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Stuart Freeman, in charge of production of oncology text-
books at Lippincott Publishers (now Lippincott Williams &
Wilkins) approached the three of us—Carlos Perez, Robert
Young, and me—in the early 1990s to collaborate in editing a
textbook on gynecologic cancer. We met to plan the text in
1992, and 2 years later, in 1994, the first edition was pub-
lished. With the able guidance of Stuart, we developed several
basic principles: (a) The textbook would be multidisciplinary,
with the disease chapters authored by a surgeon, a medical
oncologist, a radiation oncologist, and a pathologist; (b) the
editors would strive to make the textbook a definitive refer-
ence that would be written at the level of an expert in surgery,
medical oncology, and radiation oncology; (c) the text would
be divided into three sections: basic science, modalities of
therapy, and the disease chapters, which cover current princi-
ples of treatment; (d) we would edit the book in two sessions,
each lasting 2 to 3 days, with all the editors sitting at one table
reading the same chapter; (e) we would strive to publish an
updated edition every 3 years. 

Over the next 12 years, we published four editions of the
text, the first three under the guidance of Stuart Freeman and
the last edition under the guidance of Jonathan Pine. We
appreciate the assistance and support that we received from
Lippincott Williams & Wilkins throughout. We were, and
remain, grateful for the opportunity to develop a close friend-
ship and, most important, we were satisfied that our book was
a definitive and valuable text for those physicians who treat
gynecologic cancer.

In the planning for the fourth edition, the three editors
agreed that it would be our last edition and that we should select
new editors to continue the publication of the text. As a group,
we chose Richard Barakat, MD, Maurie Markman, MD, and
Marcus Randall, MD, and they worked with us on the prepara-
tion of the fourth edition. In this fifth edition of Principles and

Practice of Gynecologic Oncology, our only involvement is to
write the Foreword. This edition and the ones to come are the
work of Rich, Maurie, and Marc. We are grateful that the cur-
rent editors have agreed to carry on the text, and we anticipate
that this text will be outstanding and uphold the tradition of pre-
senting the state of the art in gynecologic oncology. 

The landscape in the management of patients with gyneco-
logic cancer has rapidly evolved in recent years. A vaccine for
human papillomavirus (HPV) is being administered worldwide,
with the expectation that it will substantially decrease the inci-
dence and mortality of carcinoma of the uterine cervix. All
aspects of the diagnosis and treatment of gynecologic cancer
have become more complex. Surgical procedures are more rad-
ical, and there are many new chemotherapeutic and targeted
agents (both cytotoxic and biologic) and new equipment and
techniques in radiation oncology. Survival rates for ovarian and
cervical cancer have improved, and survival for corpus cancer is
stable. In 2007, the 5-year survival for all stages and all races was
45% for ovary, 72% for cervix, and 83% for corpus cancers. 

This text continues to be the most comprehensive and up-to-
date book for the physicians who treat women with gynecologic
cancer, and with its multidisciplinary approach still addresses the
most important aspects of basic biology, pathology, modalities of
therapy, and therapeutic options by disease site.

As the original editors of this text, we are very pleased
with this fifth edition of Principles and Practice of Gynecologic
Oncology and congratulate the new editors, Drs. Richard
Barakat, Maurie Markman, and Marcus Randall, for their
achievement. We are confident they will continue to produce
timely and up-to-date editions in the future.

William J Hoskins, MD
Carlos A Perez, MD

Robert C Young, MD

F O R E W O R D
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The publication of the fifth edition of Principles and Practice
of Gynecologic Oncology marks the completion of the transi-
tion to three new editors, Richard Barakat, Maurie Markman,
and Marcus Randall. As editors and cancer specialists, we are
excited about the fifth edition and are honored to follow in
the tradition of excellence established by our three predecessors,
William J. Hoskins, MD, Carlos A. Perez, MD, and Robert C.
Young, MD, who had worked together on this textbook for
over 15 years. Without their guidance and friendship, this
seamless transition wouldn’t have been possible. We look
forward to building on their important contribution to the
medical literature.

We remain committed to the multidisciplinary theme of
the textbook, with chapters authored by teams consisting of a
surgeon, a medical oncologist, a radiation oncologist, and a
pathologist. The increasing complexity of all aspects of gyne-
cologic cancer treatment requires this type of approach. As in
previous editions, we have rotated approximately 30% of the
authors, and all chapters have been either completely rewrit-
ten or extensively updated, including the chapters on the three

major disease sites—ovarian, uterine, and cervical cancer—as
well as breast cancer. We are certain that this edition contains
the most up-to-date information available about the treatment
of gynecologic cancers. This textbook was designed for spe-
cialists who care for women afflicted with gynecologic cancer,
including surgeons, medical oncologists, radiation oncolo-
gists, pathologists, and nurses. It also serves as a valuable
resource for residents and fellows in training for a career in
cancer care.

Finally, we wish to thank the readers for their support in
the past and look forward to their continued support and
advice in the future. We will continually strive to improve the
content and quality of this comprehensive textbook. It is our
hope that this textbook will play a significant role in develop-
ing future treatments to benefit women afflicted with gyneco-
logic cancer.

Richard Barakat, MD
Maurie Markman, MD

Marcus Randall, MD
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and Composition, provided outstanding production services.
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tions of K. Alexandra MacDonald, senior editor; Jennifer
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attention to detail, patience, and communication skills were of
the utmost importance throughout the publication process. Our
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women today. One in 40 American women will develop uterine
cancer during their lives, and it is estimated that there will
be approximately 40,100 diagnoses during 2008 (1). The
average annual age-adjusted (2000 U.S. standard) incidence
from the Surveillance, Epidemiology, and End Results (SEER)
program, a cancer reporting system involving approximately
26% of U.S. residents, was 22.7 per 100,000 women for 2000
to 2004; the corresponding age-adjusted mortality rate was
2.0 per 100,000 women, reflecting the relatively good prognosis
for this cancer (2). The 5-year survival rate is approximately
84%. It is estimated that approximately 7,470 women will die
from uterine cancer during 2008 (1).

Uterine cancer rates are highest in North America, interme-
diate in Europe and temperate South America, and low in
Southern and Eastern Asia (including Japan) and in most of
Africa (except southern Africa) (3). The disease is rare before
the age of 45 years, but the risk rises sharply among women in
their late 40s to middle 60s. The age-adjusted incidence for
whites is approximately twice the incidence for nonwhites
(Fig. 1.1). Reasons for the discrepancy remain largely unde-
fined. Within the last several decades in the United States, a
dramatic change in the incidence pattern for uterine cancer
has occurred, characterized by a marked increase that peaked
about 1975 (Fig. 1.2) (4). Considerable evidence has linked
this rise and fall with the widespread use of estrogen replace-
ment therapy in the late 1960s and early 1970s. Mortality
rates, albeit considerably lower, have generally mirrored inci-
dence rates.

Reproductive Risk Factors

Nulliparity is a recognized risk factor for uterine cancer.
Most studies demonstrate a two- to threefold higher risk for
nulliparous than parous women. The association of uterine
cancer with nulliparity has been suggested to reflect pro-
longed periods of infertility. The hypothesis that infertility is
a risk factor for uterine cancer is supported by studies show-
ing higher risks for married nulliparous women than for
unmarried women. Several studies have found that infertile
women experience a three- to eightfold increase in risk (5–7).
Mechanisms that may mediate the risk associated with infer-
tility include anovulatory menstrual cycles (i.e., prolonged
exposure to estrogens without sufficient progesterone); high
serum levels of androstenedione (i.e., excess androstenedione
is available for conversion to estrone); and the absence of
monthly sloughing of the endometrial lining (i.e., residual tis-
sue may become hyperplastic). In addition, nulliparity has
been associated with lower levels of serum sex hormone–
binding globulin (SHBG), leading to increased bioavailable
estrogen (8).

Disease-oriented texts often include a chapter on epidemiology
or etiology, which is considered perfunctory if the book is used
by therapists whose daily practice is rarely influenced by these
considerations. This is not the case for physicians who treat
patients with gynecologic cancers, because these clinicians have
frequent opportunities to interpret epidemiologic findings and
make observations of etiologic importance. Moreover, public
health measures based on epidemiologic findings influence
gynecologic practice perhaps more than any other clinical dis-
cipline. In particular, epidemiologic data are critical for the
prevention and treatment of cervical and uterine cancers.

From the observation 150 years ago of the rarity of cervical
cancer in nuns to the most recent follow-up studies of type-
specific human papillomavirus infection, determining the
cause, natural history, and prevention of this disease has
focused on sexual practices and suspect infectious agents.
Screening interventions based on natural history studies have
fundamentally altered the usual presentation of this disease,
and as more information about preceding infectious processes
becomes available, even more radical changes in presentation
and management are likely.

The probable estrogenic cause of endometrial cancer was
proposed by etiologically oriented gynecologists decades
before its demonstration by epidemiologists. Unfortunately,
this did not prevent the largest epidemic of iatrogenic cancer
in recorded history (i.e., endometrial cancer caused by estro-
gen replacement therapy). The resurgent interest in hormone
replacement therapy, effects of progestins added to this regi-
men, and associated risk-benefit questions are certain to link
the epidemiologist and the gynecologist for the foreseeable
future. The iatrogenic chemoprevention of endometrial and
ovarian cancer through oral contraception has similarly thrust
the two disciplines together around issues ranging from basic
biology to risk-benefit assessments.

The rich tradition of the mingling of epidemiology and gyne-
cologic oncology has led to better opportunities for prevention,
screening, and insights into basic mechanisms of disease than
for any other subspecialty concerned with cancer. This chapter
is written with the aim of clarifying how epidemiology is an
integral part of the effort to reduce the morbidity and mortality
from gynecologic cancers in women.

UTERINE CORPUS CANCER

Demographic Patterns

Cancer of the uterine corpus (hereafter referred to as uterine
cancer) is the most common invasive gynecologic cancer and
the fourth most frequently diagnosed cancer among American
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It has been established for many years that the risk of uter-
ine cancer decreases with increasing parity, especially among
premenopausal women (6,9,10). More recent attention has
focused on characteristics of ages at which these births
occurred. Several investigators have found decreased risks with
either older ages at or shorter intervals since a last birth, and
have suggested that this might reflect a protective effect of
mechanical clearance of initiated cells (11,12). However, a
recent analysis, which accounted for the correlation of multiple
reproductive parameters, concluded that protection appeared
to derive more from a late age at a first birth, suggesting an
adverse effect of infertility among women who are unable to
conceive at older ages (10). Additional studies are needed to
confirm these latest findings and to shed further light on
endogenous hormonal alterations that might underlie repro-
ductive associations with uterine cancer risk. 

An understanding of the effects of infertility on cancer risk
must also consider relationships according to different meth-
ods of birth control, including oral contraceptives (discussed
later in this chapter). However, it is also of interest that a num-
ber of investigations have noted reductions in risk among
users of intrauterine devices (13–16). The mechanisms
involved with this apparent protective effect have not been
elaborated, although it is possible that the devices may affect
risk by causing structural or biochemical changes that alter
the sensitivity of the endometrium to circulating hormones.

An additional area of interest is the effect of exposure to
fertility drugs, given a recent study showing that users of
clomiphene citrate are at an increased risk of developing uter-
ine cancers (17). Although this finding requires replication, it
is of interest given the structural similarity of clomiphene and
tamoxifen, which has been extensively linked with the occur-
rence of uterine cancers (discussed in more detail below).

The relationship of risk to breast-feeding remains controver-
sial. Although some recent studies suggest that prolonged lacta-
tion may offer protection (18,19), in one of these investigations

the reduced risk did not persist into the age range when uterine
cancer becomes common (19). 

Menstrual Risk Factors

Early ages at menarche have been related to an elevated risk for
uterine cancer in several studies, although associations have gen-
erally been rather weak and trends inconsistent (5,6). Several
studies have found stronger effects of ages at menarche among
younger women, although this has not been consistently demon-
strated (6). The extent to which these relationships reflect
increased exposure to ovarian hormones or other correlates of
early menarche (e.g., increased body weight) is unresolved. 
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FIGURE 1.1. Age-specific incidence of cancer of the corpus uteri by
race. Source: Data from the Surveillance, Epidemiology, and End
Results Program, 2000–2004.
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Most studies have indicated that age at menopause is
directly related to the risk of developing uterine cancer. About
70% of all women diagnosed with uterine cancer are post-
menopausal. Most studies support the estimate that there is
about a twofold risk associated with natural menopause after
the age of 52 years as compared to before age 49 years (20). It
has been hypothesized that the effect of late age at menopause
on risk may reflect prolonged exposure of the uterus to estrogen
stimulation in the presence of anovulatory (progesterone-
deficient) cycles. The interrelationships among menstrual fac-
tors, age, and weight are complex, and the biologic mechanisms
of these variables operating in the pathogenesis of uterine can-
cer are subject to substantial speculation.

Exogenous Hormones

Oral Contraceptives

Studies have demonstrated significantly higher risks in users of
sequential oral contraceptives (i.e., containing a high dose of
estrogen and a weak dose of progestin) as compared to users
of estrogen-progestin combination pills. Studies have shown
that women who used Oracon, a sequential preparation that
employed dimethisterone (weak progestogen) with a large
dose of a potent estrogen (ethinyl estradiol), had substantially
elevated risks of uterine cancer (6,21). The risk associated
with the use of other sequential oral contraceptives remains
unclear, mainly because these drugs are no longer marketed.

In contrast, the use of combination oral contraceptives may
reduce the risk of uterine cancer by 50% compared to nonuse,
and long-term use may decrease risk further (21–24). Kaufman
et al. (23) showed that the reduced risk persisted for at least 
5 years after discontinuation, but Weiss and Sayvetz (21) found
that the protective effect waned within 3 years. In several stud-
ies, the greatest reduction in risk was associated with high-
progestin-dose pills, although recent findings indicate that this
may be true only among obese women (25). A number of stud-
ies indicate that the protective effect of the pill appears greatest
among nulliparous women (6,22). In other studies, the protec-
tion has been limited to nonobese women or those who have
not been exposed to menopausal estrogens (6,21).

Menopausal Hormones

It is well established that unopposed estrogens are associated
with a 2- to 12-fold elevation in uterine cancer risk (26–29). In
most investigations, the increased risk does not become appar-
ent until the drugs have been used for at least 2 to 3 years, and
longer use of estrogens is generally associated with higher risk
(26,30,31). The highest relative risks (RRs) have been
observed after 10 years of use (up to 20-fold), although it is
unclear whether risk increases after 15 years. Most but not all
studies have found that cessation of use is associated with a
relatively rapid decrease in risk, although a number of studies
have found significantly elevated risks to persist 10 or more
years after last usage (26,30–33). Although higher doses of
estrogen are associated with the greatest elevations in risk, one
study showed that even 0.3 mg of unopposed equine estrogen
can result in a significant increase in risk (34). 

This large body of evidence linking estrogen use to
increases in the risk of uterine cancers has led to estrogens
being prescribed in conjunction with progestins among
women who have not had a hysterectomy. Progesterone has
been shown to cause regression of endometrial hyperplasia,
the presumed precursor of uterine cancers (35). The large
Women’s Health Initiative (WHI) clinical trial showed that
women assigned to 0.625 mg of conjugated equine estrogen
plus 2.5 mg of medroxyprogesterone acetate daily had a lower

hazard ratio (0.81, 95% confidence interval [CI] 0.48 to 1.36)
than those assigned to placebo, but this risk was based on
relatively small numbers of endometrial cancers and short
follow-up (36). Similar observational results derive from the
Million Women Study in the United Kingdom, where usage of
continuous combined therapy resulted in a relative risk of
0.71 (95% CI 0.56 to 0.90) (37). 

It is unresolved whether protection from estrogens can be
achieved when progestins are prescribed sequentially (usually
defined as less than 10 to 15 days per month) as opposed to
continuously. Although a number of studies indicate that the
excess risk of uterine cancer can be significantly reduced if
progestins are given for at least 10 days each month
(27,38–40), several studies have shown that subjects pre-
scribed progestins for less than 10 days per month experience
some increase in risk, with only a slight reduction compared
to estrogen-only users (27,38,40,41). The sharp contrast
between the effects of �10 and �10 days of progestin use has
led to the suggestion that the extent of uterine sloughing or of
“terminal” differentiation at the completion of the progestin
phase may play a critical role in determining risk (27). It
remains questionable whether �10 days of progestin adminis-
tration per month is sufficient for complete protection, partic-
ularly for long-term users (42). Few studies have had large
numbers of long-term sequential users, and in two studies
there has been evidence that this pattern of usage may result in
some persistence of risk (27,41). Other studies, however, have
not confirmed this (43).

Studies have shown that the effects of hormonal therapy
(both unopposed estrogens as well as combination therapy)
may vary by user characteristics, most notably by a woman’s
body mass. The Million Women Study showed that the adverse
effects of unopposed estrogens were greatest in nonobese
women and that the beneficial effects of combined therapy
were greatest in obese women (37). Studies have also suggested
that effects of unopposed estrogens are strongest in nondia-
betic, normotensive, and nonsmoking women (26,31,44), but
less information is available on how these other risk factors
modify the effects of combination therapy. These findings sug-
gest either that estrogen metabolism differs among certain
women, or that risk is already high enough in women who are
obese, diabetic, hypertensive, or smokers that exposure to
exogenous estrogens has only a small additional effect.

Most data regarding effects of hormones derive from stud-
ies of users of pills. Unresolved is whether the use of estrogen
patches, creams, or injections can affect risk; given relation-
ships of risk with even low dose estrogens, it is plausible that
these regimens may confer some increase in risk.

Tumors associated with estrogen use generally demonstrate
favorable characteristics, including earlier stage at diagnosis,
lower grade, and less frequent myometrial invasion (26,33).
Estrogen users tend to be younger at diagnosis than nonusers,
and the tumors are more frequently accompanied by hyperpla-
sia or adenomyosis (45,46). The fact that estrogen remains
linked to risk in studies limited to pathologically confirmed
cases and that risk is increased for both early- and late-stage
cancers (32,47) suggests that the increased risk is not related
to pathologic overdiagnosis.

Tamoxifen

A number of clinical trials and one population-based case-con-
trol study have demonstrated an increased risk of uterine can-
cer among tamoxifen-treated breast cancer patients (48–50).
This is consistent with tamoxifen’s estrogenic effects on the
endometrium. Elevated risks have been observed primarily
among women receiving high cumulative doses of therapy, usu-
ally in the range of 15 g or greater. According to a recent inves-
tigation, the risk for malignant mixed müllerian tumors may be
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especially high (51). One study documented a poor prognosis
among long-term tamoxifen users who developed uterine can-
cer, presumably reflecting less favorable histologies and higher
stages of disease at diagnosis (52). Whether this finding is gen-
eralizable to other populations remains unclear.

Anthropometry and Physical Activity

Obesity

Obesity is a well-recognized risk factor for uterine cancer and
may account for up to 25% of cases (53–55). Very heavy women
appear to have exceptionally high risks (55,56). Although studies
have demonstrated significant positive trends of uterine cancer
with both weight and various measures of obesity, including the
Quetelet’s index (weight/height2), height has not been consis-
tently associated with risk. Obesity appears to affect both pre-
menopausal and postmenopausal uterine cancer (55).

Although initial studies hypothesized that adolescent and
long-standing obesity may be more important than adult
weight, recent studies support that contemporary weight and
weight gain during adulthood are the most important predic-
tors of uterine cancer risk (55,56). Relationships with obesity
appear stronger for postmenopausal disease and among
women not exposed to exogenous hormones (56,57).

Recent interest has focused on determining whether the
distribution of body fat predicts uterine cancer risk. A number
of studies have shown that central obesity may have an effect
independent of overall body size (56,58), although not all
studies confirm this relationship.

Physical Activity

Recent investigations have focused on the role of physical activ-
ity in the etiology of uterine cancer. A potential relationship is
biologically appealing given that physical activity can result in
changes in the menstrual cycle, body fat distribution, and levels
of endogenous hormones. Although several recent studies sug-
gest a protective effect of physical activity on uterine cancer risk
that appears independent of relationships with body weight
(59–64), the apparent relationships are not as convincing as
have been observed for breast cancer risk. For instance, recent
results from the large European Prospective Investigation into
Cancer and Nutrition (EPIC) indicate that the protective effect
of physical activity may be restricted to premenopausal women
(65). Further, other studies have not shown dose-response rela-
tionships, and the types of activities associated with risk reduc-
tions have varied across studies. Two recent reviews on the topic
emphasize the need for further investigation to determine the
types, characteristics, or time periods of physical activity that
could optimally impact risk (66,67). 

Dietary Factors

Despite the fact that obesity has been consistently related to
uterine cancer, the role of dietary factors remains controver-
sial. Geographic differences in disease rates (i.e., high rates in
Western and low rates in Eastern societies) suggest that nutri-
tion has a role, especially the high content of animal fat in
Western diets. Armstrong and Doll (68) demonstrated a
strong correlation between a country’s total fat intake and
uterine cancer incidence.

Dietary Fat

Although a number of studies have assessed uterine cancer
risk in relation to consumption of dietary fat, the association
remains unclear. A clear assessment of risk depends on careful

control for effects of both body size and caloric intake
(energy). Several case-control studies have found a relation-
ship with dietary fat intake (particularly animal fat) that
appeared independent of other dietary factors (69–71).
Another case-control study (53) found that the risk associated
with fat calories was partially explained by body size. Several
other case-control studies did not confirm a relationship with
fat intake (72,73). In addition, a recent cohort study found an
opposite trend; namely, some decrease in risk with relatively
high intakes of saturated or animal fat (54).

Fruits, Vegetables, and Associated Micronutrients

A somewhat more consistent observation has been the reduc-
tion of uterine cancer related to high intakes of fruits and veg-
etables (53,69,73–75). There is some support for this relating
to consumption of fruits and vegetables that are high in either
beta-carotene (74) or lutein (53). Various other micronutrients
have been implicated in the etiology of uterine cancer,
although their independence from each other and from other
risk factors has not been fully resolved (71–73). Further, not
all studies support relationships with micronutrients, includ-
ing a large Canadian prospective study (54).

Other Dietary Factors

Given the recognized role of diabetes in the etiology of uterine
cancers, a number of studies have assessed risk in relation to
carbohydrate intake, glycemic intake, and glycemic load,
which are known to increase insulin and estrogen levels. There
are suggestions that all three factors may relate to risk
(76–79), although further studies are needed to sort out their
independence from other risk factors, including obesity, dia-
betes, and physical activity levels.

Several studies have found that consumption of phytoe-
strogens and omega-3 fatty acids (found in fatty fish) may be
protective (53,80,81), but confirmatory studies are needed. In
addition, future studies are needed to assess whether risk
reductions associated with certain dietary patterns reflect
modified hormone metabolism, as suggested in both observa-
tional and intervention studies (82–85).

Alcohol Consumption

In several studies, regular consumption of alcoholic beverages
has been linked to substantial reductions in uterine cancer risk
(86–88). Several studies suggest more pronounced effects
among premenopausal or overweight women, indicating that
an attenuation in endogenous estrogen levels may be responsi-
ble for the reduced risk (86,88). However, other studies have
failed to find a relationship between alcohol consumption and
uterine cancer risk (89–91).

Cigarette Smoking

A reduced risk of uterine cancer among smokers has been
reported, with current smokers having approximately half the
risk of nonsmokers (90,92–94). Cigarette smoking has been
linked to an earlier age at natural menopause in some popula-
tions and to reduced levels of endogenous estrogens. Reduced
risk associated with long-term smoking is more pronounced in
postmenopausal than premenopausal women (92). In addi-
tion, reduced risk associated with smoking may be most
apparent in parous or obese patients (92,95).

At present, biologic mechanisms underlying the inverse rela-
tionship of smoking to uterine cancer risk remain elusive.
Alterations in endogenous hormones or metabolites are likely
involved. In one report, the inverse association of smoking with
uterine cancer risk appeared to be more strongly related to
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higher serum androstenedione levels than to lower serum estro-
gen levels, except perhaps among overweight women (96).

Medical Conditions

Numerous clinical reports link polycystic ovarian syndrome
(PCOS) with an increase in the risk of uterine cancer, particu-
larly among younger women (97–99); however, it is uncertain
whether this risk is independent of obesity. In a follow-up study
at the Mayo Clinic, women with chronic anovulation were
found to be at a threefold increased risk of developing uterine
cancer (100). Assessing histories of PCOS is challenging in case-
control studies, but it is of interest that uterine cancer has been
associated with histories of either hirsutism or acne (5,101),
which are conditions often associated with hyperandrogenism.

A number of studies have noted a high risk of uterine can-
cer among diabetics, but again the issue is whether the associ-
ation is independent of weight. Various cohort studies
(102–105) and a number of case-control studies (5,106–108)
suggest that the relationship persists when analyses are
restricted to nonobese women or are adjusted for weight.
However, in several other studies (109,110), the effect of dia-
betes on uterine cancer risk was apparent only among obese
women, suggesting the possible involvement of selected meta-
bolic abnormalities, including hyperinsulinemia. Further stud-
ies are needed to resolve the association, as well as to elaborate
on how specific types of diabetes may be involved.

A variety of other conditions have been suggested as possi-
bly predisposing to uterine cancer risk, including hyperten-
sion, arthritis, thyroid conditions, and cholecystectomy. In a
number of studies, positive findings may be partially
explained by the correlation of the diseases with other factors.
Similar to relationships with breast cancer, patients with previ-
ous fractures have been found to have a reduced risk of uter-
ine cancer (111,112), presumably reflecting the association of
lowered bone density with altered endogenous hormone levels.

Host Factors

Although studies have shown that a family history of uterine
cancer is a risk factor for the disease, particularly among
younger subjects (113), this appears to explain only a small
proportion of disease occurrence (114). In addition, subjects
with a family history of colon cancer are at increased risk, an
association that is now recognized as reflective of hereditary
nonpolyposis colorectal cancer, a dominantly inherited syn-
drome associated with mutations in the DNA mismatch repair
genes MSH2, MLH1, and MSH6.

A number of recent studies have focused on relationships of
uterine cancer risk with common genetic polymorphisms,
including those involved with hormone biosynthesis and metab-
olism (115–119), DNA repair (120), and folate metabolism
(121). Additional studies are needed to resolve effects of these
genes as well as their interactions with environmental factors.

Environmental and Occupational 
Risk Factors

Geographic variation in rates of uterine cancer, with high
rates in certain industrial areas, has led to the suggestion
that certain environmental agents may affect risk. Given the
well-recognized influence of hormones on the disease, there
has been particular concern about a potential role for cer-
tain endocrine disruptors, including dichlorodiphenyl-
trichloroethane (DDT). Several studies have addressed this
issue by comparing dichlorodiphenyldichloroethylene (DDE)

levels (the active metabolite of DDT) in the sera of cases and
controls, finding no significant differences (122,123). 

Studies assessing the relationship of uterine cancer risk to
exposure to electromagnetic radiation (electric blanket or
mattress covers) have been negative (124). Data for occupa-
tional exposures are limited. Elevated endometrial cancer
rates have been found among teachers in California (125) and
individuals exposed to animal dust and sedentary work in
Finland (126). The extent to which these relationships reflect
the influence of social class is unknown.

Biologic Mechanisms Underlying Risk 
Factor Associations

Many of the identified risk factors are thought to operate
through alterations in various endogenous hormones. The
majority of studies have found increased risks associated with
higher levels of circulating estrogens among postmenopausal
women that persisted after adjustment for the effects of body
mass (127–130), although in one study associations were con-
siderably reduced after adjustment for body mass (129). In
this same investigation, estrogens appeared to be less predic-
tive of premenopausal disease, suggesting that anovulation or
progesterone deficiency might be more predictive of risk. 

Less well investigated is whether other endogenous hor-
mones are related to uterine cancer risk. Key and Pike (131)
suggested that uterine carcinogenesis is dependent on uterine
mitosis, which is increased by estrogens and reduced by prog-
esterone, but risk associated with progesterone levels has not
been well explored. Several studies have shown positive asso-
ciations of uterine cancer risk with serum androstenedione
and testosterone levels (128,129). It has been hypothesized
that this may reflect a role of chronic anovulation and proges-
terone deficiency in premenopausal women, whereas after
menopause, aromatase and local conversion of estrone from
androstenedione may be involved (132).

Obesity, which is hypothesized to reflect elevated estrogen
levels (131), seems to represent a key risk factor for both uterine
carcinoma and endometrial hyperplasias, but the mechanisms
mediating this are unclear. One case-control analysis of serum
estrogen levels (129) reported that the risk associated with obe-
sity was not entirely mediated by estrogen, especially among pre-
menopausal women. In another cohort study of postmenopausal
women, elevated serum estrogen levels appeared to account for
the majority of the risk associated with obesity (130). A potential
role for insulin and insulin-like growth factors (IGF) has been
suggested, although studies generally have not found support for
a role of either c-peptide (133) or IGF (134) levels. 

Conclusions

A unified theory of how risk factors for uterine cancer might
operate through one common hormonal pathway has been sug-
gested. Estrogen promotes proliferation in the endometrium,
which is opposed by progesterone. Therefore, exposure to
estrogen, particularly bioavailable estrogen that is weakly
bound or unbound to plasma protein, is viewed as carcinogenic.
Functional ovarian tumors, PCOS, late menopause, and admin-
istration of exogenous estrogens and sequential oral contracep-
tives produce higher levels of estrogen exposure without the
antiproliferative effects of progesterone. Obesity could also
contribute in a variety of ways (135). Adipose tissue is the pri-
mary site for conversion of androstenedione to estrone, which is
the primary source for estrogen after menopause. Obesity is
associated with higher conversion rates and/or elevated plasma
levels of estrogen. In addition, obesity is related to lower levels
of SHBG and more frequent anovulatory menstrual cycles
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(i.e., less progesterone). Vegetarianism is associated with lower
plasma estrogen levels, presumably on the basis of the relation-
ship of diet composition to estrogen metabolism. The beneficial
effects of combination oral contraceptives and cyclic progestins
added to hormone replacement therapy presumably operate
through the antiestrogenic effects of progesterone. The peculiar
age incidence patterns for uterine cancer (i.e., extremely rare
under age 45 years, followed by a rapid and progressive rise
from ages 45 to 60 years) could also reflect the waning influ-
ence of progesterone. Nulliparity, hypertension, diabetes, the
absence of smoking, and race may yet be added to the unifying
scheme as knowledge of endocrinologic mechanisms in
endometrial tissue increases.

Although there are a number of identified risk factors for
uterine cancer (Table 1.1), important gaps in knowledge cur-
rently limit a full understanding of the proposed carcinogenic
process. We need to understand when in a woman’s life obe-
sity matters most and how risk is influenced by weight loss;
whether the number of adipocytes, their fat composition, or
other factors determine peripheral conversion of androstene-
dione; and the precise hormonal mechanisms associated with
vegetarianism. Perhaps the most important gap is in under-
standing the basic mechanism of estrogen carcinogenesis. It is
unclear whether estrogens are complete carcinogens, classic
“promoters” that affect initiated cells, or growth stimulants
that act on vulnerable genetic material. The epidemiologic
data are consistent with estrogens acting at a relatively late
stage of carcinogenesis. If this reflects their position as tumor
promoters, then the need to identify initiators of the process
becomes even more crucial.

OVARIAN CANCER

Demographic Patterns 

Ovarian cancer accounts for 3% of all incident cancers in
U.S. women (1). Approximately 1 in 70 American women
develops ovarian cancer during her lifetime. The average

annual age-adjusted incidence for all SEER areas between
2000 and 2004 was 13.5 per 100,000 women (2). An esti-
mated 21,650 new cases will be diagnosed in the United
States in 2008 (1).

Diagnosis usually occurs at advanced stages; the overall 
5-year survival between 2000 and 2004 was only 45%. The
average annual age-adjusted mortality rate is 8.9 per 100,000
women (2). The estimated 15,520 deaths due to ovarian can-
cer in 2008 will make it the fifth leading cause of cancer death
among U.S. women (1).

After rising during the mid-20th century, age-adjusted mor-
tality rates have since remained relatively constant (1).
Incidence rates show little variation over the past 30 years, but
both incidence and mortality rates may be declining for U.S.
women under age 40 years (136). U.S. blacks and whites have
nearly identical mortality rates, but incidence rates remain
higher for U.S. white women (137) (Fig. 1.3).

The highest incidence occurs in North American,
Scandinavian, and Northern European countries, whereas the
lowest rates occur in African nations and some eastern coun-
tries, such as China (3). Age-standardized rates vary 4.5-fold
across countries. Mortality data show a similar but slightly
less dramatic pattern. The estimated age-standardized mortal-
ity rates are 6.2 in developed countries and 2.8 in developing
countries (138).

Reproductive Risk Factors 

Gravidity is consistently associated with a decreased risk of
ovarian cancer (139–142). Compared with nulligravidous
women, women with a single pregnancy have an RR of 0.6 to
0.8. Each additional pregnancy decreases risk another 10% to
15%. The number of full-term births seems most influential,
but several studies have also found decreased risks associated
with an increasing number of incomplete pregnancies
(143,144). Most studies that adjusted for parity report no
residual association with age at first or last birth (145), but
some investigators argue that both number of births and tim-
ing matter (146,147).

8 Section I: Epidemiology of Gynecologic Cancer

RISK FACTORS FOR UTERINE CANCER

TA B L E  1 . 1

Factors influencing risk Estimated relative riska

Older ages 2–3
Residency in North America, Northern Europe 3–18
Higher levels of education or income 1.5–2.0
White race 2
Nulliparity 3
History of infertility 2–3
Menstrual irregularities 1.5
Early ages at menarche 1.5–2.0
Late ages at natural menopause 2–3
Long-term use or high dosages of menopausal estrogens 10–20
Use of oral contraceptives 0.3–0.5
High cumulative doses of tamoxifen 3–7
Obesity 2–5
Stein-Leventhal disease or estrogen-producing tumors �5
Histories of diabetes, hypertension, gallbladder disease or 1.3–3.0

thyroid disease
Cigarette smoking 0.5

aRelative risks depend on the study and referent group employed.
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Whether these risk relationships reflect a hazardous role for
infertility or merely the protective role of pregnancy is unclear.
Comparing subfertile women with ovarian abnormalities to
subfertile women with normal ovarian function has thus far
shown no increased risk for the former, but the data are not
definitive (148). Studies with higher risks among infertile
women support some role for abnormal endocrine factors
(149). In one study (139), sexually active women who were not
using contraceptives and had not conceived for 10 or more
years were at a sixfold excess risk compared with other women.
Another large study similarly found a high risk associated with
nulliparity despite unprotected intercourse, especially in women
with long periods of ovulatory experience (149).

Although several early studies showed substantial increases
in ovarian cancer risk linked to use of fertility drugs (142,150),
subsequent studies have generally not confirmed an association
(151). The prospect that the causes of subfertility and infertil-
ity, not the associated treatments, are the causative factors
appears to be gaining support (148,151,152). 

A number of studies have found a reduced risk of ovarian
cancer associated with breast-feeding, although the associa-
tion has not always been shown to be independent of parity or
to relate to risk in a dose-response relation (141,153–157). A
recent pooling of two large cohort studies showed significant
trends of risk with extended breast-feeding that were indepen-
dent of parity effects (158). Notably, each month of breast-
feeding decreased the relative risk of ovarian cancer by 2%.
Suppression of ovulation and decreased gonadotropin levels
were proposed as explanatory to the reduced risks, but further
studies are needed to confirm this. 

Menstrual Factors and Gynecologic Surgery

Numerous studies have noted reduced risks among women
who have had a hysterectomy or tubal ligation (139,159–162).
These patients’ risks were 30% to 40% lower than the risks

among women who had not undergone surgery. Surgery offers
an opportunity to remove abnormal-appearing ovaries, but
this alone is unlikely to explain the protective effect (163).
Partial devascularization and reduced ovarian function repre-
sent a possible alternative mechanism (164).

A number of studies have linked late age at natural
menopause with an increased risk of ovarian cancer (139,165),
although not all studies have confirmed this relationship
(166). The marked flattening in the age-specific incidence
curves shortly after menopausal ages is consistent with the
conclusion that early or late menopause has little effect on
ovarian cancer risk. Most studies have not found earlier ages
at menarche to increase risk, but some have reported weak
positive associations (139,165).

Hormonal Risk Factors

Oral Contraceptives

Almost all epidemiologic studies show a reduced risk of ovar-
ian cancer among women who use oral contraceptives. Their
use for only a few months introduces lasting protection, but
long-term use generates the largest risk reduction (141,167).
In one study, the protective effect of 1ong-term use (�10
years) reached 80% (168). The protection appears to persist
for many years after their last use (167–170). The lower-dose
formulations now in use seem to reduce risk at least as effec-
tively as their higher dose predecessors (171–174). In addi-
tion, the androgenicity of the progestins used does not appear
to differentiate risks (175).

Menopausal Hormones

Accumulating evidence links use of menopausal hormones
to an increased risk of ovarian cancer (176–182). In most 
of these studies, risk has been highest among long-term
users. Although most of the earlier studies focused on
effects of unopposed estrogens, more recent studies have
addressed effects of combined estrogen plus progestin ther-
apy. There are inconsistent results regarding how risk is
affected by regimen and mode of administration of hor-
mones (177–179,181), which may reflect small numbers
involved in many of the analyses. In the WHI clinical trial,
women exposed to estrogen plus progestin therapy had a
58% nonsignificantly increased risk of ovarian cancer com-
pared to those receiving a placebo (36). The recently pub-
lished Million Women Study found no variation in risk
according to type of preparation used, its constituents, or
mode of administration (176). The study did note a higher
risk of serous tumors related to use of exogenous hormones,
a finding requiring further replication.

Endogenous Hormones

Recent interest has focused on the role of endogenous hor-
mones in the etiology of ovarian cancer. Although one nested
case-control study found higher levels of androgens and lower
levels of gonadotropins among cases compared to controls
(183), this was not confirmed in a more recent investigation
(184). This latter study, however, found some suggestion that
free testosterone might play a role in early onset ovarian can-
cers. Another investigation, which pooled data from three
studies, reported null associations with estrogens, androgens,
SHBG, IGF-1, and associated binding proteins (IGFBPs)
(185,186). Despite these initial null results, the strong biologic
rationale for these hormones in ovarian carcinogenesis war-
rants further investigation.
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FIGURE 1.3. Age-specific incidence of cancer of the ovary by race.
Source: Data from the Surveillance, Epidemiology, and End Results
Program, 2000–2004.
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Medical Conditions and Medications

Several studies surveyed whether certain medical conditions
predispose to ovarian cancer. Diabetes, hypertension, and thy-
roid diseases seem unrelated to risk (102,187). In line with a
number of clinical studies showing simultaneous occurrences of
endometriosis and ovarian cancer, several epidemiologic studies
have found that women with a diagnosis of endometriosis have
elevated risks for developing ovarian cancer (152,188,189). In
one of these studies, the relationship was shown to be specific
to clear cell and endometrioid ovarian cancers (189). As
reviewed by Ness (190), the two conditions share a number of
pathophysiologic processes, including estrogen excesses and
progesterone deficits, immunologic responses, and inflamma-
tory reactions. Pelvic inflammatory disease has also been found
in several studies to be a possible risk factor for ovarian cancer
(191,192). This finding supports a role for inflammation in
ovarian carcinogenesis.

Medications recently surfaced both as potential risk and
protective factors. Several studies showed increased risks
among users of psychotropic medications, particularly those
operating through dopaminergic mechanisms (193). However,
subsequent studies that employed cohort designs or improved
exposure assessment reported null associations (194–197).
Other data suggested a reduced risk among women who used
anti-inflammatory or other analgesic medications (198–201).
However, as with the psychotropic medication data, subse-
quent studies showed, at most, a weak or inconsistent associa-
tion. Chemoprevention via the use of these medications
remains a premature concept.

Anthropometry and Physical Activity

Obesity has recently received increased scrutiny as a possible
risk factor. Most studies fail to show a generalized effect
(202), although some studies have shown possible inverse
relationships (203). In those studies that do show positive
relationships, it has usually been restricted to certain sub-
groups, including premenopausal women (204,205), nulli-
parous women (206), women who never used menopausal
estrogens (207), or those who are physically inactive (208).
Further, some studies have suggested that obesity is a risk fac-
tor only for certain types of tumors. However, the histologic
subgroups identified as being increased among obese women
have varied across studies (209,210). Further complicating
assessment of effects are suggestions that increased risks may
be restricted to women who are clinically obese (211) or who
became obese when they were teenagers (212). These diverse
results regarding the effects of obesity on ovarian cancer risk
could reflect statistical chance or other systematic biases.

Studies have also examined effects of physical activity lev-
els on ovarian cancer risk, although results are inconclusive.
Case-control studies in China (213), Canada (214), and the
United States (215) have reported inverse associations with
increasing activity, but the cohort analyses published to date
(216,217) suggest that increasing activity might put women at
increased, rather than decreased, risk.

Dietary Factors

Correlations between ovarian cancer incidence and per capita
fat availability and noted increased incidence rates among
migrants who moved to areas with higher per capita fat avail-
ability have stimulated interest in dietary risk factors (68).
Initial studies in unique populations, such as ovolactovegetari-
ans (218) or meat abstainers (219), provided conflicting results.

Since then, studies have targeted a few classes of foods: lactose
and dairy foods, fats, vitamins, fiber, fruits, and vegetables.

Lactose Consumption

Findings linking higher consumption of yogurt, cottage cheese,
and other lactose-rich dairy products with an increased risk
of ovarian cancer (220) were viewed with interest given that
galactose-related enzymes can influence gonadotropin levels,
which are hypothesized to be crucial ovarian cancer risk deter-
minants. The majority of subsequent studies failed to show
increases in risk with lactose consumption or galactose metabo-
lism (221–225), although a few studies have provided some
support for the hypothesis (226,227). Recent results from the
Nurses’ Health Study suggest that further attention may be
warranted regarding effects for serous tumors (228).

Fat Intake

Although some case-control studies have reported higher risks
of ovarian cancer associated with intake of fatty foods (e.g.,
butter and meats) as well as types of fat, the data on this are
not entirely consistent (229–233). In contrast, most cohort
studies have failed to find relationships with dietary fat con-
sumption (226,229). The most recent analysis (234), a meta-
analysis of 12 cohort studies, found no overall association
with fat, cholesterol, or egg intakes, but some suggestion that
very high levels of saturated fat intake might increase risk, a
finding that merits further investigation.

Fruits, Vegetables, and Micronutrient Intake

Although some studies have suggested that ovarian cancer risk
might be reduced by higher consumption of fruits and vegeta-
bles (221,226,235) or fiber (236,237), other studies, including
a recent pooling project of 12 cohorts, fail to support these
relations (238–241). Some studies showed inverse associations
with particular vitamins, such as vitamins A, C, E, or beta-
carotene (232,242–246), although results have not been con-
sistent across studies. Further clarification of effects may
require considering effects according to other risk factors and
within histologic subgroups.

Alcohol and Coffee Consumption

A number of studies have examined effects on ovarian cancer
risk related to alcohol consumption. Most have not found any
convincing relationships (210,247–251), including a recent
pooled analysis of ten cohort studies (252). Coffee consump-
tion was linked to an elevated risk of ovarian cancer in early
studies (253,254), but more recent studies have not replicated
that association (210,248). One study actually suggested an
inverse association with coffee consumption, but concluded
that this was not due to caffeine intake since no relationship
was observed with tea consumption (255).

Host Factors

A family history of ovarian cancer is the strongest risk factor
identified to date. Which family member was affected is less
important than the total number of affected relatives or their
age at diagnosis (256). Women with two or more affected rel-
atives or whose relative was diagnosed before 50 years of age
experience the highest risks (257). Approximately 5% to 10%
of ovarian cancer patients have a first-degree relative with
ovarian cancer (256).

Inherited mutations in two autosomal dominant genes—
BRCA1 and BRCA2—are strongly linked to familial ovarian
cancer (and breast and other cancers) (258). Whereas the life-
time probability of developing ovarian cancer in most women
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is 2%, the probabilities in women with a family history or
women with a BRCA1/2 mutation are 9.4% (259) and 15%
to 40% (260,261), respectively. Despite these increases,
BRCA1/2 mutations explain less than one third of the ele-
vated risk in women with familial ovarian cancer (257). Other
candidate high-risk genes have not been identified but are
almost certain to exist (256).

In addition to assessing the role of high-penetrance genes,
studies have begun to evaluate relationships of ovarian cancer
risk with the more common genetic polymorphisms, including
various genes involved in hormone metabolism. To date, no
markers have been conclusively linked with risk increases
(262,263).

Talc

Over-the-counter talc chemically resembles asbestos, a known
cause of mesothelioma, and mesothelioma histologically
resembles ovarian cancer. The published case-control studies
generally report positive associations between ovarian cancer
and perineal talc exposure. However, a lack of consistent sta-
tistical significance and inconsistent associations with differ-
ent patterns of talc use raise questions about the validity of
this association (264–268). 

Cigarette Smoking

In general, cigarette smoking is not considered a major risk
factor for ovarian cancer. However, a number of studies have
found evidence that there may be an increased risk of muci-
nous tumors associated with smoking. In a recent systematic
review, smoking was found to lead to a significant doubling in
risk for mucinous tumors, but no increased risk for
endometrioid or clear cell tumors (269). The risk of mucinous
cancers increased with amount smoked but returned to that of
never smokers within 20 to 30 years of stopping smoking.
Fewer studies have evaluated effects of passive smoking on
ovarian cancer risk, with no consensus as to whether this
might alter risk or have histologic specificity (270,271).

Environmental and Occupational 
Risk Factors

Certain occupations came under scrutiny when studies linked
hair dyes and triazine herbicides to ovarian cancer (272,273).
Record linkage studies in Finland (274), Norway (275),
Sweden (276), Canada (277), and the United States. (125,278)
have suggested a pattern of increased risks among certain pro-
fessions (e.g., teachers, health care workers) or with particular
occupational exposures (e.g., solvents, asbestos). Until addi-
tional data address the potential for inconsistent or chance
findings and the challenge of finding large populations with
sufficient data on other potential confounding variables, occu-
pation will likely not be considered a major risk factor for
ovarian cancer (279).

Conclusions

Much of the clinical and epidemiologic evidence concerning
risk factors for ovarian cancer implicates ovulatory activity
(Table 1.2). Conditions associated with reduced ovulation, for
example, pregnancy and oral contraceptives, consistently
reduce risk. Combining these and other menstrual factors into
single “ovulatory age” or “lifetime ovulatory cycles” indexes
has generally produced the expected associations with ovarian

cancer risk; that is, older ovulatory ages (280) or higher cycle
counts (281) increase risk. However, the misclassification
inherent in these indexes is sufficient to generate different risk
estimates (282), and the magnitude of risk reduction for short-
term oral contraceptive use or a single pregnancy exceeds the
proportional decrease in ovulatory cycles that would be
expected to be associated with these exposures.

The putative mechanisms behind ovulatory inhibition and
the risk associated with “increased ovulation” (283) raise
additional questions. An early report suggested, based on the
associations with parity and infertility, that an unidentified
endocrine abnormality predisposed women to relative or
absolute infertility and ovarian cancer. The protection associ-
ated with oral contraceptives seems unlikely to fit this hypoth-
esis unless, in some improbable manner, use induces an
endocrine milieu similar to that underlying fertility.

A second popular unifying hypothesis is that ovarian can-
cer is the result of accumulated exposure to circulating pitu-
itary gonadotropins (284). Although this is consistent with the
parity, menopause, and oral contraceptive associations, a
study that directly measured gonadotropin levels failed to find
a relationship with subsequent development of ovarian cancer
(183). This theory also fails to account for the risks associated
with clinical infertility, and it predicts that menopausal hor-
mone therapy use would decrease risk, because both expo-
sures are associated with reduced gonadotropin levels.

A third explanation points to a biologic effect of ovulation
on ovarian surface epithelium. Ovulation prompts a cascade
of epithelial events, including minor trauma, increased local
concentrations of estrogen-rich follicular fluid, and increased
epithelial proliferation. Such proliferation, particularly near
the point of ovulation, can recruit inclusions into the ovarian
parenchyma. Some or all of these “incessant ovulation” events
may lie on the causal path to ovarian cancer (285,286). This is
consistent with most of the endocrine-related risk factors
except for the risks associated with clinical infertility.

No single theory adequately incorporates the available data.
A unifying hypothesis may lie in a combination of ovulation,
hormones, and local effects. Additional factors, such as genetic
alterations; androgens, progestogens, and other hormones
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RISK FACTORS FOR OVARIAN CANCER

TA B L E  1 . 2

Factors influencing risk Estimated relative riska

Older ages 3
Residency in North America, 2–5

Northern Europe 
Higher levels of education 1.5–2.0

or income 
White race 1.5
Nulligravity 2–3
History of infertility 2–5
Early ages at menarche 1.5
Late ages at natural menopause 1.5–2.0
History of a hysterectomy 0.5–0.7
Use of oral contraceptives 0.3–0.5
Long-term use of menopausal 10–20

estrogens
Perineal talc exposure 1.5–2.0
Female relative with ovarian 3–4 

cancer

aRelative risks depend on the study and referent group employed.
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(283); inflammation (191); and endometriosis (190), also
appear to be important.

Each hypothesis identifies testable possibilities. Discri-
minating between the roles of voluntary versus involuntary
infertility could identify the mechanisms underlying the role of
parity. Characterizing the specific reproductive abnormalities
associated with clinical infertility could reveal new biologic
mechanisms involved in ovarian carcinogenesis. Determining
why hysterectomy and tubal ligation reduce risk could generate
insights into the role of gynecologic conditions and ovarian car-
cinogenesis. Exploring the interactive contributions of the hor-
mones along the hypothalamic-pituitary-gonadal axis could
explain how specific hormones seem to influence risk at different
time periods. In addition, verifying that inflammation or related
conditions and pathways play an etiologic role in ovarian car-
cinogenesis could open new lines of inquiry.

Ovarian cancer epidemiology presents both simple and
complex patterns. Rates have largely remain unchanged over
the last 40 years, and virtually all studies show consistent
associations with some exposures, such as oral contraceptives,
parity, and family history. But where some uncertainty exists,
it is substantial. Other reproductive or lifestyle factors that are
consistently associated with other reproductive cancers—
smoking, obesity, menopausal hormone therapy—have been
published with such diversity that traditional attempts to
quantitatively summarize the divergent data likely will not
prove to be useful. Although it is tempting to attribute the dif-
ferences to histology-specific associations, such hypotheses
will require substantially more epidemiologic, clinical, genetic,
and transitional data before their acceptance is certain.
Careful a priori attempts to systematically assess the mecha-
nisms of histologic differences may yet prove fruitful.

So where can epidemiology contribute to increasing the
opportunities to reduce ovarian cancer’s toll? The highly pene-
trant genes account for only a small proportion (10%) of
women who develop ovarian cancer, but a better understand-
ing of the mechanisms behind those risks could introduce
immediate benefits for high-risk women. Continued close col-
laboration between geneticists and epidemiologists should pay
dividends. A clear picture has emerged for some protective fac-
tors, such as oral contraceptives and parity, but risk associated
with other important public health issues, such as smoking,
obesity, and physical activity, remains uncertain. Continued
attempts to account for the differences between studies should
help delineate the spurious associations from the etiologically
relevant risk factors. Doing so should help identify targets for
improving detection, treatment, and prevention of this deadly
tumor.

CERVICAL CANCER
It is now known that virtually all cases of cervical cancer and
precancerous changes can be attributed to persistent infection
with carcinogenic genotypes of human papillomaviruses
(HPV) (287). Cervical cancer has a remarkably uniform etiol-
ogy and pathogenesis worldwide. Consequently, the last two
decades have witnessed the transformation of human HPV epi-
demiology from a narrow field of research to essential knowl-
edge for gynecologists. Of the more than 100 genotypes of
HPV, several dozen can infect the anogenital epithelium and
approximately 15 to 20 (including types 16, 18, 26, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66, 68, 73, 82) can cause anogenital
cancer, although the types differ greatly in carcinogenic risk
(287). HPV-16 is by far the most carcinogenic type, and
accounts for half of cervical cancer cases. However, cervical
infection with carcinogenic types of HPV, even HPV-16, is
extremely common compared to the relatively rare develop-
ment of cervical cancer. Thus, additional etiologic factors are
involved, in particular, variability in the human host immuno-
logic response. Other possible causal cofactors might act by
affecting immunity or via genotoxic mechanisms. These
include smoking, high parity, oral contraceptive use, and coin-
fection with other infectious agents (287, 288).

Key Aspects of HPV Natural History Related
to Cervical Cancer Epidemiology

It is possible to define new prevention strategies using HPV-
based technologies that are even more effective than cervical
cytologic screening and colposcopy. These topics, including the
pathogenesis, diagnosis, and prevention of cervical cancer pre-
cursors, are detailed by Wright in Chapter 19. Although the
current chapter concentrates mainly on the descriptive epi-
demiology of invasive cervical cancer, and broad relationships
with major demographic and behavioral risk factors, the epi-
demiology of cervical cancer is most coherently understood in
terms of the effects that factors exert on the natural history of
HPV infection, including (a) exposure/acquisition of infection,
(b) persistence of HPV infection and progression to precancer
(cervical intraepithelial neoplasia 3 [CIN 3]), and (c) develop-
ment of invasion (Fig. 1.4) (289). 

Cervical HPV transmission, which is primarily sexual, is
studied best at the molecular level, because types must be dis-
tinguished for natural history studies and because most infec-
tions (more than two thirds) are not microscopically or
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FIGURE 1.4. An epidemiologic model of the
natural history of cervical carcinogenesis. The
major steps in cervical carcinogenesis are human
papillomavirus (HPV) infection (balanced by
viral clearance), progression to precancer (partly
offset by regression of precancer), and invasion.
The persistence of oncogenic HPV types is neces-
sary for progression and invasion. HPV infection
is frequently, but not necessarily, associated with
cytologic and histologic abnormalities. Source:
From Schiffman M, Kjaer SK. Natural history of
anogenital papillomavirus infection and neoplasia.
J Natl Cancer Inst Monogr 2003;(31):14–19,
with permission.
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macroscopically evident (290). Each HPV type is a separate
genetic entity and should be considered a separate sexually
transmitted infection. Because all carcinogenic types are trans-
mitted by the same sexual route, concurrent multiple-type
infections are common. The available data, which are limited,
seem to indicate that HPV types influence each other mini-
mally (291, 292). The typical age of cervical HPV infection is
similar to other sexually transmitted infections, with a large
peak following sexual initiation. 

Cervical HPV infections tend to clear after 6 to 24 months,
as do warts anywhere on the body (291,293,294). Acquisition
(293–296) and clearance dynamically oppose each other in
each cohort of women to produce the characteristic age distri-
butions as infections are transmitted sexually when women
have new partners and are then cleared (297). 

The immune response to HPV is an important determinant
of viral clearance versus persistence and, by extension, a
major determinant of cervical cancer risk. The key immune
responses involved in the clearance of HPV infections are
known to be cell mediated, but the specific immunological
markers of immune protection are difficult to measure and
poorly understood. 

A major unresolved question of HPV natural history
relates to viral latency. In follow-up studies lasting up to 
10 years, virtually all HPV infections become nondetectable
by sensitive HPV DNA tests, usually within 2 years, except
for those that lead to precancer. Little else is known about
latency, including what might cause re-emergence like that
seen in renal transplant patients and HIV-immunosuppressed
women, and what fraction of cancers (apparently small)
arises following a period of latency. Answers to these ques-
tions will greatly affect prevention strategies reliant on HPV
DNA detection.

It is the overt persistence of one of the carcinogenic types
that is strongly linked to precancer, which histologically corre-
sponds to CIN 3, including carcinoma in situ (298–302).
Persistence of carcinogenic types of HPV and development of
precancer are not identical, but thus far they are so closely
linked that epidemiologists are only beginning to disentangle
them. Part of the problem is that precancers begin as
extremely small clonal lesions that may be below the limits of
detection of microscopy. HPV type greatly affects both the
absolute risk of viral persistence, and of progression to pre-
cancer associated with viral persistence (295,296,303). The
most common carcinogenic type, HPV-16, is also the most
common type in the general population, linked to its greater
propensity to persist. However, even noncarcinogenic types
like HPV-61 can also be persistent and common, although
they do not cause malignant transformation (304).

The average time of viral persistence that leads to diagnos-
able precancer is not clear. Virgins who begin sexual activity
can develop apparent precancers within a few years of initial
HPV infection as detected by DNA. This short time period
represents the leading edge of what is typically a longer inci-
dence curve of precancer in persistently HPV infected women.
The average age at microscopic diagnosis of precancer is
approximately 25 to 30 years (305), approximately 5 to 10 years
after the average peak ages of carcinogenic HPV prevalence
and associated minor cytologic abnormalities in screening
populations.

Noncarcinogenic HPV infections are capable of producing
lesions falsely diagnosed as precancer, especially CIN2, show-
ing that this level of abnormality is not a perfect surrogate for
cancer risk (306). Still, because of the U.S. emphasis on safety
and concern over loss to follow-up, treating precancer (except
as appropriate in very young women, etc.) is a valid clinical
strategy to provide a margin of safety, given that it is not yet
possible to know which lesions pose a threat. Eventually, bet-
ter accuracy based on molecular profiling is the goal. 

Precancerous lesions (CIN 3, in particular) tend not to regress
over short-term follow-up; however, even among precancerous
lesions, risk and timing of invasion versus eventual regression are
matters of probability. The absolute risk of untreated precancer
developing into invasive disease is argued, with estimates averag-
ing about 30% but ranging from 10% to 90%. 

The high ratio of precancerous lesions to cancers supports
the belief that many cases of precancer, particularly CIN2,
would not invade but rather would regress if followed for
many years. In any case, the epidemiologic risk factors for
invasive cervical cancer among HPV-infected women are the
same as mentioned above for precancer, except for age.
Screened detected cases of invasive cancer, on average, occur
approximately 15 to 20 years or more later than for precancer,
suggesting a long sojourn time in the precancerous state. The
median age moves toward even older ages as the quality of
screening decreases, and the average stage of cancer at diagno-
sis also worsens due to this diagnostic delay. 

Demographic Patterns 

Cervical cancer is the second most common cancer of women
worldwide, with 471,000 incident cases estimated in 2000
(307), and a 5-year prevalence of more than 1.4 million cases.
Cervical cancer accounted for approximately 233,000 deaths
worldwide in the year 2000, or about one tenth of the total
number of female cancer deaths (307). The cancer burden
(incidence and mortality) is disproportionately high (~80%) in
the developing world. 

The incidence rate per 100,000 women-years for invasive
cervical cancer in various geographic areas is highly variable,
linked to HPV infection and screening practices (287). The
highest age-standardized rates, more than five times the rates
in the United States and Canada, were reported from East
Africa, Central America, and the Pacific Islands. Comparing
regions without extensive effective screening, geographic stud-
ies using sensitive polymerase chain reaction (PCR) DNA test-
ing methods to detect the carcinogenic HPV types have
observed HPV prevalence rates to correlate with the popula-
tion risks of cervical cancer. 

An examination of age-specific cervical cancer incidence in
countries prior to introduction of screening has demonstrated
that rates begin to increase around age 25 (when cases are still
quite rare), with an unusually early plateau or peak starting at
age 40 to 50 (308). It is unusual for incidence rates of a cancer
to plateau or fall with increasing age, and this age structure
reflects that cervical cancers originate from HPV infections
transmitted mainly in late adolescence and early adulthood. 

It is estimated that 11,070 women will be diagnosed with
and 3,870 will die from cervical cancer during 2008 in the
United States (1). The corresponding average annual age-
adjusted incidence for invasive cervical cancer in all SEER
areas was 8.7 per 100,000 women for the period 2000 to
2004 (2). Previously striking regional differences in incidence,
with excesses particularly in Appalachia, are now less visible,
although high-incidence areas such as the Mexican-U.S. bor-
der still exist.

Cervical cancer rates began to fall during the early 20th
century, before the advent of cytologic screening. Reduced
parity may have contributed to this pattern, given that multi-
parity appears to be a cofactor for progression of HPV infec-
tion to cervical neoplasia. In the latter half of the last century,
effective screening contributed to a further reduction in cancer
incidence and mortality, particularly among women of 30 to
74 years because of targeting of this age group in many coun-
tries (309,310). 

In the United States and many other developed nations, rates
of squamous cell carcinomas, accounting for approximately
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80% of invasive cervical cancers (310), have declined steadily
since the introduction of Pap smear screening, while adenocar-
cinomas (accounting for approximately 15%) have not
(311–318). In fact, rates of cervical adenocarcinomas have risen
in the past two to three decades in various countries including
the United States, both relative to rates of squamous cell carci-
noma and in absolute numbers (Fig. 1.5).

The overall incidence and stage of invasive squamous cell
cancer has declined substantially over the past 25 years, with
the pace of decline having been more pronounced in black
than white women (Fig. 1.6). Although rates for invasive car-
cinoma remain higher for blacks than whites, the difference
has narrowed over time, with major differences now being
observed only among older women.

The 5-year survival rate for cervical cancer is greater than
70%, with survival being highly dependent on stage at diag-
nosis. Younger women and white women are more likely than
older women and black women, respectively, to be diagnosed
with localized cancer that carries a good prognosis. 

HPV Infection

For more than a century, epidemiologic studies have suggested
an association between sexual activity and cervical cancer, but
proof that HPV is the sexually transmitted agent responsible

for this association was not achieved until sensitive methods
for detecting HPV DNA were developed. The epidemiologic
association between HPV infection and cervical cancer fulfills
all of the established epidemiologic criteria for causality. As a
result, HPV is now accepted to be the central, necessary causal
factor for virtually all cases of cervical cancer in the world.
The recognition of the key etiologic role of HPV infection has
profoundly altered the epidemiologic study of cervical cancer.
It is increasingly clear which previously “established” epi-
demiologic risk factors for cervical cancer are correlates of
HPV infection, which lead to infection, and which are HPV
cofactors operating only in the presence of infection (319,
320). For example, because HPV is transmitted by direct
physical contact, virgins (women without any sexual contact
at all) almost invariably test negative for HPV (321,322)
explaining their virtually negligible risk of cervical cancer
regardless of other behaviors. 

Numerous case-control and cohort studies have now
shown that sexual behavior, specifically numbers of partners,
is the main determinant of incident HPV detection and sub-
sequent risk of cervical precancer and cancer (323–326).
HPV infections are easily transmitted with few acts of sexual
intercourse and, therefore, sexual frequency is not a major
risk factor for cervical neoplasia. The variable “age at first
intercourse” tends to weaken as a risk factor once HPV
infection is taken into account (325,327) and remains an
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apparent proxy for time of HPV infection (328), i.e., the
start of viral “latency” (327). 

A protective effect against cervical cancer risk has been
noted for careful, consistent condom use. Condom use affords
modest protection against HPV infection and resultant exter-
nal warts (HPV-6 and HPV-11) and cervical lesions caused by
carcinogenic HPV types (329). Given that users of condoms
may not report sporadic unprotected contacts, and that the
entire skin and mucosal genital area at risk for infection is not
protected with this contraceptive method, only modest protec-
tion against transmission would be expected (330).

Historically, and still in many regions of the world, female
monogamy has been valued more than male monogamy. Thus,
cervical cancer risk from HPV infection transmitted from a
male partner to his monogamous partner can properly be seen
as “the male factor.” Confirmed associations supporting this
view include the geographic clustering of cervical and penile
cancer, the increased risk of cervical cancer among wives of
men who have penile cancer, the increased risk among partners
of men who have had a previous partner who died of cervical
cancer, and the increased risk among women whose partners
travel (331). Circumcision is associated with a reduced risk of
HPV detection in penile samples, and the wives of men with a
history of multiple partners were at lower risk of cervical can-
cer if the men had been circumcised (331). Circumcision
appears to reduce male HPV infection, but studies to under-
stand details of HPV transmission between sexual partners
have proved challenging. Contact between women and multi-
ple partners at different times, clearance of infection in one
partner but not the other, and difficulties in collecting satisfac-
tory specimens for HPV testing from men all complicate the
demonstration of concordant infection among partners (332). 

Transient HPV infections are ubiquitous among sexually
active young women, but progression to a cervical cancer pre-
cursor requires persistence of carcinogenic types (296,299,
300,333,334). This has prompted epidemiologic studies to

investigate “cofactors” that influence persistence and progres-
sion to precancer. Persistence and progression to CIN 3 occur
concurrently, complicating the independent examination of
these two processes. 

Viral Factors Associated with Persistence 
and Progression

HPV type is by far the strongest predictor of risk of precancer
(see Wright, chapter 19). Persistent HPV-16 infection is an
extremely strong risk factor for subsequent diagnosis of CIN 3
and invasive cancer. HPV types, are more predictive of risk than
subtleties of minor and equivocal cytopathic effects, colpo-
scopic findings, or behavioral cofactors like smoking. However
the existence of many HPV types prevents easy-to-follow clini-
cal protocols. Furthermore, intratypic sequence variants of
HPV-16 and possibly other types have been associated with
altered risk, although these risk modifications are weaker than
the intertypic variation. The role of elevated viral load (i.e.,
HPV content in samples obtained from infected women) in pre-
dicting persistence and progression of infection is complicated
and varies by HPV type. A clear trend of increasing prospective
risk with increasing viral load has been demonstrated only for
HPV-16. Viral load assessment is not useful clinically. Although
studies suggest that women with prevalent infections may be
more likely to acquire additional infections, infection with one
HPV type does not seem to influence the risk of persistence and
development of precancer from another concurrent infection
(291,335). Finally, while the state of the virus (integrated into
human host DNA vs. episomal), methylation status, and tran-
script levels for the oncogenes E6 and E7 may be associated
with risk of persistence and subsequent neoplasia, clinically use-
ful assays and protocols are not yet available.

Host Factors Associated with Persistence 
and Progression

Immunity

Whereas humoral (antibody-mediated) immunity appears to
play a central role in preventing HPV infection (leading to the
prophylactic vaccines), elimination of HPV seems more closely
related to mounting an effective cellular immune response
(336–338). Impaired cellular immunity, attributable to human
immunodeficiency virus (HIV) infection, transplantation, or
immunosuppressive drugs, has been shown to increase HPV
prevalence, persistence, warts, CIN, and cancer (339,340). In
contrast, deficiencies in humoral immunity appear unrelated to
these conditions. The U.S. Centers for Disease Control and
Prevention (CDC) has identified cervical cancer as an acquired
immune deficiency syndrome (AIDS)–defining illness among
women infected with HIV. Compared to the general popula-
tion, women with AIDS have a fivefold excess risk of carci-
noma in situ of the cervix, with risk increasing over time (341).
Although risk was similarly elevated for invasive cancers, rates
did not increase over time, suggesting that HIV infection prob-
ably has a limited impact on the transition from in situ to inva-
sive disease. Although highly active antiretroviral therapy
(HAART) improves CD4 levels, this has not been associated
with regression of cervical cancer precursors (339).

Human Leukocyte Antigens

Human leukocyte antingens (HLAs) are important determi-
nants of the efficiency of antigen presentation to immune
effector cells and, therefore, may influence the outcome of
HPV infections. Both class I HLA genes (those that encode
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HLA molecules that are present in all nucleated cells) and
class II HLA genes (those that encode HLA molecules that are
present in lymphocytes and other immune-related cells) are
involved in immune presentation. To date, HLA class II genes
have been more extensively studied than HLA class I genes for
their association with cervical cancer. A protective association
with HLA DRB1*13 and/or DQB1*603 has been found con-
sistently among studies, whereas specific HLA class II markers
of increased risk have not been identified. Data for risk associ-
ations with polymorphic variants of HLA class I antigens are
sparse; a protective association with HLA C*0202 was
reported in an analysis combining data from three diverse
populations (342). Since the C*0202 allele is involved not
only in acquired immune response to viruses (i.e., the antigen-
specific, memory immune responses associated with T cells of
the immune system) but also in the innate immune response to
foreign pathogens (i.e., nonspecific, inflammatory immune
responses), this finding has prompted the speculation that not
only the HPV-type specific T-cell mediated immune responses
but also nonspecific innate immune responses might be impor-
tant in the immune response to HPV infections and in cervical
cancer pathogenesis. Results regarding other genes involved in
the immune response are still inconclusive. 

Familial Factors 

Whatever the mechanism, studies conducted largely in
Scandinavian countries with established nationwide tumor,
twin, and other family registries clearly indicate that cervi-
cal cancer aggregates in families (343–349). In general, an
approximate twofold increase in risk of precancer or invasive
cervical cancer relative to general population risk is observed
in family members of cervical cancer patients. It is not settled
how much of this elevation in risk among relatives of individ-
uals affected with cervical cancer can be attributed to shared
environment versus genetic effects (343,347).

Behavioral Factors Associated 
with Persistence and Progression

Socioeconomic Status

Internationally, women defined as low social class were found
in a recent meta-analysis to have twice the risk of cervical can-
cer compared to women defined as belonging to a high social
class (350). In the United States, the inverse relationships of
risk with income and education prevail among both whites
and blacks, and among HPV-infected women (351). In one
analysis, when adjustment was made for socioeconomic vari-
ables, the relative risk of cervical cancer among blacks com-
pared to whites was substantially reduced (352). On the other
hand, controlling for race or ethnicity, or exposure to HPV
infection does not account for the socioeconomic status (SES)
association entirely (351). The correlates of low socioeco-
nomic level that are HPV cofactors for cervical cancer are not
known. Of note, another socioeconomic variable formerly
linked to cervical cancer risk, religion, has not been reassessed
in studies incorporating accurate HPV testing.

Cigarette Smoking

Case-control and cohort studies among groups of women
infected with carcinogenic HPV have shown that smokers are
at increased risk compared with infected women who do not
smoke (288,327,353–355). Current smoking is the main risk
factor, not past smoking, with no clear trend with time since
stopping smoking. Among current smokers, evidence of
increasing risk has been found with increasing intensity and

duration (or early start) of smoking. Several investigations
have attempted to define possible mechanisms by which
smoking might alter cervical epithelium. Tobacco-derived
carcinogens are secreted into the cervix at levels higher than
in serum (356–359), suggesting possible genotoxicity. The
immunosuppressive effects of smoking (360) might enhance
the persistence of HPV infection (361). In a randomized clini-
cal trial, quitting smoking was associated with increased
regression rates of microscopically identified HPV infections,
possibly due to an effect on cell-mediated immunity (362).

Parity and Other Obstetrical and Gynecologic Events

HPV-infected women who have many live births are at increased
risk of cervical cancer and precancer. There is a dose-dependent
increase in risk with numbers of live births, most evident among
women with many live births (288,363–367). Although this epi-
demiologic association is firmly established, the explanatory
mechanism is not clear. Mechanisms underlying the association
between parity and cervical neoplasia include trauma during par-
turition, hormonal changes associated with pregnancy, immuno-
suppression, and possibly altered anatomy of the transformation
zone, specifically eversion. Other menstrual and reproductive
factors, including miscarriages, abortions, stillbirths, ectopic
pregnancies, cesarean sections, age at first pregnancy, age at
menarche, and age at menopause, are not independently associ-
ated with risk (365,368).

Oral Contraceptives

Studies examining the relationship of oral contraceptive use to
cervical cancer risk among HPV infected women are especially
complex, with questions arising about the potential for con-
founding, particularly by the duration of HPV infection and
screening behavior (288,369–373). Use of oral contraceptives
could plausibly potentiate the carcinogenicity of HPV infec-
tion, because transcriptional regulatory regions of HPV DNA
contain hormone-recognition elements and transformation of
cells in vitro with viral DNA is enhanced by hormones (374).
A recent large multi-center case-control study and meta-analysis
found an elevated risk of invasive cervical cancer among HPV-
positive women who used oral contraceptives for more than
10 years (288, 373). Shorter durations of use were not associated
with elevated risk. There is not yet prospective confirmation
of the risk of precancer among HPV-infected women taking
oral contraceptives. Evidence linking oral contraceptives to
cervical abnormalities has raised concern about long-acting
steroid preparations, notably depot-medroxyprogesterone
acetate (DMPA). Although these agents are widely used in
many countries, studies evaluating their effects, particularly
among HPV-infected women, are limited (328,375). 

In sum, Bosch et al. (376) concluded that HPV infection
associated with one or more leading candidate cofactors
(pregnancy, smoking, and oral contraceptive use) might
account for about 75% of cervical cancer. This interesting
analysis has not been replicated sufficiently; thus, the search
for other cofactors continues. 

Infectious Agents Other than HPV

In the 1970s, herpes simplex virus (HSV-2) was hypothesized to
be the sexually transmitted cause of cervical cancer (377). Now,
HPV infection is known to be the central, necessary cause of cer-
vical cancer, but other sexually transmitted agents could increase
the risk of cervical cancer among HPV-infected women. Of the
other agents examined, there is still some interest in HSV-2, but
most attention now is focused on Chlamydia trachomatis.
Although residual confounding by some aspect of HPV infection
has not been completely ruled out, despite adjusting for HPV
exposure using DNA tests and/or serology, C. trachomatis
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seropositive women are sometimes observed to be at increased
risk compared to seronegative women (377–380) No consistent
association with cervical cancer risk has been observed for other
sexually transmitted agents (except for HIV, related to immuno-
suppression). It is interesting that the mildly immunosuppres-
sive retrovirus HTLV-1 has not been linked to an increased risk
of precancer and cancer among HPV-infected women (381).
One investigation (382) but not another (383) noted a rise in
risk of cervical cancer with multiple, concurrent infections, con-
sistent with the hypothesis and some epidemiologic evidence
(384) that long-term cervicovaginal inflammation (dominated
by neutrophils), regardless of causal agent, might increase the
carcinogenicity of HPV infection. 

Nutrients

The influence of nutrient status on risk of cervical neoplasia
has received substantial research attention (385,386).
Although epidemiologists continue to suspect that diet, e.g.,
antioxidant micronutrient intake, is important in cervical 
carcinogenesis, no firm associations between a specific aspect
of nutritional status and HPV infection or cervical cancer risk
has been established or completely discarded, perhaps due to
methodologic difficulties. Low folate levels or high homocys-
teine levels have been linked to risk of cervical cancer, leading
to interest in markers of one-carbon metabolism and DNA
repair (384,387). Unfortunately, seven phase 3 chemopreven-
tion trials giving folic acid or beta-carotene failed to signifi-
cantly ameliorate HPV lesions and precancers, although topi-
cal administration of retinoic acid did lead to lesion regression,
similar to its therapeutic utility on facial warts (384).

Risk Factors for Cervical Adenocarcinoma 

While infection with a carcinogenic HPV is a necessary cause
of both squamous cell carcinomas and adenocarcinomas, the
distribution of carcinogenic HPV types and variants detected
in these two tumor types vary, with HPV-18 accounting for a
relatively higher percentage of adenocarcinomas as compared
to squamous cell carcinomas (388).

Interpreting increasing rates of cervical adenocarcinomas
over time poses challenges because of gradual improvements in
clinical practices (including the use of devices to obtain better
endocervical sampling), stricter criteria for adequate Pap tests,
development of cytologic criteria for recognizing adenocarci-
noma in situ (AIS), and recently, formal inclusion of the AIS
category in the new Bethesda System (314,315,389). In addi-
tion, proposed but unsubstantiated explanations for these
upward trends include increased rates of HPV infection with-
out improved cytologic detection of AIS, a specific increase in
rates of HPV-18 infection, and increased exposure to HPV
cofactors specific to adenocarcinoma. 

Although our understanding of the etiology of cervical ade-
nocarcinoma is incomplete, a picture is emerging in which
adenocarcinoma seems to share some risk factors with cervical
squamous carcinomas (acquisition of HPV through sexual
contact) and others with uterine carcinoma (a tumor etiologi-
cally related to hormones). Two strongly linked factors for
squamous carcinoma, parity and smoking, have not been
shown to increase the risk for adenocarcinoma (390–392); in
fact, there is some evidence that both factors might be associ-
ated with decreases in risk. In contrast, increased weight (or
related measures) appears to be related to increases in the risk
of cervical adenocarcinomas (391,393,394). Oral contracep-
tives have been linked to an increased risk for AIS or adeno-
carcinoma in a number of studies (391,395–398). The
increased risk of cervical adenocarcinoma associated with
obesity and reduced risk with parity and smoking resemble

the epidemiology of endometrial adenocarcinoma. However,
the relationship between cervical adenocarcinoma and oral
contraceptives is more similar to reported results for squa-
mous carcinomas of the cervix. The association between estro-
gen replacement therapy and increased risk for adenocarci-
noma has been inconsistent (399,400).

Conclusions

Knowledge of the epidemiology of HPV and its causal role in
cervical carcinogenesis has been successfully translated into
clinical practice (401–405), particularly to reduce rates of
squamous lesions. In many developed countries, women with
equivocal cytology are tested for HPV DNA; a negative result
provides strong reassurance that immediate follow-up is not
required and can reduce patient anxiety and health costs (406).
Comparison of HPV test results with cytologic interpretations
provides important quality assurance for both tests (407,408).
Repeated HPV testing is also finding application in following
women without intervention and in determining the risk of
recurrence among those treated for CIN. HPV testing as an
adjunct to primary screening has been adopted in the United
States, and screening studies are under way to develop new
optimized approaches that focus resources on at-risk women
(409). Finally, encouraging early results from vaccine trials
suggest that primary prevention of HPV infection may be pos-
sible, potentially allowing eradication of cervical cancer in
even the poorest nations of the world (410,411). Following
these accomplishments, the epidemiologic study of HPV and
cervical cancer will continue in order to target public health
strategies, improve patient management, and monitor success
in prevention.

VULVAR CANCER

Demographic Patterns and the Importance 
of Pathologic Classifications

Carcinoma of the vulva is a rare genital neoplasm with an
average annual age-adjusted incidence in all SEER areas dur-
ing 2000 to 2004 of 2.2 per 100,000 women (2). During
2008, an estimated 3,460 women will develop the disease and
870 will die as a consequence of it. 

Vulvar cancer is etiologically heterogeneous, and pathologic
subtypes have distinct epidemiologic features. The great major-
ity of cases are squamous, but two subclassifications of squa-
mous cancers, basaloid and warty, are more linked to HPV than
keratinizing squamous tumors (412). Most vulvar intraepithe-
lial neoplasias, similar to CIN, show risk factors that resemble
basaloid and warty carcinomas. The HPV-associated subtypes
are associated with younger age and black race (413). The non-
HPV-associated types are associated with chronic inflammatory
states such as lichen sclerosus. 

Because vulvar cancer is heterogeneous, and because epi-
demiologic data usually do not separate the subtypes, com-
piled summary data must be interpreted very cautiously.
Although vulvar cancer has been noted in clinical series to
occur frequently among blacks, recent incidence data do not
support any substantial differences in overall incidence by race
(2.3 per 100,000 for white women and 1.9 per 100,000 for
black women). Although the disease occurs primarily among
older women (a mixture of HPV- and non-HPV-related
pathologies), recent analyses of SEER data indicate substantial
increases in the incidence of in situ vulvar carcinomas (mainly
HPV related), which generally occur at much younger ages
than invasive diseases (414). 
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Cancer of the vulva occurs significantly more frequently
among women with primary cancers of the cervix, and the two
diseases often occur simultaneously (415,416). Approximately
15% to 20% of women with vulvar cancer have a second pri-
mary cancer occurring simultaneously or nonsimultaneously in
the cervix, vagina, or anogenital area. As many as 10% to
15% of women with cancer of the vulva have a second primary
lesion of the cervix. This association probably reflects multifo-
cal HPV infection. When multiple primaries are not diagnosed
simultaneously, cancer of the cervix usually precedes cancer of
the vulva. Many patients with vulvar cancer have multifocal
genital lesions, commonly including a mixture of condyloma
acuminatum planum and intraepithelial neoplasia. They may
also have similar changes at other anogenital sites, including
the vagina, cervix, and perianal region (417).

SEER incidence data indicate nearly a doubling in the rate of
vulvar cancer between 1973 and 1976 and between 1985 and
1987 (418). This is in contrast to rates of invasive squamous
cell carcinomas, which have remained relatively stable. Given
that in situ cancers develop on average significantly earlier
than invasive vulvar cancers, it may be that changes in certain
risk factors (e.g., increased sexual activity and HPV infection)
may have been too recent in order for effects to be seen for
invasive cancers. Alternatively, successful treatment of in situ
tumors may have prevented the occurrence of invasive disease.
Again, the most likely explanation for the patterns observed is
etiologic differences, with HPV being important for a larger
proportion of in situ cancers (412).

HPV and Smoking

Early case-control studies reported higher risks among women
reporting multiple sexual partners (419,420). Subsequent
studies postulated a role for HPV in the etiology of the
tumors, finding high rates of detection of the virus in vulvar
tumor tissue and high subsequent disease risks among patients
with seropositive tests to HPV-16 (421–423). HPV-16 appears
to be the most predominant type detected among vulvar can-
cer patients (376).

Findings of elevated risks of vulvar cancer associated with
cigarette smoking (419,423–425) have prompted several stud-
ies to examine interactions with HPV infection status. Two
studies have found particularly high risks associated with HPV
seropositivity among cigarette smokers, suggesting that the
effect of HPV may depend on smoking as a cofactor (422,423).

Social Class

Although the incidence of vulvar cancer has been discussed in
relation to social class, results from one case-control study
indicated that control for sexual factors eliminated this effect
(419). Suggestions that the risk of vulvar cancer is elevated
among nulliparous women and those with late ages at first
birth were also not confirmed in this study.

Medical Conditions

Vulvar carcinomas often arise within genital warts, but more
specific temporal associations between the two remain unclear.
Several studies have suggested that a history of vulvar warts is
associated with an elevated risk of vulvar cancer, with RRs
ranging from 15 to 23 (419,426). In one study, a particularly
high risk was associated with multiple episodes of genital warts,
possibly reflecting poor immunologic response to HPV infec-
tion among these women (419). However, the HPV types that

cause vulvar warts, HPV-6 and HPV-11, are not genetically
close to the major types in vulvar cancers and preceding vulvar
intra-epithelial neoplasia (predominantly HPV-16), so the exact
relationship between warts and cancer is somewhat obscure.

Several clinical studies have suggested that vulvar cancer
may be elevated among women with diabetes, obesity, or
hypertension, but this has not been confirmed in the one epi-
demiologic study assessing these factors (419). An excess risk
of vulvar cancer among users of oral contraceptives was found
in one study but not in another (419,425).

Host Factors

Recent attention has focused on the possible etiologic role of
genetic factors. Although it has been hypothesized that some
carcinogen-metabolizing genes might be involved, particularly
those involved in the metabolism of cigarette smoke, studies
have failed to find relationships of risk with either glutathione
S-transferase (GST) or debrisoquine 4-hydroxylase (CYP2D6)
genetic polymorphisms (427,428).

Conclusions

The cervix and vulva are covered by squamous-cell epithelium
with a common embryologic origin from the cloacogenic
membrane. These similarities have led to the theory that the
entire lower genital tract responds to various carcinogens as a
single tissue field, resulting in a relatively high proportion of
multicentric squamous carcinomas (429). The multicentric
nature of the disease; its association with cervical, vaginal,
and perianal malignancies; and several risk factors common to
it and cervical cancer suggest that the etiologic mechanisms
for a fraction of vulvar cancer and cervical cancer may be sim-
ilar, linked to HPV infection.

VAGINAL CANCER

Demographic Patterns

Cancer of the vagina is also rare, with an average annual age-
adjusted incidence of 0.7 per 100,000 women in the SEER
areas for the period from 2000 to 2004 (2). The incidence is
higher for blacks (1.1 per 100,000 for blacks vs. 0.7 per
100,000 for whites), but the reasons for the discrepancy are
unknown. During 2008 it is estimated that 2,210 women will
develop the disease and 760 will die from it (1). The average
5-year survival rate is 52% for whites (50% for all races). The
majority of vaginal cancers are squamous-cell carcinomas and
occur in the upper part of the vagina.

Vaginal cancer is primarily a disease of older women (430),
with almost 60% occurring among women 60 years of age or
older. In the past, carcinoma of the vagina was only rarely
reported in infants and children but, beginning in the late
1960s, cases of clear-cell adenocarcinoma of the vagina, an
uncommon cancer in any age group, began to be observed
with much greater frequency than expected among women
between 15 and 22 years of age. Most of these cases have been
related to prenatal exposure to diethylstilbestrol (DES).

Medical and Sexual Risk Factors

The rarity of vaginal cancer has limited the conduct of definitive
epidemiologic investigations. One case-control study of vaginal
cancer, based on relatively few cases, found associations of risk
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with low socioeconomic status, histories of genital warts or
other genital irritations, and previous abnormal Pap smears
(431). A more recent and larger study linked risk with histories
of multiple sexual partners, early ages at first intercourse, and
current cigarette smoking (432). Epidemiologic studies have
also shown high risks associated with prior hysterectomies,
although this apparently is due to the predisposition of women
with anogenital cancers (particularly those with cervical cancer)
to subsequently develop vaginal cancers (432).

HPV Infection

Findings that vaginal cancer is frequently found as a synchro-
nous or a metachronous neoplasm with cervical cancer have
led to the suggestion that there may be shared etiologic fea-
tures between vaginal and cervical cancers. HPV has been
related to disease through findings of HPV antigens or DNA
in vaginal cancer tissue. In the largest study of this issue, HPV
DNA was found in tumor blocks in over 80% of patients with
in situ and over 60% of patients with invasive cancers (432).
In addition, serologic antibodies to HPV have been linked to
subsequent disease risk (421).

Diethylstilbestrol and Clear-Cell
Adenocarcinomas

In 1971, seven clear-cell carcinomas of the vagina and one
closely related endometrioid carcinoma developed in young
women (ages 15 to 22 years) (433). An epidemiologic study
found that the mothers of seven of the eight women had taken
DES during the first trimester of pregnancy as opposed to
none of the mothers of 32 matched controls. The relationship
between DES exposure in utero and adenocarcinoma of the
vagina was soon confirmed in New York State and at the
Mayo Clinic (434,435). Since then, a registry of clear-cell can-
cer of the vagina and cervix has been established, and many
more cases have been reported (436). Among these patients,
about twice as many have clear-cell adenocarcinoma of the
vagina as have clear-cell adenocarcinoma of the cervix.

Recent data from an assembly of all established DES
cohorts indicate that the majority of patients with vaginal or
cervical adenocarcinomas are diagnosed prior to age 25, with
the incidence after this age decreasing by 80% (437). The esti-
mated attack rate for clear-cell adenocarcinoma of the vagina
and cervix through 39 years of age was estimated to be 1.6 per
1,000 DES-exposed daughters. Thus, DES exposure leads to a
large relative increase in risk, but it affects only a small pro-
portion of all exposed women. It remains to be seen what risk
will be encountered by DES daughters when they reach their
50s and 60s, the peak ages of adenocarcinomas of the vagina
in women unexposed to DES.

Conclusions

Even less is known about risk factors for vaginal cancer than
is known for vulvar cancer. It has recently been suggested that
there may be two types of vaginal cancers with age-related eti-
ology (438). In young patients, the etiology may be similar to
cervical cancer and relate to HPV, smoking, and low socioeco-
nomic status, while the most common occurrences in older
women may be due to hormonal factors or trauma to the
vagina. Further attention should focus on the relative contri-
butions of these factors.

The rare occurrence of vaginal adenocarcinoma in young
women is distinctive in being essentially an iatrogenic disease
related to in utero exposure to DES and other estrogens. 

A proposed mechanism involves nests of abnormal cells of mül-
lerian duct origin, which are stimulated by endogenous hor-
mones during puberty and promoted into adenocarcinomas.

GESTATIONAL TROPHOBLASTIC
DISEASES

Gestational trophoblastic diseases (GTDs) (which include
hydatidiform moles, invasive moles, and choriocarcinoma)
encompass a range of interrelated conditions characterized by
abnormal growth of chorionic tissues with various propensities
for local invasion and metastasis (439). Hydatidiform moles
can be either complete or partial and have distinctive patholo-
gies and etiologies. Complete moles have paternally derived
nuclear DNA but maternally derived cytoplasmic DNA. In con-
trast, partial moles generally have a triploid karyotype, with the
extra haploid set of chromosomes being of paternal origin.

Demographic Patterns

Choriocarcinoma is a rare malignancy in the United States,
with a reported incidence in all SEER areas of 0.1 per 100,000
women, or approximately 1 per 25,674 live births (440).
Hydatidiform moles occur about once in every 1,000 pregnan-
cies, and approximately one of six occurrences results in inva-
sive complications (either invasive mole or choriocarcinoma).
Trophoblastic diseases have been reported to be more common
in certain parts of the world, although some of the differences
may be due to a variety of selection, detection, and reporting
biases (441), including whether risk is expressed in relation to
women at risk, conceptions, or live births. In the United States,
incidence rates have declined over time, and survival improved,
but blacks continue to have higher incidence and lower sur-
vival than women of other ethnicities (442).

The epidemiologic study of choriocarcinoma has been
complicated by its relative infrequency. Most studies have,
therefore, focused on defining risk factors for hydatidiform
moles, but it is uncertain the extent to which these findings
can be extrapolated to malignant trophoblastic disease.

Host Factors

Trophoblastic disease rates are considerably higher in Asian
and African countries, but the true extent of difference from
Western rates is difficult to decipher because of variations in
reporting practices (443). A survey in Britain showed that the
incidence of gestational trophoblastic diseases in Asians was
nearly twice as high as among non-Asians (444). One incidence
survey in the United States showed that, even after adjustment
for age and birth distribution effects, blacks had a 2.1-fold
greater risk and other nonwhite races had a 1.8-fold greater risk
than whites (445). American Indians and Alaskan natives have
also recently been shown to have high rates of GTDs (446).

One clearly established risk factor for choriocarcinoma and
hydatidiform moles is maternal age. A recent study showed
women at extreme maternal ages (either very early or late) to
have nearly twofold elevated rates, with even further age dif-
ferences noted for the occurrence of complete moles (444).

A history of hydatidiform moles is also a strong risk factor.
The risk of another molar pregnancy in a subsequent concep-
tion is about 1% and the risk appears to increase to about
25% in women who have had more than one previous hyda-
tidiform mole (447). Although two studies have reported a
higher risk of hydatidiform moles associated with a history of
a complete mole (448,449), other studies have not confirmed
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this. Hydatidiform moles are associated with a 1,000 to 2,000
times increase for development of subsequent choriocarci-
noma, with an even further enhancement after a complete
molar pregnancy (2,500 times higher than after a live birth).
One study suggested that some women might have multiple
episodes of hydatidiform moles despite different male part-
ners, suggesting either a role for oocyte defects or environ-
mental factors (450). 

Two studies have found an association between blood group
A and choriocarcinoma (451,452). The combination of mother’s
group A and father’s group O generated over a 10-fold increased
risk. Blood groups A and AB were associated with elevated
risks of hydatidiform moles in one study but not in another
(453,454). These findings may support a role for genetic factors
or immunologic factors related to the histocompatibility of
maternal and trophoblastic tissues.

Menstrual, Reproductive, and
Anthropometric Risk Factors

In several studies that have adjusted for the effects of late
maternal age, parous women have remained at a substan-
tially reduced risk of GTDs compared with nulliparous
women, with some evidence of further reductions in risk
with multiple births (453,455,456). Several studies have
found an increased risk associated with a prior spontaneous
abortion, although this has not been consistently observed
(453,455–457). An increased risk of GTDs has been found
related to a history of induced abortions in a number of stud-
ies, although information was not available on reasons for
the terminations (455). A history of infertility has also been
suggested as a risk factor for gestational trophoblastic dis-
ease, although not confirmed in all studies (453,455,457). In
one study, Chinese patients reporting the use of herbal medi-
cines during the first trimester of a previous pregnancy were
at elevated risk (455).

Low body mass, unrelated to dieting or exercise, has been
reported as a risk factor for choriocarcinoma in one study
(458). Patients also had later onset of menarche and lighter
menstrual periods than controls, possibly reflecting lower
estrogen levels.

Exogenous Hormones

Several studies have found an increased risk of trophoblastic
diseases associated with long-term use of oral contraceptives
(455,459,460). Two other case-control studies, however,
found no influence of oral contraceptives on risk (453,457).
In one study, the association was considerably stronger for
partial than complete moles (461). Others have suggested
that oral contraceptives may increase the risk of malignant
sequelae after mole evacuation through a tumor-stimulating
effect (462,463). In one study, this effect was restricted to
users of high-dose estrogens, although in others there were no
effects of the pill on postmolar complications (459,464,465).

Other Risk Factors

Late paternal age was suggested in one study to increase the
risk of trophoblastic diseases, but other investigations failed to
confirm this (453,455,466). Cigarette smoking has also been
linked with the occurrence of trophoblastic disease (457). One
study suggested that low carotene intake affected the risk of
hydatidiform mole, but no specific dietary associations were
observed in another study (455,459).

Conclusions

Although a genetic role in the development of hydatidiform
moles is now certain, little is known about genotypes that pre-
dispose to hydatidiform moles or environmental factors that
may increase the risk of defective ova. Except for the possible
role of oral contraceptives, few potential environmental pro-
moters have been identified.

The trophoblast plays an active role in pregnancy, includ-
ing metabolizing and detoxifying xenobiotic substances, regu-
lating nutrient and waste product transfer, synthesizing steroid
and protein hormones, and controlling the immune response
of the maternofetal unit. Injury to the trophoblast can occur in
pregnancy as a result of environmental exposure (e.g., heavy
metals and polycyclic hydrocarbons), resulting in the break-
down of trophoblastic processes. When the trophoblast mal-
functions, mutagenic, teratogenic, lethotoxic, and carcino-
genic compounds may gain access to the developing embryo,
causing injury and death. The genotype of hydatidiform moles
results in a trophoblast that malfunctions, and exposure to
certain environmental agents during the molar pregnancy may
promote choriocarcinoma. Before implantation, the tro-
phoblast forms most of the embryonic tissue, which already
metabolizes environmental agents. Even preimplanted moles,
with their impaired metabolic capabilities, may increase the
toxicity of environmental agents and promote carcinogenesis.

Recent advances in identifying genetic and molecular
markers involved with partial versus complete moles (439)
open a number of avenues for assessing the interaction of
these markers with a variety of proposed environmental risk
factors. This could include a focus on early stages in the dis-
ease process or on factors involved in the progression of molar
pregnancies to more invasive complications.

SUMMARY
The goal of both medical practice and epidemiology is to
reduce morbidity and mortality. For many diseases, the focus
has turned to the ultimate aim of prevention. The link
between identification of etiologic factors and possibilities for
prevention is well illustrated for tobacco- and alcohol-related
tumors and for those associated with specific pharmaceutical,
radiogenic, and occupational exposures. Fortunately, for
gynecologic cancers, there are a number of identified etiologic
factors that are also amenable to preventive approaches.

Undoubtedly, the prospects for prevention are best for cervi-
cal cancer. For some time, secondary prevention in the form of
screening for pathologic precursors of invasive disease has been
the hallmark of the public health approach to this malignancy.
The establishment of HPV as a central etiologic agent for the
disease presents other avenues for prevention, including applica-
tion of recently developed vaccines against the virus (410).
Knowledge of when and how infection and other factors operate
in the natural history of the disease has revolutionized screening
strategies and shifted treatment from cell ablation to antiviral
therapies. As always, combined laboratory, clinical, and epi-
demiologic research is needed to realize these propositions.

Many believe that more is known about the cause of
endometrial carcinoma than for almost any other tumor. A uni-
fied theory of how all risk factors may operate through a final
common estrogenic pathway is popular and well supported. A
woman’s hormonal milieu may prove to be favorable to modifi-
cation at a practical level. There is substantial evidence that elim-
ination of obesity an intervention actively promoted for other
reasons—should also reduce endometrial cancer risk. After the
epidemic of endometrial cancer due to estrogen replacement
therapy, changes in the management of menopause occurred,
resulting in a marked decline in the rates of endometrial cancer.
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More care is devoted to identifying women who truly need
estrogen therapy, treatment of menopausal symptoms is for a
much shorter period of time, the use of cyclic progestin in com-
bination with estrogen is advised if indicated, and regular
endometrial sampling is frequently practiced for long-term
estrogen users.

Although past alterations in patient management led to a
decline in endometrial cancer, current events make future pat-
terns less clear. Previous enthusiasm for 1ong-term treatment of
large segments of the population of menopausal women with
hormones to control symptoms and prevent osteoporosis and
heart disease may have implications for endometrial cancer in
the future. On the other hand, current patterns of use of oral
contraceptives could lead to reductions in endometrial cancer
rates in the general population. The impact of widespread oral
contraceptive use at young ages on endometrial cancer risk at
older ages is not well studied. However, if it is anywhere near
the reduced risk seen at young ages, the resulting reduction in
endometrial cancer overall could be substantial.

With further research, it is also possible that pharmacologic
interventions aimed specifically at groups at high risk for
endometrial cancer due to endogenous hormonal factors could
be justified. More must be learned about the associations of risk
for endometrial cancer and the quantitative levels of estrogens
and other hormones and their relative proportions. Once these
factors are known, women with PCOS, diabetes, morbid obesity,
or other predisposing conditions could be evaluated for unfavor-
able hormone profiles and appropriately targeted for treatment.

Although a substantial amount has been learned about
ovarian cancer risks, the prospects for meaningful preventive
measures aimed at this tumor are probably worse than for the
other gynecologic malignancies. Although several ovarian can-
cer risk factors seem to indict ovulatory activity as a common
pathway to increased risk, the mechanism by which this occurs
is unknown. Even if some of the hypothesized mechanisms
prove to be correct (e.g., levels of circulating gonadotropins), it
is unclear how reasonable any interventions may be. However,
if the long-term effect of oral contraceptive use on ovarian can-
cer risk is similar to its short-term effect, a substantial decline
in ovarian cancer rates should result from pill use patterns of
the past 40 years. Another reason for the limited prospects for
prevention is that for several risk factors (e.g., protection asso-
ciated with hysterectomy), no credible mechanism has been
suggested. The associations promising the greatest opportuni-
ties for preventive actions are several recently suggested dietary
relationships, specifically, decreased risks with consumption of
diets high in fruit and vegetable and certain micronutrients.
However, these observations need to be replicated in additional
studies. Because of the preventive implications, attempts at
confirmation should have high priority.

For cervical cancer, endometrial cancer, and ovarian cancer,
much is known about the risk factors. Less is known about the
precise biologic mechanisms through which the known risk
factors operate. There is substantial enthusiasm for current
interdisciplinary studies that incorporate state-of-the-art labo-
ratory assays into robust epidemiologic research designs
focused on answering these mechanistic questions. Even
among some of the more conservative etiologists, there is a
belief that the gynecologic oncologist may soon be able to
intervene much earlier in the natural history of these diseases
and, in some instances, engage in primary prevention.
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ovarian cancer carry one of three founder mutations (two in
BRCA1 and one in BRCA2) (4,5). Moslehi et al. (4) found
that 41% of Jewish women with ovarian cancer from North
America carried a mutation, including the majority of those
diagnosed between the ages of 40 and 60. Modan et al. (5)
found one of the three mutations in 29% of 840 Jewish
women with ovarian cancer in Israel. In Poland, 13.5% of
unselected patients with ovarian cancer carry one of three
common BRCA1 mutations (6) (one of these [5382insC] is
also one of the Jewish founder mutations). Three mutations
account for 86% of all BRCA mutations found in Poland (7).
The frequency of BRCA mutations has been estimated at 1 in
12 cases of ovarian cancer in French-Canadians (8) and one in
six cases in Pakistan (9). In these populations, it may be possi-
ble to offer testing for a limited number of mutations. 

The excess risk of ovarian cancer in Jewish families with
multiple cases of breast or ovarian cancer appears to be
almost entirely due to the three Jewish founder mutations.
Liede et al. studied a cohort of 290 Jewish women undergoing
surveillance for ovarian cancer because of a family history of
breast or ovarian cancer (10). Among women with a BRCA
mutation, the ovarian cancer incidence was 32 times greater
than expected. However, among women who did not carry a
mutation, no excess risk of ovarian cancer was observed.
Kauff et al. followed 199 women from site-specific BRCA-
negative breast cancer families (11). They observed an elevated
risk for breast cancer (standardized incidence ratio [SIR] � 3.1;
p � 0.001), but not for ovarian cancer (SIR � 1.5; p � 0.5)
(11). Phelan et al. screened 160 Jewish families with site-specific
breast cancer or the breast-ovarian cancer syndrome (12).
These families had previously been found to be negative for the
three Jewish founder mutations. Only a single nonfounder
mutation was identified. Together, these studies indicate that if
a founder mutation is not identified through screening of a
Jewish family, it is exceedingly unlikely that a different muta-
tion will be found. This also implies that a Jewish woman with-
out one of the three mutations should not be considered to be at
increased risk for ovarian cancer (although she may be at higher
than average risk for breast cancer). Testing for mutations other
than these three in Jewish women should be conducted in
exceptional circumstances—an example would be a family
with four or more cases of early-onset breast cancer or invasive
ovarian cancer. 

In the ethnically mixed populations of North America,
approximately 13% of all patients with invasive ovarian can-
cer carry a mutation in BRCA1 or BRCA2 (1–3). However, the
range of mutations is wide and genetic testing must be compre-
hensive (full genomic screening). In Ontario, Canada, a mutation
was found in 129 of 977 (13.2%) unselected cases of ovarian
cancer (2). There were 75 BRCA1 mutations and 54 BRCA2

GENETICS IN CLINICAL PRACTICE
OF GYNECOLOGIC ONCOLOGY

The identification of BRCA1 in 1994 and BRCA2 in 1995 has
introduced a new component to the practice of gynecologic
oncology. Genetic testing for predisposition to ovarian cancer
became available by 1996 and is now well established. There
are five genes for ovarian cancer susceptibility that are now in
clinical use (BRCA1, BRCA2, MLH1, MSH2, and MSH6).
BRCA1 and BRCA2 are responsible for the hereditary breast-
ovarian cancer syndrome (13% of all ovarian cancers) and
MLH1, MSH2, and MSH6 are responsible for the hereditary
nonpolyposis colon cancer syndrome (2% of ovarian cancers).
Our ability to use laboratory testing to predict the later devel-
opment of ovarian cancer requires that clinicians have a clear
understanding of the role of genetic testing in risk assessment
and in patient care. Advances in preventive oncology have had
the effect of increasing the number of healthy women who
seek advice from a gynecologic oncologist. Increasing num-
bers of prophylactic salpingo-oophorectomies are performed
on healthy women by surgeons who, for the most part, had
previously treated patients for cancer. Information is now
available to support the practice of genetic testing for BRCA
mutations as a means to prevent ovarian cancer in high-risk
women. Current strategies for prevention include prophylactic
surgery and chemoprevention with oral contraceptives.
Screening for ovarian cancer is widespread, but its utility has
not been proven. 

OVARIAN CANCER

Genetic Epidemiology

Approximately 13% of all women with invasive ovarian cancer
carry a BRCA1 or BRCA2 mutation (1–3) and it is reasonable
to offer genetic testing to all women diagnosed with invasive
epithelial ovarian cancer (women with mucinous cancer may
be exempted). In the event of a positive genetic test, testing is
extended to unaffected female relatives. However, if there is no
living affected relative, then testing may begin with an unaf-
fected woman.

The frequency of BRCA mutations among ovarian cancer
patients is not the same for all ethnic groups. In some popula-
tions, there are recurrent (founder) mutations. In these popu-
lations, the overall frequency of BRCA1 mutations tends to be
high and a large proportion of mutations will be accounted
for by one, or a small number, of specific mutations. For
example, approximately 30% to 40% of Jewish women with
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mutations. Women with BRCA1 mutations were diagnosed
with ovarian cancer at an average age of 52.6 years, compared
to 58.8 years for carriers of BRCA2 mutations and 57.3 years
for the nonhereditary cases. BRCA1 mutations represented
71% of the mutations found in women diagnosed under age
50 and BRCA2 mutations represented 62% of those diagnosed
after age 60. 

Among BRCA1 carriers, the risk of ovarian cancer is sig-
nificant in women above the age of 35 (13) (approximately
1% per year) and preventive measures must be initiated early.
Women who carry a pathogenic mutation in the BRCA1 gene
have a lifetime risk of approximately 40% for developing
invasive ovarian cancer (14–18) (Table 2.1). Among BRCA2
carriers, the risk is much lower and ovarian cancer rarely occurs
below age 50. Antoniou et al. estimated the lifetime risk for
BRCA2 carriers to be 11% (15); Satagopan et al. estimated the
risk of ovarian cancer to be 21% (17). A recent meta-analysis
(which included these two studies) estimated the risk of ovarian
cancer to be 16% (18). Also, among BRCA2 carriers, the risk
of ovarian cancer varies with the position of the mutation.
Thompson et al. (16) estimated that the risk of ovarian cancer
to age 70 was 20% for carriers of BRCA2 mutations within the
Ovarian Cancer Cluster Region (OCCR: nucleotides 4075–6503)
and was 11% for mutations outside of this region. This
assignment was confirmed by Lubinski et al. in 2004 (19).
These investigators studied 440 families with a BRCA2 muta-
tion. They found that families with a mutation in the OCCR
(nucleotides 3035–6629) were twice as likely to contain one
or more cases of ovarian cancer than were families with a
BRCA2 mutation located outside of this region (odds ratio
[OR] � 2.2; p � 0.0002). 

Metcalfe et al. followed a cohort of women with breast can-
cer and a BRCA1 or BRCA2 mutation (20). In the ten-year
period following the cancer diagnosis, the risk of ovarian can-
cer was 13% for BRCA1 carriers and 7% for BRCA2 muta-
tion carriers. In this study, 25% of the deaths in women with
stage I breast cancer were due to subsequent ovarian cancer. 

Pathology and Surgical Presentation 
of Hereditary Ovarian Cancer

Ovarian cancers that occur in women with a BRCA mutation
appear to be similar to their sporadic counterparts (1,2,21,22),
with the exception that mucinous tumors and tumors of low
malignant potential (or “borderline” tumors) are rarely
observed in women with a BRCA mutation. The great majority
of BRCA-linked ovarian cancers show moderate to poor differ-
entiation. Most hereditary ovarian tumors present at an
advanced surgical stage (4,21), but stage I or II tumors are now
being discovered in the context of high-risk screening programs,
or as an incidental finding associated with a prophylactic

oophorectomy in an asymptomatic woman. Several studies
have reported on the presence of early ovarian cancers among
pathology specimens obtained at the time of prophylactic
surgery (23–30). In one study (23), 4 of 33 women (12%) at
high risk were found to have clinically unsuspected ovarian can-
cer at the time of prophylactic oophorectomy. In a second study
(24), two of eight women with germ-line BRCA1 mutations
had ovarian cancer at the time of prophylactic oophorectomy.
Salazar et al. (25) reviewed the ovaries of 20 women who had a
prophylactic oophorectomy and found two cases of micro-
scopic cancer. Finch et al. described a series of 159 female
BRCA1 or BRCA2 carriers who underwent prophylactic
oophorectomy (26). Six of 94 BRCA1 carriers were found to
have an occult cancer (6.4%). In contrast, only one of the 65
BRCA2 carriers was found to have an occult cancer (1.5%).
Three of the seven cases of occult malignancy involved the fal-
lopian tube and not the ovaries. 

In a study from Boston, 122 of BRCA1 and BRCA2 carri-
ers underwent preventive ovarian surgery (27). Seven cancers
were found (6% of total). All cancers were found in the distal
portion of the fallopian tube. Powell et al. found seven cancers
among 67 women who underwent a prophylactic oophorec-
tomy (28). Seven cancers were found: four in the fallopian
tubes and three in the ovaries. These studies support the the-
ory that the distal fallopian tube is the site of origin of the
majority of ovarian/fallopian cancers in high-risk women
(30–32). Carcinoma of the fallopian tube has also been noted
in several BRCA-linked breast and ovarian cancer kindreds. In
a population-based study of unselected cases of carcinoma of
the fallopian tube, 7 of 44 (16%) tested patients were found to
harbor a germ-line BRCA mutation: five in BRCA1 (11%)
and two in BRCA2 (5%) (33). It is necessary that the fallopian
tube be completely removed and serially sectioned when a
prophylactic oophorectomy is performed. 

Several study groups have asked whether morphologic
alterations of the ovarian surface epithelium are prevalent in
women with ovarian cancer (34–37) or who are at high genetic
risk for ovarian cancer (38). Alterations of these types are com-
mon and it has not yet been proven that they are present at a
higher frequency than expected in cancer-prone ovaries. 

Clinical Outcome and Treatment Effects 

Several studies have reported that the survival of patients
with BRCA-associated ovarian cancer is improved, compared
to women with sporadic ovarian cancer (21,39–43). A study
of consecutive cases of ovarian cancers, which compared
BRCA-associated to sporadic ovarian cancers from the same
institution, found that BRCA mutation status was a favor-
able and independent predictor of survival for women with
advanced disease (21). It is not yet clear if the improved
survival rate is the result of a difference in the natural history
of ovarian cancer in the two subgroups or a better response
of BRCA-associated tumors to current therapies. Cass et al.
reported that BRCA1 carriers with ovarian cancer had a
higher response rate to primary therapy than did matched
noncarriers, and carrier patients with advanced disease had
improved survival (91 months for BRCA1 carriers vs. 54 months
for noncarriers; p � 0.05) (41). 

Prophylactic Oophorectomy

In 1995, a consensus panel of the National Institutes of Health
(NIH) recommended prophylactic oophorectomy for high-risk
women at age 35 years, or after childbearing is complete (44).
It seems logical that prophylactic oophorectomy should elimi-
nate the incidence of ovarian cancer, but there are two reasons
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LIFETIME RISKS OF CANCERS ASSOCIATED 
WITH SPECIFIC GENES

TA B L E  2 . 1

BRCA1 BRCA2 MMRa

Breast 50%–85% 50%–85% NI
Ovarian 30%–40% 15%–25% 5%–10%
Endometrial NI NI 40%–60%

NI, not increased.
aMismatch repair genes MSH2, MLH1, and MSH6.
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for potential failure of prophylactic oophorectomy. First, it is
possible that the removed ovaries or fallopian tubes contain
foci of occult carcinoma and that the cancer has spread locally
to the peritoneum at the time of the resection. In this case, the
peritoneal cancer is not, in fact, a primary cancer, but a
metastatic ovarian cancer. Second, it is possible that de novo
cancer arises in the peritoneum after oophorectomy. The peri-
toneum is derived from coelomic epithelium, of the same
embryologic origin as the surface epithelium of the ovary. 

Liede et al. (10) followed a cohort of 33 Jewish women
with BRCA mutations for a mean of eight years. Five cases of
primary peritoneal cancer were diagnosed. The ten-year risk
of peritoneal cancer was 16%. However, the women in this
study had both ovaries intact and the peritoneal origin of the
tumors was not definite. It is difficult to measure the risk of
peritoneal cancer in women with intact ovaries. Peritoneal,
fallopian, and serous ovarian cancers are histologically indis-
tinguishable, and symptomatic women often present with
multiple foci of cancer involving the peritoneum, tubes, omen-
tum, and ovary. Tubal cancer is difficult to discriminate from
ovarian cancer and is often misclassified as ovarian cancer
(45). It is easier to make the diagnosis of primary peritoneal
cancer in women without ovaries. New serous cancers that
arise in the abdominal peritoneum, following an oophorec-
tomy, and with normal ovaries on pathological examination
are generally considered to be primary peritoneal cancers. 

Piver et al. (46) reported that 6 of 324 women who under-
went prophylactic oophorectomy experienced primary peri-
toneal cancer. The mutation status of these women was
unknown and there was no standard period of follow-up.
Struewing et al. (47) reported that the cancer risk in women
after prophylactic oophorectomy was 13 times greater than
that expected from population-based rates, but this was based
on only two observed cases of peritoneal cancer. Kauff et al.
(48) followed 170 BRCA carriers for an average of two years.
They observed one peritoneal cancer among 98 women who
chose salpingo-oophorectomy, versus five ovarian/peritoneal
cancers in 72 women with intact ovaries. In a historical cohort
study of 551 BRCA1 and BRCA2 carriers, Rebbeck et al. (49)
reported that the incidence of ovarian or peritoneal cancer
was diminished by 96% (95% confidence interval [CI], 84%
to 99%) in women who underwent prophylactic oophorec-
tomy, compared to those with intact ovaries. 

Finch et al. followed 1,045 women with a mutation who
underwent a bilateral prophylactic salpingo-oophorectomy and
compared the cancer risk with 783 women who did not
undergo the procedure (13). After a mean follow-up of 3.5
years, 50 incident ovarian, fallopian tube, or peritoneal cancer
cases were reported in the cohort. There were 32 incident can-
cers diagnosed in women with intact ovaries. Eleven cancer
cases were identified at the time of prophylactic oophorectomy,
and seven were diagnosed following prophylactic oophorec-
tomy. The overall reduction in cancer risk associated with bilat-
eral oophorectomy was 80% (hazard ratio � 0.20; 95% CI,
0.07 to 0.58; p � 0.003). The estimated cumulative incidence
of peritoneal cancer was 4.3% at 20 years after oophorectomy.

An additional benefit of prophylactic oophorectomy is a
marked reduction in the risk of breast cancer (48–50).
Oophorectomy performed at a relatively early age (�40) is
associated with a greater degree of protection than surgery
performed near the age of menopause. In the largest study to
date, Eisen et al. found that oophorectomy was associated
with a significant reduction in breast cancer risk of 56% for
BRCA1 carriers and 46% for BRCA2 carriers (50). The risk
reduction was greater if the oophorectomy was performed
before age 40 (OR � 0.36) than after age 40 (OR � 0.53) and
the protective effect was evident for 15 years postoophorec-
tomy. Reductions of similar magnitude have been reported in
other studies (48,49).

Hormone Replacement Therapy

Premenopausal oophorectomy is associated with the induc-
tion of acute menopause. There is concern that the use of hor-
mone replacement therapy in these women may be associated
with an increased risk of breast cancer, or may offset the pro-
tective effect of the oophorectomy itself. There is one study of
hormone replacement therapy in BRCA1 and BRCA2 carri-
ers. Rebbeck et al. estimated the effect of oophorectomy on
breast cancer risk in a study of 462 BRCA1 and BRCA2 car-
riers (51). They found that the odds ratio for breast cancer
associated with oophorectomy in the entire study group was
0.40 (95% CI, 0.18 to 0.92) and was 0.37 (95% CI, 0.14 to
0.96) in the subgroup of women with oophorectomies who
used hormone replacement therapy. This single study suggests
that it is safe to offer hormone replacement therapy, but this is
a relatively small sample and additional studies are required.

Oral Contraceptives and Tubal Ligation

A protective effect of oral contraceptives against ovarian can-
cer has been reported in BRCA carriers (52–54). In a recent
matched case-control study of 799 ovarian cancer cases and
2,424 controls, three to five years of oral contraceptive use
was associated with a 64% reduction in the risk of ovarian
cancer (p � 0.0001) (53). In a second, smaller study (54), six
or more years of use of oral contraceptives was associated
with a decrease in risk of 38% (OR � 0.62; 95% CI, 0.35 to
1.09). Tubal ligation has been found to be protective against
ovarian cancer in the general population. There is some evi-
dence that it is also effective among BRCA1 carriers (53).
McLaughlin et al. reported an adjusted relative risk of 0.78
(95% CI, 0.61 to 1.0) for tubal ligation and subsequent ovar-
ian cancer (a risk reduction of 22%) (53). 

Screening for Hereditary Ovarian Cancer

Screening for ovarian cancer using serial CA-125 levels and
abdominal ultrasound has been proposed as a method of
reducing mortality through early detection. There have been
no randomized trials of screening in BRCA1 carriers, but
observational cohort studies have been disappointing. Liede
et al. (10) identified seven incident ovarian/peritoneal cancers
in a historical cohort of 33 BRCA carriers who underwent
regular screening examinations. Six of the seven cases were
stage III at the time of diagnosis. For the majority of cases,
the ultrasound findings were normal prior to diagnosis and
the women presented with pain or abdominal distension. In a
randomized trial of CA-125 and ultrasound in women at
average risk, Jacobs et al. (55) identified 16 ovarian cancers
in the screened group. Eleven of the 16 tumors were diag-
nosed at stage III or IV. Neither CA-125 nor ultrasound has
proven to be a sensitive means of detecting stage I and stage II
ovarian cancers. 

ENDOMETRIAL CANCER 
The most important factor in the etiology of endometrial cancer
is prolonged estrogen exposure, but inherited factors are impor-
tant for a small proportion of cases as well. Susceptibility genes
for endometrial cancer include BRCA1, PTEN, and the three
mismatch repair genes MSH2, MLH1, and MSH6 (Table 2.2).
These genes are responsible for the hereditary breast-ovarian
cancer syndrome, Cowden syndrome, and hereditary nonpoly-
posis colon cancer, respectively (discussed later). 
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The Breast Cancer Linkage Consortium reported that some
endometrial cancers were due to mutations in BRCA1 (56)
but none were due to mutations in BRCA2 (57). Among
BRCA1 carriers the risk for endometrial cancer was reported
to be 2.6 times higher than expected (95% CI, 1.7 to 4.2).
However, two smaller studies (one of patients with papillary
serous endometrial tumors [58] and one on patients with
endometrial carcinomas in general [59]) concluded that the
risk of endometrial carcinoma in women with a germ-line
BRCA1 mutation was not increased. These findings suggest
that it is likely that some cases of endometrial carcinoma are
due to an inherited BRCA1 mutation, but the penetrance of
BRCA1 mutations for endometrial carcinoma is low and the
hereditary fraction is small. 

Beiner et al. prospectively followed a cohort of BRCA1 and
BRCA2 carriers who had an intact uterus (60). After an average
follow-up period of 3.3 years, six women were diagnosed with
endometrial cancer, compared to 1.1 cancers expected (SIR �
5.3, p � 0.001). Four of the six patients had used tamoxifen in
the past. Among the 226 participants who had used tamoxifen
(220 as treatment and six for the primary prevention of breast
cancer) the relative risk for endometrial cancer was 12 (p �
0.0004). The risk among women who were never exposed to
tamoxifen treatment was not significantly elevated. These data
suggest that the excess risk of endometrial cancer among BRCA
carriers can be attributed to past tamoxifen use, and not to the
effect of the gene.

Somatic mutations in PTEN are common in endometrial
cancers (61) and, rarely, inherited constitutional mutations in
PTEN are present in women with endometrial cancer. In the
latter case, endometrial cancer is seen in the context of
Cowden syndrome—a rare dominant disease of the skin that is
associated with increased risks of cancer of the breast, thy-
roid, and endometrium (62).

Women in families with the syndrome of hereditary famil-
ial nonpolyposis colon cancer (HNPCC) are also at elevated
risk for endometrial and ovarian cancer (63). This syndrome
is characterized by an autosomal dominant inherited tendency
to develop colon and other cancers. The colon cancers tend to
be of young onset, are right-sided, and are often multicentric.
Adenomatous polyps are seen, but florid polyposis is rare.
Individuals in families with HNPCC are at risk for a range of
cancer types, and endometrial cancer is the second most fre-
quent site of cancer among women (63,64). Genes that are
responsible for the repair of mismatched DNA (mismatch
repair) are defective in families with this syndrome. MSH2,
MLH1, and MSH6 are the three major genes responsible. The
risk of colon cancer is high in families with a mutation in any
of these genes, and the lifetime risk for endometrial cancer in
women from these families is reported to be from 40% to
60% (63,64). The risk of endometrial cancer also depends on
which gene carries the mutation. Mutations in MSH2 and

MSH6 have been implicated in most HNPCC families with
endometrial cancer, but families with MSH1 mutations have
been reported as well. Germ-line mutations in MSH6 are rela-
tively rare in HNPCC but are overrepresented in families with
multiple cases of endometrial cancer (65). Goodfellow et al.
reported that an inactivating germ-line MSH6 mutation was
present in 7 of 441 women with unselected ovarian cancer
(1.6%) (66). Cancers were diagnosed in women with muta-
tions on average ten years earlier than in women without
mutations. Malander et al. studied 128 women with ovarian
cancer, unselected for age of diagnosis or family history (67).
They found one mutation in MLH1 and one mutation in
MSH2. This small study suggests that about 2% of unselected
cases of ovarian cancer are due to mutations in the mismatch
repair genes. 

It is possible that other genetic variants in the genes in the
mismatch repair pathway may also contribute to ovarian can-
cer. This may be due to the effect of common variants associ-
ated with lower penetrance. To test this hypothesis, Beiner et al.
studied 672 unselected cases of endometrial cancer for a variant
in the MLH1 gene (nt-93 A) (68). They found that women who
carried this variant were at 1.5-fold increased risk of endome-
trial cancer (OR � 1.5; 95% CI, 1.2 to 2.0). A positive associa-
tion was also seen for ovarian cancer (OR � 1.5; 95% CI, 1.3
to 3.9) (69). A similar association has been seen for colon can-
cer with microsatellite instability (70).

The majority of tumors in individuals from HNPCC fami-
lies demonstrate microsatellite instability. Microsatellite insta-
bility is a feature of tumors that are genetically unstable, i.e.,
that are associated with error-prone DNA replication during
cell division. Microsatellite instability is limited to tumor
DNA and the phenotype is visualized in the laboratory by
comparison of tumor and lymphocyte DNA from the same
individual. Microsatellite instability is highly predictive of
colon and endometrial cancers that are attributable to muta-
tions in one of three mismatch repair genes (MSH2, MLH1,
and MSH6). These mutations may be germ-line (inherited),
but are more often somatic (restricted to tumor tissue only).
Approximately one quarter of women with nonhereditary
endometrial cancer (sporadic cancer) have tumors that
demonstrate microsatellite instability (71). If the mutation is
present in the germ line, it may be transmitted from the carrier
parent to child. In this case, genetic counseling is warranted.
Counseling should include a full pedigree review, and may
involve predictive genetic testing for unaffected individuals.
Other individuals found to carry the family mutation should
be apprised of the risks and the range of tumor types involved.
It is not necessary that genetic counseling be undertaken when
the mutation is limited to the tumor tissue only, as this situa-
tion does not pose a risk to relatives. The gene may also be
silenced by methylation of the gene regulatory regions. The
MLH1 gene is usually silenced through methylation in the
tumor tissues (72). 

Individuals with an inherited mutation in one of the mis-
match repair genes are also at risk for additional cancers,
including ovarian, gastric, urologic tract, and small bowel
cancers, but the risk for these is much less than the risk for
colon or endometrial cancer. Members of the International
Collaborative Group on HNPCC collected information on 80
women with ovarian cancer who were members of HNPCC
families (64). The mean age of diagnosis was 43 years. The
majority of cancers were moderately or well differentiated and
85% were stage I or II. Synchronous endometrial cancer was
reported in 22% of cases. 

There is currently no consensus on the screening and man-
agement of women with inherited mutations in the mismatch
repair genes. Annual endometrial ultrasound surveillance has
been recommended by the International Collaborative Group
on HNPCC, but the effectiveness of this screening regimen has
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GENES ASSOCIATED WITH COMMON CANCERS

TA B L E  2 . 2

Breast Ovary Colon Endometrial

BRCA1 BRCA1
BRCA2 BRCA2 APC
ATM MSH2 MSH2 MSH2
CHEK2 MLH1 MLH1 MLH1
NBS1 MSH6 MSH6 MSH6
TP53 PTEN
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not been established. Although there are no data on the effec-
tiveness of hysterectomy as a preventive measure for heredi-
tary endometrial cancer, there have been no reports of failures
of hysterectomy to prevent endometrial cancer. Because of the
high lifetime risk of endometrial cancer in women with muta-
tions in the mismatch repair genes, preventive hysterectomy
may be warranted. 
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contact with other cells. In the event of temporary nutritional
deprivation, they will arrest in a nonproliferative state but
retain the capacity to resume replication with replenishment of
growth-promoting substances.

Malignant cells, in contrast, demonstrate decreased reliance
on exogenous growth factors, anchorage independence, and a
lack of contact inhibition. As a result, transformed cells gener-
ally require less serum and supplements to grow, demonstrate
nonadherent growth (such as growth in suspension or in a
semisolid medium), and exhibit greater cell-population density.
Cellular transformation produces disorganization of actin fila-
ments, which results in more rounded, refractile cells.

Depending on location and accessibility to physical exami-
nation or imaging techniques, most tumors become clinically
detectable at a mass of 1 to 10 g (109 to 1010 cells). A tumor
mass of 1 kg (1012 cells) represents approximately 40 dou-
blings and is generally lethal to the host in animal models. The
time it takes for a given human malignancy to double in vol-
ume is usually constant, consistent with an exponential
growth pattern (Fig. 3.1). Tumors frequently demonstrate a
growth deceleration generally attributed to inadequate nutri-
tion as they enlarge. Extrapolation into the preclinical phase
reveals a slower rate of growth during this portion of the
tumor’s life span as well, which may be related to the early
growth requirements of establishing a supporting vascular
network and overcoming the host’s immune surveillance.

Doubling times for human malignancies range from a few
days for certain lymphomas and leukemias to up to several
months for epithelial tumors such as lung and colorectal carci-
nomas. The growth rates for tumors of identical origin and his-
tology may also be quite variable. A formula that includes the
growth fraction and duration of DNA synthesis may be used to
estimate the theoretical doubling time for a given tumor. This
potential tumor doubling time is often considerably shorter
than the actual doubling time seen clinically (3). Reasons for
this discrepancy include tumor cell death (apoptosis or necro-
sis) or lowered growth fraction due to cellular senescence, in
part due to the lack of an adequate vascular supply.

Cell Cycle, Senescence, Apoptosis, 
and Necrosis

Cell Cycle

During the process of replication, a cell passes through a series
of phases beginning with DNA synthesis (S phase) and culmi-
nating in mitosis (M phase), the process by which the cell
actually divides (Fig. 3.2). These two periods are separated by
the presynthetic (G1) and premitotic (G2) phases. Cells that

INTRODUCTION TO THE
BIOLOGY OF GYNECOLOGIC

NEOPLASIA
A neoplasm represents new growth and may be defined as an
abnormal mass of tissue, the growth of which exceeds and is
uncoordinated with that of the normal tissues. Growth persists
in the same excessive manner after cessation of the stimuli that
evoked the change (1). Neoplasia traditionally has been classi-
fied as benign or malignant on the basis of structural and
growth characteristics. Most benign tumors mimic their tissue
of origin in both cellular form and function. Cancerous
tumors exhibit a spectrum from well differentiated to anaplas-
tic (undifferentiated, characterized by both cytologic pleomor-
phism and architectural disorganization). Benign masses are
typically well demarcated, with a broad, expansive front, and
do not invade local normal tissues. Although some malignan-
cies grossly appear to be encapsulated, they may infiltrate
adjacent noncancerous tissue. In addition, malignancies tend
to have a faster growth rate that is, in general, inversely
related to the degree of differentiation. Finally, the ability to
metastasize, a behavior that many malignant tumors exhibit,
is a feature that benign tumors uniformly lack (2).

Nonneoplastic processes can alter the structure and/or func-
tion of a tissue, but are usually reversible. These conditions rep-
resent an adaptation to stress, such as an injury or infection, or
a physiologic response to biochemical (e.g., hormonal) stimula-
tion. Hypertrophy refers to an increase in cell size within a tis-
sue, whereas hyperplasia is an increase in cell number.
Metaplasia describes the process by which one differentiated
cell type is replaced with another. Dysplasia is disordered cellu-
lar proliferation characterized by structural variability and dis-
organization of tissue architecture. When the full thickness of
an epithelium is involved through this process, it is termed car-
cinoma in situ, and is considered to be a preinvasive process (2).

Biologic Properties of Transformed 
Cells and Tumors

Our understanding of the biologic behavior of malignant cells
has been derived from in vitro comparisons of normal and
transformed cells, the study of cell lines established by cultur-
ing human cancer cells, and the evaluation of tumors trans-
planted or induced in animals. Normal human cells display a
finite ability to proliferate in cell culture, stopping after about
50 generations of cell division. These cells have specific
requirements for growth, including the availability of nutrients
and growth factors, attachment to a substratum, and lack of
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are not actively proliferating are in the G0 phase. Some of
these nonproliferating cells retain the ability to progress
through the cell cycle given the appropriate stimulus and envi-
ronmental conditions. Others have lost the capacity for repli-
cation, which occurs secondary to terminal differentiation or
damage sufficient to result in eventual cell death. The propor-
tion of cells in a tumor that are actively proliferating is known
as the tumor’s growth fraction (3).

Entry into and transit through the cell cycle appear to be
controlled by a number of regulatory proteins (3). Events nec-
essary for G0/G1 cells to enter the S phase include the transduc-
tion of growth factor signals to the nucleus and the activation
of “early response” genes, whose products bind to DNA and
regulate the expression of other genes necessary for progres-
sion through the cell cycle (Fig. 3.3). The proteins necessary for
this progression include the cyclins, cyclin-dependent kinases
(CDKs), and the CDK inhibitors (4,5). It is now abundantly
clear that progression through the cell cycle requires the inter-
action of these proteins in a coordinated fashion.

The cyclins are a group of proteins that are synthesized and
degraded during the cell cycle. They can be divided into two
major classes depending on where in the cell cycle they are
active: the G1 cyclins include cyclins D, A, and E, whereas the
mitotic cyclins include cyclins A and B. The cyclins bind to and

activate the CDKs. The cyclin/CDK complex is critical for the
phosphorylation and activation of proteins and enzymes
involved in DNA replication. For instance, the cyclin D/CDK4,
cyclin D/CDK6, cyclin E/CDK2, and cyclin A/CDK2 complexes
phosphorylate the retinoblastoma gene product (pRb) (6). pRb
is a protein with tumor-suppressor function. The Rb protein and
a structurally related protein, p107, are modified by a variety of
different cyclins and CDKs (7). Their phosphorylation results in
the release of transcription factor E2F, which then drives the
transcription of “growth genes” (8–10). Another example is the
activation of the protein kinase p34cdc-2 by dephosphorylation
and binding to a regulatory cofactor, which appears important
for cell cycle transit. Kinase activity is maximal during mitosis,
when p34cdc-2 is bound to the protein cyclin B.

The stimulatory activity of cyclin/CDK complexes is
opposed by CDK inhibitors (4). The CDK inhibitors are a
group of small proteins that are able to directly inhibit the
activity of the cyclin/CDK complex. The G1 cyclin/CDK com-
plexes are inhibited by p15, p16, and p27.

The interaction of cyclins, CDKs, and CDK inhibitors pro-
vides for a regulated progression through the cell cycle (5).
The cell passes through a number of checkpoints where assur-
ance of proper completion of prior phases is required (11,12).
If this assurance is not achieved, the cell arrests. The p53 pro-
tein mediates two of these checkpoints (13). Overexpression
of wild-type (nonmutated) p53 arrests cell cycle progression in
G1 at or near a restriction point regulating the G1/S transition,
in part by transcriptionally activating the expression of the
CDK inhibitor p21 Waf1/Cip1 (13). Although routine cellular
functions may not require the presence of p53, conditions
such as DNA damage and cellular stress stimulate the expres-
sion of p53 and produce a G1 arrest (5). If the DNA damage is
minor, it is repaired during this arrest; extensive damage
causes the cell to undergo apoptosis (discussed below) (14).
Elevated levels of p53 can also produce a G2/M arrest, provid-
ing another period of rest for the cell during which it can
repair damaged chromosomes. Although the mechanism for
G2 arrest is less clear than that involved in the G1 checkpoint,
it appears to involve the inactivation of mitotic cyclins A and
B (15–17). The formation of a functional mitotic spindle is
critical for successful cell division. It is not surprising, there-
fore, that a checkpoint exists during mitotic spindle formation
(18). The genes involved in this process have only recently
been characterized, but some appear to be involved in human
cancers (19).

Senescence

Cell growth slows as the finite number of cell doublings,
known as the Hayflick limit, approaches (20). This process is
governed by the loss of telomeres on chromosomal ends.
Telomeres are protective DNA sequences rich in TTAGGG
repeats that are shortened with successive replications. When
the ends become critically shortened, the cell enters replicative
senescence or mortality stage 1. In epithelial cells, the first bar-
rier appears to be mediated by stress-induced cyclin-dependent
kinase inhibitors (CKIs) (p16, p21) inhibiting Rb inactivation
(21). Some cells escape senescence and continue to divide until
they undergo crisis, which is also known as mortality stage 2.
The rare cell that emerges from this stage still able to replicate
is considered to be immortalized because it has acquired the
ability to proliferate indefinitely. Continued telomere erosion
in cells that overcame the first barrier eventually leads to
unprotected telomeric ends generating widespread genomic
instability. Immortalized cells are able to continue dividing
because they maintain telomere length, usually through reacti-
vation of telomerase (21,22). Telomerase is an RNA-dependent
DNA polymerase that synthesizes the telomeric DNA
sequences. It consists of an RNA template, which is universally
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FIGURE 3.1. An exponential growth curve with preclinical lag and
terminal growth deceleration. The abscissa represents time of tumor
growth in days. The ordinate displays tumor volume in square cen-
timeters. A slower rate of tumor growth is shown during the tumor’s
preclinical phase as well as when it attains a large volume.

FIGURE 3.2. The cell cycle. The normal cell cycle, with relative time
spent in each phase, is illustrated. G0 cells are “resting,” with an abil-
ity to replicate given the appropriate conditions and stimulus, or they
have lost the ability to proliferate secondary to damage, death, or dif-
ferentiation. G1 represents the presynthetic phase; DNA synthesis
occurs during the S phase; G2 is the premitotic phase; and M repre-
sents mitosis, the briefest portion of the cycle.
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FIGURE 3.3. Signal transduction, regulation of the cell cycle, ubiquitin proteasome protein degradation,
and apoptotic pathways. The covalent modification of intracellular constituents is illustrated by receptor
and nonreceptor protein tyrosine kinases. Input from tyrosine kinases results in increased generation of
activated ras bound to GTP, which in turn associates with ras effectors: raf, Rho, Rac, and RassF1. Raf
(MAPKKK) propagates the signal to microtubule-associated protein kinase kinase (MAPKK), which acti-
vates MAPK. MAPK phosphorylates a host of substrates, including cytoplasmic phospholipase A2,
cytoskeletal components, protein synthesis machinery, and, most importantly, transcription factors such as
myc, cJun, and ATF. Parallel pathways exist that use different MAPKKKs, MAPKKs, and MAPKs.
Different MAPKs, such as ERK, JNK, and p38, phosphorylate and activate downstream targets that ulti-
mately drive the cell cycle. The upstream activators of the MAPKKK are not as well characterized as other
portions of the cascade; as such, only ras, PAK 1, and rac have been listed for simplicity. Although the
MAP kinase cascades are parallel in nature, there is extensive cross talk between these pathways. The gen-
eration of “secondary messengers” that act upon intracellular receptor sites is exemplified by G-protein-
coupled receptors. G-proteins interact with adenylate cyclase and certain phospholipases. Consequent
hydrolysis of membrane phosphatidylinositol 4,5-bis-phosphate yields inositol 1,4,5-tris-phosphate (IP 3),
which releases Ca2, from internal stores, and diacylglycerol (DAG), which activates protein kinase C
(PKC). Activation of PI3K by tyrosine kinases increases IP 3 levels, allowing cross talk between growth
factor and G-protein-coupled receptors. The ultimate effect of growth factors is to trigger the enzymatic
cascade involving cyclins and cyclin-dependent kinases (CDKs) that play critical roles in stimulating cells
to enter and transit through the cell cycle. The protein levels of cyclins and CDKs are controlled by ubiq-
uitylating enzymes. Ubiquitin (Ub) is a small 8-kDa protein, which is covalently attached to the target pro-
tein by E3 ubiquitin ligase, leading to the formation of a polyubiquitin chain. The polyubiquitylated pro-
tein is recognized by the 26S proteosome, and is destroyed in an ATP-dependent manner. Extrinsic
apoptotic pathways are triggered by activation of a variety of receptors (Fas, TNF-R) containing death
domains, which leads to the activation of caspases and programmed cell death (apoptosis). Intrinsic apop-
totic pathways are activated by a wide range of stress stimuli and result in an up-regulation of proapop-
totic mediators (BCL-2 members) on the outer mitochondrial membrane, with subsequent apoptosome
assembly and activation of caspases and apoptosis. These pathways have extensive cross talk with other
cellular pathways, including the one depicted here. Elevated activity of PI3K leads to activation of AKT,
which in turn phosphorylates Bad, leaving its protein partner Bcl-2 available to inhibit apoptosis.
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expressed, and a catalytic component termed hTERT, whose
expression is usually repressed after embryogenesis is com-
plete. Approximately 90% of human tumors, however,
express telomerase as a result of the upregulation of hTERT.
Other tumors undergo a process independent of telomerase
activation known as alternative lengthening of telomeres,
which is less well understood. Although immortalized, these
cell lines are generally not tumorigenic when implanted into
animals. Further genetic alterations are required to convert
these into tumor-forming cell lines.

Apoptosis

Apoptosis is an active and intricately regulated process in
which cells undergo programmed cell death. It is a normal
physiologic condition that is associated with involution and
tissue remodeling during morphogenesis and a number of
immunologic responses (23,24). Apoptosis consists of three
phases known as the initiation, effector, and degradation
phases. In the initiation phase, the cells receive a stimulus that
triggers the apoptotic process. Hypoxia, ionizing radiation,
chemotherapeutic agents, and viral infection can induce the
process (25–28). Additionally, cytotoxic lymphocytes, medi-
ated by the Fas ligand, and p53, mediated by bax, can induce
apoptosis (29–33). The entire process is regulated by a num-
ber of oncogenes and tumor-suppressor genes (p53, Rb, ras,
raf, and c-myc) (34). Apoptosis is still reversible in the effector
phase; once degradation begins, though, the process is no
longer reversible and cellular death ensues (24, 28).

Histologically, apoptotic cells are characterized by cell
shrinkage, chromatin condensation, and internucleosomal
degradation of cellular DNA. This appearance differs from
that of hypoxic necrosis, which is characterized by cellular
swelling. The swelling is attributed to the loss of selective cell
membrane permeability and to mitochondrial swelling, result-
ing in plasma membrane rupture with DNA, RNA, and pro-
tein degradation from the release of lysosomal hydrolases. The
enzymatic degradation leads to an intense inflammatory
response in the surrounding tissue, resulting in cellular necro-
sis (23,24,35). In contrast, this inflammatory response does
not occur with apoptosis. During the final stages of apoptosis,
the cell becomes convoluted and breaks into several mem-
brane-bound vesicles containing intact organelles and nuclear
fragments. Typically 180 to 200 base pairs in length, DNA
fragments are the biochemical hallmark of apoptosis and can
be used for morphologic analysis (24,35). Although apoptotic
cells can be visualized and quantified with routine staining of
tumor material, techniques using labeling of the 3� free ends of
the DNA fragments by radioactive or nonradioactive means
allow for accurate identification of single apoptotic cells and
quantification of the extent of apoptosis in tumor material via
an apoptotic index (24,36,37). The index commonly measures
either the number of apoptotic cells per 1,000 tumor cells or
per ten high-power fields (24,38,39).

Apoptosis can be induced by cytotoxic lymphocytes (CD8�

T lymphocytes) via the Fas ligand/receptor pathway (30,31).
Fas (or Apo-1) is a glycosylated transmembrane receptor
belonging to the tumor necrosis factor (TNF) receptor family.
The binding of Fas receptor to Fas ligand (FasL), a transmem-
brane protein present on cytotoxic T lymphocytes, activates a
pathway eventually leading to apoptotic cellular death (30,31).
Downstream of the Fas receptor is FADD (Fas-associated death
domain), which binds to a conserved amino acid sequence
known as the “death domain” of the cytoplasmic end of the Fas
receptor. Together, these two proteins form an apoptotic signal-
ing complex with FLICE (FADD-like interleukin-2 converting
enzyme [ICE], also known as caspase-8). Recently, caspases
have been identified as the “common final pathway” in the exe-
cution of apoptosis in highly divergent systems (31). Caspase

assays have been developed that, as with the DNA fragmenta-
tion index, provide a method of identifying cells undergoing
apoptosis.

The bcl-2 family of proteins has been shown to play a
major role in apoptosis. The bcl-2 protein was initially dis-
covered as an overexpressed protein in B-cell lymphomas.
For this reason, bcl-2 is considered to be an oncogene.
Members of the bcl-2 protein family are both apoptosis
inhibiting (bcl-2, bcl-xl, bcl-w, bfl-1, brag-1, mcl-1, and A1)
and apoptosis promoting (bax, bak, bcl-xS, bad, bid, bik,
and Hrk) (24,40–45). Their actions can be independent of or
in competition with one another. For instance, when bax is
in excess, the bax homodimers predominate, favoring apop-
tosis. However, an excess of bcl-2 leads to bcl-2/bax het-
erodimers that inhibit apoptosis. In other examples, bcl-xl
inhibits apoptosis by binding and sequestering bax, whereas
bad promotes apoptosis by binding bcl-2 and bcl-xl, thereby
releasing bax (24,43,44). The exact mechanism of action of
each family member is currently under investigation.
However, bcl-2, bcl-xl, and bax appear to exert their effects
on the cell mitochondria either as ion channel or
adapter/docking proteins. As these proteins form ion channel
pores on the membrane surface of the mitochondria, disrup-
tion of the transmembrane potential releases caspase-activat-
ing substances, thereby activating the final common pathway
in apoptosis (23,24,46).

Tumor-suppressor genes as well as other oncogenes besides
bcl-2 are associated with the regulation and execution of
apoptosis, including p53, Rb, ras, raf, and c-myc (24,34). As
discussed previously, p53 monitors the status of DNA (Fig.
3.3). With DNA damage, p53 stalls the cell cycle through the
induction of CIP/WAF/p21, a protein that prevents phospho-
rylation of CDKs (24,34,47,48). CDKs are positive regulators
of the cell cycle. In the absence of this phosphorylated (active)
CDK, Rb will remain unphosphorylated, and the cell cycle
will halt until the DNA is repaired. If the DNA is not repaired,
p53 can promote apoptosis through the upregulation of bax
and the downregulation of bcl-2 (24,34,49,50). Cells lacking
p53 are resistant to some apoptotic induction events, such as
ionizing radiation, chemotherapeutic agents, loss of Rb, and
expression of c-myc. The effect of c-myc on the apoptotic
process is growth-factor dependent. It induces proliferation in
the presence of growth factors, but in their absence has apop-
totic effects (24,51). Overexpression of ras may lead to
increased or decreased apoptosis (24,52–54). Additionally,
ras-induced apoptosis is inhibited by bcl-2. However, phos-
phorylation of bcl-2 negates its capacity to protect cells from
ras-induced apoptosis (24,55).

Several investigators have examined differing aspects of
apoptotic mechanisms in gynecologic malignancies (56–61).
In general, overexpression of the oncogenes bcl-2 and bcl-xl
protects many cell types against inducers of apoptosis (hypoxia,
ionizing radiation, chemotherapeutic agents, and viral infec-
tion), and therefore promotes tumorigenesis. Additionally,
downregulation of the p53 tumor-suppressor gene or of the
proapoptotic bax gene also promotes tumorigenesis. In gyne-
cologic malignancies, bcl-2 is strongly expressed in normal
endometrial epithelium and is downregulated in atypical
hyperplasia and endometrial adenocarcinoma. However, the
use of bcl-2 expression as a prognostic factor is not well estab-
lished (59). With respect to p53, immunohistochemical detec-
tion of p53 in tissue correlates closely with the presence of
mutations in the gene, which is attributable to a much longer
half-life of the mutated protein. Mutations of p53 are absent
in normal endometrium but present in endometrial cancer,
particularly the endometrioid subtype; p53 expression in
endometrial cancer has been shown to correlate with tumor
type, stage, and grade but not significantly with prognosis
(57,60,62–66).
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Necrosis

Historically, three types of cell death have been distinguished in
mammalian cells by morphological criteria. Type I cell death,
better known as apoptosis, is defined by characteristic changes
in the nuclear morphology, including chromatin condensation
(pyknosis) and fragmentation (karyorrhexis) (67). All of these
changes occur before plasma membrane integrity is lost. Type
II cell death is characterized by a massive accumulation of two-
membrane autophagic vacuoles in the cytoplasm. Type III cell
death, better known as necrosis, is often defined in a negative
manner as death lacking the characteristics of the type I and
type II processes, and is usually considered to be uncontrolled
(67). Necrosis can include signs of controlled processes such as
mitochondrial dysfunction, enhanced generation of reactive
oxygen species, adenosine 5´-triphosphate (ATP) depletion,
proteolysis by calpains and cathepsins, and early plasma mem-
brane rupture (67). Recent research suggests, however, that the
process of necrosis might be tightly regulated. Specific
processes thought to be involved in the regulation of necrosis
include receptor-induced necrotic cell death through receptor
interacting protein RIP1 and cyclophilin D. RIP kinases consti-
tute a family of seven members and are crucial regulators of
cell survival and death (68). RIP kinases are classified as ser-
ine/threonine kinases and are closely related to members of the
interleukin-1 receptor-associated kinase (IRAK) family. RIP1
and RIP2 (CARDIAK/RICK) also bear a C-terminal domain
belonging to the death domain, allowing recruitment to large
protein complexes initiating different signaling pathways
(68). Cyclophilin D is a mitochondrial matrix protein that
can interact with inner membrane proteins and participate in
the opening of nonspecific channels, causing dissipation of
the inner mitochondrial transmembrane potential (67).
Knockout of the cyclophilin D gene induces resistance to
necrotic cell death. 

In Vivo Biology

Proliferation Indices

Various methods have been developed to measure the percent-
age of cells actively proliferating, the percentage of cells in
specific phases of the cell cycle, the duration of different
phases, and the total cell-cycle time. The labeling index (LI) is
a crude estimate of the percentage of proliferating cells within
a tumor. The LI identifies the proportion of cells that have
completed S phase during the assay by using autoradiography
to detect 3H-thymidine that has been incorporated into cellu-
lar DNA. Another crude estimate of proliferation is given by
the mitotic index (MI), which relies on enumeration of mitotic
figures. This measure is limited by the relatively short dura-
tion of mitosis and the ability to correctly identify cells in
mitosis. The percent labeled mitosis (PLM) method is used to
estimate the duration of the cell cycle and its component
phases. Serial biopsies are obtained after thymidine injection
to follow the labeled cohort of cells as it passes through the
cell cycle. Ideally, waves of labeled mitoses of width TS
(S-phase duration) are separated by TC (cell-cycle duration).
Phase duration variability, however, causes dampening of
these waves. Computer models are required to generate
approximations of the phase and cycle times. Drawbacks of
the PLM method include the preferential collection of data
from the cells with shorter cycle times and the inability to dis-
tinguish nonproliferating from slowly proliferating cells (3).

Flow cytometry has been used to analyze the cell cycle and
growth fraction. The histogram generated by fluorescent emis-
sion allows estimation of the proportion of cells with DNA
content that is diploid (G1 and G0 cells), tetraploid (G2 and 

M cells), or intermediate (S-phase cells). The S-phase fraction
(SPF) provides an approximation of the growth fraction.
Phase determination may be complicated by background con-
tamination due to cellular debris and by the imprecision
involved in interpreting DNA distribution, especially in the
presence of aneuploidy. A more specific method for estimating
the SPF involves the administration of a nonradioactive DNA
precursor, such as 5-bromodeoxyuridine or 5-iododeoxyuri-
dine, followed by treatment with a DNA-intercalating fluores-
cent dye. The precursor may be recognized in denatured DNA
by a fluorescent-labeled monoclonal antibody. Two-parameter
flow cytometry is used to follow the labeled cohort of cells as
it traverses the cell cycle. This method can generate estimates
for TS and LI from a single biopsy performed at a known
interval after administration of the precursor. Similar to the
PLM method, however, these flow cytometric measurements
favor data collection from the most rapidly dividing cells.
Another application of flow cytometry is the estimation of
growth fraction via fluorescent-labeled antibody recognition
of cellular antigens expressed only by actively proliferating
cells (proliferation-dependent antigens) (3).

Estimates for the LI or SPF of solid human malignancies
are generally in the range of 3% to 15%, a proliferation rate
lower than that of normal bone marrow and intestinal epithe-
lium, but higher than that of other normal tissues such as liver
and lung (31). Typical values for tumor TS and TC are 12 to
24 hours and 2 to 3 days, respectively. These values are some-
what longer than comparable estimates for nonmalignant,
rapidly proliferating tissues. Many studies have addressed
indices of proliferation for gynecologic malignancies. The PI
(proliferation index, generally defined as %S � G2 cells) and
SPF are the measures that are commonly used. SPF and PI
have been used as both discrete and continuous variables
when establishing levels of significance.

Some retrospective investigations of epithelial ovarian cancer
have found the SPF or PI to be prognostic indicators, while
others have not (69–72). A prospective evaluation of 47 cases of
ovarian carcinoma of all stages assessed SPF and expression of
Ki-67, a proliferation-dependent nuclear antigen. Expression
of Ki-67 and elevated SPF were both found to confer an adverse
prognosis. When the cases were stratified by disease dissemi-
nation, stage I/II versus stage III/IV, the SPF retained its signifi-
cance within both groups (73).

Increasing SPF and PI have been noted to accompany
increasing severity of endometrial hyperplasia (74); several
investigators have also found a correlation between advanced
grade and elevated indices in endometrial carcinoma (75–77).
Two prospective studies, including 304 evaluable clinical stage
I/II patients and 101 patients of all stages of endometrial can-
cer, reported SPF to be of independent prognostic significance
in multivariate analyses (75,77). Another prospective study of
209 clinical stage I/II cases, however, found a high PI not to
have adverse implications (78).

Increasing proliferative activity, as measured by mitotic
index, has been reported to correlate with increasing degree of
cervical dysplasia (79). One prospective evaluation of 242
squamous cell carcinoma patients of all stages found SPF to be
significantly related to survival in both univariate and multi-
variate analyses, whereas another prospective study of 195
similar cases determined that SPF alone did not predict sur-
vival (80,81). A few investigators have noted the subset of
diploid cases with high proliferative indices to have a signifi-
cantly worsened prognosis (81–83).

Some studies of proliferation have assessed the less com-
monly occurring gynecologic malignancies. Retrospective
analyses of uterine sarcomas have revealed the mitotic index
or SPF to be useful for predicting clinical outcome (84–86).
For discriminating molar versus nonmolar hydropic gesta-
tions, elevated SPF was found to be useful in one study, but
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not in another (87,88). In an evaluation of 51 complete mole
patients with available follow-up, no significant difference
was noted in the SPF for those with persistent disease versus
those without (88). A retrospective evaluation of 42 cases
with all stages of squamous cell carcinoma of the vulva failed
to show a significant association between SPF and recurrence
or overall survival (89).

Precursor Lesions

A wide range of neoplasia is encountered in gynecology.
Squamous cell carcinoma of the cervix has the most well-
defined precursor lesion among the gynecologic malignancies
in the form of cervical dysplasia. High-grade cervical dysplasia
has a known high propensity for eventual infiltration into the
subepithelial tissue, whereas most low-grade dysplasia will
spontaneously regress (90). Endometrial cancer has two forms
of precursor lesions: endometrioid endometrial cancer is asso-
ciated with atypical hyperplasia arising in a setting of estrogen
excess, whereas serous and some clear cell endometrial cancer
arises from endometrial intraepithelial neoplasia (EIN) in a
setting of atrophy (91). A precursor lesion for epithelial ovar-
ian cancer has not been identified consistently, although some
researchers have found dysplasia of the ovarian surface epithe-
lium, particularly in ovarian inclusion cysts, to be associated
with ovarian cancer (92). Atypical endometriosis appears to
be a preinvasive lesion for 28% of endometrioid and 49% of
clear cell ovarian cancers (92). Further evaluation of all of
these precursor lesions is under way to define the critical
events that cause a small fraction of them to progress to overt
cancer while the rest remain premalignant or even regress.

Gynecologic neoplasms range from noninvasive benign
tumors, such as uterine leiomyomata, to aggressive malignan-
cies, such as high-grade epithelial ovarian carcinoma. Ovarian
tumors of low malignant potential (LMP, also called border-
line tumors) are relatively unique with respect to the criteria
distinguishing benign from malignant neoplasia. Although
originally thought to represent a preinvasive stage in ovarian
malignancy, recent molecular evidence suggests a more com-
plicated relationship between LMP and invasive tumors.
Serous LMP tumors do not have p53 mutations and display
loss of heterogeneity (LOH) on the long arm of the inactivated
X chromosome, whereas invasive serous ovarian cancer fre-
quently displays p53 mutations and has a different pattern of
LOH involving multiple chromosomes (93). Mucinous LMP
tumors, on the other hand, have similar patterns of K-ras
mutation and LOH as invasive mucinous ovarian cancer (92).
These results suggest that, whereas mucinous LMP tumors
may progress to invasive cancer, serous LMP tumors do not
and, in fact, likely represent a distinct disease process. Other
gynecologic neoplasms such as advanced endometriosis, with
its ability to invade structures such as the bowel and ureter
despite being a benign lesion, and pseudomyxoma peritonei,
with an indolent but nevertheless potentially lethal course,
also blur the boundaries between the behavior of benign and
malignant tumors.

Stem Cells

Stem cells are a recent focus of intense research that ultimately
may contribute to our understanding of the pathogenesis of
ovarian cancer, as well as strategies for its prevention and
treatment. Somatic stem cells divide asymmetrically, giving
rise to a cell that can replace normal differentiated tissue cells
and another stem cell. Somatic stem cells are thought to play a
role in the normal function of organs and in normal tissue
repair. Because of these repeated cycles of division, the stem
cells are prone to accumulating genetic mutations over time.
Cellular transformation may occur, creating a population of
cancer stem cells (reviewed in Ref. 94). The properties of stem

cells may explain some of the clinical features of tumors; their
ability to differentiate may explain the heterogeneous nature
of many tumors, while their ability to remain quiescent in a
niche until stimulated to undergo potentially limitless self-
renewal may help explain the process of recurrence.

Cancer stem cells, also referred to as “side population”
cells, were described first in leukemia and breast cancer.
Goodell et al. first identified a subset of cells in murine bone
marrow on the basis of their ability to efflux the Hoechst
33342 vital dye with dual-wavelength flow cytometry. These
side population cells were found to have the features of
hematopoietic stem cells (95). Recent work has identified side
population cells in epithelial ovarian cancer animal models,
cell lines, and patients. Animal models for ovarian cancer have
progressed significantly with the identification of the müller-
ian inhibiting substance type II promoter in a mouse model of
serous ovarian cancer as well as the Kras/PTEN Cre recombi-
nase mouse model for endometrioid ovarian cancer (96,97).

Szotek et al. utilized these two models to identify side pop-
ulation cells. One cell line derived from each model was found
to have side population cells based on a sort using Hoechst
33342. These cells, in turn, were capable of forming tumors
when injected into the dorsal fat pad of nude mice. In addi-
tion, side population cells were identified in three of four
human ovarian cancer cell lines and the ascites from four of
six patients with ovarian cancer (98).

Bapat et al. also examined the tumor cells in ascites from a
patient with advanced ovarian cancer for evidence of cancer
stem cells. Initially, one tumorigenic clone was identified, but
another spontaneously transformed in culture. Both clones
were capable of producing anchorage-independent spheroids
that self-renewed. They also induced serous tumors when
injected subcutaneously or intraperitoneally into nude mice.
These features suggest that the clones represent true cancer
stem cells (99).

Genetic Alterations

Chromosomal Abnormalities

Karyotypic and molecular biologic analyses have provided
evidence that most cancers arise in association with clonal
genetic changes. Multiple genetic alterations appear necessary
for conversion from the normal to the cancerous state, with
primary events that are responsible for tumor initiation and
secondary changes that account for tumor progression and
heterogeneity. Gross chromosomal abnormalities include
translocations, deletions, inversions, and amplifications
affecting entire sections of a chromosome (100). Most forms
of malignant neoplasia demonstrate both intertumoral and
intratumoral heterogeneity with respect to chromosomal
aberrations. Molecular chromosomal abnormalities in cancer
consist of point mutations affecting a specific locus on the
chromosome, frequently involving dominant (e.g., ras) or
recessive (e.g., p53) oncogenes (101).

Classic examples of chromosomal abnormalities found in
cancer are the reciprocal translocations that occur in chronic
myelogenous leukemia (CML) [t(9;22)] and Burkitt’s lym-
phoma [t(8;14)] and the inherited deletions of 13q14 in
retinoblastoma (102). In CML, the protooncogene abl is
translocated from chromosome 9 to 22. This results in the for-
mation of a new protein that represents a fusion of the abl and
bcr gene products. Experimental infection of mice with retro-
viruses carrying the gene encoding this fusion protein has
produced a CML-like condition in these animals. In Burkitt’s
lymphoma, the myc protooncogene is repositioned near genes
encoding the immunoglobulin heavy or light chains and is
constitutively activated. Deregulated expression of the myc
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gene results in cellular proliferation. Characterization of chro-
mosomal abnormalities at 13q14 in hereditary retinoblastoma
resulted in the identification of the retinoblastoma gene (Rb).
The identification of allelic loss in tumors from patients het-
erozygous at this locus (loss of heterozygosity or LOH analy-
sis) has provided evidence that similar molecular mutations
appear to be operating in the hereditary and sporadic forms
of the disease. The Rb protein appears to have a major role
in regulating cell division; the consequences of alterations
at the Rb locus have led to its characterization as a tumor-
suppressor gene.

Gross chromosomal alterations have been described in
both benign and malignant gynecologic neoplasia, but are
more frequent and generally more extensive in the latter. In
uterine leiomyomata, clonal chromosomal aberrations have
been reported in 15% to 54% of tumors studied, with abnor-
malities involving chromosomes 12 and 14 being most fre-
quently detected (103,104). In uterine sarcomas, up to 71% of
tumors have demonstrable and often multiple abnormalities,
with chromosomes 1, 7, and 11 most commonly involved,
especially 11q22 (105,106). Cervical carcinoma is character-
ized by chromosome 1 alterations in greater than 90% of
tumors, as well as by frequent deletions involving 3p, 11q,
and 17p (107–110), while karyotypic analysis of epithelial
ovarian cancers reveals frequent abnormalities of chromsomes
1, 3, 7, 11, and 12 (111–113).

In general, less aggressive malignancies are associated with
less complex karyotypic changes. Simple chromosomal
abnormalities have been reported for some granulosa cell
tumors, tumors of low malignant potential, low-grade epithe-
lial ovarian cancer, and early-stage endometrial and ovarian
carcinomas, whereas advanced epithelial ovarian carcinoma
frequently demonstrates complex chromosomal changes
(112–118). In addition, specific changes for certain tumors
may represent a later event in tumorigenesis or may confer a
worse prognosis. The frequency of polysomy for chromosome
1 increases as the severity of cervical intraepithelial neoplasia
increases (109). Gallion et al. detected LOH on 17p in benign,
borderline, and invasive epithelial ovarian tumors, but found
allelic loss on 11p in the invasive cancer cases only (119).
LOH on 13q was noted in 58% of informative cases overall,
including 80% of stage I tumors. Worsham et al. analyzed six
squamous cell carcinomas of the vulva, each containing multi-
ple chromosomal rearrangements (120). Two specific dele-
tions, 10q23–25 and 18q22–23, were present in all four of the
patients who died of disease but in neither of the long-term
survivors.

Somatic Versus Germ-Line Mutations

In addition to the above classification, genetic changes may be
characterized as germ-line versus somatic. Whereas all of the
cells in an individual with a germ-line mutation will manifest
the genetic alteration, somatic mutations occur in a single cell
and are detectable in tumors secondary to clonal proliferation.
Germ-line genetic changes have been shown to be the basis of
the hereditary cancers seen in syndromes such as BRCA1,
BRCA2, and hereditary nonpolyposis colon cancer (HNPCC).
In general, these hereditary syndromes are thought to account
for only a minority of gynecologic cancers. Somatic mutations,
on the other hand, occur in the majority of cancers.

Clonality

Many human tumors exhibit extensive heterogeneity with
respect to cellular properties such as morphology, surface mark-
ers, and chromosomal abnormalities. This diversity has raised
the question of whether tumors originate from a monoclonal or
polyclonal origin. One method of assessing clonality evaluates

X-linked gene products such as the isozymic expression of glucose-
6-phosphate dehydrogenase (G6PD) (121). Another technique
utilizes restriction fragment length polymorphism (RFLP) analy-
sis, exploiting the differential methylation patterns of X-linked
genes such as hypoxanthine phosphoribosyl transferase (HPRT),
phosphoglycerate kinase (PGK), and the human androgen
receptor (HUMARA assay) (122). The use of proliferation-
independent X chromosome–linked markers is based on
lyonization, the phenomenon of random inactivation of one X
chromosome in the embryonic cells of mammalian females. The
somatic cells of heterozygous women will be mosaics, with
approximately equal numbers of cells expressing either the
maternal or paternal allele, but no cells expressing both. A
tumor arising in a woman heterozygous for an X-linked gene
would be expected to express only one allele if it originated
from a single antecedent cell, but to express both alleles if its
origin were polyclonal (121). Although the studies utilizing
these techniques have generally suggested a monoclonal origin
for tumors, the interpretation of the results is complicated by
technical issues with the assays, particularly the presence of
monoclonal patches in many of the surrounding normal tissues,
raising the possibility that the monoclonal tumor simply reflects
the clonal composition of the normal tissue.

Genetic markers acquired secondary to somatic events
have also been studied to assess clonality. Examples include
the rearrangement of immunoglobulin and T-cell receptor
genes in lymphoid malignancies (120), the allelic loss on auto-
somes described for a number of different cancers (123), and
point mutations. Immunohistochemistry or molecular probes
are used to determine if the same gene product or gene
arrangement is present in all of the cells within the tumor, sug-
gesting their origin from a common precursor cell. LOH
analysis is employed to discern whether the pattern of allelic
loss is identical in all of the cells in a given tumor. Point muta-
tions may be assessed by techniques such as RFLP analysis
using restriction endonuclease digestion. Studies using these
techniques have been performed on acute myelogenous
leukemia, Burkitt’s lymphoma, and many epithelial tumors.
The results have provided overwhelming evidence for a mono-
clonal origin of most human malignancies.

Many studies have analyzed the clonal nature of gyneco-
logic malignancies. Fialkow reported the use of G6PD analysis
for a variety of tumors, including cervical carcinoma, but this
method was thought to be inconclusive, owing in part to its
inability to reliably exclude the presence of contaminating
normal tissue in the assay (120,124,125). Other problems
noted with this method included the requirement for a rela-
tively large amount of tissue and the low frequency of G6PD
polymorphism in the female population. In contrast,
Vogelstein et al. demonstrated that RFLP analysis of the
HPRT and PGK genes could be used to assess the clonality of
tumors in greater than 50% of American women. Of 92
tumors tested with the HPRT and PGK probes, the X-inacti-
vation patterns seen reflected clonality accurately in greater
than 95% (122). Sawada et al. evaluated the clonality of 25
gynecologic malignancies (4 cervical, 11 uterine, 7 ovarian,
and 3 tubal) in women heterozygous for the BstXI polymor-
phism of the PGK gene. All 25 tumors were determined to be
monoclonal, whereas adjacent normal tissue was polyclonal.
DNA preparations from separate areas of the same primary
tumor and from corresponding metastatic lesions again
revealed identical allelic inactivation (125). The differential
methylation patterns of the PGK gene on which this RFLP
analysis is based could potentially limit the utility of this
approach, however, since DNA methylation patterns are
sometimes altered in malignancy.

Several investigators have employed a strategy of combined
X-chromosome inactivation and autosomal LOH analysis to
assess the clonality of metastatic epithelial ovarian cancer.
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Jacobs et al. investigated the primary tumor and metastatic
implants for LOH at five loci on chromosomes 5, 11, 13, and
17 and sequenced exons 5–8 of the p53 gene in 17 cases. 
X-chromosome inactivation of the PGK gene could be assessed
in five of these patients. Strong evidence for a single precursor
cell was presented for 15 of 17 cases. In two cases, data were
thought to be compatible with either a monoclonal origin or
origin from two primary ovarian carcinomas (126). Tsao et al.
tested for LOH at 12 loci on chromosome 17 in 16 patients
and were able to evaluate allelic inactivation of the HPRT
gene in four of these 16. In all cases, the X-chromosome inac-
tivations and LOH patterns were identical for all tumor
deposits tested in each individual patient (127). Li et al. exam-
ined eight cases of invasive and one case of borderline ovarian
carcinoma. Analysis of LOH at 86 polymorphic autosomal
loci and X-chromosome inactivation patterns of the RFLP
DXS255 in five informative patients strongly suggested a
monoclonal origin for all of the tumors tested (128).

In contrast, Muto et al. have provided evidence for a poly-
clonal origin in four of six cases of papillary serous carcinoma
of the peritoneum. Eight loci on chromosomes 1, 3, 4, and 17
were assessed for LOH at five or more different tumor sites
within each patient. Screening for p53 mutations was also per-
formed. Four of the six patients demonstrated selective allelic
loss at all sites tested. One of these four patients also had a
p53 mutation detected by single-strand conformational poly-
morphism (SSCP) analysis and confirmed by DNA sequencing
at only half of the distinct anatomic sites tested (129). Recent
analysis of borderline tumors has also determined that a small
subset of these malignancies is multiclonal in origin (130).
Additional studies of primary peritoneal serous carcinoma
and borderline tumors are needed to clarify their clonal origin
and their relationship to, or distinction from, primary ovarian
serous carcinoma (131).

Ploidy

The cells in a tumor may be described in terms of their overall
DNA content as compared to that of normal tissue. Normal
tissue primarily contains cells that have a diploid (2n) comple-
ment of chromosomes, a subset of cells that have undergone
DNA synthesis (4n) but have not yet divided, and a smaller
number of cells with an intermediate amount of DNA.
Deviation from this distribution is termed aneuploidy and
occurs in approximately 70% of human tumors (132). Tumor
ploidy status is frequently described by a ratio known as the
DNA index. The numerator is the DNA content in tumor cells
that are either not actively proliferating or are in the process
of replicating but have not yet undergone DNA synthesis,
whereas the denominator is the DNA content of normal
diploid cells. Index values deviant from 1 are used to define
aneuploidy (3).

Flow cytometry and, more recently, image cytometry are
methods that have been used to assess the ploidy status of
tumors. In flow cytometry, a DNA intercalating fluorescent dye,
such as propidium iodide, is applied to a single-cell suspension.
Laser excitation of the stained nuclei, which have been isolated
from the cell, generates a fluorescent emission proportional to
the amount of DNA in each cell. A histogram is generated,
which is analyzed for evidence of tumor aneuploidy (Fig. 3.4)
(3). Flow cytometry may be applied to paraffin-embedded as
well as fresh-frozen tissue. In addition, because of the large
number of cells evaluated, it may be used to describe other cel-
lular parameters, such as the cell-cycle composition of the
tumor cell population. Potential confounding factors associated
with this method include cellular debris and normal cells con-
tained in the suspension. In image cytometry, touch imprints of
the tumor are stained with a stoichiometric nuclear dye, such as
feulgen. To quantify DNA staining, a computer measures the
optical density in intact cells that have been prescreened by light
microscopy to exclude nontumorous cells. The number of cells
analyzed is usually 100 to 200, which is in contrast to the
20,000 to 50,000 required by flow cytometry. Both paraffin-
embedded and fresh-frozen tissue may be used for image
cytometry. Other applications of image cytometry include the
description of nuclear architecture and the quantification of
hormone receptors (133–135). Although flow cytometry and
image cytometry have provided comparable estimates of aneu-
ploidy between series of cancer cases, the classification within
series of cases evaluated by both methods may differ by as
much as 15% (135).

Several important caveats regarding the use of ploidy status
should be noted. Normal ploidy status should not be equated
with a normal karyotype. Because ploidy determination pro-
vides an estimate of overall DNA content only, tumors with
structural chromosomal abnormalities may still manifest a
normal DNA content. Also, different areas of the same tumor
may manifest heterogeneity with respect to ploidy status
(71,136,137). Thus, differences in sampling techniques such
as obtaining single versus multiple tissue specimens may par-
tially explain the discrepant results of various investigators
examining the same tumor type.

Ploidy studies of epithelial ovarian cancer have detected
aneuploidy in 0% to 34% of LMP tumors and in 50% to 80%
of invasive carcinomas (70–73,113,134–143). The three
largest published series of LMP tumors are case-control studies
that reached conflicting conclusions regarding the significance
of aneuploidy and prognosis (139–141). In invasive disease,
studies have suggested that ploidy status may be of prognostic
importance. Several studies have found ploidy status to be of
independent prognostic significance in early-stage invasive dis-
ease (70,73,142,144,145). Many investigations that have
included advanced-stage invasive disease have also reported a
significant adverse association between aneuploidy and
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FIGURE 3.4. DNA histograms for (A) diploid
and (B) aneuploid tumors. A: The normal dis-
tribution of cells in somatic tissue is shown,
with the majority possessing a 2n DNA con-
tent, and a smaller fraction having a 4n or
intermediate amount of DNA. B: In contrast,
a tumor-cell population is shown that con-
tains a prominent population of cells with an
intermediate DNA content.

Barakat_CH03-037-070.qxd  3/2/09  12:10 PM  Page 44



median time to recurrence or long-term survival (70–73,144,
146,147). Subset analysis by stage in some of these studies,
however, has shown the association to be significant only in
patients with early-stage tumors (73,144). Suboptimal tumor
debulking at the primary surgery, a higher frequency of positive
second-look laparotomies, and a greater likelihood of recur-
rence after a negative reassessment procedure have all been
associated with aneuploidy, although the relationships have not
always been statistically significant (69–73,77,78,80–83,133,
135,136,138–150). Overall, it appears that cytometric analysis
of tumor DNA content is an important prognostic indicator in
ovarian cancer and is associated with a shortened median time
to recurrence and long-term survival. This association appears
particularly true in early-stage tumors.

The clinical value of DNA ploidy status has also been
analyzed in both endometrial hyperplasia and carcinoma
(74,78,151–153). Norris et al. defined a set of combined mor-
phometric and DNA content criteria to help distinguish
between various forms of endometrial hyperplasia and carci-
noma (154). Lindahl and Alm prospectively evaluated 156
patients with endometrial hyperplasia (109 cystic glandular,
35 adenomatous, and 12 atypical). The frequency of aneu-
ploidy was 21%, 20%, and 33%, respectively. Follow-up at
24 months for a subset of patients treated with dilatation and
curettage only revealed nonhyperplastic endometria in 64% of
those whose hyperplasias were initially diploid compared to
36% of those whose lesions were nondiploid. The difference
was not statistically significant, but they noted that this may
have resulted from the small number of cases analyzed
because a number of patients were lost to follow-up (74).
Whereas earlier studies produced conflicting results with
respect to the clinical value of DNA ploidy status on progno-
sis in endometrial carcinoma, more recent studies have shown
DNA ploidy status to be an important prognostic indicator
with respect to survival (78,151–153). In a subgroup of 293
women with early-stage disease from a Gynecologic Oncology
Group protocol, Zaino et al. found a significant increased risk
of disease-related death for patients with aneuploid tumor
type as compared to patients with diploid tumor type (151).
Although this study examined early-stage disease, Nordstrom
et al. recently examined DNA ploidy status in 266 patients
with advanced-stage or early-stage grade 3 tumors. In this
study, World Health Organization (WHO), International
Federation of Gynecology and Obstetrics (FIGO), and nuclear
grading were evaluated for prognostic impact in relation to
clinical variables and DNA ploidy. Patients with clinical stage
I (grades 1–2) tumors were excluded. In univariate Cox analy-
ses, WHO, FIGO, and especially nuclear grading (p � 0.001),
as well as age, stage, and ploidy, were prognostic regarding
survival. In the multivariate Cox analyses, WHO and FIGO
grades yielded little further independent information beyond
nuclear grade. When DNA ploidy was added to the analyses,
nuclear grade lost most of its impact because aneuploidy was
a powerful factor (p � 0.001) that covaried with nuclear
grade (152). Thus, it appears that recent data would suggest
aneuploidy as being an independent indicator of poor progno-
sis with respect to endometrial carcinomas.

Preinvasive and invasive cervical diseases have also been
evaluated for the prognostic significance of aneuploidy
(155–164). A good correlation has been demonstrated between
normal or dysplastic Papanicolaou smears and normal or ane-
uploid DNA histograms, respectively (158,159). An increasing
DNA index and a higher frequency of aneuploidy have been
reported for increasing degrees of cervical intraepithelial neo-
plasia (CIN) (158,160–162). Some investigators have sug-
gested defining a subset of CIN at high risk for progression by
quantitating the degree of aneuploidy (161,163). Bibbo et al.
(164) found that polyploid CIN was more likely to revert
to normal histology than aneuploid, nonpolyploid CIN.

Additionally, in a prospective study examining the natural
history of CIN, Kashyap et al. (162) noted that aneuploid
CIN 1 and CIN 2 lesions were more likely to progress to CIN
3 than euploid lesions. Retrospective and prospective studies
of invasive cancer, however, have not demonstrated a consis-
tent relationship between aneuploidy and prognosis (81–83,
154–156). Other gynecologic malignancies such as uterine
sarcoma, gestational trophoblastic disease, granulosa cell
tumors, vulvar cancer, and fallopian tube cancer have not
shown a consistent relationship between ploidy status and
prognosis (84–86,88–89,165–169).

Genomic and Proteomic Analysis Techniques

Recent advances in molecular techniques have provided new
genomic and proteomic approaches that allow for a more pre-
cise analysis and definition of the genetic lesions within cancer
cells (170). Loss of genetic material may reflect the presence of
tumor-suppressor genes, whereas gain of chromosomal
regions identifies the presence of dominant oncogenes.

Fluorescent In Situ Hybridization. Gross chromosomal
abnormalities are detected by the examination of cultured
tumor cells arrested in mitosis by spindle poisons using stan-
dard cytogentic techniques. Fluorescent in situ hybridization
(FISH) is an excellent technique for identifying the copy num-
ber and location of specific genes (or chromosomal regions)
within a tumor. A nucleic acid probe that recognizes a specific
gene (chromosomal region) is labeled with a fluorescent dye
and hybridized to chromosomal spreads. A control for chro-
mosome number is accomplished by using a centromeric probe
labeled with a different fluorescent dye (Fig. 3.5). Using these
probes, total and relative (per chromosome) gene copy number
can be derived. Loss of genetic material may reflect the pres-
ence of tumor-suppressor genes, whereas gain of chromosomal
regions identifies the presence of dominant oncogenes.

A related technique known as comparative genomic
hybridization (CGH) allows a much broader assessment of
chromosomal imbalances (171). CGH represents the first
approach to scanning the entire genome for DNA copy num-
ber abnormalities. The technique utilizes total genomic DNA
from control and test samples, which are then labeled with dif-
ferent fluorescent dyes, mixed, and hybridized to normal
metaphase spreads. A region that is deleted in the test sample
will not hybridize to its chromosomal location, causing the
control sample’s dye to be in excess. Conversely, the test sam-
ple’s dye will be in excess if a region is amplified. Thus, a global
assessment of chromosomal imbalances can be determined. A
more recently developed version of CGH utilizes microarrays
(see below) that contain genomic DNA probes. Hybridization
of the above-described labeled probes to microarrays contain-
ing genomic DNA from a variety of chromosomal regions can
provide a quantitative evaluation of chromosomal imbalances. 

Whereas FISH allows a specific locus of interest to be iden-
tified, CGH represents an advance in its ability to assess the
whole genome for gene copy number alterations. FISH has
demonstrated that 3q26 has increased copy number in 40% of
ovarian cancers (172). Various studies utilizing CGH have con-
sistently revealed aberrant gains in 3q26-qer, 7q32-qter, 8q24-
qter, 17q32-qter, and 20q13.2-qter and losses in 4, 13q, 16qter,
18qter, and Xq12 in the genome of fallopian tube and ovarian
cancers (173–175). CGH analysis has also been used to evalu-
ate for copy number abnormalities in BRCA1 and BRCA2
mutation carriers compared to sporadic ovarian cancer cases
(176–178). Inconsistent results have been obtained so far,
likely due to small sample sizes and varying inclusion of spe-
cific mutations. However, two studies have shown increased
copy numbers on 2q (176,178), while two have shown losses
on chromosomes 9 and 19, particularly in the BRCA1 group
(177,178), and merit further evaluation.
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Microarrays. Subsequent advances in technique have allowed
genomic segments spotted onto arrays to be substituted for the
metaphase spreads used in the CGH technique. Microarrays
allow for increased resolution, and the potential to improve effi-
ciency and reproducibility. The first array platforms utilized bac-
terial artificial chromosomes (BAC) as large inserts.
Investigators then developed cDNA microarrays. Currently,
commercially produced oligonucleotide arrays or single
nucleotide polymorphism (SNP) arrays are widely used. Arrays
can be designed to focus on a specific area, such as a particular
chromosome or region of a chromosome, or can include a large
number of genomic segments to assess across the entire genome. 

Using microarrays, expression profiles can be established for
tumors of different histology, stage, and grade and compared to
those of normal tissues. These comparisons can identify genes
whose aberrant expression is present in the malignant cell com-
pared to that of its normal counterpart. The selection of the
appropriate control sample is critical as it serves as the basis for
this analysis. For ovarian tumors, the control sample can be
selected to include RNA harvested from the whole ovary or
RNA isolated solely from the ovarian surface epithelium. Since
the majority of ovarian cancers are thought to be of epithelial
origin, the surface epithelium may provide a more specific nor-
mal counterpart. Alternatively, there is the potential loss of
genetic alterations in the ovarian stroma, the local host

microenvironment, which may be important to the adjacent
tumor cell growth. This question was evaluated by profiling the
five tissues typically selected as a normal ovarian control in
ovarian cancer microarray studies (179). Each normal tissue’s
comparison to the same set of ovarian cancer samples generated
a unique set of differentially expressed genes, emphasizing the
importance of the normal control when assessing the list of
genes found to be up- or down-regulated in a comparison to
cancer. Although there is no broadly accepted standard for the
optimal normal ovarian control, this data indicates the poten-
tial hazards in cross-comparison between microarray studies if
different normal controls are used. 

Ovarian cancers of different histologic subtypes have been
profiled (180–185). The expression of genes unique to a par-
ticular histologic subtype may help explain clinical and bio-
logic characteristics of these subtypes and generate the basis
for additional study. For example, clear cell carcinoma of the
ovary has traditionally been associated with chemoresistance
and an overall poor clinical outcome. Using oligonucleotide
arrays, Schwartz et al. analyzed the four major histologic
types of ovarian cancer among 113 separate tumors. A unique
expression profile of 73 genes was demonstrated in the clear
cell ovarian cancers (180). Similarly, other investigators have
also noted a distinct profile among clear cell ovarian cancers
compared to ovarian cancers of other histologic subtype
(181). One study compared the expression profiles of ovarian
cancers of different histologies to the analogous subtypes of
endometrial cancer. This analysis showed a strong influence of
the organ of origin for papillary serous and endometrioid his-
tologies. In contrast, tumors of clear cell histology demon-
strated a striking similarity despite different organs of origin,
even when renal clear cell carcinomas were included in the
analysis, which implies a unique cell of origin and/or biology for
all clear cell cancers (182). Collectively, this data suggests that
there may be a benefit to subtype-specific diagnostic and ther-
apeutic strategies for ovarian cancer. Subsequent validation
studies with clinical correlation have identified up-regulation
of the ABCF2 gene in clear cell ovarian cancers (183). ABCF2
belongs to the ATP-binding cassette gene superfamily.
Currently this gene requires further characterization as it may
represent a useful prognostic marker or a potential therapeutic
target in clear cell ovarian malignancy. 

Other investigators have focused on the molecular signa-
ture identified in mucinous ovarian tumors. Microdissection
of mucinous cystadenomas, mucinous tumors of low malig-
nant potential, and mucinous adenocarcinomas was per-
formed. The tumors were compared to normal ovarian surface
epithelium and a series of microdissected serous ovarian
tumors. Hierarchical clustering showed a close association of
mucinous tumors. Analysis of the gene expression profiles in
mucinous tumors demonstrated an up-regulation of genes
involved in cytoskeletal function, which was confirmed with
reverse transcriptase polymerase chain reaction (RT-PCR)
(184). Other investigators have utilized whole tissue samples to
demonstrate a distinct pattern of gene expression among muci-
nous tumors (185). One gene highly overexpressed in mucinous
ovarian cancers is LGALS4, an intestinal cell surface molecule.
Interestingly, LGALS4 is located at 19q13.3, a region previously
identified to harbor a high frequency of loss of heterozygosity in
mucinous ovarian cancers (186).

Other research has focused on clarifying whether a contin-
uum from normal to premalignant to malignant tissue exists
for ovarian cancer as it does for other malignancies such as col-
orectal and cervical cancer. For instance, tumors of low malig-
nant potential (LMPs), also known as borderline tumors of the
ovary, have metastatic potential and some histologic features
similar to invasive ovarian cancers; however, LMPs generally
demonstrate a slow growth rate and an indolent clinical
course. Recently, gene expression profiling was applied to
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FIGURE 3.5. FISH analysis of advanced ovarian cancers for cyclin E.
The BAC clone containing the CCNE1 (cyclin E) gene was labled with
spectrum orange, whereas the BAC clone containing the INSR gene
(to control for aneusomy) was labeled with spectrum green.

Barakat_CH03-037-070.qxd  3/2/09  12:10 PM  Page 46



define the relationship between LMPs and invasive ovarian
cancers (Fig. 3.6). Microdissected LMPs and invasive ovarian
cancer of both serous and mucinous histology were compared
to normal ovarian surface epithelium. Unsupervised clustering
of the expression profiles demonstrated that the serous LMPs
cluster separately from high-grade tumors and closer to nor-
mal epithelial cells. Interestingly, the majority of low-grade
serous invasive tumors clustered with serous LMP tumors,
with p53-dependent genes prominently represented on the
gene lists. The high-grade invasive tumors showed enhanced
expression of genes linked to proliferation, chromosomal
instability, and epigenetic silencing compared to the low-grade
tumors and LMPs (187). These findings strongly support the
concept that serous LMP tumors develop via a pathway that
includes the low-grade tumors, whereas high-grade tumors
develop along an independent route. In contrast, analysis of
mucinous tumors revealed a much closer relationship between
LMP tumors and their invasive counterparts. In fact, a molecu-
lar continuum from benign mucinous cystadenoma to muci-
nous LMPs to invasive cancer seems to exist. This supports the
idea that a benign mucinous cyst can progress via a borderline
lesion to invasive tumor, whereas a serous cyst typically will
not undergo transformation to a high-grade ovarian cancer.
Additional insights from profiling research such as these may
identify the specific molecular events involved in the etiology
of each type of ovarian tumor. Understanding these molecular
events can then be utilized as targets for screening strategies or
for therapeutic intervention. 

Gene expression profiling has also been used to identify
expression gene patterns in ovarian cancer that correlate
with important clinical outcomes. One study employed an
oligonucleotide array with over 40,000 features to achieve a
whole-genome assessment in which 1,191 genes demonstrated
differential expression when compared to normal ovarian

surface epithelium. RT-PCR was utilized as a confirmatory
analysis on 14 randomly selected genes. The differentially
expressed genes include those associated with cell growth, differ-
entiation, adhesion, apoptosis, and migration (188). With regard
to other known clinical prognostic markers, unique gene expres-
sion profiles have been demonstrated for early- versus late-stage
disease, tumor grade, and surgical resectability (189–191). 

Recently, correlation of gene expression profiles with ovar-
ian cancer chemoresistance has been defined (192–194).
Unique profiles are associated with primary ovarian cancers
that subsequently demonstrate either sensitivity or resistance
to chemotherapy. Intrinsic and acquired chemoresistance yield
different patterns of gene expression. Further, gene expression
profiles have been used to predict early recurrence and posi-
tive second-look surgical findings, clinical markers of
chemoresistant disease (195,196). 

Serial Analysis of Gene Expression. Serial analysis of gene
expression (SAGE) is one of several new techniques that allow
determination of the expression patterns of thousands of
genes simultaneously. SAGE was developed on the basic prin-
ciples that a short sequence tag (10 base pairs) contains suffi-
cient information to uniquely identify a transcript and that the
concatenation of tags in a serial fashion allows for increased
efficiency in a sequence-based analysis. The procedure
involves the synthesis of cDNA, which is then cleaved. The
fragments eventually are amplified via polymerase chain reac-
tion (PCR), concatenated, and sequenced. The identity and
abundance for individual transcripts in a tissue can thus be
determined (197). The advantage of SAGE is that it is an
“open” technique that does not require prior knowledge of
the sequences to be analyzed. Microarray technology requires
the knowledge of the target sequences (cDNAs or oligonu-
cleotides printed on the microarrays). However, microarrays
tend to be easier to utilize.

Chapter 3: The Biology of Gynecologic Cancer 47

FIGURE 3.6. Hierarchical clustering analysis of the 14,119 probe sets passing the filtering criteria for
LMP, low-grade, high-grade, and OSE specimens and binary tree validation. Clustering analysis was
completed using the 1 – correlation metric with centroid linkage. Overall tree structure was retained
despite the association of low-grade tumors with LMP tumors and the grouping of early-stage and late-
stage high-grade lesions. Low-grade and early-stage high-grade samples are indicated in bold. Misclassified
specimens are bold and italicized.
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Carcinogenesis

Initiation and Promotion

The biologic processes of tumor initiation and promotion were
first characterized from experiments that involved the induction
of skin tumors in mice (198). Animals given high doses of an
agent such as a polycyclic aromatic hydrocarbon (initiator or
carcinogen) would eventually develop a low number of skin
papillomas. If subtumorigenic doses of this agent were followed
by multiple administrations of substances that by themselves
could not produce tumors (promoters), such as croton seed oil,
the animals developed papillomas at a high rate. Further treat-
ment of these animals with a carcinogen converted some of the
papillomas to carcinomas. From these classic studies, data from
other animal models, and the direct study of human cancers, it
has become clear that carcinogenesis is a multistep process.

Initiation is the first stage of carcinogenesis and is character-
ized by irreversible changes in the cellular DNA. Initiators can
be chemical, physical, or viral agents. Chemical carcinogens are
usually identified by their ability to cause malignancies when
given as a single agent to animals or by epidemiologic studies of
environmental/occupational exposures. Their mechanism of
action stems in part from their ability to form reactive elec-
trophilic species that can form covalent adducts with nucle-
ophilic sites found in nucleic acids. These adducts can cause
DNA structural distortions and, if not repaired prior to subse-
quent DNA synthesis, heritable mutations. The activity of a
chemical carcinogen may vary depending on the dose received
and host factors, such as age, sex, species, and target organ
specificity. Examples of chemical carcinogens are aromatic
amines, nitrosamines, hydrazines, chlorocarbons, reactive alky-
lating agents, and some natural products, including heavy metals
such as cobalt, chromium, and nickel (198). Physical carcino-
gens include ionizing and ultraviolet radiation, which produce
DNA mutations and chromosomal abnormalities through the
formation of intermediates such as free radicals and pyrimidine
dimers, respectively. Agents such as ultraviolet light, x-rays, cer-
tain viruses and chemicals, and tumor-cell DNA can be used to
produce cell lines that are not only immortalized but capable of
forming tumors in immunocompromised animals (199).

Promotion, the second stage of carcinogenesis, involves a
series of generally reversible cellular and tissue changes that
inevitably involve cellular proliferation. This proliferation results
in the clonal expansion of initiated cells, which then accumulate
more mutations, resulting eventually in a transformed cell. Most
tumor promoters do not form electrophilic species. Activities
associated with tumor promoters include changes in phospho-
lipid, polyamine, and nucleic acid synthesis; enzyme induction;
and release of prostaglandins, with concomitant alterations in
cell morphology, differentiation, and mitotic rate. Some promot-
ers bind to protein kinase C, a known second messenger in signal
transduction pathways (198). Examples of substances classified
as promoters include phorbol esters, phenobarbital, saccharin,
and hormones such as estrogen (198,200).

The molecular mechanisms of tumor promotion involve
proliferative stimuli from growth factors and hormones, the
activation of second messenger cascades, stimulation of transcrip-
tion factor activities, and ultimately changes in the expression
of effector genes involved in the biologic processes of cellular
growth and/or differentiation. The net effect is to alter cell divi-
sion, produce clonal expansion of initiated cells, and allow for
the continued accumulation of key mutations necessary for the
development of the fully transformed phenotype (201).

Potential tumor promoters have been identified for gyneco-
logic malignancies. For example, monocyte products interleukin
(IL)-1, IL-6, and TNF-α have all been demonstrated to stimulate
the growth of ovarian cancer cells (202). The role of these and
other growth factors in the development of gynecologic cancer

is more fully described above. In addition, another example is
provided by the well-known growth stimulatory effect of estro-
gen on endometrial glands.

Occupational/environmental exposure to chemicals has not
been identified as an important risk factor for the development
of gynecologic malignancies, unlike other cancers such as those
of the lung and bladder. The limited data that exist have been
derived primarily from animal studies. Multiple chemicals have
been shown to have the potential for causing ovarian granulosa
cell tumors, benign mixed neoplasms, or nonneoplastic toxic
changes in some, but not all, rodent species tested (203,204).
Examples of such agents include 1,3-butadiene, benzene, and
tricresylphosphate. Chemical agents given in conjunction with
an estrogen have also been used to generate endometrial carci-
noma and uterine sarcoma in rodents (205,206).

Physical carcinogens may play a role in the development of
some gynecologic tumors. A history of prior pelvic irradiation is
associated with the development of uterine sarcoma, particularly
malignant mixed mesodermal tumor. Case series of patients
developing endometrial adenocarcinoma following irradiation
for cervical cancer have also been reported, with a dispropor-
tionate number of cases of papillary serous histology (207).

Agents that function as tumor promoters in the develop-
ment of female genital cancers have been better characterized.
Unopposed estrogen, whether exogenous or endogenous, is a
well-known risk factor for endometrial carcinoma. More
recently, concern has been raised over the partial agonist activity
of the antiestrogenic agent tamoxifen, which is used most often
in the prevention and treatment of breast cancer. Also, sequen-
tial oral contraceptives (OCPs) have been associated with an ele-
vated risk of endometrial cancer, but have been replaced by com-
bination preparations, which, in contrast, impart protection
against both uterine and ovarian epithelial carcinoma.

Exposure to some hormonal agents has been associated with
an increased risk for the development of other gynecologic
malignancies as well, although their precise role (initiator vs.
promoter) in the pathogenesis remains unclear. For example,
several studies have reported an increased rate of cervical can-
cer among long-time users of OCPs. Also, intrauterine exposure
to diethylstilbestrol is associated with an increased risk of devel-
oping clear cell adenocarcinoma of the vagina and cervix.

Viral Carcinogenesis

Experiments in the early 1900s in which inoculations of fil-
tered, cell-free extracts from the cancer cells of one animal
could induce a tumor in a healthy recipient provided evidence
for the role of a transmissible agent in some forms of animal
carcinogenesis (208). This phenomenon was initially demon-
strated for chicken leukemia and sarcoma, with the responsi-
ble infectious agents isolated known as avian leukemia viruses
(ALVs) and avian or Rous sarcoma viruses (ASV or RSV),
respectively. Subsequently, the mouse mammary tumor viruses
(MMTVs) were shown to transmit mammary carcinomas
from nursing mothers to newborn mice via breast milk, and
murine leukemia viruses (MuLV) were found to spread hori-
zontally by means of cell-free extracts. These viruses are all
examples of RNA-containing retroviruses.

The general structure and life cycle of a retrovirus are
depicted in Figure 3.7. A retrovirus consists of an outer enve-
lope and an inner core, within which resides the viral genome.
The envelope is a lipid bilayer containing viral glycoproteins
encoded by the env gene. The core contains capsid proteins
specified by the gag gene, and two identical single viral RNA
strands with bound reverse transcriptase enzyme encoded by
the pol gene (208). A retrovirus enters a host cell by absorp-
tion and endocytosis via specific cell-surface receptors. For
example, the human immunodeficiency virus (HIV) is a retro-
virus with a known specificity for CD4+ cells. Inside the host
cell cytoplasm, the viral RNA is released from the envelope
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and capsid proteins are then reverse transcribed into DNA. An
extension of a nucleotide repeat sequence on the ends of the
viral RNA is also synthesized, forming a long terminal repeat
(LTR) on the DNA that contains promoter, enhancer, and
polyadenylation sequences required for viral RNA synthesis.
Between the LTRs are located the env, gag, pol, and various
other genes, depending on the type of retrovirus. This DNA
localizes to the nucleus and is randomly integrated into the
host genome by means of sequences at the ends of the LTR.
The integrated DNA serves as a transcription template to
replicate the viral genome or produce mRNA for structural
and functional viral proteins. Virions are assembled from the
viral RNA and processed proteins and are then released (208).

Transforming retroviruses may be classified into two basic
types based on their mechanism of action (209). The first
group consists of the acute transforming viruses, which can
transform cells in culture within several days. These viruses
contain viral oncogenes (v-onc) derived from normal host cell
sequences called protooncogenes (c-onc) through the process
of transduction, which involves recombination of viral and
host genomes during viral integration. In the process of trans-
duction, viral sequences necessary for reproduction are
replaced by cellular DNA (c-onc), rendering the retrovirus
replication defective and dependent on competent “helper
viruses” to complete the replication process. In fact, oncogenes
were first identified by the study of tumor-causing viruses. V-oncs
frequently differ from c-oncs by containing mutations and no
intervening/noncoding sequences (introns). Protooncogene
products include a wide range of proteins that are critical for
the control of cell growth. They include growth factors and
their receptors, nuclear transcription factors, and signal trans-
duction proteins. Because retroviruses carrying these genes will
express high levels of these products upon infection, the effects
of these retroviruses on cell function are seen acutely.

Chronic or slow-acting retroviruses constitute the other
major class of transforming retroviruses. They contain no
oncogenes, are replication competent, and are associated with
a long latency period. The mechanism of transformation by
these viruses is via insertional mutagenesis (209). Random and
rare viral genomic integration near a protooncogene or

growth-effector gene (e.g., c-erbB, c-K-ras, or IL-2) results in
abnormal transcriptional activation of the cellular gene. If the
integration is upstream of the gene and in the same orientation
for transcription as the gene, it is considered functionally a
promoter insertion. When the integration occurs downstream
from the target or upstream but in an opposite transcriptional
orientation, the viral LTRs are thought to operate through
enhancer insertion. An example of insertional mutagenesis is
demonstrated by ALV, which can induce bursal lymphoma in
chickens following integration of viral LTRs near the c-myc
protooncogene by either promoter or enhancer insertion.

Viruses containing linear or circular double-stranded DNA
have also been implicated in carcinogenesis. The Shope papil-
lomaviruses, extracted from the warts of cottontail rabbits
and transmitted horizontally to tumor-free animals, were the
first such viruses isolated. Another early isolate was the poly-
oma virus, capable of causing murine salivary gland adenocar-
cinoma (208). The structures and activities of the DNA tumor
viruses are more complex than those of the retroviruses. In
general, the mechanisms of transformation may be direct or
indirect (210). Direct methods include activation of cellular or
viral oncogenes, alteration of host cell protein expression at
the site of viral integration, and the interaction of viral onco-
proteins with cellular proteins, such as the products of tumor-
suppressor genes (210,211). Indirect actions include altering
the host cell genome without persistence of the viral DNA or
induction of host immunosuppression.

One example of a DNA tumor virus is simian virus 40
(SV40), a member of the papovavirus family (208). Although
nonpathogenic in its natural adult monkey host, it can cause
tumors when inoculated into newborn hamsters and certain
strains of neonatal mice. Cell culture studies have shown that
papovaviruses can cause either a lytic infection, in which the
virus undergoes replication and subsequent release from the host
cell via lysis and cell death, or an abortive infection, characterized
by cell survival but with a subset undergoing transformation with
viral DNA integrated in the host cell genome. Permissive cells
that can support viral replication, like adult monkey cells, are
subject to lytic infection. Nonpermissive or semipermissive cells,
such as hamster cells, will typically be transformed.
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FIGURE 3.7. The structure and life cycle of a retrovirus. The outer envelope of a retrovirus is a lipid
bilayer containing viral glycoproteins encoded by the env gene. The inner core consists of capsid proteins,
specified by the gag gene, and two identical single viral RNA strands with bound reverse transcriptase
enzyme encoded by the pol gene. After entry into the host cell cytoplasm via absorption and endocytosis,
the viral RNA is released from the viral particle and reverse transcribed into DNA. An extension of a
nucleotide repeat sequence of the ends of the viral RNA is also synthesized, forming a long terminal
repeat (LTR) on the DNA that contains sequences necessary for viral RNA synthesis. The DNA then
localizes to the nucleus and is randomly integrated into the host genome. The viral genome is replicated
and mRNA encoding viral proteins are produced and translated. New virions are assembled from their
component parts and released from the cell.
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Cells transformed by papovaviruses will often contain only
a portion of the viral genome. The only consistent segment
integrated in cells transformed by SV40 is the early viral region
encoding proteins known as large-T and small-T antigens. The
role of the small-T antigen is not well characterized, but several
functions have been ascribed to the large-T antigen. By study-
ing experimental mutants, functional domains of large-T have
been identified. At least two domains appear to be involved in
transformation. One of these includes amino acids 105–114, a
segment necessary for binding to pRb (the product of the
retinoblastoma tumor-suppressor gene) and p107 (a 107-kD
cellular protein). Mutations within this domain will destroy
the ability of SV40 to transform cells. Another domain
includes that of amino acids 272–625, which contains binding
sites for the p53 protein, DNA polymerase-α, and ATP, and is
involved with helicase and self-oligomerization activities.
Mutations within this portion of the SV40 genome will abolish
its transforming ability in some, but not all, cell lines. Large-T
antigen is also instrumental in the initiation and regulation of
viral DNA replication and transcription.

The adenoviruses constitute another group of DNA tumor
viruses studied in animal models and cell culture (208). In
humans, they can cause acute infections of the eye and upper
respiratory and intestinal tracts, whereas in rodents, they can
cause tumors in neonates or transform cultured rodent cells.
Similar to SV40, only a portion of the viral genome is consis-
tently integrated. For the adenoviruses, this is represented by
the E1A (early region 1A) and E1B gene sequences. Multiple
gene products can be produced from both E1A and E1B as a
result of differential splicing of transcripts. E1A products can
immortalize cells but require the presence of E1B or an acti-
vated ras in cell culture to cause transformation. E1A can also
regulate cellular and viral transcription. There are three con-
served amino acid sequence domains for E1A. The first two
are required for transformation and contain the binding sites
for pRb. In addition, E1A can bind p107 and a 300-kD cellu-
lar protein, whereas E1B binds p53.

Despite extensive investigations of the role of transforming
viruses in animal models and in in vitro cell culture, their role
in human cancer remains speculative. Human T-cell leukemia
virus (HTLV-1) is a retrovirus that confers risk for human
adult T-cell leukemia (ATL) (211). Infection is specific for
CD4+ lymphocytes, and can be transmitted vertically through
breast milk or horizontally via sexual intercourse or blood
transfusions. After random integration into the host genome,
polyclonal expansion of T cells occurs during a latency period,
which can last several years. Only a subgroup of infected
patients actually develops leukemia, which is manifested by a
clonal cell population that has the same viral site of insertion
within all of the malignant cells of a given patient. In addition
to the env, gag, and pol genes typical of retroviruses, the
HTLV-1 genome encodes proteins known as Tax and Rex
(212). The mechanism of transformation by HTLV-1 appears
to involve Tax protein transcriptional activation of cellular
genes. Genes whose expression is altered include IL-2, c-sis,
c-fos, granulocyte-macrophage colony-stimulating factor, and
a subunit of the IL-2 receptor.

Acquired immune deficiency syndrome (AIDS) patients are
known to be at increased risk for developing certain malignan-
cies, such as lymphoma and Kaposi’s sarcoma (KS). HIV is a
CD4+ tropic retrovirus that causes AIDS, but its relationship to
the above cancers remains unclear. For instance, although KS is
commonly found in AIDS patients, its tumor cells lack evi-
dence of viral genomic integration. However, supernatants
from HIV-infected cells have been shown to be growth enhanc-
ing for the KS cells of AIDS patients secondary to the presence
of the tat gene product encoded by the virus. In addition, germ-
line insertion of the tat gene into mice precipitates skin tumors
resembling KS (61). HIV, therefore, may act indirectly to

induce and/or promote the development of KS. An increasing
incidence of aggressive B-cell lymphomas has also been noted
in HIV patients. Whether this is a result of reactivation of other
viruses or an alteration in immune surveillance is unknown.
Epstein-Barr virus (EBV) and c-myc overexpression appear to
be involved in a large number of these cases (213).

EBV is a member of the DNA herpesvirus family. In addition
to causing mononucleosis by acute infection, it has been associ-
ated with Burkitt’s lymphoma (BL), lymphoma of the immuno-
compromised host, and nasopharyngeal carcinoma (214,215).
The mechanisms of these associations remain to be defined. It is
known that B cells and nasopharyngeal epithelium contain the
cell-surface receptor CR2, which serves as a receptor for both
C3d serum complement and EBV. In addition, B lymphocytes
can be immortalized by EBV infection in vitro. Viral genes
encoding EBV nuclear antigen 1 (EBNA-1), EBNA-2, and latent
membrane protein (LMP) are the most likely candidates for
effectors of immortalization (208). Although EBNA-1 has been
the only latent gene consistently expressed in BL, experiments
with LMP mutants have suggested that LMP is required for the
transformation of B lymphocytes, but which domain is neces-
sary is currently unclear (216,217). BL characteristically con-
tains chromosomal translocations, primarily t(8;14) but also
t(2;8) and t(8;22), which reposition the protooncogene c-myc
near immunoglobulin (Ig) genes. The resulting deregulation of 
c-myc favors cellular proliferation. Magrath et al. have proposed
a theory regarding the development of BL in African children
(217). Infectious diseases such as malaria may alter the relative
and absolute numbers of B-cell precursors in the bone marrow
and perhaps mesentery, which are cells that are susceptible to the
translocations found in BL. Ig enhancers may increase the fre-
quency of translocations, and therefore play a role in c-myc
deregulation. Magrath et al. believe that EBV probably increases
Ig enhancer activity. BL is seen as a consequence of collaboration
between EBV infection and these chromosoml aberrations. EBV
may also cooperate with HIV in the development of some other
B-cell lymphomas. When B lymphocytes from EBV-seropositive
donors are infected with HIV, a subset of these cells is subse-
quently transformed. These transformed cells show marked ele-
vations of c-myc transcripts and protein, as well as EBV DNA
and RNA (213).

Another DNA virus associated with a human cancer is the
hepatitis B virus (HBV). Chronic HBV infection is strongly
associated with the development of hepatocellular carcinoma.
HBV is hepatotropic secondary to the presence of HBV recep-
tors on liver cells that recognize the viral coat protein. Acute
infection is frequently hepatotoxic, resulting in destruction of
liver cells. Chronic infection is associated with viral integra-
tion. The precise mechanism by which HBV increases the risk
of developing hepatocellular carcinoma remains unknown.
Although HBV is not an acutely transforming virus, two viral
genes can be consistently demonstrated after integration. They
are ORF (open reading frame) X, and preS2/S, which encode
proteins that can function as transcriptional activators (208).
Insertional events may be important in the role of HBV in the
pathogenesis of liver cancer. Modification of cyclin A has been
reported secondary to HBV viral genomic integration into an
intron of the cyclin-A gene in cancerous liver cells. The resul-
tant hybrid HBV-cyclin A transcript encodes a stabilized
cyclin A resistant to degradation. This may play a role in the
process of carcinogenesis, as cyclin A is intimately involved
with cell-cycle control through its association with protein
kinases such as p34cdc-2 and is a component of protein com-
plexes involving E2F transcription factor and p107 (218,219).
Insertional mutagenesis involving the retinoic acid receptor-β
gene and the mevalonate kinase gene owing to EBV integration
has also been reported (220).

Historically, herpes simplex virus 2 (HSV-2) was the first
viral agent suspected of playing a role in the pathogenesis of
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gynecologic malignancies. It is a member of the herpes family of
DNA viruses. Epidemiologic studies showing a higher frequency
of HSV-2 antibodies in women with cervical cancer than in
healthy women suggested a possible link between HSV-2 infec-
tion and cervical cancer. Fragments of the HSV-2 genome have
been identified in some cases of cervical and vulvar carcinoma,
but are usually not integrated into the host genome (221,222).
Genital keratinocytes previously immortalized by integration of
human papillomavirus 16 have been transformed in cell culture
by transfection with a subgenomic region of HSV-2 known 
as BglII N (223). However, with subsequent cell passages, the
transformed phenotype was maintained despite loss of the HSV-2
genetic material. In addition, normal epithelial cells transfected
with HSV-2/BglII N were not transformed. These data support
the hypothesis that if HSV-2 plays a role in the development of
cervical cancer, it most likely functions indirectly as a cofactor.

The study of viral infections as possible contributors to the
process of gynecologic carcinogenesis is now focused primarily
on human papillomavirus (HPV). HPVs are epitheliotropic
DNA viruses and members of the papovavirus family (224).
The HPV viral particle consists of an approximately 8,000-base
pair (bp) circular double-stranded DNA molecule surrounded
by an icosahedral capsid structure (225). The viral DNA con-
tains seven early (E1–E7) and two late (L1 and L2) open read-
ing frames (ORFs), plus a noncoding region (NCR) of about
1,000 bp involved in the control of replication and transcrip-
tion (Fig. 3.8). E1 contains the DNA sequences for at least two
proteins involved in DNA replication. Genes encoding activator
and repressor proteins, which regulate viral mRNA synthesis,
are located in E2. E4 may play a role in the maturation of viral
particles. The E5 and E6/E7 ORFs were originally identified by
their participation in the in vitro transformation of rodent cells
by fragments of the bovine papillomavirus genome. L1 and L2
contain genes that encode the viral capsid proteins.

Over 60 HPV types have been identified by cross-hybridiza-
tion procedures demonstrating less than 50% DNA sequence
homology between any two types (224). Approximately 20 of
these have been isolated from the anogenital tract. The lesions
associated with HPV infections vary depending on the viral
type involved. Lorincz et al. analyzed the relationship between
15 common anogenital types of HPV and cervical dysplasia in
2,627 women (226). Evidence of HPV viral DNA was found in
84% of the 153 invasive carcinoma cases, predominantly HPV-
16, -18, -45, or -56, with about 10% containing HPV-31, -33, 
-35, -51, -52, or -58. They referred to the former group of HPV
types as “high risk” and to the latter group as “intermediate
risk.” Of the 261 cases of high-grade intraepithelial lesions
(HGSILs), 54% contained high-risk HPV, 24% had intermedi-
ate-risk types, and 4% included viral DNA from their desig-
nated “low-risk” group, which included HPV-6, -11, -42, -43,
and -44. The 377 low-grade intraepithelial lesions (LGSILs)
contained high-risk types in 23%, intermediate-risk HPV in
17%, low-risk types in 20%, and no evidence of HPV in 30%.
Nine percent of the LGSIL cases could not be classified.
Multiple other investigators have also demonstrated the fre-
quent association of HPV-16 and -18 with HGSILs and invasive
carcinoma, while HPV-6 and -11 are more often found in
condylomas and low-grade dysplasia. Squamous cell histology
has been studied more extensively than that of adenocarcinoma
and adenosquamous carcinoma. The prevalence of HPV DNA
in these less common types of cervical cancer has varied from
20% to 80%, depending on the method of detection used
(226). The vast majority of vulvar condylomata acuminata are
also associated with the low-risk HPV types, whereas high-risk
types have been demonstrated in invasive vulvar carcinoma.

HPV DNA has been detected in host cells in both inte-
grated and nonintegrated (episomal or extrachromosomal)
states (225,226). Episomal viral DNA is characteristic of
benign cervical precursor lesions, although integrated HPV is
sometimes found in HGSILs. Invasive carcinoma almost
always contains integrated viral DNA, but episomal forms of
the viral genome have also been detected. Although integra-
tion has occurred near cellular protooncogenes, in general the
site of viral integration appears to be random with respect to
the host genome. However, there is a consistent pattern with
respect to the site of disruption of the circular viral genome in
the process of integration. The viral DNA is usually inter-
rupted in the E1/E2 region, which is the viral transcriptional
regulatory system. Upon integration into the host genome,
two ORFs, E6 and E7, are consistently retained (224).

Human keratinocyte cell cultures and tumor cell lines
have illustrated the participation of the HPV E6 and E7 pro-
teins in the processes of immortalization and transformation.
Transfection of human foreskin keratinocytes with high-
risk HPV DNA, but not with low-risk HPV DNA, has been
demonstrated to immortalize these cells (227). Integration and
expression of both E6 and E7 are usually required for efficient
immortalization, since E7 alone has weak activity and E6 alone
has none (227). The role of HPV in the multistage process of
cervical/vulvar carcinogenesis would appear to be early in the
course of the disease since the effect of HPV has generally been
limited to immortalization. Progression to the fully transformed
phenotype has been described in an HPV-18–immortalized ker-
atinocyte cell line after multiple passages, but in general, this
phenomenon is quite rare (228). The transfection of an acti-
vated Ha-ras oncogene into HPV-16–immortalized cervical cells
can render them tumorigenic, demonstrating the ability of HPV
to cooperate with another cellular insult to effect carcinogenesis
(229). Persistent expression of E6 and E7 appears to be neces-
sary to maintain the transformed phenotype. The application of
synthetic anti-E6 and anti-E7 oligonucleotides to cervical and
oral cancer cell lines containing HPV-18 significantly inhibits
cell growth (230). Treatment of the cells with both antisense
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FIGURE 3.8. The HPV genome. The HPV genome is an approxi-
mately 8,000-bp circular double-stranded DNA molecule containing
seven early (E1–E7) and two late (L1 and L2) open reading frames
(ORFs), plus a noncoding region (NCR) involved in the control of
replication and transcription. E1 contains sequences for proteins
involved in DNA replication. E2 encodes activator and repressor pro-
teins that regulate viral mRNA synthesis. E4 is thought to be involved
in the maturation of viral particles. E6 and E7 can immortalize human
keratinocytes and cooperate with oncogenes in the process of malig-
nant transformation. L1 and L2 encode viral capsid proteins.
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oligonucleotides inhibits growth more effectively than either
one applied alone.

An important property of the E6 and E7 oncoproteins is
their biochemical interaction with tumor-suppressor gene
products. Similar to adenovirus E1A and the SV40 large-T
antigen, HPV E7 can bind pRb. The E7 proteins from HPV-16,
-18, -6, and -11 have all been demonstrated to bind pRb in
vitro, although the binding affinities of the high-risk HPV
types are higher (231). The E6 proteins of HPV-16 and -18
have been shown to bind p53 in vitro, which is analogous to
adenovirus E1B and SV40 large-T (231). Inactivation of p53
and pRb, secondary to protein binding or mutation, may dis-
rupt control of cellular proliferation. The small proportion of
cervical cancer that is HPV-negative frequently harbors a
demonstrable p53 mutation. By use of p53-responsive
reporter plasmids and a HeLa cervical cancer cell line, Hoppe-
Seyler and Butz have shown that HPV-16 E6, as well as
mutant p53, can disrupt p53-mediated transactivation (232).
Additional investigation is needed to further define the specific
role of HPV in cellular transformation.

Molecular Basis of Carcinogenesis

Early epidemiologic studies suggested that the development of
human epithelial cancers is a complex multistage process. The
study of tumors that rise in frequency with age has revealed
that cancer incidence is proportional to the nth power of age
(233). This relationship may be interpreted to suggest that
some n events, each time dependent but independent of each
other, must occur before a tumor can develop. Two models
have been proposed to explain how these events might take
place. One proposal is that a single cell accumulates multiple
genetic lesions (single target, multihit). The other suggests that
multiple cells receive a single insult (multiple targets, single
hit). Because of evidence suggesting that most human tumors
have a monoclonal origin, the former theory has received the
most support. Whether or not the n events need to occur in a
certain order for a given malignancy to develop is unclear.

These epidemiologic data, combined with results from the
aforementioned animal models of carcinogenesis, strongly
suggest that human cancer results from a complex, multistage
process. The application of modern molecular biologic tech-
niques to the biologic mysteries of cancer has supplied addi-
tional critical evidence for the multistage hypothesis. The
identification and characterization of oncogenes as cancer-
causing genes has provided the structural link between the
carcinogen/promoter model of malignancy and the biochemi-
cal pathways known to be activated in the process of cellular
transformation. A recent review proposed that despite the
enormous variety of human cancers, five basic rules exist for
making human tumor cells (234). According to these rules,
malignant cells must have the ability to generate their own
mitogenic signals, to resist exogenous growth-inhibitory con-
trols, to evade apoptosis, to proliferate without limits, and to
acquire vasculature. In addition, advanced tumors acquire the
ability to invade and metastasize.

Oncogenes have been described by (a) identification as
transforming sequences found within retroviruses; (b) gene
transfer experiments in which DNA sequences from tumor
cells were shown to transform normal recipient cells; (c) char-
acterization of fusion genes at chromosomal breakpoints; and
(d) identification by nucleic acid sequence homology.
Protooncogenes are cellular genes that play important roles in
cellular proliferation. Activation of protooncogenes occurs
secondary to point mutation, gene amplification, or loss of
normal control mechanisms regulating gene expression.
Overexpression or overactivity of the protein product results
in the transformation of normal cells (235). Protooncogenes
that have been well characterized include growth factors and

their receptors, nuclear transcription factors, and components
of signal transduction pathways (235).

Multiple activated oncogenes have been detected within
gynecologic malignancies, some of which have been previ-
ously described in this chapter (236). For example, overex-
pression of c-erbB2, which encodes a transmembrane tyrosine
kinase with 40% sequence homology to the epidermal growth
factor (EGF) receptor, occurs in approximately 30% of epithelial
ovarian carcinomas. The ras family of oncogenes encodes a
protein with GTPase activity and is activated by point mutation.
Activation of ras genes has been detected in endometrial carci-
nomas and ovarian LMP tumors. Overexpression of the
nuclear transcription factor c-myc has been described in a large
number of female genital cancers.

Another type of oncogene known to be important in car-
cinogenesis is the tumor-suppressor gene. Historically, two
independent lines of evidence supported its existence (235).
Somatic cell hybrids, formed by the fusion of tumor cells with
normal cells, frequently display a normal, rather than trans-
formed, phenotype. This suggests that the normal cells harbor
factors with tumor-suppressive activity. In addition, epidemio-
logic studies of the pediatric malignancy retinoblastoma strongly
support the existence of recessive oncogenes. Retinoblastoma
occurs in two forms. The inherited form occurs early in life,
with tumors that are frequently bilateral and multifocal. The
sporadic form occurs later in life and is unilateral. Hethcote
and Knudson hypothesized that this tumor results from the
loss of function of a key regulatory gene (236). In the hereditary
form, a mutated allele is inherited; a tumor results when the
second allele undergoes a somatic mutation. The sporadic form
of the disease occurs as a result of two independent somatic
events occurring in the same cell. Careful cytogenetic evaluation
of retinoblastoma tumors revealed gross chromosomal abnor-
malities at 13q14. Molecular analysis of this area led to the
identification and characterization of the retinoblastoma gene.
Subsequently, other tumor-suppressor genes have been identified
and shown to have dramatic effects on cellular proliferation.
Mutational inactivation of these genes leads to deregulation of
cell growth.

Mutation of the tumor-suppressor gene p53 is the most
common genetic alteration in human cancer. Mutation of this
gene, which frequently leads to overexpression of the p53 pro-
tein, is associated with a large number of human malignancies,
including tumors of the female genital tract. In advanced-stage
ovarian carcinoma, for example, p53 mutations occur in
about 50% of cases. Multiple other tumor-suppressor genes
have been proposed by the identification of other nonrandom
allelic losses occurring within certain tumors.

Multistage Carcinogenesis Model 

Careful analysis of human epithelial cancers has provided sub-
stantial evidence for the general model of multistage carcino-
genesis. For instance, the study of colorectal carcinoma has
identified a series of histologic and molecular correlates in the
progression from normal epithelium to hyperplasia, adenoma,
and, ultimately, carcinoma. Some of the molecular events in
this sequence are now known and include inactivation of the
APC and p53 tumor-suppressor genes and activation of the ras
protooncogene (237). In other human cancers, such as lung
cancer, activated ras genes, p53 mutations, and 3p deletions
are frequently found, whereas p53 mutations, overexpression
of EGF receptors, and gene amplifications of c-myc and neu
are common genetic alterations in breast cancer (238,239).

Although our knowledge about the molecular biology of
gynecologic malignancies has been steadily expanding, much
remains unclear. Current research is directed at defining which
molecular events are critical to tumor development and when
these events occur. These efforts have allowed the construction
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of hypothetical models of the development of gynecologic can-
cers, such as that for cervical carcinoma seen in Figure 3.9.
The transition from normal to dysplastic to malignant cervical
epithelium is shown in association with known risk factors for
this process, such as HPV infection, tobacco use, and growth
factor stimulation. Molecular mechanisms accompanying
these histologic changes include the binding of tumor-suppres-
sor gene products by HPV oncoproteins, activation of growth
factor pathways, and genetic alterations such as c-myc ampli-
fication and LOH at 3p (235). Initiated cells are stimulated to
divide under the influence of tumor promoters, produc-
ing clonal expansion of partially transformed cells. As more
oncogene/tumor-suppressor gene mutations occur, cells become
fully transformed and invade the basement membrane.

The multistage model of carcinogenesis provides multiple
opportunities for intervention. Primary prevention involves risk
factor modification. Smoking cessation, avoidance of unopposed
estrogen, prophylactic salpingo-oophorectomy, and dietary
modification are activities aimed at preventing the initiation
and/or promotion of gynecologic cancers. Secondary prevention

implies intervening once the early events in tumor formation
have occurred. This involves identification of the histologic
stages of early carcinogenesis and treatment of the affected tis-
sue. Traditionally, this has meant addressing preinvasive disease
by surgery, topical applications, and hormonal manipulation.
More recently, laser ablation and immunotherapy have been
used. Identification of the molecular events occurring early in the
development of gynecologic cancers may provide new, more sen-
sitive, and more specific markers for the early detection of these
tumors.

Improved understanding of the molecular basis of the mul-
tistage process of human carcinogenesis has also provided
novel approaches to cancer prevention and therapy. For initia-
tion and progression events, compounds that inhibit the activ-
ity of activated ras genes, antisense oligonucleotides that can
reverse the transformed phenotype of HPV-associated cancer
cells, and the potential to replace the lost functions of mutated
tumor-suppressor genes by gene therapy exist (230). Better
understanding of the role of tumor promotion in the develop-
ment of epithelial cancers has provided other excellent targets
for intervention. The development of growth-factor antago-
nists might inhibit or reverse growth-factor-induced cellular
proliferation, which is critical for tumor promotion.

Another approach aimed at inhibiting tumor-promoter-
induced cellular proliferation has been suggested by the work of
Brown et al., who have created a dominant-negative mutant of
the nuclear transcription factor c-jun (240). This mutant pro-
tein can block the activities of wild-type transcription factors in
the c-jun and c-fos families and block cellular transformation
by a wide range of oncogenes. Blocking transcriptional activity
may be a potent method of inhibiting cellular proliferation
associated with tumor promotion. A similar but more pharma-
cologic approach is the use of antioxidants for chemopreven-
tion. Epidemiologic studies have found an association between
decreased serum levels of the micronutrient beta-carotene and
either a diagnosis of cervical dysplasia and carcinoma or a
future risk of such disease (241,242). Research regarding the
potential effect of beta-carotene therapy is ongoing.

Retinoids have been shown to retard the growth and differ-
entiation of HPV-16–immortalized human cervical cells
(243,244). These agents may trigger transcriptional factor
pathways that either directly or indirectly interact with other
proteins to redirect cellular programming. Meyskens et al.
have published the results of a randomized phase III trial in
which patients with moderate or severe cervical intraepithelial
neoplasia (CIN) received either topical all-trans retinoic acid
or a placebo (245). A significant increase in the complete
regression rate of CIN 2 was achieved, but no significant
treatment effect was seen for the CIN 3 group. More data
regarding the clinical usefulness of retinoic acid are needed.

BIOCHEMISTRY OF NEOPLASTIC
CELLS

Cell Structure

Malignant cells differ from normal cells by dramatic changes in
their overall size and shape, as well as changes involving their
intracellular components. The nuclei of malignant cells are often
enlarged and irregular, containing coarse, clumped chromatin.
The nucleus:cytoplasm ratio, normally in the range of 1:4 to
1:6, frequently approaches 1:1 (2). Nucleoli are often more
prominent in cancerous cells than in normal cells. These differ-
ences can be quantitated and exploited as a measure of cellular
transformation. For example, the technique of silver staining
and counting nucleolar organizer regions (AgNORs) has been
applied to cervical dysplasia and ovarian tumors. Wistuba et al.
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FIGURE 3.9. Multistage model for the development of cervical carci-
noma. The transition from normal to dysplastic to malignant cervical
epithelium is shown in association with known risk factors, such as
HPV infection, tobacco use, and growth-factor stimulation. Molecular
mechanisms accompanying these changes include the binding of tumor-
suppressor gene products by HPV oncoproteins, activation of growth-
factor pathways, and genetic alterations such as c-myc amplification
and LOH at 3p. Tumor promoters stimulate the division of initiated,
partially transformed cells. Accumulation of additional oncogene/
tumor-suppressor gene mutations effects full transformation and invasion
of the basement membrane.
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demonstrated an increasing number of AgNORs with increas-
ing severity of cervical dysplasia (246). In another study involv-
ing 24 mucinous and 28 serous epithelial ovarian tumors, a
higher number of AgNORs were found in invasive carcinomas
than in borderline or benign tumors. The differences were not
significant for mucinous tumors, but a significant difference was
demonstrated for the invasive serous versus noninvasive serous
neoplasms (72).

Cellular fibrils appear to have important structural and
functional roles in both normal and neoplastic cells. As pre-
sented in the description of the transformed cell, disorganiza-
tion of actin microfilaments is thought to underlie some of the
morphologic changes and random orientation manifested by
these cells (246). Experimental evidence suggests that increased
actin organization is associated with in vitro growth suppres-
sion (247). The distribution of intermediate filaments, such as
desmin, vimentin, and the keratins, varies among different
types of tumors. Monoclonal antibodies that recognize these
filaments can aid in the diagnosis of poorly differentiated neo-
plasms. In addition to their traditionally ascribed functions,
such as maintenance of cell structure and assistance with cell
movement, intermediate filaments have been shown to play a
role in cell division and nuclear function. They are demon-
strated substrates for protein kinases involved with regulation
of cellular proliferation, such as p34cdc-2 and C-kinase.
Phosphorylation of intermediate filaments is associated with
their depolymerization during mitosis (248,249). Also, data
suggest that lamin B, a component of the nuclear laminin
complex, may be involved with the organization of chromatin
during DNA replication (250).

Significant alterations in the structure and function of the cell
membrane accompany malignant transformation. Modification
of membrane glycoproteins, glycolipids, and cell surface adhesive
properties are associated with the ability to invade and metas-
tasize. An increased degree of branching in the glycan chains
of glycoproteins has been noted as well as abnormal fucosylation
and sialylation of membrane carbohydrate moieties (251,252).
In some cases, new gangliosides or other novel structures are
produced. These aberrantly glycosylated membrane components
are recognized by monoclonal antibodies as tumor-associated
carbohydrate antigens.

Tumor Metabolism

The process of malignant transformation produces profound
changes in cellular metabolism. Tumor cells demonstrate a
higher rate of both glycolysis and glutaminolysis, providing
intermediary phosphometabolites for the biosynthesis of
nucleotides, lipids, and complex carbohydrates. Alterations in
the concentrations and activities of certain isoenzymes, such
as the greatly increased activity of pyruvate kinase type M2,
underlie these changes. Phosphometabolite levels are also
higher secondary to lowered levels of their degradative
enzymes (253–255). Other metabolic aberrations described in
tumor cells include alterations in cholesterol biosynthesis and
intramitochondrial aldehyde catabolism (255).

One consequence of altered tumor metabolism is the higher
level of fucoproteins seen in the sera of cancer patients as com-
pared to healthy individuals. Elevated serum levels of α-1,3
fucosyltransferase and fucosylated forms of α1-antitrypsin
and haptoglobin have been detected in patients with ovarian
cancer, and these levels appeared to correlate with disease
status (256). Another secondary effect of the abnormal metab-
olism of cancer cells is its effect on the host metabolism. When
cancer strips its host of nutrients, the host metabolism adapts
by processes such as increasing gluconeogenesis. Eventually,
anorexia and depletion of energy stores are manifested in the
clinical condition known as cachexia.

Tumor-Associated Antigens, Oncofetal
Proteins, Hormones, and Enzymes

Tumor cells may produce substances unique to the tissue cell
of origin, such as prostate-specific antigen and human chori-
onic gonadotropin (2). Other substances that are secreted by
tumors are infrequently or never elaborated by their normal
cellular counterparts. These include ectopic hormones responsible
for the paraneoplastic syndromes, tumor-associated antigens
such as CA-125, and oncofetal antigens such as α-fetoprotein
(2). Oncofetal antigens, although absent from normal adult
tissues, can be found in developmental precursor cells. Many
of these tumor products are particularly useful as tumor
markers that can assist with cancer diagnosis and surveillance.
In addition, cancer cells frequently demonstrate an imbalance
between the activities of proteolytic enzymes, such as plas-
minogen activator, metalloproteinases, and cathepsins, and
their inhibitors. These deregulated enzyme activities are
thought to play a role in the processes of tumor invasion and
metastasis (257).

Protein Processing and Degradation

For proteins to serve their roles in cellular function, they
require proper structure and carefully regulated levels that
reflect a steady-state balance between synthesis, folding, and
degradation. Recent discoveries have shown that protein fold-
ing, which is required for proper protein function, is mediated
through a group of proteins called chaperones. Heat shock
protein 90 (Hsp-90) is a typical chaperone that binds to a
large number of client proteins and assists in their appropriate
folding (258). Once appropriately folded, these proteins are
fully functional until they become denatured and then targeted
for degradation. Proteins are degraded in part by ubiquitina-
tion and targeting to the proteosome. Ubiquitination is
accomplished by a family of ubiquitin ligases whose substrate
specificity depends upon protein sequence and phosphoryla-
tion status. The proteosome is a complex of proteins including
proteases that degrades a wide range of proteins. This com-
plex process accounts for the tissue-specific and cell-cycle reg-
ulation of expression of many critical proteins.

The ubiquitination/proteosome process has received a
great deal of attention in relation to its contribution to cancer
development. Mutations and alterations in the phosphoryla-
tion state have been shown to change ubiquitination status
and turnover of critical proteins including those involved in
the cell cycle. Based in part upon these observations, the pro-
teosome has been targeted for the development of novel small
molecule inhibtors. It is hypothesized that these inhibtors
would potentially be effective chemotherapeutic agents (258).

Signal Transduction Pathways

Neoplasia may be viewed fundamentally as a disorder of cell
proliferation in both space and time. Central to the orderly
occurrence of normal cell proliferation is the response to envi-
ronmental cues. Growth factors, originally defined as peptides
or proteins extractable from living tissues that promote cell
proliferation in artificial (e.g., cell and organ cultures) sys-
tems, have come to be viewed as the means by which these sig-
nals are conveyed. In this way, neoplasia can also be viewed as
a disorder of cellular communication.

“Signal transduction” refers to the biochemical mecha-
nisms by which small molecules alter the state or activities of
the intracellular milieu. Two broad mechanisms for signal
transduction have emerged. The first involves the covalent
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modification in intracellular constituents consequent to the
action, with the “signal” lasting as long as the modification is
present. A common covalent modification is phosphorylation
accomplished by protein kinases, enzymes that transfer the
gamma phosphate of ATP to substrate molecules whose func-
tion is altered because of the attached phosphate. Two types of
protein kinases of greatest importance in the regulation of cell
growth are those that phosphorylate proteins on tyrosine
residues and those that phosphorylate proteins on serine or
threonine residues (16). Protein phosphatases function in an
opposing manner to protein kinases, providing a regulatory
mechanism for the previously described signaling cascades. 

The second general mechanism for signal transduction is
found in the generation of “second messenger” molecules pro-
duced consequent to the action of a growth factor, acting
upon intracellular receptor sites to effect functional changes,
usually by allosteric mechanisms. The second messengers
whose role in growth control is most clearly defined include,
but are not limited to, calcium, cyclic AMP (cAMP), and
phospholipid metabolites. This section gives a broad overview
of the growth-regulating pathways modified by growth fac-
tors employing these effector mechanisms.

Ras Pathway

Nowhere in signal transduction research has more progress
been achieved than in characterizing the downstream path-
ways from ras. Multiple protein kinases have been identified
and their mode of interaction characterized (259). The view of
growth-factor-induced cellular activation that emerges from
this train of recent investigation is represented in Figure 3.3,
where input from either receptor-associated or nonreceptor-
associated TKs is reflected in increased generation of activated
ras bound to guanosine 5´-triphosphate (GTP). Three ras pro-
tooncogenes have been identified: the H-ras gene (homologous
to the oncogene of the Harvey murine sarcoma virus), the K-ras
gene (homologous oncogene of the Kirsten murine sarcoma
virus), and the N-ras gene (which does not have a retroviral
homologue and was first isolated from a neuroblastoma cell
line) (260). The ras oncogenes encode four 21-kd proteins
called p21ras that are localized to the inner surface of the cell
membrane (260). Ras proteins are members of the family of
GTPases. Ras functions as a molecular switch that cycles
between an inactive guanosine 5´-diphosphate (GDP)-bound
form and an active GTP-bound state. Ras, synthesized as a bio-
logically inactive cytosolic propeptide, is localized to the inner
surface of cell membranes only after it has undergone a series
of posttranslational modifications, the first and most critical of
which is farnesylation, which adds a farnesyl isoprenoid group
to Ras and is catalyzed by farnesyltransferase (260). Activated
ras in turn associates with raf and increases the catalytic activity
of the latter protein, which propagates the signal to microtubule-
associated protein (MAP) kinase (261).

The c-raf protooncogene was originally defined as the cellu-
lar homologue of the transforming oncogene v-raf. However,
accumulating evidence from genetic approaches, summarized
by Van Aelst et al., indicates that raf functions downstream of
ras. Specifically, activated raf abrogates the need for ras to
transform cells. Mutations of raf can block ras transformation.
Growth-factor agonists that activate ras have hyperphosphory-
lated raf. Most importantly, a family of serine threonine
kinases, the MAP kinases, were themselves activated by MAP
kinase kinases (MAPKK), which are substrates for raf (262).
These genetic results led to a concerted effort to identify a bio-
chemical association between ras or ras-associated molecules
and raf. Indeed, several groups using recombinant-expressed
protein or fusion proteins produced in yeast have clearly demon-
strated a noncovalent association between ras and raf proteins
(262,263). This association has been confirmed by precipitation

of raf using ras affinity reagents (264). However, although it is
clear that inactive raf is brought to the cell membrane by GTP-
ras, the precise mechanism by which ras activates raf still
remains unknown. Activated raf in turn phosphorylates
MAPKK (MEK), which activates MAP kinases (261).

One question regarding ras signaling is how a single pro-
tein can mediate such diverse biologic effects as apoptosis,
proliferation, and differentiation. In the GTP-bound state, ras
can activate several downstream effector pathways. These
effector pathways include raf, GTP-binding proteins Rac and
Rho, PI3K, and MEKK. Some of these ras effectors may play a
role in the development of gynecologic cancer (265). For
instance, Noey2 was originally described as a down-regulated
ras effector in ovarian cancer (266). This protein mediates
growth inhibition and may function as a tumor-suppressor
gene. The ras effectors ERK and PI3K have been implicated in
the growth control of ovarian cancer cell lines (267). 

Although activated ras proteins are usually associated
with driving growth and transformation, they may also
induce senescence, apoptosis, and terminal differentiation.
Ras association domain in the tumor suppressor, RASSF1,
which binds ras in a GTP-dependent manner, is an example.
Moreover, activated ras enhances and dominant negative ras
inhibits the cell death induced by transient transfection of
RASSF1. This cell death appears to be apoptotic in nature.
Hypermethylation of the RASSF1A promoter region is com-
mon in 45% of adenocarcinomas of the uterine cervix and
40% of ovarian tumors, and is rare in squamous carcinoma
of the uterine cervix (268,269). Thus, the RASSF1 tumor sup-
pressor may serve as a novel ras effector that mediates the
apoptotic effects of oncogenic ras. 

Consequently, ras-like genes may also be important for the
development of gynecologic cancers. Ras is mutationally acti-
vated in 30% of all cancers, with pancreas (90%), colon (50%),
thyroid (50%), lung (30%), and melanoma (25%) having the
highest prevalence (270). The mutant ras genes in human can-
cers encode mutated proteins that harbor single amino-acid
substitutions primarily at residues G12 or Q61. The K-ras gene
is mutationally activated in only 5% of invasive epithelial ovar-
ian cancers (271). In borderline ovarian malignancies, however,
K-ras is mutationally activated in 22% of serous and 46% of
mucinous borderline ovarian tumors (272). The precise role for
these effectors is not yet clear, but presumably they will serve
important functions in a variety of biologic processes.

Growth Factor Receptor–Associated Tyrosine Kinases

The importance of tyrosine kinases as mediators of carcinogenic
stimuli was discovered due to the identification of their capture
by acutely transforming RNA tumor viruses. Characterization
of the structure of these captured genes identified them as
kinases, while examination of the mass of phosphorylated
amino acids in virally transformed cells demonstrated an
increase in tyrosine phosphate, normally a minor phospho-
amino acid constituent. Antisera specific for the transforming
proteins precipitated proteins that have the ability to phos-
phorylate themselves and, in some cases, the precipitating
antibody. Characterization of the proteins demonstrated the
presence of phosphorylated tyrosine moieties. Subsequently, it
was demonstrated that receptors for certain growth factors
also possessed kinase activity for tyrosine. Truncated or
mutated versions of the receptors had oncogenic potential in
certain instances. Conceptually, this links tyrosine kinase
activity to the action of growth-regulatory substances.

As outlined in detail by Cadena and Gill, receptor–tyrosine
kinases have at least four structural domains: (a) an extracellular
domain that binds ligand; (b) a transmembrane helix domain
that links the external portion with the rest of the molecule; (c)
an intracellular catalytic domain that contains the core ATP
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binding and phosphoryl transfer elements; and (d) regulatory
domains that regulate the endogenous activity of the kinases by
allosteric or intrachain “pseudosubstrate”-like mechanisms or
mediate association of the receptor–tyrosine kinase with either
substrates or regulatory molecules involved in the propagation
of signals (273). Receptor-associated tyrosine kinases are
divided into groups according to the structure of their extracel-
lular domains, including the presence of a variable number of
immunoglobulin-like domains, the number of cysteine-rich
motifs, leucine-rich regions, cadherin domains, fibronectin type
III repeats, discoid I–like domains, and epidermal growth factor
(EGF)-like domains. These various structures result in at least 14
different families of receptor-associated tyrosine kinases.

In addition to causing dimerization and autophosphorylation
of the receptor, activation of growth-factor-receptor tyrosine
kinases results in phosphorylation of key substrate molecules
thought to be important in propagating the growth-promoting
stimulus. Both of these reactions create tyrosine phosphates,
which can then form complexes with Src homology region 2
(SH2) domains. SH2 domains are approximately 100 amino
acid regulatory motifs originally defined by similarity to a portion
of pp60c-src. Importantly, SH2 domains are found in a number
of signaling molecules, including phospholipase-C-gamma,
phosphatidylinositol 3�-kinase (PI 3�K), the GTPase activator for
ras proteins, protein phosphatase-1C, and many nonreceptor–
tyrosine kinases, including pp60c-src. This important family of
“adapter” molecules, represented prototypically by grb2, con-
tains small molecules devoid of catalytic functions that consist of
two SH2 domains centered around the SH3 domain and are
capable of mediating protein–protein interactions. Through
their SH2 domains, these adapter molecules function to physi-
cally associate proteins phosphorylated on tyrosine. 

The important result of growth-factor-receptor–kinase
activation is the assembly of multimeric complexes through
SH2 domains of molecules with distinct signaling capabilities.
Phospholipase-C-gamma (PLC-gamma) hydrolyzes membrane
phosphatidylinositol bisphosphate (PIP2), producing inositol
triphosphate and increases in intracellular diacylglycerol
(DAG). Inositol triphosphate interacts with the cell membrane
and releases calcium. The increased DAG and calcium maxi-
mally activates protein kinase C (PKC). PI 3�K phosphorylates
phosphatidylinositols at the 3� position, creating new sub-
strates for PLC-gamma. In addition, a substrate for PI 3�K is
protein kinase B (AKT), which has been demonstrated to be
important in suppressing apoptosis. Finally, ras GTP hydroly-
sis is stimulated by ras GAP (GTPase-activating protein). 

In this way, a large signaling complex is rapidly assembled
around activated receptors, from which a variety of signal
transduction cascades emanate. The multiple components
activated through ligand binding exemplifies the profound
effect that growth factors have on target cells, because each
signaling pathway activated can initiate or amplify multiple
functional responses. Additionally, many growth factor ligands
induce receptor heterodimerization with multiple receptors
and signaling pathways, providing a mechanism that gener-
ates a large number of different cellular responses from a
limited number of receptors (274). Once activated, growth
factor receptors are rapidly internalized by the endocytotic
pathway and degraded by lysosomes (274). Ligand binding
can also act as a signal for ubiquitinoylation and subsequent
proteasome degradation. Thus, ligand binding not only activates
a myriad of signaling pathways, but also causes complementary
down-regulation of cell surface receptors and attenuation of
signaling transduction cascades.

In addition to the associations described above with recep-
tor tyrosine–protein kinases, the adapter protein grb2 can form
complexes with the mammalian homolog of the son of seven-
less (Sos) protein originally described in the sevenless
Drosophila mutant. The importance of this observation is that
the Sos protein has GDP-exchange activity for mammalian ras

proteins. Thus, receptor–tyrosine kinase activation can both
accelerate ras protein activation (through exchange of GDP for
GTP) as well as lead to ras inactivation (through GAP). These
findings provide a biochemical basis for the original observa-
tions that neoplastic transformation by receptor–tyrosine or
nonreceptor–tyrosine kinases could be blocked by genetic
maneuvers that inhibited ras function. 

Nonreceptor-Associated Tyrosine Kinases

Tyrosine kinases (TKs) are enzymes that transfer the γ-phos-
phate groups from ATP to the hydroxyl group of tyrosine
residues (275). They can be characterized as either nonrecep-
tor type or, more commonly, transmembrane receptor type.
The nonreceptor TKs are found in the cytoplasm, lack a trans-
membrane segment, and generally function downstream of the
transmembrane receptor tyrosine kinases (RTKs). The proto-
type for oncogenic, nonreceptor TKs is pp60c-src, the cellular
homologue of the transforming oncogene of Rous sarcoma
virus, pp60v-src. It is representative of at least eight families of
molecules with distinct domain structures. In addition to the
Src family, these include the Abl, Fes/Fps, focal adhesion
(FAK), c-Src kinase (CSK), Janus kinase (JAK), spleen tyrosine
kinase (syk), and interleukin-2–inducible kinase (ITK) families.
These kinases can have either relatively ubiquitous expression
(e.g., abl, src) or tissue-restricted distribution (e.g., fyn, lyn).
Although they are anatomically distinct from RTKs, they have
functional similarities in that the kinase-specific activity of the
nonreceptor-tyrosine kinases increases following ligand stimu-
lation of cells in which they are found. For example, thrombin
activation of platelets and platelet-derived growth factor
(PDGF) activation of fibroblasts results in increased pp60c-src

activity, while activation of T lymphocytes through the CD4
or CD8 determinants activates pp56c-lck, a pp60c-src family
member (276).

Another example of a nonreceptor TK with clinical relevance
is Abl. The Philadelphia (Ph) chromosome found in some forms
of leukemia is a result of a chromosomal translocation that
juxtaposes the c-abl nonreceptor TK gene on chromosome 9 with
a breakpoint cluster region (bcr) gene on chromosome 22 (275).
The resulting fusion protein Bcr-Abl, is a constitutively activated
form of Abl TK that drives uncontrolled growth of Ph cells.
Normally, Abl can translocate into the nucleus, where it has a
role in DNA-damage-induced apoptosis. However, truncated
fusion protein Bcr-Abl is retained in the cytoplasm in association
with the cytoskeleton, where its lack of proapoptotic activity
contributes to its oncogenic properties (275). 

The consequences of the activation of the nonreceptor TKs
include the phosphorylation of many of the same substrates
described above for the receptor-linked TKs. In particular, the
activation of ras through grb2/Sos underscores that activation
can proceed through input from a number of different sources
and points to the importance of the molecules downstream of ras
as representing a “final common pathway” of cellular activation. 

Epidermal Growth Factor and Receptor

Epidermal growth factor (EGF) is so named because of
growth-promoting activity originally recognized by its promo-
tion of the normal formation of facial structures in neonatal
mice. It is now recognized as the prototype for a family of
growth factors widely distributed in a number of anatomic
sites, including EGF, transforming growth factor-β (TGF-β),
amphiregulin, neu differentiation factor, and neu/erbB2 ligand
growth factor (277,278). The growth factors share several
structural motifs and bind to receptors that possess intrinsic
tyrosine kinase activity. These receptors include the classic
EGF receptor (EGFR, also known as c-erbB1), which also
binds to TGF-β, and the related receptor c-erbB2 (also known
as p185neu), originally defined by its similar structure but dis-
tinct pattern of amplification and expression in tumors (279).
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The clinical significance of EGFR protein expression in the
development and progression of human ovarian carcinoma
was studied in seven ovarian cystadenomas, six mucinous
LMP tumors, and 25 invasive adenocarcinomas by immuno-
histochemistry. EGF and EGFR expression were found to be
significantly higher in mucinous cystadenocarcinomas than in
mucinous cystadenomas or mucinous LMP tumors (280). In a
series of 226 patients with early-stage epithelial ovarian carci-
nomas, EGFR status was a significant independent prognostic
factor with regard to disease-free survival (DFS). A prognostic
model based on the presence of grade 3, p53-positive, and
EGFR-positive disease found the poorest DFS for patients
with all three clinical factors (281). 

As outlined by Bast et al., autocrine stimulation by TGF-β
and overexpression of c-erbB2 appear to be of clear importance
in ovarian carcinoma, where the level of c-erbB2 expression
appears to correlate adversely with prognosis in some series
(282–284). The conflicting results regarding c-erbB2 protein
expression and survival in the literature could be explained by
discrepancies between c-erbB2 protein overexpression and the
frequency of c-erbB2 gene amplification.

Since the advent of tissue microarray (TMA) technology,
researchers are able to evaluate large numbers of specimens by
FISH analysis. For example, FISH analysis of 79 FIGO stage I
and II epithelial ovarian cancers found a 6.7% rate of c-erbB2
amplification. No clinical correlation of survival was attempted
in this study due to the limited number of informative cases in
the sample set (285). FISH analysis of 103 advanced stage ovar-
ian cancer specimens found c-erbB2 amplification rates of
10.7% and 33.3%, depending on the fluorescence ratio cutoff
(286). No correlation between c-erbB2 protein expression by
immunohistochemistry and c-erbB2 amplification by FISH
analysis was seen. In addition, no correlation between c-erbB2
amplification and DFS was seen (286). 

Another comprehensive FISH analysis of 173 invasive ovar-
ian cancers of all stages revealed good correlation between FISH
analysis and immunohistochemistry, but no correlation between
c-erbB2 amplification and histological type, stage, grade, or
prognosis (287). In this study, 79% of the invasive epithelial
ovarian cancer specimens analyzed was of serous histology. The
treatment period spanned from 1985 to 2002, including a vari-
ety of adjuvant chemotherapy regimens. Although the authors
concluded that c-erbB2 amplification did not correlate with
FIGO stage, the percentages of early- and advanced-stage can-
cers analyzed were not provided. The inclusion of borderline or
germ cell tumors also was not clarified (287). 

Thus, the strong correlation between c-erbB2 immuno-
staining and amplification seen in breast carcinoma might not
be present in ovarian carcinoma. In addition, the expression
of c-erbB2 and potential relation to tumor cell growth have
been outlined in endometrial and cervical carcinomas (65).
Although receptors for EGF have been proposed as targets for
antibodies that create a negative growth regulatory signal, ini-
tial trials have been disappointing (288–289).

Insulin-Like Growth Factors 

Insulin-like growth factors (IGFs) have metabolic effects and
an amino acid sequence analogous to insulin. IGF-I and IGF-II
have been described. The IGF-1 receptor (IGF-1R) belongs to a
family that includes the insulin receptor (IR) and IGF-2R
(290). IGF-1R is expressed on the cell surface membrane as
preformed dimers. Upon binding of IGF-I or IGF-II, IGF-1R
undergoes autophosphorylation and conformational change
(290). Signaling then depends on phosphorylation of intracel-
lular substrates, leading to activation of the MAPK and
PI3K/Akt pathways. IGF-1R signaling can be regulated on sev-
eral levels, including receptor expression, ligand production,
and ligand binding to proteins. Transcription of the IGF-1R gene
is up-regulated by growth factors including PDGF, EGFR,

hormones, and oncogenes. Transcription of IGF-1R is down-
regulated by the tumor suppressor genes Wt1 and p53.
Production of IGFs occurs primarily in the liver and is regu-
lated by growth hormone. Only 2% of IGFs circulate in their
free form, while the vast majority are bound to a series of six
IGF binding proteins (IGF-BPs) (290,291). 

Expression of IGF-1R is observed in most solid tumors
examined to date, while overexpression of IGF-II has been
demonstrated in cancer cells (292). High circulating levels of
IGF-1 in serum have been associated with increased risk of
breast, prostate, and colon cancer (291,292). Recent studies
have implicated these receptors and their cognate growth fac-
tors in the promotion of ovarian carcinoma (293). Relative
expression of IGF-II was measured in 109 epithelial ovarian
cancers and eight normal ovarian surface epithelial samples
using quantitative real-time polymerase chain reaction.
Expression of the IGF-II gene was more than 300-fold higher
in ovarian cancers compared with normal ovarian surface
epithelium samples (294). High IGF-II expression was associ-
ated with advanced-stage disease at diagnosis, high-grade can-
cers, and suboptimal surgical cytoreduction. In multivariate
analysis, relative IGF-2 expression was an independent predic-
tor of poor survival. As such, IGF-II is a molecular marker and
might be a potential therapeutic target for the most aggressive
epithelial ovarian cancers (294).

IGF-II, IGF binding protein 3 (IGFBP-3), and estrogen-
receptor-α expressions were evaluated in 215 patients with
primary epithelial ovarian cancer. Survival analysis was done
to examine the associations of IGF-II with disease progression.
IGF-II expression was found to be higher in tumors with poor
prognosis, including tumors with advanced stage, poor differ-
entiation, serous histology, and large residual lesions. This
study found evidence that IGF-II expression is associated with
disease progression, suggesting that IGF-II and IGF signaling
are potential targets for ovarian cancer treatment (295). 

Platelet-Derived Growth Factor

The platelet-derived growth factor (PDGF) is of historic sig-
nificance owing to its structural and functional homology to
the v-sis viral oncogene. PDGFs are a growth factor family,
each member of which contains one of four different
polypeptide chains: PDGF-A, PDGF-B, PDGF-C, or PDGF-D
(296). Each chain is encoded by an individual gene located on
chromosomes 7, 22, 4, and 11, respectively. The polypeptide
chains are linked with an amino acid disulfide bond forming
homo- or heterodimers, of which five have so far been
described: PDGF-AA, PDGF-AB, PDGF-BB, PDGF-CC, and
PDGF-DD. These factors exert their cellular effects through
PDGF-α and PDGF-β protein tyrosine kinase receptors. The
platelet-derived growth factor receptor (PDGFR) system,
located primarily on mesenchymal cells, transduces signals
for cell survival, growth, and chemotaxis. As reviewed in
detail by Fantl et al., the PDGFR is a receptor-linked tyrosine
kinase with distinctive features, including an extracellular
domain with five regions with homology to immunoglobulins
and an intracellular domain that interrupts the kinase region
and is thought to serve as a “dock” for presentation of phos-
photyrosines to molecules that can bind to phosphotyrosine
through SH2 domains (298). PDGFR-α can be activated by
PDGF-AA, PDGF-AB, PDGF-BB, and PDGF-CC, while
PDGF-BB and PDGF-DD bind and activate PDGF-β. Ligand
binding induces receptor dimerization, activation, and
autophosphorylation of the tyrosine kinase domain. This in
turn recruits SH2-domain-containing signal transduction
proteins and activates signaling enzymes including Src, PI3K.
This precipitates a complex network of downstream signaling
events, which have yet to be fully characterized. Activation of
the receptors ultimately promotes cell migration, prolifera-
tion, and survival (299). 
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Ovarian and choriocarcinoma cells have been reported to
express PDGF and PDGF receptors (299,300). A number of
ovarian and cervical carcinomas express either c-kit and/or
steel ligand, and have receptors for M-CSF (301,302). High
levels of PDGF and PDGFR-α have been reported in advanced
epithelial ovarian cancer, while overexpression of PDGFR-α
has been shown to be associated with a reduced overall survival
(299). Tissue arrays containing 84 epithelial ovarian tumors were
studied by immunohistochemistry with antibodies specific for
c-kit, PDGFR-α, and PDGFR-β (298). PDGFR-α was expressed
in the largest percentage of ovarian tumors (58%), whereas
29% expressed PDGFR-β. No mutations were detected in six
ovarian tumors with elevated immunoreactivity for each of the
RTKs (c-kit, PDGFR-α, and PDGFR-β). This study demon-
strates that PDGFR-α, PDGFR-β, and c-kit are expressed in a
high percentage of epithelial ovarian cancers, suggesting that
tyrosine kinase inhibitors may be useful in the treatment of
these tumors (298).

In a mouse model of human ovarian cancer, the tyrosine
kinase inhibitor SU6668 exhibited antitumor effects, both as a
single agent and with paclitaxel (296,303). Reduction in tumor
growth, ascites production, and metastatic spread were observed.
Improvement in overall survival has also been demonstrated in
mouse models of peritoneally disseminated ovarian cancer after
treatment with SU6668 (303). Although the functional impor-
tance of these receptors has not been established, their presence
raises the possibility that gynecologic neoplasms will depend, at
some point in their pathogenesis, on the action of members of
this growth-factor-receptor family. The initial clinical data in
ovarian cancer, however, has been disappointing. A phase-II
study of patients with relapsed ovarian cancer expressing c-KIT
(CD117) or PDGFR was conducted with imatinib mesylate
(304). Patients were treated daily with 400 mg of imatinib
mesylate orally. Of the 19 evaluable patients, 2 (11%) had
tumors expressing c-Kit, while 17 (89%) had tumors expressing
PDGFR. There were no objective responders. Thirteen patients
(68%) had increasing disease or symptomatic deterioration,
and six (32%) went off protocol during the first month due to
adverse events.

Vascular Endothelial Growth Factor and Other
Angiogenic Factors

Angiogenesis, the formation of new blood vessels, is a process
required by many biologic processes including the develop-
ment of cancer (305). Maturation is usually incomplete in neo-
plastic growth. Endothelial cells of immature blood vessels
require growth signals for survival to avoid apoptosis.
Autocrine and paracrine loops exist between the tumor cells
and stromal and/or endothelial cells (306). Autocrine stimula-
tion by the tumor cell consists of growth factors such as vascu-
lar endothelial growth factor (VEGF), fibroblast growth factor
(FGF), and PDGF, all of which stimulate the host cells in a
paracrine fashion, to trigger the neovasculature that will irri-
gate the tumor cells. The VEGF family of glycoproteins con-
sists of six related growth factors, VEGF-A (known as VEGF)
through VEGF-E, as well as placental growth factor (PIGF)-1
and -2 (307). The VEGF gene, located on the short arm of
chromosome 6, is composed of eight exons and is differentially
spliced to yield four mature isoforms (308). VEGF mediates
angiogenic signals to the vascular endothelium through high
affinity receptor tyrosine kinases (RTKs) that are thought to
activate the MAPK pathway. The VEGF family members bind
their related receptors. The receptors identified so far include
VEGFR-1, VEGFR-2, VEGFR-3, and the neuropilins (NP-1
and NP-2). These receptors are transmembrane tyrosine
kinases that, upon ligand binding, activate a cascade of
downstream proteins. These downstream pathways include PI3
kinase/AKT, ERK-1/2, and Raf-MEK-ERK pathways (308).

Although many stimulators and inhibitors of angiogenesis
have been identified, the trigger that causes a dormant tumor
to transform into a proangiogenic tumor remains elusive.
Expression of VEGF in ovarian carcinomas was evaluated by
immunohistochemistry and revealed focal or diffuse strong
immunostaining in 48% to 51% of carcinomas (309).
Significant associations between the VEGF expression and
FIGO stage and histologic grade were observed (309,310).
The survival of patients with high VEGF expression was sig-
nificantly worse than that of patients with low or no VEGF
expression. Multivariate analysis revealed that disease stage
and VEGF expression were significant independent prognostic
indicators of overall survival.

The family of FGFs comprises several members distin-
guished originally by binding to heparin and elution at a spec-
trum of pH, thus allowing their characterization as basic or
acidic FGFs (311). These entities have been proposed to medi-
ate not only the direct promotion of tumor cell growth but also
the stimulation of stroma formation and blood vessel growth
to sustain tumors beyond the microscopic stage. Additional
angiogenic factors include platelet-derived endothelial growth
factor and vascular permeability factor. Basic FGF and its
receptor are expressed in human ovarian carcinomas (312).
Ovarian and endometrial neoplasms have recently been
demonstrated to secrete both PDGF and VEGF (313,314).

Bevacizumab (BEV) is a humanized monoclonal antibody
against vascular endothelial growth factor. In a phase-II trial,
32 patients not participating in an ongoing clinical trial were
treated with BEV (15 mg/kg every 3 weeks IV) (315). All
patients had failed multiple prior cytotoxic chemotherapies
prior to BEV. A median of six cycles (range 1 to 20) with 196
total doses of BEV was administered. A 16% response rate
was seen with 62.5% of patients demonstrating stable disease.
Median overall survival (OS) was 6.9 months, with median
progression-free survival (PFS) of 5.5 months. BEV was gener-
ally well tolerated after multiple prior cytotoxic regimens and
resulted in significant clinical benefit among women with
recurrent ovarian cancer (315).

Transforming Growth Factor-b
TGF-β was originally recognized as a mediator of natural killer
cell transformation. TGF-β binds directly to a receptor that is a
constitutively active transmembrane serine/threonine kinase
(316). Ligand binding of TGF-β results in heterodimerization
with both TGF-β receptors, TβR1 and TβR2, and the ensuing
phosphorylation of TβR1 (317). Phosphorylated TβR1 phos-
phorylates a SMAD protein that forms a heterodimer with
SMAD4, travels into the nucleus, binds to DNA, and (with other
factors) initiates transcription. TβR1 can also interact with a
subunit of farnesyl transferase, which is involved in the farnesy-
lation of the ras gene product. Also, H-ras has been shown to
up-regulate expression of TβR1 and down-regulate expression
of TβR2 (317). The importance of TGF-β to gynecologic neo-
plasia extends in part from the recognition that müllerian
inhibitor substance (MIS), important in the embryogenesis of the
normal genitourinary tract, is a member of the TGF-β family
(318). TGF-β itself is recognized as a negative growth regulator
of a variety of cell types, including ovarian tumor cells (252). 

Ovarian cancer is resistant to the antiproliferative effects of
TGF-β; however, the mechanism of this resistance remains
unclear. Investigators used oligonucleotide arrays to profile 37
undissected, 68 microdissected advanced-stage, and 14 microdis-
sected early-stage papillary serous cancers to identify TGF-β
signaling pathways involved in ovarian cancer (319). A total
of seven genes involved in TGF-β signaling were identified
that had altered expression �1.5-fold in the ovarian cancer
specimens, compared with normal ovarian surface epithelium.
Genes that inhibit TGF-β signaling (DACH1, BMP7, and EVI1)
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were up-regulated in advanced-stage ovarian cancers while,
conversely, genes that enhance TGF-β signaling (PCAF, TFE3,
TGFBRII, and SMAD4) were down-regulated compared with
the normal samples (319). These results suggest that altered
expression of these genes is responsible for disrupted TGF-β
signaling in ovarian cancer, potentially making them useful as
novel therapeutic targets for ovarian cancer.

Tumor Necrosis Factor, TNF-Related 
Apoptosis-Inducing Ligand, and Interleukin-1

The tumor necrosis factor (TNF) superfamily consists of proteins
involved in proliferation, differentiation, and apoptosis (320).
Members of this superfamily such as TNF-α, Fas ligand (FasL),
and TNF-related apoptosis-inducing ligand (TRAIL) have been
shown to directly induce apoptosis. The cytokines bind TNF-
family receptors that contain a conserved cytosolic structure
known as the death domain; this is a protein interaction
module that allows the TNF receptors to communicate with
adapter proteins, which in turn bind to specific caspases (in
humans, caspase-8 and caspase-10), thereby triggering apoptosis.
TRAIL specifically induces apoptosis of transformed cells
through the action of death domain receptors DR-4 and DR-5.
It also directly induces apoptosis through an extrinsic pathway,
which involves the activation of caspases. Unlike TNF and
FasL, TRAIL appears to have a unique selectivity for triggering
apoptosis in tumor cells while leaving normal tissues intact
(320). Activation of caspase-8 by TRAIL can lead to a mito-
chondrial-independent signal that activates caspases down-
stream of caspase-8 and a mitochondrial-dependent caspase
activation following caspase-8 activation and BID cleavage. It
has been proposed that TNF and interleukin-1 (IL-1), cytokines
originally defined as hematopoietic growth factors, operate via
yet another distinct signaling mechanism. This involves the
hydrolysis of membrane sphingomyelin, with the resulting
ceramide acting as a second messenger to activate a ceramide-
dependent protein kinase (321). Recent evidence has been
accumulating that IL-1 can directly inhibit the growth of ovar-
ian carcinoma cells and is expressed by this cell type and
endometrial carcinoma cells in culture (322,323). IL-1 has also
been found to regulate the secretion of collagenase, which is
important in mediating invasiveness in choriocarcinoma cells
(324). TNF can act as an autocrine and paracrine growth factor
for ovarian carcinoma cells (325,326).

Calcium-Mobilizing Growth Factors

The importance of the G-protein–linked calcium-mobilizing
growth factors and their receptors to the growth of gynecologic
neoplasms has been less completely characterized than the enti-
ties described above. However, it has recently been demon-
strated that the peptide bombesin can modulate sensitivity of
ovarian carcinoma cells to TNF and platinum, perhaps by mod-
ulating calcium levels (327). In addition, pharmacologic treat-
ments that seek to interfere with the increase in calcium in
response to growth factors of this class are under clinical evalu-
ation in patients with gynecologic neoplasms (328).

MAP Kinases

MAP kinase was originally defined as a distinctive protein
whose phosphorylation on both tyrosine and threonine residues
increased shortly after addition of growth factors to cells. It is
now appreciated that there are multiple different MAP kinases
and isoforms (329,330). Each family of MAP kinases has
unique (although overlapping) downstream substrates and
upstream activators (MAPKKs). MAP kinase families include
the extracellular-signal-regulated kinase (ERK), c-Jun N-termi-
nal kinase (JNK), and p38 families. The ERKs are phosphory-
lated and activated by MEK 1,2, while the JNKs are activated

by JNKK1 (SAPKK1), and the p38s are activated by MKK 3
and 6. These MAPKKs are in turn activated by specific
MAPKKKs. Thus, raf signals through MEK 1,2 to the ERK
family members, whereas JNK and p38 receive their activation
signals from other upstream kinases. These kinase cascades
allow for rapid transduction and amplification of signals from
the cell membrane. Recent work has demonstrated that activa-
tion of one MAPK pathway can suppress the activity of the oth-
ers (331). Thus, although these are primarily vertical pathways,
there is ample lateral cross talk between them, providing inte-
gration of multiple unique cell membrane signals.

As reviewed by Garrington and Johnson, MAP kinases in
turn phosphorylate a diverse series of substrates, including
cytoplasmic phospholipase A2, cytoskeletal components, pro-
tein synthesis machinery, and, perhaps most importantly, tran-
scription factors (332). The substrate specificities of different
MAP kinase families, although overlapping, are unique (333).
Thus, a unique combination of proteins is activated by each
MAP kinase. It is proposed that activation of transcription of
new genes in response to growth-factor action extends in part
from these actions of MAP kinases. Included among the tran-
scription factors affected are those that govern the synthesis of
cyclins, which allow entry into the cell cycle (334,335).

The role of the MAPK pathway in ovarian cancer has been
investigated. Activation of MAPK family members was
detected following stimulation of ovarian cancer cells with
transforming growth factor, as well as through epidermal
growth factor receptor activation (336). Treatment of ovarian
carcinoma cell lines in vitro with paclitaxel or cisplatin
resulted in measurable changes in MAPK levels, with resulting
effects toward proliferation or apoptosis (337). In another
analysis, ERK expression was associated with clinical parame-
ters related to better outcome, such as lower volume of resid-
ual disease (336). Moreover, it correlated significantly with
improved survival. Thus, there is evidence of a beneficial
prognostic role for ERK in human ovarian cancer patients.

Phosphatidylinositol 3�-Kinase

Phosphatidylinositol 3�-kinase (PI3K) is a lipid kinase that
appears to play an important role in mediating a wide variety
of signals involved in diverse processes including proliferation,
apoptosis, and vesicular trafficking (338). PI3K is a heterodimeric
protein that is activated by a wide variety of receptor–TKs
such as the insulin, PDGF, and EGF receptors. It has been well
established that phosphorylation of a tyrosine residue on the
receptor will serve as a docking site for a component of PI3K
(p85) that in turn recruits the catalytic subunit of PI3K
(p110). Alternatively, PI3K can be activated through a ras-
dependent mechanism. The PI3K/AKT pathway has been
implicated as a major determinant of oncogenic transforma-
tion in ovarian cancer. Amplification of PI3K renders ovarian
cancer cells resistant to the effects of paclitaxel (339). This
process can subsequently be reversed by inhibitors of PI3K.
PI3K inhibitors decrease cell proliferation, increase sensitivity
to paclitaxel, increase apoptosis, and decrease vascularization
in vivo (339). PI3K is up-regulated in 30% to 45% of ovarian
cancers (340,341). Only 2.3% of serous carcinomas had PI3K
mutations compared with 20.0% of endometrioid and clear
cell cancers. In contrast, PI3K gene amplification (�sevenfold)
was common among all histologic subtypes (24.5%) and was
inversely associated with the presence of mutations. Overall,
PI3K mutation or gene amplification was detected in 30.5%
of all ovarian cancers. Intriguingly, multiple other components
of the PI3K signaling cascade, including AKT1, AKT2, P70S6
kinase, TCL1, and GSK3α, are located at sites of copy number
abnormalities in ovarian cancer, providing further evidence
that this pathway is potentially important in the development
of ovarian cancer (339). 
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As mentioned above, PI3K has been widely recognized as
being able to phosphorylate phosphatidylinositols at the 3�
position, which in turn activates protein kinase C (PKC).
However, it is appreciated that there are other substrates of
PI3K including p70, S6K, and, most importantly, PKB/AKT.
AKT is a protein kinase that has been demonstrated to medi-
ate multiple biologic processes. Of particular importance,
PI3K has been identified as amplified in breast and ovarian
cancers. Increased PI3K activity has been detected in a large
subset of ovarian cancers, while inhibition of this pathway
leads to inhibition of cellular proliferation (342).

AKT

AKT, a member of the protein kinase B family, represents a sub-
family of the serine/threonine protein kinases, and the primary
mediator of the effects of PI3K (338). Three members of this
family, AKT1, AKT2, and AKT3, have been identified. A broad
spectrum of substrates is phosphorylated by AKT, including
transcription factors (Creb, Forkhead), proteins critical for
apoptosis (caspase-9, BAD, IKK), and cell-cycle proteins (p21,
p27) and other kinases (GSK-3). These substrates in turn acti-
vate multiple other pathways, including cross talk with the
MAPK pathway. The downstream effects of AKT activation
include suppression of apoptosis, induction of cell-cycle pro-
gression, and induced resistance to cytotoxic drugs. Given these
effects, it is not surprising to note evidence linking AKT to the
development of cancer. AKT has been found to be activated and
amplified in ovarian cancer (343). It has also been shown to
play a major role in drug resistance in a variety of human malig-
nancies. Approximately 36% of primary ovarian tumors show
elevated AKT2 activity (340,344). The majority of these tumors
were of high grade and late stage, implicating the kinase in
tumor progression. AKT3 has been shown to be highly
expressed in 21% of primary ovarian tumors (340). Strikingly,
purified AKT3 exhibited up to tenfold higher specific activity
than AKT1. Consistent with this finding, AKT3 levels in a
range of ovarian cancer cell lines correlated with total AKT
activity and proliferation rates, implicating AKT3 as a key
mediator of ovarian oncogenesis. Specific silencing of AKT3
using short hairpin RNA markedly inhibited proliferation of
the two cell lines with the highest AKT3 expression and total
AKT activity by slowing G(2)-M phase transition (340). These
findings are consistent with AKT3 playing a key role in the gen-
esis of at least one subset of ovarian cancers.

Protein Kinase C

PKC was originally described as a calcium (hence the C) and
phospholipid-dependent kinase distinct from the cAMP-
dependent protein kinase A. It is now recognized that the term
protein kinase C can refer to at least eight distinct molecular
isoforms that, in some cases, may actually be independent of
calcium, but are related to other members of the family
because of structural similarities.

The importance of PKC in tumorigenesis was suggested by
the finding that PKC isoforms are receptors for the tumor-pro-
moting phorbol esters, one of the first demonstrations of a dis-
crete molecular effector of a carcinogenetic stimulus (345).
The addition of growth factors was recognized to increase the
enzymatic activity of diacylglycerols, which are normal activa-
tors of PKC that can be produced by phospholipase-C. Thus,
tyrosine kinase–linked growth factors could be shown to
phosphorylate and activate the phospholipase-C-gamma iso-
form, whereas calcium-linked growth factors (see discussion
of G-protein and calcium-related signals below) activate phos-
pholipase-C-gamma. PKC, once activated, can directly influ-
ence the activity of the MAP kinase pathway by phosphorylat-
ing raf (346). Additional pathways leading to activation of
transcription from PKC-sensitive promoter elements exist.

Cyclin-Dependent Kinases

The ultimate consequence of growth factor action is the entry
of quiescent cells into the cell cycle. The molecular events
responsible for this process are currently being elucidated.
Classic biochemical experiments showed that, at the onset of
mitosis, there was an increase in protein kinase activity
directed at histones. It was hypothesized that altered phospho-
rylation of nuclear proteins allows or promotes the morpho-
logically apparent changes in chromosomal condensation. It
was therefore of great interest when a protein with histone
H1-kinase activity was found to complement a yeast mutant
defective in cell-cycle progression. The responsible protein,
p34cdc-2, was found to be a serine/threonine kinase whose
activity was cyclically regulated by the appearance during the
normal yeast cell cycle of a family of molecules called cyclins,
with the active H1-kinase enzyme consisting of a complex of
cyclin and an appropriately phosphorylated p34cdc2 catalytic
subunit (347–351).

Subsequently, through the use of homology cloning and
complementation of function in yeast, it became apparent that
progression through G1 is also regulated by a family of analogous
molecules now collectively referred to as cyclin-dependent
kinases (cdk). There are at least nine cdks (cdk1 through
cdk9) and 15 cyclins (cyclin A through cyclin T) (352). Cdk4 and
cdk6, along with their D-type cyclins, are responsible for pro-
gression through G1 phase. Cdk2 and cyclin E complex are
responsible for progression from G1 to S phase. Cdk2 and
cyclin A are responsible for progression through S phase,
while cdk1 and cyclin B are required for mitosis. These com-
plexes in turn are inhibited by a combination of small proteins
called cdk inhibitors (CKIs this is the same acronym as used
earlier). The INK4 (inhibitor of cdk4) family consists of
p16ink4a, p15ink4b, p18ink4c, and p19ink4d and specifically inhibits
cyclin D–associated kinases. The protein kinase inhibitor fam-
ily of p21waf1, p27Kip1, and p57kip2 inhibits the cyclin E/cdk2
and cyclin A/cdk2 complexes. Loss of expression of CKIs con-
fers a poor prognosis in a variety of cancers (352). Of great
current interest is how growth factors regulate the enzymatic
cascade that is directly responsible for entry into the cell cycle.
Of fundamental importance is the observation that the tumor-
suppressor gene product of the retinoblastoma-related locus
(pRb) is a substrate for cdk2 and that phosphorylation of Rb
correlates with entry into the S phase (353,354).

It is now well documented that cyclin D-cdk4/6 and cyclin
E-cdk2 complexes phosphorylate Rb, causing it to release the
transcription factor E2F. E2F in turn regulates the expression
of S-phase genes, which are required for DNA replication.
Thus, the G1–S-phase transition is critically dependent on suf-
ficient cdk activity and, as expected, is a frequent target for
alteration in cancer cells. For instance, recent analysis has
demonstrated that cyclin E is frequently amplified and overex-
pressed in ovarian cancer (355). Genetic abnormalities such as
these may provide important enzymatic targets for novel ther-
apeutic agents.

G-Protein and Calcium-Related Signals

Second-messenger control of intracellular events was first
demonstrated convincingly in the case of cAMP and glycolysis
in liver treated with α-adrenergic agonists. Paramount to
establishing the mechanism of this process was the observa-
tion that guanine nucleotides were necessary for the efficient
generation of cAMP. This led to the purification of proteins
that, in the GTP-bound state, stimulated adenylate cyclase,
and thus were called G-proteins (356). G-protein-coupled
receptors (GPCR), the prototype of which is the adrenergic
receptor, are structurally very distinct in comparison to receptor-
linked tyrosine kinases. The GPCR superfamily, now with
over 200 members, has an external ligand-binding portion,
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seven transmembrane segments, and a carboxyl-terminal tail.
These serpentine receptors couple to G-proteins, which are
now understood to interact not only with adenylate cyclase,
but also with certain phospholipases including phospholipase-
C-β (325). The membrane lipid phosphatidylinositol-4,5-bis-
phosphate then is hydrolyzed to yield the soluble metabolite
inositol 1,4,5-tris-phosphate, which releases calcium from
internal stores as well as diacylglycerol, described above as the
endogenous regulator of PKC (Fig. 3.3) (357).

Recent work has demonstrated that a subfamily of GPCRs
that bind lysophospholipids appear to play a role in the devel-
opment of ovarian cancer (358). These receptors include
PSP24 and the EDG receptors. These receptors do not bind all
lysophospholipids, but are activated by lysophatidic acid
(LPA) and sphingosine-1-phosphate (325,359,360). The com-
bination of multiple receptor family members, different lig-
ands, and the available intracellular G-proteins produces a
wide range of biologic effects including proliferation, inva-
sion, and cellular survival.

Protein Phosphatases

Protein phosphatases are a relatively newly described group of
proteins that function in an opposing manner to protein
kinases, providing important regulatory mechanisms to the
above-described signal cascades. In fact, it has been proposed
that phosphatases play as critical a role in cellular functions,
such as proliferation, differentiation, and apoptosis, as protein
kinases (361,362).

Protein phosphatases are divided into groups by different
criteria, but the most commonly used is that of substrate speci-
ficity: protein tyrosine phosphatases (PTPs), protein serine/
threonine phosphatases (PSPs), and dual-specificity phos-
phatases (DSPs). PTPs are further classified according to
whether they contain a transmembrane (TM) domain or not.
TM-domain-containing PTPs called receptor PTPs (RPTPs)
have extracellular domains and a catalytic domain in their
intracellular portion. Many RPTPs (such as CD45, LAR, and
PTP-�) possess structural features that suggest a role in cellu-
lar adhesion (363). Indeed, studies have revealed that several
RPTPs are important regulators of neuronal adhesion (364). 

Non-TM PTPs are also important regulators of tyrosine
phosphorylation. Some appear to associate with tyrosine kinases
through the SH2 domains found within their structures (SHP-1,
SHP-2). SHP-1 and SHP-2 play critical roles in regulating tyro-
sine kinase signals within hematopoietic cells (349,365). PTEN
is a tyrosine phosphatase that has been demonstrated to have an
inhibitory effect on cellular proliferation (366). This inhibitory
activity has been traced to a negative regulation of PI3K and
AKT activity (367,368). Whether this is a direct effect of PTEN’s
ability to dephosphorylate phosphotyrosine residues or its addi-
tional activity as a lipid phosphatase remains unclear. However,
mutations in PTEN have been identified in a wide variety of
tumors as well as in the germ line of patients with Cowden’s syn-
drome (369). Based upon these observations, it is widely con-
cluded that PTEN is a tumor-suppressor gene. Recent work has
identified mutations within this gene in endometrial cancers and
endometrioid ovarian cancers (370,371). In a wider number of
ovarian cancers, PTEN activity is suppressed, leading to an over-
activity of the PI3K pathway.

PSPs comprise a group of protein phosphatases containing
three subunits: regulatory, variable, and catalytic (372).
Previously, four major families had been identified (PP1, PP2A,
PP2B, and PP2C), although a fifth family has recently been
added. Multiple members exist within each family with some
evidence for substrate specificity differences between families.
Type 2A PSPs have selective substrate specificity for PKC phos-
phorylated proteins and the ribosomal S6 protein. Type 2A
PSPs are of particular interest because they have been found to

associate with complexes formed by DNA tumor virus proteins
and cellular proteins. The presence of PP2A in these complexes
suggests it may play a role in the alteration of cellular prolifer-
ation mediated by DNA tumor viruses (373,374).

Dual-specificity phosphatases are frequently grouped with
PTPs owing to their ability to dephosphorylate phosphotyro-
sine moieties. However, they are also able to use phosphoser-
ine and phosphothreonine as substrates. DSPs such as MKP-1
and Cdi1 localize to the nucleus, where they have been shown
to dephosphorylate MAP kinases (375). Thus, this represents
an important family of proteins that may serve to regulate the
incoming proliferative signals from various MAP kinase cas-
cades. For instance, MKP-1/CL100 has been found to be dif-
ferentially expressed between normal and malignant ovarian
epithelium (376). Reexpression of this gene in ovarian cancer
cells decreases the malignant phenotype.

Wnt/β-Catenin Pathway

The Wnt/β-catenin pathway is an important signal transduc-
tion pathway frequently disrupted in cancer cells (377). In the
absence of Wnt signaling, β-catenin expression is controlled
by the formation of a degradation complex that includes
GSK3B, APC, and Axin (378). This complex produces ubiqui-
tination of β-catenin and its subsequent degradation by the
proteosome. When the Wnt ligand binds to its receptor
Frizzled, the degradation complex is destabilized, resulting in
higher levels of nonphosphorylated β-catenin. High levels of
β-catenin translocate to the nucleus, where it acts as a cofactor
for TCF/LEF transcription factor.

This pathway has been studied extensively in human cancers
(377). Mutations in this pathway are very common in colorectal
cancers. Germ-line mutations within the APC gene form the
molecular basis for familial adenomatous polyposis (FAP).
Somatic mutations of APC (and to a lesser extent β-catenin) are
common in sporadic colorectal cancers. Activating mutations
of the Wnt pathway are found in a wide variety of other cancers,
including gynecologic cancers. This is especially true for the
endometrioid histologic subtype of ovarian and endometrial
cancers. 

The expression of β-catenin in uterine serous carcinoma
(USC) and endometrioid endometrial carcinoma (EEC) was
investigated in tissue microarrays created from 20 cases of
grade 3 EEC and 73 cases of USC (379). β-catenin was present
in both tumor types. Expression of β-catenin was also exam-
ined by immunohistochemistry in 253 ovarian carcinomas
(380). Membrane-associated staining of β-catenin was detected
in nearly all cases with no correlation to clinical parameters.
Most of the samples (84%) also had cytoplasmic localization,
while only 13% had nuclear β-catenin localization. Nuclear 
β-catenin was almost exclusively present in endometrioid carci-
nomas. Fifty-three percent of all endometrioid tumors were
positive for nuclear β-catenin expression. Better prognostic
outcome was found for patients with nuclear β-catenin local-
ization compared to the cases without it. Although the study
showed no correlation between β-catenin expression, FIGO
stage, and genomic instability, as determined by DNA ploidy
status in ovarian carcinoma, nuclear β-catenin expression
again was strongly associated with the endometrioid histologic
subtype (380). 

RNA Interference

Small RNAs. The most familiar role for RNA is as a rela-
tively passive intermediary in the translation of information
from genes into proteins, but other functions for this versatile
molecule have been emerging (381). Although the first hints
about silencing were seen decades ago, the real breakthrough
in mechanistic understanding came in 1998. A landmark
paper by Fire et al. showed that the trigger for gene silencing is
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double-stranded RNA (dsRNA) (382). RNA interference
(RNAi) was identified as a potent and highly specific gene-
silencing phenomenon that is initiated or triggered by dsRNA
(383). Since then, other components of the RNAi machinery
have been identified at a startling rate, although the picture is
still incomplete. RNAi was first observed in plants in the guise
of a mysterious immune response to viral pathogens. Based on
their origin or function, three types of naturally occurring
small RNA have been described. The first is endogenous or
artificial micro RNAs (miRNAs), which are expressed from
Pol II promoters as primary miRNA transcripts subsequently
processed into mature miRNAs in a regulated multistep
process. The second is exogenous, short, synthetic, double-
stranded, small interfering RNAs (siRNAs), while the third is
endogenous siRNAs (381,384). 

Micro RNAs. miRNAs are a subset of small (typically 21
to 23 nucleotides) noncoding RNAs evolutionarily conserved
in many organisms including yeast, fruit flies, humans, and
plants (384). miRNAs have important roles in many functions
including development, proliferation, hematopoiesis, and
apoptosis (383). Unlike siRNAs, miRNAs usually do not
cleave the messenger RNA (mRNA) of a target gene, but
instead suppress mRNA translation (384,385). RNA Pol II
transcribes miRNA genes in the cell nucleus and gives rise to a
large primary miRNA (Fig. 3.10). These initial primary
miRNAs are then processed by RNase III, Drasha, to form
pre-miRNAs in the nucleus. The pre-miRNAs are exported
into the cytoplasm by the transporter exportin 5 and undergo
processing by another RNase III, Dicer, to produce a miRNA
duplex (384). The RNA duplex is unwound by helicase. The
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FIGURE 3.10. (See color plate section.) This figure depicts distinct roles for dsRNA in a network of
interacting silencing pathways. In some cases dsRNA functions as the initial stimulus (or trigger), for
example, when foreign dsRNA (blue) is introduced experimentally. In other cases transcription can pro-
duce dsRNA (red) by read through from adjacent transcripts. miRNA genes often cluster on the chromo-
some and are transcribed by RNA Pol II to form pri-miRNAs in the nucleus. The primary miRNAs then
undergo procession by RNase III, Drasha, and are exported to the cytoplasm by exportin 5. Another
RNase III, Dicer, further processes the small RNA products of the Dicer, pre-miRNA or pre-siRNA, to
generate a ~22nt mi/siRNA:mi/siRNA* duplex, where mi/siRNA* is complementary to mi/siRNA.
Helicase can divide the duplex into two separate ones. Whereas *mi/*siRNA is degraded, mature
mi/siRNA can enter the RNA-induced silence complex (RISC). The RISC complex blocks protein synthe-
sis by imperfectly binding to the 3´UTR of the mRNA (upper right), causing inhibition of translation; the
other one is to endonucleolytically cleave the target mRNA by perfect or nearly perfect base pairing
(lower right). 
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mature miRNA enters the miRNA-induced silencing complex,
which then blocks protein synthesis by binding to the 3´
untranslated region (UTR) of the mRNA.

miRNAs can influence the signaling pathway by repressing
several secreted signaling proteins (384). For example, the
3´UTR of ras genes contains multiple let-7 complementary
sites allowing let-7 to regulate ras expression. Conversely,
miRNA expression can be regulated by protooncogenes. c-Myc
directly binds to the locus of six miRNAs and stimulates their
expression (384).

Small-Interfering RNAs. Small-interfering RNAs (siRNAs)
are similar to their cousin miRNAs. The initial processing of
dsRNA in the nucleus by Dicer is similar. The small RNA
products of the Dicer-mediated dsRNA processing reaction
guide distinct protein complexes to their targets, including the
RNA-induced silencing complex, which is implicated in
mRNA destruction and translational repression, and the RNA-
induced transcriptional silencing complex, which is implicated
in chromatin silencing (381). The single-stranded siRNA in the
RNA-induced silencing complex then guides sequence-specific
degradation of complementary or near-complementary target
mRNA. In summary, these small interfering siRNAs trigger
gene silencing by binding to their target RNA sequences and
cleaving them.

Endogenous siRNAs. In addition to the endogenous miRNAs
and exogenous siRNAs, endogenous siRNAs have been dis-
covered in various organisms and fall into at least four classes:
trans-acting siRNAs (tasiRNAs), repeat-associated siRNAs
(rasiRNAs), small-scan RNAs (scnRNAs), and Piwi-interact-
ing RNAs (piRNAs) (383). tasiRNAs are small (approxi-
mately 21 nucleotides) RNAs that have been reported in
plants that are encoded in intergenic regions that correspond
to both the sense and antisense strands (386). In Arabidopsis
thaliana, tasiRNAs require components of the miRNA
machinery and cleave their target mRNAs in transcription. It
has been postulated that rasiRNAs that match sense and anti-
sense sequences could be involved in transcriptional gene
silencing in Schizosaccharomyces pombe and A. thaliana
(387). scnRNAs are approximately 28-nucleotide RNAs that
have been found in Tetrahymena thermophila and are thought
to be involved in scanning DNA sequences in order to induce
genome rearrangement (388). piRNAs are possibly important
in mammalian gametogenesis (389). Whereas miRNA and
siRNA range between 21 and 26 nucleotides, piRNAs are
larger (between 26 and 31 nucleotides) and lack 20 and/or 30
OH termini (390). They tend to cluster and are diversely dis-
tributed among exonic, intronic, intergenic, and repeat
sequences in the mouse genome, suggesting their potentially
diverse roles in regulating gene expression. A fraction of
piRNAs are associated with polysomes. Interestingly, piRNAs
associate with MIWI, a murine PIWI Argonaute protein
expressed exclusively in spermatogenic cells and required
for initiating the spermiogenic program (389). As a result
these piRNAs can control gene expression involved in sperm
development.

RNAi Clinical Potential. The rationale for RNAi-based
therapeutic agents is that new siRNAs could be designed to
treat diseases by lowering the concentrations of disease-caus-
ing gene products. However, the development of such siRNA-
based therapies faces two major challenges: the identification
of chemically stable and effective siRNA sequences, and the
efficient delivery of these sequences to tissue-specific targets in
vivo with siRNA amounts that are not too toxic to humans
(383). Recent advances in understanding the rules for chemi-
cally modifying siRNA sequences without compromising
gene-silencing efficiencies have allowed the design and synthe-
sis of therapeutically effective siRNA molecules that can
silence target genes in vivo (383). Based on this rapid progress
in understanding the structure and function of siRNAs and

their applications in disease models, it is likely that RNAi-
based therapeutics will become a reality in the near future.

As our knowledge about tumor biology and the molecular
mechanisms underlying the process of carcinogenesis contin-
ues to expand, so too will the potential for intervention. In
this respect, basic science and clinical research will continue to
complement each other in increasingly important ways.
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beyond the depth of 50%, the risks of nodal metastases and
treatment failure escalate (9). In addition to FIGO stage and
tumor type, depth of invasion has independent prognostic
value in endometrial cancer (10). Invasion has been used as a
discriminating clinical feature in the application of therapeutic
modalities, especially for local therapies such as radiation and
intraperitoneal chemotherapy. Invasion is thus an important
behavior contributing to the clinical outcome of gynecologic
malignancies.

Angiogenesis

Angiogenesis is the process of forming new blood vessels from
a preexisting vascular network. Its role in cancer was first
detailed by Folkman (11,12) and Liotta (13) in the 1970s.
Angiogenesis is now considered to be an invasive process
itself, and is prognostically important in tumor survival and
progression. Several points in the process of angiogenesis have
been successfully targeted in cancer therapy (11).

Endothelial cells from tumor samples can be identified and
quantified by immunohistochemistry analysis of angiogenic
markers such as von Willebrand’s factor, factor VIII, CD31, or
CD34 (14). Microvessel density has been correlated with dis-
ease relapse in cervical cancer (15), ovarian cancer (16,17),
and endometrial cancer (18). High microvessel counts
occurred in cervical cancer patients of all stages who devel-
oped early disease recurrence (19). Increased microvessel
number in endometrial carcinomas has been associated with
recurrent disease, progression-free survival, and overall sur-
vival (18,20). The extent of angiogenesis correlated with pro-
gression-free survival and overall survival in ovarian cancers.
CD34 was the most useful discriminator of microvessels in
advanced-stage ovarian cancers (21); counts and stage of dis-
ease were associated with overall survival and disease-free sur-
vival, respectively. 

The expression of vascular endothelial growth factor (VEGF),
a potent angiogenesis stimulator, can complement microvessel
density (MVD) in the clinical assessment of angiogenesis. VEGF
correlated with poor outcome in early-stage and LMP ovarian
tumors; a statistically significantly worse median disease-free
survival was found in patients with VEGF-positive tumors
(22). Raspollini et al. (16) demonstrated that increased MVD
and higher expression of VEGF were independent predictors of
disease survival in serous ovarian cancer. Thus, neoangiogenesis
is a consistent clinical predictor of poor progression-free survival
in gynecologic malignancies.

Genetic instability is at the heart of malignant transformation.
This is manifest in part by the activation of signaling events
triggering malignant cells to stimulate their local microenvi-
ronment, invade locally, and then metastasize to distant sites
(Fig. 4.1). Invasive and metastatic disease is responsible for
much of the morbidity and mortality associated with cancer.
The search for factors affecting this process began as far back
as 1889 when Sir James Paget noted that women who died of
breast cancer tended to have a higher frequency of metastases
to bone and ovaries. He further commented that the process
was not random and, even more importantly, represented a
relationship between the “seed,” tumor cells of a given type, and
“soil,” the microenvironment providing the growth advantage
to the cells (1). Scientists have turned much attention toward
dissecting the sequence of events that comprises these key steps
in the disease process and translating that understanding to
development of targeted therapeutics (2). Signals in the cancers
that stimulate and maintain the invasive and angiogenic phe-
notype can also drive survival. Recognition of the regulation
and roles of angiogenesis, invasion, and tumor survival in the
dissemination of gynecologic cancers has and will continue to
lead to improved patient care and outcome.

CLINICAL IMPLICATIONS OF
INVASION, ANGIOGENESIS, 

AND METASTASIS

Invasion

Survival, recurrence, and response to treatment strongly corre-
late with tumor invasion that leads to nodal and distant metas-
tases (3). Epithelial ovarian tumors of low malignant potential
(LMP/borderline) are characterized by their lack of penetration
into the ovarian stroma (4). These tumors rarely metastasize,
recur late, and have an overall survival at 5 years in excess of
95% (4). The importance of invasion depth is reflected in the
International Federation of Gynecology and Obstetrics (FIGO)
staging systems for both cervical and endometrial cancer (5).
The stage and frequency of cervical cancer metastasis increases
as the depth of invasion exceeds 5 mm (6,7). Extent of invasion
significantly contributed to a model predicting disease-free sur-
vival in multivariate analyses of early cervical cancer and other
cancers (8). Clinical outcome in endometrial cancer is also
affected by depth of invasion. As myometrial invasion proceeds
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Metastasis

Both autocrine and paracrine signaling by growth factors and
cytokines activate programs for invasion and angiogenesis in
the progression toward metastasis. Once activated, these
events set the stage for dissemination. Activation and modula-
tion of the local microenvironment induces further permissive
events supporting tumor metastasis. 

Metastatic activity and pattern of spread is important in
the diagnosis, prognosis, and treatment of all malignancies.
Patterns of spread vary between and within tumors and follow
the biology and location of the primary tumor. Consider dis-
tinct patterns of spread of gynecologic cancers. Cervical and
endometrial cancers tend to follow the general adenocarci-
noma pattern of early local extension with nodal involvement
predicted by locally invasive behavior, followed by distant dis-
semination (23,24). The presence of nodal metastases is a
poor prognostic sign for gynecologic malignancies, a manifes-
tation of invasion that results in upstaging and high risk of
relapse. A study of fallopian tube cancer revealed a 76-month
median survival in patients without lymph node metastases.
This was in contrast to a 33-month median survival in
patients with documented nodal disease (25). 

Unlike other invasive adenocarcinomas, however, epithelial
ovarian tumors disseminate broadly within the abdominal cavity

prior to nodal and hematogenous dissemination (26–28). This
occurs from tumor cell shedding, followed by adhesion to the
serosal and peritoneal surfaces and migration of the malignant
epithelium. Common sites of early extension are bowel and
bladder serosal surfaces and the abdominal and pelvic peri-
toneum. Surface shedding, a nurturing milieu within the
ascites, and the supportive local microenvironment of the
serosa and peritoneum can result in extensive microscopic
tumor burden. The microscopic and insidious nature of the
surface extension of ovarian cancer limits the success of com-
plete surgical resection. Disease can be found on the abdominal
peritoneum of the diaphragm in patients before microscopic
nodal involvement (FIGO stage IIIA vs. IIIC). This is in sharp
contrast to other gynecologic malignancies; Matsumoto et al.
compared the process of lymphatic invasion of ovarian, cervi-
cal, and endometrial cancers (29) and showed that cervical and
endometrial cancers tended to involve pelvic nodes earlier in
the metastatic process than ovarian malignancies. 

BIOLOGY OF INVASION
Invasion is the active translocation of a cell across tissue bound-
aries and through host cellular and extracellular matrix barriers
(Figure 4.2). It is tightly regulated in the physiologic settings of
wound healing, embryogenesis, and trophoblast implantation.
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FIGURE 4.1. Paradigm of cancer progres-
sion. The average age at diagnosis of cervical
intraepithelial neoplasia III and/or carcinoma
in situ (CIS) is approximately 42 years.
Progression from CIS to invasive carcinoma
occurs over 8 to 10 years. The majority of
patients with invasive cervical cancer die
within 10 to 15 years of their diagnosis. In
comparison, a precursor or early detectable
lesion for invasive ovarian cancer has not yet
been found. Low malignant potential tumors
are diagnosed between the fourth and fifth
decade. Invasive ovarian cancer is diagnosed
approximately 15 years later, with the major-
ity of patients diagnosed dying of the disease
within 5 years.
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FIGURE 4.2. Schema of invasion and
metastasis. (A) Normal epithelium, extracel-
lular matrix (ECM), and endothelium. (B)
Early transformation and carcinoma in situ.
(C) Stromal invasion requiring proteolysis
and ECM degradation. (D) Intravasation
requiring further proteolysis. (E) Migration.
(F) Extravasation into distant sites.
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The components and events of physiological invasion and
malignant invasion are similar. Invasion requires cellular adhe-
sion and proteolysis, coupled with activation of migration and
survival pathways (30). Quantity, activation, and regulation are
what set the two forms of invasion apart. These checkpoints are
disrupted or altered in the setting of malignancy. 

Adhesion

Both cell-cell and cell-stroma interactions are involved in
physiologic and malignant invasion. Connections through cell
adhesion molecules, integrins, and cadherins stabilize tissue
integrity and provide survival and activation signals (31). Loss
of these connections is associated with increased metastatic
potential (32,33). Cell polarity and organization during
spreading and migration are regulated by cell interaction with
extracellular matrix (ECM) proteins through the integrin fam-
ily, and with other cells through the transmembrane glycopro-
teins, cadherins. Activation of these cell surface receptors
passes signals from the microenvironment to the intracellular
environment, thereby affecting cellular behavior. Differential
expression and activation of adhesion molecules has been
described as differentiating normal from malignant cells (32). 

Cadherins

Cadherins are transmembrane glycoproteins that mediate cell-cell
interactions in a fashion dependent upon extracellular calcium.
The intracellular domain of the cadherins form complexes with
the catenin family of cytoplasmic proteins (34). Cadherin-
catenin complexes are linked to the cytoskeleton through
direct interactions between �-catenin and �-actinin (35).
Interaction with the ECM thus transmits signals intracellu-
larly via cadherin/catenin complexes, thereby affecting both
structural morphology and functional differentiation.

E-cadherin is the most extensively studied member of the
family. E-cadherin functions as a metastasis-suppressor molecule
in several types of carcinomas (36). Loss of E-cadherin expres-
sion is associated with an invasive phenotype. A transgenic
mouse model of pancreatic islet cell carcinoma demonstrated
that loss of E-cadherin was associated with early invasion and
metastasis (37). The role of E-cadherin is less defined in ovarian
cancer, based on its variable patterns of expression. In contrast
to other normal epithelial cells, normal ovarian surface epithe-
lium (OSE) rarely expresses E-cadherin (38,39), whereas acti-
vated metaplastic OSE cells and primary ovarian cancers often
express this protein. E-cadherin protein expression is then lost
as tumors become more poorly differentiated or increase their
metastatic potential (37). E-cadherin expression becomes
scant or absent in metastases, consistent with its description as
a metastatic suppressor (36,40–42). Exogenous expression of
E-cadherin in OSE cells induced expression of markers asso-
ciated with preneoplastic and metaplastic OSE (43). Hence,
alterations associated with control of E-cadherin could facili-
tate invasion in malignancy.

Integrins

The integrins are transmembrane glycoproteins composed of
noncovalently linked �- and �-subunit heterodimers. Integrins
serve both as cell adhesion molecules and as signaling mole-
cules regulating apoptosis, proliferation, invasion, metastasis,
angiogenesis, and survival. A variety of extracellular matrix
proteins interact as ligands, including collagens, laminin,
tenascin, fibronectin, vitronectin, von Willebrand’s factor, and
thrombospondin (44). Matrix engagement is an important
stimulus of invasive behavior, signaling through integrins
to activate focal adhesion kinase (FAK), phosphatidylinositol
3�-kinase (PI3K) and the AKT/protein kinase B pathway.
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Feedback interdependence between these proteins was demon-
strated experimentally when overexpression of AKT2 in ovar-
ian cancer led to up-regulation of �1 integrins and resulted in
increased invasion and metastasis (45). 

Integrins also exhibit the capability of serving as mechanore-
ceptors, allowing for the translation of mechanical external sig-
nals into biochemical messages such as during collagen matrix
contraction (46). The �v�3 integrin plays a fundamental role in
angiogenesis, invasion, and survival. Its activation initiates a
calcium-dependent signaling pathway, leading to an increase in
cell motility and survival signals. This integrin is expressed on
epithelial, endothelial, and uterine smooth muscle cells, as well
as leukocytes. �v�3 integrin is expressed minimally in normal
or resting blood vessels and is up-regulated both on activated
vascular endothelium and tumor epithelium, suggesting a role
in tumor proliferation as well as angiogenesis (47–51). There is
elevated expression of �v�3 in cervical cancers (52) and ovarian
cancers (53), that shows an increasing gradient of expression as
cells progress from LMP tumors to invasive epithelial cancers
(54). Cross talk may occur between the �v�3 integrin and the
tyrosine kinase domains of angiogenic growth factor receptors,
amplifying downstream activation of survival and proliferation
cascade (55,56). Agents directed against integrins have been
tested in a variety of models, with clinical results still forthcom-
ing. Examples of these agents can be found in Table 4.1.

Proteolysis

Local proteolysis occurs in both the tumor and stromal com-
partments. The process of intravasation and extravasation
depends upon the ability to secrete proteolytic enzymes
required to degrade the barriers within the extracellular matrix.
Overexpression of such enzymes occurs in almost all cells
within the tumor-host microenvironment (30). Degradation of
the basement membrane is affected by net proteolytic activity
that is determined by the balance of activated proteolytic
enzymes and their inhibitors. A positive correlation with
tumor aggressiveness has been shown for a variety of degrada-
tive enzymes, including heparanases and seryl-, thiol-, and
metal-dependent enzymes (57–59). Proteolytic behavior may
therefore be a logical molecular target to interrupt the invasive
and metastatic process in malignancy.

Matrix Metalloproteases

Matrix metalloproteases (MMPs) are a family of neutral met-
alloenzymes secreted as latent proenzymes. They require cleav-
age of the amino-terminal domain, and their activity depends
on the presence of Zn2� and/or Ca2� (60). There are five sub-
classes grouped according to substrate specificity: interstitial
collagenases, gelatinases, stromelysins, membrane-type MMPs,
and elastases. Increased MMP activity has been detected in and
shown to correlate with invasive and metastatic potential in a
wide rage of cancers, including gynecologic, lung, prostate,
breast, and pancreatic cancers (30,61–63). Epithelial ovarian
carcinoma cells derived from primary ovarian tumors, metastatic
lesions, or ascites overexpressed MMP-2 (gelatinase A) and
MMP-9 (gelatinase B) (64). Increased MMP-2 expression was
observed in cervices with high-grade cervical intraepithelial
neoplasia (CIN) and invasive cervical carcinoma when com-
pared to normal and low-grade CIN cervices (65). Expression
of MMP-13 (collagenase-3) is abundant in vulvar carcinomas
metastatic to lymph nodes. MMP-13 was associated with
tumor-cell expression of MTI-MMP and stromal-cell expres-
sion of MMP-2 (66). Therefore, MMPs may serve as useful
markers for detection of disease and/or as targets for therapeu-
tic intervention to prevent tumor progression.

The activity of MMPs is regulated by a family of five proteins
known as the tissue inhibitors of metalloproteases (TIMPs).
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In concert with MT1-MMP, TIMP-2 can regulate activation of
MMP-2, whereas it can also directly inhibit MMP-2 function
(67). The balance between levels of activated MMPs and free
TIMPs determines the balance between matrix degradation
and matrix formation. Altering this equilibrium affects the
progression of the invasive phenotype. Immunohistochemistry
of MMP-2 and TIMP-2 in endometrial tumors showed that the
quantity of MMP-2 increased with histologic grade, while
TIMP-2 decreased (68). This pattern of MMP and TIMP
expression correlated clinically, serving as indicator of local
and distant metastasis. Similar data for MMPs and their
inhibitors were found in ovarian cancer (69).

TIMPs have independent activities as well. TIMP-2 inhibits
basic fibroblast growth factor-induced stimulation of endothe-
lial-cell proliferation independent of its ability to inhibit MMP
activity (70). TIMP-1 and TIMP-2 have been shown to inhibit
tumor-induced angiogenesis in experimental systems (71) and
to have antiapoptotic activity in lymphomas (72). Such infor-
mation has led to development of novel agents affecting the
expression or activity of MMPs and TIMPs. Multiple syn-
thetic inhibitors of MMPs have been studied in preclinical and
clinical trials (73,74) demonstrating a variety of antineoplastic
effects that have not translated successfully to the clinic.
Clinical response to the MMP inhibitor class has been disap-
pointing either from lack of activity and/or unexpected toxic-
ity. A new generation of inhibitors has been developed and is
reaching clinical testing (see Table 4.1 for examples) (75).

Serine Proteases

Plasminogen activators (PAs) are serine-specific proteases that
convert inactive plasminogen to active plasmin, a trypsin-like
enzyme that degrades a variety of proteins, including fibrin,
fibronectin, type IV collagen, vitronectin, and laminin. Plasmi-
nogen activator exists in two forms: tissue-type plasminogen
activator (tPA), the primary plasminogen activator in plasma,
and urokinase plasminogen activator (uPA). uPA is involved
primarily in cell-mediated proteolysis during macrophage
invasion, wound healing, embryogenesis, and metastasis (76).
Production of uPA in ovarian carcinoma cells is reported as
17- to 38-fold higher than that found in normal ovarian
epithelial cells (77,78). The role of uPA in ovarian cancer has
been shown in preclinical models. Its production is stimulated
by multiple ovarian-cancer-derived growth factors, such as
lysophosphatidic acid (79). Approaches to molecular targeting
of uPA and its related family of regulatory molecules are
undergoing preclinical evaluation. New inhibitory agents
directed to uPA include bikunin and soybean kunitz inhibitor,
which block messenger RNA (mRNA) and protein expression
of uPA, and down-regulate uPA through Src-dependent signal-
ing pathways, respectively (80–82).

Cellular Events Promoting Invasion

ras Family

The ras family of oncoproteins is a group of integral modulators
of signal transduction pathways and its members are potent
inducers of mitogenesis and invasion (83). K-ras mutations have
been found in 50% of mucinous ovarian cancers and 40% of
LMP tumors, but are generally uncommon in serous ovarian
cancers (84). Approximately 10% to 30% of endometrial can-
cers show K-ras mutations (85,86). H-ras mutations have been
associated with the progression of papillomavirus-induced
lesions in the uterine cervix (87). Mutated or overexpressed,
ras functions in invasion and angiogenesis in multiple ways.
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MOLECULAR THERAPEUTICS OF INVASION,
ANGIOGENESIS, AND METASTASIS 

TA B L E  4 . 1

Target Drug

AKT Perifosine
PX-316
A-443654

c-Kit Imatinib

Epidermal growth factor receptor (EGFR1) Cetuximab
Panitumumab
Matuzumab
Gefitinib
Erlotinib
Lapatinib
Vandetanib
Canertinib
Leflunomide

Heparanase PI-88

ERBB2 (HER2/neu) Trastuzumab
Lapatinib
Canertinib

Integrins Volociximab
Cilengitide 
Vitaxin
Endostatin
Angiostatin

Matrix metal oproteases (MMPs) Marimastat
COL-3
BAY 12-9566
MMI 270
ABT-518

mTOR/FRAP Temsirolimus
Rapamycin
RAD001

p53 ONYX-015

PI3K PX-866

Platelet-derived growth factor receptor Imatinib
(PDGFR) Sunitinib

Leflunomide

Protein kinase C-a (PKC-a) Bryostatin-1
UCN 01

Raf-kinase Sorafenib
ISIS 5132
ISIS 2503

Ras Tipifarnib
Lonafarnib
L-778123

Vascular endothelial growth factor Bevacizumab
(VEGF) VEGF trap

Vascular endothelial growth factor Sorafenib
receptor-1/2 (VEGFR-1/2) Vandetanib

Sunitinib

Angiogenesis (unknown targets) Thalidomide
Lenalidomide
IL-12
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Activators and
facilitators

Growth factors
Cytokines
Matrix molecules
Metalloproteinases

Physiologic inhibitors

Thrombospondin-1
16 kD Prolactin
Interferons
Angiostatin
Endostatin
Platelet factor-4
TIMPs 

Pharmacologic
inhibitors

Bevacizumab
Sorafenib
Thalidomide
Rapamycin
Tipifarnib

FIGURE 4.3. Schematic representation of angio-
genesis. Vascular homeostasis represents a balance
between physiologic activators and inhibitors of
vessel formation. This balance is disrupted in
cancer. Pharmacologic agents have been targeted
at various elements of the angiogenic cascade in
attempts to shift the balance away from an envi-
ronment favorable to cancer.

Several ras family members have been shown to regulate angio-
genesis. Colorectal carcinoma cell lines constitutively expressing
K-ras- and H-ras-mutant cell lines had increased VEGF expres-
sion (88). H-ras induction of VEGF expression was mediated by
TGF-� and basic fibroblast growth factor (bFGF), both of which
are potent proangiogenic growth factors produced in tumor
autocrine and paracrine loops (89). Therapeutics inhibiting far-
nesyltransferase (FTase) proteins such as RAS can decrease
VEGF expression in vitro and in vivo (90), suggesting that far-
nesyltransferase inhibitors (FTIs) may have a multifunctional
role in cancer treatment (Table 4.1). FTIs are an evolving family
of agents under investigation.

BIOLOGY OF ANGIOGENESIS

New Vessel Formation

Blood Vessels

Angiogenesis is a rate-limiting step in the growth of tumors
and in the development of metastases (91,92). Tumor growth
is limited by nutrient requirements and waste removal, and
metastasis depends on tumor cells’ access to the vasculature
for dissemination (92–95). Net tumor volume represents a
balance between cellular proliferation and cell death. Lack of
angiogenesis limits growth, creating a balance between prolif-
eration and death rates (Fig. 4.3) (93). A tumor mass larger
than 0.125 mm2 exceeds its capacity to acquire nutrients by
simple diffusion. Further expansion of the tumor mass
requires new blood vessel formation (11).

The formation of tumor neovasculature consists of multi-
ple, interdependent steps similar to the process of invasion
(96). Activation of endothelial cells by stimuli such as injury or
inflammation, and tumor secretion of proangiogenic cytokines
and growth factors, induces expression of a pro-invasive phe-
notype in the endothelial cells. This is manifest by local degra-
dation of the capillary basement membrane, followed by
endothelial-cell invasion into the surrounding stroma and

migration of endothelial cells in the direction of the angiogenic
stimulus. Proliferation of endothelial cells occurs at the leading
edge of the migrating column, and the endothelial cells begin to
organize into three-dimensional structures to form new capil-
lary tubes (3,97). The switch of endothelial cells from quies-
cent to activated is regulated by angiostimulatory and angio-
static signals (91). These include cytokines, fibrin, and
integrins (98–101). These different angioregulatory processes
have been targeted for therapeutic inhibition in cancer and
inflammatory diseases. The results of these efforts are promis-
ing, as some cancers are highly responsive to antiangiogenic
therapy. Investigators are characterizing a number of new mol-
ecular pathways that may be involved in the process of angio-
genesis. Examples of these pathways include the ephrin (102),
notch (103), hedgehog (104), sprouty (105), roundabouts (106),
and slits pathways (106). These may prove to be novel sites for
molecular targeting (Table 4.1 and Fig. 4.3). 

Lymphangiogenesis

Tumors frequently metastasize to lymph nodes. The lymphatic
system is composed of ducts ending in lymphatic capillaries anal-
ogous to the blood circulatory system. Lymphangiogenesis is
the process of forming new lymphatic vessels. It is similarly a
dynamic system and undergoes remodeling. A tumor, there-
fore, may prompt formation of its own lymphatic drainage by
secreting factors stimulating lymphangiogenesis (107). The
cytokines and receptors for lymphangiogenesis, described in
the next section, are analogous to, yet distinct from, those
involved in new blood vessel formation. Our understanding of
this process is in its infancy, but the identification of lymphatic-
specific markers has provided initial structural insights (108).

Angio-Immunology (Vascular Leukocytes)

An alternative model of neoangiogenesis proposes that tumor-
infiltrating leukocytes can be stimulated to differentiate into
endothelial cell precursors (109). Typically, leukocytes express
CD45 but not VE-cadherin, while endothelial cells have
VE-cadherin but not CD45 (110). A distinct population of
cells was isolated from primary cases of stage III ovarian cancer
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based on their expression of these two markers: those that
expressed markers of both leukocytes (CD45) and endothelial
cells (VE-cadherin) (110). Such cells also expressed vascular
endothelial growth factor receptor-2 (VEGFR2) and formed
vessel-like structures when stimulated in vitro with VEGF
(110). New blood vessels, therefore, may be derived from two
distinct yet interrelated pathways, each under the influence of
VEGF. The proposed vascular leukocytes may provide addi-
tional targets for therapeutic intervention based on their
unique pattern of cell surface markers.

Growth Factors Promoting Angiogenesis

Vascular Endothelial Growth Factor

VEGF, described initially as vascular permeability factor, was
purified from ovarian cancer xenograft ascites (98,111). Five
isoforms of VEGF have been identified (A through E). VEGF-A,
-B, and -E stimulate angiogenesis by binding VEGFR1 (VEGF-A
and -B) or VEGFR2 (VEGF-A and -E); isoforms -C and -D sig-
nal through VEGFR3 to stimulate lymphangiogenesis (108).
VEGFs are mitogens for vascular endothelial cells, induce capil-
lary tube formation, cause increased vascular permeability and
protein extravasation, stimulate endothelial-cell migration, and
promote endothelial-cell survival (112). They have critical roles
in normal gynecologic function, including endometrial cycling,
ovarian follicle maturation, and corpus luteum formation and
regression (113). VEGF-A also functions in gynecologic
pathologies, including endometriosis (114) and polycystic ovar-
ian disease (115). VEGFs are products of known tumor-growth-
factor signaling cascades, such as the lysophosphatidic acid
(LPA), NF-kB, and PI3K pathways in ovarian cancer (116–118).
Expression is up-regulated in a variety of tumors, including most
gynecologic malignancies, and correlates with poor outcome
(119,120). Tumor cells, stromal support cells, and endothelial
cells express VEGFs, indicating that they are paracrine media-
tors of angiogenesis in cancer. Both primary and metastatic ovar-
ian carcinoma cells can coexpress VEGFs and VEGF receptors
1 (Flt) and 2 (KDR), thus providing autocrine stimulation (121).
This was the first example of localization of VEGFR2 expres-
sion in nonendothelial cells.

A strong correlation exists between the degree of vasculariza-
tion of a tumor and VEGF expression (122). Circulating VEGF
concentrations may be influenced by numerous factors including
hormones, cytokines, and hypoxia that affect the expression of
VEGF protein and mRNA (123–125). Plasma and urine concen-
trations of VEGF increase during tumor progression. In a study
of advanced epithelial ovarian carcinomas, patients with tumors
expressing higher levels of VEGF had shorter survival (126) and
concordant results were found with serum levels of VEGF (120).
This growth factor accumulates in malignant ascites and con-
tributes to increasing the ascites burden through its effects on
vascular permeability (127,128). The role of VEGF in malignant
ascites of ovarian cancer has been exploited therapeutically in
several studies, which noted decreases in ascites volume after
treatment with bevacizumab, the anti-VEGF monoclonal anti-
body (129–132). Thus, VEGF is a prognostic factor and molec-
ular target for gynecologic malignancies.

Epidermal Growth Factor

Epidermal growth factor (EGF) is a potent mitogen and
chemoattractant for many tumor types, stromal cells, and
endothelial cells (133). It is a prototype for successful targeting
of growth-factor pathways in the era of molecularly targeted
therapeutics. EGF expression has been correlated with malig-
nant invasion and angiogenesis in a variety of tumors
(133–136). This is a pathway subject to positive feedback,

since tumors that produce and secrete EGF can up-regulate
expression of EGF receptor (EGFR) in the local vasculature.
This phenomenon was associated with an antivascular and
antitumor response to EGFR inhibition (137). This may be an
important site of intervention, but can also lead to a mecha-
nism for escape from single molecular targeted therapies, for
example, by tumor production of bFGF when VEGF is down-
regulated (138,139).

The EGFR pathway may be important in gynecologic can-
cers. Ovarian cancer patients with circulating EGF concentra-
tions below 1 ng/mL had significantly better survival than those
with higher EGF concentrations (140). Increased expression of
EGF receptors ErBB1/HER1(EGFR) and ErBB2/HER2/neu was
associated with increased metastasis and reduced survival in
ovarian carcinoma (140–142). Concurrent expression of EGF-
related proteins such as EGFR and cripto ligand correlated with
stage of serous and clear cell ovarian cancers at surgery (143). 

EGFR antagonists have putative antiangiogenic activity.
ERBB2 (HER2/neu) is expressed at a lower level in gyneco-
logic malignancies as compared to breast cancer, but is
nonetheless a poor prognostic factor (141). Overexpression of
ERBB2 in cultured cells has been shown to overcome thera-
peutic inhibition of EGFR kinase owing to shifting the balance
from EGFR homodimers to ERBB2 heterodimers that retain
signaling capacity (144). Laboratory investigation and clinical
targeting of this class of agents is complicated by the potential
of members of the EGFR (HER) family of receptors to het-
erodimerize. Gefitinib is an oral EGFR inhibitor that was
studied in phase 2 trials in ovarian cancer, but was ineffective
in achieving objective responses or stabilization of disease
(145,146). Thus, it may be important to evaluate the expres-
sion of the family of receptors and/or to identify expression of
the family of ligands to optimize therapeutic intervention of
this pathway. Optimal intervention may require combinations
of inhibitors that target multiple family members or multiple
approaches to inhibition such as simultaneous inhibition of
both ligand binding and kinase signaling.

Platelet-Derived Growth Factor

Platelet-derived growth factor (PDGF) expression has been
demonstrated in epithelial ovarian carcinomas but not border-
line ovarian tumors (147). PDGF is a dimeric protein com-
posed of two closely related A- and B-chain polypeptides
encoded by independent genes (148). The dimer is a multi-
functional cytokine that acts in an autocrine and paracrine
fashion in ovarian cancer and angiogenesis. Three isoforms of
PDGF (AA, AB, and BB) bind to two distinct receptors,
PDGFR� and -� (149). PDGF and its receptors promote
tumor angiogenesis (123,150,151). PDGF stimulates migration
of endothelial cells by increasing transcription and secretion of
VEGF by PDGFR�-expressing endothelial cells; activation of
PI3K is important for this response (123). Similarly, PDGF-BB
induced VEGF expression in vascular smooth muscle cells and
support cells through activation of the PI3K-AKT pathway
(152). In addition, PDGF-mediated secretion of VEGF pro-
tected endothelial cells in vitro from apoptosis caused by
serum starvation, indicating an indirect role of PDGF in sup-
porting tumor angiogenesis through activation of survival
pathways (152). There is a greater expression of PDGF and
PDGFR� and -� genes in ovarian cancer than in normal
epithelial ovarian cells and borderline tumors (149,153).
PDGF and PDGFR� were detected by immunohistochemistry
in 73% and 36% of malignant tumor samples, respectively,
but no staining occurred in normal ovarian surface epithelial
(OSE) cells or benign tumors (149). Furthermore, those
patients without detectable PDGFR� had a 76% chance of
survival at 40 months, equivalent to that of patients with
early-stage ovarian cancer. Stromal expression of PDGFR�
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supports its role in angiogenesis (31,149). Imatinib is an
oral inhibitor of PDGFR in addition to bcr-abl and c-KIT,
and has been approved for treatment of chronic myeloge-
nous leukemia and gastrointestinal stromal tumors (154).
Preclinical studies demonstrating that imatinib inhibited the
PDGFR kinase led to the hypothesis that it could have
antiangiogenic activity and potentially direct anticancer
activity (155). This hypothesis was not borne out in phase 2
trials, which showed no clinical benefit of single-agent ima-
tinib in ovarian cancer (156,157).

Intracellular Signals Promoting Angiogenesis

p53

p53 regulates multiple cellular functions including gene tran-
scription, DNA synthesis and repair, apoptosis, angiogenesis,
invasion, and metastasis (158,159). p53 is mutated in over
half of all human cancers (160), including ovarian (161,162),
endometrial (163), and cervical cancers (164). p53 has been
linked to angiogenesis through several intermediates. Loss of
wild-type p53 can down-regulate thrombospondin-1, an ECM
protein and potent inhibitor of angiogenesis. Higher levels of
thrombospondin-1 expression were demonstrated in fibrob-
lasts with wild-type p53, whereas loss of p53 was associated
with a decrease in thrombospondin-1 (165). An inverse rela-
tionship between thombospondin-1 expression and angio-
genic activity was also found. The migration of endothelial
cells and cancer cell lines grown in media from wild-type p53
fibroblasts was abrogated by antibody against throm-
bospondin-1. Thus, one mechanism of p53-mediated angio-
genesis is its regulation of thrombospondin-1.

VEGF is downstream of p53 regulation through several
mechanisms. First, hypoxia induces VEGF expression via multi-
ple intermediates, such as hypoxia-inducible factor-1� (HIF-1�)
and src (166–168). Hypoxia-induced src-mediated overexpres-
sion of VEGF may be augmented by mutant p53 (167). Cell lines
containing mutant p53 expressed 80% less VEGF than those
with wild-type p53. Overexpression of src increased VEGF in
cells with p53 mutations, but wild-type p53 had a dominant
effect, causing a net decrease in VEGF expression (167).
Secondly, coexpression of MDM-2 with p53 correlates with
increased VEGF expression in angiosarcomas (169). Eighty per-
cent of the angiosarcomas showed elevated expression of both
MDM-2 and p53 and had increased VEGF expression. Mutant
p53 also has been shown to act through the protein kinase C
pathway to increase VEGF expression (170,171). Thus, several
mechanisms for p53-regulated VEGF expression exist, suggesting
a key role for p53 in the modulation of angiogenesis.

Biology of Metastasis

Intravasation occurs first in the progression toward metastasis.
The tumor cell must migrate toward and adhere to the stromal
side of the vascular basement membrane, degrade the matrix at
that local site, migrate through the damaged basement mem-
brane, and interpolate between endothelial cells in order to
enter the vasculature (Fig. 4.2). Circulating tumor cells cannot
complete the process of metastatic dissemination without
reversing the process, extravasating at a favorable secondary
site. That, coupled with stimulation of local angiogenesis and
tumor cell proliferation, leads to a metastatic focus. All these
events are programmed into the cell. However, the metastatic
cascade is a very inefficient process. Although millions of
tumor cells are shed into the circulation system daily, less than
0.01% of the shed cells successfully lead to metastases (172).
Such heterogeneity in metastatic competence implies that

not all patients with circulating tumor cells will develop
detectable metastatic disease. Thus, insight into these biologi-
cal mechanisms may lead to new and better therapeutic targets
and interventions.

Migration

Neoplastic cells migrate from the primary tumor mass and
successfully traverse tissue barriers to induce metastasis to a
site distant from the primary tumor (Fig. 4.1). This may
involve simple cell locomotion from the primary into the
interstitial stroma and subsequent shedding as seen in early
ovarian cancer spread. Alternatively, it may require penetra-
tion and proteolysis of tissue obstacles, as occurs in active
invasion. Furthermore, tumor cells have to survive the stage of
vascular transport and arrest in the capillary bed of distant
organs to engage in a second round of invasion and extravasa-
tion, whereby neoplastic cells exit from the vessel lumen into
the surrounding stromal tissue (173). This key step in the cas-
cade of events composing the invasive process of angiogenesis
and metastasis is endothelial-cell and tumor-cell migration.

Chemokines and Growth Factors Promoting
Metastasis

In order to achieve locomotion, cancer cells must initiate and
maintain a complicated dynamic consisting of coordinated
pseudopodal extension and attachment coupled with cell
translocation and detachment. Tumor cells respond to a number
of stimuli including host-derived motility and growth factors,
extracellular matrix components, and tumor-secreted autocrine
factors. Examples of these include the insulin-like growth factors
(IGF-I, IGF-II), hepatocyte growth factor (HGF, also known
as scatter factor) (174), fibroblast growth factors (FGFs), and
PDGFs (175). ECM proteins or fragments may also stimulate
chemotaxis (176–178). Some of these ECM fragments, such as
endostatin and angiostatin, can have inhibitory activity
(179,180). Thus, the dynamic process of migration is the bal-
ance of positive and negative regulatory influences in the local
environment. This process stops in physiologic migration
when sufficient events have occurred. Regulation of migration
is aberrant in malignancy, allowing for progression of the
metastatic phenotype. Advancements in our understanding of
autocrine and paracrine stimulation of migration have uncov-
ered new molecular targets for therapeutic interruption. 

Autotaxin

The concept and role of autocrine growth factors is a long-
standing and well-accepted biologic event. Some growth factors
support motility and survival. Autotaxin (ATX) is a potent
motility-stimulating glycoprotein that acts on both the tumor
and the extracellular environment (181,182). ATX has been
shown to stimulate tumor-cell migration, endothelial-cell migra-
tion and tube formation, and angiogenesis (183). ATX is linked
to the production of lysophosphatidic acid (LPA) in the cellular
microenvironment, cleaving lysophosphatidylcholine (LPC) to
release LPA. It is thus an important component of the LPA regu-
latory pathway and a novel extracellular molecular target.

Lysophosphatidic Acid

LPA is a lipid that was initially characterized as a factor prop-
agating ovarian cancer cells in ascites (184,185). It has been
proposed as both a biomarker for diagnosis and a potential
target for therapy of ovarian cancer (186). LPA is known to
induce tumor and endothelial cell proliferation, migration,
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and survival through its stimulation of the PI3K pathway in
ovarian cancer (185,187). Interestingly, one study with ovar-
ian cancer cells in vitro showed that LPA-induced migration
could be inhibited by alendronate, a commercially available
bisphosphonate (188). The receptor for LPA is a G-protein-
coupled receptor; since G-protein-coupled receptors are the
most successfully druggable targets (189), agents inhibiting
the LPA receptor are in development (190).

Intracellular Signals Promoting Metastasis

Anoikis, or homelessness, is defined as apoptosis that occurs
from loss of adhesion-linked survival signals (191). Malignant
cells surviving in effusions or ascites have developed mecha-
nisms to overcome anoikis. Ovarian cancer cells must develop
such survival mechanisms early in their progression since
malignant ascites and effusions occur before parenchymal
metastases, in contrast to most other solid tumors. A molecu-
lar pattern of this process has been detected in ovarian cancer
cells harvested from malignant effusions (192). Anoikis can be
overcome by constitutive activation of the survival signals
through genomic, transcriptional, and protein activation
events that no longer depend on the “home” extracellular
environment. These signals allow metastasis to occur.
Malignant tumors consist of phenotypically heterogeneous
populations that differ in their capacity to invade surrounding
tissue, induce angiogenesis, and travel to distant sites
(92,95,193). As with cellular transformation, loss of function
and gain of function events have been demonstrated in the
regulation of metastatic suppression and promotion. 

PIK3CA

PIK3CA encodes the p110� catalytic subunit of PI3K. It has
been implicated in ovarian carcinogenesis and may act syner-
gistically with RAS-mediated pathways to increase cell motil-
ity and metastasis (194). The PI3K p110 catalytic subunit
shows increased gene copy number that results in increased
transcription and translation of PIK3CA in ovarian cancer cell
lines and patient samples, and that signal is transmitted
through overactivation of the PI3K p85 regulatory subunit.
This in turn activates the AKT pro-survival pathway and pro-
vides protection from anoikis in the absence of integrin
engagement (46,194–196). Further, PI3K has lipid kinase
activity wherein it phosphorylates phosphatidylinositol 4,5-
phosphate (PIP2) to generate PIP3, a regulatory molecule for
several other pathways involved in adhesion and motility such
as phospholipase C-� (PLC-�), which is involved in the
detachment process required for motility (197). 

PTEN

PTEN (phosphate and tensin homolog) has been identified as
a tumor- and metastasis-suppressor gene. Loss-of-function
mutations of PTEN that result in the loss of the catalytic
domain have been found in multiple human tumors including
endometrial and ovarian cancers (196,198,199). It encodes a
tyrosine and lipid phosphatase (200) that inhibits cell migra-
tion, spreading, and focal adhesion, in part by dephosphory-
lating focal adhesion kinase (FAK). A significant decrease in
integrin-mediated cell spreading and focal adhesion formation
in vitro was associated with a 60% decrease in tyrosine phos-
phorylation of FAK in PTEN-overexpressing cells (201). Cell
invasion, migration, and growth were down-regulated by
expressing PTEN in an ovarian cancer cell line, confirming

the metastatic suppressor phenotype (201). PTEN is also
important as a regulator of survival pathways. Loss of PTEN
function leaves PI3K and AKT in their activated states, driving
the pro-invasive, pro-angiogenic, and pro-survival pathways.
Thus, PTEN activity is a critical step in metastasis regulation.

NOVEL TECHNOLOGIES TO
STUDY MOLECULAR

MECHANISMS OF METASTASIS 
Advances in technology are yielding new genes and new
directions for studying the molecular mechanism of inva-
sion, angiogenesis, and metastasis. To date, this information
has been gained through examination of cultured cells and
through animal models. Analysis from metastatic cell popu-
lations as they exist in their native environment may provide
new insight into additional genes, proteins, and signal trans-
duction pathways critical to oncogenic events. Several tech-
nologies have been developed that may aid in the direct
evaluation of cancer cells.

Microdissection

Laser capture microdissection has provided more control in
microdissection and markedly advanced our ability to evaluate
events ongoing in human gynecologic and other tumors (202).
Captured cells isolated from the appropriately fixed tissues can
be used for genomic, expression, and protein studies. In one
instance of the use of microdissected ovarian cancer cells from
fixed tissues, a 50% loss of heterozygosity at chromosomal
locus 8p21 was identified. This high rate of allelic loss, suggest-
ing the presence of a tumor-suppressor gene at that locus, was
missed by prior studies in which hand microdissection or no cell
selection was performed and has led to further studies to iden-
tify the putative suppressor gene (203). Advances in the field of
microdissection use immunohistochemistry guidance for identi-
fication of target cells (204) and have led to more precise inter-
rogation of ovarian tumor vasculature (205).

High-Throughput cDNA Screening

The use of frozen or ethanol-fixed tissues is optimal for gene
expression studies, and these products have been applied to
investigative and high-throughput screening techniques.
cDNA libraries from microdissected tissues have the advan-
tage of representing the genes expressed from a specific cell
population and can be compared to local stroma to discern
differential gene regulation in the microenvironment. A novel
growth factor, granulin-epithelin precursor (GEP), was identi-
fied as a possible ovarian cancer invasion gene from differen-
tial analysis of cDNA libraries from microdissected ovarian
tumor epithelium (206–208). This finding would have been
missed using nonmicrodissected cells since this gene is
expressed ubiquitously in stromal cells. Microdissected sam-
ples can be adapted to high-throughput gene expression pro-
filing by microarray analysis (209).

Proteomic Technology

New proteomic technologies applied to gynecologic cancer
tumors and serum samples can identify proteins and protein
pathways involved in the development and progression of these
cancers. High-throughput approaches for global unbiased
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searches can uncover protein family associations or signatures
(210). Application of surface-enhanced or matrix-associated
mass spectrometry with higher order bioinformatics and mass
sequencing is now being used to generate large volumes of
information related to the malignant process. This will advance
development of databases of proteomic information from
which target validation and therapeutic application can proceed
in a directed fashion.

We recently completed clinical trials applying tissue pro-
teomics to evaluate effects of targeted agents (145). The clini-
cal trials assessed the targeted activity of the EGFR-inhibitor
gefitinib and the c-kit/PDGFR inhibitor imatinib in patients
with recurrent ovarian cancer. Percutaneous 16- to 18-gauge
core needle tumor biopsies were obtained prior to beginning
therapy and after 4 weeks of treatment. Tumor and stromal
cells were separated using laser capture microdissection and
analyzed separately by tissue lysate arrays (TLA). Arrayed
samples were analyzed for the levels of EGFR and its activated
(phosphorylated) forms, as well as downstream signaling mol-
ecules AKT and extracellular-signal-regulated kinase (ERK),
and their activated forms. No clinical benefit was seen with
either agent, but the TLAs confirmed the targeted activity of
each drug. TLA results from both trials suggested that target
inhibition was present but that the blocked signal was not
essential for tumor growth, the level of inhibition was insuffi-
cient to completely prevent receptor signaling, and/or the
receptor function was unrelated to the malignancy at this
advanced and recurrent state of disease. Statistics did show,
however, a relationship for signaling parameter and clinical
toxicity by grade and by trend of toxicity. Increasing EGFR,
AKT, p-ERK, and p-EGFR moieties in tumor after treatment
were statistically significantly associated with increasing over-
all toxicity (p � 0.05), gastrointestinal toxicity (p � 0.05),
and skin toxicity (p � 0.029) (157). This illustrates the
strength of the tissue lysate array. These clinical trials demon-
strated the ability to incorporate invasive sample collection
and detailed biochemical analysis to confirm target modula-
tion and to correlate the biochemical proteomic events with
clinical and toxicity events.

CLINICAL APPLICATION:
THERAPY DIRECTED AGAINST

INVASION, ANGIOGENESIS, AND
METASTASIS

Molecular Targeted Agents: Monoclonal
Antibodies

Bevacizumab is a recombinant humanized version of the
murine antihuman VEGF monoclonal antibody. The VEGF-
neutralizing antibody inhibits VEGF-induced signaling, result-
ing in reduced angiogenesis and tumor growth. It has been
FDA-approved based on prolonging survival when given in
combination with chemotherapy in metastatic colon cancer,
and has activity in breast and lung cancer as well (211,212). As
a single agent, bevacizumab has been shown to prolong pro-
gression-free survival compared to placebo in a phase 
2 trial in renal cell cancer (213). Moreover, a phase 2 study
(GOG 170D) of bevacizumab in ovarian cancer demonstrated
a 17% response rate with an added 40% of patients having
stable disease in women treated with two or fewer prior thera-
pies (214). The addition of bevacizumab to front-line
chemotherapy and to maintenance therapy in epithelial ovar-
ian cancer is now being evaluated in a large phase 3 trial (GOG
218). Recent results from the GOG phase II trial of beva-
cizumab in cervical cancer are promising. NB  not publised yet.

Cetuximab is a recombinant chimeric antibody to EGFR1
that is presently approved for treatment of metastatic colon
cancer and unresectable head and neck cancer, with activity in
breast and non-small-cell lung cancer as well. As monother-
apy, cetuximab produced a 9% response rate in irinotecan
refractory colon cancer (215) and showed responses in head
and neck cancer (216). Cetuximab has also been effective as a
radiation sensitizer, prolonging survival (49 vs. 29 months) in
unresectable head and neck cancer treated with concomitant
radiation (217). It is being evaluated in advanced cervical can-
cer in combination with cisplatin (GOG 76DD) and with radi-
ation (GOG 9918). Panitumumab is a second-generation
human antibody to the extracellular domain of EGFR1 and
has been approved as last-line therapy in metastatic colon
cancer (218,219). Preclinical and early-phase clinical work is
pending for multiple other monoclonal antibodies that target
pro-angiogenic receptors and pathways.

ERBB2 (HER2/neu) is expressed in less than 10% of epethe-
lial ovarian cancer (EOC) and approximately 18% of uterine
papillary serous carcinoma (220,221). Trastuzumab is a mono-
clonal antibody to ERBB2 and prolongs survival significantly
in ERBB2 positive breast cancer in both the adjuvant and
metastatic settings (222,223). A phase 2 trial of trastuzumab in
recurrent ovarian cancer (GOG-160) showed only a 7.3%
response rate in 41 patients with ERBB2 overexpression (2� or
3� by immunohistochemistry) (224). It is presently under
study in a phase 2 trial in advanced endometrial cancer. 

Molecular Targeted Agents: Kinase Inhibitors

In addition to direct targeting of VEGF with bevacizumab, a
number of small-molecule inhibitors of the VEGF receptors
have been developed and have reached clinical trials.
VEGFR2 is the most commonly targeted. Preclinical data
have shown this approach to be active in reducing endothe-
lial-cell proliferation, migration, and vascular development,
and xenograft models have confirmed activity in a number of
solid tumors (225). 

Sorafenib is an oral Raf and VEGFR2 kinase inhibitor that
has been approved for treatment of metastatic renal cell can-
cer (226); it is presently being studied in a GOG phase 2 study
in ovarian cancer (GOG-170F). Gefitinib, an oral EGFR
inhibitor, was studied in phase 2 trials in ovarian cancer but
did not produce objective responses or stabilization of disease
(145,146). Imatinib, an oral inhibitor of bcr-abl, c-KIT, and
PDGFR, has been approved for treatment of chronic myeloge-
nous leukemia and gastrointestinal stromal tumors; it had no
activity in phase 2 trials of relapsed/refractory ovarian and
endometrial cancer (154,156,157). Lapatinib is an oral EGFR
and ERBB2 inhibitor that has activity in breast cancer
(227,228) and is being studied in a phase 2 trial in ovarian
cancer, among other malignancies. Sunitinib, a VEGFR and
PDGFR inhibitor, is approved for treatment of metastatic
renal cell cancer (229), while erlotinib, another EGFR
inhibitor, is approved as a single agent for treatment of
metastatic lung cancer (230) and in combination with gemc-
itabine for pancreatic cancer (231). Vandetanib, a dual EGFR
and VEGFR inhibitor, has been shown in preclinical work to
have activity in EOC (232) and is currently in a phase 2 trial
for recurrent ovarian cancer. Numerous other small molecules
targeting these pathways are presently under development.

Combination Therapy

Further refinement of targeted therapy is focused on the
hypothesis that inhibiting angiogenesis signals in combination
with each other or with chemotherapy may be more effective
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than when used as single agents. In an attempt to target the
VEGF pathway in vertical series, bevacizumab was combined
with sorafenib, as Raf-kinase is a downstream effector of
VEGFR2 (Fig. 4.4). A phase 1 trial of sorafenib and beva-
cizumab in combination has demonstrated a partial response
rate of 47% (7 out of 15 patients) in heavily pretreated EOC
(233). A phase 2 trial of bevacizumab combined with sorafenib
for ovarian cancer is accruing at the National Cancer Institute
as of this writing. Many other ongoing phase 2 clinical trials
are testing targeted agents combined with chemotherapy in
gynecologic malignancies (234). Trials are widely varied and
range from paclitaxel and carboplatin in combination with an
EGFR tyrosine kinase inhibitor or an anti-EGFR monoclonal
antibody, to proteasome inhibitor with irinotecan.

CONCLUSIONS
Continued scientific, epidemiologic, and clinical advances
are critically needed until successful, reproducible, and accu-
rate early detection of gynecologic tumors becomes routine.
Understanding the biology, regulation, and implications of
the process of invasion and angiogenesis will continue to
drive new biomarker and therapeutic target identification
and intervention. Similarity between dysregulated invasion of
angiogenesis and unregulated motility of metastasis allows
the potential for duality of intervention. The tumor’s inter-
action with its microenvironment becomes the focus for sci-
entific dissection and therapeutic application (31). Here, the
process of autocrine and paracrine regulation, signal pathway
activation, and cell-cell conversation are critical. The use of
the newer and high-throughput technologies to identify col-
lections of biologic targets rather than one gene or protein at
a time can make the process more streamlined and provide a
broader view of the interaction of events. Together, improved
understanding, study of events in the patient populations,
and cooperative and collaborative progress will allow us to
overcome invasion and metastasis, the major causes of mor-
bidity and mortality associated with gynecologic cancers.
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first direct evidence for the existence of cellular “oncogenes,”
which laid the groundwork for the field of cancer molecular
genetics, and was a discovery of sufficient magnitude to warrant
awarding of the Nobel Prize to Bishop and Varmus in 1989.

This brief history of cancer genetics comes full circle with
discoveries in 1973 that the Philadelphia chromosome repre-
sents a reciprocal translocation involving chromosomes 9 and
22 (8), in 1983 that this translocation results in the constitu-
tive activation of the cellular oncogene c-abl (9), and in 2001
that a specific inhibitor of the ABL tyrosine kinase (Gleevec) is
associated with extraordinary efficacy in the treatment of a
subset of patients with leukemias harboring the Philadelphia
chromosome (10). Although this “bench to bedside” success
story is so far the exception rather than the rule, the molecular
genetic basis of cancer has been defined in sufficient detail to
allow an unprecedented optimism that we will eventually
attain a thorough understanding of the molecular etiology of
cancer. Although the number of genes that may be mutated
and contribute to the development of the various cancer types
is large, perhaps in the hundreds, the problem is clearly not
intractable. Recent successes in elucidating the sequence of the
human genome and in using comprehensive gene expression
profiles to classify human malignancies in clinically relevant
contexts contribute to this optimism. As our understanding of
the molecular pathogenesis of cancer evolves, it is reasonable to
assume that this knowledge will facilitate the development of
new approaches to prevention, early diagnosis, and treatment.

GENETIC PARADIGM 
OF TUMORIGENESIS

All cancers are genetic in origin in the sense that the driving
force of tumor development is genetic mutation. A given
tumor may arise through the accumulation of acquired
(somatic) mutations or through the inheritance of a muta-
tion(s) through the germ line followed by the acquisition of
additional somatic mutations. These two genetic scenarios dis-
tinguish what are colloquially referred to as “sporadic” and
“hereditary” cancers, respectively (Fig. 5.1).

Although alterations in gene expression also contribute to
the malignant phenotype, the sequential mutation of cancer-
related genes leading to outgrowth of a clonal population of
cells is the major determinant of whether a cancer develops as
well as the time required for its development and progression.
The data supporting this multistep genetic paradigm are
extensive (11,12), but perhaps the most compelling evidence is
that the age-specific incidence rates for most epithelial tumors
increase at roughly the fourth to eighth power of elapsed time,
suggesting that a series of four to eight genetic alterations are

HISTORICAL PERSPECTIVE
Discoveries over the past three decades have brought us to a
new frontier in cancer research that is founded upon the iden-
tification and understanding of the basic cellular processes
that become disrupted during cancer development. Historically,
numerous empirical models have been proposed to explain the
etiology of cancers. Attention has focused on viruses, environ-
mental agents, chemical carcinogens, and congenital predispo-
sition. We now know that all of these factors may contribute
to carcinogenesis by disrupting genes whose products are
involved in regulating cell proliferation, senescence, death,
and the ability to invade and survive in ectopic locations.
Most cancers are believed to arise from a single progenitor cell
that has sustained mutations in several of these critical genes (1).

The genetic basis of human cancer development was
implied by the work of some of the earliest cell biologists and
is now considered among the most robust of biologic para-
digms. In the mid-19th century, the great German pathologist
Rudolph Virchow recognized that metastatic cancer cells
resemble those of the corresponding primary tumor, and in the
course of developing his cell theory, postulated that all cells of
a cancer may arise from a single progenitor (2). Thus, the neo-
plastic phenotype is heritable from one tumor cell generation
to the next, prompting the famous aphorism widely attributed
to him, “omnis cellulae cellula” (every cell from a cell). In the
early 1900s, Theodor Boveri extended this concept to the
cytogenetic level, suggesting that gains and losses of specific
chromosomes might lead to abnormal cell division and other
aspects of the cancer phenotype. In his remarkable landmark
treatise, Zur Frage der Entstehung Maligner Tumoren (On the
Origin of Malignant Tumors), Boveri initiated the age of can-
cer genetics, presaging the existence of tumor-suppressor
genes, oncogenes, cell cycle checkpoints, multistep tumor pro-
gression, cancer predisposition through tumor-suppressor
genes, the clonal origin of tumors, and other aspects of the
neoplastic phenotype (3).

It required another half century, however, for Boveri’s pre-
dictions to begin to be realized, with the discovery by Nowell
and Hungerford in 1960 of a specific chromosomal transloca-
tion (the Philadelphia chromosome), which is characteristic of
chronic myeloid leukemia (4). Nowell later provided a
detailed and modernized version of the earlier notion of
Virchow and Boveri that tumors are monoclonal with his the-
ory on the clonal evolution of tumor cell populations (5). At
this time in the mid-1970s, the stage was now set for the dis-
covery by Bishop and Varmus that genetic sequences homolo-
gous to the transforming gene (v-src) of an avian cancer
retrovirus exist in the host chicken genome (6), and indeed in
the genomes of vertebrates including humans (7). This was the
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rate limiting for cancer development (12). Additionally, it
would seem rather self-evident that the well-characterized
histopathologic progression of several common tumor types,
for example, through hyperplasia, dysplasia, carcinoma in
situ, and invasive carcinoma, reflects this multistep, multi-
genic model at the morphologic level.

Genetic alterations in cancer cells occur in two major fami-
lies of genes: oncogenes and tumor-suppressor genes. Proteins
encoded by oncogenes may generally be viewed as stimulatory
and those encoded by tumor-suppressor genes as inhibitory to
the neoplastic phenotype. Gain-of-function mutations resulting
in the activation of “protooncogenes” to oncogenes and loss-
of-function mutations resulting in the inactivation of tumor-
suppressor genes both are requisite for cancer development.
Protooncogene mutations are nearly always somatic, presumably
because such cellular dominant mutations in the germ line are
incompatible with normal development. Two known exceptions
involve the RET and MET protooncogenes, mutations of which
may be inherited through the germ line, predisposing to multiple
endocrine neoplasia type II (13) and papillary renal carcinoma
(14), respectively. Tumor-suppressor gene mutations may be
inherited or acquired somatically, and nearly all hereditary cancer
syndromes for which predisposing genes have been identified
are linked to mutant tumor-suppressor genes. Genes encoding
proteins involved in various pathways of DNA repair have been
proposed to represent a third class of genes involved in cancer
development (15), but, as will be discussed below, these genes
possess many of the features of tumor-suppressor genes and are
considered as such in this chapter.

A human cancer represents the endpoint of a long and
complex process involving multiple cellular changes in geno-
type and phenotype. Human solid tumors generally are mono-
clonal, with every cell in a given cancer having arisen from a
single progenitor cell. This does imply that all cells of a tumor
are genetically identical, as the genetic instability characteris-
tic of most malignancies results in substantial genetic hetero-
geneity as clonal evolution occurs (16). Clonal evolution, or
clonal expansion (Fig. 5.2), is the process through which a cell
and its offspring sustain and accumulate multiple mutations
with the stepwise selection of variant sublines (5,17). A long-
term goal of studying the molecular genetics of a particular
tumor type is to catalogue the specific genes that are affected
by mutations and the relative order in which they are affected
and, ultimately, to use this molecular genetic blueprint to
improve methods of diagnosis, prognostication, and treatment.
This task will undoubtedly prove to be difficult, however,
because of the aforementioned genetic instability characteristic
of cancers. There are multiple types of such instability that are

operative at both the chromosomal and molecular levels (18).
Distinguishing the genetic mutations that are simply the by-
product of genetic instability from those that are critical to the
neoplastic phenotype or, indeed, responsible for increasing
genetic instability of one form or another is among the most
formidable challenges to be faced in human cancer research. 

The greatest progress in this context perhaps has been
achieved for colorectal carcinoma, and a rudimentary model
has been proposed that applies molecular detail to the general
paradigm of multistep tumorigenesis and clonal evolution. In
addition, most colon cancers are affected by one of two distinct
types of genetic instability (18), and specific molecular genetic
alterations have been shown to occur at discrete histologic
stages of neoplastic progression in the colon: for example,
mutation of the APC tumor-suppressor gene at a very early
stage of hyperproliferation, mutation of the KRAS oncogene
in the transition of early to intermediate adenoma, and muta-
tion of the TP53 tumor-suppressor gene in the transition of
late adenoma to carcinoma (19). Several features of colorectal
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FIGURE 5.1. All cancers are genetic.
“Hereditary” cancers differ from “sporadic”
cancers by virtue of association with a predis-
posing mutation inherited through the germ
line. In contrast, all of the mutations associ-
ated with sporadic tumorigenesis are acquired
somatically.

FIGURE 5.2. Model of clonal evolution in neoplasia. Following the
initiating mutation in a normal cell, stepwise genetic mutations and
selective pressures result in a cancer consisting of a clonal population
of cells all derived from the original progenitor cell. Each critical
mutation in the evolving tumor may be viewed as having provided a
selective advantage leading to clonal expansion.
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cancers facilitate this type of characterization, including the
well-defined histopathologic progression of normal colonic
epithelium to cancer and the accessibility of the various pre-
malignant lesions for molecular analyses, as well as the occur-
rence of some of these genetic mutations in large fractions of
colorectal tumors. This type of model is more difficult to
apply to other cancer types, however, as premalignant precursor
lesions for many solid tumor types (e.g., ovarian carcinoma)
are not readily detectable, and few genetic alterations have been
described that occur in major fractions of other cancer types.

TUMOR-SUPPRESSOR GENES
The protein products of tumor-suppressor genes normally
function to inhibit various aspects of the neoplastic pheno-
type, such as cell proliferation, and are inactivated through
loss-of-function mutations. Tumor-suppressor genes (having
formerly been referred to variously as “recessive oncogenes”
or “antioncogenes”) are, by definition, recessive at the cellular
level insofar as inactivation of both alleles (the copies present
on both chromosomes) must occur for a phenotypic effect on
tumorigenesis to be manifest. This is in contrast to the concept
of mendelian recessivity, which refers to the necessity of germ-
line transmission of two mutant alleles for a phenotype to be
manifest. Most tumor-suppressor genes responsible for hered-
itary cancer syndromes are dominant at the mendelian level,
which means that inheritance of a single mutant allele is suffi-
cient to confer a high probability of developing the phenotype
(cancer in this case); cellular recessivity must then occur
through somatic inactivation of the second allele, and mecha-
nisms through which this may occur are discussed below.

Several lines of evidence led to the discovery of tumor-sup-
pressor genes. In addition to Boveri’s predictions, a statistical
analysis of carcinogen-induced mouse papillomas in 1942 led
to the conclusion that a cellular recessive gene must be
involved in carcinogenesis (20). Nearly 30 years later, Harris
et al. demonstrated that somatic cell hybrids created from
tumor cells and normal cells invariably expressed a nonmalig-
nant phenotype, again implicating a cellular recessive class of
cancer genes (21). Application of this notion of a recessive
cancer gene was first applied to cancer predisposition by
Knudson, who in 1971 published a statistical analysis of pedi-
atric retinoblastoma and concluded that inactivation of both
alleles of a single gene, one through the germ line and one
somatically, was necessary for tumor development (22). This
concept became widely known as the “two-hit hypothesis” (a
term not coined by Knudson), and is now inextricably linked
to the more general concept of cellular recessivity of tumor-
suppressor genes, the first of which to be discovered was the
gene responsible for retinoblastoma, RB1 (23).

This two-hit model for pediatric retinoblastoma is fre-
quently misunderstood and misapplied, especially in the context
of hereditary cancers generally, having become synonymous
with the notion that inactivation of both alleles of a single gene
is necessary and sufficient for tumorigenesis. It is important to
recognize that this theory estimates only the number of events
that are rate limiting for hereditary pediatric cancer development
(22,24). As implied by Figure 5.1, most adult solid tumors,
hereditary and sporadic, are likely to require mutations in
multiple genes, most of which may occur at a relatively high
frequency approaching zero-order kinetics, thus not appearing
in the type of kinetic analysis performed by Knudson. This is
especially true in cases where the inherited mutation affects a
tumor-suppressor gene involved in DNA repair, with the result
being increased genetic instability of one form or another.

The location and type of inactivating mutations in tumor-
suppressor genes vary among genes and cancer types (Fig. 5.3).
In some cases, most notably TP53, missense mutations occur

that change a single amino acid in the encoded protein (25).
More often, however, mutations in tumor-suppressor genes
alter the base sequence such that the encoded protein product
is truncated owing to generation of a premature stop codon.
Truncated protein products may result from several types of
mutational events. Included in this category are nonsense
mutations in which a single base substitution changes the
sequence from a specific amino acid to a stop codon (e.g., AAG
to TAG). In addition, microdeletions or insertions of one or
several nucleotides that disrupt the reading frame of the DNA
(frameshifts) also lead to the generation of stop codons down-
stream in the gene. Less commonly, large genomic deletions are
known sometimes to include portions of tumor-suppressor
genes. Any of these types of mutations in one allele, whether
germ line or somatic, is then “revealed” following somatic
inactivation of the homologous wild-type allele, as discussed
earlier. In theory, the same spectrum of mutational events
could contribute to inactivation of the second allele, but what
is typically observed in tumors is homozygosity or hemizygosity
for the first mutation, indicating “loss” of the wild-type allele.
As originally demonstrated for the retinoblastoma gene, loss
of the second allele may occur through mitotic nondisjunction
or recombination mechanisms or large deletions (Fig. 5.3) (26).
This so-called “loss of heterozygosity” (LOH) has become rec-
ognized as the hallmark of tumor-suppressor gene inactivation.
Table 5.1 lists some of the most well-characterized tumor-
suppressor genes and the cancer syndromes and sporadic cancers
with which they are associated.

Although some tumor-suppressor gene products reside
outside the nucleus, many are nuclear proteins that prevent
proliferation by arresting molecular pathways directly involved
in cell cycle progression. The retinoblastoma gene (RB1) is a pro-
totypical tumor-suppressor gene that encodes a nuclear protein
involved in G1 cell cycle arrest (27). Mutations in RB1 have been
noted primarily in retinoblastomas and sarcomas, but also
occasionally in other types of cancers. In G1, phosphorylated
RB protein binds to the E2F transcription factor and prevents
it from activating transcription of other genes involved in cell
cycle progression (Fig. 5.4).

When RB is dephosphorylated, E2F is released and stimu-
lates entry into the DNA synthetic (S) phase of the cell cycle.
The phosphorylation of RB is regulated by a complex series of
events that involves cyclins and cyclin-dependent kinases
(CDKs). Cyclin-CDK complexes implicated in G1 progression
include cyclin D-CDK4/6, cyclin E-CDK2, and cyclin A-CDK2.
Conversely, G1 progression is restrained by CDK inhibitors
such as p21, p16, and p27 (28, 29). CDK inhibitors are classi-
fied as tumor-suppressor genes because of their ability to
inhibit G1 progression, and inactivation of CDK inhibitors,
particularly the gene encoding p16 (CDKN2A), is a frequent
event in human cancers (30). In contrast to the classic “two-
hit” model of tumor-suppressor inactivation in which there is
a mutation in one allele and deletion of the other, loss of p16
function usually involves deletion of both alleles or silencing
of gene transcription due to promoter methylation. After DNA
synthesis occurs in S phase, other classes of cyclins and genes
such as CHK1 and CHK2 are involved in regulating progression
from G2 to mitosis (M phase). Germ-line mutations in the
CHK2 (CHEK2) gene have been implicated in Li-Fraumeni
syndrome (30) and breast cancer predisposition (31).

Several tumor-suppressor genes involved in hereditary pre-
disposition to cancer have been shown to function in the
recognition and/or repair of various forms of DNA damage.
The mutational inactivation of DNA repair genes contributes
to tumorigenesis indirectly by promoting one or another type
of genetic instability, which leads to the mutation of addi-
tional cancer-related genes. This unique mechanism of tumor
suppression has led some to suggest that the DNA repair genes
should represent a third cancer gene family. In all cases
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described to date, however, the genetic mechanism appears to
involve a cellular recessive mechanism involving loss of func-
tion, which is consistent with the tumor-suppressor catego-
rization. Perhaps more appropriate is the classification scheme
proposed by Kinzler and Vogelstein in which tumor-suppressor
genes are subdivided into the categories of “gatekeepers” and
“caretakers” (15). The former category includes those genes that
function directly to inhibit cell proliferation or promote cell
death (e.g., RB1, TP53, and APC), whereas the latter category
consists of those genes that function to maintain genomic
integrity (e.g., the mismatch repair genes involved in HNPCC,
the nucleotide excision repair genes involved in xeroderma
pigmentosum, the ATM gene, and the BRCA1 and BRCA2
genes). It should be noted that some of these genes do not
readily adhere to this distinction; BRCA1 and BRCA2, for
example, may function as both gatekeepers and caretakers.

Although numerous tumor-suppressor genes are mutated
in various human cancers, only a limited number have been
shown to play a significant role in gynecologic malignancies.
Somatic mutations of TP53 are observed at variable frequen-
cies in gynecologic sarcomas and in ovarian and endometrial
carcinomas, wherease viral inactivation of the p53 protein is a

central mechanism in cervical tumorigenesis. Germ-line muta-
tions in DNA mismatch repair genes, primarily MSH2 or
MLH1, lead to endometrial and ovarian carcinomas in associ-
ation with the Lynch syndrome, also known as hereditary
nonpolyposis colorectal cancer (HNPCC) syndrome, whereas
epigenetic silencing of MLH1 is associated with some cases of
sporadic endometrial carcinoma. Most cases of hereditary
ovarian carcinoma are associated with inherited mutation of
BRCA1 or BRCA2, whereas somatic mutations in these genes
are occasionally observed in sporadic ovarian carcinomas.
Finally, the PTEN gene is somatically mutated in many
endometrial carcinomas. The role of these tumor suppressors
in specific cancer types will be discussed in greater detail in a
later section of this chapter following a discussion of the mol-
ecular function of these genes.

TP53

The TP53 tumor-suppressor gene is the most frequently inac-
tivated gene described thus far in both human cancers in gen-
eral as well as specifically in gynecologic cancers. Originally
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FIGURE 5.3. Model for loss of tumor-suppressor gene function and recessivity at the cellular level. In
hereditary tumorigenesis, one mutant allele is inherited from either parent, in which case the “predis-
posed cell” is, in effect, every cell in the body. In sporadic tumorigenesis, one allele is mutated somatically,
in which case there is one predisposed cell in, for example, the ovarian surface epithelium. Loss of inacti-
vation of the remaining wild-type allele may occur through any number of somatic chromosomal mecha-
nisms, most commonly through nondisjunction or recombination. This so-called loss of heterozygosity is
manifest through Southern blotting or PCR-based procedures that allow visualization of loss of one or
another polymorphic allele at or near the tumor-suppressor locus, in tumor (T) DNA compared to non-
tumor (N) DNA from the same individual.
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identified through the physical interaction of its protein prod-
uct with the SV40 large T antigen (32,33), TP53 has been an
intensely studied gene over the last 30 years. The gene was
first classified as a cellular oncogene because of its apparent
dominant transforming potential when transfected into rodent
cells; subsequent studies confirmed, however, that the original
cDNA clones used in the original studies all contained inacti-
vating mutations, and that wild-type p53 is actually a tumor

suppressor (34). Subsequently, several convergent lines of
research provided unequivocal evidence that TP53 functions
as a tumor-suppressor gene. Overexpression of exogenous
wild-type p53 dramatically inhibits the growth of human col-
orectal carcinoma and osteosarcoma cell lines with endoge-
nous p53 mutations (35,36), and loss of heterozygosity at
chromosome 17p, seen frequently in a variety of human
tumors, correlates with mutational inactivation of p53 in
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REPRESENTATIVE EXAMPLES OF TUMOR-SUPPRESSOR GENES MUTATED IN HUMAN CANCERS

TA B L E  5 . 1

Chromosomal 
Gene location Function Hereditary cancers Sporadic cancers

RB1 13q14 Cell cycle regulator Retinoblastoma, osteosarcoma Retinoblastoma, sarcomas, 
and others

WT1 11p13 Transcription factor Wilms tumor Wilms tumor

TP53 17p13 Transcription factor; Li-Fraumeni syndrome Many
regulator of cell cycle, 
apoptosis

APC 5q21-q22 Signal transduction Familial adenomatous polyposis Colorectal, gastric

VHL 3p26-p25 Transcriptional von Hippel-Lindau syndrome Renal
elongation

MSH2, MLH1, 2p21, 3p21, DNA mismatch repair Hereditary nonpolyposis Colorectal,
PMS2, MSH6 7p22, 2p21 colorectal cancer endometrial

BRCA1 17q12-21 DNA repair; Breast, ovary Ovary (rare)
transcription factor

BRCA2 13q12 DNA repair; Breast, ovary Ovary (rare)
transcription factor

NF1 17q11 Negative regulator Neurofibromatosis None
of RAS

DPC4 18q21 TGF-β signaling None Pancreatic

CDKN2A (p16) 9p21 Negative regulator Melanoma Many
of cyclin D

PTEN (MMAC1) 10q24 Phosphatase Cowden’s syndrome Many

TGF-β, transforming growth factor-β.

FIGURE 5.4. Molecular control of cell-cycle
progression. A linear version of the various
stages of the cell cycle is shown with the vari-
ous cyclin/cyclin-dependent kinase complexes
corresponding to the stages that they control.
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human colorectal carcinomas (37). Mutant p53 protein inacti-
vates wild-type p53 protein by formation of inactive oligomeric
complexes, reconciling the earlier observations of cellular trans-
formation by the expression of exogenous mutant p53 constructs.

The most common class of mutation observed in TP53 is the
single nucleotide substitution that results in a missense alteration
(change in one amino acid) (Fig. 5.5). Mutations that lead to
truncated protein products are less common and include non-
sense alterations, which directly encode premature stop codons,
and frameshift mutations, which consist of small deletions or
insertions. The vast majority (greater than 80%) of missense
mutations occur within highly conserved regions in the middle
third of p53 encoded by exons 5 through 8 (38). Structural stud-
ies reveal that these regions are involved in a physical interaction
between the p53 protein and DNA (39), consistent with the
known role of p53 as a transcription factor. Disruption of the
ability of p53 to interact with DNA appears to be a critical
mechanism of p53 inactivation. Because p53 missense mutants
are relatively resistant to degradation within the cell, mutant
proteins accumulate within the nucleus, leading to apparent
“overexpression,” which can be detected immunohistochemi-
cally. As a result, immunostaining of p53 has been used as a
rapid method of screening cancers for TP53 mutations.
However, positive immunostaining usually is not observed in
cancers with protein truncating (nonsense and frameshift) muta-
tions, so immunohistochemical analysis is relatively imprecise
when used as a surrogate for mutational analysis (40).

The mechanism through which the p53 protein functions
as a central element in the suppression of tumorigenesis has
now been revealed in great molecular detail (41–43). The
TP53 gene encodes a 53-kD nuclear phosphoprotein that
exists at low levels in all normal cells. Functioning as a
homotetrameric complex, p53 binds to DNA in a sequence-
specific fashion to regulate gene transcription, and oncogenic
forms of p53 inhibit this transcriptional activation. Expression
of p53 can be down-regulated when appropriate by the MDM2
gene product, which targets it for degradation. Conversely,
under other circumstances, p14ARF , a negative regulator of
MDM2, can increase expression of p53, leading to cell cycle
arrest. It has become abundantly clear that the primary function
of p53 is to activate the expression of genes involved in a DNA
damage response pathway(s). Cell cycle arrest at the G1-S
checkpoint prior to DNA replication and at the G2-M checkpoint

prior to mitosis facilitates DNA damage repair and prevents
mutations and aneuploidy, respectively. Additionally, the
induction of apoptosis (programmed cell death) may be con-
sidered to be a fail-safe mechanism in cases where irreparable
DNA damage has occurred. The accumulation of p53 in
response to DNA damage leads to an enhanced transcriptional
activation of genes involved in apoptosis, such as BAX, FAS,
and BCL2, as well as genes involved in cell cycle arrest, such
as CDKN1A (encoding p21), which encodes a potent inhibitor
of most CDKs. The molecular pathway linking DNA damage
to p53 protein accumulation is still obscure. The carboxyl-
terminal of p53 can bind nonspecifically to the ends of DNA
molecules to catalyze renaturation and strand transfer, and
can also bind to extrahelical regions of DNA affected by inser-
tion or deletion mismatches. Double-strand breaks in DNA
are especially efficient in causing p53 accumulation, probably
through reduced ubiquitin-mediated proteolysis.

By activating transcription of these other genes, p53 induces
cell cycle arrest in late G1 phase or may induce apoptosis in
response to DNA damage. Cells expressing mutant p53 do not
pause in G1 or undergo apoptosis, but continue directly into S
phase before DNA repair is complete. TP53 has therefore been
referred to as the “guardian of the genome,” as it prevents entry
into S phase until the genome has been cleared of potentially
carcinogenic mutations. As many chemotherapeutic drugs and
radiation exert their cytotoxic effects through the induction of
DNA damage and apoptosis, loss of p53 function may decrease
sensitivity to these agents, enhancing the emergence of resistant
populations of cancer cells. Indeed, p53 and p21 are also essen-
tial in maintaining the G2-M checkpoint following γ irradiation
(44). Although TP53 mutation provides cells with a selective
growth advantage, it also imposes a substantial cell cycle check-
point deficit that permits cells to undergo DNA replication and
mitosis in the presence of DNA damage. Theoretically, such
checkpoint defects might be exploited to treat human cancers
with abnormalities of p53 function (45).

DNA Mismatch Repair Genes

HNPCC syndrome is an autosomal dominant cancer-predis-
position syndrome described in detail in Chapter 2. In addi-
tion to colorectal cancers, HNPCC family members are at an
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FIGURE 5.5. Inactivation of the p53 gene. A: Normal p53 protein binds to transcriptional regulatory
elements in DNA. B: p53 missense mutations encode proteins that no longer bind to DNA and the
mutant protein complexes with and inactivates any remaining normal p53 in the nucleus. C: p53 muta-
tions that encode truncated protein products result in proteins that no longer bind to DNA, and these
mutations usually are accompanied by deletion of the wild-type p53 allele.
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increased risk for cancers of the endometrium, ovary, gas-
trointestinal sites, and upper urologic tract (46). This syn-
drome is believed to account for essentially all cases of
hereditary endometrial carcinoma and up to 5% of cases of
hereditary ovarian carcinoma. The estimated lifetime risk for
endometrial cancer in female HNPCC gene carriers is 40% to
60%, corresponding to a relative risk of 13 to 20, whereas
that of ovarian cancer is 6% to 20%, corresponding to a rela-
tive risk of 4 to 8 (47–52). Cloning and characterization of the
genes responsible has provided substantial insight into the
molecular etiology of HNPCC-associated malignancies, as
well as that of some sporadic gynecologic cancers.

Clues to the genetic basis of HNPCC first emerged in
1993 with several independent observations of somatic hyper-
mutability of a class of DNA repetitive elements, known as
“microsatellites,” in sporadic and familial colorectal tumors
(53–55). This observation was accompanied by reports of the
genetic linkage of HNPCC kindreds to two loci: one on chromo-
some 2p (56) and another on chromosome 3p (57). Identification
and cloning of the responsible genes at these loci, MSH2 on
chromosome 2 (58,59) and MLH1 on chromosome 3 (60,61),
quickly followed, together with the realization that these genes
encoded human orthologs of yeast DNA mismatch repair pro-
teins. Thus, the microsatellite instability phenotype previously
observed in colorectal and other cancer types associated with
the HNPCC syndrome could be explained by loss of function
of these DNA mismatch repair (MMR) genes. In HNPCC, one
of these genes is inherited in a mutant form through the germ
line followed by somatic loss of the wild-type allele, whereas in
sporadic colorectal, endometrial, and gastric carcinomas
affected by microsatellite instability, somatic silencing of
MLH1 through promoter hypermethylation appears to be the
primary pathogenic mechanism (62).

Although most HNPCC kindreds appear to be linked to either
MSH2 or MLH1, a small fraction are linked to a third MMR
gene, MSH6. There is some evidence that this gene may account
for a substantial number of atypical or low-penetrance HNPCC
kindreds, as well as those affected by a disproportionately
high number of gynecologic cancers (63–66). A recent report
indicates that about 2% of all newly diagnosed endometrial
cancers have germ-line defects in MSH6 and that most of these
cases are not known to be associated with classic HNPCC
syndrome criteria (67). Early evidence suggested that the
MMR genes PMS1 and PMS2 may also play a role in HNPCC
(68), but these observations were not widely confirmed, and a
recent report involving investigators originally linking these
genes to HNPCC kindreds indicates that these genes are less
likely to be involved in the syndrome (69).

The genetic instability phenotype associated with defective
MMR genes is most readily observed through somatic length
alterations in simple repeat sequences, for example, (CA)n,
located throughout the genome and known as “microsatellites.”
Replication errors in these repeat sequences are probably com-
mon, and their inefficient repair results in the “microsatellite
instability” phenotype. Since the discovery of mutant MMR
genes and the corresponding microsatellite instability, a large
number of studies have documented microsatellite instability
in many sporadic tumor types, including those not associated
with the HNPCC syndrome. Although mutations of the MMR
genes have been readily identified in many HNPCC kindreds,
somatic MMR gene mutations in sporadic tumors with the
microsatellite instability phenotype are not commonly detected.
It appears to be likely that hypermethylation of the MLH1
promoter, resulting in down-regulation of its expression, is the
causative mechanism in most sporadic colorectal, gastric, and
endometrial carcinomas with microsatellite instability (70–72).

It is not clear how microsatellite instability contributes to
tumorigenesis in the endometrium, ovary, or other organs affected
by the HNPCC syndrome. Microsatellites exist throughout

the genome in predominantly noncoding regions of DNA.
Simple repeat sequences are known to occur in the coding
regions of genes, however, and their somatic mutation may
result in loss of function for genes critical to the regulation of
proliferation, invasion, or metastasis. Examples include genes
encoding the transforming growth factor-β (TGF-β) receptor
type II, the regulator of apoptosis BAX, and the insulin-like
growth factor II receptor, all of which contain homopolymeric
microsatellite repeats (e.g., A8) that are mutated in some can-
cers with microsatellite instability (73). Frequently overlooked
is the fact that the DNA mismatch repair system also func-
tions in the repair of single nucleotide mismatches, so that
defective mismatch repair would also lead to point mutations.
Although the assay for this type of DNA damage is less
straightforward than that for microsatellite instability, these
single base-pair substitution mutations may play a more
important role in tumorigenesis than microsatellite mutations.

BRCA1 and BRCA2

Approximately 10% of all epithelial ovarian carcinomas are
associated with an autosomal dominant genetic predisposition.
The great majority of these cases is attributable to the BRCA1
or BRCA2 tumor-suppressor genes and arises in the context of
the hereditary breast and ovarian cancer syndrome, with a
small fraction occurring in the HNPCC syndrome. (Clinical
genetics aspects of this topic are discussed in Chapter 2.)
Following the original reports of genetic linkage of early-onset
breast cancer families (74) and some breast and ovarian can-
cer families (75) to the BRCA1 locus on chromosome 17q, the
BRCA1 gene was cloned and characterized in 1994 (76). Shortly
thereafter, the BRCA2 locus on chromosome 13q was defined
(77), and the gene was identified in 1995 (78). It is now clear
that 60% to 90% of breast and ovarian cancer families are
linked to BRCA1, with most of the remainder being linked to
BRCA2, especially those with cases of male breast cancer.

The BRCA1 and BRCA2 genes share remarkable similari-
ties in both structure and function, and will be discussed
together. Both genes are unusually large, BRCA1 consisting of
22 coding exons and a 7.8-kb mRNA transcript, and BRCA2
consisting of 26 coding exons and a transcript exceeding 10 kb.
Both genes contain a very large 11th exon that encodes nearly
half of the transcript, a start codon located in exon 2, and a
high A/T to G/C content. Mutations occur throughout both
genes, with no evidence of hotspots or clustering. Over 80%
of detected mutations are nonsense or frameshift alterations
that are predicted to lead to a truncated protein product, with
the remainder representing missense and other miscellaneous
“variants of uncertain significance” (79). Somatic LOH at the
BRCA loci in breast and ovarian cancers invariably affects the
wild-type allele, which is consistent with their function as clas-
sic tumor-suppressor genes (80,81). In the search for geno-
type/phenotype correlations in the BRCA genes, it has become
clear that no strong association is likely to exist for BRCA1,
but that BRCA2 contains an “ovarian cancer cluster region”
(OCCR) in exon 11; the ratio of ovarian to breast cancers is
significantly higher in families segregating a BRCA2 OCCR
mutation (82) for reasons that remain obscure.

Prior to discovery of the BRCA genes, it was well docu-
mented that LOH affecting the relevant regions of chromo-
somes 17q and 13q was common in sporadic breast and
ovarian cancers, and thus it came as a surprise that somatic
mutations in BRCA1 and BRCA2 are virtually nonexistent in
sporadic breast cancers and rare in sporadic ovarian cancers.
Gene silencing of BRCA1 through promoter hypermethyla-
tion appears to play a role in the pathogenesis of a small frac-
tion of sporadic ovarian cancers (83,84), whereas methylation
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of BRCA2 has not been reported. Attempts to explain this
paradox have centered on the argument that inactivation of
BRCA genes early in development (i.e., through the germ line)
may be important for tumorigenesis, but not somatic inactiva-
tion in adult tissues. Recently, several lines of evidence suggest
that inactivation of the BRCA pathway may play an important
role in ovarian tumorigenesis through mechanisms other than
inactivation of the BRCA genes themselves. Microarray-based
gene expression profiling experiments indicate that rather
than clustering as a third group, sporadic ovarian cancers all
cluster as either BRCA1-like or BRCA2-like, implying the
existence of a BRCA-deficient gene expression fingerprint in
all ovarian cancers (85). Additionally, the novel EMSY protein
was recently identified as a suppressor of BRCA2 activity, and
the EMSY gene is amplified in 17% of ovarian cancers, pro-
viding a genetic mechanism for inactivation of BRCA2 in
some sporadic cancers (86).

Over the past 10 years, a large body of data has been gener-
ated with respect to BRCA function, which appears to be
related for the two genes, but a coherent picture of precisely
how these proteins function to suppress tumorigenicity
remains elusive. Generally, there is substantial evidence for a
role of BRCA1 and BRCA2 in cellular processes related to the
prevention of genomic instability, including DNA damage
recognition and repair, transcriptional regulation, and control
of cell cycle checkpoints (87,88). A seminal research finding in
this area was that BRCA1 colocalizes in vivo and physically
associates in vitro with the RAD51 protein, known to function
in the repair of double-strand DNA breaks, implying a role for
BRCA1 in the control of recombination and genomic integrity
(89). Other early work on the role of Brca2 in mouse develop-
ment indicated that loss of the protein confers radiation hyper-
sensitivity and also that Brca2 physically interacts with Rad51
in repair of double-strand DNA breaks (90). Remarkably,
BRCA1 and BRCA2 proteins appear to be involved in the
same biochemical pathway, mediated by RAD51, regulating
genomic integrity.

Data derived from the study of embryonic cells and tissues
from mice rendered nullizygous for Brca1 or Brca2 provide
strong evidence for the role of these proteins in the response to
DNA damage. An embryonic lethal phenotype is observed in
mice with a homozygous null mutation in Brca1 (91) or Brca2
(90,92), suggesting their requirement for embryonic cellular
proliferation prior to gastrulation. Partial rescue of this devel-
opmental lethality is achieved by simultaneous knockout of
the TP53 gene (93,94), implying that the accumulation of
DNA damage in Brca knockout mice leads to the arrest of cell
division by p53, and that their concomitant knockout allows
additional cell division to take place before eventual lethality.
In cells from these Brca-deficient animals, gross chromosomal
rearrangements are evident, and considerable data suggest
that this chromosomal instability results from the inappropri-
ate repair of DNA double-strand breaks during the S and G2
phases of the cell cycle. Specifically, homology-directed repair
of double-strand breaks, an error-free pathway, is defective in
Brca1-deficient mouse cells (95–97) and in BRCA2-deficient
human and mouse cells (98–100). The error-prone pathway of
nonhomologous end joining remains intact in Brca-deficient
cells, however, and the attempted repair of spontaneous and
induced double-strand breaks because of inappropriate rout-
ing through this mechanism probably contributes to chromo-
somal instability observed in Brca-deficient cells. The precise
roles of BRCA proteins in homology-directed repair remain to
be determined, but evidence suggests that BRCA1 performs
the general function of linking DNA damage sensing or signal-
ing to effector components of the cellular response to DNA
damage (88), whereas BRCA2 physically interacts with and
controls the RAD51 recombinase (101), a catalytic activity
essential for homologous recombination.

In contrast to BRCA2, there are considerable data linking
the BRCA1 protein to other functions possibly involved in
tumor suppression, especially the transcriptional regulation of
gene expression. Fragments of BRCA1 are capable of tran-
scriptional transactivation in vitro (102,103), and BRCA1 is a
component of the RNA polymerase II holoenzyme (104)
through its interaction with RNA helicase A (105). In
response to DNA damage, BRCA1 functions as a p53-inde-
pendent transactivator of the CDK inhibitor p21 (106,107).
Ectopic expression of BRCA1 results in the p53-independent
induction of GADD45 expression (108), as well as the selec-
tive coactivation of p53-dependent transcription (109), one
target of which appears to be the gene encoding the G2/M
checkpoint control protein 14–3-3σ (110). Microarray-based
expression profiling experiments indicate that the selective
expression of BRCA1 in mouse and human cells leads to alter-
ations in expression of numerous additional genes involved in
cell cycle control and DNA repair (108,110,111).

BRCA1 is a large protein that, in addition to its role in the
DNA damage and transcriptional pathways mentioned above,
has been found to associate with a variety of other cellular com-
ponents. Of these proteins BARD1 (BRCA1 associated ring
domain 1) appears to enhance some other cellular functions of
BRCA1 not associated with DNA interaction. Through its inter-
action with BARD1, BRCA1 has been identified as an E3 ubiq-
uitin ligase (112,113). E3 ubiquitin ligases function by attaching
the ubiquitin monomer to specific target proteins, making them
subject to degradation. Ubiquitin-directed degradation is a key
process in regulating the levels of proteins post-transcriptionally.
Defects in this process have been implicated in carcinogenesis
previously. Specifically, the Von Hippel Lindau (VHL) tumor
suppressor is a well known E3 ubiquitin ligase. VHL predomi-
nantly targets the hypoxia inducible factor (HIF1A) transcrip-
tion factor for degradation in normoxic conditions. Loss of
VHL leads to increased HIF1 and its subsequent transcription
targets that are involved in cell survival, blood vessel develop-
ment, and mitogenesis. The VHL mutation ultimately promotes
kidney and other cancers. The role of BRCA1’s E3 ubiquitin lig-
ase activity and cancer formation is much less clear. Specifically,
the protein(s) targeted by BRCA1 for ubiquitination are largely
unknown (114). Recently, however, estrogen receptor alpha
(ER) was found to be a specific target of BRCA1-mediated ubiq-
uitination (115). The implications of this finding are not yet clar-
ified, but may in part explain the tissue specificity of tumor
formation in BRCA1-defective kindreds. It is conceptually diffi-
cult to understand how a protein involved in DNA repair that is
expressed in a wide variety of tissues could protect only breast
and ovary cells from tumor formation. However, it is more
tractable to understand how an enzyme that acts on a variety of
targets, some of which are tissue specific, could. Indeed the role
of the ER/BRCA1 genes in promoter transactivation has been
suggested as a factor in determining the tumor spectrum of
BRCA1 mutation carriers. Tissue specific modulatin of ER levels
by BRCA1 could effect diverse transcriptional targets, and the
importance of ER has been demonstrated in the murine BRCA
knockout mouse (116). Interestingly, most BRCA1 mutant
breast cancers are ER negative, which is counterintuitive if
BRCA1 normally functions to target the receptor for degrada-
tion. The significance of these recent findings remains intriguing,
and the role of BRCA ubiquitination in carcinogenesis of the
breast and ovary remains unclear.

Thus, the emerging model of BRCA function implies a dual
role for the BRCA-deficient state in the initiation of tumorige-
nesis as well as targeted cancer therapy. In BRCA-deficient
cells, the defective maintenance of genomic integrity may
accelerate cancer initiation and progression, yet also render
the resultant cancer more susceptible to therapeutic agents
whose cytotoxic potential is mediated through the induction
of the specific type of DNA damage that BRCA normally
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functions to repair. A number of commonly used cancer thera-
pies are believed to cause DNA interstrand cross links, a lesion
that appears to be repaired through creation of an intermedi-
ate double-strand break followed by homologous recombina-
tion. Prototypical agents from this mechanistic category
include cisplatin, mitomycin C, and γ radiation (117). That
BRCA-deficient cancers may respond favorably to this class of
DNA-damaging agents is suggested by studies in which modu-
lation of BRCA1 expression in various isogenic cell clones is
shown to affect sensitivity to cisplatin (118–120), mitomycin
C (97), and γ radiation (121–124). This mechanism likely rep-
resents the underlying biologic basis for improved outcome in
BRCA-linked hereditary ovarian cancer patients compared to
matched sporadic cases (125–127). Further, this suggests a
rational basis for trials investigating the efficacy of platinum-
based chemotherapy in breast cancer patients with germ-line
BRCA mutations.

PTEN

A novel tumor-suppressor gene responsible for the very rare,
autosomal dominant hereditary cancer syndrome Cowden’s
syndrome was cloned and characterized in 1997 (128,129).
Cowden’s syndrome, also known as multiple hamartoma syndrome,
is characterized by benign hamartomas of multiple organs,
including skin, intestine, breast, and thyroid. In addition to
benign lesions, breast cancers develop in 30% to 50% of
affected women and thyroid cancers occur in 10% of affected
individuals. Bannayan-Zonana syndrome, a closely related
condition, was also subsequently found to be caused by muta-
tions in the same gene (130). Named PTEN, this gene was
originally noted to encode a likely tyrosine phosphatase with
additional significant homologies to the cytoskeletal proteins
tensin and auxilin. Early studies aimed at uncovering PTEN
function indicated that its phosphatase activity may function
to suppress tumorigenesis by negatively regulating cell interac-
tions with the extracellular matrix, specifically the inhibition
of integrin-mediated cell spreading and cell migration through
dephosphorylation of focal adhesion kinase (FAK) (131).
Additionally, expression of PTEN selectively inhibits activa-
tion of the extracellular signal-regulated kinase (ERK) mitogen-
activated protein kinase (MAPK) pathway (132). Other
cellular targets for the phosphatase activity of PTEN include
elements of the phosphoinositide 3-kinase/AKT pathway
(133). Specifically, the PTEN gene functions as a lipid phos-
phatase negatively regulating the lipid second messenger
phoshatidylinositol 3, 4, 5,-triphosphate (134). Because con-
stitutive activation of either PI3-kinase or AKT is known to
induce cellular transformation, an increase in the activity of
this pathway caused by mutations in PTEN provided addi-
tional support for its complex role in tumor suppression. It is
now well established that PTEN’s lipid phosphatase activity,
acting through the PI3K/AKT and MAPK pathways, plays a
critical role in the regulation of growth arrest, apoptosis, and
other important cellular functions (135).

Although endometrial carcinoma has been suggested to
represent a component tumor of Cowden’s syndrome accord-
ing to revised diagnostic criteria (136), germ-line mutations in
PTEN are not associated with a significant proportion of un-
selected endometrial carcinomas. Remarkably, however, spo-
radic endometrial carcinomas frequently exhibit loss of
heterozygosity in a region of chromosome 10q that includes
the PTEN gene (137,138). Mutation analyses of PTEN in
endometrial carcinomas indicate that this gene is somatically
inactivated in 30% to 50% of all such tumors (139-141), rep-
resenting the most frequent molecular genetic alteration in
endometrial cancers yet defined. Inactivation of PTEN may
represent an early event in a subset of endometrial cancers, as

mutations are detected at a significant frequency in premalig-
nant endometrial hyperplasia specimens (142). Interestingly,
PTEN mutations are also seen in a fraction of ovarian carci-
nomas of endometrioid histology (143), but not in those of
serous or other histologic subtypes (141–144). More recent
findings on the role of PTEN in specific gynecologic cancers
are discussed later in this chapter.

ONCOGENES
It has been convincingly demonstrated that alterations in genes
whose products normally act to stimulate cell proliferation or
other aspects of the neoplastic phenotype (oncogenes) can cause
malignant transformation (Fig. 5.6) (145,146). Oncogenes can
be activated via several mechanisms. In solid tumors, the most
common mechanism of oncogene activation appears to be
gene amplification with resultant overexpression of the corre-
sponding protein. Instead of two copies of one of these genes,
there may be many copies. The ERBB2 (HER2/neu) oncogene
is activated in this fashion. Some oncogenes may become resis-
tant to inactivation when affected by specific point mutations
in regulatory domains, resulting in constitutive signaling. The
RAS family of oncogenes is prototypical in this regard. Finally,
oncogenes may be translocated from one chromosomal loca-
tion to another and then come under the influence of pro-
moter sequences that cause overexpression of the gene. This
mechanism frequently occurs in leukemias and lymphomas
(e.g., the Philadelphia chromosome), but appears to be less
common in solid tumors.

In addition to gene amplification and other mechanisms
mentioned above, expression of some genes can be increased
due to loss of imprinted transcriptional control. Loss of
imprinting (LOI) remains poorly understood in carcinogenesis.
A small subset of genes in the genome is expressed solely from
either the maternal or paternal inherited copy. During the car-
cinogenic process the maintenance of allele-specific silencing is
often lost, resulting in increased expression. For example, the
mitogenic peptide insulin-like growth factor 2 (IGF2) is com-
monly up-regulated in a variety of cancers where it functions
to promote cell division by signaling through the insulin
receptor and the IGFI receptor. Loss of imprinting of this

Chapter 5: Oncogenes and Tumor Suppressor Genes 93

H
E

R
2/

ne
u

PIK3 PTENK-ras

BRAF

Mek

Erk
NUCLEUS

CELL MEMBRANE

AKT2

mTOR

DNA

TP53 c-myc

CYTOPLASM

FIGURE 5.6. Cellular localization of representative oncogenes and
tumor-suppressor genes that are altered in gynecologic cancers. 

Barakat_CH05-085-112.qxd  3/2/09  12:19 PM  Page 93



growth factor is common in some cancers, including some
ovarian malignancies, and increases the susceptibility of
tumor formation (147). However, the up-regulation of IGF2 is
more common in cancers than the frequency of LOI, indicat-
ing that LOI alone is not responsible for all observed IGF2
increases. The increased levels of IGF2 are likely due to LOI in
some cases and other epigenetic events in most cases at this
complex genomic locus (148,149). Thus, LOI is just one of
several epigenetic mechanisms that can disregulate the expres-
sion of genes with oncogenic potential.

In various model systems and in vitro, many genes that are
involved in normal pathways of cell proliferation, signal trans-
duction, and transcriptional regulation can elicit neoplastic
transformation when altered to overactive forms via amplifi-
cation, mutation, translocation, or simple overexpression. On
this basis, a large number of genes have been classified as
“oncogenic.” However, the actual spectrum of such genes that
have been shown to be altered mutationally in human cancers
(the formal criterion for classification as an oncogene) is much
more limited. Presently, it appears that inactivation of tumor-
suppressor genes is significantly more common than activa-
tion of oncogenes. With the advent of large gene-sequencing
efforts directed at identifying activating mutations in protein
kinases, it is likely that the number of genes satisfying the clas-
sic oncogene definition will increase. This may reflect the fact
that mutations are more apt to disrupt the function of a gene
than to create a product that is hyperactive. Alternatively, it is
possible that the involvement of tumor-suppressor genes in
malignant transformation has been more easily identifiable
because of their association with hereditary cancer syndromes.
In this section, the various classes of oncogenes are summa-
rized, with particular attention being paid to those that are
altered in gynecologic cancers.

Peptide Growth Factors 
and Their Receptors

Peptide growth factors in the extracellular space can stimulate
a cascade of molecular events that leads to proliferation by
binding to cell membrane receptors. Unlike endocrine hor-
mones, which are secreted into the bloodstream to act in dis-
tant target organs, peptide growth factors usually act in the
local environment. The concept that autocrine growth stimula-
tion might be a key strategy by which cancer cell proliferation
becomes autonomous has received considerable attention. In
this model, it is postulated that cancers secrete stimulatory
growth factors that then interact with receptors on the same
cell. Although production of growth factors may play a role in
enhancing proliferation associated with malignant transforma-
tion, they are also involved in development, stromal-epithelial
communication, tissue regeneration, and wound healing. Thus,
it remains unclear whether autocrine growth stimulation actu-
ally is a critical event in cancer development.

Cell membrane receptors that bind peptide growth factors
are composed of an extracellular ligand-binding domain, a
membrane-spanning region, and a cytoplasmic tyrosine kinase
domain (150). More than a dozen receptor tyrosine kinases have
been identified thus far that bind peptide growth factors.
Binding of a growth factor to the extracellular domain results in
aggregation and conformational shifts in the receptor and acti-
vation of the inner tyrosine kinase. This kinase phosphorylates
tyrosine residues on both the growth factor receptor (autophos-
phorylation) and targets in the cell interior, leading to activation
of secondary signals. For example, phosphorylation of phospho-
lipase C leads to breakdown of cell membrane phospholipids
and generation of diacylglycerol and inositol-triphosphate (IP3),
both of which play a role in propagation of the mitogenic signal.

Epidermal Growth Factor Receptor Family

The role of the epidermal growth factor (EGF) receptor family
of transmembrane receptors and their ligands in growth regu-
lation and transformation has been a prominent focus in cancer
research over the past three decades (151). The salient find-
ings are summarized in this section. EGF is a peptide growth
factor of 53 amino acids that maintains its secondary struc-
ture by virtue of disulfide bonds between cysteine residues. At
least 10 other peptide growth factors, including TGF-α, also
interact with and activate the EGF receptor(s) (152). TGF-α
was so named because of its ability to act in concert with
TGF-β to transform some types of cells in culture. EFG, TGF-α,
and other EGF receptor ligands are produced as proforms that
are inserted into the cell membrane. The membrane-anchored
growth factor can interact with receptors on adjacent cells,
a phenomenon known as juxtacrine growth regulation.
Alternatively, the active peptide then can be cleaved and
released into the extracellular space. The free peptide may
interact with receptors on the same (autocrine) or nearby
(paracrine) cells to stimulate growth.

The EGF family of receptors has been extensively charac-
terized from both a genetic and biochemical standpoint.
Similar to other growth factor receptors, the EGF family
members are composed of an extracellular ligand-binding
domain, a hydrophobic membrane-spanning region, and an
intracellular tyrosine kinase domain (153,154). A truncated
form of the EGF receptor that lacks the outer ligand-binding
domain is the viral oncogene (v-erbB) responsible for avian
erythroblastosis. The v-erbB gene encodes a receptor that is
constantly activated and sending growth stimulatory signals to
the nucleus. The EGF receptor is ubiquitously expressed in
both epithelial and stromal cells and plays a role in growth
stimulation of most cell types 

The EGF receptor has been shown to be massively ampli-
fied in the A431 human vulvar squamous cell carcinoma cell
line, and these cells have been widely used as a model for
studying the biochemical functions of the EGF receptor. In
some head and neck and lung cancers, the EGF receptor also
appears to be significantly amplified, and amplification may
be associated with virulent behavior. In these cancers, the EGF
receptor can be targeted therapeutically with monoclonal anti-
bodies (155). In normal squamous epithelium, expression of
EGF receptor is high in the basal proliferative layer and
decreases as cells migrate toward the surface and differentiate.
Although levels of EGF receptor vary between different pri-
mary squamous cancers of the lower genital tract in women,
gene amplification rarely occurs, and EGF receptor levels do
not appear to correlate closely with clinical behavior of these
cancers (156). Similarly, EGF receptor is expressed in normal
ovarian epithelium and endometrium, and although the level
of expression varies between cancers, this is not a strong pre-
dictor of clinical behavior. 

In some human cancers, such as non-small-cell lung cancer,
specific inhibitors of the EGF receptor, such as gefitinib (Iressa)
or erlotnib (Tarceva), have recently been proven to be effective
in their treatment, and multiple clinical trials are now under
way to test the efficacy of these agents alone or in combina-
tion with traditional chemotherapeutic agents (157). Efficacy
of these inhibitors is largely predictable based on whether the
cancer has specific mutations within the EGF receptor.
Patients with certain mutations that constitutively activate the
receptor tend to preferentially respond to anti-EGFR treat-
ment. About half of these mutations are an in-frame deletion
of amino acids 747-750; most of the other mutants occur at
amino acid 858 (158). The occurrence of tumors with a strong
dependence on one oncogene has led to the so-called oncogene
addiction theory (159). Many genetic and epigenetic alterations
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may have occurred in these cancers, yet they are vulnerable to
a single targeted treatment directed to a dependence on a par-
ticular oncogene. It is theorized that the anti-EGFR therapy
causes an “oncogenic shock,” leading to high levels of apop-
tosis and significant clinical response when pro-growth stimu-
lations are replaced by apoptotic signals. Unfortunately, many
of these cancers will recover from this treatment by acquiring
drug resistance.

As mentioned, the EGF receptor family of receptors is also
often referred to as the ERBB family because the first member
identified was the v-erbB oncogene. The second member of the
family (ERBB2) initially was called neu because it was found
to be the transforming gene responsible for the generation of
neuroblastomas in rats treated with a chemical carcinogen. It
subsequently was discovered that the neu gene encoded a 185-kD
transmembrane receptor that is highly homologous with the
EGF receptor (160). This human EGF receptor–like molecule
was named both HER2/neu and erbB2 by investigators work-
ing in the field. The transforming activity of neu in the animal
model was due to the presence of a mutation in the transmem-
brane portion of the molecule that results in constitutive acti-
vation of the inner tyrosine kinase domain. Biochemical
studies of HER2/neu (formally designated ERBB2) have shown
that activation of this receptor is not driven by ligand binding,
but rather is dependent on activation of other members of the
ERBB family (161). Two members of the ERBB receptor fam-
ily are nonautonomous and require dimerization with other
family members for function. Specifically, ERBB2 lacks lig-
and-binding capability, while ERBB3 lacks the kinase activity.
These two receptors develop potency of growth factor signal
transmission via heterodimerization. Whereas ERBB2 and
ERBB3 require heterodimerization for function, ERBB1
(EGFR) and ERBB4 can function autonomously or as het-
erodimers. ERBB2 is the preferential partner for ERBB3 and
ERBB4. Recent attempts to characterize the complex signaling
via these receptors and their ligands at systems biology level
imply that ERBB2 functions as the system amplifier (152). 

In contrast to EGF receptor, which normally is expressed in
both stromal and epithelial cells, ERBB2 is expressed primarily
in epithelial cells. As originally shown for breast and ovarian
cancers (162), the expression of ERBB2 is increased in several
human cancer types as a result of gene amplification. In addition,
artificial overexpression of this gene in some cell types in culture
leads to acquisition of a malignant phenotype. In human can-
cers, ERBB2 may also be overexpressed owing to alterations
in regulation of transcription in the absence of gene amplifica-
tion. Regardless of the underlying mechanism, it has been
shown that overexpression correlates strongly with aggressive
features in breast, ovarian, and endometrial cancers. 

As noted above, activation of the ERBB3 and ERBB4 trans-
membrane receptors is requisite for ERBB2 kinase activity. At
least four families of ligands, collectively called neuregulins
(e.g., heregulin, neu differentiating factor), bind to ERBB3 and
ERBB4 (161). Interestingly, there is considerable promiscuity
between ERBB ligands and receptors. For example, amphireg-
ulin can activate both the EGF receptor (ERBB1) and ERBB3.
And one of the more recently described ligands (epiregulin)
can activate heterodimers of any of the ERBB family members;
these heterodimers are more potent growth stimulators than
homodimers of any individual ERBB receptor. Finally, although
their molecular signaling mechanisms have not yet been fully
elucidated, the ERBB family of receptors has also been exploited
as therapeutic targets. Success has been achieved with the anti-
ERBB2 monoclonal antibody trastuzumab (Herceptin), which
is approved for treatment of ERBB2-positive metastatic breast
cancer. In combination with chemotherapy, trastuzumab pro-
vides significant clinical benefit in terms of increased response
rate and extended survival compared with chemotherapy
alone in patients with ERBB2-positive advanced breast cancer.

Trastuzumab also has therapeutic activity as monotherapy in the
front-line management of ERBB2-overexpressed or ERBB2-
amplified metastatic breast cancer. Given its proven efficacy in
the metastatic setting, the combination and sequential use of
trastuzumab with adjuvant and neoadjuvant chemotherapy are
the focus of several ongoing clinical studies (163). In ovarian can-
cers with ERBB2 amplification and/or overexpression, however,
trastuzumab has been proven to be disappointing in terms of
efficacy compared to that observed in breast cancer (164). 

Extranuclear Signal Transduction

Following interaction of peptide growth factors and their
receptors, secondary molecular signals are generated to trans-
mit the mitogenic stimulus toward the nucleus. This function
is served by a multitude of complex and overlapping signal
transduction pathways that occur in the inner cell membrane
and cytoplasm. Many of these signals involve phosphorylation
of proteins by enzymes known as kinases. Cellular processes
other than growth are also regulated by kinases, but one fam-
ily of kinases appears to have evolved specifically for the pur-
pose of transmitting growth stimulatory signals. These
tyrosine kinases transfer a phosphate group from ATP to tyro-
sine residues of target proteins. Some kinases that phosphory-
late proteins on serine and/or threonine residues (e.g., protein
kinase C, AKT2) also are involved in stimulating prolifera-
tion. The activity of kinases is regulated by phosphatases,
which act in opposition to the kinases by removing phos-
phates from the target proteins. Although several families of
intracellular kinases have been identified that can elicit trans-
formation when activated in vitro (e.g., SRC), structural alter-
ations in these molecules appear to play a role in the
development of human cancers only rarely. Recently, sequenc-
ing of kinase genes in common human cancers identified a low
frequency of mutations (165). The frequency of these alter-
ations and their significance will need to be validated in future
studies; however, it appears clear that widespread mutation of
specific kinases is not common. Rather, cancer is typified by a
low frequency of mutations in multiple kinases. 

RAS

G-proteins represent another class of molecules involved in
transmission of growth stimulatory signals from the cell mem-
brane to the nucleus (166). The RAS family of G-proteins func-
tions as a relay switch that is positioned downstream of cell
surface receptor tyrosine kinases and upstream of a cytoplasmic
cascade of kinases that include the mitogen-activated protein
(MAP) kinases (167,168). Activated MAP kinases in turn regu-
late the activities of nuclear transcription factors. RAS proteins
are 21-kD molecules that localize to the inner aspect of the cell
membrane. They have intrinsic GTPase activity that catalyzes
the exchange of guanosine 5´-triphosphate (GTP) for guanosine
5´-diphosphate (GDP). In their active GTP-bound form,
G-proteins interact with MAP kinases. Conversely, hydrolysis
of GTP to GDP, which is stimulated by GTPase-activating pro-
teins (GAPs), leads to inactivation of G-proteins.

It is estimated that point mutations in RAS genes are present
in about one third of cancers (11). Mutations in this family of
G-proteins (KRAS, HRAS, and NRAS) are among the most
frequently observed genetic alterations in human cancers (e.g.,
gastrointestinal and endometrial cancers). In human cancers
and in a wide range of chemically induced rodent tumors, acti-
vating mutations in RAS are observed at codon 12, 13, or 61
(169). The encoded amino acids at these three locations
appear to play a critical structural role in the active site of ras,
such that missense mutations at one of these codons destroy
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the ability of RAS to convert GTP to GDP. The end result of
such an activating mutation is accumulation of GTP-RAS pro-
tein that chronically transmits its growth stimulatory signal.
In human epithelial malignancies, the most frequently
observed mutation is that of KRAS codon 12; such is the case
for gynecologic cancers, as is discussed later in this chapter.

To be biologically active, RAS must move from the cytoplasm
to the inner plasma membrane. A posttranslational modifica-
tion, specifically addition of a farnesyl group to the C-terminal
cysteine, is requisite for membrane localization. Farnesylation
of RAS is catalyzed by the enzyme farnesyltransferase. Recently,
several compounds have been developed that can inhibit far-
nesylation. Preclinical studies indicate that these molecules can
suppress transformation and tumor growth in vitro and in
animal models with little toxicity to normal cells (170).

Nuclear Factors

If proliferation is to occur in response to signals generated in the
cytoplasm, these events must lead to activation of nuclear
factors responsible for DNA replication and cell division.
Expression of several genes that encode nuclear proteins
increases dramatically within minutes of treatment of normal
cells with peptide growth factors. Once induced, the products
of these genes (e.g., FOS, JUN, MYC) bind to specific DNA
regulatory elements and induce transcription of genes involved
in DNA synthesis and cell division. When inappropriately ampli-
fied and/or overexpressed, however, these transcription factors
can act as oncogenes.

Among the nuclear transcription factors involved in stimu-
lating proliferation, amplification and/or overexpression of
members of the MYC family has most often been implicated in
the development of human cancers (161). MYC proteins are
key regulators of mammalian cell proliferation, and treatment
of cells with MYC antisense oligonucleotides inhibits prolifer-
ation. It has been shown that MYC acts as part of a het-
erodimeric complex with the protein MAX to initiate
transcription of other genes involved in cell cycle progression
(171). Ironically, in some instances in which MYC expression
is low, its inappropriate reexpression can elicit apoptosis (172).

The T-cell–like transcription factor 4, TCF4/LEF1, and the
TCF3 (now known as TCF7L1 and TCF7L2) transcription
factors are implicated in carcinogenesis. These factors are
thought to be the chief effectors of constitutive alteration of
the Wnt signal transduction pathway. As discussed elsewhere
in this chapter, inactivating mutation of the APC tumor sup-
pressor, activating mutation of CTNNB1, or multiple epige-
netic inactivation events in secreted Frizzled receptors all lead
to increases of β-catenin (173). β-catenin associates with the
TCF4 factor and activates or represses gene transcription from
certain promoters. The exact targets of transcription remain
poorly known in most cancer types. However, the c-myc gene
contains canonical TCF/Lef binding sites within its promoter
and may be one key target gene. Whether alterations in this
pathway are relevant in the transformation of gynecologic
cancers largely remains to be elucidated. 

GYNECOLOGIC MALIGNANCIES
Considerable evidence has accumulated to suggest that the
clinical heterogeneity of gynecologic cancers with respect to
behavior (borderline vs. invasive), histologic type, stage, and
outcome is attributable, to a great extent, to differences in
underlying molecular alterations between cancers. The spec-
trum of oncogene and tumor-suppressor gene defects clearly
varies both between cancer types and within a given type of
cancer. A comprehensive understanding of the molecular

pathogenesis of gynecologic cancers has not yet been achieved,
but new genomic technologies that allow global assessment of
molecular alterations are accelerating the pace of discovery.
Elucidation of the molecular pathology of gynecologic cancers
promises not only to illuminate their origins, but also to facil-
itate the development of new approaches to diagnosis, treat-
ment, and prevention.

Although expression of many genes and molecular path-
ways is dysregulated in gynecologic cancers, most of these are
secondary changes that contribute to evolution of the malig-
nant phenotype. The main focus of this chapter is on the primary
mutational alterations in oncogenes and tumor-suppressor
genes that lead to the initial development of gynecologic cancers. 

ENDOMETRIAL CANCER
Epidemiologic and clinical studies of endometrial cancer have
suggested that there are two distinct types of endometrial can-
cer (174). Type I cases are associated with unopposed estrogen
stimulation and often develop in a background of endometrial
hyperplasia. These cancers are characterized by well-differen-
tiated, endometrioid histology, early stage, and favorable out-
come. In contrast, type II cancers are poorly differentiated
and/or nonendometrioid and are more virulent. They often
present at an advanced stage and survival is relatively poor. In
practice, not all cases can be neatly characterized as either
type I or II lesions, and endometrial cancers can also be
viewed as a spectrum with respect to etiology and clinical
behavior. However, as the genetic events involved in the devel-
opment of endometrial cancer have been elucidated, it has
been found that specific alterations often, but not always, are
seen primarily in either type I or II cases (Table 5.2, Fig. 5.7).

The molecular basis for the relationship between unop-
posed estrogenic stimulation of the endometrium and endome-
trial cancer remains uncertain. It has long been thought that
estrogens contribute to the development of endometrial cancer
by virtue of their mitogenic effect on the endometrium. A higher
rate of proliferation in response to estrogens may lead to an
increased frequency of spontaneous mutations. In addition,
when genetic damage occurs, regardless of the cause, the presence
of estrogens may facilitate clonal expansion. It has also been
postulated that estrogens may act as “complete carcinogens”
that both promote proliferation and act as initiating agents
due to free-radical generation and production of carcinogenic
metabolites. In contrast, progestins oppose the action of estro-
gens both by down-regulating estrogen receptor levels and by
decreasing proliferation and increasing apoptosis. 

The initial evidence of genetic alterations in endometrial
cancers came from cytogenetic studies that revealed changes
in the number of copies of specific chromosomes as well as
deletions and translocations (175). Subsequently, comparative
genomic hybridization (CGH) studies have demonstrated spe-
cific areas of chromosomal loss and gain in both endometrial
cancers and atypical hyperplasias (176,177). The most common
sites of chromosomal gain are 1q, 8q, 10p, and 10q (178–180).
Chromosomal losses also are frequently observed both using
CGH and in loss of heterozygosity studies (181). A correlation
has been noted between higher numbers of chromosomal
alterations on CGH and more virulent clinical features (182).
The overall number of chromosomal alterations detected
using CGH is lower in endometrial cancers relative to other
cancer types.

Ploidy analysis simply measures total nuclear DNA content.
About 80% of endometrial cancers have a normal diploid
DNA content as measured by ploidy analysis. Aneuploidy
occurs in 20% and is associated with advanced stage, poor
grade, nonendometrioid histology, and poor survival (183).
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The frequency of aneuploidy is relatively low in endometrial
cancers relative to ovarian cancers (80%). The differences in
frequency of aneuploidy between endometrial and ovarian
cancers correlate well with the disparate outcomes of these
two diseases.

More recently, microarrays that measure the expression of
all the genes in a cancer have been used to identify patterns
that distinguish between normal and malignant endometrium
and between various histologic types of endometrial cancer
(181,184,185). This approach has the potential to complement
studies of the individual oncogenes and tumor-suppressor
genes reviewed below and to enhance understanding of the
biology of endometrial cancer. 

Tumor-Suppressor Genes

TP53

Inactivation of the TP53 tumor-suppressor gene is among the
most frequent genetic events in endometrial cancers (186).
The mechanisms of TP53 inactivation were discussed in detail
earlier in this chapter. Overexpression of mutant TPTP53
protein occurs in about 20% of endometrial adenocarcinomas
and is associated with several known prognostic factors,
including advanced stage, poor grade, and nonendometrioid
histology (Fig. 5.8) (183,187). Overexpression occurs in about
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GENETIC ALTERATIONS IN SPORADIC ENDOMETRIAL CARCINOMAS

TA B L E  5 . 2

Approximate
Class Mechanism frequency Type I/IIa

Hereditary

MSH2, MLH1, PMS1, PMS2, MSH6 DNA repair Mutation 5% I

Sporadic
Oncogenes

HER2/neu Tyrosine kinase Amplification/overexpression 10% II

K-ras G-protein Mutation 10%–30% I/II

b-catenin Transcription factor Mutation 10% I

c-myc Transcription factor Amplification/overexpression 20%–30% ?

FGFR2 Tyrosine kinase Mutation 10% I

PI3KCA Tyrosine kinase Amplification 20%–30% I/II

Tumor-suppressor genes

TP53 Transcription factor Mutation/overexpression 20% II

PTEN Phosphatase Mutation/deletion 40% I

MLH1 Mismatch repair Promoter methylation 10%–20% I

CDC4 Cell cycle Mutation/deletion 15% II

aType I � well-differentiated, endometrioid, estrogen-associated cancers; Type II � poorly differentiated, nonendometrioid cancers.

NORMAL ENDOMETRIUM

Hyperplasia

Type II
Nonendometrioid

Cancer

Type I
Endometrioid

Cancer

P53,
HER2/neu

MSI,
PTEN,
K-ras,  
b-catenin

b-catenin,
PIK3CA

FIGURE 5.7. Molecular pathogenesis of type I and type II endome-
trial cancers.

FIGURE 5.8. Overexpression of p53. About 50% of ovarian cancers
and 20% of endometrial cancers have missense mutations in the p53
tumor-suppressor gene that result in protein products that are resis-
tant to degradation. As is demonstrated in this endometrial cancer
these mutant p53 proteins overaccumulate in the nucleus of the cell
and can be visualized using immunohistochemistry.
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10% of stage I/II and 40% of stage III/IV cancers (187). Numerous
studies have confirmed the strong association between TP53
overexpression and other poor prognostic factors and decreased
survival (188–194). In some of these studies, TP53 overexpres-
sion has been associated with worse survival even after con-
trolling for stage (195,196). This suggests that loss of TP53
tumor-suppressor function confers a particularly virulent phe-
notype. Although little is known regarding molecular alter-
ations in uterine sarcomas, overexpression of mutant TP53
occurs in a majority of mixed mesodermal sarcomas of the
uterus (74%) and in some leiomyosarcomas (197,198).

Endometrial cancers that overexpress TP53 protein usually
harbor missense mutations in exons 5 through 8 of the gene
that result in amino acid substitutions in the protein (Fig. 5.9)
(187,199,200). Most of these mutations lead to loss of DNA-
binding activity. Because TP53 mutations rarely, if ever, occur
in endometrial hyplerplasias (201), this may represent a late
event in the development of endometrioid endometrial can-
cers. Alternatively, acquisition of a TP53 mutation may typi-
cally lead to development of a virulent, poorly differentiated
type II endometrioid cancer or serous cancer that does not
arise in endometrial hyperplasia. In this regard, in one study
of uterine serous carcinoma and its putative precursor
(endometrial intraepithelial carcinoma), TP53 overexpression
was observed in 90% and 78% of cases, respectively (202).

PTEN

The PTEN gene on chromosome 10q encodes a phosphatase
that functions as a tumor suppressor by opposing the activity
of PI3 kinase, which is a lipid kinase involved in generating
the second messenger PIP3 that in turn contributes to activa-
tion of downstream targets such as Akt (203). Mutations in
the PTEN tumor-suppressor gene occur in about half of
endometrial cancers (139–141), and this represents the most
frequent genetic alteration described thus far in these cancers.
Most of these mutations are deletions, insertions, and non-
sense mutations that lead to truncated protein products,
whereas only about 15% are missense mutations that change

a single amino acid in the critical phosphatase domain. Loss of
PTEN tumor-suppressor function generally also involves dele-
tion of the second non-mutated copy of the gene. 

Mutations in the PTEN gene are associated with endometrioid
histology, early stage, and favorable clinical behavior (204).
Well-differentiated, noninvasive cases have the highest frequency
of mutations. In addition, PTEN mutations have been observed
in 20% of endometrial hyperplasias, suggesting that this is an
early event in the development of some type I endometrial
cancers (205). It has been reported that loss of PTEN protein
may occur in normal-appearing endometrial glands even before
the emergence of hyperplasia, suggesting that this may be a crit-
ical initiating event in endometrial carcinogenesis (206,207).

Synchronous endometrioid cancers are sometimes encoun-
tered in the endometrium and ovary that are indistinguishable
microscopically. In some of these cases, identical PTEN muta-
tions have been identified, suggesting that the ovarian tumor
represents a metastasis from the endometrium (208). In other
cases, the PTEN mutation seen in the endometrial cancer was
not found in the ovarian tumor, suggesting that these repre-
sent two distinct primary cancers. PTEN mutations have also
been observed in about 20% of endometrioid ovarian cancers
that arise in the absence of endometrial cancers (143).

DNA Mismatch Repair Genes

As noted in Chapter 2, about 3% to 5% of endometrial cancers
occur in women with a strong hereditary predisposition due to
germ-line mutations in DNA repair genes in the context of the
HNPCC syndrome. Endometrial cancer is the second most
common malignancy observed in women with HNPCC.
Cancers that arise in these individuals are characterized by
mutations in multiple microsatellite repeat sequences through-
out the genome. Microsatellite instability also occurs in about
20% of sporadic endometrial cancers (209,210). Endometrial
cancers that exhibit microsatellite instability tend to be type I
cancers. Because microsatellite instability has been noted in
some sporadic endometrial cancers in women who do not
carry germ-line DNA repair gene mutations that cause
HNPCC syndrome (209), several groups have attempted to
identify acquired somatic mutations in these genes. DNA
repair gene mutations have been identified in only a minority
of endometrial cancers with microsatellite instability (70,211).
Loss of mismatch repair in these cases appears to be most
often due to silencing of the MLH1 gene by way of promoter
methylation (212,213). Methylation of the MLH1 promoter
has also been noted in endometrial hyperplasias (210,214)
and normal endometrium adjacent to cancers, suggesting that
this is an early event in the development of some of these can-
cers (215). It is thought that global changes in methylation
that result in decreased expression of a number of tumor-sup-
pressor and DNA repair genes may be a characteristic of some
endometrial cancers, particularly type I cases (216,217). Loss
of DNA mismatch repair may accelerate the process of malig-
nant transformation by facilitating accumulation of mutations
in microsatellite sequences present in genes involved in malig-
nant transformation such as PTEN, BAX, TGFbRII, and
CASP5 (218). Loss of mismatch repair function is clearly asso-
ciated with favorable survival in colon cancers, but this has not
been a consistent finding in endometrial cancer (219–222).

Other Genes

The Par-4 gene on chromosome 12q21 encodes a putative
tumor-suppressor gene that acts as a proapoptotic factor. Loss
of expression of this gene has been demonstrated in some
human cancers, and mice in which Par-4 has been inactivated
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FIGURE 5.9. Mutation of the p53 gene. Endometrial cancer T861 has
a missense mutation in codon 248 of the p53 gene that changes the
sequence from CGG to TGG and results in the substitution of trypto-
phan for arginine. On the left is the normal wild-type (WT) sequence.
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develop endometrial cancer. Par-4 expression is lower in secre-
tory than in proliferative endometrium. Reduced expression
occurs in about 40% of endometrial cancers and may be
attributable to methylation of the promoter region of the gene
(223). Expression of Par-4 was correlated with ER expression
and microsatellite instability (MSI), but not with mutations in
PTEN, K-ras, or β-catenin.

The Cables gene on chromosome 18q11–12 is a putative
tumor suppressor involved in regulating phosphorylation of
cyclin-dependent kinase 2 in a manner that restrains cell cycle
progression. Cables mutant mice develop endometrial hyper-
plasia at an early age, and exposure to low levels of estrogen
causes endometrial cancer (224). Cables expression is up-
regulated by estrogen and decreases following progestin
treatment. Loss of Cables expression also occurs in human
endometrial hyperplasias and cancers. 

Finally, mutations in the CDC4 gene, which is involved in
regulating cyclin E expression during cell cycle progression,
have been noted in 16% of endometrial cancers (225). Mutations
were accompanied by loss of the wild-type allele and were
more common in cancers with poor prognostic factors such as
high-grade and lymph-node metastases. It is postulated that
CDC4 may act as a tumor suppressor by restraining the activity
of cyclin E in promoting progression from G1 to S phase. An
additional study failed to reproduce this finding. This study
evaluated 73 endometrial cancers for hCDC4 mutation and
was able to detect only a single case with a variant of uncer-
tain significance (226). The frequency and significance of
hCDC4 alterations in endometrial cancer are uncertain.

Oncogenes

HER2/neu/ERBB2

Alterations in oncogenes have been demonstrated in endome-
trial cancers, but these occur less frequently than inactivation
of tumor-suppressor genes (Table 5.2). Increased expression of
the HER2/neu receptor tyrosine kinase has been noted in
about 10% of endometrial cancers (192,227–229) and is asso-
ciated with advanced stage and poor outcome. In some stud-
ies, multivariate analysis revealed that high expression was an
independent variable associated with poor survival (228,230).
Serous endometrial cancers most frequently overexpress
HER2/neu (231). In one study of 27 serous endometrial can-
cers, overexpression was seen in 70% of African American
cases compared to 24% of Caucasian cases, and it was sug-
gested that this may have contributed to an observed racial
disparity in outcome (232). The levels of HER2/neu overex-
pression in endometrial cancers are much less striking than in
breast cancers, but there have been isolated reports that
Herceptin (anti-HER2/neu antibody) treatment is of therapeutic
benefit in some endometrial cancers (233).

K-ras and BRAF 

The RAS family of genes encodes cell-membrane-associated
GTPases that frequently undergo point mutations in codons
12, 13, or 61 in many human cancers. These mutations pro-
duce constitutively activated oncogenic molecules. Initially,
these codons of the K-ras, H-ras, and N-ras genes were exam-
ined in 11 immortalized endometrial cancer cell lines (234).
Mutations in codon 12 of K-ras were seen in four cell lines,
whereas three had mutations in codon 61 of H-ras. Subsequent
studies of primary endometrial adenocarcinomas have confirmed
that codon 12 of K-ras is mutated in about 10% of American
cases and 20% of Japanese cases (235–242). These mutations

occur more often, but not exclusively, in type I endometrial
cancers. K-ras mutations have also been identified in some
endometrial hyperplasias (236,242,243), which suggests that
this may be a relatively early event in the development of some
type I cancers. 

The BRAF gene product acts downstream of K-ras, and
also is frequently mutated in several types of cancers. Most
reports have suggested that BRAF mutations are not a feature
of endometrial hyperplasias or cancers (244,245). However, one
paper from Japan found BRAF mutations in 21% of endome-
trial cancers and 11% of hyperplasias (246). These alterations
were not found at locations proven to constitutively activate
the BRAF protein. Furthermore, many were found in tumors
with mismatch repair deficiency, suggesting that they may be
passenger alterations. Evaluation of these “mutants” requires
further study. It is also possible that these disparate findings
may be due to differences between American and Japanese
endometrial cancers, as has been noted with K-ras mutation
frequency between these populations. 

PI3KCA

As noted above, the PTEN tumor-suppressor gene, which nor-
mally acts to restrain PI3K activity, is frequently inactivated in
type I endometrial cancers. Conversely, the PI3KCA gene is
oncogenically activated in some cases. The catalytic subunit of
PI3K (PI3KCA) is located on chromosome 3q26.3 and acti-
vating mutations in this gene have been described in several
types of cancers. In an initial study, PI3KCA mutations were
seen in 36% of endometrial cancers, and 24% of cases had
mutations in both PTEN and PI3KCA (247). This suggested
that there is an additive effect of two mutations in the same
pathway. In a subsequent study, 39% of endometrial cancers
and 7% of atypical endometrial hyperplasias were found to
harbor mutations in PI3KCA (248). This study also implied
that PI3KCA mutation occurred at the time of tumor invasion
and could serve as a marker for invasion. As in the initial
study, a high fraction of cases had mutations in both PTEN
and PI3KCA. These and other studies confirm that PI3KCA
activating mutations are common in endometrial cancers.

b-catenin

Alterations in a molecular pathway involving E-cadherin, APC,
and β-catenin, the product of the CTNNB1 gene, have been
noted in some endometrial cancers. E-cadherin is a transmem-
brane glycoprotein involved in cell-cell adhesion, and its
decreased expression in cancer cells is associated with increased
invasiveness and metastatic potential. E-cadherin mutations
occur only rarely in endometrial cancers (249), but cadherin
expression may also be down-regulated in the absence of muta-
tions (250,251). The cytoplasmic tail of E-cadherin exists as a
macromolecular complex with the β-catenin and APC gene
products, which link it to the cytoskeleton. It appears that a
critical function of the APC tumor-suppressor gene is to regu-
late phosphorylation of serine and threonine residues (codons
33, 37, 41, 45) in exon 3 of β-catenin, which results in degrada-
tion of β-catenin. Mutational inactivation of APC allows accu-
mulation of β-catenin, which translocates to the nucleus and
acts as a transcription factor to induce expression of cyclin D1
and perhaps other genes involved in cell cycle progression
(251). Germ-line APC mutations are responsible for the adeno-
matous polyposis coli syndrome, and somatic mutations are
common in sporadic colon cancers, but APC mutations have
not been described in endometrial cancers. The APC gene may
be inactivated in some endometrial cancers owing to promoter
methylation (252). In addition, it has been shown that missense
mutations in exon 3 of b-catenin lead to the same end result—
namely, abrogation of the ability of APC to induce β-catenin
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degradation, which results in abnormal transcriptional activity. In
view of this, the β-catenin gene is considered an oncogene (253). 

b-catenin can function as an oncogene in some endometrial
cancers and is a key regulatory protein involved in canonical
Wnt signaling. Disruptions in Wnt signaling have been impli-
cated in numerous cancer types (254). In addition to the defects
present in the gene itself, which lead to constitutive activity,
epigenetic silencing of other negative regulators of this path-
way has been observed. The complexities of Wnt signaling
remain poorly understood; however, it appears that these
additional defects in the pathway are related to an increased
signaling cascade in the absence of key proteins that normally
dampen the Wnt signal. Mutations in exon 3 of b-catenin have
been observed in several types of cancers, including hepatocel-
lular, prostatic, and endometrial cancers. Mutation of b-catenin
occurs in about 10% to 15% of endometrial cancers, but
abnormal accumulation of b-catenin protein occurs in about
one third of cases, suggesting that mechanisms other than muta-
tion might be involved in some cases (255,256). Mutation
of b-catenin tends to be associated with type I endometrial
cancers, and mutations have been noted in some endometrial
hyperplasias (257). 

FGFR2

Efforts designed to sequence kinase genes in human cancers
identified mutations of fibroblast growth factor receptors
(FGFRs) in some common epithelial cancers including ovarian
cancer (258). The FGFR2 gene encodes one of a family of
tyrosine kinase growth factor receptors that receive signals
from a large family of ligands. Recently, one study evaluated
the FGFR2 gene for activating mutations in a series of
endometrial cancers (259). The study was initiated after the
unbiased sequencing approach identified mutations in two
endometrial cancer cell lines and one endometrial stromal sar-
coma cell line. FGFR2 mutations were subsequently identified
in about 10% of endometrioid cancers. Mutations were found
almost exclusively in cancers with endometrioid histology.
There was no association with clinical outcome. Further studies
will be needed to evaluate the significance of the identified
mutations and other mechanisms of increased FGF signaling
in endometrial cancer as well as any potential clinical utility by
drug targeting of the receptor.

c-myc

Among nuclear transcription factors involved in stimulating
proliferation, amplification of members of the myc family has
most often been implicated in the development of human can-
cers. It has been shown that c-myc is expressed in normal
endometrium (260) with higher expression in the proliferative
phase. Several studies have suggested that myc may be ampli-
fied in a fraction of endometrial cancers (261–263). 

OVARIAN CANCER
About 10% of ovarian cancers arise in women who carry
germ-line mutations in cancer susceptibility genes—predomi-
nantly BRCA1 or BRCA2, which are involved in repair of
double-stranded DNA breakage. The vast majority of ovarian
cancers is sporadic and arises due to accumulation of genetic
alterations. The etiology of the molecular alterations involved
in malignant transformation of the ovarian epithelium
remains uncertain, and with the possible exception of talc,
exogenous carcinogens have not been strongly implicated.

Some mutations may arise spontaneously due to increased
epithelial proliferation required to repair ovulatory defects.
Oxidative stress and free-radical formation due to inflamma-
tion and repair at the ovulatory site may also contribute to
accumulation of damage in cancer-causing genes. 

Regardless of the mechanisms involved in causing genetic
alterations, reproductive events that decrease lifetime ovulatory
cycles (e.g., pregnancy and birth control pills) are strongly
protective against ovarian cancer (264). The protective effect
of these factors is greater in magnitude than one would predict
based on the extent that ovulation is interrupted. Five years of
oral contraceptive use provides a 50% risk reduction while
only decreasing total years of ovulation by less than 20%.
There is evidence to suggest that the progestagenic milieu of
pregnancy and the pill might also protect against ovarian can-
cer by increasing apoptosis of ovarian epithelial cells, thereby
cleansing the ovary of cells that have acquired genetic damage
(265). The action of other reproductive hormones such as
estrogens, androgens, and gonadotropins also may contribute
to the development of ovarian cancers.

Epithelial ovarian cancers are heterogeneous with respect
to behavior (borderline vs. invasive), histologic type (serous,
mucinous, endometrioid, clear cell), stage, and outcome. These
clinical and pathologic differences are reflected in diverse pat-
terns of underlying genetic alterations (Fig 5.10). As our
understanding of the molecular pathogenesis of ovarian can-
cer continues to mature, it is likely that the various disease
subsets will increasingly be thought of as distinct entities that
are defined by characteristic patterns of underlying epidemio-
logic risk factors, clinical features, and molecular signatures. 

Global Genomic Changes

Invasive epithelial ovarian carcinoma is generally a mono-
clonal disease that develops as a clonal expansion of a single
transformed cell in the ovary (266). There is evidence that
some serous borderline tumors (229) as well as cancers that
arise in the peritoneum of patients with BRCA1 mutations
may be polyclonal, however (267). Most ovarian cancers are
characterized by a high degree of genetic damage that is man-
ifest at the genomic and molecular levels. Gains and losses of
various segments of the genome have been demonstrated using
comparative genomic hybridization (CGH) (268). Likewise,
loss of heterozygosity (LOH), indicative of deletion of specific
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FIGURE 5.10. Molecular pathogenesis of different histological types
of ovarian cancer.
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genetic loci, also has been demonstrated to occur at a high
frequency on many chromosomal arms (269). It is unclear
whether the wide range of genetic alterations in ovarian cancers
reflects the need to alter several genes in the process of malig-
nant transformation or is the result of generalized genomic
instability. 

Both CGH and LOH studies have shown that advanced-
stage, poorly differentiated cancers have a higher number of
genetic changes than early-stage, low-grade cases (270–272).
This finding could be interpreted as reflective of the fact that the
number of genetic changes accumulates with progression from
an early to an advanced cancer. Alternatively, advanced stage
cancers may be intrinsically more virulent even at their early
stages by virtue of their specific mutations and/or increased
genomic instability. If this latter theory is correct, then early-
and advanced-stage ovarian cancers could be thought of as dif-
ferent diseases rather than as steps in a progressive pathway.
This could have significant implications for early diagnosis,
treatment, and prevention of ovarian cancer. 

It is estimated that the human genome contains about 25,000
genes. Recently, microarray chips that contain sequences com-
plementary to the messenger RNAs of thousands of genes
have been created that allow global assessment of gene expres-
sion. It is likely that levels of gene expression ascertained using
microarrays are reflective of all the mechanisms that can affect
expression, including amplification, deletion, and mutation,
as well as changes in promoter methylation. Expression arrays
have proven useful in predicting clinical phenotypes of various
types of cancers. Several groups have applied expression array
technology to the analysis of ovarian cancers. Many of these
studies have compared gene expression between normal ovarian

epithelial cells and ovarian cancers. Numerous genes have
been identified that appear to be up- or down-regulated in the
process of malignant transformation (273–275). In addition,
microarrays have demonstrated patterns of gene expression
that distinguish between invasive and borderline cases (276),
histologic types (277), and early- and advanced-stage cases
(275,278) and that predict survival (279,280). Although most
of the changes in gene expression observed using microarrays
are not reflective of oncogene or tumor-suppressor gene muta-
tions, it has been shown that complex expression signatures
reflective of specific oncogene alterations can be reliably ascer-
tained (281).

Tumor-Suppressor Genes

TP53

Alteration of the TP53 tumor-suppressor gene is the most fre-
quent genetic event described thus far in ovarian cancers
(Table 5.3) (40,282–287). The frequency of overexpression of
mutant TP53 is significantly higher in advanced-stage (40%
to 60%) relative to early-stage cases (20%), but differences in
frequencies of histologic types likely account for this differ-
ence. In this regard, about two thirds of early-stage serous
ovarian cancers were found to have TP53 mutations com-
pared to only 21% of nonserous cases (288). The higher fre-
quency of TP53 alterations in advanced-stage cases may
indicate that this is a “late event” in ovarian carcinogenesis.
Alternatively, it is possible that loss of TP53 confers an aggres-
sive phenotype associated with more rapid progression. There
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GENETIC ALTERATIONS IN EPITHELIAL OVARIAN CANCERS

TA B L E  5 . 3

Approximate
Class Mechanism frequency Comments

Hereditary

BRCA1 Double-stranded DNA repair Mutation/deletion 6% Breast/ovarian syndrome

BRCA2 Double-stranded DNA repair Mutation/deletion 3% Breast/ovarian syndrome

MSH2/MLH1 DNA mismatch repair Mutation/deletion 1% HNPCC syndrome

Sporadic
Oncogenes

HER2/neu Tyrosine kinase Amplification/overexpression 5%–10% Gene amplification rare

K-ras G-protein Mutation 20%–30% Mostly serous borderline

BRAF Serine/threonine kinase Mutation 10%–20% Serous borderline only

AKT2 Serine/threonine kinase Amplification 5%–10%

PI3KCA Tyrosine kinase Amplification 5%–10%

c-myc Transcription factor Amplification/overexpression 20%–30%

b-catenin Transcription factor Mutation 30% Endometrioid only Type I

Tumor-suppressor genes

TP53 Transcription factor Mutation/deletion 50%–70% Most common in invasive

p16 CDK inhibitor Deletion, promoter methylation 15%

p21, p27 CDK inhibitor Promoter methylation 10%–40%

BRCA1 Double-stranded DNA repair Promoter methylation 10%

CCNE (cyclin E) Cyclin-dependent kinase Overexpression 40%

CDK, cyclin-dependent kinase; HNPCC, hereditary nonpolyposis colorectal cancer.
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is a suggestion that overexpression of mutant TP53 protein may
be associated with slightly worse survival in advanced-stage
ovarian cancers (282–284,286,287,289–291). Finally, although
there is a high concordance between TP53 missense mutations
in exons 5 through 8 and protein overexpression, about 20%
of advanced ovarian cancers contain mutations that result in
truncated protein products, which usually are not overex-
pressed (40,291). Some of these mutations may lie outside of
exons 5 through 8. Overall, about 70% of advanced ovarian
cancers have either missense or truncation mutations in the
TP53 gene. Most TP53 missense mutations are transitions
rather than transversions (292,293), which suggests that these
mutations occur spontaneously, rather than due to exogenous
carcinogens.

It has been postulated that loss of functional TP53 might
confer a chemoresistant phenotype because of its role in
chemotherapy-induced apoptosis. In this regard, several stud-
ies have examined the correlation between chemosensitivity
and TP53 mutation in ovarian cancers in vitro (294–299).
Some have suggested a relationship between TP53 mutation
and loss of chemosensitivity, but in other equally valid studies
such a relationship has not been observed. It is likely that the
status of the TP53 gene is just one of a multitude of factors
that determines chemosensitivity.

Overexpression of TP53 is rare in stage I serous borderline
tumors, but occurs in as many as 20% of advanced-stage bor-
derline cases (300,301). In a study of advanced serous border-
line tumors, TP53 overexpression was associated with a
sixfold higher risk of death (301). In some cases, invasive
serous cancers may arise following an earlier diagnosis of bor-
derline tumor. It has been shown that TP53 mutational status
was not concordant between the original borderline tumor
and the subsequent invasive cancer (302). This suggests that
the invasive cancer either arises independently or as a clonal
outgrowth within the original tumor. 

Rb Gene

Although mutations in the Rb tumor-suppressor gene are not
a common feature of ovarian cancers, evidence suggests that
inactivation of Rb greatly enhances tumor formation in ovar-
ian cells with p53 mutations (303). In a mouse model in which
these genes were inactivated in the ovarian epithelium, few
cancers developed in response to loss of either p53 or Rb
alone. When both genes were inactivated, epithelial ovarian
cancers with serous features developed in almost all cases.
Given that Rb mutations are rare in ovarian cancers, it is pos-
sible that inactivation of one of a number of genes in the Rb
pathway can initiate transformation cooperatively with TP53.
Inactivation of Rb itself may not be requisite. This mouse
model of ovarian cancer has the potential to add greatly to our
understanding of epithelial ovarian carcinogenesis. A notable
feature of this model is the development of dysplastic prema-
lignant epithelium. Although ovarian dysplasia has long been
thought to represent the precursor of serous ovarian cancers
(304) and is an appealing target for early detection and pre-
vention (305), the inaccessibility of the ovaries has presented a
significant obstacle to studying its natural history. The ability
to track the development of preinvasive and invasive lesions in
this new mouse model presents the opportunity to develop
chemoprevention approaches in a setting that appears similar
to human ovarian carcinogenesis. 

Cyclin-Dependent Kinase Inhibitors

The cyclin-dependent kinase (CDK) inhibitors act as tumor
suppressors by virtue of their inhibition of cell cycle progres-
sion from G1 to S phase. Expression of several CDK inhibitors

appears to be decreased in some ovarian cancers. The CDKN2A
(p16) gene undergoes homozygous deletions in about 15% of
ovarian cancers (306). There is evidence to suggest that p16
(307), CDKN2B (p15) (308), and some other tumor-suppres-
sor genes such as BRCA1 (83,84,309) may be inactivated via
transcriptional silencing due to promoter methylation rather
than mutation and/or deletion. Likewise, decreased expression
of the CDK inhibitor CDKN1A (p21) has been noted in a sig-
nificant fraction of ovarian cancers despite the absence of
inactivating mutations (310,311), and in some studies has
been associated with poor survival (312). Loss of CDKN1B
(p27) also may occur and correlates with poor survival in
some studies (313–316). It has been suggested that abberant
expression of p27 in the cytoplasm may be most associated
with poor outcome (317).

Other Genes

The TGF-β pathway is believed to play an important role in
suppression of proliferation and malignant transformation.
Normal ovarian epithelial cells are inhibited by the growth
inhibitory peptide TGF-β, whereas some ovarian cancers are
unresponsive (318,319). There is some evidence that muta-
tions may occur in cell surface TGF-β receptors or in the Smad
family of genes that are involved in downstream signaling
(320), but in other studies these signaling pathways have been
found to be intact (319).

A number of other genes involved in inhibiting proliferation
that are not inactivated by mutation and/or deletion may be
silenced due to methylation of their promoters. Examples include
the ARHI gene on chromosome 1p31 and the ARLTS1 gene on
13q14 (321,322). 

Oncogenes

HER2/neu

Normal and malignant ovarian epithelial cells produce and
respond to various peptide growth factors such as epidermal
growth factor (323), insulin-like growth factors (324), platelet-
derived growth factor (325), and fibroblast growth factors
(326–328). Production of these growth-accelerating peptides
appears to be increased during carcinogenesis. These growth
factors interact with membrane-spanning tyrosine kinase
receptors. The only one of these receptor tyrosine kinases
convincingly shown to be activated in some ovarian cancers is
HER2/neu.

About 30% of breast cancers express increased levels of
HER2/neu (162), often as a result of gene amplification.
Overexpression of HER2/neu in breast cancer has been associ-
ated with poor survival. Expression of HER2/neu is increased
in a fraction of ovarian cancers (Fig. 5.11) and overexpression
has been associated with poor survival in some studies (162,329),
but ovarian cancers that exhibit HER2/neu overexpression
rarely have high-level gene amplification. Monoclonal anti-
bodies that bind to HER2/neu can decrease growth of ovarian
cancer cell lines that overexpress this receptor (330). Anti-
HER2/neu antibody therapy (Herceptin) has demonstrated
efficacy in the treatment of breast cancer and is often adminis-
tered in concert with paclitaxel (331). In a Gynecologic Oncology
Group (GOG) study, only 11% of ovarian cancers exhibited
significant HER2/neu overexpression (332). The response rate
to single-agent Herceptin therapy was disappointingly low
(7.3%), but perhaps some benefit may be found in the future
using combination regimens that also include taxanes or other
cytotoxics. 

102 Section I: Epidemiology of Gynecologic Cancer

Barakat_CH05-085-112.qxd  3/2/09  12:19 PM  Page 102



K-ras and BRAF

Activating mutations in codons 12 and 13 of the K-ras gene
are rare in invasive serous ovarian cancers (333–335). Some
types of cancers that lack K-ras mutations have activating
mutations in codon 599 of the downstream BRAF gene, but
this is not the case in serous ovarian cancers. In contrast, K-ras
mutations are common in borderline serous ovarian tumors,
occurring in about 25% to 50% of cases (336,337). In addi-
tion, mutations in BRAF occur in about 20% of serous bor-
derline cases lacking K-ras mutations (338). Mutations in
K-ras and BRAF have also been noted in cystadenoma epithe-
lium adjacent to serous borderline tumors, suggesting that this
is an early event in their development (339). K-ras mutations
have been noted in about 50% of mucinous ovarian cancers,
but BRAF mutations have not been found (340). These find-
ings highlight the distinct differences in the molecular pathology
between various histologic types and between borderline
tumors and invasive ovarian cancers. 

PI3KCA and AKT2

Similar to endometrial cancers, activation of the PI3KCA and
AKT2 oncogenes occurs in some ovarian cancers. The region
of chromosome 3p26 that includes the phosphatidylinositol 
3-kinase (PI3KCA) is amplified in some ovarian cancers (341).

In addition, activating mutations in PI3KCA occur in about
10% of ovarian cancers, and are much more common in
endometrioid and clear cell cancers (20%) compared to serous
cancers (2%) (342). Likewise, the AKT2 serine/threonine
kinase that is downstream of PI3KCA also has been shown to
be amplified and overexpressed in some ovarian cancers (343).
PI3KCA and AKT2 kinase activity is opposed by the PTEN
phosphatase, and this tumor-suppressor gene also is inacti-
vated in about 20% of endometrioid ovarian cancers (344). 

b-catenin

As noted previously, mutations in the b-catenin gene are a feature
of some endometrial cancers. Similarly, b-catenin mutations
are present in about 30% of endometrioid ovarian cancers
(345), but not other histologic types. This provides further
evidence of the molecular heterogeneity of the various histo-
logic types of ovarian cancer. In some endometrioid ovarian
cancers with abnormal nuclear accumulation of β-catenin that
lack mutations, the APC, AXIN1, or AXIN2 genes that regu-
late β-catenin activity were found to be mutated (345). This
suggests that alterations in this wnt signaling pathway are a
feature of endometrioid ovarian cancers. Mouse models in
which the wnt and the PIK3/PTEN pathways are inactivated
in the ovarian epithelium lead to the development of
endometrioid cancer and endometriosis (346,347). 

c-myc

Increased activity of nuclear transcription factors also may
enhance malignant transformation. In this regard, amplifica-
tion of the c-myc oncogene has been reported to occur in some
ovarian cancers. Several studies have suggested that the c-myc
gene is amplified in about 30% of cases, although high-level
amplification is rare (348–350). Despite these reports of gene
amplification, evidence of c-myc protein overexpression has been
less convincing. 

CCNE (Cyclin E)

Cell cycle progression factors may also exert an oncogenic
effect when overactive. In this regard, some ovarian cancers
have been reported to show increased expression of cyclin E,
which is involved in cell cycle progression from G1 to S phase.
In a study of advanced-stage suboptimally debulked ovarian
cancers treated on GOG protocols, high cyclin E expression
was associated with a 6-month decrease in median survival
(351). In some, but not all, cases, amplification of the cyclin E
gene was found to be the underlying cause of overexpression.
In a large study using a tissue microarray, cyclin E overexpres-
sion has been shown to be associated with serous/clear cell
histology, advanced stage, and poor outcome (352). 

Other Genes

Global genomic approaches such as CGH have also suggested
the presence of amplified genes in other chromosomal regions
in some ovarian cancers. An amplicon on chromosome 11q13
results in amplification of Cyclin D1 and/or the BRCA2 inter-
acting protein EMSY in some cases (353). Likewise, the
Notch3 gene on chromosome 19p13, the Aurora-A kinase on
20q13, and eIF-5A2 on 3q26 also may be targets for amplifi-
cation (354–356).

Large-scale sequencing of 518 protein kinases was per-
formed on a panel of human cancers, including 25 ovarian
cancers (258). Although the analysis did not detect a gene or
genes with high prevalence of mutation, several genes were
mutated infrequently in ovarian cancers including CDKL2,
CDKL5, STK36, and TRRAP. The investigators performed
more sequencing on additional ovarian cancers and did not
find widespread alteration in these genes. Interestingly, this
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FIGURE 5.11. Overexpression of HER2/neu in ovarian cancer. A:
Serous ovarian cancer. B: Immunostaining for HER2/neu demonstrates
intense cell membrane staining indicative of overexpression.
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screen identified a single FGFR2 mutation in 25 ovarian can-
cers. There were only two endometrioid histology ovarian
cancers among the 25 sequenced. Given the high similarity of
mutation and histologic appearance of endometrioid ovarian
cancer and endometrioid endometrial cancer, it seems possible
that a low frequency of FGFR2 mutations will be found in
endometrioid ovarian cancers.

Ovarian cancer ascites also contain lipid factors such as
lysophosphatidic acid (LPA) that stimulate proliferation and
invasiveness of ovarian cancer cells (357). The edg-2 G-protein–
coupled receptors act as functional receptors for LPA. It also
has been shown that LPA induces the Groa gene that acts to
stimulate proliferation (358). The finding that neutralization
of LPA activity decreases growth and increases apoptosis of
ovarian cancers suggests that manipulation of this pathway
may be therapeutically beneficial (359).

CERVICAL CANCER
Cervical cancer is the most common gynecologic malignancy
worldwide and accounts for over 400,000 cases annually.
Molecular and epidemiologic studies have demonstrated that
sexually transmitted human papillomavirus (HPV) infections
play a role in almost all cervical dysplasias and cancers (360).
HPV infection is also involved in the development of dysplasias
and cancers of the vagina and vulva. The peak incidence of
HPV infection is in the 20s and 30s and the incidence of cervical
cancer increases from the 20s to a plateau between age 40
and 50. Although HPV plays a major role in the development
of most cervical cancers, only a small minority of women who
are infected develop invasive cervical cancer. This suggests
that other genetic alterations and/or environmental factors also
are involved in cervical carcinogenesis. For example, individuals
who are immunosuppressed, either due to HIV infection (361)
or immunosuppressive drugs, are more likely to develop dys-
plasia and invasive cervical cancer following HPV infection. 

Cervical screening programs in developed nations dramati-
cally reduced both the incidence of invasive cervical cancer
and disease-related mortality in the 20th century. The recent
development of vaccines against oncogenic HPV subtypes
promises to further decrease the incidence of cervical dysplasia
and cancer. Although cervical cancer mortality is now low in
the United States and Western Europe, it remains among the
leading causes of cancer deaths in women in underdeveloped
nations. Complete eradication of cervical cancer through
screening and prevention strategies that are based on an
understanding of HPV biology may be within reach in the
21st century. 

Human Papillomavirus Infection

There are over 80 HPV subtypes, but not all infect the lower
genital tract. HPV-16 and -18 are the most common types
associated with cervical cancer, and are found in over 80% of
cases. Types 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, and
82 should be considered high-risk types, and types 26, 53,
and 66 should be considered probably carcinogenic (360).
Low-risk types that may cause dysplasias or condyloma in the
lower genital tract, but rarely cause cancers, include types 6,
11, 40, 42, 43, 44, 54, 61, 70, 72, and 81. The advent of HPV
typing now allows assessment of whether patients carry high-
risk or low-risk HPV types and this has proven to be clinically
useful in the management of patients with low-grade Pap
smear abnormalities.

The HPV DNA sequence consists of 7,800 nucleotides
divided into “early” and “late” open reading frames (ORFs).
Early ORFs are within the first 4,200 nucleotides of the

genome and encode proteins (E1–E8) important in viral repli-
cation and cellular transformation. Late ORFs (L1 and L2)
are found within the latter half of the sequence and encode
structural proteins of the virion. In oncogenic subtypes like
HPV-16 and -18, transformation may be accompanied by
integration of episomal HPV DNA into the host genome.
Opening of the episomal viral genome usually occurs in the
E1/E2 region, resulting in a linear fragment for insertion. The
location of the opening may be significant since E2 acts as a
repressor of the E6/E7 promotor, and disruption of E2 can
lead to unregulated expression of the E6/E7 transforming
genes. HPV-16 DNA may be found in its episomal form in
some cervical cancers, however, and unregulated E6/E7 tran-
scription may occur independent of viral DNA integration
into the cellular genome. 

Examination of the biological effects of HPV-encoded pro-
teins has shed light on the mechanisms of HPV-associated
transformation. Expression of the E4 transcript results in the
production of intermediate filaments that colocalize with
cytokeratins. E4 proteins of oncogenic subtypes disrupt the
cytoplasmic cytokeratin matrix, whereas those of nononco-
genic strains do not. It has been suggested that this may facili-
tate the release of HPV particles in oncogenic subtypes such as
HPV-16. The E5 oncogene encodes a 44 amino acid protein
that usually forms dimmers within the cellular membrane. The
transforming properties of E5 appear to involve potentiation of
membrane-bound epidermal growth factor receptors or platelet-
derived growth factor receptors. HPV E2 proteins are thought
to cause a mitotic block that leads to genomic instability.

The E6 and E7 oncoproteins are the main transforming
genes of oncogenic strains of HPV (Fig. 5.12) (362). Transfection
of these genes in vitro results in immortalization and transfor-
mation of some cell lines. The HPV E7 protein acts primarily
by binding to and inactivating the retinoblastoma (Rb) tumor-
suppressor gene product. E7 contains two domains, one of
which mediates binding to Rb while the other serves as a sub-
strate for casein kinase II (CKII) phosphorylation. Variations
in oncogenic potential between HPV subtypes may be related
to differences in the binding efficacy of E7 to Rb. High-risk
HPV types contain E7 oncoproteins that bind Rb with more
affinity than E7 from low-risk types. The transforming activ-
ity of E7 may be increased by CKII mutation, implying a role
for this binding site in the development of HPV-mediated neo-
plasias. The E6 proteins of oncogenic HPV subtypes bind to
and inactivate the TP53 tumor-suppressor gene product
(363,364). There is also a correlation between oncogenicity of
various HPV strains and the ability of their E6 oncoproteins
to inactivate TP53. Inactivation of Rb and TP53 by E6/E7
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FIGURE 5.12. Role of p53 and Rb genes in cervical carcinogenesis.
The HPV-16/18 E6 and E7 proteins inactivate the p53 and Rb genes,
respectively.
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circumvents the need for mutational inactivation of these key
growth regulatory genes. HPV-negative cervical cancers are
uncommon, but have been reported to exhibit overexpression
of mutant TP53 protein (365). This suggests that inactivation
of the TP53 tumor-suppressor gene either by HPV E6 or by
mutation is a requisite event in cervical carcinogenesis. In some
studies, the levels of E6 and E7 in invasive cervical cancers
have been found to predict outcome, whereas HPV viral load
does not (366).

Genomic Changes

Comparative genomic hybridization techniques have been
used to identify chromosomal loci that are either increased or
decreased in copy number in cervical cancers. A strikingly
consistent finding of various studies is the high frequency of gains
on chromosome 3q in both squamous cell cancers (367–370)
and adenocarcinomas (371). Other chromosomes that exhibit
frequent gains include 1q and 11q. The most common areas of
chromosomal loss include chromosomes 3p and 2q. For the
most part, with the exception of the FHIT gene on chromo-
some 3p, it has not been proven that these genomic gains and
losses result in the recruitment of specific oncogenes and
tumor-suppressor genes in the process of malignant transfor-
mation. It is conceivable that these chromosomal alterations
may be frequent sequelae of infection with oncogenic HPVs
while playing no significant role in the pathogenesis of cervi-
cal cancers. Abnormalities seen in invasive cancers using com-
parative genomic hybridization also have been identified in
high-grade dysplasias, however, suggesting that these are early
events in cervical carcinogenesis (368,369,372).

Oncogenes and Tumor-Suppressor Genes

Only a small fraction of HPV-infected women develop cervical
cancer. This suggests that additional genetic alterations are req-
uisite for progression to high-grade dysplasia and cancer, but
little is known regarding these events. Allele loss suggestive of
involvement of tumor-suppressor genes has been noted at loci
on chromosomes 3p, 11p, and others, but alterations in spe-
cific genes remain elusive. Interestingly, the cyclin-dependent
kinase inhibitor p16 is strikingly up-regulated in almost all cer-
vical dysplasias and cancers (373). Clinical trials are ongoing
to determine whether this will represent a useful adjunct to
improve the positive predictive value of high-risk HPV testing
for detection of cervical dysplasia. 

The role of several oncogenes has been examined in cervical
carcinomas. Although the epidermal growth factor receptor
gene is amplified and overexpressed in some squamous cell
cancers that arise in the aerodigestive tract, this is not observed
in cervical cancers (374). Mutant ras genes are capable of
cooperating with HPV in transforming cells in vitro. There is
some evidence that mutations in either K-ras or H-ras may play
a role in a subset of cervical cancers (365,375–378). Alterations
in ras genes have not been seen in cervical intraepithelial neo-
plasia, suggesting that mutation of ras is a late event in the
pathogenesis of some cervical cancers. In contrast, c-myc
amplification and overexpression may be an early event in the
development of some cervical cancers (379). Overexpression of
c-myc has been demonstrated in one third of early invasive car-
cinomas and some CIN 3 lesions, but not in normal cervical
epithelium or lower grade dysplasia. It has been reported that
overexpression of c-myc gene may be due to amplification of
the gene (4- to 20-fold) in some cases. In some studies, amplifi-
cation correlated with poor prognosis in early-stage cases
(380). Other studies have not confirmed the finding of amplifi-
cation of c-myc in cervical cancers, however. Integration of the
HPV genome near c-myc on chromosome 8q may lead to

increased expression due to enhanced transcription of the gene
rather than amplification. Further studies are needed to clarify
the role of ras genes, c-myc, and other oncogenes in cervical
carcinogenesis.

The fragile histidine triad (FHIT) gene localized within
human chromosomal band 3p14.2 is frequently deleted in
many different cancers, including cervical cancer (381–383).
Decreased expression of this putative tumor-suppressor gene
is an early event in some cervical cancers (383,384). In one
study, FHIT protein expression was markedly reduced or
absent in 71% of invasive cancers, 52% of high-grade squamous
intraepithelial lesions (HSILs) associated with invasive cancer,
and 21% of HSILs without associated invasive cancer (383).
In addition, reduced expression is associated with poor prog-
nosis in advanced cervical cancers (385).

As is the case in endometrial and ovarian cancers, it is
thought that gene silencing due to promoter hypermethylation
also may play a role in cervical carcinogenesis (386,387). In
this regard, the RASSF1A gene is located on chromosome
3p21.3 in an area that is frequently the site of deletions in cer-
vical cancer. The function of this gene is not completely under-
stood, but is thought to be involved in ras-mediated signal
transduction pathways. Although mutations in RASSF1A do
not occur in cervical cancers, inactivation of the gene due to
promoter methylation occurs in a fraction of cases, particu-
larly adenocarcinomas (388,389). 

Molecular analyses can readily be performed using cell pel-
lets obtained from liquid-based Pap smears. This promises to
facilitate future investigation of the role of promoter methyla-
tion and other alterations in the molecular pathogenesis of
cervical cancer (390,391).

GESTATIONAL TROPHOBLASTIC
DISEASE

The genetic alterations that underlie gestational trophoblastic
disease have been elucidated to a great extent. The most
prominent feature of these tumors is an imbalance of parental
chromosomes. In the case of partial moles this involves an
extra haploid copy of one set of paternal chromosomes, while
complete moles generally are characterized by two complete
haploid sets of paternal chromosomes and an absence of
maternal chromosomes. Although the risk of repeat molar
pregnancy is only about 1%, women who have had two molar
pregnancies have about a 25% risk of developing another
mole. Although this suggests a hereditary defect that affects
gametogenesis, this remains speculative. Thus far there is no
convincing evidence that damage to specific tumor-suppressor
genes or oncogenes contributes to the development of gesta-
tional trophoblastic disease.
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frequently, including carcinomas, supporting the hypothesis
that the immune system detects and destroys incipient cancers,
the theory of immune surveillance of cancer. This theory has
been modified to propose that the immune system not only
destroys incipient cancers, but that cancer cells are able to
escape this early immunity through changes in gene expression,
leading to outgrowth of tumors with the capacity to escape
recognition by the immune system. The process of tumor cells
escaping from immunity is termed immune editing.

Innate Immunity

The immune system is broadly divided into two arms. Innate
immunity is present at birth and does not require adaptation to
react against microorganisms or tumors. Examples of cells that
are part of innate immunity include natural killer (NK) cells,
macrophages, and dendritic cells. NK cells are lymphocytes that
are programmed to recognize and destroy tissues that have been
altered or stressed, e.g., by viruses or by malignant transforma-
tion. Macrophages play many roles in immunity and inflamma-
tion, including production of a multitude of soluble secreted
proinflammatory proteins, which are growth factors for other
cells of the immune system, for neovasculature, and for cancer
cells. These growth factors include cytokines and chemokines,
and they support the growth, movement, and survival of
immune and inflammatory cells. Macrophages play important
roles in tissue remodeling during wound healing, mediating
inflammatory responses, sampling molecules from the environ-
ment through internalization, and presenting antigens to
stimulate T cells. Macrophages can also play a counterproduc-
tive role through production of molecules that promote tumor
growth and angiogenesis (e.g., vascular endothelial growth
factor [VEGF] and basic fibroblast growth factor [FGF]).
Macrophages can also inhibit immune responses through pro-
duction of cytokines and other molecules that down-regulate
immunity, such as prostaglandins E2, arginase I, and transform-
ing growth factor-�. Thus, the role of macrophages in tumors is
complex. Dendritic cells have some properties that are similar to
macrophages, including production of cytokines and sampling
of molecules from the environment. Most importantly, dendritic
cells are a primary link between the innate immune system and
the adaptive or acquired immune system through presentation
of antigens to initiate T-cell activation. For this reason, dendritic
cells are professional antigen-presenting cells.

Adaptive Immunity

Adaptive immunity is characterized by adaptation to antigens,
e.g., antigens of infectious pathogens (or potentially by cancer).

The natural clinical history of ovarian cancer makes it ideally
suited for the evaluation of immune-based strategies. Although
the majority of patients are diagnosed with advanced disease,
70% are in a complete clinical remission following initial
cytoreductive surgery and platinum and taxane–based primary
chemotherapy (1). However, data from second-look surgical
assessments show that more than 60% of patients actually
have persistent disease, which is supported by the fact that
only 30% of optimally debulked stage III patients will remain
disease-free with a median progression-free interval of
approximately 24 months (2). Despite the high relapse rate,
many patients return to a complete or partial clinical remis-
sion following additional chemotherapy. With this chronic
course of relapse and response, the median survival of opti-
mally debulked patients exceeded 60 months in a study evalu-
ating intraperitoneal (IP) therapy as part of primary treatment
(3). Neither higher doses and protracted schedules nor non-
cross-resistant consolidation chemotherapy has provided
additional benefit. These ovarian cancer patients with mini-
mal disease burdens are therefore appropriate candidates for
the evaluation of immune-based strategies, which typically
have excellent side effect profiles.

With regard to other gynecologic malignancies, the outcome
of both early-stage and locally advanced cervical cancer has
been improved with the addition of chemotherapy to radiation
therapy, yet for those patients who relapse, survival in the
metastatic setting is short (4,5). The bulk of immune strategies
being evaluated in patients with cervical cancer target human
papillomavirus, and this important subject is covered separately
in chapters 19 and 22 (6,7). The treatment of patients with
metastatic recurrent endometrial cancer is also characterized by
limited chemotherapy responses of short duration (8). There is
a need in each of these gynecologic cancers for more effective
therapy, especially in the adjuvant setting, when the target is cir-
culating cancer cells and micrometastases or peritoneal
implants. A variety of approaches utilizing the specificity and
potency of the immune system are under evaluation including
cytokines or other immunologic modulators, monoclonal anti-
bodies, and vaccines.

CANCER IMMUNOLOGY:
OVERVIEW

The immune system evolved to fight foreign invaders such as
bacteria, viruses, and parasites. However, strong evidence sug-
gests that the immune system also plays a crucial role in con-
trolling or even rejecting incipient cancers. Mice that have
major defects in immunologic molecules develop cancer more
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This arm of the immune system is not mature or activated at
birth, but rather adapts through maturation in response to
antigens of pathogens. It is characterized by receptors encoded
by the immunoglobulin (Ig) gene family. These receptors have
the capacity to rearrange, creating enormous diversity (�1011–12

different receptors). This provides a system to generate enor-
mous specificity that recognizes and responds to a wide range
of antigens that have not previously been encountered. 

The two major cell types of acquired immunity are T lym-
phocytes (T cells) and B lymphocytes (B cells). T cells have the
capacity to recognize antigens sequestered in different compart-
ments within cells, for instance, antigens generated in the cyto-
plasm or nucleus by viral infections. T cells recognize antigens
as short peptides, 8 to 16 amino acids in length. These peptides
must be complexed with and presented by specialized antigen-
presenting molecules, the major histocompatibility complex
(MHC) molecules, to T-cell receptors. In humans, MHC mole-
cules are the human leukocyte antigens (HLAs) expressed on
virtually every cell in the body. On the other hand, B cells pro-
duce secreted antibodies that can recognize soluble and cell sur-
face molecules. Both T cells and B cells initially develop with a
limited range of receptors for immune recognition. However, in
response to antigen (e.g., from a virus or cancer cell) presented
by a professional antigen-presenting cell, T cells or B cells that
have receptors with the best “fit” to the antigen itself (for B
cells) or antigen/MHC complex (for T cells) are stimulated to
proliferate and this subpopulation is quickly expanded.

Humoral Immunity

B cells recognize antigens usually in their natural configuration
(9). An individual host has a repertoire of B cells that are
capable of generating antibodies against the full range of
pathogens encountered in the environment. To do this, the total
population of B lymphocytes expresses a diverse repertoire of
immunoglobulins. Each B cell expresses immunoglobulin
against a single antigenic determinant, with the immunoglobu-
lin expressed at the cell surface of the B cell where it acts as a
specific receptor to transduce signals in response to that anti-
gen. Once activated, the B cell is to create an individual mono-
clonal antibody (mAb). The diversity of specificities in different
B cells is generated by rearrangements of the immunoglobulin
genes, and new antibody specificities continue to be generated
in response to new antigens. During development, B cells with
high avidity immunoglobulins against ubiquitous self-antigens
are eliminated. This elimination of B cells reactive with
autoantigens is not absolute, however, as a broad array of anti-
bodies against autoantigens is found in the blood of humans.
Peripheral blood B cells consist of naïve and relatively short-
lived B cells, long-lived memory B cells resulting from matura-
tion in response to antigenic stimulation, and a small
population of B cells expressing germ-line immunoglobulins
that have not undergone rearrangement (which are found in the
CD5� B-cell population) (10).

B cells are very mobile, and after development in the 
bone marrow they migrate through the peripheral blood to 
B-cell-rich areas in lymphoid organs, e.g., the follicles of
lymph nodes, spleen, and gastrointestinal tract. Many B cells
continue recirculating in the blood. If cognate antigen is
encountered in lymphoid organs, the B lymphocyte migrates
to the T-cell-rich areas where appropriate T-cell help can 
be provided to promote increased antibody diversity and
increased affinity through immunoglobulin gene rearrange-
ments. This T-cell help does not have to be induced by the
same antigen. Chemical conjugation of the antibody-recog-
nized antigen to highly immunogenic bacterial or xenogeneic
proteins or, alternatively, expression of the antigen in bacterial
or viral vectors, are widely used approaches to ensure adequate

T-cell help in vaccines. The result of T-cell help is generation of
plasma cells, the most mature form of B cell with the highest
capacity for antibody production. In addition, T-cell help pro-
motes formation of germinal centers in lymphoid organs
where hypermutation in immunoglobulin genes and class and
subclass switching occur to generate antibodies with higher
affinities for antigen. Class switching refers to changes in
antibody class during an immune response, with the IgM
class of antibodies appearing first, generally followed by anti-
bodies of the IgG class (different subclasses of IgG antibodies
have different blood half-lives and different capacities for
effector functions, such as fixation of complement or binding
to Fc receptors). The consequence is plasma cells secreting
increasingly higher affinity IgG antibodies as the immune
response matures over time. In addition, some B cells that
generally recognize non-protein antigens, e.g., carbohydrate
or glycolipid antigens, can be stimulated to proliferate in the
absence of T-cell help. Class switching, affinity maturation,
and memory B cells do not occur “without cell help;” rather,
low-affinity IgM antibodies of shorter duration result.

The immunoglobulin variable region (called the Fv region)
determines antibody specificity and is located in the Fab
domain of immunoglobulins. This region mediates effective
binding to antigens. However, the constant region (Fc), where
antibody class and subclass are determined, is equally critical.
Binding of antibody to antigen results in a conformational
change in the Fc portion, leading to activation of several effec-
tor mechanisms, including complement activation (discussed
below). IgM antibodies are synthesized early in the response,
but if T-cell help is available, antibody responses mature
through immunoglobulin gene rearrangements into the higher
affinity IgG classes, which are capable of improved binding to
antigen as well as receptors on the bone marrow-derived cells
for the Fc domain, expanding potential effector functions. The
responses to most non-protein antigens are IgM class and
generally do not mature to IgG responses. The IgM pentamer
structure is specialized to increase avidity of binding to
multimeric antigens and to efficiently activate one type of
effector function: complement. Activation of complement,
which includes blood components with different enzymatic
properties, results in opsonization (coating of pathogens by
complement components), recognition by complement recep-
tors on macrophages, monocytes, neutrophils, and dendritic
cells, with subsequent activation of these cells leading to
phagocytosis and/or killing. In addition, complement can
form a membrane attack complex, which creates holes in
membranes of target pathogens and cancer cells, producing
complement-dependent cytotoxicity (CDC). IgG antibodies
are synthesized following immunoglobulin gene rearrange-
ments, with switches in Fc domains, as the B cell matures in
response to T-cell help. IgG antibodies usually have higher
affinity, and can be found in the extracellular space as well as
in the blood. IgG1 and IgG3 antibodies in humans are espe-
cially effective at activating complement and also at sensitiza-
tion of pathogens for killing by NK cells, macrophages, and
other cells with complement receptors and immunoglobulin
Fc receptors.

Opsonization for ingestion and destruction by phagocytes
can occur through complement activation, but also occurs
directly as a consequence of engagement of Fc receptors on
phagocytic cells. Antibodies complexed to antigen bind to Fc
receptors, which can lead to activation signals through acti-
vating Fc receptors (e.g., FcRIII), but activation can be coun-
tered by IgG binding to the inhibitory Fc receptor, FcRIIB. Fc
receptors, which are bound effectively by IgG1 and IgG3 sub-
classes of human antibodies, are expressed on monocytes,
macrophages, NK cells, neutrophils, mast cells, and other
cells. Cross-linking of Fc receptors leads to activation of the
cells, in some cases leading to antibody-dependent cell-mediated
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cytotoxicity (ADCC) of tumor cells through production of
cytotoxic molecules, e.g., perforin and granzymes by NK cells
and reactive molecular species by macrophages. Monoclonal
antibodies are commonly used for cancer therapy. Antitumor
effects can be in part mediated by antibody binding to critical
molecules on the surface of tumor cells, for example by inhibit-
ing tumor cell attachment or growth receptors. However,
generally interactions of antibody with cell antigen are not
very effective unless Fc receptor–mediated effector mechanisms
are also activated. 

Cellular Immunity

T lymphocytes recognize processed (digested) molecules that
complex with MHC molecules within antigen-presenting cells.
The antigen/MHC molecules are then trafficked to the cell
surface for recognition by T-cell receptors, which are encoded
by genes of the immunoglobulin family. Similar to generation
of antibodies, great diversity of T-cell receptors is generated by
rearrangements of these immunoglobulin family genes. Each
monoclonal T-cell receptor must bind to its cognate antigen/
MHC complex presented on the surface of antigen-presenting
cells. Signaling from the T-cell receptor following engagement
of antigen/MHC complex is insufficient to activate the T cell.
Additional signals are required (co-stimulatory signals or
“signal 2”). The most important co-stimulatory signal in 
T cells comes from the T-cell surface molecule CD28, which
engages B7 molecules (CD80 and CD86) on antigen-present-
ing cells. Engagement of T-cell receptor by antigen/MHC in
conjunction with CD28 engagement of B7 is sufficient to acti-
vate naïve T cells. Interestingly, within several days following
T-cell activation, a second molecule, CTLA-4, appears on the
T-cell surface to provide a brake to the T-cell response. CTLA-4
also binds B7 molecules, but with much higher affinity, there-
fore displacing CD28 activation signals. CTLA-4 signaling
leads to down-regulation of the T-cell response. A variety of
other co-stimulatory molecules are up-regulated on the sur-
face of activated T cells, including OX40 and 4-1BB, which
promote survival of T cells and help generate long-lived T-cell
memory responses. Once T cells are activated by professional
antigen-presenting cells (primarily dendritic cells), they gain a
variety of effector functions, including the production of
cytokines and cytotoxic molecules, which lead to death of tar-
get cells. Recently, a cell type combining properties of NK cells
and T cells, called NKT cells, has been characterized. NKT
cells can rapidly produce cytokines and also cytotoxic effector
molecules in response to cognate antigen, and remarkably rec-
ognize lipid antigens presented by MHC-related molecules on
antigen-presenting cells.

Antigen-Presenting Cells

Dendritic cells, the prototype professional antigen-presenting
cells, sit at the crossroads of innate immunity and acquired
immunity. These are phagocytic cells that sit on epidermal sur-
faces, including skin and mucosal membranes, constantly
sampling their environment to search for infectious organ-
isms. Although dendritic cells continuously ingest molecules
from their environment, uptake of antigen is insufficient to
activate dendritic cells. Rather, dendritic cells have a set of
receptors, most notably the toll-like receptors (TLRs), which
can recognize lipid-containing molecules and CpG-rich DNA
and poly-U RNA sequences produced specifically by microbial
organisms. Engagement of TLR signals for activation of the
dendritic cell, with increased expression of MHC and B7 mol-
ecules, and movement of cells with captured antigen to drain-
ing lymph nodes. It is in draining lymph nodes that dendritic

cells activate appropriate T cells that recognize that particular
antigen presented by MHC molecules. Subsequently, activated
T cells can then travel from the draining lymph node to distant
sites of infection or tumor to carry out the effector functions.
One of the central problems for cancer immunology is that
dendritic cells may ingest and process cancer antigens, but
without activation through TLRs or other receptors, the den-
dritic cells remain incapable of activating T cells (because of
insufficient expression of co-stimulatory molecules, such as
B7) and do not move to draining lymph nodes. In fact, insuffi-
ciently activated dendritic cells presenting antigens can induce
anergy, a form of immune tolerance where T cells become par-
alyzed and incapable of responding to cognate antigens. This
is one of the mechanisms used to maintain immune tolerance
to self to prevent autoimmunity, but also presents a major hur-
dle for cancer immunity. Cancer cells do not have any readily
apparent mechanism to activate dendritic cells, although sev-
eral self molecules, including heat shock protein, hyaluronate,
and uric acid crystals, have been suggested to activate den-
dritic cells.

Helper and Regulatory T Cells

Several types of T cells are activated by dendritic cells, and
which type is influenced by whether antigens are presented by
MHC class I or MHC class II molecules on antigen-presenting
cells. MHC class I molecules complexed with antigen stimu-
late CD8� T cells that are cytotoxic and kill target cells
(infected cells or tumor cells). Antigens presented by class II
MHC molecules stimulate CD4� helper T cells. Helper T cells
produce chemokines and cytokines to help recruit and orches-
trate other components of the immune system. Helper T cells
come in several “flavors,” and different cytokines in the
milieu determine what type of T cell is generated. Each type of
helper T cell mediates different types of immune responses
with different characteristics. Th1 T cells produce interferon
(IFN)-� to activate cytotoxic T cells and macrophages for cel-
lular immune responses. On the other hand, Th2 helper T cells
produce interleukin (IL)-4 and other cytokines that favor anti-
body responses, or humoral immunity. The newly discovered
Th17 CD4� T cell produces IL-17 to mediate inflammatory
autoimmune diseases, such as arthritis, colitis, and encephali-
tis, and may play a role in cancer pathogenesis, either by pro-
moting cancer progression or by destroying tumors. Another
type of CD4� T cell restricted by MHC II presentation nega-
tively regulates immune responses. These are regulatory T
cells, or Tregs. Tregs recognize self antigens, are dependent on
IL-2, and produce inhibitory molecules such as IL-10 and
transforming growth factor-�. Th1 cellular immunity may be
particularly effective at attacking tumors in tissues, while
humoral immunity may be better at controlling circulating
metastatic tumor cells. Infiltration of ovarian cancers and
other cancers by Treg cells is associated with a poorer progno-
sis (11–13).

Cancer Immunity and Immunotherapy

The notion that both the innate and acquired immune arms of
the immune system can recognize and reject cancer had been
controversial over the last hundred years. Careful studies over
the past 3 decades have shown that the immune system can
recognize and destroy cancers, usually involving interactions
between multiple arms of the immune system. For instance,
simple recognition by T cells, antibodies, or NK cells is usually
not sufficient to reject cancers. Cytotoxic T cells and NK cells
produce soluble and cell surface molecules that induce death
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of target tumor cells. Helper T cells can produce cytokines and
chemokines that not only recruit cytotoxic T cells or B cells to
make antibodies, but also inflammatory cells which mediate
tissue destruction. Antibodies can activate NK cells,
macrophages, or other cells that have receptors for the anti-
bodies’ Fc domain, leading to activation of the recruited cells, a
mechanism implicated in the antitumor effects of monoclonal
antibody therapies. Antibodies can also activate complement
proteins in the blood that can directly kill tumor cells and acti-
vate inflammatory cells at the tumor site. 

Thus, based on solid evidence that the immune system can
recognize antigens on tumor cells and that immunity is suffi-
cient to destroy tumors, strategies are being developed for
immunotherapy. These approaches can be broadly divided into
three groups. First, immune modulation uses nonspecific
approaches to treat cancer. Examples include cytokines such as
IL-2, IL-12, interferons, BCG (Bacillus Calmette-Guérin, an
attenuated Mycobacterium strain used successfully for treat-
ment of early recurrent bladder cancer), and other microbial
products. This approach tends to rely on components from the
innate immune arm. Passive therapy refers to the transfer of
specific components from the acquired immune system to the
host with cancer. The best examples are monoclonal antibodies
directed against antigens expressed on the surface of cancer
cells. Rituximab against the CD20 antigen expressed by nor-
mal B cells is an effective part of the armamentarium for treat-
ment of B-cell lymphomas, and trastuzumab (Herceptin) has
been approved for treatment of breast cancer in combination
with chemotherapy. Although the antitumor effects of
trastuzumab in part probably involve inhibition of signaling by
the HER2 tyrosine kinase oncogene, evidence strongly sup-
ports a major role for immune activation of Fc receptor–positive
cells by both rituximab and trastuzumab (14). 

A second example of passive immunotherapy is adoptive
cellular therapy, where cells from the blood or bone marrow
donor are purified, cultured, and/or manipulated outside the
body and reinfused into the same patient (autologous) or a
different patient (allogeneic). Cellular therapy has particularly
focused on T cells and more recently on NK cells. Recent
strategies have used genetic approaches to transduce T cells
with receptors against tumor antigens (using either cloned 
T-cell receptors or antibody Fv regions to determine antigen
specificity linked to intracellular signaling domains). In addi-
tion, genetic approaches are exploring transduction of T cells
with genes encoding co-stimulatory molecules such as CD28
or 4-1BB. 

Finally, active immunization refers to vaccines that trigger
the patient to make her own immune response. Both passive
and active immunotherapy must be directed against specific
antigens on cancer cells. 

Immunotherapy is already a routine part of cancer treat-
ment (e.g., interferons, IL-2, BCG, monoclonal antibodies,
and adoptive cellular therapy as part of allogeneic bone mar-
row transplantation). Potential difficulties remain in develop-
ing new immunotherapies, including insufficient activation 
of dendritic cells by cancer cells, inhibition of responses 
by Treg cells, and both intrinsic and extrinsic mechanisms 
that down-regulate T-cell responses, e.g., signaling through
CTLA-4. These checkpoints all participate to dampen immune
responses against cancer. On the other hand, identification of
these checkpoints is leading to development of strategies with
the potential of overcoming these barriers. Vaccines need to
incorporate immune adjuvants that can sufficiently activate
dendritic cells, often using microbial products. Therapeutic
strategies to target Tregs are being assessed preclinically and
clinically, including chemotherapy and new drugs targeting
the CD25 molecule expressed by Tregs. Blockade of CTLA-4
by monoclonal antibodies has led to responses in patients 

with ovarian cancer, melanoma, and other cancers. Passive
therapy with monoclonal antibodies or with adoptive cellular
treatments may be able to bypass some of these checkpoints.

Five groups of antigens have been defined on cancer cells
that are recognized by the immune system: (a) Differentiation
antigens, expressed by cancer cells and their normal cell coun-
terparts; for instance, antigens expressed by ovarian carcinomas
and normal ovarian epithelium are differentiation antigens. (b)
Germ cell antigens, expressed by germ cells, particularly sperm,
and silenced in normal adult somatic tissues, but re-expressed
by certain tumors, commonly called cancer-testis antigens. (c)
Genetic mutations and other alterations, such as translocations.
(d) Over-expressed antigens, such as Her2 or the alpha isoform
of the folate receptor. (e) Viral antigens, such as antigens
encoded by oncogenic human papillomavirus. 

In summary, cancer immunology has begun to create a firm
scientific footing over the last few decades. In particular, identifi-
cation of molecules on cancer cells that are recognized by the
immune system provides new strategies for passive immunother-
apy and vaccination. A number of clinical trials are in various
stages of development to explore these strategies.

IMMUNOMODULATION AND
CYTOKINE THERAPY

Cytokines play important roles in immune modulation. Many
cytokines, including IL-2, IL-3, IL-4, IL-6, IL-10, IL-12, tumor
necrosis factor-� (TNF-�), macrophage colony-stimulating
final factor, and IFNs, have been studied for their roles in
tumor treatment. Some of these cytokines (IL-2 and IFN-�)
have been approved by the U.S. Food and Drug Administra-
tion (FDA) specifically for the treatment of melanoma and
renal-cell carcinoma.

Gynecologic cancers, particularly ovarian cancer, provide a
unique environment for cytokine therapy in that the peritoneal
cavity is a rich milieu for the elaboration of cytokines (15). The
bulk of ovarian cancer occurs in the peritoneal cavity, making
the regional administration of biologic therapy theoretically
attractive. Distinct patterns of cytokine expression have been
observed between the tumor and peritoneal compartments.
Some of these cytokines may be counter-regulatory components
of T-lymphocyte networks that have the potential to either aug-
ment or inhibit host antitumor responses (16). The successful
outcome of cytokine treatment in ovarian cancer may be the
result of a number of mechanisms. Whereas some cytokines
may inhibit tumor cell growth, down-regulating the produc-
tion of growth and survival factors, other cytokines may stim-
ulate adaptive immunity or modulate angiogenesis. It is also
possible that an individual cytokine has more than one role
(17). The major cytokines that have been tested in gynecologic
cancers are IFN-�, IL-2, and IL-12.

Interferons

Cytokine therapy in gynecologic cancers has been studied
most extensively with IFN-�. There has been no head-to-head
comparison between IFN-� and IFN-�; nonetheless, they
appear to have similar antitumor efficacy in ovarian cancer
(18–20), and most studies have focused on IFN-�. Although
the exact mode of action of IFN in patients with ovarian can-
cer is unknown, several mechanisms have been proposed: 
(a) stimulation of NK cells and macrophages, both of which
are known to have antitumor properties (21); (b) anti-angio-
genic effects; and (c) inhibition of expression of dysregulated
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oncogenes (such as HER2/neu) and thereby improving the
responsiveness of cisplatin-resistant cells (22).

Initial trials with IFN evaluated administration of systemic
IFN-� to patients with advanced ovarian cancer. The objective
response rate was generally low at about 10% in a
Gynecologic Oncology Group (GOG) study, where patients
with measurable disease in whom higher priority treatment
methods had failed were treated with IFN intramuscularly
(23). The role of IFN-� as a maintenance treatment after ini-
tial surgical resection and chemotherapy was also evaluated
by a randomized phase 3 study and was recently reported to
be negative (24). The systemic IFN-� was also associated with
frequent dose-limiting toxicity, including fatigue and flu-like
symptoms, and moderate toxicity, such as leukopenia and
thrombocytopenia. Because of the poor response rate and fre-
quent toxicity of systemic administration, further studies were
focused on IP administration of IFN-�. Multiple clinical trials
with IP IFN therapy were carried out in women with persis-
tent ovarian cancer (21,25–33). The surgically documented
response rates from these studies ranged from 30% to 50%.
An important finding was that the response rate was inversely
correlated with tumor bulk and was not observed in patients
with tumors �5 mm. For example, in a study where an over-
all response rate was 44%, patients with minimal residual dis-
ease (defined as �5 mm) had a response rate of 71%, whereas
none of the four patients whose tumors were �5 mm
responded (25). Systemic IFN toxicity developed following
peritoneal absorption, and the maximal tolerable dose (MTD)
was defined as 50 MU IP once per week (15). A randomized,
placebo-controlled GOG phase 3 trial attempted to address
the value of IP recombinant IFN-� as an adjuvant therapy in
stage III ovarian patients with no evidence of disease at second-
look surgery. Unfortunately, the study was prematurely termi-
nated owing to slow accrual secondary to a decline of frequency
of second-look surgery nationwide.

Some in vitro studies had suggested that IFN (both IFN-�
and IFN-�) could increase the sensitivity of cytotoxic drugs,
such as cisplatin and doxorubicin, in cancer cells (19,34). It
was found that IFN produced no significant change in the
uptake of cisplatin. Studies indicated that the mechanism of
IFN-induced sensitization in human ovarian cancer cell lines is
multifactorial. Several phase 1 studies have been carried out to
define the optimal dosing schedule of IP IFN-� in combination
with cis-platinum–based chemotherapy (30,35,36). The MTDs
were generally 20 to 30 MU/m2 of IFN-� with 60 to 75 mg/m2

cis-platinum. The most common toxicities were myelosup-
pression, flu-like symptoms, abdominal pain, and fatigue. In
general, the combination of IP IFN-� with cis-platinum was
less tolerated than IFN-� alone. Several phase 2 studies have
evaluated the efficacy of this combination with response rates
in the range of 20% to 50% (28,30,37). IP carboplatin with
or without IFN-� was also evaluated in a randomized trial in
111 patients with advanced ovarian cancer and minimal residual
disease who had previously had platinum-based front-line
chemotherapy (38,39,40). Median survival was 22 and 29 months
in the carboplatin arm and in the carboplatin plus IFN-� arm,
respectively (p � 0.9). The IP IFN-� did not add benefit to the
results achievable with IP carboplatin alone, while the toxicity
and the costs of the combination were consistently higher.
Based on data suggesting that cyclosporine A could potentiate
the cytotoxic activity of platinum, a phase 2 trial was con-
ducted with subcutaneous injection of IFN-� added to a con-
tinuous infusion of cyclosporine A combined with carboplatin
in patients with recurrent ovarian cancer. Thirty patients with
both platinum-sensitive and -resistant disease were included.
Only three partial responses were seen, and toxicities included
myelosuppression, nausea, vomiting, and headache. Insufficient
clinical resistance reversal was observed to warrant further

investigation of this combination (39). Taking together all of
these studies, there is no evidence to date showing that those
combinations of IP IFN-� with cytotoxic chemotherapy pro-
vide any benefit over single agents. A more recent study with
IP IFN-� chemotherapy in ovarian cancer patients with mini-
mal residual disease reported a total complete remission rate
of 49% (40). This somewhat higher response rate remains to
be confirmed by prospective controlled trials. 

The combination of IFN-� with chemotherapy has also
been evaluated. A randomized phase 3 trial evaluating
cyclophosphamide and cisplatin for first-line therapy in 148
patients of a planned 200 with or without IFN-� demon-
strated a progression-free survival advantage of 17 versus 48
months (p � 0.031) in favor of the IFN-�–containing arm.
Accrual was halted early when taxane and platinum-based
combination therapy became standard and power in the study
was compromised. No statistically significant survival benefit
was seen (41). A follow-up phase 1/2 study combining IFN-�
with the newer standard chemotherapy paclitaxel and carbo-
platin showed that the combination was safe and had a
response rate of 71% as first-line treatment for ovarian cancer
(42). Randomized trial results will be required to determine if
a benefit exists for the addition of IFN-� to standard therapy. 

In cervical cancer, monotherapy with IFN-� had minimal
activity (43,44). In a multi-institutional, prospective phase-2
clinical trial by the Eastern Cooperative Oncology Group
(ECOG) evaluating the activity of IFN-�2b in women with
metastatic or locally recurrent cervical cancer, only 10%
achieved a clinical response. Further studies had been focused on
the combination of IFN-� and retinoids because of observed
synergistic antiproliferative, differentiating, and anti-angiogenic
activities in some human hematologic and solid-tumor systems
(45,46,47,48). The proposed mechanisms include (a) the
additive activation of transcription of a retinoic reporter gene
(45); (b) the induction of higher levels of IFN-�–stimulated
genes than the levels induced by either agent alone (46); (c) the
up-regulation of HLA class I and intracellular adhesion mole-
cule-1 (ICAM-1) molecules, inducing an additive effect on the
expression of immunologically important surface antigens on
human cervical cancer cells (47). An initial phase 2 study with
this combination for untreated locally advanced cervical or uter-
ine cancer patients yielded response rates of 50% to 58% (45).
However, in pretreated recurrent cervical cancers, this combina-
tion appears to be less active, with response rates of 0% to 31%
(49–52). Another study for patients with locally advanced cervi-
cal cancer showed a response rate of 47% with mild fever being
the major toxicity (53). In addition, the combination of IFN-�
with cytotoxic agents, namely, cisplatin plus 5-fluorouracil (5-FU),
has also been evaluated in the treatment of cervical cancer (54).
It was relatively well tolerated, as toxicity was comparable to
that of cisplatin plus 5-FU alone with a major response rate of
31%. Recent studies have shown that concurrent cisplatin-based
radiotherapy and chemotherapy have significantly improved
survival in both early- and locally advanced-stage cervical cancer
(4,5,55), and has now become the standard of care. Future stud-
ies may test whether addition of IFN-� and/or retinoic acid will
provide additional benefit.

Regional therapy with IFN-� gel for vulvar intraepithelial
neoplasia was also evaluated in a prospective, randomized,
double-armed crossover study comparing IFN-� with and
without 1% nonoxynol-9. An overall response rate of 67%
was achieved, and the toxicity was lower than previously
reported for topical 5-FU. These data support the hypothesis
that IFN-� is an active agent in the treatment of vulvar
intraepithelial neoplasia III (56). Intralesional IFN-� was also
evaluated for cervical intraepithelial neoplasia (57). However,
with the good surgical success rate, this approach has received
less enthusiasm.
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In summary, IP IFN-� is well tolerated, and while it has
produced clinical responses in ovarian cancer patients with
minimal residual disease, no randomized data has supported a
survival benefit to date. The combination of IFN-� with stan-
dard cytotoxic agents adds toxicity without adding significant
antitumor activity. The improved progression-free survival
with IFN-� in conjunction with platinum-based primary
chemotherapy is intriguing, and the evaluation of IFN-� in
combination with current standard regimens in appropriately
randomized and controlled trials is reasonable. Combinations
of IFN and retinoic acid or chemotherapy may have clinical
benefit in cervical cancer, and appropriate controlled trials
could be considered. 

Interleukin-2

IL-2 is a T-cell growth factor that plays a central role in the
immune system. Initial studies of IL-2 in the treatment of ovar-
ian cancer involved continuous intravenous infusion therapy for
patients with minimal residual disease at second-look surgery.
The toxicity was significant and about 86% required dose
reduction (58). Subsequent studies had been focused on IP
administration of IL-2. A phase 1-2 study (59) of IP IL-2 in
patients with laparotomy-confirmed persistent or recurrent
ovarian cancer after �6 courses of prior platinum-based
chemotherapy had shown an overall response rate of 25.7%,
with an overall 5-year survival probability of 13.9%. For the
patients who responded to therapy, the median survival time had
not been reached (range 27 to 90� months) at the time of the
report. This study also showed that IP IL-2 is better tolerated as a
weekly infusion compared with a 7-day infusion. In the follow-
up phase 2 study of outpatient weekly infusion of IP IL-2 in
patients with persistent ovarian cancer after primary paclitaxel
(Taxol) and platinum therapy in patients with minimal residual
disease (�2 cm), 17.6% had a surgically documented response
and 41% of patients had stable disease. This study suggests that
IP IL-2 may have activity in persistent epithelial ovarian cancer
and is well tolerated as an outpatient regimen (60). The combi-
nation of IL-2 and cytotoxic agents, for example, cisplatin, has
been studied in mouse ovarian tumor models. In tumors that
were minimally responsive to treatment with either of the drugs
alone, combined local treatment with low doses of cisplatin and
IL-2 resulted in an effective antitumor response with a complete
response of 60%. Analysis of tumor-associated leukocytes
showed that the combination of cisplatin and IL-2 resulted in
enhanced nonspecific cytolytic activity of peritoneal leukocytes.
Therefore, in the mouse model, combined local treatment with
low doses of cis-platinum and IL-2 was more effective than cis-
platin alone. Randomized data would be required to determine
if similar efficacy exists in human ovarian cancer (61).

A disadvantage of frequent administration of high-dose IL-2
is the occurrence of dose-limiting side effects. Therefore, deliv-
ery of IL-2-from an expression plasmid has been evaluated for
the treatment of ovarian cancer. IP treatment of ovarian
tumors with an IL-2–expressing plasmid resulted in an
increase in local IL-2 levels, a change in the cytokine profile of
the tumor ascites, and a significant antitumor effect in a
mouse model (62). A phase 1 trial with an IL-2 gene–modified
tumor in refractory ovarian cancer patients was proposed and
the result is not yet available (63). 

In summary, IL-2–based therapy has been reported to be
associated with long-term remissions in selected ovarian can-
cer patients as with other solid tumors. The treatment, how-
ever, is hindered by significant toxicity. Approaches to
minimize toxicity and optimize efficacy are being tested. The
combination of low doses of cis-platinum with IL-2 seems to
be a promising strategy in mouse models and warrants clinical
trials to assess efficacy in humans.

Interleukin-12

IL-12 is a cytokine mainly produced by activated monocytes,
tissue macrophages, and B cells. It can induce IFN-� and
together with IL-2 becomes a potent activator of cytotoxic T
lymphocytes and NK cells (64,65). Whereas IL-4 and IL-10
mediate the development of Th2-type immunity, IL-12 initi-
ates the differentiation to the Th1 phenotype. In addition, IL-12
production can be negatively or positively regulated by
cytokines. For example, IL-10 and IL-4 have been shown to
inhibit the production of IL-12 (16,66), whereas IL-2 and
IFN-� enhance its production. In addition, IL-12 has potent
anti-metastatic and antitumor effects in several murine tumor
models, as well as in human tumor cells in vitro and in vivo
(65,67). IL-12 was better than IL-2 in enhancing the cytotoxi-
city against ovarian cancer cells of lymphocytes from ascites
or peripheral blood from patients (68). IL-12 and IL-2 have 
a synergistic effect on the lymphokine-activated killer activity
in peripheral blood mononuclear cells cultured in ovarian
cancer ascitic fluid (69). It has been suggested that the antitu-
mor effects of IL-12 involve enhanced IFN-� production by
antitumor T cells, their accumulation to tumor sites, and 
in situ IFN-� production (70). In addition, IL-12 promotes 
IFN-�–mediated up-regulation of adhesion molecules (vascu-
lar cell adhesion molecule [VCAM-1] and ICAM-1) on tumor-
associated blood vessels, providing access for circulating
lymphocytes (68). However, ascitic IL-12 has also been shown
to be an independent prognostic factor for adverse outcome in
ovarian cancer (71).

A phase 2 GOG clinical trial (72) evaluated intravenously
administered recombinant human IL-12 in patients with
recurrent or refractory ovarian cancer. The study showed that,
as a single agent, IL-12 could be tolerated, and myelotoxicity
and capillary leak syndrome were the major adverse events.
However, the response rate was low, with no complete respon-
ders, and a partial response rate of 3.8%. IP administration of
human recombinant IL-12 was also evaluated in patients with
refractory ovarian and gastrointestinal malignancies after pri-
mary standard therapy (73). Among the 29 patients, two
patients (one with ovarian cancer and one with mesothelioma)
had no remaining disease at laparoscopy, eight patients had
stable disease, and 19 had progressive disease. In this study,
the dose-limiting toxicity was elevated transaminases. More
frequent toxicities included fever, fatigue, abdominal pain,
nausea, and catheter-related infections. Preclinical data had
suggested that IL-12 may potentiate the activity of the HER2
monoclonal antibody trastuzumab. A phase 1 trial with this
combination in HER2-positive malignancies in 15 patients
showed no clinical evidence of increased activity with the
combination with one complete response and otherwise disease
stabilization as best response (74).

BASIS FOR ANTIBODY-MEDIATED
THERAPY OF CANCER

Antibodies are the primary mechanism for eliminating infec-
tious pathogens from the bloodstream. The effect of all com-
monly used vaccines against infectious agents is thought to be
primarily a consequence of antibody induction. Antibodies are
also ideally suited for elimination of circulating tumor cells
and micrometastases. The importance of antibodies in mediat-
ing protection from tumor recurrence is well documented in
experimental animals (75,76). Experiments involving admin-
istration of monoclonal antibody 3F8 against GD2 or induc-
tion of GD2 antibodies by vaccination after challenge with
EL4 lymphoma (which expresses GD2) are two examples.
Administration of 3F8 prior to intravenous tumor challenge
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or as late as 4 days after tumor challenge results in complete
protection of a majority of mice (76). Comparable protection
from EL4 challenge was induced by immunization with a
GD2-KLH conjugate vaccine. This timing may be comparable
to antibody induction, or administration, in patients in the
adjuvant setting after surgical resection of the primary or lymph
node or peritoneal metastases, or after response to chemother-
apy. In both cases, the targets may be circulating tumor cells and
micrometastases.

There is also evidence in cancer patients that natural or
passively administered antibodies in the adjuvant setting are
associated with clinical benefit: 

1. Natural antibodies (antibodies present in patient sera
prior to vaccination) and vaccine-induced antibodies
have been correlated with an improved prognosis. This is
true for patients with paraneoplastic syndromes where
high titers of antibodies against onconeural antigens
expressed on particular cells in the nervous system and
certain types of tumors have been associated both with
debilitating autoimmune neurologic disorders and with
delayed tumor progression and prolonged survival. Also
patients with American Joint Commission for Cancer
(AJCC) stage III melanoma and natural antibodies against
GM2 ganglioside treated at two different medical centers
have had an 80% to 100% 5-year survival compared to
the expected 40% rate (77–79). Tumor vaccine–induced
antibodies in the adjuvant setting against GM2 and several
other melanoma antigens at four different medical centers,
and against sialyl Tn (sTn) antigen in adenocarcinoma
patients, have been correlated with prolonged disease-free
interval and survival (reviewed in Ref. 80).

2. A series of monoclonal antibodies against antigens
expressed at the cell surface of cancer cells has now been
shown to has clinical efficacy in the advanced disease set-
ting and has been approved by the FDA. These include
rituximab, ibritumomab, and tositumomab for B-cell lym-
phomas; gemtuzumab for acute myelocytic leukemias;
alemtuzumab for chronic lymphocytic leukemias; cetux-
imab for colorectal and head and neck squamous cell car-
cinomas; and trastuzumab for breast cancer. It is likely that
all of these mAbs would be more effective if administered
in the adjuvant setting. This appears to be the case for
trastuzumab. Treatment of patients with advanced
HER2/neu positive breast cancers resulted in an overall
response rate of 19% to 26% and response duration of 

9 to 15 months, while treatment with trastuzumab in 
the adjuvant setting has resulted in a 50% decrease in 
the recurrence rate at 1-year median follow-up and at 
3 years (81). 

Hence, passively administered and vaccine-induced anti-
bodies have been shown to correlate with clinical responses or
improved disease-free and overall survival in the mouse and
human. Preclinical studies strongly suggest that the optimal
setting for antibody therapy is the adjuvant setting. Since the
great majority of gynecologic cancer patients are initially ren-
dered free of detectable disease by surgery and/or chemother-
apy after initial diagnosis, administration of mAbs or vaccines
inducing antibodies may have broad applicability. There are
advantages to each approach. Titers of anticancer antibodies
are generally acutely higher after administration of mAbs, and
mAbs can be generated against virtually any antigen. On the
other hand, human antimouse and anti-idiotype antibodies
may limit the usefulness of continued administration of mAbs,
and maintenance of antibody titers with vaccines is more
practical and less expensive than with mAbs.

Target Antigens for Antibodies

We have screened a variety of malignancies and normal tissues
with a series of 40 mAbs against 25 antigens that were poten-
tial target antigens for immunotherapy of cancer (82–84).
Since recognition of antigens on living cancer cells by antibod-
ies is largely restricted to the cancer cell surface, the focus was
on cell surface antigens. Antigen expression on ovarian and
endometrial cancers and several other malignancies for the
seven defined antigens expressed strongly in at least three of
five biopsy specimens are shown in Table 6.1 (82–86). The
antigens expressed by ovarian and endometrial cancers are
similar, and quite different from those expressed by
melanomas, and similar to, although not the same as, those
expressed by prostatic cancers. The 18 excluded antigens
(including CEA and HER2/neu) were expressed in one or zero
of five specimens. With the possible exception of GM2 (for
which there are no previous reports), our results are consistent
with the separate studies describing the expression of these
individual ovarian cancer antigens from other centers. Our
studies identify ganglioside GM2 as an antigen present on
many malignancies, which is a conclusion supported by an
increasing number of recent reports (87,88).
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NUMBER OF TUMOR BIOPSY SPECIMENS WITH 50% OR MORE OF TUMOR CELLS POSITIVE 
BY IMMUNOHISTOLOGY

TA B L E  6 . 1

Antigen (mAb)a

sTn sTn TF Ley Ley GM2 Globo H MUC-1 KSA MUC-16/
Tumor (CC49) (B72.3) (49H.8) (3S193) (BR96) (696) (Mbr1) (HMFG2) (GA7333) (CA-125)

Ovarian 4/5 3/5 5/5 4/5 99/133b 5/5 18/19 5/5 5/5 53/62c

Endometrial 4/5 2/5 4/5 3/5 2/5 5/5 4/5 3/5 5/5 —
Melanoma 0/5 0/5 0/5 0/5 0/5 10/10 0/10 0/5 0/5 0/4
Small-cell 0/5 0/5 0/5 2/5 1/5 6/6 4/6 2/5 4/5 0/2
Lung
Prostate 4/5 3/5 1/5 3/5 3/5 5/5 2/5 1/5 5/5 0/5

aAll the tumor tissues were stained by avidin-biotin complex immunoperoxidase methods (82–84).
b(85)
c(86)
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The expression of these eight antigens on normal tissues is
essentially restricted to apical epithelial cells at luminal borders,
a site that appears not to be accessible to the immune system.
Administered mAbs to several of these antigens have induced
clinical responses but have not induced autoimmunity, indicating
that antigen in these locations may not be accessible to antibod-
ies. The exception is GM2, which is also expressed in the brain,
although far less than the related ganglioside GD3, where the
blood-brain barrier prevents autoimmune toxicity (infusions of
monoclonal antibodies against GD3 have been associated with
many clinical responses and no incidents of central nervous sys-
tem [CNS] toxicity). BR96 recognizes a broader specificity than
Lewis-y (Ley) (89,90), also including Lewis-X (Lex), which
explains the reactivity with polymorphonucleocytes (which
express Lex but do not express Ley). Hemorrhagic gastritis has
been reported after high doses of BR96 (against Ley), possibly
related to a broader specificity of BR96, since treatment with
another mAb, 3S193, against Ley has not been associated with
these toxicities. The extensive expression of CA-125 in over
80% of serous and endometrioid ovarian cancers has been well
documented since the early 1980s (91). Following the successful
cloning of CA-125 and identifying it as a complex mucin, it has
been termed MUC-16 (92–94). Contributing to tumor mucin
specificity is the less intense glycosylation of tumor mucins than
normal mucins, involving shorter carbohydrate chains. The sim-
plified structures of these antigens in relation to the cancer cell
surface lipid bilayer are shown in Figure 6.1.

There is now sufficient experience from clinical trials with
vaccine-induced antibody responses against GM2, TF, sTn,
MUC-1, and KSA antigens, and passive administration of

mAbs against sTn, MUC-16 (CA-125), and KSA to draw con-
clusions about the consequences of antigen distribution 
on various normal tissues. GM2 exposure on cells in the 
brain and GM2, sTn, TF, MUC-1, and KSA antigen expres-
sion in cells at the secretory borders of epithelial tissues induce
neither immunologic tolerance nor autoimmunity once anti-
bodies are present, suggesting that they are sequestered from
the immune system. Against this background, GM2, T, Tn,
sTn, Globo H, MUC-1, MUC-16 (CA-125), and KSA all
appear to be good cell surface targets for active immunother-
apy with vaccines that induce antibodies, or for passive
immunotherapy with monoclonal antibodies.

Antibody Selection

Tumor cells have defined antigens and receptors on the cell
surface that may differ from those present on normal cells.
mAbs directed against these targets have potential diagnostic
and therapeutic applications. The selection of the optimal
antigen-antibody system for clinical development depends on
a number of biologic and technical factors, including antigen
density, pathways of catabolism, tumor specificity, hetero-
geneity of expression, effector mechanisms, and binding affin-
ity. Antigens that have been used for immune targeting of
gynecologic malignancies with mAbs for antibody develop-
ment include (a) over-expressed tumor antigens (e.g., CA-125,
TAG-72 [sTn], MUC-1, polymorphic epithelial mucin [PEM],
folate-binding protein [FBP], and Lewis-Y); (b) over-expressed
growth-factor receptors (e.g., HER2/neu [erbB2], epidermal
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FIGURE 6.1. Glycolipid and glycoprotein
antigens expressed at the cell surface of
gynecologic cancers. Symbols: � � sialic acid;
� � fucose; � � glucose, galactose, N-acetyl-
galactosamine, or N-acetylgl cosamine.
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growth-factor receptor [EGFR], and vascular endothelial
growth factor [VEGF]); and (c) mutated tumor-suppressor genes
(e.g., p53 and BRCA-1). Binding of mAb to these antigens
may have antitumor effect generated through these possible
mechanisms: (a) antibody-mediated recruitment of human
effector mechanisms in situ, ADCC against the tumor cells; 
(b) development of tumor-specific cytotoxic T lymphocytes
(CTLs); (c) activation of the complement system; (d) stimula-
tion of granulocytes cytotoxic to the cancer cells; and (e)
induction of an anti-idiotypic antibody that can elicit active
immunity. The available antibodies and their targeting anti-
gens that have been tested in gynecologic malignancies are
summarized in Table 6.2.

Obstacles in Antibody Therapy 
and Engineering Strategies

Despite decades of efforts, there are currently few non-
immunogenic antibodies against cell-surface antigens that are
of therapeutic significance in gynecologic cancers. The major
obstacles have been (a) development of human anti-murine
antibodies (HAMA) that form immune complexes with subse-
quent antibody administration, which results in altered
patterns of catabolism and host toxicity; (b) limited immuno-
biologic activity of nonconjugated antibody; (c) expression of
antigens (e.g., growth-factor receptors on a wide range of nor-
mal host tissue); and (d) heterogeneity of antigen expression
among different histologies and patients. Various engineering
strategies have been tested to overcome these obstacles.

Overcoming HAMA

Because murine mAbs are xenotypic proteins, the immuno-
competent human will recognize them as foreign and generate
antibody responses (HAMA) against them. Although the resul-
tant immune complexes may potentially boost the immune
response to the antigen epitope, leading to enhanced recogni-
tion by the immune system and an increased processing by
dendritic and antigen-presenting cells, the more likely out-
come is increased blood clearance and less effective tumor

targeting, precluding repeat administration. This has been one
of the major obstacles in the application of murine mAbs to
the treatment of human cancers. To minimize the effect of
HAMA, various strategies have been explored, including con-
struction of smaller antibody fragments, design of recombi-
nant antibodies with substitution of human for murine
sequences, and direct cloning of human variable regions with
the desired binding specificity. Chimeric or fully humanized
antibodies have been developed to reduce HAMA responses
associated with the administration of murine mAbs, with the
concomitant possibility of manipulating the effector function
(95). The reduced immunogenicity of humanized antibodies
allows their repeated administration in many cases. Initial
efforts involved development of a mouse-human chimeric
mAb by replacing the murine immunoglobulin heavy- and 
light-chain constant regions with those of the human Ig
(chimerization).

A widely used procedure for the humanization of xeno-
geneic antibodies is based on grafting the hypervariable or com-
plementarity-determining regions (CDRs) of a xenogeneic
antibody onto the human Ig framework. With this approach, a
minimally immunogenic variant of humanized anti-CC49 mAb
has been developed (96). Construction of smaller molecules has
also been explored to decrease HAMA. Immunoglobulins have
been engineered to retain only the domains that are required for
antigen binding and/or effector functions and have also been
rebuilt into multivalent, high-affinity reagents to achieve the
desired efficacy (97). Studies with different forms of mAbs have
shown that antibody fragments of lower molecular weight can
penetrate tumor faster than whole IgG molecules (98,99). A
humanized CC49 single-chain (scFv) construct (hu/muCC49
scFv) has been prepared, where the murine CC49 variable light
chain was entirely replaced by a homologous human light
chain. Pharmacokinetic studies in mice showed rapid blood and
whole-body clearance with a half-life of 6 minutes, and biodis-
tribution studies demonstrated equivalent tumor targeting to
human colon carcinoma xenografts for muCC49 and
hu/muCC49 scFv (100), indicating that it has potential diag-
nostic and therapeutic applications for TAG72-positive tumors.
mAb constructs that have a deletion of the CH2 portion of the
constant region have been created: h-	CH2CC49 is a human-
ized CC49 with its CH2 region deleted, with identical affinity
for TAG-72 (101). The clinical characteristics of these constructs
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MONOCLONAL ANTIBODIES TARGETING GYNECOLOGIC MALIGNANCIES

TA B L E  6 . 2  

Therapeutic 
Targeted antigens Antibody examples considerations

Mucins
CA-125 (MUC-16) OVAREX (B43.13), OC125 Ovarian cancer

ACA125 (anti-id OC125)
MUC-1 HMFG1, HMFG2

Tumor-associated glycoprotein 
TAG-72 (sTn) B72.3, CC49 Ovarian cancer

Human folate-binding protein (FBP) MOv18, MOv19 Ovarian cancer
Markers of epithelial differentiation

CEA MN-14 Ovarian cancer
Blood type substance

Lewis-Y-related cell surface antigens BR55, BR96, B3, 3S193 Ovarian cancer
Oncogene-associated growth factor receptor

HER2/neu receptor Trastuzumab Ovarian cancer
CAIX (MN antigen) M75 Endo/cervix

CEA, carcinoembryonic antigen.
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and conjugates are being tested. Conjugates of these constructs
with radionuclides, for example, 225Ac, have also been made
(102). A more recent technology uses immunization of trans-
genic mice with human immunoglobulin genes (and deleted
mouse immunoglobulin genes) to generate fully human mono-
clonal antibodies.

Antibody Conjugates

In view of the limited efficacy of unconjugated antibody, efforts
have been made to optimize the antitumor activity by conjugat-
ing with radionuclides, toxins, cytotoxic drugs, or second anti-
bodies (Table 6.3) (15). Combinations of multiple antibodies to
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RADIONUCLIDES, TOXINS, AND CYTOTOXIC AGENTS USED AS mAb CONJUGATES

TA B L E  6 . 3  

Reagents Mechanistic considerations Therapeutic considerations

RADIONUCLIDES
125I Auger electron antitumor effects Standard iodination chemistry, subject to dehalogenation. 
131I T1/2 60 d Auger effects limited to 15 Å radius. � penetrates ~1 mm 

364 KeV� (imaging) and can kill adjacent antigen-negative cells. � associated 
606 Kev� (therapy) with wider penetration and dose-limiting marrow 
T1/2 8 d suppression.

90Y 2.27 Mev � T1/2 2.7 d Requires chelation. Almost pure � penetrates ~3 mm. Free 90Y 
localizes to bone, associated with dose-limiting marrow 
suppression.

212Bi High LET 6.2 MeV� T1/2 1 h � penetrates only several cell diameters (~20–100 
m). 
Toxicity not oxygen dependent, increased energy deposition 
compared to �.

211At High LET 6.0 Me11V� T1/2 7.2 h 212Bi has very short T1/2 (demanding rapid localization), requires 
chelation, and can be generated in laboratory. 211At requires  
a cyclotron for generation, and can be directly conjugated.

186Re 137 KeV� (imaging) Techniques available for direct conjugation or chelation. Low 
1.1 Mev� (therapy) abundance γ suitable for imaging.
T1/2 3.7 d

177Lu 208 KeV� (imaging) Evaluated as chelate. Low abundance � suitable for imaging.
0.5 Mev� (therapy)
T1/2 6.7 d

TOXINS
PE Bacterial Pseudomonas Both PE and RA require internalization and cytoplasmic 

exotoxin A. Enzymatic translocation for protein synthesis inhibition. PE requires 
inactivation of protein acid hydrolysis. No mechanisms for killing adjacent 
synthesis by ADP antigen-negative or non-targeted cells. Recombinant PE and 
ribosylation of elongation RA fragments available for chemical conjugation or 
factor 2. construction of single-chain chimeric proteins.

RA Ricin A-chain from castor 
beans. N-glycosidase-mediated 
inactivation of 28S ribosomal 
RNA.

CYTOTOXIC AGENTS
DOX Doxorubicin-associated free-radical Toxicity requires internalization and acid hydrolysis to release 

formation, DNA intercalation, free DOX.
inhibition of topoisomerase-II

Anti-CD Effector activation via the T-cell Requires simultaneous presence of activated effector cells, 
receptor complex antibody, and antigen-positive tumor. Indirect cytokine 

Anti-FcR Effector activation via NK/LGL effects, recruitment of inflammatory cells, and enhancement 
Fc�RIII complex of immunity can occur.

Biotin Multistep amplification using Permits adding second- and third-step reagents with high 
biotin-streptavidin system affinity for the primary antibody. Allows for systemic 

clearing with increased tumor localization and tumor-to-
normal-tissue ratios.

Source: Modified from Bookman MA, Boente MP, Bast R. Immunology and immunotherapy of gynecologic cancer. In: Principles and Practice of
Gynecologic Oncology. 3rd ed. Philadelphia: Lippincott Williams & Wilkins, 2000:129–163.
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compensate for antigen heterogeneity in ovarian carcinomas
have been evaluated. The choice of conjugates and specific
antibodies is influenced by features such as antigen internaliza-
tion, lysosomal degradation, shedding, and heterogeneity of
expression. Although internalization is a prerequisite for cellu-
lar toxicity of some drug and toxin conjugates, it may result in
reduced efficacy and increased host toxicity due to intracellular
catabolism (15).

Radionuclides

A variety of radionuclides have been conjugated with antibod-
ies for imaging and treatment. The optimal radionuclide for
cancer therapy is not easy to define (15). Radioconjugates
with � (i.e., 131I and 90Y) and � (i.e., 211At and 212Bi) emitters
have been proposed for regional therapy of peritoneal
implants. Estimates of dosimetry suggest that adequate ther-
apy (i.e., 20 Gy) could be delivered to tumors with a depth
�300 
g using 211At, �0.1 cm using 131I, and �1 cm using 90Y
when conjugated to antibodies. Delivery of effective radiation
dose is greatly influenced by the extent of tumor binding,
depth of tumor penetration, catabolism, and relative distribu-
tion between tumor and normal tissues. Although internaliza-
tion is usually detrimental owing to enhanced catabolism,
internalization is required for maximal Auger electron chro-
mosomal toxicity from 131I owing to an extremely limited
sphere of penetration (15). At the present time, � emitters are
considered to be the optimal candidates for radiotherapy, as
they avoid excessive systemic exposure associated with � radi-
ation. Conjugates with 131I have been most extensively studied
because of isotope availability, ease of chemical conjugation,
and ability to perform � imaging and � therapeutic studies
with the same reagent. There has been an interest in finding
alternatives to 131I due to the nonspecific � irradiation, bone
marrow toxicity, and the tendency for rapid dehalogenation,
which limits tumor retention. 90Y provides 100% decay suit-
able for therapy over several millimeters (15), although it has
no � emission useful for imaging. Lutetium-177 (177Lu) is a
rare earth metal with a physical half-life of 6.7 days and �
emissions that penetrate 0.2 to 0.3 mm in soft tissue. 177Lu
also emits two relatively low-abundance, low-energy rays
(113 to 208 keV) that allow imaging with a gamma camera,
but pose less radiation hazard to health care personnel com-
pared with 131I (103).

Immunotoxins, Drugs, and Cytokines

An important factor limiting the treatment of cancer is the low
therapeutic index, which may be improved by targeted delivery
of cytotoxic agents (Table 6.3) (15) to tumor sites. mAbs have
been attractive carriers for tumor-directed therapy by increasing
the intratumoral concentration of targeted agent, and to mini-
mize toxicity by reducing systemic exposure (104). Drugs, tox-
ins, and cytokines conjugated to mAb have been evaluated in
gynecologic cancers. Immunotoxins incorporate an antibody-
binding domain and a toxin joined by a chemical cross-linker,
peptide, or disulfide bond. The specific targeting afforded by
mAbs and the relative potency of the toxin moiety present
potential therapeutic advantages. The two most studied toxins
have been Pseudomonas exotoxin A (PE), originally isolated
from bacteria, and ricin, initially extracted from castor beans
(15). In general, there has been less enthusiasm for antibodies
conjugated with conventional cytotoxic drugs owing to con-
cerns about quantitative drug delivery compared to treatment
with maximally tolerated doses of the drug alone (15). The
major drug conjugate that has been investigated in ovarian can-
cer is BR96-DOX, an immunoconjugate of doxorubicin (DOX)

and an anti–Lewis-Y mAb. Studies utilizing these antibody con-
jugates are discussed in respective sections below and summa-
rized in Table 6.4. Ref. (103, 105–130).

CLINICAL TRIALS WITH
MONOCLONAL ANTIBODIES

Antibodies Targeting CA-125: OvaRex 
(mAb B43.13) and OC125 Conjugates

CA-125, a tumor-specific antigen that is found in 97% of
patients with late-stage ovarian cancer, was first described by
Bast et al. as an antigen that is elevated in the serum of
patients with epithelial ovarian cancer (131). CA-125 has
been cloned and identified as a mucin MUC-16 (89); its func-
tion is not clear. In vitro studies suggested that CA-125 can
produce a dose-dependent increase in invasiveness in a colla-
gen gel invasion assay (132). It has also been shown that CA-125
can be induced by IL-1�, TNF-�, and TGF-�, whereas gluco-
corticoids and TGF-� can suppress the release of CA-125
from ovarian cancer cells (133). These findings may have a
clinical implication on the measurement of CA-125 levels as
an indicator of response to cytokine therapy (134). Two mAbs
against CA-125 have been used in a series of clinical trials:
mAb B43.13 (OvaRex) and OC125 (Table 6.4) (103, 105–130).

mAb B43.13 (OvaRex)

mAb B43.13, a murine anti–CA-125 mAb, was radiolabeled
with 99mTc for detection of recurrent ovarian cancer. The ther-
apeutic potential was serendipitously discovered when a retro-
spective study noted that patients who received radiolabeled
mAb B43.13 for immunoscintigraphy exhibited unexpected
prolonged survival times (95,135). It has been speculated that
mAb B43.13 binds to circulating CA-125 antigens to form
complexes that are recognized as foreign because they contain
the foreign antibody. Several in vitro and in vivo studies have
been carried out to explore the robustness of this finding. A
series of prospective placebo-controlled and open-label studies
in patients with ovarian cancer was carried out to assess ther-
apeutic efficacy of naked mAb B43.13 or in combination with
cytokines (e.g., IFN) or chemotherapy. Immunologic parame-
ters in 100 patients with ovarian cancer who had been injected
with mAb B43.13 were studied to explain the serendipitous
observation of prolonged survival after such treatment 
(136). In addition to CA-125–specific humoral and cellular
responses, IFN-� was also found to be induced in those
patients receiving the antibody. In vitro studies indicated that
the expression of MHC I, MHC II, and ICAM-1 in ovarian tumor
cells was up-regulated in response to IFN-�. Such tumor cells
were also found to be more sensitive to CA-125–specific cyto-
toxic T cells compared with cells that were not incubated with
IFN-�. It was further noted that the clinical outcome was
attributed to the induction of an anti-idiotypic network by this
antibody (135). In addition, these anti–CA-125 antibodies
were able to conduct Fc-mediated tumor-cell killing (ADCC).
In a multivariate analysis of clinical and immunologic profiles
of 60 patients exposed to labeled mAb B43.13 compared to a
contemporaneous historical cohort of 247 patients, the
patients in the mAb B43.13 group were 2.7 times less likely to
die from ovarian caner than were control patients managed
with chemotherapy alone (p � 0.001) (137). The mAb B43.13
group had a twofold higher median survival time compared
with the control group. The 5-year survival rate was 40.7% in
the mAb B43.13 group compared with 11.4% in the control
group. Survival correlated with changes in three humoral
immune parameters, including nonspecific HAMA responses,
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Ab2, and anti–CA-125 antibody development. This study sug-
gested that mAb B43.13 exerts its therapeutic effects via stim-
ulation of specific and nonspecific immune responses. 

mAb B43.13 (OvaRex) in Recurrent Disease

Ehlen et al. reported a single-center, open-label trial to assess
the induction of tumor protective immunity utilizing mAb
B43.13 in a cohort of 13 patients with advanced chemorefrac-
tory recurrent ovarian cancer (105). It was noted that HAMA
induction occurred in 12 of 13 patients, Ab2 was found in
approximately two thirds of the patients, and anti–CA-
125–specific antibodies were elicited in one third of the
patients. These immunologic data demonstrate that the injec-
tion of a murine antibody to CA-125 can induce CA-125–
specific antibody and T-cell responses even in late-stage cancer
patients with substantial tumor burden. Administration of the
antibody was well tolerated without infusion-related adverse
events. Notably, six patients survived at least 50 weeks and
three patients experienced a prolonged period of disease sta-
bility with survival approaching 2 years. The use of mAb
B43.13 in combination with second-line chemotherapy in
patients with recurrent ovarian cancer has been evaluated
(106–109). The treatment has been well tolerated without
significant added toxicities. Immune responses in this disease
setting included HAMA and Ab2, as well as T-cell responses
to CA-125 and autologous tumor cells. CA-125 measured
prior to dosing of the antibody was noted to decline prior 
to additional chemotherapy. Patients remained progression-
free for prolonged periods of time. Subsequent or concurrent
chemotherapy did not abrogate the induced immune responses,
and T-cell responses to autologous tumor actually increased.
Patients with a T-cell response to CA-125 on the autologous
tumor showed a highly significant benefit in time to progres-
sion (TTP) and survival compared with non-responders 
(p � 0.01). Furthermore, the T-cell responses were MHC class
I and II restricted, indicating the activation of CTLs and T
helper cells. Chemotherapy did not ablate the immune
response as traditionally thought. A long-term follow-up
study of 49 of the 218 patients who received injections of
mAb B43.13 demonstrated periods of disease stabilization
and showed that the magnitude of immunologic responses to
mAb B43.13 assessed by serial evaluation of HAMA levels,
anti–CA-125 antibody levels, and T-cell responses appeared to
correlate with the clinical impact of treatment. A significant
survival benefit post–antibody treatment was observed in
patients with HAMA responses �2,000 ng/mL (p � 0.001).
Long-term survival was noted in 7 of these 49 patients who
remained alive with disease 3 to 6 years after receiving mAb
B43.13. These results suggest that treatment with mAb
B43.13 can stimulate immune responses even in patients with
relapsed ovarian cancer, and activity is associated with disease
stabilization in some patients (138). 

mAb B43.13 (OvaRex) in Consolidation

One of the first randomized, double-blind, placebo-controlled
studies of mAb B43.13 for adjuvant consolidation in epithelial
ovarian cancer was reported by Bookman et al. (111). In this
study, 55 patients who had no clinical or radiographic evi-
dence of disease after surgery and first-line chemotherapy, but
presented elevated CA-125 levels (�35 U/mL), were random-
ized to receive either mAb B43.13 or placebo. Immune
responses were induced at a frequency similar to that reported
by other studies. However, the limitation here was that the
study population relapsed rapidly, and treatment was discon-
tinued upon clinical relapse. Nevertheless, the subpopulation
of patients who had time to mount an immune response had a
trend of improved survival, with a 6-month progression-free

survival of 75% for the mAb B43.13–treated group and 35%
for the placebo cohort. The impact of different schedules on
immune responses and clinical outcomes has been evaluated in
a study of 102 patients with stage III-IV epithelial ovarian cancer
treated with surgery and chemotherapy. Patients were ran-
domized to adjuvant mAb B43.13 in three different schedules.
Antibody responses specific for the constant (HAMA) and
variable (Ab2) regions of mAb B43.13 were analyzed serially by
enzyme-linked immunosorbent assay (ELISA) and T-cell responses
by IFN-� enzyme-linked immunosorbent spot (ELISPOT). It
was noted that mAb B43.13 dosing can be increased without
adversely affecting safety, and more than two doses were
needed for optimal immune responses (108,109). A random-
ized, placebo-controlled trial with 145 patients with stage III
or IV epithelial ovarian cancer (EOC) received intravenous
oregovomab in their first clinical remission (109,112,113). No
significant toxicity was seen. The median TTP from random-
ization post front-line therapy for patients receiving oregov-
omab versus placebo was 13.3 months versus 10.3 months 
(p � 0.71). In a subgroup of patients (�2 cm residual at
debulking, CA-125 �65 U/mL before third cycle, and CA-125
�35 U/mL at entry), TTP for patients receiving oregovomab
versus placebo was 24 months versus 10.8 months (hazard
ratio [HR] 0.543; 95% CI, 0.287 to 1.025). Using the eligibil-
ity criteria of the subgroup, the investigators have completed
prospective enrollment of phase 3 Immunotherapy Pivotal
ovarian Cancer Trials I and II (IMPACT) with 354 patients.
Efficacy results from these studies are expected to be available
when sufficient events have occurred for analysis.

mAb B43.13 (OvaRex) in First-Line 
Chemo-immunotherapy

The use of anti–CA-125 antibodies in chemo-immunotherapy
as first-line therapy remains controversial. Traditionally, it has
been thought that the combination of immunotherapy and
chemotherapy was not desirable because of the immunosup-
pressive nature of cytotoxic agents. However, several reports
have suggested that chemotherapy may selectively eliminate
immunosuppressive lymphocyte populations, and thereby
may beneficially alter the characteristics of an immune
response (139). The study with concurrent mAb B43.13 and
chemotherapy in recurrent epithelial ovarian cancer reported
above also supports the idea that favorable specific immune
responses could be generated despite concurrent chemother-
apy (108). This observation, coupled with benign toxicity pro-
files and the association between antibody response and
survival prolongation, suggests that concurrent chemo-
immunotherapy should be evaluated as a first-line therapy for
this and other vaccine approaches.

mAb B43.13 (OvaRex) with Conjugates

A drug-antibody conjugate was tested in human ovarian
serous adenocarcinomas after it showed selective toxicity 
in vitro against dividing cell populations of the human ovarian
cancer cell lines expressing CA-125 (140). Daunorubicin
(DNR)-OC125 was made from a new analog (PIPP-DNR) of
daunorubicin that chemically links the drug to monoclonal
antibodies. The immunofluorescence data show that the
DNR-OC125 conjugate had high affinity and specificity for
proliferating malignant cells from human ovarian tumors and
indicated that the OC125 monoclonal antibody can indeed
serve as a cancer-targeting carrier for daunorubicin and its
analogs. The clinical efficacy has not been tested.

Immunoconjugated antibodies have been tested in the
treatment of ovarian cancer. A distribution and pharmacoki-
netics study of 131I-OC125 in patients with gynecologic
tumors revealed that IP versus IV administration of the radio-
labeled antibody resulted in a higher uptake of antibody in the
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tumor and a lower uptake of antibody in normal tissues (114).
Therefore, this study suggested that for radioimmunotherapy
of ovarian cancer, IP administration of radiolabeled antibodies
is preferable to intravenous administration. This was also con-
sistent with a study in nude mice with ovarian cancer
xenografts (141). In a phase 1 study, 20 patients with recur-
rent or persistent epithelial ovarian cancer failing conven-
tional therapies were treated with a single IP injection of
131I-OC125 mAb (115). Rare acute side effects were nausea
and mild diarrhea, and no dose-limiting toxicity has been
observed for doses �120 mCi of 131I. Only three patients had
partial responses of short duration. A phase 2 study with IP
radioimmunotherapy in patients with minimal residual ovar-
ian adenocarcinoma after primary treatment with surgery and
chemotherapy showed little therapeutic benefit (116). Toxicity
was mainly hematologic, with grade III neutropenia and
thrombocytopenia in two patients. In a retrospective study of
patients with ovarian carcinoma who received 1 mg of 131I-
OC125 mAb one to five times after radical surgery and poly-
chemotherapy, patients who developed high titers of Ab2
responses had a significantly higher survival rate than the ones
with weak or no immunologic response to 131I-OC125 mAb
treatment (p � 0.05) (142). The diagnostic value of 131I-
OC125 to localize ovarian tumors was tested prospectively.
Scintigraphy revealed the presence of active disease, which
was confirmed by laparotomy/laparoscopy in the majority of
patients considered to be in clinical remission. Therefore, the
sensitivity of scintigraphy with 131I-OC125 was high enough
and may have diagnostic value (143). The assessment of clini-
cal efficacy will require randomized, prospective clinical trials. 

Antibodies Targeting MUC-1: HMFG1 
and HMFG2

A murine immunoglobulin G1 mAb raised against human
milk fat globules (HMFG1) reacts with an epitope in the pro-
tein core of polymorphic epithelial mucin (PEM) antigen
(MUC-1) that is expressed by �90% of epithelial ovarian can-
cers and many other carcinomas. The therapeutic potential of
HMFG1 has mainly been assessed in the form of conjugates
with radionuclide. In one study, 24 patients with persistent
epithelial ovarian cancer were treated with IP 131I-labeled
mAbs directed against tumor-associated antigens, including
HMFG1 (117). Acute side effects were mild abdominal pain,
pyrexia, diarrhea, and moderate reversible pancytopenia. Of
the 16 patients with small-volume disease (�2 cm) at the time
of treatment with radiolabeled antibody, 9 responded. Analysis
of the data on relapse indicated that doses �140 mCi were
more effective than lower doses. This study suggested that the
IP administration of �140 mCi 131I-labeled tumor-associated
monoclonal antibodies had activity in patients with small-vol-
ume stage III ovarian cancer. In a phase 1-2 trial of IP 90Y-
HMFG1 in patients with ovarian cancer, the dose was limited
by myelotoxicity as described by bone deposition of free 90Y
carcinoma (118). The intravenous use of a chelating agent,
ethylenediamine tetraacetic acid (EDTA) (Ledclair), allowed
the dose to be increased from 18 to 30 mCi without causing
severe myelotoxicity. An additional 52 patients with epithelial
ovarian cancer were treated with IP 90Y-HMFG1 following
conventional surgery and chemotherapy, results showed that
patients with advanced ovarian cancer who receive conven-
tional therapy and achieve a complete remission may benefit
from further treatment with IP radioactive mAbs (119). Another
adjuvant study with one dose of 25 mg of HMFG1 labeled
with 18 mCi/m2 90Y given intraperitoneally yielded a 5-year
survival of 80% compared to 55% in control cases selected from
the database (p � 0.0035). All patients developed serologic
evidence of HAMA. This study was hypothesis generating and

suggested a survival benefit for patients with ovarian cancer who
receive IP radioimmunotherapy in the adjuvant setting (144).
To overcome the myelosuppression toxicity from bone deposition
of 90Y, stable chelating agents, such as the benzyl analog of
diethylene triamine pentaacetic acid (DTPA), 6-p-isothiocyana-
tobenzyl diethylene triamine penta-acetic acid (CITCDTPA),
was conjugated with 90Y-HMFG1. However, anti-chelate anti-
body responses developed against the macrocycle benzyl-
DOTA, resulting in clinical side effects with hypersensitivity
syndrome (145). Despite the provocative activity suggested in
the phase 2 trials with 90Y-HMFG1, a large randomized,
placebo-controlled study failed to show benefit. In the study
by Verheijen et al., a total of 844 stage IC to IV patients were
initially screened, of whom 447 patients with a negative sec-
ond-look laparoscopy after primary surgery and chemother-
apy were randomly assigned to receive either a single IP dose
of 90Y-muHMFG1 followed by observation or observation
alone. The study had an 80% power to detect a 15% improve-
ment in survival. After a median follow-up of 3.5 years, 70
patients had died in the active treatment arm compared with
61 patients in the control arm. Cox proportional hazards
analysis of survival demonstrated no difference between treat-
ment arms. It was concluded that a single IP administration of
90Y-muHMFG1 given to patients having a negative second-
look laparoscopy after primary therapy did not extend sur-
vival or time to relapse. Several factors have been suggested as
contributing to the negative results such as inadequate dose or
dosing frequency. A follow-up analysis of this study further
characterized the negative result, showing that treatment was
associated with improved control of intraperitoneal disease 
(p � 0.05) but a shorter time to disease recurrence in extraperi-
toneal sites (p � 0.05) (146). Nonetheless, this represents the
largest randomized consolidation study to date in patients
with ovarian cancer utilizing radionuclides with unfortunately
disappointing results. 

Antibodies Targeting Tumor-Associated 
Glycoprotein-72: CC49, B72.3

Human mammary and other carcinoma cells secrete and
express on their cell surfaces complex, mucin-like glycopro-
teins that are recognized as tumor-associated antigens by a
variety of mAbs. One such mAb, B72.3, was initially devel-
oped using a membrane-enriched fraction of human metasta-
tic mammary carcinoma tissue as an immunogen (147). This
mAb has been extensively studied with respect to the range of
reactivity for a variety of carcinomas versus normal tissues.
Tumor-associated glycoprotein-72 (TAG-72) is a tumor-asso-
ciated glycoprotein recognized by mAb B72.3, which has
more recently been shown to be specific for clusters of sTn
(148). This high-molecular-weight mucin is expressed by the
majority of common epithelial tumors. In an effort to improve
the parental mAb B72.3, a series of second-generation mAbs
has been developed that also recognize TAG-72 (149,150).
Among the members of the initial library of antibodies pro-
duced, murine mAb CC49 was selected for further clinical
studies because of its higher affinity and more rapid plasma
clearance compared with mAb B72.3. mAb CC49 recognizes a
different epitope than mAb B72.3 (although still sTn related)
and exhibits higher reactivity to several carcinomas (151,152).
The potential value of this mAb in immunotherapy has been
tested for conjugates with various radionuclides in different
cancers, including that of the breast (153,154), colon (155–159),
and prostate (160–162). The studies in ovarian cancers are
summarized below.

Animal model studies have shown considerable antitumor
activity for 177Lu-CC49 in TAG-72–positive human tumor
xenograft models (103,163). Several phase 1 trials (121)
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showed that treatment with 177Lu-CC49 was well tolerated.
Side effects included mild discomfort with administration,
delayed transient arthralgia, and marrow suppression. The
dose-limiting toxicity was bone marrow suppression with an
MTD of 45 mCi/m2. Antitumor effects were noted against
chemotherapy-resistant ovarian cancer, even at lower dose lev-
els, and resulted in prolonged disease-free survival of most
patients with microscopic disease. The combination of IFN
and paclitaxel (Taxol) with IP 177Lu-CC49 was also evaluated
in persistent ovarian cancer (164). Human recombinant IFN-�
was administered to increase the expression of the tumor-
associated antigen TAG-72. Paclitaxel, which has radiosensitiz-
ing effects and antitumor activity against ovarian cancer, was
given intraperitoneally 48 hours before radioimmunotherapy.
The therapy was well tolerated with the expected reversible
hematologic toxicity, and addition of IFN-� increased hema-
tologic toxicity. The MTD was 40 mCi/m2 177Lu-CC49 when
given with IFN-� in combination with 100 mg/m2 paclitaxel.
A different radionuclide isotope, 90Y, was also evaluated with
mAb CC49. Treatment of patients with persistent ovarian
cancer with a combination of subcutaneous IFN-�2b, IP pacli-
taxel, and IP 90Y-CC49 was associated with primarily hemato-
logic toxicity (122). The MTD of IP 90Y-CC49 was established
at 24.2 mCi/m2 in this combined regimen. Partial responses were
observed in some of the patients with measurable disease.

The CC49 mAb was also evaluated as a drug conjugate
with doxorubicin in mouse models. The immunoconjugate,
designated CC49-BAMME-CH-DOX, was approximately a
log less potent than unconjugated doxorubicin in an in vitro
cytotoxicity assay (165). Immunoreactivity of the antibody
was fully retained. When evaluated in a nude (nu/nu) mouse
xenograft model with the antigen-positive human colorectal
tumor target, CC49-BAMME-CH-DOX and free doxorubicin
had similar tumor-suppressive activities. However, the
immunoconjugate was clearly less toxic, as measured by
weight loss and deaths. When evaluated in an NIH:OVCAR-3
human ovarian carcinoma xenograft model, CC49-BAMME-
CH-DOX was superior at prolonging survival in comparison to
free doxorubicin, unmodified CC49, and a non–tumor-binding
doxorubicin immunoconjugate (165). These results indicate
that targeting of doxorubicin with the CC49 antibody may
improve the toxicity and/or the potency of the drug depending
on the tumor target being evaluated.

In summary, these phase 1-2 studies have shown that IP
treatment with radiolabeled antibodies is well tolerated.
Although these studies were not designed to estimate response
rate or survival, they do provide evidence of antitumor activi-
ties with this approach. One advantage of administering
isotopes conjugated to antibodies intraperitoneally is to ame-
liorate bowel complications associated with IP administration
of unconjugated radioisotopes. Various forms of mAb CC49
have been engineered to improve delivery of radiation doses to
tumors and minimize undesirable pharmacokinetics that lead
to significant radiation exposure of normal tissues. The clinical
efficacy of these different constructs will be tested.

Antibodies Targeting Folate-Binding Proteins:
MOv18 and MOv19

The mAbs MOv18 and MOv19 were raised against a mem-
brane preparation from an ovarian carcinoma surgical speci-
men. They reacted with a surface antigen present on the
majority of non-mucinous ovarian malignant tumors tested
but not with normal adult tissue (166). This antigen was sub-
sequently identified to be folate-binding protein (FBP) (167),
which is over-expressed in ovarian adenocarcinoma. The ther-
apeutic potentials of these mAbs in ovarian cancer have been
assessed in several pilot and phase 1 studies. A pilot study in
16 patients with minimal residual ovarian cancer with a single

dose of 131I-MOv18 (mean dose 14 mg) with 3,700 GBq 131I
showed complete response in 5 of 16 patients, and the majority
of patients produced HAMA responses (123). The toxicity of
radioimmunotherapy was negligible, with only mild and tran-
sient bone marrow suppression in one patient. A chimeric form
of MOv18 (c-MOv18) was evaluated in several clinical trials
with single or repeated injections of c-MOv18 (124,125,168).
Toxicity was generally mild and transient. No human anti-
chimeric antibody (HACA) response was found. Increased
ADCC levels corresponding to a slight increase in CD4� and
CD8� fractions were observed, whereas the CD4/CD8 ratio
and the levels of CD25 remained unchanged. The radionu-
clide-labeled MOv18 (131I-cMOv18) was also demonstrated to
be safe with only mild myelosuppression, again without signif-
icant HACA response (126). These studies showed that
immunotherapy aimed at boosting the patient’s immunologic
capacity has minor effects in patients with ovarian cancer who
have been heavily pretreated with chemotherapy and suggested
that such strategies should be evaluated in patients who are
more immunocompetent. 

A bispecific OC/TR mAb that cross-links the CD3 mole-
cule on T cells with human FBP was also generated and pro-
duced some complete and partial responses in clinical trials of
patients with ovarian carcinoma (169). Most patients devel-
oped HAMA, which can inhibit OC/TR mAb-mediated lysis.
An antibody-cytokine conjugate was constructed as a fusion
protein between IL-2 and the scFv of MOv19 (170). This
small molecule combines the specificity of MOv19 with the
immunostimulatory activity of IL-2. The newly designed mol-
ecule may have improved tissue penetration and distribution
within the tumor and reduced immunogenicity, and it may
lack the toxicity related to the systemic administration of IL-2.
In a syngeneic mouse model, IL-2/MOv19 scFv specifically
targeted �-folate receptor gene–transduced metastatic tumor
cells without accumulating in normal tissues owing to its fast
clearance from the body. Treatment with IL-2/MOv19 scFv,
but not with recombinant IL-2, significantly reduced the vol-
ume of subcutaneous venographic tumors. The pharmacoki-
netics and biologic characteristics of IL-2/NMOV19 scFv may
allow the combination of systemically administered 
IL-2/NMOV19 scFv and adoptive transfer of in vitro retar-
geted T lymphocytes for the treatment of ovarian cancer,
thereby providing local delivery of IL-2 without toxicity.

It is worth noting that unlike other cancer-associated anti-
gens, for example, CA-125 and TAG-72, whose expression
may be enhanced by IFN, expression of MOv18 and MOv19
was not modulated by IFN-�, INF-�, or IFN-� (125,171).
Addition of IL-2 in vitro also did not change any immunologic
parameters (125).

Antibodies Targeting the Lewis-Y Antigen:
BR5, BR96, B3, 3S193

The Lewis-Y (Ley) antigen is a type 2 blood group–related
glycoprotein that is expressed by 60% to 90% of human car-
cinomas of epithelial cell origin, including breast, pancreas,
ovary, colon, gastric, and lung cancer (83,90,172–175). A
total of 75% of the analyzed ovarian cancer specimens
expressed Lewis-Y (175). Because of its high frequency in
tumors, high density and altered expression on the surface of
tumor cells, and relatively homogeneous expression in pri-
mary and metastatic lesions, Lewis-Y has been an antigenic
target for solid tumor immunotherapy (176). Several mAbs
have been developed, including BR55 (177), BR64, and BR96
(178), B1 and B3 (179), and 3S193 (180). Some of these mAbs
have been evaluated for their potential therapeutic use in
gynecologic malignancies.

mAb B3 radiolabeled with 111In demonstrated good tumor
localization in patients with advanced epithelial tumors (127).
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The MTD of 90Y-mAb B3 was 20 mCi, with myelosuppression
as the dose-limiting toxicity. An immune toxin conjugate of
B3 and Pseudomonas exotoxin, designated LMB-1, had excel-
lent antitumor activity in nude mice bearing Lewis-Y–positive
tumors (181). In a phase 1 study of 38 patients with solid
tumors who failed conventional therapy and whose tumors
expressed the Lewis-Y antigen, LMB-1 produced objective
antitumor activity. The MTD of LMB-1 was 75 
g/kg given
intravenously three times every other day. The major toxicity
reported at this dose was vascular leak syndrome.

A drug conjugate consisting of chimeric mAb BR96 and
doxorubicin, BR96-Dox has been shown to cure 94% of
athymic rats with subcutaneous human lung cancer (182).
BR96-Dox conjugate was generally well tolerated with mild
gastrointestinal toxicities, and did not show significant clinical
antitumor activity in metastatic breast cancer (183–185).
Another humanized anti–Lewis-Y mAb (hu3S193) was evalu-
ated using a radionuclide conjugate of the 131I isotope alone or
in combination with paclitaxel in an MCF-7 xenografted
BALB/c nude mouse, which is a breast cancer model (186). It
has been noted that the combination of paclitaxel and 131I-
hu3S193 had a synergistic effect with significant tumor inhibi-
tion in 80% of the analyzed mice. Its value in the treatment of
ovarian or other gynecologic cancers has not been well studied
and remains to be tested in the future.

Antibodies Targeting Carcinoembryonic 
Antigen: MN-14

Carcinoembryonic antigen (CEA) belongs to the class of
tumor-associated antigens and has been most extensively stud-
ied in gastrointestinal cancers. The diagnostic and therapeutic
value of CEA has also been evaluated in ovarian cancers. An
anti-CEA mAb radiolabeled with 99Tc was shown to be a
promising radioimmunoimaging method for the detection of
malignant ovarian tumors with excellent sensitivity and speci-
ficity (187). Complete clinical remission was observed in a
patient with advanced ovarian cancer, refractory to paclitaxel
therapy, treated with two cycles of 131I-labeled murine MN-14
anti-CEA mAb (188). A follow-up phase 1 therapy trial with
intravenously administered 131I-MN-14 anti-CEA mAb in
patients with epithelial ovarian cancer showed that myelosup-
pression was the only observed treatment-related toxicity, and
dose-limiting toxicity was seen at 50 mCi/m2. It seems that
MN-14 anti-CEA mAb is a suitable agent for tumor targeting,
and it may have a therapeutic potential in patients with
chemotherapy-refractive epithelial ovarian cancer, especially
those with minimal disease (129).

Antibodies Targeting MX35 Antigen

mAb MX35 is a murine IgG1 that was initially developed at
Memorial Sloan-Kettering Cancer Center (189,190). It detects
an antigen expressed strongly and homogeneously on approx-
imately 90% of human epithelial ovarian cancers (130), and
was subsequently identified to be a 95-kD glycoprotein (191).
The exact function of this antigen is yet to be defined; how-
ever, given its strong expression in ovarian cancers but not in
normal peritoneum, mAb MX35 in the form of immune
radionuclide conjugate has been tested for its therapeutic
potential in ovarian cancer. In one study, 25 patients with
advanced ovarian cancer were entered into a clinical trial
using 125I- or 131I-labeled MX35 in escalation doses adminis-
tered by intravenous or IP injection (130). Specific localization
of mAb in tumor was demonstrated by tumor:normal tissue
ratios ranging from 2.3:1 to 34:1 (mean 10.18:1), demonstrat-
ing that mAb MX35 localizes well to tumor in selected patients
with ovarian cancer. Another study to quantify the targeting of
the mAb MX35 to micrometastatic epithelial ovarian cancer

demonstrated that mAb MX35 localizes to the micrometasta-
tic ovarian carcinoma deposits within the peritoneal cavity
(192). These two dosimetry results suggest a therapeutic
potential for this antibody in patients with minimal residual
disease (�5 mm).

Antibodies Targeting ERBB1 (EGF), 
ERBB2 (HER2/neu), and VEGF

The epidermal growth factor receptor (EGFR) has been a frequent
target for cancer treatment development in the past decade.
Several EGFR antibodies have been approved by the FDA for
cancer treatment such as cetuximab and panitumumab for
colorectal cancer. These encouraging data have prompted their
evaluation in other malignancies. In ovarian cancer, the EGF
tyrosine kinase inhibitor gefitinib had a minimal objective single
agent response rate of 4% in unscreened patients (9% in EGF
� patients). The patient with the only objective response had a
mutation in the catalytic domain of EGFR, and the frequency
of mutation in this study was 1/32 or 3% (193). The anti-EGFR
antibody, matuzumab, was then tested in patients with recur-
rent, EGFR-positive ovarian or primary peritoneal cancer in a
multi-institutional single-arm phase 2 trial of 75 patients, and
showed no significant clinical activity as a monotherapy in this
population of very heavily pretreated patients. Taken together,
these data suggest that anti-EGF targeted therapy as a single
agent in ovarian cancer is relatively inactive, but combination
studies with chemotherapy are ongoing (178). 

Original data had suggested that approximately 30% of
ovarian cancer patients overexpress HER2, providing a ratio-
nale for investigation (194). Furthermore, HER2 overexpres-
sion appears inversely correlated with overall survival when
considered in univariate and multivariate analysis among
other usual prognostic factors (195). However, the most sig-
nificant treatment experience in patients with recurrent or
refractory ovarian or primary peritoneal cancer comes from
the GOG study that screened 837 tumor samples for HER2
expression, and showed the required 2�/3� expression in
only 95 (11.4%) of patients (196). Forty-five patients were
entered into the study with an overall response rate of 7.3%
with a median progression-free interval of 2.0 months. Based
on infrequent HER2 expression, and the low rate of objective
responses, the clinical value of single-agent trastuzumab
appears limited in these patients. It is unknown whether a
clinical benefit could be seen by combining chemotherapy
with trastuzumab in those patients with appropriate HER2
expression, but this benefit would be limited by the frequency
of expression. 

Recent intriguing results have been published from a small
series evaluating HER2 overexpression in the aggressive papil-
lary serous variant of endometrial cancer. In 10 consecutive
specimens, eight patients showed 2�/3� expression, and this
series is currently being expanded (197). The need for better
treatment for patients with uterine papillary serous cancer is
apparent, and if this degree of overexpression is confirmed,
clinical studies will be warranted.

The growth and metastasis of malignant neoplasms require
the presence of an adequate blood supply, and recent data
have confirmed the therapeutic potential of antivascular
strategies. Bevacizumab, a humanized recombinant antibody
against VEGF that prevents its binding to VEGFR, inhibits
angiogenesis and tumor growth. Randomized trials have
shown statistically significant improvements in progression-free
and overall survival when bevacizumab is combined with
chemotherapy in several solid tumors, including colorectal can-
cer (198), non-small-cell lung cancer (199), and breast cancer
(200). In these particular tumor types, significant single-agent
activity was not observed despite the improvements when used
in combination. By contrast, single-agent bevacizumab did
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improve progression-free survival in renal cell cancer (201).
Interestingly, single-agent activity of bevacizumab has also
been clearly established in recurrent ovarian cancer by two
prospective trials with a response rate of 16% to 18%
(202,203). A combination of bevacizumab with metronomic
oral cyclophosphamide in recurrent ovarian cancer patients
with up to two prior regimens showed a response rate of 28%
(204). It should be noted that in the trial by Cannistra et al., a
gastrointestinal perforation rate of 11.4% was seen resulting
in the death of one patient. This prompted a National Cancer
Institute Investigational New Drug (IND) action letter dated
October 4, 2005, which alerted investigators to the risk of
gastrointestinal perforation in patients with advanced ovarian
cancer treated with bevacizumab. A recent analysis has com-
bined data from all available studies in ovarian cancer, result-
ing in an estimated risk of gastrointestinal perforation of
5.4% (95% CI, 2.2 to 9.4), which appears to exceed the pub-
lished risk in colorectal cancer of 2.4% (205,206).
Randomized phase 3 trials evaluating the addition of beva-
cizumab to the adjuvant treatment of patients with ovarian
cancer after surgical debulking are ongoing and will provide
awaited estimates of clinical efficacy and toxicity when used
in this patient population. 

Antibodies Targeting MN/CAIX 
Antigens: M75

The MN antigen is a tumor-associated antigen initially identi-
fied from a cervical carcinoma cell line HeLa (207), and was
later identified to be CAIX, a carbonic anhydrase (208). It was
found to be expressed in cervical intraepithelial neoplasia and
90% of invasive cervical cancer but not in normal cervical tis-
sue (207–209). Although the exact role of MN/CAIX antigen in
carcinogenesis is not known, it has been suggested that it may
facilitate acidification of the extracellular milieu surrounding
cancer cells and in this way may promote tumor growth and
spread (210). A retrospective study of 130 squamous cell cervi-
cal carcinomas demonstrated that a semiquantitative immuno-
histochemical analysis of CAIX expression in tumor biopsies is
a significant and independent prognostic indicator of overall
survival and metastasis-free survival after radiation therapy.
Prospective studies have shown that MN/CAIX expression is
up-regulated in hypoxic human cervical tumors and is a sig-
nificant and independent poor prognostic indicator (211).
Therefore, CAIX may act as an intrinsic marker of tumor
hypoxia and poor outcome after radiation therapy. The level of
CAIX expression may be used to aid in the selection of patients
who would benefit most from hypoxia-modification therapies
or bioreductive drugs. Mouse mAb M75 has been used in
immunohistochemical staining in the above studies.

Summary of mAb Trials

In summary, progress has been made in the application of
mAb to treatment of B-cell malignancies, breast cancer, and
colorectal cancer. Bevacizumab has shown promise in ovarian
cancers. Additional human or humanized antibodies against
cell surface antigens that are of therapeutic significance
needed to be studied in gynecologic cancers. A panel discus-
sion of mAb in the treatment of ovarian cancers was held at the
Helene Harris Memorial Trust 9th Biennial Forum on Ovarian
Cancer in Stratford, England (17). It was concluded that future
trials should aim to develop humanized monoclonal antibodies
to surface antigens that can be internalized. More effective
radionuclide conjugates and chelates should be developed.
Work should be encouraged with isotopes that are primarily �
or possibly � emitters. The priorities in the development of

effective mAb therapy, as summarized by the panel, are (a)
development of human/humanized mAbs to surface antigens
that are internalized; (b) development of more effective
radionuclides, chelates; (c) definition of suitable surrogate
markers; (d) development of xenotypic antibodies that can
induce immunity to autologous antigens; and (e) exploration
of combinations with chemotherapy.

ADOPTIVE CELLULAR THERAPY
The goal of most immunotherapeutic approaches is to generate
large numbers of highly reactive specific antitumor lymphocytes.
Adoptive cellular therapy seeks to overcome tolerance hurdles by
selecting and activating large numbers of lymphocytes in vitro,
and manipulating the host environment to which they are intro-
duced for maximum effect (139). Recent provocative data corre-
lated progression-free and overall survival in patients with
epithelial ovarian cancer to the presence or absence of tumor-
infiltrating T cells. The 5-year overall survival rate was 38%
among ovarian cancer patients whose tumor cells contained T
cells and 4.5% among patients whose tumors did not contain T
cells (p � 0.001). This finding could represent a prognostic phe-
nomenon, and the addition of T cells via the adoptive transfer
approach or via vaccination may or may not be beneficial, but it
warrants further exploration (212). The adoptive immunothera-
peutic approach has resulted in striking clinical responses in
melanoma patients after pretreatment with myeloablative
chemotherapy (139). In the study by Dudley et al., 13 HLA-A2�
patients with metastatic melanoma received immuno-depleting
chemotherapy with cyclophosphamide and fludarabine followed
by the transfer of highly selected in vitro expanded MART-1
(melanocyte differentiation antigen) reactive T cells and high-
dose IL-2. Six of 13 patients had clinical responses, and four had
a mixed response. Immunohistochemical studies of tumor
deposits revealed predominant infiltrates of CD8� cells, and
both MHC class I and II antigens were highly expressed. The 
first phase 1 study in patients with EOC using gene-modified
autologous T cells with reactivity against the ovarian cancer–
associated antigen α-folate receptor (FR) was reported (213).
Cohort 1 received T cells with IL-2, and cohort 2 received dual
specific T cells followed by allogeneic peripheral blood mononu-
clear cells. Five patients in cohort 1 experienced toxicity likely
due to the cytokine. No reduction in tumor burden was seen in
any patient. Polymerase chain reaction (PCR) analysis showed
that gene-modified T cells were present in the circulation the first
2 days after transfer, but declined. An inhibitory factor developed
in the serum of three of six patients tested over the period 
of treatment, which significantly reduced the ability of gene-
modified T cells to respond against FR� tumor cells. Future
studies need to employ strategies to extend T-cell persistence.
There is much interest in further exploring adoptive T-cell
approaches in patients with epithelial ovarian cancer. 

CANCER VACCINES DESIGNED 
TO AUGMENT ANTIBODY

RESPONSES

Selection of KLH Conjugation Plus QS-21 
for Vaccine Construction

A variety of approaches have been explored to induce the anti-
body responses against carbohydrate and peptide cancer anti-
gens, including the use of autologous and allogeneic tumor
cells modified in various ways, or not (reviewed in Ref. 17),
different immunologic adjuvants (214–217), anti-idiotype
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vaccines (218,219), chemical modification of antigens to
make them more immunogenic (220–222), and conjugation to
various immunogenic carrier proteins (223,224). The conclusion
from these studies is that the use of a carrier protein plus an
immunologic adjuvant is the optimal approach. The optimal
immunologic adjuvant in each case was one of two saponins
(QS-21 or GPI-0100) obtained from the bark of Quillaja
saponaria (225,226). The optimal carrier protein was in each
case KLH (227–230). Each component of this approach is
absolutely required; conjugate without adjuvant, antigen plus
adjuvant, antigen plus KLH not conjugated plus adjuvant, all
result in greatly diminished antibody responses. The rationale
for this approach is reviewed above and in Table 6.5.

Conjugate Vaccines Against 
Cell Surface Antigens

Based on this background, GM2-KLH plus QS-21 (termed
GMK) was tested in patients. It induced eight times higher
titers of IgM antibody that lasted twice as long compared to
our previous GM2/BCG vaccine, and for the first time GMK
induced consistent IgG antibodies as well (231). Antibodies
were induced in �95% of patients vaccinated with GMK
instead of �85% as seen with the GM2/BCG vaccine. Previous
trials comparing high-dose IFN-� to no treatment (232) and
GM2/BCG to BCG (79) resulted in comparable benefit for IFN
and GM2/BCG. However, the time in follow-up needed to
detect the benefit was different, which may be important 
to consider as future trials are designed to ensure adequate
follow-up periods. The beneficial effect of IFN was evident
during the initial 6 to 8 months of follow-up, whereas the
effect of GMK vaccine was not clearly evident until after 
2 years. Consequently, a randomized multicenter intergroup
trial comparing GMK to high-dose IFN-� was conducted by
ECOG in stage III and high-risk stage II melanoma patients.
An assessment after 18 months median follow-up demon-
strated a significantly prolonged disease-free survival for the
patients receiving IFN (233), and the trial was discontinued. It
remains possible that one explanation for the lack of benefit
for vaccine is the low or heterogeneous expression of GM2 in
most melanomas. The presence of tumor cell heterogeneity, het-
erogeneity of the human immune response, and the correlation

between overall antibody titer against tumor cells and antibody
effector mechanisms (234) provide a rationale for favoring the
evaluation of polyvalent vaccines in future studies.

A randomized adjuvant multicenter trial with a vaccine
against sTn has recently been conducted by Biomira, Inc.
(Edmonton, Alberta, Canada). The vaccine contained sTn 
disaccharide (also referred to as TAG-72) covalently linked to
KLH and mixed with immunologic adjuvant Detox. Biomira
conducted the trial in patients with high-risk breast cancer at
multiple centers in Canada, the United States, and Europe.
This trial was based on the high titer antibodies induced by
this vaccine in this patient population, the correlation between
expression of sTn on tumors and a more aggressive pheno-
type, and the correlation between antibody induction against
sTn and longer disease-free and overall survival in previous
studies (80). This trial did not meet its predetermined statisti-
cal endpoints of time to disease progression or survival (235),
again possibly because of the low or heterogeneous expression
of sTn on most breast cancers. While the study failed to reach
its primary endpoint, a subgroup analysis showed prolonged
survival in patients who were treated with concomitant hor-
monal therapy compared with patients who received a control
vaccine with KLH (median survival for theratope 36.5 months
and for KLH 30.7 months, p � 0.0360) (236,237).

The strategy to use KLH conjugate plus QS21 has been
applied to the development of vaccines against gynecologic
malignancies. Vaccines have been tested against seven antigens
expressed by gynecologic malignancies, in a series of monova-
lent vaccine trials. These vaccines have induced antibodies
against GM2, MUC-1, and sTn in 80% to 90% of patients,
and against Globo H, TF, and Tn in 50% to 80% of patients
(223,238–240). Ley has proved less immunogenic than the
other antigens with only 20% to 30% of patients receiving
Ley-KLH vaccines producing significant antibody responses
(241). With each of these antigens, the antibodies induced by
the antigen-KLH conjugate plus QS21 vaccines reacted by
flow cytometry with tumor cells expressing these antigens.
The IgG subclasses in all trials have been restricted to IgG1
and IgG3, the two subclasses known to mediate CDC and
ADCC. 

Preclinical models have shown that a heptavalent KLH
conjugate plus QS21 vaccine induced antibody titers compa-
rable to those induced by monovalent vaccines containing Tn,
sTn, TF, MUC-1, and Globo-H. Lower titers were produced
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against Lewis-Y and GM2 than when evaluated as monova-
lent antigens (242). Recently, a pilot study was performed to
test a heptavalent vaccine in ovarian cancer patients in second
or greater complete clinical remission (241). The objectives of
this phase 1 study were to characterize safety and immuno-
genicity in preparation for an adequately powered random-
ized efficacy trial. Eleven patients in this study received a
heptavalent vaccine subcutaneously containing GM2 (10 µg),
Globo-H (10 µg), Ley (10 µg), Tn(c) (3 µg), sTn(c) (3 µg),
TF(c) (3 µg), and Tn-MUC-1 (3 µg) individually conjugated to
KLH and mixed with adjuvant QS21 (100 µg). Vaccinations
were administered at weeks 1, 2, 3, 7, and 15. No systemic
toxicity was seen. After immunization, median IgM titers were
as follows: Tn–MUC-1, 1:640 (IgG 1:80); Tn, 1:160; TF,
1:640; Globo-H, 1:40; and sTn, 1:80. Only one response was
seen against Lewis-Y, two against GM2. Eight of nine patients
developed responses against at least three antigens. Fluorescent-
activated cell sorting (FACS) and CDC analysis showed sub-
stantially increased reactivity against MCF7 cells in seven of
nine patients, with some increase seen in all patients (241). 

As exemplified in the case of the GM2 and sTn vaccines
discussed above, where signals suggesting activity in phase 2
trials did not translate into clinical benefit in the phase 3 set-
ting, a randomized phase 3 trial of a multivalent-KLH con-
struct with QS21 as the adjuvant is the next step to follow the
phase 1 study. This study is planned to randomize patients in
second or greater clinical remission to a multivalent-KLH con-
struct � QS21 versus QS21. The endpoint will be an improve-
ment in the proportion of patients remaining in remission at
12 months. 

CANCER VACCINES DESIGNED 
TO AUGMENT T-LYMPHOCYTE

RESPONSES

Options Available

There is a wide range of options for augmenting the immuno-
genicity of the antigenic targets for T-cell immunity (242,243,
244). For these antigens, the options include (a) the full proteins
or MHC-restricted peptides modified by amino acid substitu-
tions to increase immunogenicity; (b) genes or mini-genes for
these proteins or peptides used as DNA vaccines; or (c) genes
expressed in viral or bacterial vectors. Co-stimulatory mole-
cules, cytokines, or molecules targeting antigens to particular
processing compartments can be incorporated into these vac-
cines. DNA vaccines are especially appealing in this regard
because of ease of production, versatility, and adaptability to
such combinations. Most of these approaches can also be
applied to expressing these antigens in antigen-presenting cells,
such as dendritic cells, that are then used to vaccinate the
patient. Furthermore, since many tumor-rejection antigens
detected by T cells in experimental animals are individually
unique (mutated), a variety of individualized vaccines are
being tested. Whole-cell vaccines can be prepared from a spe-
cific patient (if accessible tumor is available) and immuno-
genicity may be increased by the use of an immunologic
adjuvant and transduction with genes for cytokines or co-
stimulatory molecules, or treatment with haptens such as dini-
trophenyl (DNP). Other approaches to increasing the
immunogenicity of unique and shared antigens include the use
of heat shock proteins that may carry the full range of cancer
peptides, anti-idiotype vaccines, and DNA or messenger RNA
vaccines that may be obtained from smaller biopsy specimens.
The range of options for augmenting T-cell immunity against
cancer is daunting. Clinical trials with each of these approaches

to augmenting T-cell immunity have been recently completed, are
ongoing, or have been planned. There is no basis for selecting
one over the other at this time.

Target Antigens to T Lymphocytes: 
Selecting a Strategy

Antigens shared by ovarian or endometrial cancers from dif-
ferent patients are KSA, MUC-16, WT1, CEA, MUC-1,
HER2/neu, and cancer-testis antigens (including the MAGE
family) and NY-ESO-1. None of these cancer antigens defined
as targets for T cells to date is a perfect candidate for the
majority of patients due to (a) over-expression on less than
50% of ovarian or endometrial cancers (HER2/neu, CEA, and
the cancer-testis antigens) and (b) wide expression (though at
lower levels) on normal tissues (KSA, CEA, HER2/neu, MUC-1).
The highly polar extensive expression of KSA and some other
antigens on cells apically at mucosal borders (lumens) in many
normal epithelial tissues does not exclude them as a target for
antibodies because IgG1, IgG3, and IgM antibodies are pre-
sent in much lower concentrations in these lumens, or not at
all, and there is little or no complement and no antibody-
dependent cell-mediated cytotoxicity (ADCC) effector cells.
Since antigen presentation to T cells in the context of HLA
antigens is not known to have the same polar distribution,
KSA would be a worrisome target for T cells. MUC-16 for
ovarian cancers and human papillomavirus (HPV)-related
antigens for cervical cancer are especially strong candidates at
this time because of their widespread expression on the
respective cancers and restricted expression on normal tissues.

Molecular analysis of endometrial carcinomas has identi-
fied a variety of proteins that may serve as target antigens for
vaccine-based therapy. For example, over-expression of
HER2/neu has been correlated with advanced disease and poor
outcome in both adenocarcinoma and uterine papillary serous
carcinoma (245,246). More recent reports have implicated
alterations in the hMLH1, p16(ink4a) (p16), and PTEN genes
as promoters of carcinogenesis, as well as over-expression of
the SART-1 gene, which encodes the SART-1 (247) tumor
antigen that is recognized by HLA-A26–restricted cytotoxic T
lymphocytes (32% of tested specimens) (248,249).

CLINICAL TRIALS WITH
SELECTED VACCINES DESIGNED
PRIMARILY TO INDUCE T-CELL

RESPONSES

NY-ESO-1 Vaccine

The NY-ESO-1 antigen belongs to the cancer-testis antigen
family that includes the MAGE-1 protein (first human gene
product recognized by CD8� T cells identified in a patient
with cancer), and the GAGE and BAGE families (250,251).
NY-ESO-1 has shown consistent immunogenicity, and the
existence of overlapping CD8� and CD4� T-cell epitopes
within these antigens has provided the opportunity of using
one short peptide, ESO 157–170, to generate both CD4� and
CD 8� T cells (252). Immunoscreening studies have found
NY-ESO-1 expression in ovarian cancers, and interestingly the
cancer-testis family antigens are represented by the MAGE
series (with the exception of MAGE-10), LAGE-1, and
PRAME genes, but NY-ESO-1 expression is absent in patients
with cervical cancer (253,254). The represented antigens
would be appropriate targets for vaccines, and studies with a
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peptide vaccine targeted at NY-ESO-1 are ongoing in patients
with ovarian cancer at the Memorial Sloan-Kettering and
Roswell Park Cancer Centers. An existing phase 1 clinical trial
immunized 12 patients with metastatic NY-ESO-1–expressing
tumors (seven were NY-ESO-1 serum antibody negative and
five patients were NY-ESO-1 positive at the start of the study)
using intradermal administration of three HLA A2–restricted
peptides. Primary peptide-specific CD8� T-cell reactions were
generated in four of seven NY-ESO-1 antibody-negative
patients. Although there were no complete or partial clinical
responses, induction of a specific CD8� T-cell response to 
NY-ESO-1 in immunized antibody-negative patients was asso-
ciated with disease stabilization and objective regression of
single metastases. Stabilization of disease was observed overall
in four of the seven seronegative patients who developed
CD8� T-cell responses by ELISPOT and delayed-type hyper-
sensitivity (DTH) reactions after vaccination (one of the two
ovarian cancer patients had decreasing ascites and stable peri-
toneal carcinomatosis lasting 20 weeks) (255).

Granulocyte-Macrophage Colony-Stimulating
Factor–Secreting Tumor-Cell Vaccines

Granulocyte-macrophage colony-stimulating factor (GM-CSF)
has a variety of properties desirable for vaccine production
including enhancing immune responses by inducing the prolif-
eration, maturation, and migration of dendritic cells and the
expansion of both T- and B-cell lymphocytes (256). A recent
characterization of its adjuvant response has shown the early
elevation of inflammatory molecules such as IL-6, TNF-�, and
monocyte chemotactic protein-1 (MCP-1) followed later by
IL-12 and IFN- production, among others (257). In vitro
characterization of a GM-CSF–secreting vaccine was per-
formed by genetically engineering UCI-107 (ovarian cancer
cell line) to secrete GM-CSF by retrovirus-mediated gene
transduction with the LXSN retroviral vector containing the
human GM-CSF gene and the neomycin resistance selection
marker. A clone (UCI-107 GM-SF-MPS) was extensively char-
acterized and shown to secrete high levels of GM-CSF over 
6 months of study (258). In human trials, a variety of studies
have shown that vaccination with irradiated tumor cells engi-
neered to secrete GM-CSF stimulates long-lasting immunity in
murine models and in patients with metastatic melanoma. A
phase 1 study evaluated patients with metastatic non-small-
cell lung carcinoma. A metastatic site was resected, processed
to single-cell suspension, infected with a replication-defective
adenoviral vector encoding GM-CSF, irradiated, cryopre-
served, and then given intradermally at weekly and biweekly
intervals. Vaccines were made successfully for 34 of 35
patients. Dendritic cell, macrophage, granulocyte, and lym-
phocyte infiltrates were elicited in 18 of 25 assessable patients.
Two patients rendered disease-free by surgical removal of
metastatic disease prior to trial enrollment were disease-free at
43 and 42 months; five patients had stable disease ranging
from 3 to 33 months; and one patient had a mixed response
(259). Additional trials in other solid tumor types, including
gynecologic malignancies, are warranted.

Folate Receptor–Targeted Vaccines

Previous studies have identified the alpha isoform of the folate
receptor (FR), which is a 38-kD GPI-anchored protein constitu-
tively expressed at high levels in 90% of non-mucinous ovarian
cancer and at low levels in normal tissues (247). The reason for
over-expression is unknown, but one hypothesis is that over-
expression provides an alternate folate-processing pathway to
compensate for deletion of the tetrahydrofolate reductase gene

that is deleted frequently in cancer cells (167). FR expression
has been shown in preclinical models to confer a growth advan-
tage in FR-transfected cells, which suggests a role for the recep-
tor in the control of cell proliferation (260). Growth regulation
may be related to an inverse relationship between folate recep-
tor expression and Cav-1, a 21- to 24-kD protein that may neg-
atively regulate the activity of several cytoplasmic signaling
proteins and tyrosine kinase inhibitors (258).

The preferential over-expression of the folate receptor in
malignant tissue has prompted the investigation of this anti-
gen in several preclinical immunization studies. Neglia et al.
(261) evaluated FR alpha cDNA after ligation into the
VR1012 (Vical) expression vector under transcriptional con-
trol of the cytomegalovirus promoter. Purified plasma DNA
was injected into BALB/c mice three times at 14-day intervals.
At 10 days after the second injection, sera (100%) showed
antibody titers against syngeneic C26 cells transduced with FR
alpha, but not against unmodified C26 cells. Specific cytotoxic
T-lymphocyte activity against FR alpha–transduced C26 cells
could be seen in splenocytes from all immunized animals.
Challenge by subcutaneous injection with FR alpha–trans-
duced C26 cells (administered 10 days after third injection)
showed a statistically significant delay in tumor growth (261).
Further studies by Peoples et al. showed that both immun-
odominant E39 (folate-binding protein [FBP], 194–202) and
subdominant E41 (FBP, 246, 248–255) epitopes of human
high-affinity FBP are presented by HLA-A2 in both ovarian
and breast cancers (262). Tumor-associated lymphocytes stim-
ulated with FBP peptides exhibit cytotoxicity not only against
peptide-loaded targets but also against FBP-expressing epithe-
lial tumors of different histologies. Finally, FBP peptides
induced E39-specific cytotoxic T lymphocytes (CTLs) and
E39- and E41-specific IFN- and IP-10 secretion in a propor-
tion of healthy donors. These studies provide motivation for
proceeding to clinical trials with DNA and peptide FR vac-
cines in ovarian cancer patients.

Dendritic-Cell Approaches

Dendritic cells (DC) are phenotypically distinct, potent antigen-
presenting cells well suited for vaccine strategies (263). They are
found throughout the body, particularly at the portals of entry
for infectious organisms, such as in the epidermis and other
epithelial surfaces. Cancers may be ineffective at attracting
DCs, may attract the wrong type of DCs, or may attract imma-
ture DCs that induce tolerance. Zou et al. observed that ovarian
carcinoma cells express high levels of the chemokine SDF-1 that
attracts a subset of DC precursors with capacity to differentiate
into plasmacytoid DCs, which are implicated in immune sup-
pression through induction of IL-10 by T cells. Myeloid DCs,
which are more effective at inducing immune responses, were
not detected (264). Also, plasmacytoid DCs have been impli-
cated in inducing a set of CD8� regulatory T cells in ovarian
carcinoma (265). DCs from patients with ovarian cancer can be
matured ex vivo to activate T cells producing IFN-� in response
to autologous tumor cell lysates, but not cytotoxic T cells (266).
Ovarian carcinoma cell lines can directly inhibit maturation of
DCs (267). These results and many others suggest that DCs
from cancer patients can be defective at fully activating T cells.
Curiel et al. showed that myeloid DCs from tumor or draining
lymph nodes of ovarian carcinoma expressed B7-H1, a mole-
cule in the B7 family implicated in inhibiting immune responses
(268). Blockade of B7-H1 led to marked increases in T-cell
responses. Multiple animal studies have demonstrated CTL-
mediated protective immunity and even regression of estab-
lished tumors with the administration of antigen pulsed
dendritic cells (269,270). A variety of approaches have been
considered with regard to antigen type and loading techniques
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to include recombinant or fusion proteins (271), peptides as
tumor antigen-derived CTL epitopes (272), DC-tumor cell
hybrids (273), HLA-restricted antigens (274), and autologous
antigens from tumor cell lysates and apoptotic tumor cells
(275,276). A number of antigen sources are possible for DC-
based treatment of ovarian cancer, including germ cells/cancer
testis antigens, HER2, and MUC-16 (CA-125) (92). 

Both the clinical relevance and presence of the target are
obviously essential when using this tumor antigen approach.
For example, several studies have demonstrated the effective-
ness of using in vitro-generated DCs loaded with HLA-A2
restricted peptide fragments from either HER2 (E75) or the
HER2 intracellular domain (ICD) in terms of immune
response. Brossart et al. vaccinated patients with advanced
breast cancer or ovarian cancer with DCs pulsed with peptides
from HER2 or MUC-1, detecting peptide-specific cytotoxic 
T-cell responses in T cells from peripheral blood of 5 of 10
patients (277). However, recent data from a GOG study
showed that only 11.4% of 837 screened ovarian cancer
tumor samples showed 2� or 3� over-expression of HER2.
Furthermore, using the monoclonal humanized anti-HER2
antibody trastuzumab, an overall response rate of 7.3% was
seen, showing that even with appropriate over-expression,
minimal single-agent activity is seen (278).

Santin et al. showed that DCs loaded with lysates of autolo-
gous ovarian cancer cells from three patients were able to
induce specific cytotoxic T-cell responses in vitro, suggesting
feasibility of this approach (279). Using the autologous tumor
antigen pulsed DC approach in patients with ovarian cancer 
(n � 8) and uterine sarcoma (n � 2), Hernando et al. harvested
DCs, and pulsed them with KLH and autologous tumor cell
lysate in the presence of GM-CSF (270). Significant tumor
antigen-specific lymphoproliferative responses were seen in
two ovarian cancer patients. Progression-free intervals of 25 to
45 weeks were seen in three patients (two with demonstrable
immune responses), suggesting an effect of disease stabiliza-
tion. Homma et al. treated 21 patients, including patients with
ovarian cancer, with DCs fused to tumor cells using polyethyl-
ene glycol, with or without systemic treatment with IL-12
(280). They observed antibody responses against autologous
tumor cells in one patient and resolution of malignant ascites in
a patient with gastric carcinoma. These data combined with DCs
pulsed with lysates from other solid tumors such as melanoma,
renal cell carcinoma, and selected pediatric tumors showing
specific T-cell immunity, and some objective responses further
support evaluation of this approach in patients with gynecologic
cancers (275,281,282). 

Dendritic cell approaches are potent at inducing T-cell
responses. A variety of variables require further study to opti-
mize the approach including choice of DC subtype, matura-
tional status at immunization, adjuvant cytokines, antigen
loading method, and route and frequency of administration. 

ANTI-IDIOTYPE VACCINES
Anti-idiotype vaccines strive to augment both antibody and 
T-cell responses by using antibody facsimiles of the native
antigens to overcome their poor immunogenicity and avail-
ability. Tumor-associated antigens are traditionally weakly
immunogenic as the large majority of them in humans are
non-mutated self-antigens. One approach has been to present
the desired epitope to the now tolerant host in a different mol-
ecular environment, but the problem with many tumor anti-
gens is that they are ill-defined chemically and difficult to
purify and produce (110).

The “immune network hypothesis” attempts to transform
epitope structures into idiotypic determinants expressed on
the surface of antibodies, and was originally proposed in the

1970s (283,284). This approach assumes that immunization
with a given antigen will generate the production of antibod-
ies against this antigen (termed Ab1). Ab1 can generate anti-
idiotypic antibodies against Ab1, termed Ab2. Some of the
anti-idiotypic antibodies (Ab2�) express the internal image of
the antigen recognized by the Ab1 antibody and can be used
as surrogate antigens. Immunization with Ab2� can cause the
production of anti–anti-Id antibodies (termed Ab3) that rec-
ognize the corresponding original antigen identified by Ab1
(285,286). (Since Ab3 can have Ab1-like reactivity, it is also
called Ab1� to distinguish it from the original Ab1.)

ACA-125 (Abagovomab)

The generation and production of the murine anti-idiotypic
antibody ACA-125 (abagovomab) for clinical use has 
been described in detail (287). Briefly, BALB/c mice were immu-
nized with murine monoclonal antibody OC125 (CIS; Bio
International, Gif-Sur-Yvette, France) directed against the
tumor-associated antigen CA-125. Splenic cells of immunized
mice were fused with myeloma cells yielding an ACA-125–pro-
ducing hybridoma that was adapted to serum-free medium.
Large-scale production of mAb ACA-125 was performed in a
hollow fiber system with yields of 10 to 15 mg of antibody per
day. mAb ACA-125 was purified from culture supernatant by
affinity chromatography with protein G-sepharose and the
preparation was checked by SDS-PAGE analysis (PHAST-
System; Pharmacia Biotech, Uppsala, Sweden) to give �95%
purity. The final product for vaccination in previous phase 1-2
trials contained 2 mg of Ab2 IgG1 in sterile, pyrogen-free,
polynucleotide-free, mycoplasma virus–free, and retrovirus-free
phosphate-buffered saline (PBS) solution.

The anti-idiotype approach has been used in a variety of
clinical studies including patients with colon cancer,
melanoma, small-cell lung cancer, and neuroblastoma.
Immune responses have been demonstrated, and some have
suggested a benefit in those patients in whom antibody devel-
ops (288–292). Problems with interpreting such phase 2 stud-
ies have been appropriately recognized, and prospective phase
3 studies are in development in several tumor types directed
toward a variety of antigens.

A two-step study with ACA-125 has been conducted in
Germany in patients with ovarian cancer and reported by
Wagner et al. (293). Initially, 18 patients were enrolled in the
phase 1 portion, which was extended into a phase 2 study
with a total of 42 patients being treated. The objective of the
phase 1 portion was to confirm safety. The objectives of the
phase 2 portion were to (a) further characterize the effect of
ACA-125 vaccination on the Ab3 titer as a marker of a spe-
cific anti–ACA-125 immune response, and (b) to evaluate
overall survival comparing those patients in whom antibody
was generated with those in whom it was not. Other immuno-
logic parameters evaluated to better characterize the humoral
response included assays of Ab1 and ADCC. The cytolytic
activity of immunized patients’ peripheral blood lymphocytes
against human ovarian cancer cells (CA-125 expressing �
OAW-42 and non-expressing � SK-OV3) was also evaluated
using a standard europium-release cytotoxicity assay.

Forty-two patients with advanced/recurrent epithelial ovarian
carcinoma were enrolled with an average number of 2.1 prior
regimens (range 1 to 5). All patients had tumors that strongly
expressed CA-125 and received an intramuscular injection of 2
mg of alum-precipitated ACA-125 for four injections at 2-week
intervals followed by monthly administration. A mean number
of 16.6 � 10.8 vaccinations were delivered (range 2 to 46).
Minimal pain at the injection site was seen but no other systemic
adverse effects. Hyperimmune sera of 27 of 42 patients (64.2%)
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showed an increase in HAMAs (�100 ng/mL). Ab3 responses
were negative in all patients before ACA-125 administration,
and 28 of 42 patients (66.7%) developed specific anti–anti-idio-
type antibodies (Ab3) during ACA-125 administration. The
IgG subclass was evaluated in 10 patients: predominantly IgG1
and IgG2. No correlation could be shown between number of
doses, serologic CA-125 concentration, and maximum Ab3
reactivity. The specificity of the immune responses induced after
vaccination was demonstrated by a series of competition exper-
iments showing that binding of Ab3 to the anti-idiotype ACA-
125 could be inhibited by the idiotypic mAb OC125 and the
CA-125 antigen (293). Cell-mediated cytotoxicity from periph-
eral blood lymphocytes (PBLs) against CA-125–expressing and
CA-125–non-expressing human ovarian cancer cell lines in 18
patients was evaluated with measured cell kill increasing in 9 of
18 patients from 19.6% � 11.7% to 52.7% � 13.6% at the
effector:target cell ratio of 100:1 (259). Cell-mediated lysis
was accompanied by the induction of Ab3 in eight of nine
patients, prompting only humoral response evaluation in the
remaining patients. Overall survival of all patients vaccinated
with ACA-125: 14.9 � 12.9 months; of all patients with a pos-
itive response to ACA-125: 19.9 � 13.1 months; and of all
patients with no detectable response to ACA-125: 5.3 � 4.3
months; p � 0.0001. 

Two additional studies have explored different doses (2.0 mg
vs. 0.2 mg), routes (subcutaneous vs. intramuscular), and num-
ber of immunizations (nine vs. six) of abagovomab. A phase 1
trial with 42 patients showed that neither route (p � 0.628) nor
dose (p � 0.4602) was statistically significant in terms of effect
on maximum post-baseline Ab3 titer (294). Induction of Ab3
was observed in all evaluable patients. A second phase 1 study in
36 patients evaluated two subcutaneous vaccination schedules
(nine vs. six injections) (295). No treatment-limiting toxicities
occurred in either group and induction of Ab3 was observed in
all evaluable patients. IFN-�–expressing CA-125 specific CD8�
T cells were significantly more frequent in those receiving nine
vaccinations, while there was no significant difference between
CD4� T cells in the two groups.

Therefore, vaccination with a suitable anti-idiotypic anti-
body may offer a way to induce immunity against undefined
antigens or poorly immunogenic tumor antigen, such as CA-125.
As seen in other immune approaches, phase 1/1 data show an
association between the desired immune response and longer
survival, but a randomized, appropriately powered trial is
required to confirm benefit. Side effects have been minimal.
More recently, a study in mice has suggested that injection of
the ACA-125 antibody fused to IL-6 may increase the specific
humoral response against CA-125, although the clinical rele-
vance has not been studied (296).

Based on the sum of the phase 1 data, an international,
multicenter, randomized phase 3 trial of abagovomab versus
placebo for stage III or IV epithelial ovarian cancer patients,
with an accrual goal of 870 patients, began accruing patients
in 2007 under the direction of the Arbeitsgemeinschaft
Gynäkologische Onkologie (AGO) group and the Cooperative
Ovarian Cancer Group for Immunotherapy (COGI). Eligible
patients have completed standard debulking and platinum
with taxane-based chemotherapy (intravenous or intraperi-
toneal) and are in complete remission. The primary endpoint
of this study is progression-free survival with a secondary end-
point of overall survival.

CONCLUSIONS
Most patients with cervical, endometrial, or ovarian cancer
who will eventually die of disease can be initially rendered free
of detectable disease by surgery, radiation therapy, and/or

chemotherapy for varying periods. This adjuvant setting
where the targets are circulating tumor cells or micrometasta-
sis is ideal for treatment with immune interventions such as
cytokines administered intraperitoneally, adoptive immunother-
apy with monoclonal antibodies or cellular therapy, and vac-
cines that induce T cells or antibodies. This is especially true
for cervical and ovarian cancers where HPV-related antigens
and MUC-16 (CA-125), respectively, are uniquely specific tar-
get antigens. HPV-related interventions against cervical cancer
are discussed in chapter 19 by Dr. Thomas Wright. Initial
studies in ovarian cancer patients using IFN or IL-2 admin-
istered IP have resulted in occasional partial or complete
regressions of metastatic disease, especially of tumors less
than 5 mm in diameter, but the impact on overall survival has
yet to be demonstrated in randomized trials. Administration
of mAbs against MUC-16, MUC-1, and sTn have resulted in
occasional clinical responses and evidence of prolonged sur-
vival compared to historical controls, but results of random-
ized trials in ovarian cancer evaluating the benefit of these
approaches are not yet available. A well-conducted random-
ized trial of the radionuclide 90Y-HMFG1 showed no benefit,
but many other conjugates using other doses and schedules
remain to be tested (120). Vaccines have augmented T-cell or
B-cell immunity, and these responses have been associated
with stabilization of disease in some patients with advanced
disease and prolongation of disease-free and overall survival
compared to historical controls. Again, randomized trials
confirming the benefit of vaccines remain to be accomplished
but several are now ongoing. The suggestion of clinical effi-
cacy to date in trials with IP cytokines, monoclonal antibod-
ies, and vaccines is encouraging but not definitive. As
awareness of the unique features of the peritoneal cavity,
radiolabeled mAb technologies, and vaccine design for aug-
mentation of antibodies and T cells continues to evolve, fur-
ther progress is likely (128). However, over the next several
years, the focus will need to be on testing the clinical impact
of these immunologic interventions in appropriately con-
trolled randomized trials in the adjuvant setting. Only in this
way can a firm foundation be built on which to explore com-
binations of these treatments with each other and with
surgery, radiation, and chemotherapy.
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domain binding monoclonal antibody M11 (2). During fetal
development, CA125 is expressed by amniotic and coelomic
epithelium. In the adult, the determinant is found in structures
derived from the coelomic epithelium (the mesothelial cells of
the pleura, pericardium, and peritoneum) and in tubal,
endometrial, and endocervical epithelium. Surprisingly,
CA125 is not expressed by the surface epithelium of normal
fetal and adult ovaries with the exception of inclusion cysts,
areas of metaplasia, and papillary excrescences (3). 

Serum CA125 was originally quantified using a homolo-
gous assay based on the monoclonal antibody OC-125 alone.
This assay has been replaced by a heterologous assay that uses
OC-125 as the capture antibody and M11 as the detection
antibody. There are a number of CA125 assays available,
most of which correlate well with each other and are clinically
reliable. For some samples, however, differences between
methods exist, suggesting a need for parallel testing when
introducing a new method (4,5). 

A CA125 serum value of 35 U/mL, representing 1% of
female healthy donors, is often accepted as the upper limit of
normal in clinical practice (6). It should be noted that this is
an arbitrary cutoff and may not be suitable for all applications
of CA125. In postmenopausal women or in patients who have
undergone hysterectomy, for example, CA125 levels tend to
be lower than in the general population and lower cutoffs may
be more suitable: levels of 20 U/mL and 26 U/mL have been
suggested (7–9). Approximately 85% of patients with epithe-
lial ovarian cancer have CA125 levels of �35 U/mL (6,10).
Elevated levels of �35 U/mL are found in 50% of patients
with stage I disease, but raised levels are found in over 90% of
patients with advanced disease (11). CA125 levels are less fre-
quently elevated in mucinous, clear cell, and borderline
tumors compared to serous tumors (11–13). CA125 can be
elevated in other malignancies (pancreas, breast, colon, and
lung cancer) and in benign conditions and physiological states
such as pregnancy, endometriosis, and menstruation (11).
Many of these nonmalignant conditions are not found in post-
menopausal women, thus improving the diagnostic accuracy
of elevated CA125 in this population. 

Screening 

The role of CA125 in screening for ovarian cancer is still
under investigation. Elevation of CA125 in apparently healthy
postmenopausal women is a powerful predictor of increased
risk of ovarian cancer (14,15). However, if used alone, it is not
a suitable screening test as it lacks sufficient specificity (16).
When combined with abnormal ovarian imaging, the risk of
ovarian cancer is increased (15). A multimodal screening strat-
egy combining CA125 with pelvic ultrasound achieves high
specificity (99.9%) and PPV (26.8%) in postmenopausal

Tumor markers are biological substances that are produced by
malignant tumors and enter the circulation in detectable
amounts. In the management of cancer, the most useful bio-
chemical markers are the macromolecular tumor antigens,
including enzymes, hormones, receptors, growth factors, bio-
logical response modifiers, and glycoconjugates. Global
nondirected screening strategies looking at DNA, RNA, and
protein levels are constantly identifying novel tumor markers
that could complement those previously identified by candi-
date gene or antibody-based techniques.

Tumor markers are used for screening, diagnosis, monitor-
ing therapeutic response, and detecting recurrence. An ideal
tumor marker would need to have 100% sensitivity, speci-
ficity, and positive predictive value (PPV). The calculation of
each of these attributes is outlined in Table 7.1. Sensitivity
refers to the percentage of patients with tumor correctly iden-
tified as a result of a positive test, whereas specificity refers to
the percentage of the population without tumor correctly
identified as a result of a negative test. PPV refers to the per-
centage of patients with positive test that have tumor (true
positives). In addition, it would need to be tumor-specific and
produced in sufficient amounts to allow detection of minimal
disease so that it quantitatively reflects the tumor burden.
There are few, if any, markers that satisfy these criteria. The
most limiting factor is lack of specificity as the majority of
markers are tumor associated rather than tumor specific, and
such markers are elevated in multiple cancers, in benign and
physiological conditions, and in the fetal circulation. This
restricts their use, with few exceptions, to monitoring thera-
peutic response and follow-up. This chapter focuses on those
markers that are clinically relevant to female genital tract
malignancies. 

OVARIAN AND FALLOPIAN 
TUBE CANCERS

Epithelial ovarian cancers represent the majority of ovarian
malignancies. A great number of markers have been investi-
gated for use in screening, prognosis, monitoring of response,
and recurrence, with CA125 being the best-known marker.

CA125

CA125 was first described by Bast et al. in 1981 as an anti-
genic determinant on a high-molecular-weight glycoprotein
recognized by the murine monoclonal antibody OC-125 (1). It
carries two major antigenic domains, classified as A, the
domain binding monoclonal antibody OC-125, and B, the
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women (17). Preliminary data has shown that this may impact
on survival. In a randomized controlled trial (RCT) of ovarian
cancer screening (OCS) involving 22,000 postmenopausal
women, median survival of those diagnosed with ovarian can-
cer in the screened group (72.9 months) was significantly better
than that of women in the control group (41.8 months) (18).

CA125 was initially interpreted using a fixed cutoff.
Sensitivity and specificity has been improved by the develop-
ment of a statistical algorithm (Risk of Ovarian Cancer
[ROC] algorithm) based on the age-specific risk of the disease
and the behavior of CA125 with time in women with ovarian
cancer versus normal controls (19). When the ROC algorithm
was applied retrospectively to serial samples from an OCS
trial of postmenopausal women, the area under the curve was
significantly improved in comparison to a fixed CA125 cutoff
(93% vs. 84%). For a target specificity of 98%, the ROC cal-
culation achieved a sensitivity of 86% for preclinical detection
of ovarian cancer, whereas CA125 cutoff achieved a lower
sensitivity of 62% (20). The performance of the ROC algo-
rithm has been evaluated prospectively in an RCT of 13,582
postmenopausal women aged over 50. Women with normal
ROC results were returned to annual screening; those with
intermediate values had repeat CA125 testing, while those
with elevated values underwent transvaginal ultrasound
(TVS). Women with abnormal or persistently equivocal find-
ings on TVS were referred for a gynecologic opinion. High
specificity (99.8%; 95% CI, 99.7 to 99.9) and PPV (19%;
95% CI, 4.1 to 45.6) for primary invasive epithelial ovarian
cancer was achieved by using the ROC algorithm strategy in
the prevalence screen involving 6,532 women (21). 

There is controversy as to whether a raised CA125 in
asymptomatic postmenopausal women is a predictor of non-
gynecologic cancer. An initial nested case control study of
1,542 women with elevated (�30 U/mL) and normal (�30
U/mL) CA125 levels using data from an RCT of 22,000 post-
menopausal women (18) reported that elevated serum CA125
was not a predictor of a nongynecologic malignancy on mean
follow-up of 2,269 days (22). However, it was associated with
significantly increased risk of death from all causes in the next
5 years (23). In contrast, data from the Norwegian OCS trial
of 5,500 women showed that breast and lung cancer were
overrepresented among women with elevated CA125 (24).
The two reports, although discrepant in their findings, agree
that elevated CA125 is a risk factor for death from malignant
disease. It is probably best to rule out other malignancies such
as breast, lung, and pancreas in asymptomatic post-
menopausal women with rising CA125 levels with no evi-
dence of gynecologic malignancy. 

One of the limitations of CA125 is that 15% to 20% of
ovarian cancers do not express the antigen. Rosen et al. explored
10 potential serum markers that could complement CA125 in
65 ovarian cancers with weak or absent CA125 tissue expression.
All specimens lacking CA125 expressed human kallikrein 10
(HK10), human kallikrein 6 (HK6), osteopontin, and claudin 3.
A small proportion of CA125-negative ovarian cancers expressed
DF3 (95%), vascular endothelial growth factor (VEGF) (81%),
MUC1 (62%), mesothelin (MES) (34%), HE4 (32%), and CA-
19-9 (29%). MES and HE4 showed the greatest specificity when
reactivity with normal tissues was considered. Differential
expression was also found for HK10, osteopontin, DF3, and
MUC1 (25). Several of these markers are currently being assessed
in nested case control studies using serum samples from ovarian
cancer screening trials. 

There are currently two large RCTs of OCS in post-
menopausal women that incorporate CA125 measurement. Both
seek to address the key issue of whether OCS will impact disease
mortality in the general population. The U.K. Collaborative Trial
of Ovarian Cancer Screening (UKCTOCS) involves 202,638
postmenopausal women aged 50 to 74, randomized to annual
screening until the end of 2011 with serum CA125 using the
ROC algorithm (50,640), TVS (50,639), or no screening
(101,359) (www.ukctocs.org.uk) (Menon U, Gentry-Maharaj A,
Ryan A, et al. Recruitment to multicentre trials–lessons from
UKCTOCS: descriptive study. Bmj 2008;337:a2079.) The ovar-
ian cancer screening arm of the National Institutes of Health
Prostate Lung Colorectal and Ovarian Cancer Screening trial
(PLCO) has randomized 78,237 women aged 55 to 74 (26,27). A
proportion of women are not eligible for the ovarian screening as
they have undergone bilateral oophorectomy. A total of 28,816
women had a serum CA125 (interpreted using a cutoff) and a
TVS as part of the ovarian cancer prevalence screen. Of these,
1,338 (4.7%) had abnormal TVS and 402 (1.4%) had abnormal
CA125 and 29 neoplasms; 26 ovarian, 2 fallopian, and 1 pri-
mary peritoneal neoplasm were identified (9 were tumors of low
malignant potential and 20 were invasive). The positive predic-
tive value for invasive cancer was 3.7% for an abnormal CA125,
1.0% for an abnormal TVS, and 23.5% if both tests were abnor-
mal (27). Both trials are ongoing and will report in 2012–2014.

Women at increased risk of ovarian cancer due to heredi-
tary predisposition often seek screening. It needs to be high-
lighted that in this population, the current recommendation is
that women consider risk-reducing bilateral salpingo-oophorec-
tomy once they have completed their families. The sensitivity
and effectiveness of screening is still not established. Studies so
far have not been of sufficient size or rigor to be able to draw
any definitive conclusions with regard to the effectiveness of
ovarian cancer screening in the high-risk group (28). In addi-
tion, multifocal primary peritoneal cancer is probably a pheno-
typic variant of familial ovarian cancer, and both CA125 and
ultrasound are not reliable in detecting early-stage disease (29).
False positive rates for CA125 and ultrasound are also higher
in this population as most women are premenopausal (30,31).
Table 7.2 gives details of studies involving 1,000 or more women.
A more detailed review of all studies in this area is available
elsewhere (37). One of the most promising trials to report so
far is the U.S.-based Cancer Genetics Network (CGN) (38).
Unlike previous studies, which used annual CA125 with a
fixed cutoff and TVS, this trial used the ROC algorithm to
screen 2,343 high-risk women at 3 monthly intervals. Thirty-
eight women underwent surgery following 6,284 screens. Five
ovarian cancers were detected, two prevalent (one early, one
late stage) and three incident (three early) cases resulting in a
PPV of 13%. Three further occult cancers were detected at
risk-reducing salpingo-oophorectomy and one woman devel-
oped an interval (late-stage) cancer (36). Currently, there are
two ongoing ovarian cancer screening trials in the high-risk
population: the U.K. Familial Ovarian Cancer Screening Study

146 Section I: Epidemiology of Gynecologic Cancer

PARAMETERS OF TUMOR MARKER ASSAYS 

TA B L E  7 . 1

True tumor status
Tumor marker
result Positive Negative

Positive a b
(True positives) (False positives)

Negative c d
(False negatives) (True negatives)

Sensitivity � True positives/All with tumor � a/a � c
Specificity � True negatives/All tumor free � d/d � b
Positive predictive value (PPV) � True positives/All with positive
tumor-marker result � a/a � b
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(UK FOCSS) with 3,300 of the target of 5,000 women recruited,
and gynecologic Oncology Group 199 trial (39) which aims to
recruit 2,332 women. Both trials are using the ROC algorithm
with a screening interval of 3 to 4 months. It is likely that they
will report in 2012 at the same time as the general population
trials. 

Differential Diagnosis of an Adnexal Mass

Serum CA125 is of value in differential diagnosis of benign and
malignant adnexal masses, especially in postmenopausal
women. Using an upper limit of 35 U/mL, sensitivity of 78%,
specificity of 95%, and PPV of 82% was achieved for malignant
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STUDIES OF OVARIAN CANCER SCREENING IN WOMEN AT HIGH RISK (ONLY THOSE WITH OVER 1,000
PARTICIPANTS ARE LISTED)

TA B L E  7 . 2

No. of invasive Cancers in screen-negative 
detected women (months from last 

Study No. Inclusion criteria Screening tests (LMP Tumors) screen)

Karlan et al. 1,261 OC diagnosis since TVS, CD, One EOC, three PP Four PP (5, 6, 15, 16 mo); 
1999 (29) enrollment in the Gilda and CA125 (two), one stage I one EOC (2 mo)

Radner OC Detection 
Program (women with 
BRCA1/2 gene mutation)

van Nagell et al. 3,299 Women over 50 and women TVS, CD, Three (one), two Two (12, 14 mo)
2000 (32) over 25 with documented and CA125 stage I

family history of OC in at 
least one first- or 
second-degree relative

Tailor et al. 2,500 Prospective study of TVS and CD Six (four), four Two PP (20–40 mo); 
2003 (33) symptom-free women stage I seven EOC (9–46 mo)

with at least one close 
relative who had 
developed ovarian cancer

Stirling et al. 1,110 First-degree relative with TVS and CA125 Nine (one), two Three (2, 4, 12 mo)
2005 (34) either one OC and one stage I

BC (age �50); one OC 
and two BC (age �60); 
hMLH1, hMSH2 mutation 
carrier; two or more OC; 
individual with BC and OC; 
three or more individuals 
with BC or OC over three 
generations; known BRCA1,
BRCA2 mutation carrier

Jacobs et al. 2,005 Two first-degree relatives CA125 (ROCA) Nine, five early Not reported
2005a (35)  with OC; first-degree and TVS stage, four late 
(data as presented relatives with one OC stage
at the meeting) and one BC (age �50); 

first-degree relatives with
one OC and two BC 
(age �60); HNPCC 
(first-degree relatives with
one OC and three colorectal
cancers—1 �50); mutation 
positive families (BRCA1, 
BRCA2, MLH1, MSH2,
MSH6, PMS1, PMS2)

Skates et al. 2,343 First- or second-degree CA125 (ROCA) Six early stage, Not reported
2007a (36) relative with either and TVS three late stage

BRCA1/2 mutation; two 
of OC or early onset BC 
(age � 50); Ashkenazi 
ethnicity and one of 
OC or BC

Note: BC, breast cancer; CD, Color Doppler; EOC, epithelial ovarian cancer; HNPCC, hereditary nonpolyposis colorectal cancer; OC, ovarian cancer; 
PP, primary peritoneal cancer; ROCA, Risk of Ovarian Cancer algorithm; TVS, transvaginal ultrasound; MO, months.
aAbstract only.
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disease in women with palpable adnexal masses (40). This has
since been confirmed by numerous studies (41–43). Further
improvements in specificity were achieved by using a panel of
markers (CA125 II, CA-72-4, CA-15-3, and lipid-associated
sialic acid) and an artificial neural network approach to differ-
entiate malignant from benign pelvic masses (44). 

The most valuable clinical tool has been combining serum
CA125 values with ultrasound findings and menopausal sta-
tus to calculate a Risk of Malignancy Index (RMI). It yielded
a sensitivity of 85% and a specificity of 97%. Patients with an
elevated RMI score had, on average, a 42-fold increase in the
background risk of ovarian cancer (45). The RMI has since
been validated both retrospectively and prospectively in gyne-
cologic oncology and general gynecologic units (46–55) with
prospective studies reporting lower sensitivity, specificity, and
PPV (46,53). Higher sensitivity can be achieved by increasing
the RMI cutoff (49,52,54), using artificial neural networks or
altering the RMI calculation (46,50,51).

Recently the performance of RMI values of 25 to 1,000 in
combination with specialist ultrasound (US), magnetic reso-
nance imaging (MRI), and radioimmunoscintigraphy (RS) in a
prospective cohort study of 180 women with an adnexal mass
referred to a teaching hospital has been assessed. In women
with an RMI cutoff of �25 and �1,000, addition of US and
MRI provided a sensitivity of 94% and a specificity of 90%.
The authors concluded that utilizing this approach in contrast
to an RMI cutoff value of 250 can improve the correct referral
of cancer patients to a cancer center, without change in the pro-
portion of patients with benign disease being managed locally
(55,57). It has also been suggested that the use of an RMI over
200 and the absence of an ovarian crescent sign (an ultrasound
feature that depends on the fact that healthy ovarian tissue can
be seen adjacent to the cyst within an ipsilateral ovary) used
sequentially may improve the accuracy of ovarian cancer diag-
nosis (56). Despite limited value in borderline, stage I invasive,
and nonepithelial ovarian cancers, the RMI is a simple, easily
applicable method in the primary evaluation of patients with
adnexal masses that identifies ovarian cancers more accurately
than any other criterion used in diagnosis of this disease (47). 

Prognosis

In ovarian malignancy, preoperative serum CA125 levels are
related to tumor stage, tumor volume, and histological grade.
Although initial studies did not find preoperative CA125 to be
an independent prognostic factor (58–60), more recent work
has confirmed it to be of value in localized/early-stage disease
(61). A recent study of 118 patients with FIGO stage I epithelial
ovarian cancer demonstrated that patients with stage I epithe-
lial ovarian cancer and preoperative serum CA125 levels �65
U/mL had a significantly longer survival compared to stage I
patients with preoperative serum CA125 �65 U/mL (62). This
was confirmed in a study of 600 patients from gynecologic
cancer centers in Australia, the United States, and Europe
with stage I epithelial ovarian cancer. On multivariate analysis,
preoperative serum CA125 �30 U/mL and age �70 years at
diagnosis were the only independent predictors for overall
survival. Levels of CA125 of �30 U/mL dominated over histo-
logical cell type, substage, and grade and were able to identify a
subgroup of FIGO stage I patients with a genuinely good prog-
nosis and extremely good survival who could possibly be spared
of adjuvant chemotherapy (63). Additional parameters such as
cyclooxygenase-2 overexpression in combination with preoper-
ative CA125 level of under 30 U/mL have recently been found to
be independent predictors of survival in univariate and multi-
variate analyses (64). In advanced ovarian cancer, CA125 does
not seem to be an independent prognostic factor (61).

Postoperative CA125 levels have been found to be signifi-
cant prognostic factors (58) with patients with a low CA125

prognostic score composed of two CA125 values, one taken
preoperatively and the other taken 1 month after surgery, having
significantly better prognosis than patients with high scores
(65). It should be noted that CA125 levels can be elevated in the
immediate postoperative period as a result of the abdominal
surgery, and therefore measurements are best postponed for at
least 4 weeks (66). 

During primary chemotherapy, serum CA125 half-life is an
independent prognostic factor in patients with advanced
epithelial ovarian cancer, for both complete remission and sur-
vival (67–69). The most commonly used cutoff is a CA125
half-life of 20 days (69–71). In patients with CA125-positive
tumors, other useful prognostic indicators of survival are the
serum CA125 levels prior to a third course of chemotherapy
(67,72,73) and the slope of the CA125 exponential regression
curve. A recent retrospective analysis of patients treated in
maintenance chemotherapy trials suggests that, in women
achieving a clinically defined complete response to primary
chemotherapy with a baseline CA125 level of �35 U/mL, the
baseline CA125 level before initiation of maintenance
chemotherapy strongly predicts the risk of subsequent relapse.
Patients with premaintenance baseline CA125 values �10
U/mL have a superior progression-free survival compared to
those with higher levels in the normal CA125 range (74). 

Serum CA125 continues to be of prognostic significance
when ovarian cancer recurs, with patients with normal serum
CA125 levels (�35 U/mL) at relapse having a better prognosis
than patients with elevated levels (75).

Monitoring Response to Treatment

Serum CA125 levels reflect progression or regression of dis-
ease in over 90% of ovarian cancer patients with elevated pre-
operative levels (6,76) (Fig. 7.1). These findings have resulted
in the widespread use of serum CA125 levels to monitor the
clinical course of ovarian cancer and its response to
chemotherapy (77). It is to be noted that CA125 should not be
used as the sole criterion to determine clinical response (78) as
studies involving second-look laparotomy have confirmed
that CA125 values of �35 U/mL do not exclude active disease
(79). The pattern of CA125 over time is a more useful para-
meter than using an arbitrary cutoff level (71,72,80,81).
Precise mathematical definitions to evaluate response to treat-
ment have been suggested, with 50% response corresponding
to a 50% decrease in CA125 after two samples, confirmed by
a third sample collected at least 28 days later, and a 75%
response defined as a serial decrease over three samples of
greater than 75% (82,83). A recent French multicenter study
on the kinetics of CA125 under induction chemotherapy has
again confirmed that prechemotherapy CA125, its half-life,
nadir concentration, and time to nadir, all had a univariate
prognostic value for disease-free and overall survival (84). 

Detecting Recurrence

Among patients with elevated CA125 levels at diagnosis, ser-
ial monitoring following initial chemotherapy can lead to the
early detection of recurrent disease. Median lead time prior to
clinical progression of 63 to 99 days has been demonstrated
between marker detection of disease progression and clinically
apparent progressive disease (85,86). The value of marker
lead time depends ultimately on a patient’s remaining thera-
peutic options, and the clinical value of this approach is
unclear (87). 

In a study of 39 patients with elevated serum CA125 at time
of diagnosis and complete clinical and radiographic response
to initial treatment with normalization of serum CA125,
Santillan et al. reported that a relative increase in CA125 of
100% (odds ratio [OR] � 23.7; 95% CI, 2.9 to 192.5) was sig-
nificantly predictive of recurrence. From baseline CA125 nadir
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levels, an absolute increase in CA125 of 5 U/mL (OR � 8.4;
95% CI, 2.2 to 32.6) and 10 U/mL (OR � 71.2; 95% CI, 4.8
to �999.9) were also significantly associated with the likeli-
hood of concurrent disease recurrence. These data suggest that
for patients in complete clinical remission, a progressive low-
level increase in serum CA125 levels is strongly predictive of
disease recurrence (88). 

CA125 measurements together with thin-section computed
tomography (CT) and careful review of the clinical history are
recommended in follow-up of patients with ovarian carcino-
mas (89). However, a study of 58 patients with recurrent ovar-
ian cancer revealed that 98% of recurrences were identified by
physical examination and CA125, with ultrasound and CT
not providing additional clinically relevant information dur-
ing follow-up (90). 

Combination With Other Markers

Tumour-associated trypsin inhibitor (TATI), CA-19-9, CA-72-
4, and carcinoembryonic antigen (CEA) in addition to CA125
may be useful in mucinous ovarian cancer (91). Increased pre-
operative sensitivity for early-stage disease has been reported
by combining CA125 with CA-72-4, CA-15-3, and M-CSF
(92). The majority of studies, however, report limited ability
to improve diagnostic sensitivity by addition of other serum
markers for patients with nonmucinous tumors (81,93–96). In
clinical situations when CA125 is inconclusive or negative,
Cancer-associated serum antigen (CASA) may be useful in the
follow-up of patients with advanced disease (97). A more
recent immunohistochemical study of CA125-negative ovar-
ian cancers showed that all specimens expressed human
kallikrein 10, human kallikrein 6, osteopontin, and claudin 3
with a smaller proportion expressing DF3 (95%), VEGF
(81%), MUC1 (62%), MES (34%), HE4 (32%), and CA-19-9
(29%). From all the markers assayed, MES and HE4 exhibited
greatest specificity (25). Further investigation of these markers
in serum is underway. 

Carcinoembryonic Antigen

Carcinoembryonic antigen (CEA) was first identified in 1965
in serum of rabbits immunized with colon carcinoma (98). It is
an oncofetal antigen that is found in small amounts in the adult
colon. Elevated levels are associated with colon and pancreatic
cancer. CEA levels are also raised in benign diseases of the liver,
gastrointestinal tract, and lung, and in smokers. In ovarian
cancer, CEA is expressed by most endometrioid and Brenner
tumors, and in areas of intestinal differentiation in mucinous
tumors. In contrast to CA125, this marker is not expressed in
normal and inflammatory conditions of the adnexa. Around
25% to 50% of ovarian cancer patients have elevated levels of
CEA, and the correlation with ovarian cancer is not as well
established as with the other markers (99,100).

Alpha-Fetoprotein

Alpha-fetoprotein (AFP) is an oncofetal protein produced by
the fetal yolk sac, liver, and upper gastrointestinal tract.
Elevated levels of AFP occur in pregnancy and benign liver dis-
ease. Serum levels are raised in most patients with liver tumors,
and some patients with gastric, pancreatic, colon, and bron-
chogenic malignancies have elevated AFP levels (99). AFP levels
were investigated in 135 patients with germ-cell tumors, and
elevated levels were found in all patients with endodermal sinus
tumors, 62% with immature teratomas and 12% with dysger-
minoma (101). AFP also accurately predicts the presence of
yolk sac elements in mixed germ-cell tumors (102). Although
AFP production in epithelial ovarian cancers is extremely rare,
a case of ectopic production of AFP by an ovarian endometrioid
tumor has been described in the literature (103).

In women with endodermal sinus tumors, AFP is a reliable
marker for monitoring therapeutic response and detecting
recurrence (104,105). On univariate analysis, AFP levels of
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over 1,000 ng/mL, age over 22, and histology were found to
be major prognostic factors in 43 patients with ovarian and
extragonadal germ-cell tumors (106).

Human Chorionic Gonadotropin

Human chorionic gonadotropin (hCG) is synthesized in preg-
nancy by the syncytiotrophoblast. It is a glycoprotein hor-
mone made up of two dissimilar covalently linked subunits α
and β. Production of hCG by the tumor is accompanied by
varying degrees of release of the free subunits into circulation.
Recent advances in our understanding of hCG/hCG-β synthe-
sis by trophoblastic and nontrophoblastic tissues alongside an
improvement in techniques measuring hCG have helped
define its role in clinical practice. hCG is elevated in virtually
all cases of gestational trophoblastic disease (hydatidiform
mole, invasive mole, and choriocarcinoma) and serves as an
ideal tumor marker. There is a close correlation between hCG
levels and tumor burden, and hCG levels are used in staging
and clinical management. Serum hCG can also be detected in
patients with nontrophoblastic cancers. Although gynecologic
cancers are prominent in this group, the sensitivity of using
hCG is lower than for other markers in current use except in
germ-cell tumors with a chorionic component (107).

In a retrospective analysis of 113 patients with stage IC to
IV malignant ovarian germ-cell tumors, both on univariate
and multivariate analyses, stage of disease and elevation of
serum hCG-β and AFP were significant predictors of overall
survival, whereas age at diagnosis was of no prognostic value
(108). It is worth noting that this is the first study to demon-
strate stage and tumor markers as prognostic parameters in
patients with malignant ovarian germ-cell tumors and may
help in deciding on a therapeutic regimen.

Inhibin and Related Peptides

Inhibins and activins are structurally related dimeric proteins,
first isolated from ovarian follicular fluid on the basis of their
ability to modulate pituitary follicle-stimulating hormone
secretion. They are members of a larger group of diverse proteins,
the transforming growth factor-β (TGF-β) superfamily, which
are involved in cell growth and differentiation. Inhibin is a
heterodimeric glycoprotein composed of a common α-subunit
and one of two β-subunits, resulting in either inhibin A (αβA)
or inhibin B (αβB), for which specific immunoassays are now
available. The serum also contains immunoreactive forms of
the alpha subunit not attached to the beta subunit, the most
abundant of which is pro-αC and pro-αN-αC. The pro-αC
assay measures these precursor forms of inhibin. The original
Monash assay detected immunoreactive inhibin that included
a range of inhibin-related peptides in addition to biologically
active inhibin dimers. 

In 1989, Lappohn et al. (109) reported elevated serum immu-
noreactive inhibin concentrations in women with granulosa-
cell tumors. Numerous studies have since confirmed serum
inhibin elevation in ovarian sex cord/stromal tumors and
established its role in differential diagnosis and surveillance of
these malignancies (110–112). The major molecular forms
detected are bioactive dimeric inhibins A and B (113,114).
Antimüllerian hormone, or müllerian inhibitory factor, is
another member of the TGF-β superfamily that is being inves-
tigated as a marker for granulosa-cell tumor (113,115,116).

In epithelial ovarian cancer, the role of the inhibin peptides
remains to be determined. Using the initial nonspecific Monash
assay, elevated serum inhibin levels were reported in 25% to
90% of women with epithelial ovarian cancer (117–119). In
2004, an ELISA assay for total inhibin was developed (120).

Tsigkou et al. investigated the sensitivity/specificity of serum
total inhibin for epithelial ovarian cancer in 89 postmenopausal
women with stage II to III epithelial ovarian cancer and found
that patients with serous or mucinous tumors showed the high-
est total inhibin levels. At 95% specificity, the total inhibin
assay detected 93% of serous and 94% of mucinous tumors
(121). Mucinous ovarian cancers are most likely to be associ-
ated with increased inhibin levels (111,122). In contrast, using
specific assays that measure bioactive dimeric inhibin A, ele-
vated serum levels were only found in 5% to 31% of women
with epithelial ovarian cancer (116,122,123). Overall, the pic-
ture is emerging that dimeric inhibin A and B levels are not
informative in epithelial ovarian cancer, and total inhibin/pro-
αC immunoreactive forms are the most commonly elevated of
the inhibin-related peptides (121,123,124). Furthermore,
although there is preferential secretion of precursor forms of the
alpha subunit rather than dimeric inhibin A by epithelial ovar-
ian cancer, pro-αC is unlikely to be a useful marker if used
alone (125). Combining pro-αC with CA125 may improve the
sensitivity for detection of epithelial ovarian cancer (123). More
recently, when total inhibin was combined with CA125, all
cases of serous and mucinous tumors were detected and the
overall sensitivity for epithelial ovarian cancers was 99% at
95% specificity, respectively. On further follow-up, it became
clear that an increase of total inhibin levels was associated with
recurrence. These recent data suggest that total inhibin is a sen-
sitive and specific marker of epithelial ovarian cancer in post-
menopausal women and may therefore be combined with
CA125 for noninvasive diagnosis of epithelial ovarian cancer.
Furthermore, it may also be a useful serum marker to monitor
disease-free intervals (121). 

In conclusion, the data suggest that functional inhibin is
secreted by most ovarian granulosa-cell tumors and may be
superior to estradiol in assessing therapeutic response and pre-
dicting recurrence. For epithelial ovarian cancer, dimeric
inhibin A and B levels are probably not informative. While the
role of total inhibin/pro-αC needs further investigation, most
recent data suggest that total inhibin displays high sensitivity
and specificity for serous and mucinous cancer, which is
improved when total inhibin is combined with CA125.

Activin is a dimer of the two-beta subunits of inhibin and
exists as activin A (βA βA), activin B (βB βB), and activin AB
(βA βB). Serum activin A has been shown to be significantly
elevated in epithelial ovarian cancer (113,125,126), with highest
levels detected in undifferentiated tumors. More recently, high
concentrations of activin A in the peritoneal fluid of women
with serous ovarian carcinoma have been shown to be useful
in distinguishing serous ovarian cancer from cystadenoma
(128). Preliminary data suggest a poor correlation of activin
levels and the clinical course of the disease (113). It is possible
that activin A could play a role in ovarian cancer but further
investigation is needed.

Estrogen/Androgen

Estrogen secretion is associated with granulosa-cell tumors.
Serial estradiol levels are of significant value in monitoring
these patients after surgery, in view of the difficulty in assess-
ing the malignant potential of these tumors on histological
grounds. Androgen levels are elevated in women with Sertoli-
Leydig–cell tumors.

Kallikreins

The human kallikrein gene family currently consists of 15
members. There is accumulating evidence that in addition to
prostate-specific antigen (PSA, hK3) and human glandular
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kallikrein (hK2) (both prostate cancer biomarkers), many
other members of the human kallikrein gene family are differ-
entially regulated in breast, ovarian, and testicular cancers.
Recently it has been shown that the malignant phenotype of
ovarian cancer cells can be enhanced by overexpression of the
human tissue kallikrein genes 4, 5, 6, and 7 (129). Potential
biomarkers for ovarian cancer include kallikreins 5, 6, 7, 8,
10, 11, and 14 (130,132,133) . Kallikrein 4 is up-regulated in
epithelial ovarian carcinoma cells in effusions (132) and
kallikrein expression may have some value in differentiating
ascites resulting from ovarian cancer from other malignant
and nonmalignant causes (134). Human kallikrein 8 seems to
be an independent marker of favorable prognosis in ovarian
cancer (135), while kallikrein 7, although not an independent
prognosticator for ovarian cancer, has been found to be asso-
ciated with unfavorable characteristics of the disease (136).

Mesothelin

Mesothelin is a marker that was initially identified in
mesotheliomas and ovarian cancers in 1996 (137). Serum lev-
els are higher in ovarian cancer patients when compared to
women with benign ovarian tumors or from the normal popu-
lation. The levels increase significantly from early to advanced
stages. Elevated mesothelin levels before therapy are associ-
ated with poor overall survival both in patients with optimal
debulking surgery and in those with advanced disease (138). It
is possible that mesothelin may prove to be a useful tumor
marker for differential diagnosis of epithelial ovarian cancer
as well as for prognosis. 

Prostasin 

Prostasin, a serine protease secreted by the prostate gland, was
identified following use of cDNA microarray technology on
RNA pooled from ovarian cancer and normal human ovarian
surface epithelial cell lines to detect overexpressed genes for
secretory proteins that might be potential serum biomarkers
(139). The initial study reported higher levels of prostasin in
ovarian cancer patients compared to controls, with levels
decreasing following surgery. For a fixed specificity of 94%,
sensitivity for detection of ovarian cancer for CA125 was
64.9% (95% CI, 47.5 to 78.9), for prostasin 51.4% (95% CI,
34.4 to 68.1), and for the combination 92% (95% CI, 78.1 to
98.3) (139). Prostasin may have clinical potential but it needs
further investigation and validation.

Osteopontin

Osteopontin is another biomarker that has been identified
using gene-expression profiling techniques. The initial investi-
gation showed osteopontin tissue expression to be weak or
absent in 93% of ovarian adenocarcinomas, compared to pos-
itive expression in 81.5% in borderline tumors and 50% in
omental and lymph node implants. Its expression did not cor-
relate with histological type, grade, or clinical stage (140). In
2002, Kim et al. showed an increased expression of this marker
in ovarian cancer cell lines, microdissected tissues, and plasma
of epithelial ovarian cancer patients (141). Preoperative plasma
osteopontin and CA125 levels were investigated in patients
with ovarian cancer, benign ovarian tumor, other gynecologic
cancers, and healthy women and showed significantly higher
levels in patients with ovarian cancer than the other groups.
Higher plasma osteopontin levels were detected in late-stage
ovarian cancer patients (stage IV) and ovarian cancer patients
with ascites with no correlation with histological type.

Sensitivity of preoperative plasma osteopontin in detecting
ovarian cancer was 81.3%, which increased to 93.8% when
combined with CA125, suggesting that preoperative osteopon-
tin may be a useful biomarker for differential diagnosis of
ovarian cancer, particularly when combined with CA125
(25,142). Osteopontin levels have been shown to correlate
with the presence of ascites, bulky disease, and recurrence
(143). In predicting clinical response to therapy, osteopontin is
inferior to CA125. However, levels increase earlier in 90% of
patients developing recurrent disease, leading the authors to
suggest that it may be useful as a complementary marker in
detecting recurrent ovarian cancer (144). 

Cytokines

Cytokines are soluble mediator substances produced by cells
that exercise a specific effect on other target cells. Their impor-
tance in tumor biology has increased since the demonstration
that many cytokines are produced by cancer cells and can
influence the malignant process in a positive and a negative
manner (127). However, cytokines do not fulfil the classic cri-
teria for tumor markers, as they may be elevated in a number
of pathological conditions, are invariably produced by nonma-
lignant surrounding tissue rather than the tumor itself, and are
not specific for one cell type. Despite this, their measurement in
malignant conditions may provide valuable clinical informa-
tion regarding prognosis and response to treatment.

Details of some of the cytokines and their roles as tumor
markers in ovarian malignancy are shown in Table 7.3. The
majority are at an early stage of evaluation, with conflicting
reports associated with some. The most studied cytokine in the
context of ovarian cancer is serum M-CSF (or CSF-1). It
appears to be a marker with high specificity for ovarian malig-
nancy with elevation being related to stage (163,167). When
combined with other markers, it may have a role in ovarian
cancer screening (165,167). Combination of CA125II, CA-72-4,
and M-CSF significantly increased sensitivity for detecting
early-stage disease compared to CA125II alone (70% vs. 45%)
while maintaining 98% specificity (92). M-CSF may be highly
sensitive and specific for malignant germ-cell tumors of the
ovary, especially dysgerminoma (166). It has been shown that
elevated serum levels are associated with poor outcome after
adjusting for stage, grade, and degree of surgical clearance (59).
In patients with advanced disease, low ascitic fluid M-CSF was
associated with longer overall survival and was a better indica-
tor in comparison to other prognostic factors except for zero
residual disease (164). Serum M-CSF does not seem to be useful
in follow-up of women with advanced disease (168). 

Interleukins have also been studied in ovarian cancer.
Preliminary reports demonstrated IL-6 elevation in 50% of
ovarian cancers (145,146). However, the combination of IL-6
and CA125 did not improve the sensitivity of CA125 alone
(146). A more recent report investigating the role of CA125,
IL-6, IL-7, and IL-10 in 187 ovarian cancer patients, 45
patients with benign ovarian tumors, and 50 healthy controls
found that a combination of IL-7 and CA125 could accurately
predict 69% of the ovarian cancer patients, without falsely
classifying patients with benign pelvic mass (152).

Cytokeratins

Cytokeratins are intermediate filaments that are part of the
cytoskeleton of all epithelial cells. They are specific markers of
epithelial differentiation and continue to be expressed by epithe-
lial cells following malignant transformation. Fragments of
cytokeratins, in contrast to cytokeratins themselves, are soluble
in serum and can be detected and measured using monoclonal
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antibodies. Their role as tumor markers in various malignancies
is currently being investigated. 

Tissue Polypeptide-Specific Antigen

Tissue polypeptide-specific antigen (TPS) is a proliferation
marker closely related to the tumor marker TPA. It is recog-
nized by a monoclonal antibody raised against the M3 epitope
on cytokeratin 18. TPS is elevated in 50% to 77% of ovarian
cancers studied with a specificity of 84% to 85% (169–172).
Preoperatively, serum levels of TPS and CA125 were signifi-
cantly higher in patients with cancer rather than benign dis-
ease and in those with advanced compared to early-stage
disease. Similarly, levels of TPS and CA125 were higher in
malignant and benign tumor cysts and ascitic fluids than in
corresponding sera with levels in cyst fluid from cancer
patients being the highest (173). However, no correlation
between TPS levels and survival have been shown (172). Its
serial measurement may be of value in the follow-up of

patients (169,170). When combined with CA125, sensitivity
for predicting recurrence of 81% was achieved with a speci-
ficity and PPV of 82% and 58%, respectively (171,172).

CYFRA 21-1

CYFRA 21-1 is a fragment of cytokeratin 19. The assay was
first developed in 1993 by Stieber et al. (174). It was initially
found to be elevated in cervical and endometrial cancers
(175). It does not seem to be very useful in the differential
diagnosis of adnexal masses, with most studies reporting sen-
sitivities of 40% to 45% (176,177). It may have a role as a
prognostic factor but there are conflicting reports. Elevated
CYFRA 21-1 levels prior to therapy were reported to be asso-
ciated with poor overall and disease-free survival in ovarian
cancer (177). However, preoperative levels of CYFRA 21-1 were
higher in patients with advanced disease, but Cox regression
analysis failed to detect a significant association between pre-
operative CYFRA 21-1 values and survival. For patients with
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STUDIES REPORTED ON THE ROLE OF CYTOKINES AS TUMOR MARKERS IN OVARIAN CANCER

TA B L E  7 . 3

Cytokines Description

Interleukin-6 (IL-6) High levels of IL-6 in 50% of patients with primary ovarian cancer (145,146). Serum levels 
correlate with stage of disease (147). IL-6 sensitivity lower than that of CA125, and the 
combination of both assays did not increase the sensitivity of CA125 alone (146). 
Conflicting reports on the role of elevated IL-6 serum levels in predicting prognosis 
(146,148–150). It has been shown that IL6-174 promoter polymorphism impacts serum 
cytokine levels through transcriptional regulation. Recent data has shown that 
the IL6-174 GG genotype has a strong, independent, and favorable impact on survival 
for women with ovarian and peritoneal carcinoma (151).

Interleukin-7 (IL-7) Serum levels of CA125, IL-6, IL-7, and IL-10 were determined in 187 ovarian cancer patients 
with complete clinicopathologic data and follow-up, 45 patients with benign ovarian 
tumors, and 50 healthy controls and were found to be elevated in ovarian cancer patients 
compared to patients with benign ovarian tumors. A combination of IL-7 and CA125 
serum levels accurately predicted 69% of the ovarian cancer patients, without falsely 
classifying patients with benign pelvic mass. IL-7 was not an independent predictor 
of overall survival when clinicopathologic parameters were included (152).

Soluble interleukin-2 Elevated in numerous malignancies and in liver, renal, and autoimmune diseases. Only 
receptor (sIL-2R) patients with advanced epithelial ovarian cancer had elevated preoperative serum sIL-2R 

alpha levels (153). Conflicting reports on the usefulness of sIL-2R as an adjunctive tool 
for the differential diagnosis of ovarian masses (154, 155). Limited benefit for monitoring 
response to chemotherapy and follow-up of patients with epithelial ovarian cancer 
(153,156–158).

Tumor necrosis factor (TNF) Raised levels documented in various malignancies and several benign conditions. Significantly
higher levels were reported in patients with epithelial ovarian cancer than in those with 
benign ovarian disease (159). A more recent study has shown that serum TNF-α levels 
differed between benign tumors and endometriomas (p � 0.01), but not between 
endometriomas and malignant tumors (160). No correlation has been shown between 
preoperative TNF values and common prognostic variables or the clinical outcome 
of patients (159).

Soluble receptors of TNF Initial studies suggested that preoperative serum levels might have a potential role for detection,
(sTNF-R) prognosis, and monitoring disease (159,161). The ratio of preoperative serum TNF-α

receptor 1 (p55) and 2 (p75) may be of value in differential diagnosis of ovarian cancer (162). 

Macrophage colony-stimulating Levels significantly elevated in 61% to 64% of patients with ovarian cancer compared with 
factor (M-CSF) 6% to 7% of patients with benign ovarian tumors. Elevation related to stage of disease 

and independent of histologic type (163,164). Serum M-CSF, but not CA125, significantly 
associated with outcome following adjustment for stage, grade, and degree of surgical 
clearance (54). May have a role in ovarian cancer screening (163,165). Combination of 
CA125II, CA-72-4, and M-CSF significantly increased sensitivity for detecting early-stage 
disease compared to CA125II alone (70% versus 45%) while maintaining 98% specificity 
(92). M-CSF may be highly sensitive and specific for malignant germ-cell tumors of the 
ovary, especially dysgerminoma (166).
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advanced ovarian cancer, preoperative CYFRA 21-1 levels
appear to be predictive of response to chemotherapy but not
of survival (178). In a recent case report, elevated levels of
CYFRA 21-1 together with neuron-specific enolase, estradiol,
and CA125 were described in a patient with Sertoli-Leydig–cell
tumor of the ovary, and it was suggested that it may be useful
to further investigate the role of these tumor markers in individ-
ualized monitoring (179). 

Proteomics

Proteomics is the study of the expression, structure, and function
of all proteins as a function of state, time, age, and environment
(180–182). It complements the genomics-based approaches and
has become very popular in the past few years. While two-
dimensional gel electrophoresis continues to be the cornerstone
of protein separation, mass spectrometry is increasingly being
used for diagnostics, tissue imaging, and biomarker discovery as
it is a high-throughput technique requiring small amounts of
sample (183). Surface-enhanced laser desorption ionization
time-of-flight (SELDI-TOF) analysis and matrix-associated laser
desorption ionization time-of-flight (MALDI-TOF) technology
have the potential to identify patterns or changes in thousands of
proteins in the mass range under 20 kDa. When combined with
matrices that selectively absorb certain serum proteins, these
approaches can globally analyze almost all small proteins in
complex solutions, such as serum or plasma (184,185). Two
proteomic approaches have been used: one examines the pattern
of peaks on mass spectometry, and the other uses proteomic
analysis to identify a limited number of critical markers that are
then assayed by more conventional methods. Both approaches
are promising but require further development. 

In a preliminary study, SELDI-TOF in combination with pow-
erful computer algorithms identified a pattern of protein changes
in serum with sensitivity of 100%, specificity of 95%, and PPV
of 94% for both early and late ovarian cancer in a limited set of
samples from 50 patients with ovarian cancer and 50 unaffected
women (186). There were numerous issues with the study design
(131,187–189) and the results are still to be validated. In a
multicenter case-control study that followed, three potential
serum biomarkers for ovarian cancer were identified: lower levels
of apolipoprotein A1, lower levels of a truncated form of
transthyretin, and elevated levels of a cleavage fragment of inter-
alpha-trypsin inhibitor heavy chain H4 (ITIH4) (190). These
findings were confirmed in an independently conducted blinded
study of 42 women with ovarian cancer, 65 with benign tumors,
and 76 with digestive diseases. The mean levels of five of the six
forms of transthyretin were significantly lower in cases than in
controls (191). The specificity of a model including transthyretin
and apolipoprotein A1 alone was high (96.5%; 95% CI, 91.9 to
98.8) but sensitivity was low (52.4%; 95% CI, 36.4 to 68.0). A
class prediction algorithm using all seven markers, CA125, and
age maintained high specificity (94.3%) but had higher sensitiv-
ity (78.6%) (191). Proteomic analysis of plasma samples has also
yielded informative protein spots that may be complementary to
those identified in the serum. Using four specific protein peaks in
plasma, a sensitivity of 90% to 96.3% and specificity of 100%
for the studied cases and controls were reached (192). However
encouraging these results are, further validation studies with due
consideration to the influences of sample handling, subject char-
acteristics, and other covariates on biomarker levels need to be
undertaken. A recent report has confirmed that sample process-
ing after venipuncture affects serum protein profile with the
largest effect related to room temperature prior to sample separa-
tion. Certain proteins (transthyretin, apolipoprotein C1, and
transferrin) were unaffected by handling, while others (ITIH4
and hemoglobin β) displayed significant variability (193). This
further highlights the need for biomarker discovery to be carried

out on samples collected in a standardized fashion. More recent
efforts have involved exploring antibodies raised to 35 of 217
protein spots obtained by proteomic profiling of ovarian cancer
and normal tissue (194) and subtype-specific biomarker candi-
dates obtained by differential protein expression of tissue speci-
mens from clear cell and mucinous ovarian cancers (195,196). In
contrast to the biomarker studies described above, where pro-
teomic profile is assessed in differing numbers of specimens from
cases and controls, another proposed approach is the creation
and use of standard serum sets developed from pooled healthy
donors and pooled sera from ovarian cancer cases. Preliminary
data show that CA125 remains the best single marker for non-
mucinous ovarian cancer, complemented by CA-15-3 or soluble
mesothelin-related protein (36).

The high volume of data obtained from proteomic analyses
is difficult to handle. Various algorithms are being developed to
analyze the preprocessed mass-spectrometry data and identify
the most informative “common” peaks, but these approaches
still need fine tuning (197–199). It is critical that once the
technology is standardized, large, prospective, multicenter trials
are carried out to ensure validation (200).

Metabolite Profiling

Metabolites are the end products of cellular regulatory processes.
Alterations in their levels can be regarded as response to
genetic or environmental changes. Analysis of 66 invasive
ovarian carcinomas and nine borderline ovarian tumors by gas
chromatography/time-of-flight mass spectrometry (GC-TOF
MS) using a novel contamination-free injector was undertaken
to assess if quantitative signatures of primary metabolites can
be used to characterize molecular changes in ovarian tumor tis-
sues. A total of 291 metabolites were detected and 114 were
already annotated compounds. Principal component analysis
as well as additional supervised predictive models allowed a
separation of 88% of the borderline tumors from the carcino-
mas. The data suggest that metabolomics is a promising high-
throughput, automated approach in addition to functional
genomics and proteomics for analyses of molecular changes in
malignant tumors (201). 

Other Serum Markers

Table 7.4 details other serum markers that have been assessed
in isolation and as part of panels in women with ovarian can-
cer, both in the context of screening and differential diagnosis,
as well as in assessing prognosis, monitoring response to treat-
ment, and detecting recurrence. Table 7.5 details their current
role in ovarian cancer. It is important to note that in women
with ovarian cancer, no single marker or combination of mark-
ers has emerged with a clear clinical advantage over CA125,
except in specific tumor subtypes such as germ-cell tumors
with yolk sac and chorionic elements, and granulosa-cell
tumors. The results of the proteomic and genomics studies are
therefore eagerly awaited. The consensus is that these new
approaches are most likely to identify novel markers or marker
panels that in combination with CA125 will improve bio-
marker accuracy in ovarian cancer.

ENDOMETRIAL CANCERS
There are no serum markers with an established role in the
clinical management of endometrial cancer. Serum CA125 is
elevated in 10% to 31% of patients (265–268) with elevated
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OTHER TUMOR MARKERS FOR OVARIAN CARCINOMA THAT ARE NOT REFERRED TO IN DETAIL IN THE TEXT

TA B L E  7 . 4

Tumor marker Description

CA-15-3 Tumor-associated antigen in human milk fat globule membrane. Most used in breast carcinoma. 
Elevated levels in 57% to 71% of ovarian cancer patients and 2% to 6% of patients with benign 
tumors (202,203). Not useful on its own (204), but in combination with CA125 increases the 
specificity of the CA125 assay in the differential diagnosis of adnexal masses (203). Preoperative 
sensitivity for early-stage disease was 45% for CA125II; 67% for CA125II and CA-72-4; 70% 
for CA125II, CA-72-4, and M-CSF; and 68% for CA125II, CA-72-4, M-CSF, and CA-15-3. 
CA-15-3 in combination with the other three markers performed second in comparison to using 
the other markers alone (92). 

CA-72-4 or TAG-72 Defines a glycoprotein surface antigen found in colon, gastric, and ovarian cancer. Levels elevated in 
67% of ovarian cancers (205) with a better sensitivity than CA125 for mucinous tumors (206,207). 
The specificity of CA-72-4 for ovarian malignancy was �95%, and combination with CA125 
increased sensitivity without substantial change in specificity (208). Combination of CA125II, 
CA-72-4, and M-CSF significantly increased preoperative sensitivity for early-stage disease from 
45% with CA125II alone to 70%, while maintaining 98% first-line specificity (92). The addition 
of serum CA-72-4 to the combination of pelvic examination, ultrasound, and serum CA125 
improved discrimination between malignant and benign pelvic masses (209). 

CA-19-9 Defines an antigen that is part of the Lewis blood group antigens. Elevated in gastrointestinal, lung, 
ovarian, and endometrial carcinoma. Most useful in pancreatic carcinoma. Mucinous ovarian 
cancers express the antigen more frequently (76%) than serous tumors (27%). Unlike CA125, 
not affected by pregnancy (210). Together with CA125, was the most useful marker in patients 
with borderline ovarian tumors (12). In patients with mature cystic teratomas of the ovary, elevated 
levels were found in 38.8%, whereas serum CA125 was elevated in 25% of the patients. Patients 
with an elevated serum CA-19-9 level showed significantly higher rates of bilateral tumors 
(51.6% versus 12.2%) than the patients with low levels (211). In a recent study of 28 stage I 
ovarian cancers, preoperative serum CA125 and CA-19-9 levels in stage IA patients were much 
lower than in patients with stage IC disease (212). 

OVX1 Antigenic determinant on a high-molecular-weight mucin-like glycoprotein present in ovarian and breast
cancer cells. Recognized by murine monoclonal antibody OVX1 (213). Elevated serum levels 
(�7.2 U/mL) reported in 5% of 184 normal individuals and in 70% of 93 epithelial ovarian cancer 
patients (214). OVX1 as a part of a panel of markers improved the sensitivity for discriminating 
malignant from benign pelvic masses (165,215). However, although the combination of serum 
OVX1, CA125II, and M-CSF markers had greater sensitivity than CA125 alone for all stages of 
ovarian cancer, only CA125 was able to distinguish invasive stage I tumors from apparently healthy 
women (216). A preliminary report found that serial measurement of OVX1 in combination with 
CA125 improved the sensitivity, specificity, and PPV of CA125 alone in primary screening for 
epithelial ovarian cancer (217). However, the OVX1 radioimmunoassay is highly dependent 
on sample handling (96) and therefore is not widely used.

CASA/OSA Tumor-associated antigens assayed by dual epitope ELISAs using the same capture monoclonal 
antibody (BC2) and different second antibodies (OM-1 and BC3, respectively). Elevated levels 
reported in 38% to 58% of ovarian cancers (94,218) with CASA showing higher specificity (94). 
In addition, CASA was elevated in patients with breast, lung, prostate, and bladder cancer (218). CASA
may have a role in prognosis and monitoring disease—postoperative OSA and CASA assays were 
superior to CA125 for detection of small-volume occult ovarian carcinoma (219); on multivariate 
analysis of survival rates postoperative CASA levels ranked above all prognostic factors except age 
(220); postoperative CASA levels supplemented the prognostic value of CA125 measurements in 
monitoring disease (221,222); in patients with recurrent ovarian carcinoma, elevated level of CASA 
before treatment was an adverse prognostic factor for survival (223); high serum levels of CASA 
were associated with increased risk of second-line chemoresistance (224).

Growth factors Insulin-like growth factors (IGFs) and IGF-binding proteins (IGFBPs) have been shown to play a 
physiologic role in the female genital system, including the ovarian follicular system. Expression of 
the insulin-like growth factor binding protein-2 (IGFBP-2) gene is elevated in advanced epithelial 
ovarian cancers in comparison to normal ovarian epithelium. This is also reflected in the serum 
with elevated serum IGFBP-2 levels detected in epithelial ovarian cancers compared to both normal 
controls and patients with benign gynecologic disease (225,226). The relationship between 
circulating levels of IGF-I and its major binding protein (IGFBP-3) in relation to ovarian cancer 
risk was investigated in a case-control study nested within the European Prospective Investigation 
into Cancer and Nutrition involving prediagnostic serum samples of 214 women who subsequently
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developed ovarian cancer and 388 matched control subjects. No association was found between 
the circulating IGF-I or IGFBP-3 levels and the risk of ovarian cancer in the cohort. However, for 
women diagnosed with ovarian cancer aged 55 or younger, the relative risk was higher in the 
middle or top tertiles of serum IGF-I, when compared with women in the lowest tertile. In 
premenopausal women with ovarian cancer relative risks for ovarian cancer diagnosed before age 
55 were higher for second and third tertiles. The results suggest that IGF-I circulating levels may 
play a role in the development of ovarian cancer in women of a pre- or perimenopausal age (227).

Tetranectin A tetrameric, plasminogen-binding plasma protein first discovered in 1986. Blood levels reduced in 
patients with a variety of cancers. At a false-positive rate of 1%, the sensitivity for ovarian cancer 
stages I and II was 33% for serum tetranectin against 76% for CA125. Combining tetranectin 
with CA125 increases sensitivity without causing a concomitant increase in the rate of false-positive
results. However, neither marker rose to levels that would allow use in the discrimination 
of localized cancer and benign tumors (228). Preoperative tetranectin leves correlated with survival
and were a strong prognostic variable in patients with advanced ovarian cancer (61,229). 
Chemotherapy induced significant increases in serum tetranectin levels with a decrease in serum 
tetranectin during chemotherapy being highly indicative of recurrence and poor outcome (230). 
Hogdall et al. (231) measured serum tetranectin, CA125, and CASA prior to 63 second-look 
and five third-look operations for ovarian cancer. Patients with residual tumor had significantly 
lower levels of tetranectin and higher levels of CASA and CA125 compared with tumor-free 
patients. Using multivariate Cox analyses, it was found that all three markers were independent 
prognostic predictors of survival.

Tumor-associated trypsin In ovarian cancer patients, a 6 kD polypeptide, TATI, can occur in elevated concentrations in both 
inhibitor (TATI) urine and serum (232). When used as a single marker, serum TATI has lower sensitivity and 

specificity than CA125. However, it is more sensitive than CA125 in diagnosing mucinous and 
poorly differentiated carcinomas (233,234). TATI may also be useful in differentiation of primary 
and metastatic ovarian tumors. In a recent report of 38 patients with secondary ovarian malignancies
and 76 control patients with primary epithelial ovarian cancer, although the preoperative serum 
CA125 was not different between the two groups, patients with secondary malignancies displayed 
higher levels of serum TATI and CEA. The study demonstrated that tumors less than 9 cm with solid 
structure, absence of ascites, and elevated serum CEA and TATI levels are typical of secondary 
ovarian malignancies (235). Unlike CA125, TATI levels seem to correlate with tumor grade (234). 
It may have a prognostic role as elevated preoperative levels have been associated with a twofold 
increase in risk of death (60) and a 5-year cumulative survival in advanced ovarian cancer of 8% as 
opposed to 45% in patients with normal preoperative values (236). In patients with stage III and IV 
disease on multivariate analysis, TATI tissue expression along with tumor grade has been reported to 
be an independent prognostic factor for adverse cancer-specific and progression-free survival (237). 

GAT (galactosyltransferase Elevated in 4.5% to 6.0% of women with endometriosis and 46% to 48% of women with ovarian 
associated with tumor) cancer. GAT may be useful in discriminating ovarian malignancy from endometriosis (238,239). 

GAT has been shown to be a marker of ovarian cancer with a high specificity. Human serum contains 
certain factors that decrease the GAT level, but these factors seem to be inhibited in ovarian cancer 
patients so that a high GAT level persists. (240).

LASA (lipid-associated The assay predominantly determines glycogen-bound sialic acid and has high positivity rate in leukemia,
sialic acid) Hodgkin’s disease, melanoma, sarcoma, advanced ovarian carcinoma, and oropharyngeal tumors 

(241). The value of determination of LASA in addition to CA125 in invasive epithelial ovarian cancer 
is due to lack of specificity (242,243). When used as part of a panel of serum markers, it may be 
useful in women with a pelvic mass (215). It was investigated as part of a panel of multiple markers 
(CA125, HER2/neu, urinary gonadotropin peptide, lipid-associated sialic acid, and Dianon marker 
70/K) in serial samples obtained during 6 years of follow-up of 1,257 healthy women at high risk 
of ovarian cancer. The findings suggested that individual-specific screening rules may be developed 
with the potential to improve early detection of ovarian cancer (244) using these markers.

VEGF (vascular A promoter of angiogenesis, VEGF is believed to play a pivotal role in tumor growth and metastasis. 
endothelial In a preliminary study, serum VEGF had a sensitivity of 54% for ovarian cancer and was not useful 
growth factor) in the differential diagnosis of adnexal mass (245). A more recent study has shown that higher serum 

VEGF, higher FIGO stage, and presence of residual tumor mass after primary surgery were 
independently associated with a shortened overall survival and that serum VEGF is an independent 
prognostic parameter regardless of the stage (246). 

IAP (immunosuppressive Increased levels detected in 70% of patients with ovarian cancer, 25% with benign tumors, and in 
acid protein) 4.5% of normal women. The simultaneous determination of IAP and CA125 allowed an overall 

sensitivity of 84% without any significant reduction of specificity (247). On multivariate analysis, 
there was significant association with survival (248). Since then, the performance of IAP in 
combination with IL-6 and M-CSF was examined in 61 serum samples of previously untreated 
ovarian cancer patients. Whereas a direct correlation between IL-6 and M-CSF was found, IAP 
serum levels failed to correlate with M-CSF and IL-6 levels (249).

(continued)
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OTHER TUMOR MARKERS FOR OVARIAN CARCINOMA THAT ARE NOT REFERRED TO IN DETAIL IN THE TEXT
(CONTINUED)

TA B L E  7 . 4

Tumor marker Description

Lysophosphatidic LPA is a bioactive phospholipid with mitogenic and growth-factor-like activities that stimulates 
acid (LPA) the proliferation of cancer cells (250,251). It has been shown to increase cell proliferation, cell 

survival, resistance to cisplatin, and production of VEGF in ovarian cancer cells, but not in normal 
ovarian surface epithelial cells (252), and accounts for the ability of ascites to activate ovarian cancer 
cells (253). LPA levels were significantly higher in ascites from ovarian cancer patients than 
in malignant effusions from other cancer patients, suggesting a role for LPA-like lipids in the 
peritoneal spread of ovarian cancer (254). In an initial study, elevated plasma LPA levels were 
detected in 9 out of 10 patients with stage I ovarian cancer; all 24 patients with stage II, III, and IV 
ovarian cancer; and 14 patients with recurrent ovarian cancer. In contrast, raised plasma LPA levels 
were detected in 5 of 48 controls, 4 out of 17 women with benign disease, and in no women with 
breast cancer or leukemia (255). Using a new highly specific, sensitive, and reproducible assay, 
Bast et al. demonstrated elevated levels of LPA in more than 90% of stage I or II ovarian cancer 
patients, less than 50% of whom had elevated CA125 levels (256). There have, however, been 
no further studies validating the potential of plasma LPA as a potential biomarker for ovarian cancer.

DNA methylation Circulating methylated DNA may represent a new generation of tumor marker (257), as changes in 
DNA methylation are one of the most common alterations in human neoplasia (258). 
Hypermethylation of tumor-derived DNA can be found in serum and plasma of cancer patients 
(259,260). Recently, in colorectal cancer the pattern of methylation of serum DNA has been shown 
to be a prognostic factor (261). In the next decade it is possible that this approach may identify 
novel tumor markers for ovarian cancer.

Cadherin Cadherin expression has been explored as a potential tool to differentiate ovarian cancer from 
malignant mesothelioma cell effusions. However, it turned out that different cadherins are 
co-expressed and P-cadherin, E-cadherin, and N-cadherin are not useful for differentiation between 
ovarian/primary peritoneal and malignant mesothelioma cell in effusions (262).

Shed glycans Shed glycans can be used as possible markers for ovarian cancer (263). Glycoproteins shed by cancer 
cells are found in the supernatant (or conditioned media) of cultured cells. They can be profiled for 
their oligosaccharide content using beta-elimination conditions, and any changes in glycosylation 
can be monitored by matrix-assisted laser desorption/ionization Fourier transform ion cyclotron 
resonance mass spectrometry (MALDI-FTICR-MS). As glycoproteins can be detected in the serum, 
oligosaccharide profiling data can be applied to ovarian cancer patients and normal sera 
to determine at least 15 unique serum glycan markers in ovarian cancer patients that were absent 
in normal individuals (264).

Note: There were initial studies in the early 1990s exploring the role of sialyl SSEA-1 antigen, TPA, and serum CA-130 in ovarian cancer but none
since 1995. Hence, these markers have been omitted from the above table. CASA, Cancer-associated serum antigen; CEA, carcinoembryonic 
antigen; OSA, Ovarian serum antigen; PPV, positive predictive value.

levels detected in 63% to 67% of patients with advanced-stage
and 10% to 19% of those with early-stage disease (269,275).
Preoperative assessment of serum CA125 may be of use in pre-
dicting the presence of extra-uterine and metastatic disease and,
to a lesser extent, myometrial invasion (270). It was suggested
that serum CA125 may be useful in follow-up of patients with
early-stage endometrial cancer but has not been shown to add
to clinical examination and imaging (271). While distant metas-
tases may raise CA125 levels, isolated recurrences in the vagina
do not. Levels can be falsely elevated in the presence of severe
radiation injury (266). In an analysis of 97 patients with
endometrial cancer, elevations of CA125 and CA-15-3 were sig-
nificantly associated with poor prognostic clinical factors. On
multivariate analysis, CA-15-3 was highly significant and had a
larger hazard ratio than CA125 (268). 

In the 1990s, the role of a number of serum markers was
explored in endometrial cancer— CYFRA 21-1 (175), urinary
beta-core or UGF levels (272,273), SCC and CA-15-3 (274),
CA-19-9 (267), amino-terminal propeptide of type III procol-
lagen (275), placental protein 4 (276), CA-72-4 (277), OVX1
antigen (253), soluble interleukin-2 receptor (278), and M-CSF
(265,279). However, none proved to be very useful and this is
confirmed by the lack of further publications.

Recent publications indicate significantly higher levels of
serum and plasma human kallikrein 6 in women with uterine
serous papillary endometrial cancer compared to those with
endometrioid carcinoma and controls without cancer (280),
increased expression of inhibin βB in grade 3 compared to
grade 2 endometrial cancer (281), and an association of matrix
metalloproteinase 2 (MMP-2) expression with CA125 and
clinical course in endometrial carcinoma. Expression of the
MMP-2 and MMP-9 proteins was found in 88% and 70% of the
primary endometrial cancers with positive MMP-2 immunos-
taining associated with a shortened recurrence-free and cancer-
specific survival. MMP-2 negativity seemed linked to favorable
prognosis. Preoperative serum levels of CA125 were higher in
the patients presenting with tumors positive for MMP-2 than in
those with negative immunostaining (282). However, the value
of such observations still remains to be determined.

CERVICAL CANCERS 
Screening for cervical cancer is based on exfoliative cytology
and high-risk HPV DNA detection in cervical specimens.
Currently, no serological markers are being explored.
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However, a variety of serum markers have been investigated in
assessing prognosis, monitoring response to treatment, and
detecting recurrence. 

Squamous-Cell Carcinoma Antigen

In 1977, Kato and Torigoe (283) isolated the tumor antigen
TA-4 from a cervical squamous-cell carcinoma antigen (SCC).
SCC is one of 14 subfractions of tumor antigen TA-4. Elevated
levels of SCC are found in 57% to 70% of women with primary
squamous-cell carcinoma of the cervix (284–286). The release of
SCC into the circulation is independent of local tissue content,
as high antigen concentrations are found in the cytosol of normal
cervical squamous epithelia, but in these cases serum levels are
always in the normal range (287). The antigen is not specific for
cervical squamous-cell carcinoma with elevated levels found
in other squamous-cell carcinomas of the head and neck, esoph-
agus, and lung, and in adenocarcinoma of the uterus, ovary, and
lung. SCC levels can also be raised in skin diseases such as pso-
riasis and eczema (288). SCC is probably a marker of cellular
differentiation of squamous cells, as the incidence of elevated
serum levels is higher in women with well-differentiated (78%)
and moderately differentiated carcinoma (67%) than in those
with poorly differentiated tumors (38%) (287). Its levels before
treatment correlate with stage, tumor volume, lymph node status,
and blood vessel invasion (289–293). 

In the past, there have been conflicting reports on the prog-
nostic significance of pretreatment SCC levels (285,289,290,
292,294–296), but increasingly it seems that a combination of
pre- and post-treatment values may be useful both for predicting
prognosis and for estimating clinical response in women, especially
in those undergoing neoadjuvant chemotherapy (296–299).
On multivariate analysis of 352 patients with stage IIB to IVA
squamous-cell carcinoma of the cervix managed with both
external irradiation and high-dose-rate intracavitary brachyther-
apy, pretreatment SCC antigen level and lymph node metas-
tases were found to have a significant independent effect on
absolute survival and disease-free survival (300). Elevated
post-treatment serum SCC levels have been shown to be indi-
cators of treatment failure (295,299,301) and be associated
with poor survival rates (296). In a recent study involving 211
patients treated with concurrent chemoradiotherapy, SCC
levels normalized in 93% of patients at 1 month after com-
pleting treatment. In patients with complete remission who
had previously elevated pretreatment SCC antigen, the values
were normalized in 96% (134 out of 139) at 1 month (286).
Various authors have suggested the need for further treatment
in patients with elevated SCC levels at completion of treatment.
Nonetheless, the evidence is preliminary and further studies
are needed before any definitive conclusions can be drawn.

In serum SCC-positive patients, serial measurements corre-
lated with clinical course of the disease in 72% of women
(302). Raised SCC levels were found in 50% to 71% of
patients with recurrent carcinoma, with a lead time ranging
from 0 to 12 months (284,303). 

Preliminary studies suggest that SCC antigen (SCCA) iso-
forms may provide additional clinical information when com-
pared to total SCCA. In early-stage cervical cancer, it has been
shown that 2-year disease-free survival is significantly lower in
patients with high SCCA2/SCCA1 mRNA ratios (50%) com-
pared to those with low SCCA2/SCCA1 mRNA ratios (92%)
(304). More recently, Roijer et al. have developed and evalu-
ated specific serum immunoassays for the different forms of
SCC antigen (free SCCA2, total SCCA2, total SCCA1, and
total SCCA). Both SCCA1 and SCCA2 levels were elevated in
serum from cervical cancer patients and followed the clinical
course of the disease during monitoring of treatment. Patients
with recurrence or progressive disease had rising levels of

SCCA1 and SCCA2, with elevations in SCCA2 being more
prominent than those in SCCA1. SCCA2 did not show improved
tumor specificity as compared to SCCA1 (305). These results
need to be confirmed in a larger study in order to make firm
conclusions. 

CYFRA 21-1

Following detection of elevated levels of CYFRA 21-1 in
patients with squamous-cell carcinoma of the lung, various
groups started investigating its role in cervical carcinoma.
Tsai et al. detected elevated CYFRA 21-1 levels in 14% of
controls, 35% of patients with stage IB to IIA squamous-cell
carcinoma of the cervix, and 64% of patients with stage IIB
to IV disease (306). Although CYFRA 21-1 was related to
tumor stage and size in patients with cervical cancer (307)
and there was a positive correlation with SCC, its sensitivity
and specificity for detection of squamous-cell carcinoma of
the cervix were lower than SCC (306). In cervical adenocarci-
noma, it was elevated in 63% of patients (308). CYFRA 21-1
may have a role in follow-up of women with cervical cancer
(309). In the study by Pras et al. (299) elevated CYFRA 21-1
levels after chemoradiation for cervical cancer indicated
residual tumor in 70% of patients. Nonetheless, the evidence
available so far does not justify the routine measurements of
these markers.

CA125/CEA

Serum CA125 is only elevated in 13% to 21% of women with
squamous-cell carcinoma (275,302). It is a better marker than
SCC for cervical adenocarcinoma (275,302,310). In combina-
tion with CA-19-9, a sensitivity of 60% for cervical adenocar-
cinoma was reported, with the addition of CEA to this
combination increasing sensitivity to 70% (311). Elevated
CA125 levels have been found to contribute to prognosis
(312,313) with levels falling in women who respond to
chemotherapy (314). In adenosquamous cervical cancer,
serum CA125, SCC, and CEA were found to be elevated in
patients with progressive disease, whereas only CA125 was
elevated in women with adenocarcinoma (310). Serum CEA
alone is less useful in cervical cancers, with an overall sensitiv-
ity of 15% and specificity of 90%. Patients with cervical ade-
nocarcinoma have significantly higher levels of CEA than
those with squamous-cell cancers (315).

VULVAR AND VAGINAL 
CANCERS

Tumors of the vulva and the vagina are rare and there are rela-
tively few studies on circulating markers in these conditions.
TPS has been shown to be elevated in 80% of patients with vul-
var or vaginal cancer (169), whereas SCC levels were elevated
in 43% (316). Carter et al. (317) studied the urinary core frag-
ment of the β-subunit of hCG in these cancers. Although the
sensitivity of beta-core was only 38%, a highly significant dif-
ference was observed in the survival curve between those with
elevated beta-core levels compared to those with normal levels.
Ninety percent of patients with elevated levels died within 24
months in contrast to 32% of those with normal levels. It might
also be useful in detecting recurrence, as rising urinary
gonadotropin fragment (UGF) levels at an earlier clinic visit
predicted recurrence in four of seven patients. These data, albeit
limited, suggest that for lower genital tract malignancies, the
measurement of urinary beta-core may be valuable as a prog-
nostic indicator, allowing a more informed approach to treat-
ment and in follow-up.
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CONCLUSIONS
The potential role of serum tumor markers is hampered by the
fact that these markers are neither confined to the malignant
tumor cell nor limited to the malignant phenotype. Of all the
markers available in gynecologic malignancies, serum hCG in
gestational trophoblastic disease remains closest to the ideal
tumor marker. Serum CA125 continues to be the most useful
clinical marker, with an established role in diagnosis and mon-
itoring of epithelial ovarian cancer. 

Biomarkers are increasingly being used in the differential
diagnosis of adnexal masses. Numerous tumor markers have
been recognized as promising prognostic factors, and this will
aid the development of novel treatment strategies in the future.
The role of markers in monitoring therapeutic response and
detecting recurrence is yet to be fully explored. In screening tri-
als, serial serum CA125 in combination with ultrasonography
is currently being investigated in ovarian cancer screening trials
in the general and high-risk populations.

Promising novel biomarkers, especially for ovarian cancer,
identified through proteomics and genomics are undergoing
validation studies and continuing developments in these two
fields, metabolomics and DNA methylation, will probably
lead to further candidates that can be used either alone or in
combination with existing tumor markers.
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overrepresented among African American, Mexican American,
American Indian, Vietnamese American, and rural poor women
(1). The burden of cervical cancer is worldwide (Fig. 8.1),
where 470,000 new cases are diagnosed each year, and 250,000
women die of the disease (2). Traditionally, the most significant
factor associated with the risk of cervical cancer has been num-
ber of sexual partners and the early onset of sexual activity.
This observation has led to the discovery that the primary cause
of cervical cancer, and its precursor, intraepithelial lesions, is
persistent infection with HPV, which is sexually transmitted.
The HPVs are a large (over 100 types, Fig. 8.2) family of viruses
that infect skin and mucosa. Of the approximately 40 HPV
types that infect the genital tract, about one half are associated
with anogenital warts and are considered low risk for malig-
nancy, or non-oncogenic. The other half may give rise to a
range of anogenital cancers, including cervix, vulva, and anus in
women, and penis and anus in men, and are referred to as high-
risk or oncogenic (3). HPV types 16 and 18 alone account for
�70% (Fig. 8.3) of all cervical cancers. Similarly, HPV types 6
and 11 account for �90% of all anogenital warts. In the United
States, close to 20% of girls are sexually active by age 15 years,
and close to 60% are sexually active at age 18 years. As a result,
the infection rate of HPV among the general population is high,
peaking in the second and third decades of life when infection
rates range from 27% to 46% (1). The median length of infec-
tion is 8 to 12 months and most individuals have cleared the
virus by two years. A small proportion, 10% to 13%, however,
develop chronic persistent HPV infection, which can lead to
genital warts, cervical dysplasia, carcinoma in situ, and invasive
cancer (Fig. 8.4). Persistence of HPV infection is likely to be
related to modifying factors, including immune status, the use
of oral contraceptives (OCP), and smoking. Prolonged duration
of OCP use is thought to function as a promoter of HPV-related
carcinogenesis, not as a facilitator of HPV infection, although
the mechanisms are uncertain (4). Tobacco carcinogens have
been found in cervical secretions, and it is postulated that smok-
ing constituents may interact with HPV to induce immunologic
changes leading to cervical dysplasia, or may produce genomic
damage via genotoxins (5,6). 

The HPVs are nonenveloped, double-stranded DNA viruses
whose circular DNA encodes eight genes, six early genes, which
encode nonstructural proteins (E1, E2, E3, E4, E5, and E6)
responsible for viral replication and transcription, and two late
genes (L1 and L2), which encode the structural components of
the viral capsid. HPV can infect the basal cells of the cervical
epithelium and replicate in an extrachromosomal form. In
HPV-related malignancy, the virus can integrate into cellular
DNA and interact with p53 and RB (retinoblastoma), which
prolongs the cell cycle, inhibits apoptosis, and can result in
malignant transformation (2,7). Another potential mechanism
for carcinogenesis that has been observed in HPV-16–infected

INTRODUCTION
The prevention of gynecologic cancer is becoming a reality due
to the recognition that cancer initiation and progression is a
multistep process characterized by distinct molecular genetic
events that provide opportunities to intervene in the carcino-
genic process at several steps and reverse its early stages. The
concept of preventing gynecologic cancer is based on an under-
standing of causally related risk factors, their role in carcinogen-
esis, and opportunities for their avoidance and/or reversal of
their effect. There are three distinct models that can be applied
to gynecologic cancer prevention: (a) risk avoidance and adop-
tion of protective practices includes the identification of key risk
factors and the development of strategies for their avoidance.
Included in risk avoidance are the avoidance of exogenous and
endogenous exposures (chemical, hormonal, infectious, etc.)
and the avoidance of risky health behaviors. The adoption of
protective practices, such as vaccination with the human papillo-
mavirus (HPV) vaccine, a healthy diet, and exercise, may fore-
stall early premalignant events; (b) the use of chemopreventive
agents, both natural and synthetic, to reverse early, premalignant
changes; and (c) surgical prophylaxis to remove either healthy
at-risk organs or tissues with premalignant changes.

In addition to establishing valid interventions for cancer
prevention, it is important to identify optimal target popula-
tions for their application, and to tailor the interventions to the
level of risk. Interventions for use in the general population at
average risk must be highly effective, safe, inexpensive, and
socially acceptable. Population groups with high risks may tol-
erate interventions that confer more risk and higher costs. All
prevention efforts are greatly enhanced by public and profes-
sional education about their use and by a health care system
that values, promotes, and invests in prevention activities.

The avoidance of environmental, occupational, and lifestyle
risk factors through public education and social policies has the
potential to prevent a large proportion of human cancer. The epi-
demiological literature has provided a wealth of information
about the risks associated with cancers of the cervix, uterus, and
ovary, which allows us to devise risk avoidance and risk reduction
strategies. This chapter focuses on the opportunities for primary
prevention of these three cancers and directions for the future. 

CERVIX CANCER

Risk Factors

There are approximately 14,000 new cases of cervical cancer
per year in the United States, and 5,000 women die of the
disease. The disease burden is not distributed equally but is
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cells is aberrant mitotic spindle pole formation resulting in
genetic instability (8). The recent production of prophylactic
vaccines that induce the generation of neutralizing antibodies
to certain oncogenic types of HPV, therefore, represents a
major breakthrough in the prevention of cervical cancer. 

Prevention

Risk Reduction and/or Adoption of Healthy Practices

Cervical cancer prevention requires decreasing the risk of infec-
tion with oncogenic strains of HPV. Having few sexual partners
and the use of condoms have been associated with a reduced
risk for cervical cancer (9). Avoidance of those factors that
enhance the persistence of HPV infection, viz. smoking and
OCP use, has the potential to reduce the rate of malignant
change. OCPs, however, are the most effective means of contra-
ception, and their avoidance overall is not a wise public health
strategy. Safe and effective vaccines now offer the best option
for cervical cancer prevention. Early studies in animal models
provided the proof of principle that neutralizing antibodies,
directed to determinants on the major viral capsid protein, were
generated by infection with HPV and could be detected in the
serum. In the early 1990s it was found that the L1 protein,
when expressed in recombinant vectors, self-assembled into

virus-like particles (VLPs), which closely resemble the antigenic
characteristics of the wild-type virions (10). VLPs formulated
on aluminum adjuvants were shown to induce a strong virus-
neutralizing antibody response in nonhuman primates (11,12),
leading to their development for human populations. A series of
phase 1 trials in humans tested the immunogenicity and safety
of monovalent VLP-based vaccines and found that they gener-
ated levels of neutralizing antibodies that far exceeded those
seen in natural infections, and were well tolerated. The predom-
inant antibody responses are of the immunoglobulin GI (IgG1)
subclass (3). Prevention of persistent HPV-16 and HPV-18 was
also demonstrated, although only short-term follow-up was
available (13). 

Subsequently, two vaccines have been developed for use in
humans, Gardisal (Merck), a quadrivalent vaccine that includes
HPV-16, -18, -6, and -11 and is formulated with aluminum adju-
vant, and a bivalent vaccine Cervarix (GlaxoSmithKline), which
includes HPV-16 and -18 and is formulated with a proprietary
adjuvant, AS04, which contains aluminum and a bacterial lipid.
Gardasil has undergone four randomized, placebo-controlled
trials among a total of 20,583 women. In a U.S. multicenter
proof of principle study, 2,391 young women aged 16 to 25
were assigned to a monovalent yeast-derived HPV-16L1 VLP,
formulated on aluminum adjuvant, by intramuscular injection
at day 0, month 2, and month 6 or placebo. The primary out-
comes were persistent HPV-16 infection and HPV-16–related
carcinoma in situ (CIN) 2 and 3. At a follow-up of 48 months,
administration of the three-dose regimen of HPV-16 vaccine
resulted in a 94% reduction in persistent HPV infection in
those treated according to protocol. The vaccine was 100%
effective in protecting against HPV-16–related CIN 2 and 3 (14).

A phase 2 dose-ranging assessment of immunogenicity and
efficacy was conducted in the United States, Brazil, and
Europe among 552 women aged 16 to 23 years. Women were
randomized to one of three vaccine doses versus placebo given
at day 1, month 2, and month 6. At close to 3 years of follow-up,
vaccine efficacy for persistent HPV infection was 90% and for
clinical disease (cytologic abnormalities, CIN, cervical cancer,
or external genital lesions) was 100%. Vaccine efficacy was
similar for each of the three doses. All women who received
the vaccine developed high antibody titers by month 7 (15). 

The two pivotal phase 3 trials enrolled �18,000 women
and included both precancerous lesions, CIN 2, CIN 3, adeno-
carcinoma in situ (AIS), or invasive cervical cancer with docu-
mented HPV-16 or -18 in DNA from the involved tissue,
vulvar and vaginal lesions, and genital warts as outcomes.
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FIGURE 8.2. Human papillomavirus.
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Women with evidence of previous infection with HPV, or with
cytologic abnormalities, were not excluded. At 3 years, vac-
cine efficacy in those women treated according to protocol
was 99%, with only one case of CIN 3 occurring among the
vaccine recipients. In the intent to treat population, which
included women with prevalent HPV-16/18 infection and
women who did not complete the vaccination schedule, CIN
2/3 and AIS were reduced by 44% (16,17). The vaccine was
also efficacious against high-grade vulval and vaginal lesions
(18). Side effects in all of the studies were minimal and
included discomfort at the injection site and occasional mild
fever. Anti-HPV antibody titers remain high 5 years after
administration. In June 2006, Gardasil received FDA approval
for the vaccination of women aged 9 to 26, followed closely by
approval for its use in children and adults aged 9 to 26 years
by the European Commission. 

The initial trial of Cervarix randomized 1,113 women aged
15 to 25 years to receive a bivalent HPV-16, -18 vaccine ver-
sus placebo. No cases of persistent HPV-16 or HPV-18 were
seen in the women vaccinated according to protocol, whereas
there were seven cases of infection in the control group. The
vaccine was 95% effective against persistent infection and
93% effective against cytologic abnormalities even when
including those women who did not complete the vaccine reg-
imen. In an extended follow-up of 776 women, the vaccine
continued to demonstrate 98% efficacy at close to 4 years.
The bivalent vaccine also showed significant efficacy against
two additional oncogenic strains, HPV-45 and -31 (13,19). A
second study randomized 18,644 women to three doses of
Cervarix versus hepatitis A vaccine. HPV vaccine efficacy,
assessed in women who were seronegative DNA for HPV-
16/18 at baseline, against CIN 2� lesions was 90% at 14.8
months (20). 

Overall, achieving close to 100% effective vaccination of a
cohort of 12-year-old girls is estimated to result (Fig. 8.5) in a
76% reduction in the incidence of cervical cancer (21).
Markov modeling has been used to estimate the clinical benefits

and cost-effectiveness of a population-based HPV-16/18 vacci-
nation program. Parameters considered were the natural history
of HPV and cervical cancer, age at vaccination, vaccine cost, vac-
cine efficacy (Fig. 8.1), waning immunity, the risk of replacement
with other oncogenic strains of HPV, age at onset of screening,
and screening intervals. One model that combined vaccination
at age 12 with triennial cytologic screening beginning at age 
25 years resulted in a cost-effectiveness ratio of less than
$60,000 per quality-adjusted life year (QALY) and a 94%
reduction in a woman’s lifetime risk of cervical cancer (22,23).
Another model found that vaccination plus biennial cytologic
screening beginning at age 24 years had the most attractive cost-
effectiveness ratio ($44,889) (24). In both models, the combina-
tion of a highly effective vaccine, a delay in the onset of cytologic
screening, and a decrease in colposcopy rates result in a cost-
effective use of health care resources. The Advisory Committee
on Immunization Practices (ACIP) of the Centers for Disease
Control and Prevention (CDC) recommends routine vaccina-
tion for HPV of girls age 11 to 12 (range, 9 to 26 years) and has
added Gardasil to its Vaccines for Children program (25,26).
Similarly, the American Cancer Society recommends that all girls
should be vaccinated against HPV at age 11 to 12 years. 

There are several questions remaining regarding the use of
HPV vaccines. The duration of protection afforded by HPV
vaccines is not known, although data from animal models
report long-lasting protection even with low levels of circulat-
ing antibody. Evidence from recent clinical trials in humans
suggests persistence of immunity beyond 4 years. The need for
a booster dose is at this time unknown. Because the neutraliz-
ing antibodies generated by the current vaccines appear to be
type specific, it is not clear if there is cross-reactivity with
other HPV types. It is also unclear whether vaccinating an
adolescent population will be socially acceptable in all cul-
tures. Most of the randomized trials performed to date focused
on young women in their late teens and early 20s, an age when
sexual activity has likely already begun. Because HPV vaccines
are ineffective after infection with HPV, vaccination should
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occur prior to the onset of sexual activity, or at a younger age.
The majority of females will become infected with HPV
within 2 to 3 years of the onset of sexual activity. Depending
on sociocultural variations in sexual debut, the target age for
vaccination would ideally be girls aged 9 to 12. There is cur-
rently no systematic vaccination program beyond infancy and
preschool in the United States. Although vaccinating older
women who are uninfected with HPV is likely to induce an
effective immune response, studies have shown that antibody
response is higher among 10 to 15 year olds than among 16 to
23 year olds (14,27).

Another unanswered question is the added benefit of vacci-
nating males. Although the majority of morbidity associated
with HPV is seen in females, males remain the major vector
for the disease. Furthermore, both males and females would
need to be vaccinated to achieve herd immunity. Information
on the natural history of HPV in males is lacking, and vacci-
nation studies to date have focused predominantly on females.
A study is currently under way to evaluate the safety and
effectiveness of Gardasil in males. 

Among women, the impact of effective vaccination on sub-
sequent screening practices is not known. There is concern
that women who receive the HPV vaccine might be less likely
to adhere to screening guidelines because they feel protected
from cervical cancer. Women who have been vaccinated will,
however, need to continue cytologic screening since the cur-
rent vaccines do not protect against all oncogenic types, and
since some women will have already been infected at the time
of vaccination. It is likely, however, that the onset of screening
could safely be delayed. Concerns about the impact of HPV
vaccination on subsequent accuracy of cytologic screening
have also been raised. 

Much work remains to be done to educate the public about
HPV and cervical cancer. Recent studies have shown that the
majority of women are unaware of the link between HPV and
cervical cancer. Awareness of HPV is increased among young

women, more educated women, and those with more access to
the health care system (28,29). Public health efforts to intro-
duce the vaccine will clearly need to be accompanied by vigor-
ous educational programs directed at both young women and
their parents to increase acceptability and the success of the
HPV vaccine program. One concern that parent and other
groups have expressed is the fear that vaccination against
HPV may lead to a sense of invulnerability, would undermine
abstinence-based messages, and may increase high-risk sexual
behavior. There is no data, however, to suggest that fear of
HPV is an important deterrent from sexual activity in young
men or women. Several states have considered legislation to man-
date HPV vaccination, although few have actually enacted
such laws. All of the proposed laws have opt-out provisions for
parents who object. However, they do not address the poten-
tial financial burdens imposed by the mandate. Mandating HPV
vaccination would certainly boost vaccine coverage rates, but
at a price of loss of parental autonomy. 

These and other vaccine-related concerns will need to be
addressed by primary care providers as well as public health
officials. Surveys of physicians indicate a relatively high rate of
acceptance of HPV vaccination, although many are reluctant
to vaccinate the youngest age groups (10 to 12 years) for whom
the vaccination is likely to offer the most benefit (30). Providers
cite safety, durability, and affordability of the vaccine as impor-
tant determinants of their acceptance, and indicated that they
would be influenced by the recommendations of their profes-
sional organizations (23,31,32).

The most significant unresolved issue pertains to the applica-
tion of HPV vaccines to underdeveloped nations, where the
greatest burden of disease attributable to HPV is found (Fig. 8.5).
The highest rates of cervical cancer occur in Africa, Central
and South America, and Micronesia (1). Contributing to this
burden is a lack of understanding of the dimensions of the
disease, weak infrastructures and insufficient funds for popu-
lation-wide vaccination programs, and a lack of the political
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will to address a sexually transmitted disease. The delivery of
a new vaccine to a non-pediatric population is particularly
problematic in countries with limited public health resources.
Yet it is precisely in these countries that the potential benefit for
a widespread vaccination program is greatest. Administering
the vaccine in infancy along with other basic childhood vaccines
may be the best choice, even though the duration of protection
is at this time unknown. Clearly, the contribution of the inter-
national community will be required to make HPV vaccination
a reality in the third world.

Chemoprevention

Several promising targets for the chemoprevention of cervical
cancer have been identified, including topical retinoids,
carotenoids, prostaglandins, indole-3-carbinol, and immune
modulators (33). In phase 1 and 2 trials topical retinoids
applied directly to the cervix resulted in significant complete
histologic regression of CIN 2 lesions compared to placebo
(34). None of the proposed agents, however, have been subject
to definitive phase 3 randomized trials. 

Surgical Prophylaxis

The introduction of widespread cervical cancer screening
using the Papaniculaou (Pap) smear has dramatically reduced
the incidence of invasive cervical cancer through the detection
of treatable, premalignant lesions, referred to as cervical intraep-
ithelial neoplasia (CIN). Because of the high rate of sponta-
neous regression, management of women with CIN 1 and
satisfactory colposcopy (visualization of the entire squamo-
columnar junction) is repeat cytology at 6 and 12 months
or DNA testing for oncogenic types of HPV at 12 months.

Alternatively, ablative (cryotherapy, electrocoagulation, or
laser vaporization) or excisional (cold-knife conization or
loop electrosurgical excision procedure [LEEP]) treatment
may be offered. If the entire squamocolumnar junction cannot
be visualized, an excisional procedure is the preferred approach.
Treatment of CIN 2,3 lesions with satisfactory colposcopy
involves excision or ablation of the entire transformation zone
rather than just the colposcopically identified lesion (35).
Cryotherapy, laser vaporization, and LEEP all appear to be
effective modalities, although over time LEEP has become the
procedure most widely chosen. When colposcopy is not satis-
factory, a diagnostic excisional procedure is recommended. A
variety of posttreatment surveillance protocols utilizing cervical
cytology with or without colposcopy and HPV testing at frequent
intervals have been proposed. Hysterectomy is reserved for
recurrent or persistent biopsy-confirmed CIN 2,3 or for positive
margins when repeat diagnostic excision is not possible (36).
This approach to cervical cancer prevention based on large-
scale cytologic screening programs is not feasible, however, in
countries in the developing world, due to lack of infrastructure,
funding, and public health education (Tables 8.1 and 8.2).

OVARIAN CANCER

Risk Factors

Ovarian cancer is the most common cause of death from a
gynecologic cancer in the United States and accounts for
approximately 14,000 deaths per year. Worldwide there are
192,000 new cases per year (37). Due to a lack of effective
screening tools to identify ovarian cancer at early, highly cur-
able stages, the majority of ovarian cancers are diagnosed at
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advanced stages when survival is poor. While our understand-
ing of the biology of epithelial ovarian cancer is slowly
advancing, most of our current knowledge regarding risks for
ovarian cancer has emerged from the epidemiologic literature.
Advancing age, reproductive factors (specifically, nulliparity),
and heredity are established risk factors for the disease. The
majority of ovarian cancers are diagnosed after menopause.
Rates are higher in nulliparous women, while parity has been
found to offer protection. The risk of ovarian cancer is
increased twofold in women who are infertile, and the risk
appears to be independent of fertility drug treatment (37).
Although the majority of cases of ovarian cancer are sporadic,
approximately 5% to 10% are thought to fit a hereditary pattern
of autosomal dominant inheritance. Epidemiologic studies
have estimated a two- to fourfold increase in risk among first-
degree relatives of women with ovarian cancer. Recently, a
number of genes have been identified that account for a large
percentage of hereditary ovarian cancer and that allow more
precise estimates of risk. Since the identification of BRCA1 on
chromosome 17q in 1994, and BRCA2 on chromosome 13q
in 1995, several hundred mutations in these genes have been
characterized, many of which lead to premature truncation of
protein transcription and, therefore, presumably defective
gene products. Ovarian cancer in these families is character-
ized by multiple cases of ovarian and breast cancer in succes-
sive generations, earlier age of onset, and evidence of both
maternal and paternal transmission (Fig. 8.6). The penetrance
of BRCA1/2, i.e., the likelihood that a mutation will actually
result in ovarian cancer, is estimated to range anywhere from
16% to 39% for BRCA1 mutation carriers, and from 11% to
16% for BRCA2 mutation carriers (37). Some mutations may
be more specifically related to ovarian cancer risk than others.
An ovarian cancer cluster region has been identified, for
example, in exon 11 of BRCA2, which is associated with a
higher rate of ovarian cancer than other mutations in the gene.
The wide variation observed may also reflect the interaction
of the genetic mutation with other genetic and/or environmen-
tal factors, and suggests that these genes may function as
“gatekeepers” and, when lost, allow other genetic alterations
to accumulate. Ovarian cancer is also included in the phenotype
of the recently described mismatch repair genes associated
with the hereditary nonpolyposis colon cancer (HNPCC), or
Lynch syndrome, in which the lifetime risk for ovarian cancer
is estimated to be approximately 12% (38) (Fig. 8.7). The iden-
tification of hereditary syndromes of ovarian cancer provides
new opportunities to understand the biology of the disease
and to devise novel preventive strategies.

Prevention

Risk Avoidance and/or Adoption 
of Protective Practices 

The available evidence regarding factors that lower ovarian
cancer risk has been based primarily on the results of case-
control studies retrospectively comparing the reproductive,
hormonal, or behavioral characteristics of ovarian cancer
cases with matched controls, not on prospective randomized
trials. These studies have consistently shown an inverse associ-
ation of ovarian cancer with increasing parity, with the first
birth conferring significantly more protection (35%) than sub-
sequent births (15%). The protective effect of pregnancy
occurs regardless of fertility history and is not age dependent
(39). Pregnancy is characterized by a prolonged period of
anovulation as well as high levels of circulating progesterone,
which may cause terminal differentiation of premalignant cells
on the surface of the ovary (40,41). 

The evidence supporting a protective effect of breast-feeding
against epithelial ovarian cancer risk is weak and inconsistent.
Some studies suggest a 10% to 20% decrease in ovarian cancer
risk associated with breast-feeding. In those studies that are
positive, the impact of breast-feeding on ovarian cancer risk
appears to be greatest for the first 6 months of lactation with
no apparent increase in ovarian cancer protection with longer-
term lactation (42,43). 

Several studies have examined the association of hormone
replacement therapy (HRT) with ovarian cancer risk. While the
majority finds a modest increase in risk, most lack statistical
significance. The strongest association is seen in endometrioid
histologies, where relative risks range from 1.2 to 5.5 (44).

Several retrospective and prospective studies have exam-
ined associations between dietary factors and ovarian cancer
risk. Modest levels of protection have been reported for fruits
and vegetables in general, and for vitamin A and beta-carotene
in particular, although findings are inconsistent (45–50). Nor
is there a consistent relationship between physical activity or
obesity and ovarian cancer risk (37,51,52). 

Chemoprevention

The ovarian epithelium is a hormonally responsive target
organ that expresses receptors for most members of the
steroid hormone superfamily, including receptors for prog-
estins, retinoids, androgens, and vitamin D. Although little is
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known regarding the physiologic role of steroid hormones
within the ovarian epithelium, there is mounting epidemio-
logic and laboratory evidence suggesting that these hormones
have direct and potent biologic effects on the ovarian epithe-
lium relevant to the prevention of ovarian cancer. Progestins,
retinoids, and vitamin D have been shown to exert a broad
range of common biologic effects in epithelial cells, including
induction of apoptosis, up-regulation of transforming growth
factor-β (TGF-β), cellular differentiation, and inhibition of
proliferation. In addition to hormonal agents, there is growing
evidence that nonsteriodal anti-inflammatory drugs (NSAIDs)
may have ovarian cancer preventive effects (53). 

To date, only OCP use has been consistently shown to be
protective against ovarian cancer. OCPs were first introduced
in the United States in the 1960s. Most formulations include
estrogen, progesterone, or a combination of the two. In addition
to suppressing ovulation, OCPs also reduce pituitary secretion
of gonadotropins. In addition to these potential mechanisms,
a 3-year study in primates demonstrated that the progestin
component of an OCP has a potent effect on apoptotic and
TGF-β signaling pathways in the ovarian epithelium, raising
the possibility that progestin-mediated biologic effects may
underlie the ovarian cancer protective effects of OCPs (54,55).
The use of OCPs appears to decrease a woman’s risk for ovar-
ian cancer by 30% to 60%. Risk reduction is apparent with as
little as 3 months of use, increases in magnitude with
increased duration of use, and persists for as long as 10 years
after discontinuation of use. The risk reduction applies to nul-
liparous as well as parous women, to all histologic subtypes,
including tumors of low malignant potential, to women with a
hereditary risk for ovarian cancer, is consistent across races, and
is independent of age at use or menopausal status (41,56,57).
Although there has never been a randomized clinical trial to
demonstrate the protective effect of OCPs on ovarian cancer
risk, it is often recommended empirically to women with a
family history of ovarian cancer to reduce their risk. 

Epidemiologic and laboratory evidence suggest a potential
role for retinoids as preventive agents for ovarian cancer (58).
Retinoids are natural and synthetic derivatives of vitamin A.
They have great potential for cancer prevention, due to a
broad range of important biologic effects on epithelial cells,
including inhibition of cellular proliferation, induction of cel-
lular differentiation, induction of apoptosis, cytostatic activ-
ity, and induction of TGF-β. In vitro, it has been reported that
the growth of human ovarian carcinoma cell lines and normal
human ovarian epithelium is inhibited by retinoids. The mech-
anism underlying this effect may involve induction of TGF-β
and/or apoptosis in ovarian epithelial cells. The most signifi-
cant evidence supporting a rationale for retinoids as chemo-
preventive agents for ovarian cancer is that of a recently
published Italian study suggesting an ovarian cancer preven-
tive effect from the retinoid 4-HPR. Among women random-
ized to receive either 4-HPR or placebo in a trial designed to
evaluate 4-HPR as a chemopreventive for breast carcinoma,
significantly fewer ovarian cancer cases were noted in the 4-HPR
group as compared to controls (59). 

Vitamin D is a fat-soluble vitamin that is essential as a pos-
itive regulator of calcium homeostasis. The vitamin D receptor
and the retinoic acid receptors share strong homology and
readily dimerize, making it likely that vitamin D and retinoids
have common signaling pathways in the cell (60). Vitamin D
has been shown to have diverse biologic effects in epithelial
cells relevant to cancer prevention, including retardation of
growth, induction of cellular differentiation, induction of
apoptosis and up-regulation of TGF-β (61). With regard to
ovarian cancer, a recent study has correlated population-based
data regarding ovarian cancer mortality in large cities across
the United States with geographically based long-term sun-
light data reported by the National Oceanic and Atmospheric

Administration. The study demonstrated a statistically signifi-
cant inverse correlation between regional sunlight exposure
and ovarian mortality risk (62). Given that sunlight induces
production of native vitamin D in the skin, it might confer
protection against ovarian cancer via direct biologic effects on
nonmalignant ovarian epithelium, for example, through
induction of apoptosis and/or TGF-β in the ovarian epithe-
lium, leading to selective removal of nonmalignant but geneti-
cally damaged epithelial cells. 

Epidemiologic studies have suggested that use of NSAIDs
may lower ovarian cancer risk (63). Several biologic mecha-
nisms have been proposed to account for the chemopreventive
effects of NSAIDs, including inhibition of ovulation, inhibition
of COX and down-regulation of prostaglandins, enhancement of
the immune response, and induction of apoptosis (41,64,65).
Despite a growing body of preclinical data indicating chemo-
preventive effects of several agents, clinical research exploring
their efficacy to reduce rates of ovarian cancer is hindered by
the relatively low incidence of the disease, insufficient under-
standing of the preclinical course of ovarian cancer, the lack of
validated preclinical biomarkers, and inadequate screening
strategies. 

Surgical Prophylaxis

For women with a family history of ovarian cancer, or a hered-
itary pattern of breast cancer, bilateral salpingo-oophorectomy
(BSO) has been shown to lower the risk of subsequent epithe-
lial ovarian cancer by 80% to 95% (66–68). There is also a
50% reduction in rates of breast cancer in women who
undergo prophylactic BSO (69). Occult ovarian and fallopian
tube tumors have been found at the time of BSO in 3% to 4%
of BRCA1/2 mutation carriers (70), emphasizing the need for
both deliberate removal of the fallopian tubes at the time of
prophylactic surgery, and of careful pathologic examination of
the surgical specimen. The incidence of primary peritoneal can-
cer following BSO is reported to be approximately 2% to 5%
(68). Because the median age of diagnosis of ovarian cancer
among women with a hereditary risk is 50 years, the recom-
mended age for prophylactic surgery is at the completion of
childbearing, or at age 35 years. 

In addition to the significant reduction in ovarian cancer
incidence associated with BSO, several studies have found a sig-
nificant decline in ovarian cancer worry and anxiety following
the procedure (71–73). These potential benefits of prophylactic
oophorectomy must, however, be weighed against its adverse
consequences, including the short- and long-term surgical risks,
the physical and psychological impact of early menopause, and
the potential subsequent risks of cardiovascular disease and
osteoporosis related to early estrogen/progesterone depletion.
Although the use of combined estrogen/progesterone HRT has
been associated with an increased risk for breast cancer among
postmenopausal women in the general population, one study
with short follow-up found no increased risk of breast cancer
among BRCA1/2 mutation carriers who took HRT following
BSO (74). And data from the Mayo Clinic showed that there
was no increase in breast cancer among women under the age
of 50 years undergoing BSO (75). Women seeking information
regarding prophylactic oophorectomy should be counseled
about the practical short- and long-term sequelae of the surgery,
the risks and benefits of postoperative HRT, and the small
potential for primary peritoneal cancer (76). 

Tubal ligation has been associated with lower ovarian can-
cer risk in both case-control and cohort studies. A strong
inverse association was observed between tubal ligation and
ovarian cancer risk in the Nurses Health Study, with a relative
risk of 0.33 (CI, 0.16 to 0.64) after controlling for age, OCP
use, and parity (77). A Danish population-based study also
supports a significant association between tubal sterilization
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and ovarian cancer (78). A case-control study among
BRCA1/2 carriers found an odds ratio of 0.39 for ovarian
cancer among women with BRCA1 mutations who had
undergone tubal ligation. No effect was seen in BRCA2 carri-
ers (79). Proposed mechanisms include changes in local or cir-
culating hormones, reduced access of carcinogens to the
ovary, or a reduction in inflammatory processes on the ovar-
ian surface. Although the protective effect of tubal ligation
appears to be substantial, the ability to perform BSO using a
laparoscopic approach would seem to make this procedure a
preferable choice among women with an increased risk of
ovarian cancer (Tables 8.3 and 8.4).

ENDOMETRIAL CANCER

Risk Factors

Endometrial cancer is the most common gynecologic cancer in
the United States, but the least common cause of gynecologic
cancer death. Close to 40,000 new cases are diagnosed each
year, and there are 7,400 deaths annually (80). Worldwide,
there are close to 200,000 new cases and over 50,000 deaths
(81). The relatively low case fatality rate is due to early detec-
tion and treatment at early-stage disease. The majority of risk
factors associated with type 1 (endometrioid) endometrial
cancer, viz. increased age, nulliparity, early age at menarche,
late age at menopause, obesity, the long-term use of unop-
posed estrogen replacement therapy, and the use of tamoxifen,
are all thought to exert their effect through estrogen-induced
endometrial proliferation leading to hyperplasia and malig-
nant transformation. The increased risk associated with dia-
betes, hypertension, and thyroid disease suggests a role for

altered growth hormone pathways in addition to the steroid
hormone pathways. There are also genetic syndromes associ-
ated with endometrial cancer. Women with mutations in the
DNA repair genes associated with the HNPCC or Lynch syn-
drome have a 40% to 60% risk of endometrial cancer (82).
Endometrial cancer is also a component of Cowden syndrome
(Fig. 8.8), in which it is estimated that mutations in the PTEN
gene confer a lifetime risk for endometrial cancer of approxi-
mately 5% (83). Type 2 serous endometrial cancer is uncom-
mon and is not related to unopposed estrogen exposure. 

Prevention

Risk Avoidance and Uptake of Protective Behaviors

It has been estimated that approximately 40% of endome-
trial cancers are attributable to excess body weight in devel-
oped countries (84). Maintenance of ideal body weight,
regular physical activity, and control of diseases associated
with endometrial cancer (diabetes, hypertension, and thyroid
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disease) are all prudent approaches to reduce disease risk.
Women considering the use of tamoxifen or raloxifene for
breast cancer risk reduction should carefully weigh the risk
of endometrial cancer with the benefits as they make their
decision. 

Chemoprevention

The addition of a progestin to the estrogen component of
HRT has been shown to eliminate the increased risk of
endometrial cancer. Progesterone reverses the estrogen effect
on the endometrium and prevents the development of hyper-
plasia. Women with an intact uterus who elect HRT are rou-
tinely prescribed a combined estrogen-progestin preparation.
Long-term use of combination OCPs also reduces the risk of
endometrial cancer by approximately 10% per year of use
(40). The reduction in risk associated with OCP use is attrib-
uted to the suppression of endometrial hyperplasia by the
progestin component (85). 

Surgical Prophylaxis

It is thought that the majority of invasive endometrial cancers
progress through a series of premalignant stages, simple
hyperplasia, complex hyperplasia, simple atypical hyperplasia,
and complex atypical hyperplasia, all of which may present
with abnormal vaginal bleeding (86). Conservative manage-
ment of these conditions involves the use of progestational
agents, which results in a complete regression of atypical
hyperplasia in 50% to 94% of cases. Even in complete
responders, however, there is a high rate of recurrence, and
definitive therapy of atypical hyperplasia is hysterectomy
(33). Among women with documented germ-line mutations
associated with the Lynch syndrome, a retrospective study

found that prophylactic hysterectomy conferred 100% pro-
tection from subsequent endometrial cancer (87). Because of
the high success rate for endometrial cancer treatment, how-
ever, it is not clear if this protection would translate into a
significant survival benefit. This study also found 100%
protection from ovarian cancer, which may warrant the
consideration of prophylactic total abdominal hysterectomy–
bilateral salpingo-oophorectomy (TAH-BSO) in this popula-
tion. Alternatively, annual endometrial biopsy starting at
age 30 to 35 is recommended in women with Lynch syn-
drome to detect early, premalignant endometrial lesions (82)
(Tables 8.5 and 8.6).

FUTURE DIRECTIONS
The prevention of gynecologic malignancies involves many
disciplines and requires the collaboration of basic scientists,
clinicians, behavioral scientists, and policy makers. The suc-
cessful development of the HPV vaccines is a major break-
through in the prevention of cervical cancer and will likely
undergo further improvements and refinements. Advances in
molecular genetics, molecular pathology, and molecular imag-
ing will contribute to the early identification of specific mark-
ers of premalignant change associated with gynecologic
malignancies. The identification of safe and effective chemo-
preventive agents will provide additional strategies for preven-
tion. Accompanying this progress will be the need to address
the psychosocial and cultural barriers to the adoption of pre-
ventive strategies. 
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ENDOMETRIAL CANCER—MAJOR POINTS

TA B L E  8 . 5  

The major risk factors for type 1 endometrial cancer exert 
their effect through estrogen stimulation of the 
endometrial surface epithelium.

Altered growth hormone pathways may also be involved 
in endometrial carcinogenesis.

Hereditary forms of endometrial cancer have been associated 
with the Lynch syndrome and with Cowden syndrome.

The majority of endometrial cancers present at an early stage 
with abnormal uterine bleeding.

Endometrial cancer screening is not recommended for the 
general population, although women with a hereditary risk 
are recommended to undergo annual endometrial biopsy.

Prophylactic hysterectomy in high-risk women has been 
shown to protect women from subsequent endometrial 
cancer.

ENDOMETRIAL CANCER—REMAINING QUESTIONS

TA B L E  8 . 6  

Can interventions targeting weight control and physical 
activity impact the incidence of endometrial cancer?

Does prophylactic hysterectomy translate into a survival 
benefit?
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may mean diagnosing a malignancy in an early stage (e.g., the
use of mammography in the detection of breast cancer) or in a
premalignant state (e.g., the use of Papanicolaou smear in the
detection of cervical intraepithelial neoplasia). There are typi-
cally two interventions in a screening trial. The first interven-
tion is the screening program (e.g., annual mammograms),
which involves individuals who appear to be free of the disease.
However, once the disease is detected in an individual, a sec-
ondary intervention (e.g., surgery) is performed in hopes of
stopping the disease from progressing to more advanced stages.
Consequentially, screening trials require both interventions to be
effective. An effective screening procedure is useless if the sec-
ondary intervention does not alter the course of the disease. On
the other hand, an ineffective screening procedure would cause
the secondary intervention to be applied indiscriminately.

Nonexperimental studies (or observational studies) can 
be classified into three broad design categories: cohort (or
prospective), case-control (or retrospective), and cross-
sectional. In a cohort study individuals are initially identified
according to their exposure status, which can include environ-
mental, genetic, or lifestyle factors. These individuals are then
followed in order to determine who develops the disease. The
aim of these studies is to assess whether the exposure is associ-
ated with the incidence of the disease under study. This design
is in contrast to the case-control study, which identifies indi-
viduals on the basis of whether they have the disease and then
measures and compares their exposure histories. Measuring
exposure may be as simple as questioning the individuals
about their personal or employment history, or it may involve
a more sophisticated assessment such as analyzing the individ-
ual’s blood for markers of exposure. Though the case-control
study is susceptible to several methodological flaws, it has the
advantage of often being less expensive, and easier and
quicker to perform than a cohort study, especially when the
disease is rare. The power of the case-control design is appar-
ent from a review of the case-control studies published
between 1975 and 1983 (4), which demonstrated the deleteri-
ous effects of exogenous estrogens in perimenopausal women.
Finally, the goal of the cross-sectional study is to describe the
prevalence of a disease and an exposure in a population dur-
ing a specific period of time. These studies can often be con-
ducted more quickly than either the cohort or case-control
study, but they are frequently not used when the time between
exposures and the disease onset is long, as it is for cancer.

HISTORICAL PERSPECTIVE
Clinicians make treatment recommendations daily. These rec-
ommendations arise from culling information from standard-
ized clinical guidelines, published reports, expert opinion, or

Issues involved in the design, conduct, and analyses of clinical
trials are presented in this chapter. Phase 1, 2, and 3 trials are
presented, as well as screening trials. Since translational
research objectives are often integrated into modern clinical
trials, this topic is also described. Statistical jargon and math-
ematical notation is avoided wherever possible. Studies from
the field of gynecologic oncology are used as examples in
order to illustrate specific points. This chapter is an overview
of these very expansive topics. Details can be found in books
dedicated to the subject of clinical trials, like Piantadosi, 2005
(1), Green et al., 2003 (2), or Everett and Pickles, 1999 (3).

This chapter begins with general systems for classifying
interventions and study designs. Then, some historical high-
lights from medical research are described. This synopsis of
history is intended to provide a sense of how the concepts 
of clinical trials matured from an intuition-based practice of
medicine to the more sophisticated evidence-based medicine
used today. The procedures for designing, conducting, and
analyzing clinical trials continue to mature as the demand for
evidence-based medicine increases. The following sections in
this chapter describe the components of a clinical trial and
some essential considerations for each of these components.
Since translational research objectives are incorporated into
many modern clinical trials, some issues related to design and
analyses of these components are also considered.

CLASSIFICATION OF
INTERVENTIONS AND STUDY

DESIGNS
In general, a clinical trial is any experiment involving human
subjects that evaluates an intervention that attempts to reduce
the impact of a specific disease in a particular population. When
an intervention is applied in order to prevent the onset of a par-
ticular disease, the trial is classified as a primary prevention
trial. For example, a primary prevention trial may evaluate
healthy lifestyles or a vitamin supplement in a population of
individuals who are considered to be at risk of a particular dis-
ease. Secondary prevention trials evaluate interventions that are
applied to individuals with early stages of a disease in order to
reduce their risk of progressing to more advanced stages of the
disease. Tertiary intervention trials are aimed at evaluating
interventions that reduce the risk of morbidity or mortality due
to a particular disease. 

Clinical trials that evaluate methods for detecting a disease
in a preclinical state are called screening trials. Early detection
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personal experiences. The synthesis of information from these
sources into a particular recommendation for an individual
patient is based on a clinician’s personal judgment. But what
constitutes reliable and valid information worthy of consider-
ation? Clinicians have long recognized that properly planned
and conducted clinical trials are important sources of empiri-
cal evidence for shaping clinical judgment.

The Greek physician Hippocrates in the 5th century BCE
had a profound influence in freeing medicine from supersti-
tions. He rejected the notion that the cause of an individual’s
disease had a divine origin. Rather, he postulated that dis-
eases originated from natural causes that could be determined
from observing environmental factors like diet, drinking
water, or local weather. He also proposed the revolutionary
concept that a physician could anticipate the course of a dis-
ease after carefully observing a sufficient number of cases.
Despite these insights, medicine continued to frequently con-
sist of a mixture of herbal concoctions, purging, bloodletting,
and astrology.

In the Middle Ages, Avicenna (980–1037 CE) wrote The
Canon of Medicine, a work considered to be the preeminent
source of medical and pharmaceutical knowledge of its time.
In his writings Avicenna proposed some rules for testing clini-
cal interventions. First, he pointed to the need to experiment
in humans since “testing a drug on a lion or horse might not
prove anything about its effect on man.” Also, he described
the basic experiment as observing pairs of individuals with
uncomplicated but similar forms of the disease. Finally, he
emphasized the need for careful observation of the times of an
intervention and then reporting the reproducibility of its
effects (5). Despite these insights, The Canon of Medicine does
not include any specific reports of clinical experimentation.

Early trials frequently lacked concurrent comparison
groups. For example, Lady Mary Wortley-Montague in 1721
urged King George I to commute the sentences of six inmates
from the Newgate prison if they agreed to participate in a
smallpox inoculation trial (5). The prisoners were inoculated
with smallpox matter from a patient with a naturally occur-
ring form of the disease. Since these individuals remained free
of smallpox, this was considered evidence supporting treat-
ment by inoculation. Later, however, the results of this trial
were considered less compelling, when it was discovered that
some of these inmates might have been exposed to smallpox
prior to the trial (6). Without a proper control group, it can be
difficult to interpret the efficacy of an intervention. There are
frequently many factors, both known and unknown, that
influence an individual’s outcome. 

Subjective assessments from either the subject or the practi-
tioner may also influence the interpretability of a trial. In the
late 18th century the King of France selected Benjamin
Franklin to head a royal commission to investigate the physi-
cian Franz Mesmer’s claims that he could promote good
health by manipulating a force he called “animal magnetism”
(7). Franklin devised several ingenious experiments in which
the subjects were blindfolded and not told whether or not they
were receiving Mesmer’s treatment. These trials led Franklin
to conclude that the therapeutic effects of mesmerism were
due to imagination or illusion. Several years later John
Haygarth demonstrated the importance of controlling for
assessment biases. At that time magnetic healing rods were
commonly used to relieve pain due to chronic rheumatism (6).
He treated five patients on two consecutive days once with
sham wooden rods and once with genuine magnetic rods. He
noted that four individuals reported pain relief and one expe-
rienced no relief, regardless of which rods were used.
Franklin’s and Haygarth’s trials established the importance of
implementing experimental procedures aimed at removing all
sources of subjectivity from the assessment of treatment
effects.

It had long been appreciated that there is a potential for
misguided inference about the effectiveness of a treatment
when the comparison involves a group with a dissimilar prog-
nosis. The apparent benefits attributed to a new treatment
might in fact be biases due to prognostic differences in
patients between treatment groups. One of the earliest clinical
trials to attempt to address this bias was reported in 1898 by
Johannes Fibiger (8). Four hundred and eighty-four patients
admitted to his clinic with diphtheria were given either stan-
dard care or diphtheria serum twice daily. In order to disasso-
ciate the mode of treatment from the individual’s prognosis,
the patient’s treatment was to be determined by the day of
clinic admission, and it alternated from day to day (9). Using
this type of procedure to disassociate prognosis from treat-
ment is only partially effective, since the practitioner or the
subject knew which treatment would be applied and this
knowledge may have influenced the individual’s decision to
participate in the study. Therefore, masking the treatment
assignment so that it cannot be part of the decision to partici-
pate in the trial is important for controlling this source of
selection bias.

Treatment randomization in clinical trials was performed as
early as 1926 (10). However, it was not until the 1940s when
Corwin Hinshaw (11), using a coin toss, and later Bradford
Hill (12), using random numbers in sealed envelopes, estab-
lished the methodologic importance of randomizing treatments
in clinical trials. Balancing the unpredictable and spontaneous
remissions exhibited by some patients with pulmonary tuber-
culosis motivated Amberson (10) and later Hinshaw (11).
While methodological principles motivated Hill, the short
supply of streptomycin after World War II provided the oppor-
tunity to use randomization as an equitable way to distribute
the drug (13).

One of the first randomized clinical trials in the study of
gynecologic malignancies was initiated in 1948 (14). This trial
compared ovarian irradiation to standard treatment for breast
cancer. Initially, shuffled sealed envelopes were used to desig-
nate treatment. However, this procedure was later changed
due to administrative difficulties so that treatment depended
on the woman’s date of birth. This latter procedure is suscep-
tible to the same selection bias mentioned in Fibiger’s trials
since the treatments were not masked.

Despite these methodological advances, the inadequate jus-
tification for selecting one medical procedure over another 
led one contemporary physician to express his frustration:
“Early in my medical career I was appalled at the ‘willy-nilly’
fashion by which treatment regimens slipped in and out of
popularity. How many operations that I was trained to do or
medicines that I was instructed to give because of somebody’s
conviction they were beneficial passed into oblivion for no
apparent reason, only to be replaced by others of equally
dubious worth?” (15).

The first randomized clinical trial at the National Cancer
Institute (NCI) was begun in 1955 (16). This trial involved 65
evaluable patients with acute leukemia from four different
institutions. The trial incorporated many elements that should
be part of most modern clinical trials: uniform criteria for
response assessment, a randomized comparison of at least two
treatment regimens, and a complete accounting of all patients
entered. The published report included considerations for
such issues as patient selection bias and the study’s impact on
the patient’s welfare (17). The first NCI randomized clinical
trial in solid tumors followed shortly thereafter and was orga-
nized by the Eastern Group for Solid Tumor Chemotherapy
(18). By 2007, there were 12 NCI-sponsored cooperative
groups conducting clinical trials, and the annual funding for
these groups was $155 million (19).

In the late 1950s most patients with gynecologic cancers
were included incidentally in small trials to screen new agents
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for broad-range activity. The first NCI-sponsored group to
organize trials specifically for gynecologic malignancies was
the Surgical Ovarian Adjuvant Group. This group was formed
in the late 1950s, initiated a few trials, and then disbanded in
1964. Starting in 1963 the Surgical Endometrial Adjuvant
Group was one of the earliest efforts toward a multidiscipli-
nary group. This multidisciplinary cooperative group included
gynecologic surgeons, medical oncologists, pathologists, radi-
ation oncologists, and biostatisticians. It was from this group
that the Gynecologic Oncology Group (GOG) was eventually
formed in 1970 to deal with a broader range of gynecologic
malignancies (20). Over the following 10 years, the field of
gynecologic oncology matured. Board certification procedures
for gynecologic oncologists were developed, fellowship pro-
grams were initiated in the comprehensive cancer centers, and
a professional Society of Gynecologic Oncologists was orga-
nized in 1969.

COMPONENTS OF A CLINICAL
TRIAL 

Objectives

In clinical oncology research, where the disease is often fatal,
the ultimate purpose of a research program is to develop a
treatment plan that puts patients into a disease-free state,
reduces the risk of cancer recurrence, and allows patients to
return to their normal lifestyle within a reasonable period of
time. The objectives of a particular clinical trial are often more
specific and less grandiose. A clinical trial attempts to answer
a precisely defined set of questions with respect to the effects
of a particular treatment(s) (21). These questions (objectives)
form the foundation upon which the rest of the trial is built.
The study objective typically incorporates three elements: the
interventions to be evaluated, the “yardstick” to be used to
measure treatment benefit (see the Endpoints section), and a
brief description of the target population (see the Eligibility
Criteria section). These three elements (i.e., “what,” “how,”
and “who”) should be stated in the most precise, clear, and
concise terms possible.

The choice of experimental therapy to be evaluated in a
randomized clinical trial is not always easy. Both a plethora of
new therapies and the absence of innovative concepts make
for difficult choices. The former is problematic since many
malignancies in gynecologic oncology are relatively uncom-
mon. Definitive clinical trials may require 4 to 5 years to
accrue a sufficient number of patients even in a cooperative
group setting. This time frame limits the number of new ther-
apies that can be evaluated. The absence of new therapies is a
problem since substantial increases in patient benefit are less
likely to be observed in trials that merely alter doses or sched-
ules of already acceptable therapies. An open dialogue among
expert investigators remains the most effective approach for
establishing the objectives of any clinical trial.

Endpoints

The endpoint of a trial is some measurable entity in the
patient’s disease process that can be used to assess the effec-
tiveness of an intervention. A study may assess more than one
endpoint, but in these instances the endpoint of primary inter-
est should be clearly specified or else the study design should
carefully reflect the complexity of interpreting multiple out-
comes. Endpoints can be a composite measure of multiple out-
comes. For instance, some studies assessing quality of life
aggregate patient-reported scores from several related items

that are all considered components of a larger concept called
quality of life.

Selecting endpoints that will reflect the effectiveness of an
experimental therapy is not always obvious. First, endpoints
should be a valid (unbiased) measure of the treatment effect
on the disease process. Endpoints that are susceptible to a sys-
tematic error that favors one treatment lead to biased treat-
ment effects. For instance, trials assessing time to disease
progression, in which the schedule for computed tomography
(CT) scans is different for each treatment group, are suscepti-
ble to this assessment bias. This problem is not uncom-
mon in studies comparing two different modalities such as
chemotherapy and radiation therapy. Second, the measure-
ment of an endpoint should be reliable and not susceptible to
subjective interpretation. In some cases clinical response can
be considered unreliable, since it is not uncommon for experts
to disagree when interpreting the same radiograms (22).
Third, endpoints that are directly relevant to the patient are
preferable, although valid surrogate endpoints are considered
indirectly relevant to the patient. Finally, endpoints that are
not too expensive or inconvenient for the patient are pre-
ferred. It is not always possible for a single endpoint to exhibit
all of these characteristics simultaneously. For example, avoid-
ing death is extremely relevant to a patient with a lethal dis-
ease like advanced gynecologic cancer. Also, survival can be
measured very reliably. However, most cancer patients will
not only receive the treatments prescribed by the study, but
after exhibiting signs of disease progression, they may also
receive other anticancer therapies. In this case, the validity of
overall survival comparisons is suspect since they not only
reflect the effects of the study treatment, but also the effects of
other therapies that are external to the study. For example, a
meta-analysis of those trials comparing the survival of patients
who were randomized to non-platinum versus platinum regi-
mens for the treatment of advanced ovarian cancer concluded
that these trials appear to have underestimated the true effect
of platinum on survival. The reason is that many patients who
were not randomized to the platinum regimen eventually
received platinum treatment (23). For this reason, progres-
sion-free survival (PFS) may be considered a more appropriate
endpoint in those trials, since it is unaffected by subsequent
therapies. Survival may remain a reasonable endpoint in trials
that explicitly compare a strategy of immediate treatment ver-
sus delayed treatment.

Endpoints may be classified as categorical (e.g., clinical
response), continuous (e.g., serum CA125 values), or time-to-
event (e.g., survival time). A time-to-event endpoint includes both
time (a continuous measure) and censoring status (categorical
measure). The data type influences the methods of analysis. 

Measurement Errors

The susceptibility of an outcome to measurement errors is an
important consideration when choosing an endpoint. Both ran-
dom and systematic errors are components of measurement
error. Random error refers to that part of the variation that
occurs among measurements that is not predictable, and
appears to be due to chance alone. For example, a serum sam-
ple could be divided into 10 aliquots and submitted to the labo-
ratory for CA125 determinations. If the laboratory returns
nearly the same value for each aliquot, then the associated ran-
dom error is low and the measurement may be deemed repro-
ducible. On the other hand, if the CA125 values vary
considerably among aliquots, perhaps due to inconsistent labo-
ratory procedures, then individual values may be considered
unreliable. In this case, taking the average CA125 measurement
across all 10 aliquots is expected to be a better estimate of the
patient’s true CA125 value than any single measurement. 
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Concern for reliability is one of the reasons for incorporat-
ing several items into a quality of life questionnaire. Quality of
life is a complex entity and no single question can be expected
to reliably measure it. A measurement of an individual’s qual-
ity of life is therefore typically composed from an individual’s
responses to several items that are all considered to be associ-
ated with quality of life. Indeed, one step toward demonstrat-
ing the usefulness of any quality of life instrument is to show
that it provides reproducible results when assessing individu-
als under the same conditions (24). 

Systematic error, also called bias, refers to deviations from
the true values that occur in a systematic fashion. For exam-
ple, suppose an investigator initiates a randomized clinical
trial comparing two treatments with time to disease progres-
sion being the primary endpoint. The protocol indicates that
the patient should be assessed after each cycle of therapy.
However, suppose that a cycle duration is 2 weeks for one
treatment group and 4 weeks for the second treatment group.
Using a more intense assessment schedule for one treatment
group would tend to detect failures earlier in that group.
Therefore, the time to failure comparison between treatments
would systematically favor the second treatment group.

When there are recognized sources of error, it is important
that the study design implement procedures to avoid or mini-
mize their effect. For example, random error in many cases
can be accommodated by either increasing the number of indi-
viduals in the study, or in some cases by increasing the number
of assessments performed on each individual. Systematic mea-
surement error cannot be addressed by increasing the sample
size. In fact, increasing the sample size may exacerbate the
problem since small systematic errors in large comparative tri-
als can erroneously contribute to a “significant” treatment
effect. The approaches to controlling sources of systematic
error tend to be procedural. For example, treatment random-
ization is used to control selection bias, placebos are used to
control observer bias, standardized assessment procedures
and schedules are used to control measurement bias, and
stratified analyses are used to control biases due to confound-
ing. For an extensive description of biases that can occur in
analytic research see Sackett, 1979 (25).

Surrogate Endpoints

Surrogate endpoints do not necessarily have direct clinical rel-
evance to the patient. Instead, surrogate endpoints are inter-
mediate events in the etiologic pathway to other events that
are directly relevant to the patient (26). The degree to which a
treatment’s effect on a surrogate endpoint predicts the treat-
ment’s effect on a clinically relevant endpoint is a measure of
the surrogate’s validity. The ideal surrogate endpoint is an
observable event that is a necessary and sufficient precursor in
the causal pathway to a clinically relevant event. Additionally,
the treatment’s ability to alter the surrogate endpoint must be
directly related to its impact on the true endpoint. It is impor-
tant that the validity and reliability of an endpoint be estab-
lished with appropriate evidence and not presupposed (27,28).
Surrogate endpoints are sometimes justified on the basis of an
analysis that demonstrates a statistical correlation between the
surrogate event and a true endpoint. However, while such a
correlation is a necessary condition, it is not a sufficient condi-
tion to justify using a particular surrogate as an endpoint in a
clinical trial. For example, CA125 levels following first-line
treatment of ovarian cancer have been shown to be associated
with subsequent overall survival. Those patients with normal
CA125 levels at the end of treatment tend to survive longer
than those who have abnormal levels. However, it has not
(yet) been demonstrated that the degree to which treatments
reduce CA125 levels reliably predicts their effects on clinically
relevant endpoints like overall survival.

The most frequently cited reasons for incorporating surro-
gate endpoints into a study include reduction in study size and
duration, decreased expense, and convenience. 

Primary Endpoints in Gynecologic Oncology
Treatment Trials

The Food and Drug Administration (FDA) recently held a
conference to consider endpoints for trials involving women
diagnosed with advanced ovarian cancer (29). Meta-analyses
were presented which indicate that PFS can be considered a
valid endpoint for trials involving women with advanced
ovarian cancer. It is important to recognize that although the
general validity of PFS for predicting overall survival in this
patient population has been established, PFS comparisons in a
particular study can be biased. One source of bias arises from
using different disease assessment schedules for each treat-
ment group either intentionally or unintentionally. Delaying
assessments for one treatment group artificially increases the
apparent time to progression. Survival time is generally not
susceptible to this source of bias. 

Progression-free interval (PFI) may be a more reasonable
endpoint in trials involving patients with early or locally
advanced ovarian cancer. PFI should be distinguished from
PFS. The difference resides in how patients who die without
any evidence of disease progression are handled in the analy-
sis. Patients who die without evidence of progression are cen-
sored at the time of their death in a PFI analysis, but
considered an uncensored event in a PFS analysis. 

Response (disease status) assessed via reassessment laparo-
tomy following treatment has been proposed for use as a
study endpoint in ovarian cancer trials (30). The justification
is that those patients with no pathologic evidence of disease
are more likely to experience longer survival than those with
evidence of disease. The principal drawback to this endpoint
is that reassessment laparotomy is a very onerous procedure
for the patient, and many patients refuse reassessment surgery
or the surgery may become medically contraindicated. Even
among highly motivated and very persuasive investigators the
percentage of patients not reassessed is typically greater than
15%. These missing evaluations can significantly undermine
the interpretability of the study.

To date PFS has not been formally validated for use in tri-
als involving patients with advanced cervical, endometrial, or
vulvar cancers. In the absence of a formally validated end-
point, overall survival or symptom relief are reasonable end-
points. Since relief from symptoms is susceptible to assessment
bias, trials utilizing these endpoints should consider blinding
the study treatments when possible. 

The endpoint selection for trials involving patients with
recurrent cervical cancer has been controversial. Historically,
some trials have been designed with clinical response as the
primary endpoint. However, in recent GOG trials involving
these patients, such as GOG Protocol 179 (A Randomized
Phase III Study of Cisplatin Versus Cisplatin Plus Topotecan
Versus MVAC [methotrexate, vinblastine, adriablastine, and
cisplatin] in Stage IVB, Recurrent, or Persistent Squamous
Cell Carcinoma of the Cervix), overall survival is considered
the primary endpoint. The rationale for this choice arises
from the observation that treatments that have demonstrated
an improvement in the frequency of response have not con-
sistently prolonged survival (31–33). Although subsequent
therapies may have distorted the cause-effect relationship,
the effect is probably at best minimal since there are cur-
rently no known treatments that have consistently demon-
strated an ability to influence the survival time of patients
with advanced or recurrent cervical cancer (i.e., median sur-
vival: 8.5 months).
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In summary, the ideal endpoint provides reasonable assur-
ance that inference about the causal relationship between the
intervention and the endpoint is valid. The ideal endpoint can
be measured reliably. It is convenient and cost-effective to
measure. Unfortunately, in some trials these features are not
available simultaneously. If a surrogate endpoint is used then
its validity should be established, not presumed. 

Eligibility Criteria

The eligibility criteria serve two purposes in a clinical trial.
The immediate purpose is to define those patients with a par-
ticular disease, clinical history, and personal and medical char-
acteristics that may be considered for enrollment into the
clinical trial. The subsequent purpose of eligibility criteria
comes after the clinical trial is completed and the results 
are available. Physicians must then decide whether the trial
results are applicable to their particular patient. A physician
may consider the trial results to be applicable when the 
patient meets the eligibility criteria of the published study.
Unfortunately, this principle is problematic. The necessary
sampling procedure for selecting patients for the study (i.e., a
random sample of all patients) is never actually applied in
clinical trials. Moreover, the principle ignores the fact that
extrapolation is an inherent part of medical practice.

Within the general population there is a target population
that includes those patients to whom the results of the trial are
intended to apply (e.g., women with advanced endometrial
cancer having had no prior systemic cytotoxic therapies).
While an investigator can typically specify an idealized defini-
tion for the target population, additional practical issues also
frequently need to be considered. For example, there are vary-
ing opinions about whether patients diagnosed with an adeno-
carcinoma of the fallopian tube should be included in studies
that target the treatment of patients with adenocarcinomas of
the ovary. Some clinical investigators will argue for the need to
study a “pure” study population and ignore the fact that their
treatment decisions for patients with cancers of the fallopian
tube frequently come from the results of trials involving only
patients with advanced ovarian cancer. Ideally, the size of a
subgroup represented in a study should be in proportion to
their presence in the target population (see the Ethics section).
The degree to which a study sample reflects the target popula-
tion determines the generalizability or external validity of the
study results. Eligibility criteria should reflect a concern for
the generalizability of the trial results. When clinicians fre-
quently resort to extrapolating the results of a trial to patient
groups that were not eligible for the trial, this may be consid-
ered a serious indictment of the study’s eligibility criteria. 

The ideal situation is when each patient who meets the eli-
gibility criteria of a clinical trial is asked to participate. This is
seldom possible since not all physicians who treat such
patients participate in the study. Also, not all patients wish to
be involved in a clinical trial. Impediments in traveling to a
participating treatment center further reduce the target popu-
lation. The source population is the subset of patients in the
target population who have access to the study. Figure 9.1 dis-
plays common restrictions that can limit the entry of patients
to a clinical trial.

Restricted access to the study may contribute a biased sample
from the target population, referred to as selection bias. For
example, participating investigators at university hospitals might
tend to enroll disproportionately more patients with ovarian
cancer who have undergone very aggressive initial debulking
surgeries than their counterparts at community hospitals.

A potentially useful approach for determining the necessity
of a particular eligibility criterion is to clearly identify its func-
tion. There are four distinct functions that an eligibility criterion

may serve: benefit-morbidity equipoise (safety), homogeneity of
benefit (scientific), logistic, and regulatory (34). 

Criteria for benefit-morbidity equipoise or safety are fre-
quently imposed to eliminate patients for whom the risk of
adverse effects from treatment is not commensurate with the
potential for benefit (see the Ethics section). This concern can
manifest in two ways. First, in oncology trials there is often
some concern that study treatments may be too toxic for those
with compromised bone-marrow reserves or kidney function.
These patients are frequently excluded from trials when the
potential benefits of treatment are not consistent with the risk
associated with treatment. Second, even otherwise healthy
cancer patients may be eliminated from the study when the
risks from treatment are considered too great. For example,
chemoradiation after hysterectomy is normally considered
excessive treatment for a patient with stage IA cervix cancer
since even without this treatment the risk of relapse is rela-
tively small, but the morbidity of this combined modality fol-
lowing hysterectomy may be substantial. Therefore, eligibility
criteria that eliminate these patients may be justified.

Eligibility criteria may be warranted when there is a scien-
tific or biologic rationale for a variation in treatment benefit
across patient subgroups. There is no scientific reason to
expect that the effect of treatment is entirely homogeneous
across all subgroups of patients included in the study. The
effect of a new therapy may be expected to have such dramatic
inconsistencies across the entire spectrum of the target popula-
tion that statistical power is compromised (34). One example
of this type of exclusion criterion is found in GOG Protocol
152 (A Phase III Randomized Study of Cisplatin [NSC
#119875] and Taxol [Paclitaxel] [NSC #125973] with Interval
Secondary Cytoreduction Versus Cisplatin and Paclitaxel in
Patients with Suboptimal Stage III and IV Epithelial Ovarian
Carcinoma). This study was designed to assess the value of sec-
ondary cytoreductive surgery in patients with stage III ovarian
cancer. All patients entered into this study were to receive three
courses of cisplatin and paclitaxel. After completing this ther-
apy they are then randomized to either three additional courses
of chemotherapy or interval secondary cytoreductive surgery
followed by three additional courses of chemotherapy. The eli-
gibility criteria excluded patients with only microscopic resid-
ual disease since there is no scientific reason to expect interval
debulking would be of any value to patients with no gross
residual disease. 
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Clinical investigators frequently implement eligibility criteria
in order to promote homogeneity in patient prognoses. The
desire to attain a study population with homogeneous prognoses
is a common reason for excessive eligibility criteria. However, the
concept is both unattainable and overemphasized. This notion
may arise from an investigator’s attempt to duplicate the experi-
mental method conducted in the laboratory. It is standard prac-
tice in laboratory experiments on animals to use inbred strains in
an effort to control genetic variability. In large-scale clinical trials
this approach seldom has merit in light of the cost to generaliz-
ability. Eligibility criteria should be as broad as possible in order
to enhance generalizability. For example, GOG Protocol 165 (A
Randomized Comparison of Radiation Plus Weekly Cisplatin
Versus Radiation Plus PVI [Protracted Venous Infusion] 5-FU in
Patients with Stage IIB, IIIB, and IVA Carcinoma of the Cervix)
includes patients with no surgical sampling of the para-aortic
lymph nodes. Previous GOG trials required sampling of these
nodes. However, there is no evidence or sound biological justifi-
cation to support the notion that the relative treatment benefit
depends on the extent of surgical staging. This is not to say
whether or not surgical staging is itself beneficial.

Eligibility criteria can be justified on the basis of logistic con-
siderations. For example, a study that requires frequent clinic
visits for proper evaluation or toxicity monitoring may restrict
patients who are unable to arrange reliable transportation. The
potential problem with such a restriction is how it is structured.
A criterion requiring that the patient have a car at her disposal
is probably too restrictive in a trial of women with advanced
cervical cancer, since patients from this target population tend
toward poorer socioeconomic status (SES) and may not have
access to private transportation. Such a restriction erodes the
generalizability of the trial by over sampling those with higher
SES and may prolong study accrual. Moreover, complicated eli-
gibility criteria are more likely to function ineffectively. In gen-
eral, complicated eligibility restrictions should be avoided.

Eligibility criteria based on regulatory considerations
include those institutional and governmental regulations that
require a signed and witnessed informed consent and study
approval by the local Institutional Review Board. These
restrictions are required in most research settings and are not
subject to the investigator’s discretion. 

Currently many biostatisticians believe that eligibility criteria
in oncology trials tend to be too restrictive and complicated
(34,35). Overly restrictive or complex eligibility criteria hamper
accrual, prolong the study’s duration, and delay the reporting of
results. The Medical Research Council has demonstrated that it
is possible to conduct trials with simple and few eligibility crite-
ria (36). The ICON3 (International Collaborative Ovarian
Neoplasms) trial compared standard carboplatin or cisplatin-
adriamycin-cyclophosphamide regimen to paclitaxel plus carbo-
platin in women with newly diagnosed ovarian cancer. This trial
had six eligibility criteria, three of which were for safety: (a) fit
to receive, and no clear contraindication to, chemotherapy, (b)
absence of sepsis, and (c) bilirubin less than twice the normal
level for the center. This is in sharp contrast to GOG Protocol
162 (A Phase III Randomized Trial of Cisplatin [NSC #119875]
with Paclitaxel [NSC #125973] Administered by Either 24-Hour
Infusion or 96-Hour Infusion in Patients with Selected Stage III
and Stage IV Epithelial Ovarian Cancer), which compared two
different paclitaxel infusion durations in patients with advanced
ovarian cancer and had 34 eligibility criteria.

PHASES OF DRUG 
DEVELOPMENT TRIALS

The traditional approach to identifying and evaluating new
drugs has relied on sequential evidence from phase 1, 2, and 3
clinical trials. Each of these study designs stems from very distinct

study objectives. Phase 2 trials build on the evidence gathered
from phase 1 trial results, and similarly phase 3 trials build on
phase 2 and phase 1 trial results. The investigation of a given
treatment may be halted at any phase, either due to safety
and/or efficacy issues. Depending upon the underlying investi-
gation, the time from the initiation of a phase 1 trial for a
given treatment to the completion of a phase 3 trial often
spans several years.

Phase 1 Trials

The purpose of a phase 1 therapeutic trial in cancer-related
research is to determine an acceptable dose or schedule for a
new therapy as determined by toxicity and/or pharmacokinet-
ics. A phase 1 trial marks the first use of a new experimental
agent in humans. Most phase 1 trials escalate the dose or
schedule of the new agent after either a prespecified number of
consecutive patients have been successfully treated or within
an individual as each dose is determined to be tolerable. The
usual phase 1 trial of a cytotoxic agent attempts to balance the
delivery of the greatest dose intensity against an acceptable
risk of dose-limiting toxicity (DLT). The conventional
approach increases the dose after demonstrating that a small
cohort of consecutive patients (three to six) is able to tolerate
the regimen. However, once an unacceptable level of toxicity
occurs (e.g., two or three patients experiencing DLT), the pre-
viously acceptable dose level is used to treat a few additional
patients in order to provide additional evidence that the cur-
rent dose has an acceptably low risk of DLT. If this dose is still
regarded as acceptable, it becomes the dose and schedule stud-
ied in subsequent trials and it is referred to as the recom-
mended dose level (RDL). The RDL should not be confused
with the maximum tolerated dose (MTD). The MTD is a the-
oretical concept used to design phase 1 trials, while the RDL is
an estimate of the MTD, which may or may not be close to it.
Due to the limited number of patients involved in phase 1 tri-
als, outcome measures such as response and survival are not
the primary interest in these studies. When these outcomes are
reported, they are considered anecdotal evidence of treatment
activity. Eligibility criteria for phase 1 trials in oncology typi-
cally limit accrual to patients in whom conventional treat-
ments have failed.

Early phase 1 trial designs were often ad hoc. Alternative
strategies for estimating the MTD have recently been pro-
posed. The primary motivation for these newer strategies is to
reduce the number of patients treated at therapeutically infe-
rior doses and to reduce the overall size of the study. One of
these alternatives implements a Bayesian approach and is
referred to as the continual reassessment method (CRM) (37).
It has the attractive feature of determining the dose level for
the next patient based on the toxicity experience from all of
the previously treated patients. While the traditional approach
has been criticized for treating too many patients at sub-thera-
peutic doses and providing unreliable estimates of the MTD,
CRM has been criticized for tending to treat too many
patients at doses higher than the MTD (38). Refinements to
CRM have been proposed (39) and found to have good prop-
erties when compared to alternative dose-seeking strategies
(40). Another family of designs termed the accelerated titra-
tion design (ATD) allows doses to be escalated within each
patient and incorporates toxicity or pharmacologic informa-
tion from each course of therapy into the decision of whether
to further escalate or not (41). Both the modified-CRM and
ATD designs can provide significant advantages over the con-
ventional phase 1 design. 

Even though the majority of phase 1 trials in cancer
research follow what was described above, it should be noted
that alternative phase 1 trials may arise in other settings such
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as medical device trials, prevention trials, education interven-
tion trials, behavior modification trials, and where the first
phase of investigation may actually utilize healthy subjects,
like studies interested in determining the utility of a new edu-
cational intervention on smoking cessation. The phase 1 trial
may simply be utilized as an approach toward gaining some
experience with the intervention prior to moving forward to
the next phase of investigation.

Phase 2 Trials

Once a dose and schedule for a new regimen have been deemed
acceptable, a reasonable next step is to seek evidence that the
new regimen is worthy of further evaluation in a particular
patient population. The principle goal of a phase 2 trial is to
prospectively quantify the potential efficacy of the new ther-
apy. Since a phase 2 trial treats more patients at the RDL than
in a phase 1 trial, it also provides an opportunity to more reli-
ably assess toxicities. A phase 2 trial is often referred to as a
drug-screening trial because it attempts to judiciously identify
active agents worthy of further study in much the same way a
clinician screens a patient for further evaluation. The study
should have adequate sensitivity to detect active treatments
and adequate specificity for rejecting inactive treatments. A
phase 2 trial may evaluate a single new regimen, or incorpo-
rate randomization to evaluate several new therapies or treat-
ment schedules simultaneously. However, in oncology a
concurrent control arm is often not included in randomized
phase 2 trials since these trials are too small to draw a reliable
inference about relative therapeutic efficacy of the experimen-
tal treatments. 

Phase 2 trials can have a single-stage or multi-stage design.
In a single-stage design, a fixed number of patients are treated
with the new therapy. The goal of the single-stage design is to
achieve a predetermined level of precision in estimating the
endpoint. While precision is one important goal in cancer tri-
als, there is also a concern for reducing the number of patients
treated with inferior regimens. For this reason many phase 2
cancer trials use multi-stage designs. Multi-stage designs
implement interim analyses of the data and apply predeter-
mined rules to assess whether there is sufficient evidence to
warrant continuing the trial. These rules, which are estab-
lished prior to initiating the study, tend to terminate those tri-
als with regimens having less than the desired activity, and
tend to continue to full accrual those trials with regimens hav-
ing at least a minimally acceptable level of activity. Two-stage
designs, which minimize the expected sample size when the
new treatment has a clinically uninteresting level of activity,
have been proposed (42). These designs are often appropriate
for trials involving a small number of clinics. However, phase
2 trials in the cooperative group setting demand more flexibil-
ity in specifying when the interim analysis will occur. This is
due to the significant administrative and logistic overhead of
coordinating the study in several clinics. Modifications to the
optimal design, which do not require that the interim analyses
occur after a precise number of patients are entered, are useful
in the cooperative group setting (43).

Regardless of the measure of treatment efficacy, most
designs treat toxicity as merely a secondary observation. This
approach is not likely to be appropriate in phase 2 trials of
very aggressive treatments, such as high-dose chemotherapy
with bone marrow support. In these trials, stopping rules that
explicitly consider both response and the cumulative incidence
of certain toxicities may be more appropriate (44–46).
Bayesian designs, which permit continuous monitoring of
both toxicity and response, have also been proposed (47).

The procession from phase 1 to phase 3 is a typical research
path for evaluating a new therapy in humans. However, this

research paradigm may not always be appropriate, and all three
elements (i.e., “what,” “how,” and “who”) of a phase 2 trial
(see the Objectives section) have been challenged. It may be jus-
tifiable to eliminate strict phase 2 testing of a new combination
of known active agents, if the combination is known to be safe
and there is no antagonism anticipated between the agents, espe-
cially if the phase 3 trial includes provisions for futility analyses
(see the Data Monitoring section). Another challenge to the par-
adigm is directed at whether patients whose disease is no longer
responsive to standard treatments represent a fair test of a
promising treatment plan. If the subsequent phase 3 trial of the
therapy will involve newly diagnosed patients, it is debatable
whether patients with treatment-refractory disease represent the
proper phase 2 study population. Finally, clinical response has
been a classic measure of activity in phase 2 oncology clinical tri-
als. However, response may be considered a surrogate endpoint
and is frequently not an ideal one, especially in trials of patients
with cervical cancer. Additionally, new treatments that exhibit a
different mode of action from the traditional cytotoxic drugs
(e.g., antiangiogenesis drugs) may render response an unsuitable
endpoint. In this case, PFI and survival time may be preferable
endpoints for evaluating treatment efficacy in phase 2 trials (48).
There are many issues that come to bear on whether the conven-
tional research paradigm is appropriate. A thoughtful discussion
among experts should precede all clinical research endeavors.

Phase 3 Trials

The goal of a phase 3 trial is to prospectively and definitively
determine the effects of a new therapy relative to a standard
therapy in a well-defined patient population. Phase 3 trials are
also used to determine an acceptable standard therapy when
there is no prior consensus on the appropriate standard ther-
apy. Some phase 3 trial methodologies, such as randomization
and blocking, have origins in comparative laboratory experi-
ments. However, in clinical trials the experimental unit is a
human being and, consequently, there are two very important
distinctions. First, each individual must be informed of the
potential benefits as well as the risks and must freely consent
to participate before enrollment into the study (see the Ethics
section). Second, an investigator has very limited control over
the patient’s environment during the observation period. This
latter distinction can have a profound statistical implication,
which will be discussed later. 

Trials With Historical Controls

The strict definition of a phase 3 trial does not necessitate con-
current controls (i.e., prospectively enrolled patients assigned the
standard treatment) or randomization (i.e., random treatment
allocation). However, these two features are almost synony-
mous with phase 3 trials today. The basic phase 3 design is
what is termed a two-arm randomized parallel design, i.e.,
given an appropriately executed randomization, the only
potential difference (from a statistical perspective) between
the two experimental groups in terms of an outcome variable
is the experimental factor. In contrast, the principal drawback
from inferring treatment differences from a historically con-
trolled trial is that the treatment groups may differ in a variety
of characteristics that are not apparent. Differences in out-
come, which are in fact due to differences in characteristics
between the groups, may be erroneously attributed to the
treatment. While statistical models are often used to adjust for
some potential biases, adjustments are possible only for fac-
tors that have been recorded accurately and consistently from
both samples. Shifts in medical practice over time, differences
in the definition of the disease, eligibility criteria, follow-up
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procedures, or recording methods can all contribute to a dif-
ferential bias (see the Endpoints section). Unlike random error,
this type of error cannot be reduced by increasing the sample
size. Moreover, the undesirable consequences of moderate
biases may be exacerbated with larger sample sizes. When a
trial includes concurrent controls, the definition of disease and
the eligibility criteria can be applied consistently to both treat-
ment groups. Also, the standard procedures for measuring the
endpoint can be uniformly applied to all patients. Inclusion of
prospectively treated controls within the clinical trial requires a
method of assigning the treatments to patients. Randomization
and its benefits are discussed in the next section (see the Other
Design Considerations section).

It is useful to distinguish phase 3 objectives as having an effi-
cacy, equivalency, or non-inferiority design consideration. An
efficacy design is characterized by the search for an intervention
strategy that provides a therapeutic advantage over the current
standard of care. An equivalency trial seeks to demonstrate that
two interventions can be considered sufficiently similar on the
basis of outcome that one can be reasonably substituted for 
the other. Non-inferiority trials seek to identify new treatments
that reduce toxicity, patient inconvenience, or treatment costs
without significantly compromising efficacy. 

Efficacy Trials

Efficacy designs are very common in oncology trials. Examples
include trials that assess the benefit of adding chemotherapy to
radiation for the treatment of early-stage cervical cancer or trials
that compare standard versus dose-intense platinum regimens
for treating ovarian cancer. In each of these cases, the trial seeks
to augment the standard of care in order to attain a better treat-
ment response. From the outset of these trials it is recognized
that the treatment benefit may be accompanied by an increased
risk of toxicity, inconvenience, or financial cost. However, it is
hoped that the benefits will be sufficiently large to offset these
drawbacks. Suppose treatment A is the standard of care for a
particular target disease population. The quantitative difference
between treatments with respect to a particular outcome (B-A)
can be described on a horizontal axis as in Figure 9.2. If we are
reasonably certain that the difference between treatments is less
than zero (left of 0) then we would consider treatment A to be
better. On the other hand, if the treatment difference is greater
than zero (right of 0) then we would conclude that the new treat-
ment, B, is better. Furthermore, we can use dotted lines to

demarcate on this graphic a region in which the difference
between A and B is small enough to warrant no clinical prefer-
ence for A or B. Consider the results from a trial expressed as the
estimated difference between treatments and the corresponding
95% or 99% confidence interval superimposed on this graph.
The  confidence interval depicts those values of the treatment
difference that can reasonably be considered consistent with the
data from the trial. An inconclusive trial is characterized by hav-
ing such broad confidence intervals that the data cannot distin-
guish between A being preferred or B being preferred (Fig. 9.2).
This is a typical consequence of a small trial. On the other hand,
if the confidence interval entirely excludes the region where A is
better than B, then we can conclude that B is significantly better
than A (Fig. 9.2). Note that in this case the lower bound of the
confidence interval may extend into the region of clinical indif-
ference, but the confidence interval must exclude the region
below (left of) 0 difference. 

Equivalency Trials

The equivalency study design is perhaps a misnomer, since it is
actually impossible to generate enough data from any trial to
definitively claim that the two treatments are equivalent.
Instead, an investigator typically defines the limits for treat-
ment differences that can be interpreted as clinically irrele-
vant. If it is a matter of opinion what differences in effect sizes
can be considered clinically irrelevant, this issue can become a
major source for controversy in the final interpretation of the
trial results. Survival or progression-free survival endpoints
are seldom used in equivalency trials; however, bio-equiva-
lency designs are sometimes used for drug development. For
example, if one agent is known to influence a particular bio-
logic marker, then it may be desirable to design a trial to deter-
mine whether a new agent is as effective at modifying the
expression of this biomarker. In this case, an investigator has
some notion about the acceptable range of activity that can be
considered clinically biologically equivalent. These studies are
designed so that within tolerable limits, the treatments can be
considered equivalent. 

Notice that the results from the inconclusive trial in Figure
9.2 cannot be interpreted as demonstrating equivalency. Even
when the estimated difference between the treatments is nearly
zero, the confidence interval cannot rule out treatment differ-
ences that would lead to preferring A or B. Caution should be
exercised in interpreting the results from studies that conclude
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FIGURE 9.2. Graphical representation of the point estimates and confidence intervals describing the
results from four hypothetical trials.
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“therapeutic equivalency” when only a small difference between
treatments with regard to the outcome is observed and it is
declared to be not statistically significant. Even results from
moderately large trials, which suggest therapeutic equivalence,
may in fact be due to inadequate statistical power to detect
clinically relevant differences. 

Non-inferiority Trials

A non-inferiority study design may be considered when the
currently accepted standard treatment is associated with sig-
nificant toxicity and a new and less toxic treatment becomes
available. The goal of this type of study is to demonstrate
that substituting the new treatment for the current standard
treatment does not appreciably compromise efficacy
(49–52). Referring to Figure 9.2, the trial seeks to provide
sufficient evidence to be reasonably certain that the differ-
ence between A and B lies above the lower boundary of the
indifference region. This lower boundary is often called the
“non-inferiority margin.” Notice that if an investigator
wishes to be reasonably certain that the new treatment does
not sacrifice any activity of the standard treatment (treat-
ment A) then the non-inferiority margin is set to zero.
However, this would be equivalent to an efficacy design
(described above).

The justification for the non-inferiority margin selected in a
particular study is often controversial. If this margin is set too
low, then the study has an unacceptably high probability of
recommending an inferior treatment. If it is too high, then the
trial utilizes too many clinical and financial resources. In order
to select an appropriate margin of non-inferiority it is impor-
tant to recognize that even though a non-inferiority trial may
explicitly compare only two treatments, implicitly there is a
third treatment to be considered. Suppose that several histori-
cal studies indicate that treatment A is better than a placebo
for treating a specific disease. In this case, the goal of a non-
inferiority study is to demonstrate that a new experimental
treatment, B, does not significantly compromise efficacy when
compared to currently accepted active standard treatment, A.
However, it should also demonstrate that B would have been
better than a placebo, if a placebo had been included in the
current trial. In other words, the current trial will directly esti-
mate the effectiveness of B relative to A, but it must also indi-
rectly consider the effectiveness of B relative to the previous
control treatment (placebo in this case). This indirect com-
parison relies on obtaining a reliable and unbiased estimate of
the effectiveness of the current active control to the previous
control from previous trials. Sometimes the margin of non-
inferiority is expressed as a proportion of the effectiveness of
A relative to the previous standard treatment. For example, a
non-inferiority study could be designed to have a high proba-
bility of concluding that a new treatment retains at least 50%
of the activity of the standard regimen, A. Note that an inves-
tigator may decide that she is unwilling to give up any of the
benefit attributed to the current standard treatment. In this
case, the margin of non-inferiority is set at zero (Fig. 9.2) and
the design is the same as the efficacy trial. Indeed, an efficacy
trial can be considered a study in which the investigator is
willing to accept the new treatment B, only if the trial results
indicate that B is superior to A.

Obtaining reliable estimates for the activity of the currently
accepted active standard treatment can be a very troublesome
aspect of non-inferiority oncology trials. For example, cis-
platin 75 mg/m2 and paclitaxel 135 mg/m2 infused over 24
hours was the first platinum-taxane combination to demon-
strate activity in the treatment of advanced ovarian cancer
(53). Subsequently, several trials were conducted to assess
whether carboplatinum could be safely substituted for cisplat-
inum (54–56) or whether taxotere could be substituted for

paclitaxel (57). However, there has been some controversy
about the size of the benefit provided by paclitaxel (58). An
investigator can reasonably ask, “What is the effect size of
paclitaxel and how much of this effect can I reasonably be cer-
tain is preserved by taxotere?” 

Randomized Phase 3 Trials

There are several design features that may be considered for
phase 3 trials. Some are more pertinent than others to gyne-
cologic oncology trials. The most important feature to be
considered is treatment randomization. A study with this fea-
ture, a randomized clinical trial (RCT), has several scientific
advantages. First, both the known and unknown prognostic
factors tend to be distributed similarly across the treatment
groups when a trial implements randomized treatments.
Second, a potential source of differential selection bias is
eliminated. This bias could occur when there is an association
between treatment choice and prognosis. It need not be inten-
tional. When a physician’s interest in a trial or a patient’s
decision to participate in the trial depends on the assigned
treatment, a nonrandom association between treatment and
prognosis can be introduced. Finally, randomization provides
the theoretical underpinning for the significance test (59). In
other words, the probability of a false-positive trial as stated
in the study design is justified with randomization. It is
important to recognize that these advantages, which are pro-
vided by randomizing the study treatments, are forfeited
when all of the randomized patients are not included in the
final analyses. All randomized patients registered on the trial
should be included in the final analysis in order to promote
the validity of the conclusions. 

It is sometimes argued that since many factors that influ-
ence prognosis are known, perhaps other approaches to allo-
cating treatments can be considered and statistical models
should be used to adjust for any imbalances in prognosis.
However, the conclusions from this type of trial must be con-
ditioned on the completeness of knowledge about the disease
and acceptability of the modeling assumptions. If the disease
is moderately unpredictable with regard to the outcome, or
the statistical model is inappropriate, then the conclusions are
suspect. Results from nonrandomized studies can polarize the
medical community. They frequently provide enough evidence
for those who already support the conclusions but insufficient
evidence for those who are skeptical. 

Kunz and Oxman (60) have compared the results from
overviews of randomized and nonrandomized clinical trials
that evaluated the same intervention. They reported that the
nonrandomized studies tended to overestimate the treatment
effect from the randomized trials by 76% to 160%. Schulz 
et al. (61) compared 33 randomized, controlled trials that had
inadequate concealment of the random treatment assignments
to those studies that had adequate concealment. They found
that those with inadequate concealment tended to overesti-
mate the treatment effect (relative odds) by 40%. Some inves-
tigators do not appreciate the importance of concealment and
will go to considerable lengths to subvert it (62). When the
randomization technique requires pregenerated random treat-
ment assignments, one must guarantee that the investigators
who are enrolling patients do not have access to the assign-
ment lists. 

The patient-physician relationship can occasionally be chal-
lenged by introducing the concept of treatment randomization
(63). Patients may prefer a sense of confidence from their
physician regarding the “best” therapy for them. However,
physicians involved in an RCT must honestly acknowledge
that the best therapy is unknown and that an RCT is preferred
to continued ignorance. One survey of 600 women seen in a
breast clinic suggested that 90% of women prefer their doctor
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to admit uncertainty about the best treatment option rather
than give them false hope (64).

Randomization Techniques

The simplest approach to randomization is to assign treat-
ments based on a coin flip, sequential digits from random
number tables, or computerized pseudo-random number gen-
erators. On average, each individual has a defined probability
of being allocated to a particular study treatment when they
enter the study. Although this approach is simple, the statisti-
cal efficiency of the analyses can be enhanced by constraining
the randomization so that each treatment is allocated an equal
number of times. Permuted block randomization is sometimes
used in order to promote equal treatment-group sizes. A block
can be created by shuffling a fixed number of cards for each
treatment and then assigning the patients according to the
random order of the deck. After completing each block there
are an equal number of patients assigned to the treatment
groups. For example, consider a trial comparing treatments A
and B. There are six possible ways the deck will be ordered
when the block size is four: AABB, ABBA, BBAA, BABA,
ABAB, and BAAB. A sufficient number of assignments for an
RCT can be created by randomly selecting a series of blocks
from the six distinct possibilities. There are three features of
blocked randomization that may be problematic. First, the
probability of a particular treatment being allocated is not the
same throughout the study, as in simple randomization.
Taking the example above, every fourth treatment is predeter-
mined by the previous three allocations. Second, the use of
small blocks in a single-institution study may undermine con-
cealment and allow an investigator to deduce the next treat-
ment. This potential problem can be corrected by continually
changing the block size throughout the assignment list. Third,
large block sizes can subvert the benefits of blocking. As block
sizes increase, the procedure resembles simple randomization.

The statistical efficiency of the study can be further
enhanced by stratifying patients into groups with similar prog-
noses and using separate lists of blocked treatments for each
stratum. This procedure is called stratified block randomization.
It is worth noting that using simple randomization within
strata would defeat the purpose of stratification, since this is
equivalent to using simple randomization for all patients.
Likewise, trials that stratify on too many prognostic factors
are likely to have many uncompleted treatment blocks at the end
of the study, which also defeats the intent of blocking (65). 

When it is desirable to balance on more than a few prog-
nostic factors, an alternative is dynamic randomization, a par-
ticular type being minimization. Whereas stratified block
randomization will balance treatment assignments within
each combination of the various factor levels, minimization
tends to balance treatments within each level of the factor sep-
arately. Each time a new patient is entered into the study, the
number of individuals who share any of the prognostic char-
acteristics of the new patient is tabulated. A metric that mea-
sures the imbalance of these factors among the study
treatments is computed as if the new patient were allocated to
each of the study treatments in turn. The patient is then allo-
cated to the treatment that would favor the greatest degree of
balance. In the event that the procedure indicates equal prefer-
ence for two or more possible treatment allocations, simple
randomization can be used to determine the individual’s treat-
ment assignment.

Masking Treatment

Concealment. Concealment refers to the procedure in which
the assigned study treatment is not revealed to the patient or
the investigator until after the subject has successfully enrolled
into the study. The purpose of concealment is to eliminate a

bias that can arise from an individual’s decision to participate
in the study depending on the treatment assignment (66).
Concealment is an essential component of randomized clinical
trials. 

Blinding. Blinding is a procedure that prevents the patient
or physician from knowing which treatment is being used. In a
single-blinded study patients are unaware of which study
treatments they are receiving. A double-blinded study results
in a situation in which neither the patients nor the healthcare
providers are aware of that information. One purpose of
blinding is to avoid measurement bias, particularly differential
measurement bias (see the Endpoints section). This type of
bias occurs when the value of a measurement is influenced by
the knowledge of which treatment is being received (see the
Historical Perspective section). It can occur when the measure-
ment of an endpoint is subjective. Most methods for assessing
pain are subjective and require treatment blinding in order to
promote the validity of the study.

Oncology trials frequently do not implement blinding for
several reasons. It is rather difficult to blind treatments when
various treatment modalities are used (e.g., surgery versus
radiation therapy, or intravenous versus oral administrations),
when good medical practice is jeopardized (e.g., special tests
are required to monitor toxicity), or when it is logistically dif-
ficult (e.g., the evaluating physician must be kept isolated
from the treatment of the patient). In the absence of blinding,
care should be taken that the method of measuring the end-
point is precisely stated in the protocol and consistently
applied to each patient uniformly. Trials that assess quality of
life or relief from symptoms should give serious consideration
to treatment blinding.

Schulz et al. (67) reviewed 110 randomized clinical trials
published between 1990 and 1991 in four journals of obstet-
rics and gynecology. Thirty-one of these trials reported being
double-blinded. However, blinding seemed to be compro-
mised in at least three of the trials. Schultz et al. concluded
that blinding should have been used more often, despite fre-
quent impediments.

Placebo. A placebo is an inert treatment, usually in a self-
administered form (e.g., tablet). Placebos blind patients and
also, usually, physicians to the knowledge of whether they are
receiving the active or inert treatment. Placebos are frequently
used in trials where there is no accepted standard treatment
and the endpoint is susceptible to measurement bias. The use of
a placebo is also important when the endpoint can be affected by
the patient’s psychological response to the knowledge of
receiving therapy combined with a belief that the therapy is
effective. This phenomenon is aptly named the “placebo effect.”
In such circumstances, the use of a placebo provides a treatment-
to-control comparison that measures only the therapeutic effect.
Note that the placebo effect is a distinctly different type of mea-
surement bias from those that have been previously discussed.

GOG Protocol 137 (A Randomized Double-Blinded Trial
of Estrogen Replacement Therapy Versus Placebo in Women
With Stage I or II Endometrial Adenocarcinoma [IND #43,226])
is a randomized, double-blinded comparison of estrogen replace-
ment therapy versus a placebo in women who have had a total
abdominal hysterectomy and bilateral salpingo-oophorectomy
for early-stage endometrial cancer. One primary reason for the
use of a placebo in this trial was the potential for differential
measurement bias being introduced by the physician monitor-
ing patients on estrogens much more closely.

Sham procedures are similar to placebos in their function.
The sham procedure is one that mimics the experimental proce-
dure under study (excluding the therapeutic portion) to the
extent that patients are blinded to whether they received the
experimental component of the intervention. Careful ethical
considerations must precede the use of a placebo or sham pro-
cedure in any clinical trial (68).
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Factorial Designs

Factorial designs enable several interventions to be studied
simultaneously. For example, each patient enrolled onto a
study may be randomly assigned to receive one of two differ-
ent chemotherapy regimens in addition to two being random-
ized to receive one of two different radiation regimens. The
key assumption necessary for a factorial design is that all
treatments can be given simultaneously without interaction or
interference. 

The term factorial arises from historical terminology in
which the treatments were referred to as factors. Each factor
has corresponding levels; for example, an investigator may
wish to compare a study agent administered at three dose lev-
els: high dose, medium dose, and none. The total number of
factor combinations being studied is the product of the num-
ber of levels for each factor or treatment. For example, a trial
that evaluates treatment A at three levels and treatment B at
two levels is called a 3-by-2 (denoted 3 � 2) factorial design. If
the relative effects due to the various levels of treatment A are
independent of the levels of B, the two treatments (A and B)
can be evaluated simultaneously. The factorial design provides
a significant reduction in the required sample size when com-
pared to trials that study A and B separately. 

The most commonly utilized factorial design is the 2 � 2 fac-
torial design, which includes two distinct treatment regimens at
each of two factor levels. For example, suppose individuals
entering a cancer prevention trial are randomly assigned to
receive vitamin E (placebo-A or 50 mg/day) and beta-carotene
(placebo-B or 20 mg/day) in a 2 � 2 factorial design. In this case,
the factors are vitamin E and beta-carotene, while the respective
factor levels are placebo-A or 50 mg/day for vitamin E, 
and placebo-B or 20 mg/day for beta-carotene. There are four
treatment combinations. In a standard 2 � 2 design the main
effect of vitamin E can be ascertained by utilizing information
from each of the four treatment groups. In some studies, how-
ever, the main effects may be of secondary importance as com-
pared to the “interaction” between each factor. An interaction
exists when the effect due to one of the factors (i.e., treatment A)
depends on the level of the other factor (treatment B). In drug
discovery, a “positive” interaction may imply a synergistic effect
of two drugs in combination, i.e., the effect of the combination
therapy is greater than the sum of the individual additive effects.
Reliable tests of an interaction require a relatively large number
of patients in each of the four treatment groups. This testing,
in turn, reduces the advantage of the factorial design over a
standard four-arm study. Attention to the statistical power of
such tests is an important part of interpreting the study results
(69–71). 

DIAGNOSTIC STUDIES
In a diagnostic study the objective is to develop a model that
accurately predicts a particular disease state based upon other
clinical information. In cancer-related diagnostic models this
predictive information typically consists of some combination
of demographic risk factors, medical history information, imag-
ing data, and biomarker data, and can consist of a combination
of qualitative and quantitative information. The simplest diag-
nostic model consists of a single binary marker of disease, e.g.,
whether a biomarker has positive expression (yes/no).

In order to determine the utility of a given diagnostic model
several global measures of accuracy have been defined. These
are described below. However, it must first be noted that a criti-
cal feature of these models is the actual true diagnosis of disease,
oftentimes referred to as the “gold standard.” If the gold stan-
dard diagnosis is not easily ascertained, this can in turn influence

the empirical estimates of accuracy of a given diagnostic model
in terms of biasing the results in either the positive or negative
direction. In certain instances, the gold standard determination
is clear cut, such as death or no death. However, in other
instances the absolute determination is made by a committee of
experts; for example, a panel of radiologists who may come to a
consensus regarding a cancer/no cancer diagnosis would be
referred to as the “gold standard committee.” When designing a
study to develop a diagnostic test, the accuracy of the gold stan-
dard determination is a vitally important consideration.

Under the assumption that the gold standard diagnosis is
correct, the accuracy of a binary disease marker can be simpli-
fied. The quantities most often used for assessing overall accu-
racy include prevalence, sensitivity, specificity, accuracy, and
positive predictive value (PPV). If we let Pr denote the proba-
bility of an event, T represent the test result being positive (�)
or negative (�), and D represent the disease diagnosis as it is
determined by the gold standard being present (�) or absent
(�), then the following definitions apply:

Prevalence � Pr(D�) � Probability of having the dis-
ease determined by the gold standard.

Sensitivity � Pr(D�|T�) � Probability of having the
disease among those who test positive.

Specificity � Pr(D�|T�) � Probability of not having
disease among those who test negative. 

Accuracy � Pr(D�|T�) � Pr(D�) � Pr(D�|T�) �
Pr(D�) � Probability of the test cor-
rectly classifying an individual.

PPV � Pr(D�|T�) � Pr(D�)/Accuracy �
Probability of correctly diagnosing posi-
tive disease proportional to all correct
diagnoses.

Empirical estimates of these quantities are merely estimates
of simple proportions or a combination of proportions condi-
tional on the disease and test state.

Consider two separate tests (generically Test A and Test B)
evaluated in two hypothetical studies involving 1,200 individ-
uals and summarized in Table 9.1a. The calculations for the
empirical estimates are demonstrated in Table 9.1b. Test A
and Test B are equally accurate, with an estimated accuracy of
0.87. Specifically, each test is expected to correctly classify
87% of those tested in the population consisting of individu-
als with or without disease. Note, however, that in both
instances the probability of the test being positive among
those individuals with disease is quite low with PPVs of 14%
and 8% for Test A and Test B, respectively. This is particularly
noteworthy given the relatively high sensitivity and specificity
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RESULTS FROM TWO HYPOTHETICAL 
SCREENING TRIALS

TA B L E  9 . 1 A

TEST A
T� T�

D� 140 60 200
D� 100 900 1000

240 960 1200

TEST B
T� T�

D� 80 120 200
D� 40 960 1000

120 1080 1200
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values for Test A (70%) as compared to Test B (40%). In gen-
eral, the lower the prevalence is for a given test with fixed
accuracy, the lower the PPV. In other words, for very rare dis-
eases it is nearly impossible to obtain high PPV values even for
tests with good sensitivity and specificity. This concept is
extremely important when considering screening studies
across large groups of subjects when the diagnosis of interest
has very low prevalence, yet the accuracy measure appears rel-
atively high.

What happens in the setting where a researcher is interested
in a marker of disease that is measured on a continuous or dis-
crete scale and/or would like to combine information from sev-
eral variables in order to construct a diagnostic model? In the
instance of a single continuous marker of disease, the problem
is often framed in terms of determining an optimal cut point so
that the continuous marker is transformed into a simple binary
value. In the case where we are combining several pieces of
information, the problem statistically reduces to a data dimen-
sion reduction problem that ultimately transforms a multivari-
ate set of measurements into a single measure. One such
technique is to utilize a logistic regression model, regressing the
gold standard on the diagnostic variables of interest and then
using the predicting probability of disease as the single univari-
ate measure, which in turn then needs to be transformed to a
single dichotomized measure. Other popular approaches to this
aspect of data reduction in diagnostic testing problems include
neural networks and classification trees.

Once the problem has been reduced down to a single contin-
uous measure the next step is to examine the various potential
threshold values from which a positive or negative diagnosis will
be arrived at. One approach toward examining all possible
thresholds is through the use of receiver operating characteristic
(ROC) curves. An ROC curve is a plot of the estimated proba-
bility of a positive test result among individuals with disease
(sensitivity) on the y-axis versus the estimated probability of a
positive test result among individuals without disease (1-speci-
ficity) on the x-axis across all possible threshold values or cut
points. (See Figure 9.3 for an example of an empirical ROC
curve.) In essence, each point on the ROC curve represents one
possible threshold value. The nature of the step function feature
of the plot represents the empirical nature of the estimate, that
is, for real data there are only a finite number of potential cut
points. The area under the ROC curve provides a global mea-
sure of accuracy and ranges from 0.5 (worst case) to 1.0 (perfect
diagnostic accuracy). This measure is sometimes denoted as the
C statistic. For our example plot the estimated area under the
ROC curve is C � 0.83. The area under the ROC curve has a
similar interpretation as the measure of accuracy defined above.
Specifically, the model is expected to accurately predict approxi-
mately 83% of the cases correctly over all possible decision
rules. Once the ROC curve has been generated and the diagnos-
tic model appears to have good relative accuracy, how does one

determine the “best” decision threshold? In essence, the best
threshold value determination comes down to putting more or
less weight on sensitivity relative to specificity as it pertains to
the specific clinical setting. There is not a one-size-fits-all
approach in determining the best sensitivity-to-specificity trade-
off. Oftentimes, however, if sensitivity and specificity are given
equal weight, a good rule of thumb is to utilize the threshold
value that corresponds to the point on the ROC curve that is
closest to the upper left-hand corner. In our example plot given
in Figure 9.3 this point is marked approximately above with
“*”. Once an acceptable cut point has been defined, additional
estimates for the diagnostic test of interest, such as the PPV, may
be calculated as they were in the previous example.

The next issue of concern with respect to diagnostic model
building is whether or not the model that has been fit based on
a given diagnostic study will perform as well on a future sample
of patients. As a general rule of thumb, when we optimize the fit
of a model involving limited available data, there is a tendency to
overestimate the accuracy of a diagnostic test relative to future
performance. One commonly used strategy for assessing this
bias is to divide the study sample into two distinctly separate
sets: a training set and a validation set. The training set is used
to develop a statistical model that provides the desired accuracy
for classifying individuals into diseased and nondiseased cate-
gories. This modeling process is often called a supervised analy-
sis, since it involves knowing the true disease state of each
individual. In the validation phase the exact same classification
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FIGURE 9.3. Empirical receiver operator characteristic curve.

RELATIVE ACCURACY COMPARISONS OF TEST A VERSUS TEST B

TA B L E  9 . 1 B

Estimates Test A Test B

Prevalence 200/1200 � 0.17 200/1200 � 0.17
Sensitivity 140/200 � 0.70 80/200 � 0.40
Specificity 900/1,000 � 0.90 960/1,000 � 0.96
Accuracy 0.70 � 0.17 � 0.90 � 0.83 � 0.87 0.40 � 0.17 � 0.96 � 0.83 � 0.87
PPV 0.70 � 0.17/0.87 � 0.14 0.40 � 0.17/0.87 � 0.08

Note: PPV, positive predictive value.
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procedure that was developed using the training set is applied to
individuals in the validation set. The predicted disease state is
compared to the actual disease state. The validation phase pro-
vides more realistic estimates of the accuracy of the classifica-
tion procedure with respect to its performance in practice.
Modifying the classifier in order to improve accuracy in the val-
idation phase would introduce biases due to overfitting and
therefore defeat the purpose of a validation phase. When
designing a study to develop a new diagnostic test, one needs to
consider not only the sample size needed for the training phase,
but also the sample size needed for the validation phase. For
smaller pilot studies where a validation phase is not feasible,
there are statistical methods that can be employed in order to
reduce biases from overfitting. However, the most meaningful
diagnostic studies contain a true validation component.

STUDIES INVOLVING 
ADVANCED EXPERIMENTAL

BIOTECHNOLOGIES
Many modern day experimental and study designs now
involve data generated from advanced biotechnologies such as
expression microarrays, comparative genomic hybridization
microarrays, single nucleotide polymorphism platforms, and
proteiomic platforms. These biotechnologies are typically
designed for simultaneously performing a large number of
assays (e.g., possibly greater than 1,000,000) on a given sam-
ple or pair of samples. The quantification of the assay results
can involve multiple layers of data processing, and methods
for inference utilizing such quantified values can be quite com-
plex. It is important to note that the naïve analyses of such
datasets can have profound negative consequences (72) and
that the development of optimal experimental/study designs
and optimal data analytic methodologies are open and active
areas of research (73,74). There is currently a pressing need
for the development of improved methodologies for the analy-
sis of data generated by advanced biotechnologies. The com-
plexity of the problems being addressed by research efforts
involving advanced experimental biotechnologies, coupled
with the complexities of the technologies (both physical and
methodological) being brought to bear on problems, often 
can only be managed by research teams composed of diverse
collections of investigators. Often such teams must not only
include bench scientists and clinicians, but also scientists with
expertise in biostatistics, computational sciences (e.g., high-
performance computing) and bioinformatics. Indeed, the
development and proliferation of collaborative research
efforts involving advanced biotechnologies are part of a larger
trend in which the practice of “team science” is becoming
much more prevalent. For example, the National Institutes of
Health (NIH) has recently implemented a multiple principal
investigators (PI) model (http://grants.nih.gov/grants/multi%
5Fpi/) to accommodate “projects or activities that clearly
require a ‘team science’ approach.”

Although advanced biotechnologies present new and
important avenues to conduct research, it is important to
approach the utilization of such technologies with reasonable
expectations. Such technologies are not as automated as a
naïve researcher might expect. The analysis of such datasets
often requires the investment of significant sweat equity. For
example, such datasets often require meticulous inspection to
eliminate samples and spot assays of poor quality. “Garbage
in, garbage out” is a common expression in data analytic cir-
cles (75) and reflects the belief that even when the best of data
analytic methodologies is applied to data of poor quality, the
results can also be expected to be poor. This is true for data
analyses in general, but the expression is particularly relevant

to analyses involving advanced biotechnologies given the size
and nature of the datasets that they generate. Once the data is
cleaned and incorporated into an appropriate analysis plan,
researchers must also contend with the time-consuming task
of inspecting the possibly high-dimensioned results of their
experiment/study. Researchers new to such experiments/studies
should understand that high-dimensioned data are not guaran-
teed to provide low-dimension result (e.g., a single highly signifi-
cant gene), especially for exploratory studies, which are typically
underpowered. 

Researchers wishing to conduct research involving advanced
biotechnologies such as microarrays are strongly encouraged
to review the materials presented in Dupuy and Simon (2007)
(72). The manuscript provides a review of 90 published out-
come-related microarray studies as well as an invaluable set of
guidelines for the statistical analysis and reporting of such
studies. Several general concepts related to the analysis of such
datasets are presented below. 

Multi-stage Analyses 

The analysis of advanced biotechnical data often involves the
implementation of multiple data analytic steps that form a
composite analysis. Multiple assays are performed and quan-
tification of their outcomes is stored in a raw data set, which
is typically a matrix with dimensions equal to the number of
samples crossed with the number of assays performed on each
sample. For example, for the 244K Agilent array comparative
genomic hybridization (aCGH) arrays, the number of assays is
~244K where each assay corresponds to a two-color competi-
tive hybridization. Typically, tumor and control samples are
labeled with different fluorescent dyes (i.e., cy3 and cy5) and
the relative fluorescence of the dyes at each spot on the array
is used to measure the outcomes of the competitive hybridiza-
tions. The quantification of this relative fluorescence is rather
complicated as it involves spot identification and determining
a summary intensity value for each spot, since spots may not
have a uniform intensity. There are many competing heuristics
that provide such measures and it is an open area of research.
Once assay values have been obtained (usually from imaging
heuristics), the data is often subjected to a first stage of analy-
ses, which involves the application of algorithms designed to
correct and normalize/standardize the raw dataset. The sec-
ond major stage of the composite analysis often involves infer-
ence on the population from which the assayed samples can be
considered a representative sample; inference that is con-
ducted via the application of statistical methodologies to the
processed dataset. 

It is commonly assumed that the application of algorithms
designed to correct and normalize/standardize a raw biotech-
nical dataset will provide processed data that is devoid of
meaningful systematic biases and spurious correlations.
Whenever possible, the results from any analysis involving
advanced biotechnologies should be interrogated to ascertain
whether such an assumption is warranted. It should also be
noted that proper experimental/study design can minimize the
extent to which biotechnical data must be normalized/stan-
dardized and corrected, and that improper design can provide
data that may be impossible to correct (76–78).

Multiple Hypothesis Testing

Dupuy and Simon (2007) (72) noted that the analyses of
microarray experiments can usually be assigned to general
classes such as outcome-related gene finding, class discovery,
and supervised prediction. The authors defined outcome-
related gene finding as “generally involving statistical methods
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to identify genes that were differentially expressed according
to two categories.” Such concepts extend to the analysis of
other advanced biotechnologies and usually involve a large
number of univariate tests (e.g., tests for differential expres-
sion in the case of expression arrays). 

Certain complications present themselves when the num-
ber of univariate tests greatly exceeds the number of samples
that were assayed—complications that are often ascribed to
the “curse of dimensionality” (79). In the context of multiple
testing the large number of tests presents challenges with
respect to error control—challenges that can be particularly
difficult to manage if the number of samples is relatively small
and the univariate tests are under powered. Table 9.2 provides
a summary of the possible outcomes of a set of m univariate
tests where m0 of the tests are true null hypotheses and m-m0
of the tests are not true null hypotheses. The table entries U, V,
T, S, and R depend upon the application of a given test func-
tion (i.e., a function that applies a test statistic to the data and
determines whether the test result is “significant”). Note that
V and T denote the total number of type I and type II errors,
respectively. The expected value (i.e., the average or
“expected” outcome that would be observed if the experiment
were replicated many times) of both of these counts is of par-
ticular importance. For example, if univariate t-tests for differ-
ential expression were conducted for each of 10,000 genes
and each test was conducted at a significance level of 0.05,
then the expected value of V would be 0.05 � 10,000 � 500.
Hence, such an analysis can be expected to produce, by ran-
dom chance alone, approximately 500 spuriously significant
findings. Conducting each test with a type I error rate of 0.05
controls the comparison-wise type I error rate but this control
does not extend to the complete family (e.g., the set of 10,000
tests in the present example) of tests. The probability of com-
mitting at least one type I error across a family of tests is
referred to as the family-wise error rate (FWER) and equals 1 –
(probability of committing no type I errors) � 1 –0.9510,000 ≈ 1
for the given example. Therefore, if the goal of the analysis is
to identify a set of significant genes that is unlikely to contain
spuriously significant results, then conducting each univariate
test at a level of 0.05 would be ill advised.

Statistical methods exist for the control of the FWER and are
well described by Dudoit et al. (2003) (80). The most common
of these include the Bonferroni, Sidak, and minP methods, with
the Bonferroni correction being the most conservative but easiest
to implement. To control the FWER at 0.05 the Bonferroni cor-
rection specifies that the comparison-wise error rate be controlled
at 0.05/m. For the given example, this would correspond to a
comparison-wise error rate of 0.05/10,000 � 0.000005 and
would provide an FWER of 1 – (0.999995)10,000 � 0.0488 � 0.05.
Controlling the FWER is considered to be a conservative method
of error control because it often requires that the univariate
tests be conducted at comparison-wise error rates that are
quite small.

A popular alternative to the control of the FWER is the con-
trol of the false discovery rate (FDR). The false discovery rate
corresponds to the expected value of the ratio of false discoveries

to the total number of discoveries (i.e., the expected value of VR ).
Control of the FDR is appropriate in cases where researchers
are willing to accept a certain percentage of spurious findings
within their final list of significant findings. Development of
methodologies for the control of the false discovery rate is an
open and active area of research and the reader is referred to
Cheng and Pounds (2007) (81) for a useful review of this topic.

Developing and Validating Classifiers

The development of classifiers of prognostic value (e.g., a gene
expression signature that can predict clinical outcome) is an
important and very active area of research. As with the multiple
testing procedures, the development of classifiers is also compli-
cated by the curse of dimensionality. Namely, when the number
of features (e.g., a subset of assays) is much larger than the
number of samples, it is often possible to overfit the data and
identify perfect (with respect to the observed data) but spurious
(with respect to the clinical population from which the samples
were obtained) classification rules. Classifiers are commonly
developed using either split sample or cross-validation proce-
dures. In the former case, the assayed samples are split into
training and test sets whereby the data in the training set is used
to develop the classifier and the data in the test set is used to val-
idate it. In the latter case, the data is partitioned into training
and test sets multiple times and the validation results are, in
essence, averaged over all such partitionings. Cross-validation
procedures are mathematically more attractive, but a split sam-
ple approach with an independent and blinded test set provides
the greatest protection against intentional or unintentional
reporting biases (e.g., it prevents researchers from running mul-
tiple classifiers under multiple settings and only reporting the
classifier that achieved the highest level of performance with
respect to the test set). Hastie et al. (2001) (82) provide an
overview of many of the basic methodologies for building clas-
sifiers. Dupuy and Simon (2007) (72) provide useful guidelines
for their implementation.

HYPOTHESIS TEST
A hypothesis is a conjecture based on prior experiences that
leads to refutable predictions (83). A hypothesis is frequently
framed in the context of either a null or an alternative hypoth-
esis. A null hypothesis may postulate that a treatment does not
influence patients’ outcomes. The alternative hypothesis is
that a particular, well-defined treatment approach will influ-
ence the patients’ outcomes to a prespecified degree. These
hypotheses cast the purpose of the trial into a clear frame-
work. A type I error is committed when the null hypothesis is
in fact true, but the results of the study lead the investigator to
incorrectly conclude it to be false. Committing a type I error
would be disastrous if it means discontinuing the use of an
active control treatment that is well tolerated and substituting
an experimental therapy that is more toxic but, in reality, no
better. A type II error is committed when the null hypothesis is
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not true, but the study results lead the investigator to conclude
that it is true. Prospectively quantifying the acceptable proba-
bilities of these errors provides the underpinning for determin-
ing the appropriate design and sample size of a particular trial. 

p VALUE
Some researchers are overly fond of reporting p values. At
times statisticians play the role of the conservative physician,
cautiously prescribing a significance test only when it is
appropriate. There is a general concern that the p value is
overused, even abused, and overemphasized. A common mis-
conception is that the p value is the probability that the null
hypothesis is true. The null hypothesis is either true or false,
and so it is therefore not subject to a probability statement. It
is the inference that an investigator makes, based on his data,
that is susceptible to error. 

Misconceptions about the p value (or significance level) may
arise in part from a poor distinction between the p value and
the α level (the type I error) of a study (84). The α level is the
probability of the test statistic rejecting the null hypothesis
when it is true. It is specified during the design phase of the
study and is unaltered by the results obtained. The p value
results from a statistical test on the observed data. It is the prob-
ability of the observed result or a more extreme result, given
that the null hypothesis is true. R. A. Fisher, who is credited
with developing the concept of the p value, suggested that it be
used as a measure of credibility for the null hypothesis.
Neymann and Pearson developed the notion of acceptance and
rejection regions for the null hypothesis based on a critical
value. Consequently, the concepts of type I and II errors were
spawned. Fisher was very much against this “black and white”
approach to measuring the evidence of the true state of reality. 

The p value is not without problems. First, it confounds the
relative treatment benefit and the amount of data (sample
size) (85). Suppose two trials studying the same disease and
the same treatments yield the same p value but one study is
four times larger than the other. Assuming both were well-
designed studies, one should have much more confidence in
the estimate of the benefit from the larger trial. In short, the p
value tells us little about the size of the treatment effect.

Second, important clinical differences and statistically sig-
nificant differences do not correspond as frequently as they
should. A large meta-analysis, which combines the results
from several clinical trials, may yield a statistically significant
difference that is not considered important clinically.
Conversely, the literature contains many small trials with non-
significant results that are statistically underpowered and can-
not rule out clinically important differences (86).

Third, a p value of 0.05 is not necessarily a compelling
result. Suppose a trial is properly designed to limit the proba-
bility of type I error to 5% (a two-tail test) and type II error to
10% for a treatment difference, D, which is considered the
smallest clinically relevant difference. Also, suppose the trial is
properly executed and the final p value equals precisely 0.05.
In this case, the relative benefit between treatment groups
would only be approximately 60% of the specified difference,
D (84). Ironically, this statistically significant estimate of the
treatment benefit is not within the range of clinically relevant
differences specified by the study investigators. Furthermore,
suppose that after reviewing this study result, the investigators
agree that the benefit is clinically important and they wish to
repeat the study exactly in order to confirm the original study
result. These investigators will be surprised to learn that the
size of their second trial is wholly inadequate to detect the
treatment difference that was observed in the first trial. In
fact, if the second trial is only as large as the first trial, then the

probability of the second trial committing a type II error is
50%. That is, the probability of obtaining a statistically signif-
icant result from the second trial is no better than obtaining
tails with the flip of a coin (84). These results are perhaps
counterintuitive, but they emphasize the shortcomings of
overinterpreting p values. 

DATA MONITORING
Data monitoring can be classified into three categories:
administrative, quality control, and endpoint monitoring.
Observing extremely poor accrual in a trial that questions the
feasibility of completing the trial is an example of administra-
tive monitoring. Any evaluation of an actively accruing trial
that addresses whether the study will produce valid results is
quality control monitoring. Endpoint monitoring is when
comparisons are made of the endpoints between treatment
groups. This last category is the only one that attempts to test
the hypothesis earlier than the formal end of the trial. Although
much of the statistical methodology for data monitoring was
published 20 or more years ago, formal plans for data moni-
toring have only become routine and expected in RCT
designs in the last several years. The most uncomplicated
situation is when an ongoing trial provides incontrovertible
evidence that one of the treatments is inferior. In this situation
the need to close the trial (or the arm using the inferior treat-
ment) becomes essential. The challenge in a data monitoring
plan is the definition of “incontrovertible evidence.” The
sophistication of data monitoring statistical methods and the
formality associated with a data monitoring committee stem
from a simple premise that knowledge of benefit (or harm) of
an experimental treatment accumulates slowly over time.
Many trials can be monitored because patients are enrolled
over a period of years and differences in patient outcome may
emerge between treatment groups before other patients are
even enrolled. Endpoint monitoring was initially driven by
the ethics of do no harm (see the Ethics section). However,
endpoint monitoring has expanded to include terminating a
trial due to the lack of improvement among those in the
experimental group. Continuing the trial in this situation is
not as much an ethical dilemma as a poor use of clinical
resources. This type of data monitoring is referred to as futil-
ity analysis. The term is ideal in that it conveys the thought
that continuing the trial is futile in the hopes of seeing a sig-
nificant improvement in the experimental group when com-
pared to the control group. Unless futility analysis is specially
mentioned, the remaining discussion involves the more com-
mon data monitoring for dramatic differences. 

The cost in monitoring endpoints (for the purpose of stop-
ping the trial) is subtle and influences the characteristics of the
hypothesis tests. Most physicians’ understanding of statistics
comes from frequentist theory and fixed sample size designs.
Fixed sample size designs evaluate a hypothesis using a test
statistic once at the end of the study (see the Hypothesis Test
section). Data monitoring for the purpose of stopping the trial
early, and thus varying the sample size, is in direct conflict
with fixed sample size methods. The specific problem is that the
rule that was established to declare significance (i.e., rejecting
the null hypothesis) for a one-time test at the end of the trial is
no longer appropriate when conducting the test multiple times
throughout the study. Figure 9.4 is a theoretical illustration of
how defining statistical significance is a by-product of how often
the emerging data is to be analyzed. The lines in the graph dis-
play the evolving p values for 20 fictitious RCTs in which there
were no differences in the effect of treatment (i.e., the null
hypothesis is true). The thick horizontal line demarcates the
conventional boundary for declaring statistical significance
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for a statistical test performed once at the end of the study.
Note that if the data were analyzed only once at the end of
these trials, only one trial in 20 (1/20 or 5% error) would be
considered “significant.” However, if the data are monitored
throughout the trials, then four additional trials reach or
exceed the critical boundary, and therefore ([1� 4]/20) 25% of
these trials would be erroneously considered “significant.”
This represents a fivefold increase in the type I error since all
20 trials were simulated under the null hypothesis. This figure
illustrates why interim monitoring rules must be structured
appropriately in order to properly control the experimental
errors. Notice that the four additional lines that attained p
values � 0.05 eventually return to a nonsignificant p value.
This illustrates that it is not the act of monitoring data that
causes the increase in the type I error but rather premature
study closure and declaring “significance.” 

Data monitoring has a much greater impact than changing
the rules for declaring “significance”; it also changes the mean-
ing of the p value and confidence interval estimates. Reporting
fixed sample size p value in a trial that achieves the entire sam-
ple size but had data monitoring procedures is technically incor-
rect. However, some authors ignore this fact to avoid the
complexity that would result by providing adjusted p values.
Also, data monitoring affects the estimation of the statistical
parameters. The parameter associated with the hypothesis
being tested is biased when interim stopping rules are in use.
For example, a trial that is stopped early due to extreme
improvement in the survival rate among the experimental
group will likely provide overly optimistic estimates of the
reduction in the mortality rate. Another cost to data monitoring
is that the decision to stop a trial early may preclude the study
from properly addressing all of the research objectives. For
example, the Women’s Health Initiative (the component that
evaluated estrogen plus progestin in healthy postmenopausal
women with an intact uterus) was terminated early in the fol-
low-up phase due to the alarming increase in breast cancer risk
in the treated group and the lack of any evidence of reducing
coronary heart disease events (87). The study’s Data
Monitoring Committee voted to unblind the study treatments
and release results early. All study participants were made
aware of the deleterious effects so that they could consider the
consequences of continuing treatment. Any endpoints that
depended on long-term follow-up may no longer be feasible due
to the fact that so many women stopped their study treatments. 

Ideally, investigators should have a thorough understand-
ing of the options and the consequences of monitoring clinical

trials. It is only then that they will be able to provide guidance
to the statistician in order to implement the optimal monitor-
ing plan for the trial under design that is ethical, efficient, and
valid.

ETHICS IN CLINICAL TRIALS
Historically, there have been many personal views expressed
regarding the appropriateness of clinical studies involving
human beings. Specifically, Claude Bernard in 1865 wrote,
“Medicine by its nature is an experimental science, but it must
apply the experimental method systematically.” Prior to
World War II, clinical trials tended to be small and, therefore,
they did not attract significant debate. However, at the
Nuremberg Trials following World War II, it became apparent
that Nazi physicians and military officials had performed
strange and cruel experiments on war prisoners. These egre-
gious violations of ethical conduct horrified the world and led
to the development of the first international codes of ethics for
human experimentation. Most notable of these is the
Nuremberg Code, which was adopted in 1947. These ethical
standards were intended to apply not only to war crimes, but
to human experimentation in general (88). The Nuremberg
Code advanced 10 principles (89):

1. The subjects of a trial should provide voluntary consent.
2. Consent to participate is an ongoing process, which an

individual can revoke at any time.
3. The study should provide worthwhile results unavail-

able by other means.
4. The design should reflect the current state of knowledge

from animal studies or other empirical studies.
5. The study procedures should be conducted so as to

avoid unnecessary injury or suffering.
6. The risk to the subject should be consistent with the

study benefits.
7. No deaths or disabling injury can be expected to result

from the study procedures.
8. Appropriate precautions must be taken to protect sub-

jects from any harm.
9. The assessment of risk and benefit is a continuous

process. An investigator is obliged to terminate the trial
when the risk of injury is imminent.

10. The study should be planned, executed, and reported by
qualified individuals.
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Unfortunately, at the time these codes were adopted they had
very little practical influence on the practices of human exper-
imentation within the U.S. medical community. Many investi-
gators considered them unrelated to clinical trials (90). Also,
some important issues were not addressed in these guidelines,
such as the inclusion of individuals who are mentally or phys-
ically unable to provide an informed consent.

Based on the standards set forth at the Nuremberg Trials,
the World Medical Association (WMA), at its 18th Assembly
held in Helsinki, Finland, in 1964, adopted recommendations
to guide physicians who participate in medical research
involving human subjects. This document has become known
as the Helsinki Declaration (91). It has been subsequently
amended several times and most recently at the 52nd General
Assembly, in Edinburgh, Scotland, in 2000. The current guide-
lines concede that “medical progress is based on research that
ultimately must rest in part on experimentation involving
human subjects.” It stresses that the risks to an individual
incurred through participation in a research trial must be bal-
anced against the potential benefits. While all subjects must be
adequately informed of the goals, procedures, anticipated ben-
efits, and potential hazards, ultimately, responsibility for the
human subject must always rest with a medically qualified
person and never with the research subject him- or herself.
Finally, in research involving human beings, “the interests of
science and society should never take precedence over consid-
erations related to the well-being of the subject” (91).

A few years after the Helsinki Declaration was adopted,
Henry Beecher published an article that identified 22 clinical
trials with serious deficiencies in clinical ethics (92). Each trial
violated one or more of the principles advanced in the
Helsinki Declaration and endangered the health or the life of
the subjects. Many of these studies were conducted at promi-
nent U.S. university medical schools, and many were either
federally funded or funded by well-known pharmaceutical
companies. In order to explain why an investigator would
participate in these studies, Beecher suggested that the pres-
sures for career advancement and promotion might have influ-
enced ambitious physicians. Shortly afterwards, the Tuskegee
and Willowbrook incidents also captured national attention.
In the first incident the U.S. Public Health Service monitored
201 men in Tuskegee, Alabama, with advanced syphilis to
determine the natural history of this disease. This study con-
tinued despite the availability of an effective treatment. In the
second incident mentally handicapped children at the
Willowbrook Hospital in New York State were intentionally
infected with viral hepatitis. 

In reaction to these incidents the U.S. Congress established
the National Commission for the Protection of Human Subjects
of Biomedical and Behavioral Research by passing the National
Research Act of 1974. The purpose of this commission was to
investigate the ethical problems in clinical research. This act also
mandated that all research studies funded entirely or in part
by the federal government be reviewed by Institutional Review
Boards (IRBs). The commission described the role of the IRBs
and provided ethical guidelines for research involving human
subjects. These guidelines are presented in the Commission’s
1978 Belmont Report. There are three important ethical prin-
ciples for clinical research articulated in this report: respect for
persons, beneficence, and justice. 

The principle of respect for persons acknowledges that
autonomous individuals, who are properly informed, should be
free to exercise self-determination. At the same time, it recog-
nizes that not all individuals are capable of self-determination
and these persons must be protected (93,94). The informed-
consent process arises from this principle. The principle of
beneficence acknowledges that there is often a potential for
both benefit and harm to the subjects of clinical research. This
principle not only requires that there be a favorable balance

toward benefit, but that the potential for harm be minimized
and justified. The principle of justice requires that the bur-
dens and benefits of research be distributed fairly. An injus-
tice occurs when one group bears a disproportionate burden
of research while another reaps a disproportionate share of
its benefits. Therefore, those obstacles that tend to limit
access to clinical trials, such as study eligibility criteria, must
be appropriately justified or else eliminated (see the Eligibility
Criteria section).

The actualization of these principles can be controversial.
For example, some authors have noted that there is a natural
tension between the science and practice of medicine. On one
hand, physicians have an uncompromisable covenant of loy-
alty and fidelity with their patients. This obliges the physician
to exercise his or her best judgment in making treatment rec-
ommendations for each individual. The “randomized clinical
trial routinely asks physicians to sacrifice the interests of their
patients for the sake of the study” (95). On the other hand,
there are many diseases in which the best available treatment
is not known, or worse, the recommended treatment is based
on limited scientific data and hunches that may be ineffective
or even harmful. Historical examples include bezoar stone as
a general antidote, bloodletting or purging for dysentery (5),
thalidomide for sedation of pregnant women, and antiarryth-
mic drugs following a myocardial infarction (96). 

Dichotomizing the role of a physician as either caregiver or
scientist is problematic. These roles should be viewed as part
of a continuum that requires balance. “The tension between
the interdependent responsibilities for providing personal and
compassionate care, as well as scientifically sound and valid
treatment, is intrinsic to the practice of medicine today. This
tension is structurally part of the medical profession’s
covenant with the human community, not merely the expres-
sion of an individual physician-investigator’s disordered inten-
tions” (97). Not every medical issue is amenable to an
experimental study. The efficacy of penicillin and the hazards
of smoking were recognized without subjecting them to the
rigors of a randomized clinical trial. Even among those issues
that can be studied, it is not always clear that they should be.
There certainly are many instances when clinical trials have
been initiated in the absence of an ethical consensus (98,99).

This dichotomized view of the physician’s role arises from
the physician’s responsibility to both the individual patient
and the community. However, clinical trials are not the only
instance when ethical consideration of the individual and the
collective ethics can conflict. For example, it may be in the best
interest of an individual to always be operated on by the most
experienced surgeon, but society needs inexperienced sur-
geons to gain experience for future patients (100). The rising
cost of health care also makes it necessary to frequently weigh
the needs of the individual against the community’s resources.
This dichotomy in the physician’s role leads to an artificial
double standard, one for the practitioner and another for the
investigator. Physicians who are not involved in clinical trials
are no less obligated to inform their patients of treatment alter-
natives, as well as of the potential risks and benefits of each alter-
native. Also, respect for a patient’s right to self-determination
is appropriate regardless of whether the patient is involved in
a clinical trial (89). 

Another controversial area in clinical trials occurs when a
new therapeutic approach consists of the standard therapy
augmented with a promising new experimental drug. The
experimental therapy is frequently associated with more risks
than the standard approach. The justification for the random-
ized trial arises from the uncertainty over whether the addi-
tional risks may be offset by the benefits of new treatment.
However, when given a choice between standard therapy and
randomization, some patients with a generally fatal disease
prefer to refuse randomization and “take their chances” with
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the experimental treatment outside the study. In this case,
some investigators are reluctant to expose a patient to the
risks of an unproven therapy, outside of a clinical trial. It has
been suggested that this provides another example of when
clinical trials “violate the physician-patient relationship, forc-
ing investigators to use patients instead of treating them as
individuals” (63). Markman (101) has proposed another twist
on this same issue. When paclitaxel was first being evaluated
in ovarian cancer trials (in 1990), the supply of the drug was
limited and it was not generally available outside of a clinical
trial. The only chance a patient had to receive paclitaxel in
front-line therapy was to accept randomization with a clinical
trial. In this case the patient’s choice was to receive standard
therapy or consent to a randomized trial in return for a 50-50
chance of getting the experimental therapy.

There are ethical considerations that must be addressed at
every point throughout a study, beginning with its design. “An
experiment is ethical or not at its inception; it does not
become ethical post hoc” (92). The study must begin with
clear and meaningful objectives that are worthy of investiga-
tion. Studies that address unimportant issues cannot be ethi-
cally justified. The study methods and design follow directly
from these objectives. Since a study needs to be both scientifi-
cally and ethically justified, the investigators involved in the
study must be both technically and humanely competent (89).
Technical competence implies an appropriate level of educa-
tion, knowledge, certification, and experience, while humanis-
tic competence implies both compassion and empathy. The
execution of the study must be devoid of scientific miscon-
duct. Scientific misconduct includes any behavior that com-
promises the validity of the findings or violates the rights of
the subjects who participate in the study (102). Since miscon-
duct can arise from either fraud or incompetence, constant
vigilance is the only countermeasure. 

Finally, since those physicians not involved in the study
base their judgments about the internal and external validity
of the study on summaries, all publications must be prepared
accurately, completely, and objectively.
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provides the best spatial and soft-tissue resolution, but it
comes at the cost of a significant decrease in the size of the
field of view. Sonohysterosalpingogram (SHg), which utilizes
TVS while distending the endometrial cavity with fluid, can be
useful in evaluating the endometrium.

Computed Tomography

CT is the primary imaging modality for evaluating the overall
extent of a known gynecologic malignancy and for detecting
residual and recurrent pelvic tumors. CT staging is more accu-
rate than clinical staging in locally advanced disease and in
cancers with a high propensity for lymphatic or peritoneal
metastases. CT can also survey the brain, chest, and upper
abdomen to provide information about extrapelvic disease.
CT-guided biopsy can confirm metastatic spread of disease.
Small and difficult to access masses are sometimes more readily
biopsied using CT fluoroscopy (1).

Advantages of CT include ready availability, short scanning
times, large field of view, and high spatial resolution. The advent
of multidetector CT (MDCT) using continuous spiral (helical)
acquisitions and multirow detector arrays (4-, 16-, 32-, and 64-
slice systems) allows for faster scanning with higher image
quality. Rapid technologic advances in MDCT include the abil-
ity to obtain submillimeter slice thickness, multiphasic contrast
studies (such as arterial and venous phase enhancement after a
single injection), CT angiography, endoluminal “fly-through”
techniques (as used in CT colonoscopy), and rapid three-
dimensional (3-D) reconstructions. 

Disadvantages of CT include the use of ionizing radiation,
degradation of image quality by patient body habitus or
metallic implants, such as a hip prosthesis, and the morbidity
and mortality associated with iodinated contrast agents.
Despite technical improvements, CT remains of limited utility
in the detection of primary gynecologic malignancies and the
characterization of early-stage disease.

Magnetic Resonance Imaging

There is substantial evidence supporting the usefulness of MRI
in staging gynecologic malignancies. MRI has been shown to
be superior to CT in the staging of endometrial and cervical
cancers (2,3). MRI may also be useful in the staging of ovarian
cancer and gestational trophoblastic disease (GTD). In addition,
MRI can often differentiate radiation fibrosis from recurrent
tumor (4) and is useful in the detection of recurrent cervical

INTRODUCTION
This chapter addresses the role of diagnostic imaging in evalu-
ating gynecologic malignancy. Comprehensive imaging of the
female pelvis can be achieved using a combination of ultrasound
(US), computed tomography (CT), magnetic resonance imaging
(MRI), and 2-[18F]-fluoro-2-deoxy-D-glucose positron emission
tomography (FDG-PET). The objectives of imaging in gyneco-
logic oncology are straightforward: primary tumor detection
and characterization, image-guided percutaneous biopsy, stag-
ing, monitoring treatment response, and detecting tumor
recurrence. Each imaging modality listed above is appropriate
only in certain clinical situations and this chapter discusses
not only what is possible in imaging of the female pelvis, but
also what is appropriate for a given clinical situation. In some
instances, more than one modality may be appropriate, and it
is best to discuss the clinical question with the radiologist to
determine which modality will be most useful. As with any
changing technologic arena, imaging strategies are not static
and require continuous updating and reevaluation.

IMAGING MODALITIES

Ultrasound

US is considered the initial imaging modality of choice in the
workup of most pelvic disorders. Currently, the accepted roles
of US in women with suspected gynecologic malignancy
include characterization of adnexal masses to help differenti-
ate benign from malignant ovarian masses, identification of
endometrial abnormalities in women with intermenstrual or
postmenopausal bleeding, and detection of primary or recur-
rent gestational trophoblastic disease in women with elevated
serum beta human chorionic gonadotropin (β-hCG) levels. US
is also used to guide biopsy of primary pelvic tumors and/or
metastases and to guide drainage of postoperative fluid collec-
tions such as lymphoceles, seromas, or abscesses. The role of
US in screening high-risk patient populations for ovarian or
endometrial carcinoma remains controversial.

US offers many advantages: it is relatively inexpensive, is
widely available, provides multiplanar imaging, and is with-
out known risk. However, US has many limitations as well: it
is operator dependent; it is a limited, targeted exam; and
image quality may be significantly degraded by patient body
habitus and/or bowel gas. Transvaginal ultrasound (TVS)
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cancer. The accuracy of MRI assessment of lymph node invasion
is similar to that of CT; both rely on size criteria to detect
adenopathy (5). In addition, MRI-guided biopsies are gaining
wider clinical acceptance.

Although MRI is still relatively expensive, it minimizes
costs in some clinical settings by limiting or eliminating the
need for more expensive and/or more invasive diagnostic or
surgical procedures (6,7). There are at least three cost-mini-
mizing indications for MRI in the evaluation of women with
gynecologic malignancy: (a) the staging of invasive cervical
carcinoma as an adjunct to clinical examination; (b) the pre-
operative management of women with endometrial cancer (8);
and (c) the characterization of adnexal lesions when US and
clinical examination are indeterminate (6,7). In addition, a
meta-analysis of imaging endometrial cancer found that MRI
was the best modality for multifactorial assessment (8).

Advantages of MRI include superior soft-tissue contrast,
absence of ionizing radiation, multiplanar capability, and rela-
tively fast (i.e., breath-hold and breathing-independent) tech-
niques. MRI is the modality of choice for patients with allergies
to iodinated intravenous contrast media or renal impairment.
However, clinicians should be aware that gadolinium contrast
agents used in MRI have recently been associated with the
development of nephrogenic systemic fibrosis (NSF), a rare pro-
gressive connective tissue disease, in patients with end-stage
renal disease and/or acute renal failure. Current recommenda-
tions from the American College of Radiology (9) include
immediate dialysis after administration of a gadolinium con-
trast agent and a risk-benefit assessment on the use of gadolin-
ium contrast in this patient population.

One disadvantage of MRI is the longer scan times when
compared to CT. In addition, MRI is contraindicated in patients
with pacemakers, cochlear implants, certain vascular clips,
metallic objects in the eye, and neural stimulators. Furthermore,
some patients may experience claustrophobia and may require
sedation in order to complete a diagnostic examination. 

Positron Emission Tomography

PET with the glucose analog FDG images tumors by showing
areas of increased glucose uptake (10). FDG-PET thus takes
advantage of a biochemical change (the accelerated rate of
glycolysis) associated with malignancy that often precedes, and
can be more specific than, the structural changes visualized by
more conventional imaging means. This capability is the
biggest advantage FDG-PET has over other modalities. FDG-
PET does not have the same spatial resolution or soft tissue
contrast as US, CT, or MRI, but image fusion techniques that
overlay FDG-PET images onto anatomic images are available.
PET-CT scanners, which are equipped with both PET and CT
detectors, allow both modalities to be performed at once and
have gained wide clinical acceptance.

In recent years, research has shown that FDG-PET is useful
for the detection of recurrent ovarian, cervical, and endome-
trial cancer and for the staging of cervical cancer. As further
research is done, more applications of FDG-PET in evaluation
of gynecologic malignancies will become known.

There are several disadvantages of FDG-PET. False nega-
tives can occur with lesions smaller then 1.0 cm and with cer-
tain tumor types that demonstrate low metabolic activity.
False-positive results can be seen with several inflammatory
disorders such as tuberculosis and granulomatous disease.

Excretory Urography

The use of excretory urography in the evaluation of gyneco-
logic malignancies has been on the decline for several years; it
is neither sensitive nor accurate in delineating tumor extent

and bladder invasion (11). Today, cross-sectional examinations
provide similar and, in most instances, additional information.

Barium Enema

Barium enema (BE) in the workup of gynecologic pelvic can-
cers is also on the decline. If BE is used, signs of bowel
involvement include fixation and tethering of the bowel wall,
irregular serrations at the mass–colon interface, an annular
defect from circumferential involvement, and mucosal ulcera-
tion and fistulization from complete transmural invasion.
Unfortunately, these signs are not specific for involvement
from gynecologic cancer (12). In fact, BE has a low positive
yield when used in the routine evaluation of women with
gynecologic malignancy—it is useful only in the workup of
women with advanced disease for the detection of specific
complications (13). Cross-sectional imaging has the advantage
of providing information about structures surrounding the
bowel and, thus, eliminates the need to infer this information
indirectly from findings on BE.

EXAMINATION TECHNIQUES
AND NORMAL ANATOMY

Ultrasound

Techniques

Adequate ultrasound evaluation of the female pelvis requires a
transvaginal approach. By placing the transducer closer to the
organs of interest, less penetration of the US beam is necessary
and a higher frequency probe can be used. The use of a higher
frequency transducer, typically 5.0 to 7.5 MHz, results in sig-
nificantly improved spatial resolution and fewer imaging arti-
facts in comparison to transabdominal imaging but at the cost
of a smaller field of view. Hence, transabdominal imaging
must be considered an important complementary imaging
technique if the mass is larger than the TVS field of view, the
ovaries are displaced out of the pelvis, the ovaries are not visu-
alized because of the presence of bowel gas, or to evaluate
important ancillary findings such as hydronephrosis, ascites,
peritoneal and/or hepatic implants, and liver metastases.
Transabdominal imaging also provides a better overall view of
the pelvis and the relationship of female pelvic organs to the
pelvic sidewall and bladder.

Patients undergoing TVS are examined with an empty
bladder in the supine position with the knees flexed and the
hips slightly elevated and externally rotated. A gel-filled con-
dom is placed over the 5.0- to 7.5-MHz probe, which is inserted
into the vagina following application of an external lubricant.
Transabdominal pelvic imaging is performed with a 3.5- to
5.0-MHz curved array transducer using a distended urinary
bladder as an acoustic window to view the female pelvic organs.

Three-dimensional ultrasound is a new ultrasound tech-
nique that has been shown to decrease scanning time and pos-
sibly improve diagnostic confidence in pelvic imaging (14,15). 

Sonohysterography (SHG) is a technique that is increasingly
performed to better evaluate the endometrium (Fig. 10.1). With
this technique, sterile saline is infused into the endometrial cav-
ity under continuous TVS guidance. The sterile saline distends
the endometrial cavity, separating the anterior and posterior
endometrial layers and outlining the endometrial surface. 

To perform a SHg, a baseline TVS examination is initially
done. After insertion of a single-hinged speculum, the cervix
is cleansed with Betadine and a 5F to 7F catheter is threaded
through the cervical os. The catheter should be flushed with
saline prior to insertion to remove the air from the lumen of

198 Section I: Epidemiology of Gynecologic Cancer

Barakat_CH10-197-230.qxd  2/24/09  4:38 PM  Page 198



the catheter. A balloon catheter may be used, but care should
be taken to remove the air from the balloon before insertion.
The speculum is removed and the endovaginal probe rein-
serted. Under continuous ultrasound imaging, 10 to 60 mL of
sterile saline is slowly infused and images are obtained in both
sagittal (long axis) and transverse (short axis) planes (16,17).
If a balloon catheter is utilized, it should be deflated at the end
of the procedure to allow complete visualization of the lower
uterine segment. Antibiotic prophylaxis can be considered in
patients who normally take prophylactic antibiotics prior to
dental work. Premedication with nonsteroidal anti-inflamma-
tory agents will minimize uterine cramping. Contraindications
to SHG include hematometria and acute pelvic inflammatory
disease. 

Three-dimensional SHG is becoming more commonly
used. This technique reduces operator dependence and length
of examination time and has been reported to provide signifi-
cant additional information in a majority of patients (18).

Normal Uterus 

The normal myometrium (Fig. 10.2) is homogeneous in echo-
texture and intermediate in echogenicity. Anechoic tubular
structures separating the outer one third from the inner two
thirds of the myometrium represent the arcuate vessels, which

are best seen on color flow imaging. The internal os can be
recognized as a slight constriction of the uterine contour. Uterine
volume is calculated using the formula 1/2 (L � W � D). 

The endometrium should be measured at the thickest part
of the endometrial stripe in the uterine fundus on a midline
sagittal image, and by convention is always reported as a dou-
ble-layer measurement. The normal endometrium is highly
echogenic. However, the thickness and echotexture of the
endometrium vary with the hormonal status of the patient. At
the end of the menses, the endometrial stripe is highly
echogenic and measures approximately 2 to 3 mm. During the
proliferative stage, the endometrium becomes less echogenic
and thickens, reaching a maximum of 8 mm. Before ovula-
tion, a trilaminar appearance of the endometrium has been
described. The central thin echogenic line represents a reflec-
tive artifact and/or mucus and secretions between the anterior
and posterior layers of the endometrium. Subjacent is the sec-
ond layer, which is the relatively hypoechoic functionalis layer.
The third layer is the surrounding deeper basalis layer, which
remains echogenic. Following ovulation, the functionalis layer
becomes thicker and more echogenic then during the secretory
phase such that the entire stripe may reach 15 mm in thickness
and is more uniformly echogenic just prior to menstruation
(19). In some patients, the innermost layer of myometrium is
relatively hypoechoic compared to the immediately subjacent
endometrium and is termed the subendometrial halo. The
subendometrial halo is less commonly visualized in post-
menopausal women. Neither the subendometrial halo nor
fluid or debris within the endometrial cavity should be
included in measurements of the endometrial stripe. At SHG,
the endometrium should be homogeneous, symmetric, and
regular without mass effect. The sum of the width of the two
layers should not exceed the maximum acceptable width for
the patient’s hormonal status.

The uterine artery originates from the internal iliac artery.
Pulse Doppler examination will demonstrate a high imped-
ance waveform characterized by an early diastolic notch and
relatively little diastolic flow. Only minor changes occur in the
uterine artery waveform during the menstrual cycle.

In postmenopausal women, the uterine corpus shrinks until
it approximates the length of the cervix. The endometrium
atrophies and should appear as a thin, regular echogenic line
�5 mm in width (20). In women taking hormonal replace-
ment therapy (HRT) less uterine and endometrial atrophy
occurs (21). Women taking sequential HRT are best examined
following withdrawal bleeding and the progesterone phase of
their cycle when the endometrium is expected to be at the
thinnest.
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FIGURE 10.1. Normal sonohysterosalpingogram. Endometrial cavity is distended with fluid (white asterisk).
Catheter (black arrow) is within the lower uterine segment (A) and then is pulled back (B) to allow visualiza-
tion of the endometrial cavity within the lower uterine segment (white arrow).

FIGURE 10.2. Normal uterus on ultrasound. Uterine myometrium
demonstrates a homogeneous echotexture (white arrow). The endo-
metrium is a highly echogenic thin line (black arrow). Note the trace
amount of anechoic fluid in the endometrial canal.
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Normal Ovaries 

The US appearance of the ovaries (Fig. 10.3) also changes
with the patient’s hormonal status. The premenopausal ovary
has a relatively homogeneous outer cortex with a more
echogenic central medulla. Small anechoic follicles are com-
mon. At ovulation, one follicle becomes dominant, reaching a
maximum diameter of 2.0 to 2.5 cm. Following ovulation, the
corpus luteum develops. The corpus luteum may contain
debris and/or hemorrhage and often involutes, appearing to be
crenelated just prior to menstruation. The ovaries atrophy
with menopause and contain fewer follicles. Therefore, post-
menopausal ovaries are more difficult to visualize with ultra-
sound. In women taking HRT, less ovarian atrophy will occur
and follicles will continue to develop. 

Doppler evaluation of ovarian blood flow is best per-
formed during days 3 to 7 of the menstrual cycle. The ovary
undergoing ovulation in a given cycle demonstrates a rela-
tively high-velocity, low-resistance arterial waveform with
continuous forward diastolic flow. The contralateral ovary
will typically demonstrate a higher-resistance low-velocity
arterial waveform with either very low or no diastolic flow.

Computed Tomography

Techniques

CT studies of the pelvis require contrast opacification of
the distal small bowel and colon. In some centers, patients
receive 500 mL of a 2% barium solution the evening preced-
ing the examination and an additional 500 mL 45 minutes
before the CT scan. In other protocols, the patient receives
600 to 1,000 mL of dilute oral contrast at least 1 hour before
the examination, coupled with a 200-mL dilute contrast
enema. Iodinated intravenous (IV) contrast is used in pelvic
CT imaging to opacify the bladder and ureters, to differentiate
contrast-filled blood vessels from adjacent lymph nodes, to
enhance the myometrium, to visualize the endometrial cavity,
and to delineate hypodense tumor boundaries from contiguous
normal organ parenchyma.

MDCT is the standard of care in most hospital and outpa-
tient settings. Optimal IV contrast enhancement for these
faster scanners requires a mechanical power injector to admin-
ister 100 to 120 mL of IV contrast at a rate of 2 mL/s or more.
Scan parameters including injection rates, scan delays, and
collimation vary based on the specific protocol used and

imaging objective. With MDCT, it is easy to obtain multipha-
sic contrast examinations with arterial and venous phase
images. Increased radiation exposure for multiple passes
must be balanced with the likelihood of increased clinical
yield. The enormous data sets generated by MDCT studies
require sophisticated software and computer workstations to
fully exploit the technology (1).

Normal Uterus and Pelvic Structures

On CT, the vagina, cervix, and uterine corpus can be differen-
tiated based on both morphologic and enhancement charac-
teristics. The uterine corpus appears as a triangular or ovoid
soft-tissue mass posterior to the urinary bladder (Fig. 10.4).
The cervix is a more rounded structure. At the level of the
fornix, the vagina has a flat rectangular or crescentic shape.
Following bolus intravenous contrast administration, the
myometrium in the uterine corpus enhances to a greater
degree than that of the cervix. The endometrium can often be
delineated from the enhancing myometrium. The broad and
round ligaments can be seen coursing laterally and anteriorly,
respectively. Occasionally, the uterosacral ligaments are depicted
as arc-like structures extending from the cervix to the sacrum.

Normal Ovaries

In the premenopausal patient, the normal ovaries are routinely
seen, usually posterolateral to the uterine corpus. Their uni-
form soft-tissue density is punctuated by small cystic regions
representing follicles (Fig. 10.5). In the postmenopausal patient,
the ovaries are small and less readily detected.

Magnetic Resonance Imaging

Techniques

It is recommended that patients fast for 4 to 6 hours before an
MRI examination or be given an antiperistaltic (e.g., 1.0 mg
glucagon intramuscularly). The routine use of bowel contrast
agents is controversial, but some investigators advocate the
administration of varying amounts (typically 400 to 600 mL)
of oral contrast 10 to 40 minutes prior to an MRI examina-
tion (22). When an oral contrast agent is used, the antiperi-
staltic is given just before scanning to optimize image quality
(23). Gadolinium contrast (0.1 µmol/kg) is administered intra-
venously to opacify vessels, to highlight tumor interfaces, to
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FIGURE 10.3. Normal ovary on ultrasound. Ovarian parenchyma
demonstrates a homogeneous echotexture with multiple anechoic
follicles (arrows).

FIGURE 10.4. Normal uterus on CT. Uterus (white asterisk) is a
triangular-shaped soft-tissue density posterior to the bladder (black
asterisk) and anterior to the bowel (black X).
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assess lymph nodes, to detect fistulas, and to identify local,
regional, and distant metastases. Patients are usually scanned
in the supine position, with the bladder empty at the begin-
ning of the study.

Using a high field strength (�1 tesla) MRI system and a
phased-array body surface coil, high-resolution T2-weighted
(T2W) images are obtained in under 5 minutes using fast-spin
echo technique (FSE) (24). Recently, parallel imaging has been
gaining momentum. Parallel imaging allows for faster acquisi-
tion of T2W-FSE sequences by a factor of two or provides
twice the spatial resolution for a given acquisition time. Although
there are even faster imaging techniques (e.g., breath-hold FSE
and breathing-independent half Fourier acquisition single-
shot turbo spin echo [HASTE]), they do not have the same
spatial resolution as FSE and therefore cannot replace T2W-
FSE for evaluating the primary tumor and extent of disease
(24,25). These other T2W sequences (e.g., rapid acquisition
relaxation enhanced [RARE], HASTE), however, are particu-
larly attractive for performing MRI urography (MRIU) as an
adjunct to T2W-FSE images (26).

Normal Uterus and Pelvic Structures

Pelvic anatomy is exquisitely demonstrated on MRI scans. On
T1-weighted (T1W) sequences, the normal pelvic musculature
and viscera demonstrate homogeneous low to medium signal
intensity. Cortical bone demonstrates low signal intensity and
fatty marrow is high in signal intensity. Similarly, intrapelvic
fat demonstrates high signal intensity. 

It is the soft-tissue contrast afforded by T2W sequences,
however, that is the basis for the strength of MRI in pelvic
imaging. On these sequences, the uterus, cervix, and vagina all
exhibit distinct layers of different signal intensity—the so-called
zonal architecture (Figs. 10.6 and 10.7). The endometrium
shows high signal intensity, usually higher than the signal
intensity of subcutaneous fat. The peripheral myometrium is
intermediate in signal intensity, being higher in signal intensity
than striated muscle. Interposed between these two layers is a
narrow band of decreased signal intensity, the junctional zone,
which corresponds to the innermost myometrium (Fig. 10.6).
The signal properties of the junctional zone reflect its lower
water content, compared with the rest of the myometrium,
which may be a function of its decrease in extracellular matrix
per unit volume (27,28). The three zones seen on MRI images
are not comparable to the different zones seen on US (29). The
endometrium is well visualized with MRI, including the varying
width of the endometrium (both leaflets) seen with the menstrual

cycle (30). In postmenopausal women not receiving exogenous
hormones, uterine zonal anatomy is indistinct, and the endome-
trium typically measures less than 3 mm (30).

The cervix also demonstrates zonal architecture on T2W
sequences (Fig. 10.7). There is an inner area of high signal
intensity, which is believed to represent epithelium and mucus;
a middle area of predominantly low signal intensity, which is
believed to represent fibrous stroma with a higher cell count
or more nuclei; and an outer area of medium signal intensity,
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FIGURE 10.5. Normal ovary on CT. Ovary (black arrow) is a soft-
tissue density with small cystic spaces corresponding to follicles.
Note the uterus (white arrow) adjacent to the right ovary.

FIGURE 10.6. Normal uterus on MRI. Sagittal T2W image through
the uterine midline. The uterine zonal anatomy is seen with the
intermediate-T2W-signal myometrium (long black arrow), low-T2W-
signal junctional zone (white arrow), and high-T2W-signal endometrium
(short grey arrow).

FIGURE 10.7. Normal cervix on MRI. Sagittal T2W image through
the cervix. The cervical zonal anatomy is apparent with an innermost
high signal layer (long black arrow), outermost intermediate signal layer
(short grey arrow), and a low signal layer in between (white arrow). 
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which is believed to represent fibrous stroma with a lower cell
count or fewer nuclei and a high degree of vascularity (31,32).
The use of pelvic surface coils has revealed yet another cervical
layer: interposed between the high-signal-intensity endocervi-
cal canal and the low-signal-intensity fibrocervical stroma is a
feathery layer of intermediate signal intensity, which is thought
to represent the mucosal folds or plicae palmatae.

T2W images of the vagina reveal two zones, the bright
vaginal mucosa and the intermediate-signal-intensity vaginal
wall. The low-signal-intensity ligamentous structures are iden-
tified by their anatomic location.

Following the administration of gadolinium contrast, the
zonal anatomy of the uterus is demonstrated on fat-saturated
T1W images. The endometrium and outer myometrium enhance
to a greater extent than the junctional zone. Similarly, in the
cervix, the inner cervical mucosa and outer smooth muscle
enhance more than the fibrocervical stroma. The parametrial
tissues, vaginal wall, and submucosa also enhance after gadolin-
ium contrast administration.

Normal Ovaries 

On T1W images, the ovaries display homogeneous low to
medium signal intensity, whereas on T2W images (Fig. 10.8),
the follicles become brighter than the surrounding stroma.
The normal fallopian tubes are not routinely imaged because
of their small size and tortuous course.

Positron Emission Tomography

Techniques

Patient preparation is crucial to high-quality FDG-PET imag-
ing. Physiologic uptake of tracer needs to be limited in order
to achieve the best signal-to-noise ratio. After intravenous
injection, FDG is distributed by the bloodstream and taken up
by glycolytically active tissues including the brain, myocardium,
liver, spleen, bone marrow, gastrointestinal tract, testes, and
skeletal muscle. Other less common sites of FDG uptake
include the endometrium, breast, major and minor salivary
glands, and brown fat. FDG is excreted by the kidneys and
therefore intense uptake can be seen in the renal collecting
systems, ureters, and bladder.

The patient is asked to fast for at least 4 hours prior to the
FDG-PET scan in order to keep insulin levels low. Elevated

insulin levels drive FDG into skeletal muscle, often leading to
a nondiagnostic examination. Blood glucose is checked prior
to FDG injection. Blood glucose levels less than 200 mg/dL are
acceptable at most institutions. If blood glucose levels are
found to be above this level, most institutions will not perform
the study or will evaluate the situation on a case-by-case basis.
Specific protocols are used for diabetic patients. 

Bladder/urine activity cannot be removed, but steps are
taken to reduce the amount of activity. Adequate hydration
and frequent urination, including voiding immediately prior
to imaging, are used to help reduce this activity. Some centers
use IV hydration. However, care should be taken to ensure
that no dextrose is in the IV fluid.

Patients are asked to not engage in any heavy activity or
gum chewing the day before the FDG-PET exam. After the
injection of 5 to 10 mCi FDG intravenously, the patient is
asked to lie quietly in the supine position without talking in
order to limit skeletal muscle FDG uptake. Imaging occurs 60
to 90 minutes after FDG injection and lasts 30 to 45 minutes,
depending on the specific protocol.

Normal Pelvic Structures

In premenopausal patients, uterine and ovarian FDG uptake is
related to the menstrual cycle. Ovarian FDG uptake occurs in
the late follicular to early luteal phase of the menstrual cycle.
The most intense endometrial FDG uptake occurs during the
first 3 days of the menstrual cycle (33). Therefore, pre-
menopausal patients should be imaged a week before to a few
days after menstruation.

There is no physiologic uptake of FDG in the uterus or
ovaries of postmenopausal patients (33). No studies to date
have evaluated physiologic uptake of FDG in the uterus and
ovaries in women on tamoxifen or HRT.

CERVICAL CANCER

Introduction

Cervical cancer is typically detected clinically (Pap smear
and/or physical exam), with imaging being most often
reserved for staging, monitoring treatment, and detecting
recurrence in patients with advanced disease. US, CT, MRI,
and FDG-PET all play a role in the management of patients
with known cervical cancer.

Primary Detection and Characterization 
of Cervical Cancer

Cervical cancer is usually detected by physical exam or from
results of a Pap smear. Imaging rarely plays a role in the pri-
mary detection and characterization of cervical cancer.

Ultrasound

Early cervical carcinoma is difficult to detect with either trans-
abdominal or transvaginal sonography. Transrectal ultra-
sound (TRUS) can sometimes allow better visualization of the
uterine cervix (34). High-frequency 20-MHz miniature intrac-
ervical US probes are a promising technique in the evaluation
of cervical cancer. These probes are able to detect early can-
cers (invasion �5 mm) (35,36). However, more research is
needed before this technique is useful clinically.

On US, cervical tumors are hypoechoic or isoechoic masses
with ill-defined margins. Occasionally, a hypoechoic cervical
tumor can mimic a cervical myoma. If the tumor obstructs the
endocervical canal, hydrometra and/or hematometra will be
present, which is readily detectable with US.

202 Section I: Epidemiology of Gynecologic Cancer

FIGURE 10.8. Normal ovary on MRI. Axial T2W image showing the
normal ovary (black arrow) with intermediate-T2W-signal stroma
and high-T2W-signal follicles. Note the uterus in the midline (white
arrow) with a posterior fibroid (white asterisk).
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Magnetic Resonance Imaging

The ever-increasing body of literature on MRI and cervical
cancer suggests that MRI is superior to US for delineating the
primary tumor site and size. These MRI advantages are pri-
marily due to the superior soft-tissue contrast of MRI and the
ability to define the tumor in the orthogonal plane (37,38).
On T2W images, the characteristic feature of cervical cancer is
an intermediate-signal-intensity mass. The T2W signal inten-
sity of the tumor is usually greater than the normal low T2W
signal intensity of the fibrocervical stroma.

On T1W images, cervical tumors are usually isointense
compared to the normal cervix and may not be visible.
Gadolinium contrast highlights tumor heterogeneity and aids
in the differentiation of viable tumor from debris and necrosis
(39). Primary cervical tumors demonstrate increased early
enhancement relative to the normal adjacent cervical stroma
(Fig. 10.9). On later postcontrast T1W images the tumor
enhancement becomes less marked, and on delayed images the
tumor may be isointense or hypointense compared to the adja-
cent normal cervical stroma (40). Dynamic imaging may
improve the detection of small lesions and assessment of stro-
mal invasion (40,41). Signal-intensity-versus-time curves,
however, do not appear to make a significant contribution to
the evaluation of tumor aggressiveness (42).

In contrast to squamous-cell cervical carcinoma, adenoma
malignum, a rare form of cervical adenocarcinoma, is depicted
as a high-signal-intensity multicystic lesion on T2W sequences.
The tumor extends from the endocervical glands to the deep
cervical stroma and may mimic nabothian cysts. On postcon-
trast T1W images, solid portions within the tumor enhance,
which is a feature that helps distinguish adenoma malignum
from nabothian cysts (43).

Primary Detection and Characterization 
of Cervical Cancer Recommendations

Cervical carcinoma is most commonly detected by physical
exam or from the results of a Pap smear. MRI is the current
study of choice if imaging is necessary in this situation.

Staging Cervical Cancer

Recommendations for diagnostic evaluation of tumor staging
derive from the International Federation of Gynecology and
Obstetrics (FIGO) clinical staging system and are based on
findings from physical examination, colposcopy, lesion biopsies,
chest radiography, cystoscopy, sigmoidoscopy, intravenous
urography (IVU), and BE. When compared with surgical stag-
ing, clinical FIGO staging is flawed, with a reported error rate
of 17% to 67%. These sobering statistics primarily reflect failure
to identify parametrial extension (38,44,45). The detection of
parametrial invasion is crucial in the treatment decision
process. The staging accuracy for both BE and IVU are dismal,
with both tests being positive only in advanced disease.
Whereas hydronephrosis or a nonfunctioning kidney can be
detected with IVU, it is insensitive to tumor extent (46,47).
Furthermore, clinical FIGO staging does not include evalua-
tion of lymph node metastases. Although cross-sectional
imaging is not mandated by FIGO, many women are referred
for cross-sectional imaging to stage cervical cancer when
advanced-stage disease is suspected.

Ultrasound

Transabdominal sonography plays a limited role in the staging
of cervical cancer and is inferior to other cross-sectional
modalities in this role. Although the improved spatial resolu-
tion achieved with TVS and TRUS is helpful in the evaluation
of tumor size and locoregional extent, poor soft-tissue contrast
impedes differentiation between tumor and normal adjacent
cervical, uterine, parametrial, and vaginal tissue (48,49).
Sonographic findings in parametrial invasion include irregu-
larity or loss of the normal cervical contour (50). Pelvic sidewall
involvement is diagnosed on US by a parametrial soft-tissue
mass or tumor extension to the sidewall and/or encasement of
the iliac vessels (50). Bladder invasion is suggested by loss of the
fat plane between cervix and bladder or direct extension of the
tumor mass through the bladder wall. Enlarged pelvic lymph
nodes may also be detected.

One study reports an overall accuracy of 83% for TRUS in
the staging of cervical cancer (50). The accuracy increases to
87% for parametrial involvement, with a sensitivity of 78%
and a specificity of 89%. Unfortunately, these results have not
been reproduced, limiting enthusiasm for this modality. Most
agree that both the soft-tissue contrast and field of view with
US are too limited to allow adequate evaluation of the para-
metria. Therefore, US is significantly limited in its usefulness
in the staging of patients with cervical cancer.

Computed Tomography

CT has been used extensively for staging cervical cancer, and
its strengths and limitations are well known. Intravenous con-
trast is essential to delineate the interfaces of tumor, normal
cervical stroma, and myometrium and to differentiate normal
parauterine fat margins from irregular hypodense borders
caused by tumor infiltration.

CTstagingcriteriaarederivedfromFIGOstaging(Table10.1).
Stage I cervical cancer is confined to the cervix. Tumor con-
fined to the cervix does not alter the normal, smooth, well-
defined cervical contour; periureteral fat planes are preserved;
and there is neither stranding of the parametria nor a parame-
trial soft-tissue mass. The primary tumor may appear as diffuse
cervical enlargement or as a discrete low-attenuation cervical
mass. The regions of decreased attenuation are a function of
tumor necrosis/ulceration and/or inherent differences in the
attenuation between tumor and normal cervical tissue.
Distinguishing tumor from the normal cervix is often prob-
lematic, as half of cervical tumors show isoattenuation to normal
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FIGURE 10.9. Cervical mass on MRI. Sagittal T1W post-contrast fat-
saturated image demonstrating an enhancing cervical mass (arrow).
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cervical stroma on CT (2). Obstruction of the endocervical
canal by cervical tumor can result in uterine enlargement with
a fluid-filled endometrial cavity (51).

Stage II cervical cancer extends beyond the cervix to involve
the upper two thirds of the vagina (stage IIA) or the parame-
tria, but not the pelvic sidewall (stage IIB). Intravaginal tumor
(stage IIA) is best staged by clinical examination (Fig. 10.10)
(52). CT criteria for parametrial invasion (stage IIB) include
irregularity or effacement of the lateral cervical margins, thick
parametrial soft-tissue stranding, an eccentric soft-tissue mass,
and/or obliteration of the normal periureteral fat planes.
Diagnosis of early parametrial invasion is problematic on CT
as irregular cervical margins and prominent parametrial soft
tissue can be simulated by parametritis associated with previ-
ous uterine curettage or cervical conization. Loss of the peri-
ureteral fat plane around the pelvic ureter is the only reliable
finding of parametrial tumor extension but indicates advanced
disease (47,53).

Stage III cervical carcinoma involves either the lower third of
the vagina (stage IIIA) or the pelvic sidewall (stage IIIB). Stage IIIA
cervical cancer is best staged clinically. Stage IIIB tumors appear
as irregular soft-tissue strands extending to the piriformis, levator
ani, and/or obturator internus muscles. Alternatively, confluent
soft-tissue masses may envelop the pelvic sidewall musculature
and iliac vessels. A fat plane of 3 mm or less between a parame-
trial mass and the pelvic sidewall indicates stage IIIB disease,
since clinicians consider tumor to involve the sidewall if they
are unable to interpose their fingers between the tumor and
pelvic sidewall during pelvic examination under anesthesia
(51). Detection of hydronephrosis also indicates stage IIIB disease.
CT is more accurate than IVU in demonstrating the exact site
of ureteral obstruction and the entire course of a hydroureter
even in the absence of renal function (47,54). 

Stage IVA cervical carcinoma indicates spread of tumor to
adjacent pelvic organs, while stage IVB indicates spread of dis-
ease to distant organs. CT criteria for urinary bladder or rectal
invasion (stage IVA) include focal loss of the normal perivesical/
perirectal fat plane accompanied by asymmetric wall thicken-
ing, nodular indentations or serrations along the bladder or
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CORRESPONDING CT FINDINGS FOR STAGING
CERVICAL CANCER

TA B L E  1 0 . 1

Stage 0 No tumor present

Stage I IA No tumor present
IB No tumor present or tumor does not 

alter cervical contour

Stage II IIA Thickening of vaginal wall (upper 
two thirds)

IIB Irregular lateral cervical margin 
parametrial mass or strands

Obliteration of periureteral fat

Stage III IIIA Thickening of vaginal wall 
(lower one third)

IIIB Tumor extends to obturator internus,
piriformis, or levator ani muscles

Dilated ureter

Stage IV IVA Thickening, nodularity, or serration 
of bladder or rectal wall

Obliteration of perivesical 
or perirectal fat

IVB Tumor in distant organs

A

B

C

FIGURE 10.10. Stage IIA cervical cancer on CT. Axial (A and C) and
coronal (B) contrast-enhanced CT images. Cervical enlargement sec-
ondary to a low attenuation cervical mass (black asterisk in A and B).
Cervical mass extends into the vagina (black asterisk in C). Note
fluid-filled endometrial canal (white asterisk in B) secondary obstruc-
tion of the endocervical canal. Note the well-opacified left ureter
(white arrow in A and B) with a preserved periureteral fat plane.

rectal wall, an intraluminal tumor mass, and/or a vesicovagi-
nal or rectovaginal fistula (Fig. 10.11) (52). Early invasion of
the bladder or rectum is not reliably detected by CT. Distant
disease (stage IVB) is detected in the usual manner. 
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Although the FIGO system does not include lymph node
status, the presence of adenopathy affects prognosis. Detection
of pathologically enlarged paraaortic or inguinal lymph nodes
by CT is considered to be extrapelvic tumor extension and cor-
relates with stage IVB disease. Lymph nodes greater than 1 cm
in the short axis are considered to be pathologically enlarged.
Adenopathy with central necrosis is associated with a high
likelihood of metastatic disease (55). However, lymph node
enlargement may also be secondary to benign inflammatory or
reactive hyperplasia and, conversely, normal-sized lymph
nodes may contain microscopic tumor foci. CT-guided biopsy
can be useful to further assess patients with suspected nodal
disease.

CT is often used for the staging of advanced cervical carci-
noma because of the large field of view, widespread availabil-
ity, and large numbers of experienced readers. However, CT
has many limitations including poor detection of small pri-
mary tumors, parametrial invasion, and early invasion of the
rectum and bladder. The diagnosis of stage IIB disease may be
crucial to determine which patients are candidates for surgical
resection. In the largest study to date the sensitivity, specificity,
and negative predictive value (NPV) of CT in staging cervical
carcinoma of stage IIB or greater were 42%, 82%, and 84%,
respectively (56). Recent studies have shown that the staging
accuracy of CT (53%) is better than that of clinical examina-
tion (47%) (57). Despite its limitations, CT is a valuable com-
plement to clinical staging because of its accuracy in detecting
advanced disease. In fact, 92% of stage IIIB through IVB
lesions are accurately staged with CT (47). 

The use of MDCT may help improve the accuracy of CT in
cervical cancer staging by imaging thinner tissue slices, improv-
ing spatial resolution, and utilizing multiplanar reformatted
images (58). However, more research is needed in this area.

Magnetic Resonance Imaging

The most recent literature suggests that MRI is superior to CT
and clinical examination in the staging of cervical cancer
(56,57). For this reason, MRI is becoming more frequently
used in the staging of cervical cancer. MRI staging criteria are
derived from FIGO staging conventions (Table 10.2).

An intact area of low T2W signal intensity, representing
normal peripheral fibrous cervical stroma, is a reliable indica-
tion that the tumor is confined to the cervix (stage IB) (37,38,59).

A B

FIGURE 10.11. Stage IVA cervical cancer on CT. Contrast-enhanced CT images at two levels (A and B).
Images demonstrate a heterogeneous mass arising in the cervix (black asterisk) with extension into the
uterus (white arrow in A) and bladder (black arrow in B). Note the loss of the normal periureteral fat
plane around the left ureter (white arrow in B).

CORRESPONDING MRI FINDINGS FOR STAGING 
OF CERVICAL CANCER (T2W OR CONTRAST-
ENHANCED T1W IMAGES)

TA B L E  1 0 . 2

Stage 0 No tumor present

Stage I IA No tumor present
IB Partial or complete disruption of 

low-signal-intensity stromal ring
with intact tissue surrounding tumor

Stage II IIA Segmental disruption of low-signal- 
intensity vaginal wall (upper 
two thirds)

IIB Complete disruption of low signal 
intensity stromal ring with tumor 
extending into parametrium

Stage III IIIA Segmental disruption of low-signal- 
intensity vaginal wall (lower 
one third)

IIIB Tumor extends to obturator internus,
piriformis, or levator ani muscles

Dilated ureter

Stage IV IVA Signal loss of low-signal-intensity 
bladder or rectal wall

IVB Tumor in distant organs

Vaginal tumor involvement (stage IIA or IIIA) is recognized by
segmental disruption of the intermediate- to low-signal-intensity
vaginal wall on T2W images (37,60). However, vaginal tumor
involvement is best staged by clinical examination. MRI deter-
mination of parametrial tumor extension (stage IIB) includes
both morphologic and tissue signal alterations. Criteria include
an irregular lateral cervical margin, prominent parametrial
strands, eccentric parametrial enlargement, loss of parametrial
fat planes on T1W images, and/or abnormal high-signal tumor
extending through the low-signal-intensity ring of fibrocervical
stroma into the parametria or cardinal-uterosacral ligaments
on T2W images (37,38,59). 

MRI criteria for pelvic sidewall extension (stage IIIB) are
tumor extending beyond the lateral margins of the cardinal
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ligaments and loss of the normal low signal intensity of the
piriformis, levator ani, and/or obturator internus muscles on
T2W images (Fig. 10.12) (37). The presence of hydronephro-
sis also indicates stage IIIB disease.

In stage IVA disease, there is segmental loss of the normal
low-signal-intensity wall of the bladder or rectum. This is best
seen on T2W and/or contrast-enhanced T1W images. Distant
disease (stage IVB) is detected in the usual manner. The presence
of abnormal paraaortic or inguinal lymph nodes also indicates
stage IVB disease.

Recent studies have shown the overall staging accuracy of
MRI in cervical carcinoma to be high at 77% to 93% (57,61).
The accuracy for the detection of parametrial invasion is also
high, ranging from 94% to 95% (61). However, the sensitivity
for parametrial invasion on MRI was low, 38% (61).

Surface coil imaging (e.g., endovaginal, endorectal, or
phased-array coil) results in higher spatial resolution than
conventional body coil imaging. When compared with body
coil images, endorectal coil images provide greater anatomic
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A

C

B

FIGURE 10.12. Stage IIIB cervical cancer on MRI. Axial T2W (A) and T1W post-contrast fat-saturated
images at the same level (B) and slightly cranial (C). Images demonstrate a cervical mass (white arrow)
with adjacent intermediate T2W signal and post-contrast enhancement (black arrows) extending to the
pelvic sidewall bilaterally.

detail and better highlight the tissue planes between the tumor
and normal structures (62). Whether these imaging improve-
ments change patient management, however, is controversial.
Results from one study indicated that the use of an endorectal
coil improved accuracy in detecting parametrial invasion.
Accuracy was 95% with the endorectal coil as opposed to
79% with a body coil (62). Other studies, however, have found
no statistically significant difference in overall staging accuracy
between the endorectal coil and the phased-array coil or between
the phased-array coil and the body coil (89% vs. 89% and 91%
vs. 89%, respectively). Nor was it possible to prove a significant
difference in accuracy for detecting parametrial invasion
(93% vs. 96% and 95% vs. 94%, respectively) (63).

Positron Emission Tomography

FDG-PET has been shown to be useful in the staging of
advanced cervical cancer, especially the detection of patho-
logic lymph nodes. Although adenopathy is not part of the
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A B

FIGURE 10.13. Stage IVB cervical cancer on FDG-PET. FDG-PET (A), CT (B), and fused PET-CT (C)
images show increased FDG uptake (arrow in A). PET-CT image demonstrates that the increased FDG
uptake corresponds to the pelvic lymph node (arrow in C). Pelvic lymph node on CT alone (arrow in B)
does not meet criteria for an abnormal lymph node.

C

FIGO staging system, it is considered stage IVB disease and is
therefore crucial information when developing a treatment
plan (Fig. 10.13). Conventional cross-sectional imaging modal-
ities rely on size criteria for the diagnosis of adenopathy and,
as such, microscopic disease is often not detected. 

FDG-PET is better than the conventional imaging modali-
ties in the detection of adenopathy in patients with cervical
cancer. Reinhardt et al. (64) found that in the detection of
involved lymph nodes, sensitivity, specificity, and positive pre-
dictive value (PPV) were 91%, 100%, and 100%, respectively,
for FDG-PET, as compared to 73%, 83%, and 67%, respec-
tively, for MRI. Another study demonstrated that the accuracy
of FDG-PET in the detection of lymph node metastasis was
88%, compared to 75% with MRI (48). A recent study con-
cluded that pretreatment FDG-PET compatible with abnor-
mal lymph node uptake predicted disease recurrence and
altered treatment management decisions in some patients (49).

Staging Cervical Cancer Recommendations

MRI outperforms clinical and CT staging for cervical cancer. In
the largest study to date, Hricak et al. (56) determined that MRI
performs significantly better in the detection of cervical tumors.
Further, the sensitivity in detecting stage IIB disease or greater
was 29% for clinical staging, 42% for CT, and 53% for MRI.
Another study found that for staging, MRI had significantly

higher accuracy (86%) than clinical staging (47%) or CT (53%)
(57). Another recent study showed that MRI is superior to both
CT and clinical examination for evaluating uterine body involve-
ment and measuring tumor size (65). Moreover, when pretreat-
ment MRI is used to guide clinical management decisions, it has
been shown to help minimize costs. In a study by Hricak et al.
(6), the use of MRI findings to guide treatment decisions in
women with cervical cancer greater than 2 cm in diameter
resulted in a decrease in the number of diagnostic tests ordered
and a decrease in the number of invasive procedures performed.
In fact, therapy based on MRI findings led to a net cost savings of
$401 for all patients and $449 for patients with stage IB disease.

Recent work has shown that FDG-PET is superior to both
CT and MRI for the evaluation of adenopathy in patients with
cervical cancer (48,64). However, more research is needed in
the use of FDG-PET in the primary staging of cervical cancer
before widespread clinical use.

In the meantime, MRI appears to be the modality of choice
for the preoperative evaluation of women with cervical cancer,
with FDG-PET being used in certain situations. MRI should be
performed in women with primary tumor with a transverse
diameter greater than 2 cm on clinical examination, women
with primary tumor that is endocervical or predominantly infil-
trative and cannot be accurately assessed clinically, and women
who are pregnant or have concomitant uterine lesions, making it
difficult to assess the primary tumor by other means (6,53,66). 
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Monitoring Treatment Response 
and Detecting Recurrent Cervical Cancer

Ultrasound

TRUS has a role, albeit small, in the evaluation of recurrent
cervical cancer and for biopsy guidance in selected patients
(67). Reports from one study indicate that in approximately
25% of cases, TRUS provides information that is complemen-
tary to that obtained from CT. TRUS is most likely to be help-
ful in patients with small-volume recurrence in areas of
previous irradiation (67). Unfortunately, differentiation
between radiation fibrosis and recurrent disease cannot be
made on the basis of US soft-tissue appearance or Doppler
vascularity. However, TRUS can be used to guide biopsy of
these areas. Furthermore, because of its limited field of view,
TRUS is not useful in the assessment of the cephalic extent of
tumor, abnormalities of the upper urinary tract, or the pres-
ence of extrapelvic metastases (67). However, hydronephrosis
is easily detected by transabdominal imaging, which can also
serve to guide stent placement. Both TRUS and TVS also have
an important role, complementary to CT and MRI, in detect-
ing complications of therapy or advanced disease such as lym-
phoceles, fistulae, or abscesses.

Computed Tomography

CT has been used extensively to monitor patients with a history
of cervical cancer and plan subsequent therapy (47,68,69).
Serial CT scans provide an objective measure of tumor response
to radiation therapy or chemotherapy in nonsurgical candi-
dates. Compared with its use for initial staging of cervical
cancer, CT has higher sensitivity and specificity and a lower
false-negative rate when used for the detection of recurrent
disease (68).

Recurrent tumor is often found in the central pelvis, the
surgical bed, the vaginal cuff, and/or the preserved cervix. CT
features of recurrent pelvic tumor include soft-tissue asymme-
try, soft-tissue mass with hypoattenuation tumor foci, com-
pression and invasion of adjacent organs, and/or tumor
extension to the pelvic sidewall, the iliopsoas muscle, and/or
the innominate bone. Pelvic and paraaortic nodal metastases
are also often present in patients with recurrent disease and
are well depicted by CT (69). 

Complications of therapy and/or advanced disease are well
delineated on CT. Fistula formation, to the bladder and/or rec-
tum, is well evaluated with CT. CT is also useful for detecting
and defining the site of ureteral obstruction, which is common
in patients with recurrent cervical cancer (70). 

Radiation therapy changes of the intact uterus are charac-
terized by bilateral parametrial “whiskers” or poor definition
and irregularity of the parametria without pelvic sidewall
extension. Other classic radiation-induced changes on CT are
thickening of the perirectal fascia, widening of the presacral
space, a thick-walled bladder and rectum, a diffuse increase in
the density of fat in the posterior pelvis, and thickening of
small bowel loops in the pelvic inlet (71). A major limitation
of CT is the inability to reliably differentiate postradiation or
postsurgical fibrosis from recurrent tumor (47,68).

In patients with equivocal findings, CT-guided fine-needle
aspiration or core biopsy is an accurate way to differentiate
recurrent tumor from posttreatment changes (71). In some
cases, however, dense fibrous tissue surrounding nests of
tumor cells may lead to a false-negative biopsy.

Because of the extensive use of pelvic radiation therapy as
well as improved CT imaging techniques, detection of recur-
rent disease outside the pelvis is increasing (72). CT is useful for
the assessment of metastases to solid organs (particularly the

liver, lungs, and adrenal glands), the peritoneum and omentum,
and the osseous structures.

Magnetic Resonance Imaging

Residual or recurrent cervical cancer demonstrates intermedi-
ate signal intensity on T1W images and heterogeneous high
signal intensity on T2W images, whereas uninvolved cervical
stroma retains its low signal intensity (73–75). Lesions larger
than 1 cm are accurately depicted, but smaller lesions are
more difficult to assess because of partial volume averaging
and limits in spatial resolution with MRI. On T2W images,
tumor extension into the rectum and/or bladder is seen as dis-
ruption of the low-signal-intensity walls of these structures.
The appearance of pelvic sidewall involvement is similar to
that described earlier for the extension of a primary tumor.

MRI is the most utilized modality for differentiating recur-
rent tumor from posttreatment fibrosis secondary to irradia-
tion, chemotherapy, and/or surgery (75). In a patient with a
history of remote radiation therapy (�1 year), radiation-
induced changes tend to be of low signal intensity on both
T1W and T2W images, whereas recurrent tumor tends to be
of moderate to high signal intensity on T2W sequences. In this
situation (remote radiation treatment), the difference in signal
intensity between posttreatment fibrosis and recurrent tumor
is statistically significant, and a sensitivity of 86% and a speci-
ficity of 94% have been reported for detection of recurrent
cervical cancer (76). Contrast enhancement may further aid in
the detection of recurrent cervical cancer since recurrent
tumor shows early enhancement compared with benign condi-
tions. The accuracy of dynamic contrast-enhanced MRI for
identifying recurrent disease approaches 85% compared to
64% to 68% for unenhanced T2W images (4,77).

Positron Emission Tomography 

FDG-PET has been shown to be useful in the restaging of
potentially curable recurrent cervical cancer (Fig. 10.14) and
in the evaluation of patients with previously treated cervical
cancer and unexplained tumor marker elevation. In a recent
study, FDG-PET was shown to have a sensitivity of 96%,
specificity of 84%, and accuracy of 92% in the detection of
recurrent cervical cancer (78). In this study, 40% of patients
diagnosed with recurrence received therapy with curative
intent. Although more research needs to be done, there is hope
that FDG-PET imaging will have a favorable impact on prog-
nosis and survival.

In patients who have received treatment for cervical cancer
and have unexplained elevations in tumor markers, FDG-PET
is an excellent imaging choice. In one study, FDG-PET was
performed on patients previously treated for cervical cancer
with unexplained elevated serum squamous cell carcinoma
antigen (SCC-Ag) and no evidence of recurrent disease on
conventional imaging. The FDG-PET scans were positive in
94% of patients with documented recurrence (79).

Monitoring Treatment Response and Detecting
Recurrent Cervical Cancer Recommendations

For the routine surveillance of patients with a history of cervi-
cal cancer and to diagnose complications from advanced cer-
vical cancer or treatment, CT is the study of choice. In order
to differentiate recurrent tumor from posttreatment fibrosis,
MRI is the study of choice. Both MRI and CT have been used,
with limited success, in monitoring response to therapy. In
patients with suspected recurrence because of unexplained ele-
vated tumor markers, and in patients with potentially curable
recurrent cervical cancer, FDG-PET is the study of choice.
More research is needed in the use of FDG-PET in monitoring
cervical cancer treatment and detecting recurrent disease.
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Summary

Cervical cancer is most often diagnosed clinically with imag-
ing reserved for staging, monitoring treatment response, and
detecting recurrence. Cervical cancer staging is most accu-
rately done with MRI; however, recent research suggests that
FDG-PET may be the best staging technique for cervical can-
cer. More research is needed before staging with FDG-PET is
routinely used. Both CT and MRI have utility in monitoring
treatment response and detecting recurrent cervical cancer. In
certain clinical scenarios, FDG-PET is useful for monitoring
treatment response and detecting recurrence. 

ENDOMETRIAL CANCER

Introduction

Endometrial carcinomas are typically diagnosed by endome-
trial biopsy or dilation and curettage (D&C). US remains the
primary imaging modality to evaluate the endometrium, espe-
cially in patients with postmenopausal bleeding. Most other
cross-sectional imaging studies are reserved for the evaluation
of the extent of disease (3,39,80–83). Imaging criteria for
staging of endometrial cancer is surgical–pathological and

based on the FIGO classification. CT and MRI are the most
useful modalities to stage endometrial carcinoma. Evaluation
for recurrent disease does not often require imaging as most
recurrences occur at the vaginal cuff, which is well evaluated
by physical exam. However, in cases of recurrent metastatic
disease or for problem solving, CT, MRI, and PET may all be
useful depending on the clinical question.

Primary Diagnosis of Endometrial Cancer

Endometrial biopsy and/or D&C has traditionally been the
gold standard for histologic diagnosis of endometrial pathology.
However, if routine endometrial sampling were performed in
all women with postmenopausal bleeding, only one of every
ten samples would be expected to be positive. In addition, sig-
nificant sampling error has been reported with false-negative
rates ranging from 2% to 6% (84,85). In order to decrease
unnecessary endometrial biopsies, screening patients with
postmenopausal bleeding with TVS and/or SHG has been
advocated (86–91).

Double layer endometrial thickness greater than 4 or 5 mm
on TVS is used as the sole ultrasound criterion for determining
whether endometrial sampling is warranted in postmenopausal
patients (Fig. 10.15) (86,87). This endometrial thickness is
based on numerous trials that looked to establish a threshold
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FIGURE 10.14. Recurrent cervical cancer on FDG-PET. FDG-PET (A), noncontrast CT (B), and fused
PET-CT (C) images. Increased FDG-PET uptake in the left supraclavicular region (arrow in A) corre-
sponds to a left supraclavicular lymph node on CT (arrow in B). Fused image demonstrates that the
increased FDG uptake corresponds to the left supraclavicular lymph node (arrow in C).
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endometrial thickness in postmenopausal patients below which
endometrial pathology is unlikely. However, the specificity of
this criterion is low, ranging from 59% to 63% (87,92). 

When endometrial thickness is greater then 5 mm, endome-
trial sampling is suggested not only because of increased
posttest probability of endometrial carcinoma, but also
because of the inability of TVS and/or SHG to differentiate
accurately between benign and malignant causes of endome-
trial thickening (88,93–95). In a meta-analysis of 35 articles
including 5,892 women, Smith-Bindman et al. (87) reported
that using a cut-off of 5 mm for endometrial thickness, 96%
of women with endometrial cancer had an abnormal TVS. In
this series, a woman with a 10% pretest probability of endome-
trial carcinoma and a negative TVS had a posttest probability
of endometrial carcinoma of only 1%. They concluded that
TVS is highly accurate in identifying a subgroup of patients at
extremely low risk, obviating the need for endometrial sam-
pling in these patients.

In women taking HRT, the specificity of the 5 mm cut-off is
even lower, as HRT increases endometrial thickness. However,
since the pretest probability of endometrial carcinoma is also
likely increased in these patients, the same cut-off value of 4 or
5 mm is generally used. In women on sequential HRT regimens,
scanning should be performed after the progesterone part of the
cycle when the endometrium is expected to be at its thinnest. 

Investigators have attempted to correlate the morphology
of the endometrium on US with histology in order to increase
specificity. Endometrial cancer tends to be an irregular, hetero-
geneous mass, whereas endometrial hyperplasia tends to be
more homogenous and echogenic. Cystic areas within the
endometrium are more often associated with polyps, cystic
endometrial hyperplasia, or tamoxifen use (96–98), rather
than with endometrial carcinoma. However, there is consider-
able overlap of these morphologic features. The most specific
and only reliable US finding for endometrial carcinoma is
invasion of the myometrium or disruption of the subendome-
trial halo by an endometrial mass. 

On SHG, endometrial carcinoma is most commonly
depicted as a broad-based, irregular mass (Fig. 10.16) (99).
Difficulty in distending the endometrial cavity has also been
described (100). Three-dimensional SHG has been reported to
be more accurate than either TVS or two-dimensional (2-D)
SHG for the diagnosis of endometrial carcinoma. Endometrial
volume and thickness are reported to be higher in patients
with postmenopausal bleeding and endometrial carcinoma
than in patients without endometrial carcinoma (101). 

Doppler US has not been shown to be useful in distinguishing
benign from malignant endometrial pathology as a wide range
of peak systolic velocities and resistive indices is reported for
benign and malignant endometrial pathology (102). However,
benign endometrial polyps are more likely to have a single feed-
ing vessel, whereas cancers more often have numerous feeding
vessels and generalized increased vascularity (103).

Staging Endometrial Cancer

Staging in endometrial carcinoma is surgical–pathological and
based on the FIGO classification. US, CT, and MRI all have
utility in the staging of endometrial carcinoma.

Ultrasound

The role of ultrasound in staging endometrial carcinoma is
limited to evaluating stage I disease by assessing the depth of
myometrial invasion. According to the FIGO classification,
stage IA indicates tumor confined to the endometrium; stage IB
indicates tumor invading less than one half of the myometrium;
and stage IC indicates tumor invading more than one half of
the myometrium. For endometrial carcinoma to be considered
stage IA by ultrasound criteria the myometrial/endometrial
interface should be smooth and regular and the hypoechoic
subendometrial halo, if present, should be regular, symmetric,
and uninterrupted. Myometrial invasion is documented when
the tumor mass disrupts the subendometrial halo and/or
extends into the subjacent myometrium. TVS has been
reported to have a sensitivity of 77% to 100%, a specificity of
65% to 93%, and an overall accuracy of 60% to 76% in
assessing the degree of myometrial invasion (104–106).
Understaging can occur with microscopic or minimal myome-
trial invasion. In addition, assessment of myometrial invasion
is more difficult when the myometrium is thinned or distorted
by fibroids (104). Three-dimensional SHG has been reported
to be more accurate in detecting myometrial and cervical inva-
sion by endometrial carcinoma (107).

Computed Tomography

CT is widely used for the staging of endometrial cancer
(68,108,109). CT staging criteria, based on the FIGO classifi-
cation, for endometrial carcinoma have been well described
(Table 10.3). IV contrast, as well as good bowel opacification
with oral and/or rectal contrast, is necessary for adequate CT
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FIGURE 10.15. Thickened endometrium on ultrasound. Gray-scale
ultrasound image through the sagittal midline of the endometrial canal
demonstrating marked thickening of the hyperechoic endometrium
(arrow).

FIGURE 10.16. Thickened endometrium on sonohysterosalpingogram.
Sagittal midline gray-scale image from a sonohysterosalpingogram.
Note the thickened, irregular endometrium (white arrow). Catheter
with deflated balloon can be seen in the lower uterine segment (gray
arrow).
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evaluation. On noncontrast CT, endometrial carcinoma is the
same attenuation as the normal surrounding myometrium,
making evaluation difficult. On contrast-enhanced CT, endome-
trial carcinoma appears as a hypodense mass relative to the
normal myometrium. 

In stage I disease, the tumor may reside solely within the
endometrial cavity as a diffuse, circumscribed, vegetative, or
polypoid mass, or it may invade the adjacent myometrium
(Fig. 10.17). If myometrial invasion is detected on CT, this
usually corresponds to invasion of greater than one third to

one half of the myometrium (109). Tumor may also occlude the
cervical os or vagina, resulting in uterine obstruction. In these
instances, CT demonstrates an enlarged uterus with a distended,
fluid-density endometrial cavity surrounded by contrast-
enhanced myometrium of varying thickness. Demonstration
of intrauterine gas usually indicates a necrotic neoplasm, gas
introduced by curettage or endometrial biopsy, or a fistula sec-
ondary to tumor invasion (110). Rarely, in this circumstance,
does gas represent pyometria.

In stage II disease, there is endometrial tumor involvement
of the cervix, which is characterized on CT as cervical enlarge-
ment greater than 3.5 cm in diameter and heterogeneous low-
attenuation areas within the fibromuscular cervical stroma
(Fig. 10.18).

Stage III disease, parametrial extension, is depicted by a
loss of the normal periureteral fat. Pelvic sidewall involvement
is indicated by the depiction of less than 3 mm of intervening
fat between the soft-tissue mass and the pelvic sidewall (45).
Fallopian tube and/or ovarian involvement are also consistent
with stage III disease.

Stage IV disease, pathologically enlarged lymph nodes and
distant metastases, are detected in the usual manner on CT.

The utility of CT in patients with stage I and II disease is
limited. CT accuracy in these cases is variable, ranging from
58% to 92% (69). Detection of stage I disease had an accu-
racy of 76% in one study (108). In another study, CT had a
specificity of 42% for detection of deep myometrial invasion
(stage IC) and a sensitivity of only 25% for cervical involve-
ment (stage II) (111). 

The greatest clinical impact of CT use is in confirming
parametrial and sidewall extension in stage III tumors and in
detecting pelvic adenopathy and metastatic disease. Stage III
tumors may be upstaged if extrapelvic metastases are depicted
on CT studies (69). The accuracy of CT in patients with stage
III or IV disease is 83% to 86% (69).

Limitations of CT include a tendency to understage endome-
trial carcinoma because of a failure to detect microscopic
parametrial, lymph node, bowel, or bladder invasion (69). CT
is also particularly unreliable in the determination of myome-
trial invasion in elderly women with atrophic myometrium
and a polypoid tumor in the endometrial cavity (69,108,109).
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CORRESPONDING CT FINDINGS FOR STAGING
ENDOMETRIAL CARCINOMA

TA B L E  1 0 . 3

Stage I
IA Normal myometrium enveloping central 

low-attenuation tumor
IB Normal myometrium enveloping central low-

attenuation tumor �50% myometrial invasion
IC Normal myometrium enveloping central low-

attenuation tumor 50% myometrial invasion

Stage II Central low-attenuation tumor extends into
cervix

Stage III
IIIA Irregular uterine configuration

Parametrial or pelvic sidewall extension
Adnexal mass

IIIB Thickening of vaginal wall
IIIC Regional lymph nodes �1 cm in diameter 

in short axis

Stage IV
IVA Thickening or serration of bladder or rectal wall

Obliteration of perivesical or perirectal fat
IVB Tumor in distant organs or anatomic sites

A B

FIGURE 10.17. Stage I endometrial cancer on CT. Contrast-enhanced CT images (A and B) demonstrate
enhancing tumor (white arrows in A and B) within an enlarged endometrial canal. Note the myometrial
invasion (black arrow in B). 
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Magnetic Resonance Imaging

Contrast-enhanced MRI is considered the most accurate imag-
ing method for staging endometrial carcinoma (106). MRI
staging criteria based on the FIGO classification have been
well described (Table 10.4). Most MRI scans in women with
endometrial cancer are performed after diagnostic D&C, and
it is important to recognize post-D&C hemorrhage on MRI,
which can be seen as a linear focal signal void. The results of
at least one study indicate that this finding does not interfere
with MRI staging evaluation of the uterus (112).

On unenhanced T1W images, endometrial carcinoma is
isointense with the normal endometrium, and small tumors
do not expand the canal. Therefore, these cancers usually go
undetected on unenhanced T1W images. With larger tumors,
the endometrium is thickened and may be lobulated or irregular
on T1W images. Although endometrial cancer may demonstrate
homogeneous high signal intensity on T2W sequences, it is more
typically heterogeneous and may even be low in signal intensity.
The MRI appearance of endometrial carcinoma is not specific
and can also be seen with uterine fluid (hematometra or
pyometra), submucosal degenerating leiomyoma, endometrial
hyperplasia, endometrial polyps, and blood clots (80).

Routine use of gadolinium contrast is necessary for MRI
evaluation of endometrial carcinoma. Following gadolinium

contrast administration, there is early enhancement of endo-
metrial cancer relative to the normal endometrium, allowing
the identification of small tumors, even those contained by the
endometrium. Contrast-enhanced images also differentiate
viable tumor from necrosis, providing a more accurate assess-
ment of tumor volume. Similarly, the distinction between
tumor and endometrial fluid is obvious after gadolinium contrast
administration; the former enhances, whereas the latter does
not. The dynamic contrast-enhanced appearance of endome-
trial cancer has been described in a number of reports. Tumor
conspicuity was more pronounced on dynamic enhanced
images than on standard postcontrast T1W images, although
the tumors themselves enhanced heterogeneously (109,113).

The MRI correlates of surgical FIGO subdivisions for stage
I tumors have been described. Tumors are considered to be
confined to the endometrium (stage IA) when the junctional
zone is preserved. Alternatively, in cases without a visualized
junctional zone, as is common in postmenopausal women,
stage IA disease is characterized by a sharp tumor–myometrium
interface. In stage IB disease, there is disruption of the junctional
zone with an irregular myometrial–endometrial interface, and/or
there is tumor of high T2W signal intensity in the inner half of
the myometrium with preservation of the outer myometrium.
In contradistinction, stage IC disease is characterized by high-
T2W-signal-intensity tumor that extends into the outer myome-
trium with a thin, intact outer rim of normal myometrium.
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A

B

FIGURE 10.18. Stage II endometrial cancer on CT. Contrast-enhanced
CT images (A and B) demonstrate enhancing tumor within the endome-
trial canal (white arrow in A) with associated low attenuation enlarge-
ment of the cervix (white arrow in B) indicating cervical involvement
of tumor.

CORRESPONDING MRI FINDINGS (T2W OR
CONTRAST-ENHANCED T1W IMAGES) FOR STAGING
ENDOMETRIAL CARCINOMA

TA B L E  1 0 . 4

Stage 0 Normal or thickened endometrial stripe
Stage I

IA Thickened endometrial stripe with diffuse 
or focal abnormal signal intensity

Endometrial stripe may be normal
Intact junctional zone with smooth 

endometrial–myometrial interface
IB Signal intensity of tumor extends into 

myometrium �50%
Partial or full-thickness disruption of junctional 

zone with irregular endometrial–myometrial 
interface

IC Signal intensity of tumor extends into 
myometrium �50%

Full-thickness disruption of junctional zone
Intact stripe of normal outer myometrium

Stage II
IIA Internal os and endocervical canal are widened

Low signal of fibrous stroma remains intact
IIB Disruption of fibrous stroma

Stage III
IIIA Disruption of continuity of outer myometrium

Irregular uterine configuration
Adnexal mass

IIIB Segmental loss of hypointense vaginal wall
IIIC Regional lymph nodes �1 cm in diameter 

in short axis

Stage IV
IVA Tumor signal disrupts normal tissue planes 

with loss of low signal intensity of bladder 
or rectal wall

IVB Tumor in distant organs or anatomic sites
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Stage II tumors are characterized by widening and expan-
sion of the cervical canal, with associated heterogeneity of the
cervical stroma. Assessment of cervical involvement is facili-
tated by the multiplanar capabilities of MRI and dynamic
contrast-enhanced sequences (Fig. 10.19) (82).

Extraserosal invasion (stage III) is depicted on T2W images as
high-signal-intensity tumor extending beyond the outer uterine
borders (80). Focal disruption of the normally low-signal-intensity
wall of the bladder or rectum signifies stage IVA disease (66).
Pathologically enlarged lymph nodes and metastatic disease are
diagnosed in the usual fashion on MRI.

Reports of the overall MRI accuracy in staging of endometrial
carcinoma range from 70% to 94% (39,80,81,114). Reports of
accuracy in evaluation of myometrial invasion (stage I) on T2W
images vary from 58% to 88% (80,81,113–117). Limitations
of nonenhanced T2W-MRI staging of endometrial carcinoma
include difficulty in differentiating tumor from some benign
entities, difficulty in determining myometrial invasion in post-
menopausal women with poorly defined or absent junctional
zones, and difficulty in detecting extrauterine spread. High-
resolution T2W images increase the conspicuity of the
tumor–myometrial interface and the high soft-tissue contrast
allows accurate determination of cervical involvement. And
although there are single-institution studies of high-resolution
T2W staging with a phased-array coil that report accuracy
rates equal to those of dynamic contrast-enhanced imaging for
the evaluation of myometrial and cervical invasion (118), to date
these have not been reproduced in multi-institutional trials.
Accuracy rates for the determination of cervical invasion using
high-resolution T2W images are 82% to 91% (118,119).

These limitations have been at least partially overcome by
the routine use of gadolinium contrast. Static contrast-enhanced
MRI increases the accuracy of determining myometrial inva-
sion to 68% to 78% (39,83,113,117,119). However, dynamic
contrast-enhanced MRI is the best MRI technique for detection
of myometrial invasion, with an accuracy of 85% to 93%,
compared with 68% to 78% for static contrast-enhanced
images and 58% to 88% for T2W images (72,113). 

Staging Endometrial Cancer Recommendations

Several studies suggest that MRI outperforms conventional CT in
the assessment of depth of myometrial invasion (3). Two studies
have reported that TVS is equivalent to T2W-MRI in evaluating
myometrial invasion (68% to 69% vs. 68% to 74%) (116,117),
but contrast-enhanced MRI is superior to TVS (85% vs. 68%)
(117). A meta-analysis of studies showed significant differences
in the accuracy of assessment of myometrial invasion among CT,
TVS, and MRI. Contrast-enhanced MRI was significantly better
than TVS and showed a trend toward better performance than
CT (82). A follow-up meta-analysis and Bayesian analysis limited
to detecting deep myometrial invasion also found contrast-
enhanced MRI to be superior to other modalities (72).

Detecting Recurrent Endometrial Cancer

Endometrial cancer tends to recur locally in women treated
with surgery alone. The most common site of local recurrence
is the vaginal cuff. Because the vaginal cuff is amenable to
physical examination in the majority of patients, imaging is
usually reserved for problem solving in this group of patients.
For patients who fail radiation therapy, either alone or in com-
bination with surgery, recurrences tend to be distant disease.
In these cases, CT or MRI is usually performed (Figs. 10.20
and 10.21). Detection of distant metastases by CT or MRI is
performed in the usual fashion for these modalities.

FDG-PET has recently been evaluated for use in detecting
recurrent endometrial carcinoma. In patients who are evalu-
ated with FDG-PET after therapy, the sensitivity and speci-
ficity in detecting recurrent disease have been found to be
96% to 100% and 78% to 88%, respectively (120,121). Also,
several studies have shown that FDG-PET in combination
with anatomic imaging (CT and/or MRI) is more sensitive,
specific, and accurate than anatomic imaging alone in detect-
ing recurrent endometrial carcinoma (121,122).

Summary

In patients without a diagnosis of endometrial carcinoma, but
with a clinical concern (e.g., postmenopausal bleeding), TVS is
the study of choice. SHG, 3-D TVS, and 3-D SHg can also be
helpful for primary detection of endometrial carcinoma.

The imaging evaluation of patients with known endome-
trial cancer is a function of physical examination, tumor type,
and tumor stage. A chest radiograph is the only imaging study
necessary in the majority of patients diagnosed with low-grade,
clinical stage I tumor—that is, tumors that have a low pretest
probability of extrauterine disease. However, TVS is also reason-
able for estimating myometrial invasion in patients with a low
pretest probability of myometrial involvement. 

In patients with a high pretest probability of extrauterine
disease (e.g., high tumor grade, aggressive cell type, suspicious
physical examination, positive endocervical curettage, or ele-
vated serum CA125), more extensive imaging is indicated.
There is a growing body of evidence that dynamic contrast-
enhanced MRI is more sensitive, specific, and accurate than
CT and TVS in the staging of endometrial carcinoma. CT,
however, remains an acceptable alternative. No studies to date
have evaluated the utility of FDG-PET imaging in the staging
of endometrial carcinoma. However, this is an area where
FDG-PET may prove useful in the future.

For the detection of recurrent disease, FDG-PET combined
with CT and/or MRI has preliminarily been shown to be supe-
rior to CT and/or MRI alone (120,121). However, because these
studies involved only a small number of patients, more work
in this area is needed and CT and/or MRI alone remains an
acceptable alternative.
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FIGURE 10.19. Stage II endometrial cancer on MRI. Sagittal T2W
MRI image. The endometrial canal is expanded and contains hetero-
geneous signal (white asterisk). There is loss of the normal junctional
zone along the posterior aspect of the uterus (white arrow); further-
more, the cervix is heterogeneous (grey arrow), compatible with
tumor involvement.
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GESTATIONAL 
TROPHOBLASTIC DISEASE

Introduction

Gestational trophoblastic disease (GTD) encompasses a spec-
trum of placental lesions including hydatidiform mole, inva-
sive mole, choriocarcinoma, and placental site trophoblastic
tumor. The role of imaging in GTD is primarily to document
metastatic disease or to evaluate for persistent disease. No
specific imaging findings allow differentiation between the dif-
ferent GTD lesions (123–125).

Primary Detection, Characterization, 
Staging, and Monitoring for Recurrence 

of Gestational Trophoblastic Disease 

Ultrasound

TVS is considered the study of choice in the evaluation of sus-
pected GTD. In patients with GTD, TVS examination most
commonly demonstrates a soft-tissue mass distending the
endometrial cavity. Typically, the mass is echogenic and het-
erogeneous, containing numerous cystic spaces (Fig. 10.22A)
(126–128). In the case of complete hydatidiform mole, the
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A B

FIGURE 10.21. Endometrial cancer recurrence on CT. Axial contrast-enhanced CT images through the
lower chest (A) and pelvis (B) of the same patient. Images demonstrate lung nodules (white arrows in A)
and a soft-tissue mass with osseous destruction (white arrow in B) both proven to be recurrent endome-
trial cancer.

A B

FIGURE 10.20. Endometrial cancer recurrence on CT. Axial contrast-enhanced CT images. Images
demonstrate peritoneal and omental spread of tumor (white arrows in A and B).
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small cystic spaces correspond to the hydropic villi (126).
Hydropic degeneration of the placenta may have a similar US
appearance. The mass is usually extremely vascular, demon-
strating increased vessel density and an abnormal uterine arte-
rial waveform characterized by high peak systolic velocity and
high diastolic blood flow (low resistance index [RI]) compared
to the normal uterine arterial waveform (129). Irregularity of
the border of the mass or asymmetric extension of the mass
into the myometrium suggests myometrial invasion.

The ovaries may become enlarged with numerous theca
lutein cysts (Fig. 10.22C and D). This ovarian enlargement can
result in symptomatic ovarian torsion or hemorrhage (130).
However, theca lutein cysts may not be detected in the early
stages of the disease (127).

US can be helpful in assessing for persistent or recurrent
disease by documenting an endometrial mass. Persistent GTD can
be treated with US-guided direct injection of methotrexate (131).

GTD is the most common cause of uterine vascular malfor-
mations. These vascular malformations usually present after
treatment is complete and can be easily diagnosed with US.
Recently, it has been shown that these vascular malformations
can be treated with uterine artery embolization (132).

Computed Tomography

The role of CT in the evaluation of GTD is primarily limited
to the detection of metastatic disease. Uterine enlargement is
the most common CT feature of GTD. Following administra-
tion of intravenous contrast, uterine enhancement is typically
heterogeneous with focal enlargement or irregular hypodense
regions within the myometrium (Fig. 10.22B) (130,133). These
low-attenuation areas correspond to foci of hemorrhage
and/or necrosis (133). Contrast-enhanced CT often demonstrates
vascular uterine lesions and dilated uterine vessels in the
broad ligaments (130). 

Locoregional spread is characterized by avidly enhancing
soft-tissue nodules in the parametria and/or obliteration of the
pelvic fat and/or muscle planes. 

GTD spreads hematogenously, with the lungs being the
most common site of metastatic disease. Metastases to the lung,
liver, and brain are vascular and prone to hemorrhage (130).
CT detects these metastatic lesions in the usual manner.
Trophoblastic emboli to the lungs may produce symptoms of
acute pulmonary embolism and occasionally result in large
intravascular masses (130).
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A B

C D

FIGURE 10.22. Hydatidiform mole on ultrasound and CT. Gray-scale sagittal ultrasound image of the
uterus (A) demonstrating an echogenic, heterogeneous mass within the endometrial canal (white arrows
in A). Axial contrast-enhanced CT image (B) in the same patient demonstrates enhancing soft-tissue dis-
tending the endometrial canal (white arrow in B). Gray-scale ultrasound image (C) of the right ovary and
contrast-enhanced CT image (D) through the pelvis in the same patient demonstrating bilateral enlarged
ovaries with innumerable theca lutein cysts (white arrows in C and D).
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Magnetic Resonance Imaging

MRI is primarily used for staging and detecting recurrent
disease. On T2W images, GTD is seen as a heterogeneous,
predominantly high-signal-intensity mass that obliterates the
normal uterine zonal anatomy (Fig. 10.23) (46). On T1W
images, the mass may be isointense or hyperintense compared
to the adjacent normal myometrium. The tumors are hyper-
vascular, and enlarged vessels in the broad ligament and the
uterus are depicted as signal voids on both T1W and T2W
images. Following gadolinium contrast administration, the
tumors avidly enhance and multiple enlarged vessels are often
seen. MRI is able to depict tumors that invade the myometrium
but spare the endometrium, a cause of nondiagnostic and/or
false-negative D&Cs.

MRI is also useful in the identification of extrauterine
pelvic spread to the parametria, adnexa, and vaginal fornices
(46). Parametrial involvement is seen on MRI as high T2W
signal masses within the parametria that avidly enhance after
gadolinium contrast. MRI is better at detecting parametrial
involvement than US. MRI is the preferred method for deter-
mining vaginal spread of tumor. Vaginal involvement is identi-
fied on MRI as a high-2W-signal-intensity mass within the
vagina with associated gadolinium contrast enhancement.
Metastatic disease is usually hypervascular and is detected in
the usual manner.

Another role of MRI is to monitor patients’ response to
therapy. MRI findings of regression of vascular abnormal-
ities, development of intralesional hemorrhage, and return of
normal uterine zonal anatomy parallel a favorable response to
chemotherapy (46). Normal uterine zonal anatomy should be
seen 6 to 9 months after treatment (46).

Positron Emission Tomography

Very little data is available in the use of FDG-PET with GTD.
The little data that is available has shown that FDG-PET may
be helpful in the detection of metastatic disease and recurrent
disease. One recent study found that FDG-PET might be use-
ful in the detection of metastatic disease (134). Another recent
study demonstrated that FDG-PET plus CT was helpful in
43.8% of patients when compared with CT alone (135). More
research into the use of FDG-PET is needed before the clinical
utility of this modality is established.

Summary

Imaging plays an important, albeit limited, role in the evalua-
tion of GTD. US, CT, and MRI all play a role in the evaluation
of suspected and documented GTD. The limited data available
on the use of FDG-PET in the setting of GTD suggest that this
modality may be useful for the detection of metastatic disease
and the evaluation of recurrent GTD.

OVARIAN CANCER

Introduction

The detection of early ovarian cancer is difficult for a variety
of reasons and currently involves a combination of physical
examination, CA125 levels, and TVS. At present, there is no
screening strategy that reliably detects early ovarian cancer.
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FIGURE 10.23. Partial mole on MR. Sagittal (A) and axial (B) T2W MRI images demonstrating a het-
erogeneous mass within the uterus (white arrows). Fetal abdomen (black arrow in A) and umbilical cord
(black arrow in B) can be seen adjacent to the mass.
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Because of this, ovarian cancer is often not diagnosed until it
has spread to other organs. Two staging systems for ovarian
cancer exist, the TNM (tumor, node, metastasis) system and
the FIGO staging system. US, CT, MRI, and FDG-PET all
have a role to play in the accurate staging of ovarian cancer.
These modalities also play a role in the monitoring of therapy
and detection of recurrent disease.

Primary Detection and Characterization 
of Ovarian Cancer

The 5-year survival rates for stage I and stage II ovarian can-
cer are 80% to 90% and 70%, respectively (136); however,
the 5-year survival rate for stages III and IV ranges from 5%
to 50%. Therefore, if more ovarian cancers were detected as
stage I disease rather than stage III or IV disease, 5-year sur-
vival would dramatically improve. Unfortunately, there are no
good screening methods for ovarian cancer at present; most
use a combination of physical exam, CA125 levels, and TVS.

Ultrasound

US plays a crucial role in the detection and characterization of
adnexal masses and is an important component of screening
programs for women at high risk for ovarian carcinoma. US is
the initial imaging modality of choice for characterizing an
ovarian mass as benign or malignant.

The early diagnosis of ovarian carcinoma when cure is pos-
sible but tumors are clinically asymptomatic (silent) is made
difficult by the low prevalence of ovarian carcinoma in the
general population. Therefore, efforts at screening patients for
ovarian carcinoma have focused on high-risk populations.
Risk factors include older age, high socioeconomic status, fac-
tors that increase the number of ovulatory cycles such as early
menarche, nulliparity, late-onset menopause, and having a
first-degree relative with ovarian carcinoma (137,138).
Approximately 10% of ovarian carcinomas are believed to be
due to an inherited susceptibility. Three syndromes have been
described: the breast/ovarian cancer syndrome; the Lynch 2
syndrome, or the hereditary nonpolyposis colorectal cancer
syndrome; and hereditary site-specific ovarian cancer. In
1994, a National Institutes of Health (NIH) consensus confer-
ence (139) recommended that screening be offered to women
with two or more first-degree relatives with ovarian carci-
noma. It is also recommended that women with an inherited
predisposition to ovarian cancer be screened (139,140). In
practice, many women with a single first-degree relative are
enrolled in screening programs.

Most screening programs for ovarian cancer rely on a com-
bination of physical examination, serologic markers, and TVS.
The results of these screening trials have consistently demon-
strated that US detects more stage I ovarian carcinomas than
CA125 levels and physical examination (141). Nonetheless,
very few stage I carcinomas have been found in such screening
programs (142). The most recent data from the Prostate,
Lung, Colorectal, and Ovarian (PLCO) Cancer Screening Trial
(143) demonstrated that the PPV value for invasive cancer was
1.0% for an abnormal TVS, 3.7% for an abnormal CA125,
and 23.5% if both tests (CA125 and TVS) were abnormal.
Only one study has demonstrated ovarian cancer screening tri-
als to have a survival benefit. Van Nagell et al. (144) reported
a decrease in case-specific ovarian cancer mortality with 89.9%
2-year and 77.2% 5-year survival in women with US-detected
ovarian carcinoma.

Ultrasound is considered the initial imaging modality of
choice to differentiate a benign from a malignant clinically
suspected ovarian mass. Although a likely benign mass can be

followed or removed by a general gynecologist, suspicion of a
malignant ovarian mass initiates referral to a gynecologic
oncologist who can better perform the more complex thera-
peutic and staging cytoreduction surgery for ovarian carci-
noma. Morphologic features remain the primary criteria for
differentiating complex ovarian masses as benign or malig-
nant on US. Hence, TVS is the critical US imaging approach
because of the improved spatial and soft-tissue resolution
afforded by the higher frequency endovaginal probe.
Nonetheless, transabdominal ultrasound remains an impor-
tant, complementary component of the US examination when
a larger field of view is required—for example, if a mass is dis-
placed out of the pelvis or is so large that it is incompletely
visualized by TVS. In addition, transabdominal imaging is
required for evaluation of secondary findings in ovarian can-
cer, such as ascites, peritoneal implants, or hydronephrosis.
Such findings can be important not only to confirm the
impression of malignancy but also for staging.

Numerous studies have reported that when strict US criteria
and a pattern recognition approach for identification of benign
ovarian masses are used, US examination has a near 95% to
99% NPV in excluding malignancy (145–147). US features
consistent with benign etiology include smooth, thin walls;
few, thin septations; absence of solid components or mural
nodularity; as well as pattern recognition for certain benign
diagnoses. Simple cysts will be anechoic with a smooth, thin
wall and posterior acoustic enhancement. Hemorrhagic cysts
or endometriomas (Fig. 10.24) may contain uniform low-level
echoes but should still demonstrate a smooth, thin wall and
increased through transmission. Hemorrhagic cysts may con-
tain complex internal echoes; however, the appearance of the
internal echoes should change over time and should never
demonstrate internal vascularity. Several US patterns associated
with dermoid cysts have been described including uniform
increased echogenicity with posterior acoustic attenuation,
echogenic shadowing mural nodules, and layering with or with-
out floating debris.

Conversely, mural nodules, mural thickening or irregularity,
solid components, thick septations (�3 mm) (Fig. 10.25), and
associated findings such as ascites, peritoneal implants, and/or
hydronephrosis suggest malignancy. Such US descriptors have
been reported to have a high sensitivity but lower specificity
for malignancy (144,146,147). The lower specificity reflects
overlap in the imaging appearance of benign, borderline, and
malignant lesions. For example, benign lesions such as hemor-
rhagic cysts, cystadenomas, or cystadenofibromas may have
thick septations and apparent mural nodules; borderline
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FIGURE 10.24. Endometrioma. Gray-scale ultrasound image demon-
strating uniform low-level internal echoes (white asterisk) and increased
through transmission (black asterisk).
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tumors may have minimal findings; and Brenner’s tumors,
fibromas, and fibrothecomas are solid but benign (Fig. 10.26).
Furthermore, pedunculated fibroids, dermoids, and endomet-
riomas can masquerade as solid ovarian lesions.

The use of color and pulse Doppler in the evaluation of
ovarian masses is controversial, with some investigators con-
sidering blood flow characteristics to be merely confirmatory
but others considering the Doppler examination to be a help-
ful discriminator (148–150). Tumor neovascularity is known
to be characterized by an increased number of often tortuous
vessels with arteriovenous shunts. Malignant neovascularity
lacks the normal amount of smooth muscle cells in the vessel
walls. Researchers had hoped that Doppler evaluation, which
could potentially assess vascular compliance or resistance as
well as vessel morphology, density, and distribution, would be
helpful in characterizing ovarian masses. Malignant lesions
more often demonstrate increased vessel density and tortuos-
ity than benign lesions, but significant overlap exists.
Malignant ovarian lesions also tend to demonstrate higher
peak systolic velocities and lower resistive indices than benign
masses, but again, considerable overlap exists and no discrim-
inatory cut-off values are accepted (148–150). 

Three-dimensional US is a new imaging technique that may
improve characterization of adnexal masses. In one early

study of 71 pelvic masses, 3-D power Doppler US improved
the specificity and PPV compared to conventional 2-D US
from 54% to 75% and from 35% to 50%, respectively (151).
Further research is needed with this technique to better define
its role in the characterization of adnexal masses.

Scoring systems have been proposed to standardize evalua-
tion of ovarian masses in an attempt to improve specificity
(152,153). Using a stepwise logistic regression analysis to
determine the most discriminating gray-scale and Doppler
sonographic features of malignancy, Brown et al. (153)
reported that a multiparameter approach, which assessed for
nonhyperechoic solid components, central blood flow on color
Doppler, ascites, and thick septations, had a 93% sensitivity
and specificity for malignancy. To achieve 100% sensitivity,
specificity dropped to 86% in this study (153). However,
Timmerman et al. (154) have reported similar findings and
interobserver variability when readers used subjective criteria
for evaluating ovarian masses.

Computed Tomography

CT is not the study of choice to evaluate a suspected ovarian
lesion; however, ovarian lesions are detected incidentally on
CT and can be characterized. In studies of adnexal lesions, the
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FIGURE 10.26. Ovarian fibroma. Gray-scale ultrasound (A) and axial CT (B) images. On ultrasound
(A), the lesion is a solid mass (white asterisk) with homogeneous decreased echogenicity with associated
dark shadowing (white arrow). A CT scan (B) of the same patient demonstrates a solid homogeneous left
adnexal mass (black arrow).

A B

A B

FIGURE 10.25. Solid and cystic ovarian mass on ultrasound. Gray-scale (A) and color Doppler (B)
images demonstrate a mostly cystic mass (white arrows) with an associated solid component (grey
arrows). Note the internal flow within the solid components (black arrow in B).
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sensitivity, specificity, and accuracy of CT for characterizing
benign versus malignant lesions are reported to be 89%, 96%
to 99%, and 92% to 94%, respectively (155,156).

On CT, ovarian cancer demonstrates varied morphologic
patterns, including a multilocular cyst with thick internal
septations and solid mural or septal components, a partially
cystic and solid mass, and a lobulated, papillary solid mass
(Fig. 10.27). The outer border of the mass may be irregular and
poorly defined, and amorphous, coarse calcifications and con-
trast enhancement may be seen in the cyst wall or soft-tissue
components. Since the CT appearance of ovarian metastases is
indistinguishable from a primary ovarian neoplasm, the stom-
ach and colon should be carefully examined as potential primary
tumor sites when an ovarian mass is detected on CT (157).

Magnetic Resonance Imaging

MRI functions as a complementary exam to US in the evalua-
tion of a suspected ovarian lesion. To optimize MRI detection
and characterization of an adnexal mass, contrast-enhanced
protocols and attention to eliminating, or at least limiting, bowel
motion are needed. Additionally, imaging should be performed
with a phased-array surface coil to maximize spatial resolution.

Primary and ancillary criteria have been proposed for the
characterization of an adnexal mass as being malignant. In a
study of 60 lesions (158), statistical analyses yielded the fol-
lowing five significant primary criteria for malignancy: size
greater than 4 cm, solid mass or large solid component, wall
thickness greater than 3 mm, septal thickness greater than 3
mm, and/or the presence of vegetations or nodularity and
necrosis (Fig. 10.28). Four ancillary criteria of malignancy
were also statistically formulated: involvement of pelvic organs
or pelvic sidewall; peritoneal, mesenteric, or omental disease;
ascites; and adenopathy. When gadolinium contrast-enhanced
T1W and unenhanced T1W and T2W images were analyzed
collectively, the presence of one or more of the five primary cri-
teria, coupled with a single criterion from the ancillary group,
correctly characterized 95% of malignant lesions (158). These
rates reflect improvements in lesion characterization produced
by the addition of gadolinium contrast to the protocol and
have been reproduced in other studies (159,160).

As with CT, disease metastatic to the ovary is often indis-
tinguishable from primary ovarian cancer on MRI scans and
both the colon and the stomach should be examined as poten-
tial primary tumor sites if an ovarian mass is detected on MRI
(157,161). 

Ovarian masses at times can grow large and it can be diffi-
cult to determine the organ of origin on US and/or CT. Uterine
fibroids and other pelvic masses can also grow to a large size
and mimic an ovarian tumor. The multiplanar capabilities of
MRI are helpful in this situation and often help to delineate
the organ of origin of a large pelvic mass.
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FIGURE 10.27. Poorly differentiated ovarian carcinoma on CT. Axial
contrast-enhanced CT image demonstrating an adnexal mass with
both solid (black arrow) and cystic (white arrow) components. 

A B

FIGURE 10.28. Solid and cystic ovarian mass on MR. Sagittal T2W (A) and T1W contrast-enhanced fat-
saturated (B) images. The cystic components are high signal on the T2W image (black asterisk) and do
not enhance on the T1W post-contrast fat-saturated image (white asterisk). Abnormally thickened wall is
intermediate signal on the T2W image (black arrow) and enhances post contrast (white arrow).
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Positron Emission Tomography

FDG-PET has little clinical role in the primary detection of a
pelvic mass. However, FDG-PET appears to be promising for
the characterization of ovarian masses because of its potential
to detect tumor prior to significant morphologic changes. This
is important, as currently most patients with ovarian cancer
present late in their disease owing to a lack of early clinical or
imaging manifestations. A study by Hubner et al. (162) found
good correlation between FDG-PET and histologic findings in
women with suspected ovarian cancer imaged prior to laparo-
tomy. Specifically, the sensitivity, specificity, accuracy, PPV,
and NPV of FDG-PET were 83%, 80%, 82%, 86%, and
76%, respectively. A recent study found that PET-CT imaging
had a sensitivity of 100% and a specificity of 92.5% for the
detection of a malignant mass (163).

Recommendations for Primary Detection 
and Characterization of Ovarian Cancer 

Several studies have compared MRI to CT and US for charac-
terizing adnexal masses, with mixed results (159,164,165). One
study found that low-field-strength MRI was equivalent to CT
for this determination, with accuracies of 86% and 92%,
respectively (156). Another study suggested that TVS was supe-
rior to unenhanced MRI for lesion characterization (166), and
yet another study found that the specificity of MRI with intra-
venous contrast was higher than that of TVS (97% vs. 69%)
(164). Both TVS and MRI with gadolinium contrast have high
sensitivity (97% and 100%, respectively) in the identification of
solid components within an adnexal mass. MRI, however,
shows higher specificity (98% vs. 46%) (165). Furthermore,
MRI was shown to be the most efficient second test when an
indeterminate ovarian mass was detected at gray-scale US and
provides the greatest change in posttest probability when com-
pared to combined color and gray-scale US and CT (167). 

At present, the relatively high cost of MRI precludes its use
as a screening modality, and US should be used for this indica-
tion. However, MRI is most appropriately used for character-
ization of an adnexal lesion in cases where US and clinical
examination are indeterminate (7,167). Further research is
necessary to determine the role of FDG-PET and/or PET-CT in
the primary detection and characterization of adnexal masses. 

Staging Ovarian Cancer

Cross-sectional imaging is widely accepted and more commonly
used in the evaluation and staging of ovarian carcinoma than
for other gynecologic malignancies. Two staging systems exist
for ovarian cancer: the TNM system and the FIGO system. The
FIGO system is surgically based and is the more frequently used
of the two systems, and it will be the staging system referred to
in the remainder of this chapter. Imaging is an adjunct to surgi-
cal staging. It is useful in the detection of pathologic adenopa-
thy, the presence of which may alter staging and therapy.
Although barium enema and excretory urography are still per-
formed at some institutions, these studies are not recommended
as routine staging procedures (168).

Ultrasound

US has a limited role in the staging of ovarian cancer except
for detecting the presence of ascites. Transabdominal US is an
excellent modality not only for identifying ascites, but for
guiding paracentesis as well. However, the detection of stage II
and III disease by US is limited. Peritoneal implants can some-
times be documented on careful US examination. The speci-
ficity of US examination in documenting abdominal spread of
disease has been reported to be slightly higher than that of CT

or MRI (169). However, the sensitivity of US for the detection
of implants less than 2 cm (stage IIIB) is lower than that of CT
or MRI owing to a limited field of view and decreased spatial
and soft-tissue resolution (169,170). US, therefore, should
only be used for specific indications.

Computed Tomography

CT is the primary cross-sectional imaging modality used to
stage ovarian cancer. For this indication, CT should be per-
formed with both oral and IV contrast. Opacification of the
bowel with oral contrast is crucial for the detection of peri-
toneal implants on CT.

Stage I ovarian cancer is limited to either one (stage IA) or
both (stage IB) ovaries. The presence of malignant ascites with
tumor confined to one or both ovaries is stage IC disease.
Ascites on CT is easily identified; however, the distinction
between stage IC and stage III, or peritoneal, disease is often
difficult to make and has significant clinical implications. In
one series of patients, the presence of ascites on CT had a PPV
of 72% to 80% as a sign of peritoneal metastasis (171).

Stage II disease occurs when there is direct extension into
or implants on the uterus and/or fallopian tubes (stage IIA) or
the rectum, bladder, and/or peritoneum (stage IIB). The pres-
ence of stage IIA or IIB disease with malignant ascites is stage
IIC disease (Fig. 10.29). Irregularity or obliteration of the fat
plane between the uterus and the ovarian mass indicates stage
IIA disease. Loss of the normal fat plane around the rectum or
bladder, less than 3 mm between the tumor and the pelvic
sidewall, and/or displacement or encasement of the iliac ves-
sels indicates stage IIB disease (172). 

Stage III disease is defined as the presence of extra-pelvic
peritoneal and/or lymph node metastasis. Microscopic extra-
pelvic peritoneal implants are stage IIIA disease and are not
detectable with CT. Stage IIIB, extra-pelvic peritoneal implants
less than 2 cm and stage IIIC (Fig. 10.30), extra-pelvic peritoneal
implants larger than 2 cm or lymph node metastasis are some-
times detectable with CT. 

CT detection of peritoneal implants depends on several
factors including location, the presence or absence of sur-
rounding ascites, and size. The three sites most commonly
involved are the right subphrenic space, the greater omentum,
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FIGURE 10.29. Stage IIC serous papillary ovarian carcinoma. Axial
CT image with oral and intravenous contrast. Obliteration of the fat plane
between the solid and cystic ovarian mass (black arrow) and uterus
(white arrow). Note fluid in the endometrial canal (black asterisk)
secondary to obstruction. Ascites (white asterisk) is also present.
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and the pouch of Douglas (173). The presence of surrounding
ascites aids in the detection of small peritoneal implants by
increasing their conspicuity. In addition, the presence of ascites
on CT is suggestive of peritoneal spread, as previously dis-
cussed. Size plays an important role in the reliable detection of
peritoneal implants. Peritoneal implants smaller than 1 cm are
not consistently detected on CT, especially in the absence of
ascites, with a sensitivity of only 14% to 27% in this situation
(172,174). However, the use of coronal and sagittal reformat-
ted images allows for better detection of smaller lesions and
has the potential to improve the sensitivity of CT (175).

Mesenteric metastases appear on CT scans as either round
or ill-defined soft-tissue masses surrounded by small-bowel
loops and mesenteric fat, or as thickened leaves of the mesen-
tery caused by tumor coating the peritoneal surfaces. Omental
metastases are characterized as stranding or soft tissue nodules
embedded in omental fat or the replacement of the omental fat
with thick, nodular tumor (“omental cake”) along the greater
curvature of the stomach, in the gastrosplenic ligament, or

anterior to the transverse colon and small bowel in the lower
abdomen (Fig. 10.31) (176). The sensitivity of CT for detection
of omental metastasis is reported to be 80% to 86% (172,174).
Capsular implants on the surface of the liver are seen as soft-
tissue nodules studded along the peritoneal surface of the liver.
Prominent hematogenous spread to the liver can occur in
ovarian cancer and is considered stage IV disease, but it is
unusual and should raise the suspicion for a gastrointestinal
primary tumor.

Lymph node metastases are defined by a size criterion on
CT as having a short axis greater than 1 cm. As with other
malignancies, this criterion is flawed, as it does not take into
account microspread of tumor. 

Stage IV disease is defined as liver parenchymal metastasis
and/or disease outside the peritoneal cavity (lung, bone, brain,
etc.). These findings are diagnosed on CT in the usual manner.

The sensitivity of CT for the detection of extrapelvic disease
is approximately 95% to 100% for liver involvement and 50%
to 60% for nodal involvement (172,174). Overall staging
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C

FIGURE 10.30. Stage IIIC serous papillary ovarian carcinoma. Axial CT images with oral and IV con-
trast (A–C). Images demonstrate bilateral ovarian solid and cystic masses (black arrows in A), omental
(white arrow in B), subcapsular liver (black arrow in C) and splenic (white arrow in C) implants, and
ascites (white asterisk in A–C).
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accuracy for CT has been reported to be 77% (172). CT also
has a high PPV for imaging bulky disease and is therefore use-
ful for identifying patients with inoperable disease (172,174).

Magnetic Resonance Imaging

Although CT is the primary cross-sectional imaging modality
used to stage ovarian cancer, MRI can be useful in certain sit-
uations (contrast allergy, renal failure, etc.). In fact, the overall
staging accuracy of MRI in patients with ovarian malignancy
is 75% to 78% (158,172), which is comparable to that of CT.

Stage II disease, direct extension into or implants on the
uterus and/or fallopian tubes (stage IIA) or the rectum, blad-
der, and/or peritoneum (stage IIB), is well depicted on MRI.
Invasion is characterized by a tumor/normal structure inter-
face of greater than 90% or direct soft-tissue extension with
irregular margins into the adjacent structure. Accuracy ranges
from 70% to 94% for the assessment of spread of ovarian
tumor to the uterus, bladder, rectum, and pelvic sidewall (172).

Depiction of stage III disease on MRI is aided by the use of
T1W fat-suppressed gadolinium contrast-enhanced sequences.
T1W fat-suppressed contrast-enhanced sequences are used to
depict intra-abdominal disease (i.e., omental, peritoneal, and
mesenteric metastases), which enhance and have high-signal
intensity contrasting with the low signal intensity of intra-
abdominal fat. This technique makes lesions as small as 1 cm
conspicuous (159).

Stage IV disease is diagnosed in the usual manner on MRI.

Positron Emission Tomography

The role of FDG-PET in the initial staging of ovarian cancer is
controversial. However, at least one study has demonstrated
FDG-PET to be a useful adjunct in the initial staging of ovarian
cancer. In this recent study, the addition of FDG-PET imaging to
CT alone increased staging accuracy from 79% to 81% within
the pelvis and from 85% to 93% outside the pelvis (177). 

Staging Recommendations

CT is the primary modality for staging ovarian cancer. The
few prospective studies comparing CT and MRI found that
MRI was at least equivalent and, in some cases, superior to
CT for showing the relationship between tumor and adjacent
pelvic structures and delineating the intra-abdominal extent of
disease (159). The use of MRI, however, is limited by longer
exam time, limited availability, expense, and lack of wide-
spread reader experience. US has limited usefulness in the
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FIGURE 10.31. Omental implants on CT. Axial CT image through
the lower abdomen demonstrating omental caking (arrows). 

staging of ovarian cancer, but can be helpful in specific cir-
cumstances such as identifying ascites or guiding paracentesis.
The use of FDG-PET for the initial staging of ovarian cancer is
controversial. Further research is needed to determine the
appropriate role for FDG-PET in this situation.

Detecting Persistent or Recurrent 
Ovarian Cancer

Imaging, especially US and CT, has been used to detect persis-
tent or recurrent ovarian cancer and to document tumor
response to subsequent therapy. Recently, FDG-PET has been
shown to be valuable for the detection of recurrent disease.

Ultrasound

US plays a limited role in the detection of recurrent ovarian
cancer. US has the greatest sensitivity in detecting recurrent
tumor in the pelvis or around the liver and right hemidi-
aphragm in the setting of ascites (178). However, the sensitiv-
ity of US in detecting microscopic disease, miliary peritoneal
seeding, and macroscopic disease less than 2 cm of the peri-
toneum and/or omentum is poor (178,179). Additionally,
small, plaque-like lesions on the pelvic peritoneum or lesions
high in the false pelvis are often missed on US (179).
Therefore, US is not sufficient to replace second-look laparo-
tomy (which is still performed in some centers) in making
patient-management decisions (178). Despite these limita-
tions, US can reliably confirm a clinical suspicion of gross
macroscopic recurrent disease (Figs. 10.32 and 10.33) and is
more accurate than clinical examination (178,179). US can
also be used to guide biopsy of areas of suspected recurrence.

Computed Tomography

CT is the most commonly used cross-sectional imaging modal-
ity for the detection of recurrent ovarian cancer (Figs. 10.34
and 10.35). Although the use of CT allows assessment of
more potential sites of tumor recurrence than US, it too has
significant limitations. In the detection of persistent or recur-
rent ovarian cancer, the sensitivity of conventional CT is
51% to 84% and its specificity is 81% to 93% (180–183).
False-positive results are usually caused by misdiagnosis of
adherent bowel loops as a tumor mass. The sensitivity of CT
for disease detection is proportional to lesion size (180). Many
studies report limitations in the detection of small (1- to 3-cm)
tumor nodules in the mesentery and omentum, and along peri-
toneal surfaces (180,181). However, the use of sagittal and
coronal reformatted images improves the detection of peri-
toneal implants (175). Nevertheless, a negative CT does not
exclude microscopic disease or small tumor implants and thus
cannot substitute for second-look laparotomy in some patient
populations (180,181,183). Serum levels of the tumor-specific
antigen CA125 and FDG–PET can help to differentiate
patients with small-volume disease and a false-negative CT
from those with a true negative CT (181). 

If recurrent ovarian cancer is detected by CT, determination
of nonresectability is an important next step. Currently, there
is no consensus on CT criteria that determine nonresectability.
However, in a recent study, Funt et al. (184) determined that
hydronephrosis and invasion of the pelvic sidewall were most
indicative of tumor nonresectability. CT-guided biopsy can be
used to confirm suspected recurrence (181).

Magnetic Resonance Imaging

MRI can be useful for the detection of recurrent disease, espe-
cially in patients unable to undergo CT (due to contrast
allergy, renal failure, etc.) (Figs. 10.36 and 10.37). Few studies
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have compared MRI to second-look laparotomy. In the largest
series to date, gadolinium contrast-enhanced MRI detected
residual tumor in women treated for ovarian cancer with
accuracy, PPV, and NPV that were comparable to those of
laparotomy (185). Reports from another study, using recur-
rent tumor size greater than 2 cm as a criterion for inoperabil-
ity, suggest that the accuracy of MRI is 82% for identification
of patients who would not benefit from second-look surgery.
The accuracy rate decreased to 38%, however, for lesions less
than 2 cm in size (186).

Positron Emission Tomography

Although CT and MRI are the most commonly used imaging
modalities for the detection of recurrence, they are both limited
in the detection of disease smaller than 2 cm, as discussed above.
FDG-PET has been shown to be an extremely useful adjunct
in the evaluation of recurrent ovarian cancer (Fig. 10.38). A
recent study by Torizuka et al. (187) concluded that FDG-PET
is more accurate than conventional imaging (i.e., CT/MRI)
with sensitivity, specificity, and accuracy of 80%, 100%, and
84%, respectively, compared to 55%, 100%, and 64% for
conventional imaging alone. Studies have also demonstrated

that the sensitivity, specificity, and accuracy of conventional
imaging increase from 73%–76% to 83%–92%, 75%–83%
to 92%–100%, and 73%–74% to 86%–94%, respectively,
with the addition of FDG-PET (188,189). 

Recommendations for Detecting Persistent 
or Recurrent Ovarian Cancer 

When disease recurrence is suspected, complete abdominal-pelvic
evaluation with conventional imaging is advised. Both contrast-
enhanced CT and MRI offer a comprehensive examination,
albeit one that is limited in its detection of small tumor nodules.
Both have comparable sensitivity, specificity, and accuracy (183).
The additional use of FDG-PET has been shown to be extremely
useful in this situation and should be considered as an adjunct to,
rather then a replacement for, conventional imaging.

Summary

A large number of factors make the early detection of ovarian
cancer difficult. Furthermore, results from screening trials
have been disappointing with few early ovarian cancers
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FIGURE 10.32. Ovarian cancer recurrence on ultrasound. Gray-scale images from two different patients
demonstrating recurrence at the vaginal cuff. Image (A) shows a solid mass (white arrow) arising from
the right side of the vaginal cuff (black arrow). Image (B) shows a solid and cystic mass (white arrow)
arising from the left side of the vaginal cuff (grey arrow). Note the full bladder in image (B) (asterisk).

A B

FIGURE 10.33. Ovarian cancer recurrence on ultrasound. Patient presented with a palpable right lower
quadrant lesion and a history of ovarian cancer. Gray-scale (A) and color Doppler (B) images demonstrate
a solid mass (white arrow) with internal flow (grey arrow) that proved to be recurrent ovarian cancer.
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detected. Therefore, most ovarian cancers are not detected
until they are at an advanced stage. US is the study of choice
for the primary detection and characterization of a suspected
ovarian mass. Contrast-enhanced MRI is valuable in cases
where an adnexal mass is suspected but US is indeterminate
(167). CT and MRI are both useful for the initial staging of
ovarian cancer. Initial research into the use of FDG-PET for
the initial staging of ovarian cancer is promising, but more
work in this area is needed. For the detection of recurrent
ovarian cancer, a combination of conventional imaging, CT or
MRI, and FDG-PET appears to be the most beneficial. New
techniques, such as dual time point FDG-PET imaging, are
currently being investigated. Preliminary data indicate that
this technique may help to distinguish benign processes, espe-
cially inflammatory ones, from malignant lesions (190), but
further research is required. 

VAGINAL CANCER
Vaginal cancer is most often diagnosed and staged clinically.
Diagnostic imaging is often performed only for the detection
of pelvic adenopathy or metastatic disease. 

There is virtually no role for diagnostic imaging in the pri-
mary detection and characterization of vaginal cancer. On
MRI, vaginal tumors appear isointense on T1W sequences
and may only be apparent if they alter the vaginal contour
(66). On T2W sequences, a vaginal tumor appears as an inter-
mediate- to high-signal-intensity soft-tissue mass.

Staging of vaginal cancer is most often clinical; however,
MRI has a limited role in the staging of vaginal cancer. MRI
criteria that correlate to the FIGO staging scheme have been
developed. Stage I disease is defined as tumor that has invaded
the epithelium but is confined to the vaginal mucosa. These
lesions may be occult on MRI, or there may be abnormal high
T2W signal penetrating the vaginal wall. The surrounding
perivaginal fat is preserved. 

Vaginal tumor that has invaded the paravaginal tissues but
does not involve the pelvic sidewall is considered stage II dis-
ease. With stage II disease, the normally high-T2W-signal
perivaginal fat is invaded by intermediate-signal tumor. 

Tumor that extends to involve the pelvic sidewall and/or
pelvic adenopathy defines stage III disease. Tumor contiguous
with the levator ani, obturator internus, or the piriformis mus-
cle is diagnostic of pelvic sidewall invasion. Pelvic adenopathy
is diagnosed in the usual manner on MRI. 

Stage IV is defined as tumor invading the bladder and/or
rectum and/or extrapelvic spread of disease. MRI is particu-
larly well suited for imaging stage IV disease because of its
multiplanar capabilities. Invasion of the bladder and/or rec-
tum is diagnosed by identifying disruption of the normal high-
T2W-signal mucosa of the bladder and/or rectum. Extrapelvic
metastases are diagnosed in the usual manner.

Although these staging criteria have been developed, care
must be taken when using MRI for the evaluation of vaginal
cancer. It has been shown that inflammatory changes and/or
congestion of the vagina may appear similar to carcinoma (60).
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FIGURE 10.34. Ovarian cancer recurrence on CT. Solid and cystic
mass (white arrow) along the left side of the vaginal cuff (black arrow).

A B

FIGURE 10.35. Recurrent ovarian cancer on CT. Contrast-enhanced CT images in a patient with a
remote history of ovarian cancer. Soft-tissue nodularity within the mesentery (white arrow in A) and cys-
tic mass (white arrow in B) adjacent to the iliac vessels (black arrow in B) are recurrent ovarian cancer.
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CT and US have little role in the staging of vaginal cancer,
although CT can be used for the detection of pelvic adenopathy.

Complications from vaginal cancer and/or vaginal cancer
treatment can be imaged with US, CT, and/or MRI depending
on the clinical concern. Known complications include fistulae,
fluid collections, and post-radiation therapy colitis. Fistulae
are best diagnosed with contrast-enhanced CT or MRI. 

Very little data is available on the utility of FDG-PET with
vaginal cancer. However, a recent study demonstrated that
FDG-PET was superior to CT in the detection of the primary
tumor and pelvic adenopathy in patients with vaginal cancer
(191). While more research is needed in this area, this research
is promising.

Summary

Overall, diagnostic imaging plays a limited and directed role
in the evaluation of vaginal cancer. Although preliminary
results of FDG-PET and vaginal cancer are promising, more
research is needed before this modality is used clinically.

VULVAR CANCER
Vulvar cancer is diagnosed and staged clinically. Diagnostic
imaging is limited to searching for deep pelvic adenopathy in
patients with known inguinal lymph node metastasis. Lymph
node status plays an important role in the staging, treatment,
and prognosis of patients with vulvar cancer. However, to date
no imaging modality has been shown to be adequate in the
evaluation of deep pelvic adenopathy in patients with vulvar
cancer. 

There is no role for diagnostic imaging in the primary
detection and characterization of vulvar cancer. Vulvar cancer
appears on US as a soft-tissue mass with internal vascularity
(Fig. 10.39). On CT, vulvar cancer appears as a nonspecific
soft-tissue mass. On MRI, this type of cancer demonstrates
intermediate signal intensity on T1W sequences and high sig-
nal intensity on T2W sequences. 

In select cases, CT and MRI may be used to evaluate for
tumor extension into adjacent structures (i.e., urethra) (85). MRI
may also be used to differentiate recurrence from post-therapy
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FIGURE 10.36. Ovarian cancer recurrence on MRI. Axial T2W (A) and T1W post-contrast fat-saturated
(B) images. Images demonstrate a solid and cystic enhancing mass in the right pelvis (arrows).

A B

FIGURE 10.37. Recurrent papillary ovarian carcinoma at the vaginal cuff on MRI. Sagittal T2W (A) and
axial T1W post-contrast fat-saturated (B) images. Images demonstrate a solid and cystic enhancing mass
(white arrow) at the vaginal cuff (grey arrow).
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FIGURE 10.38. Recurrent ovarian carcinoma on FDG-PET. FDG-PET image (A), noncontrast CT image
(B), and fused PET-CT images demonstrating an area of focal increased activity in the right pelvis (arrow
in A) corresponding to soft-tissue density on CT (arrow in B). Fused PET-CT image demonstrates that the
focal increased activity definitely corresponds to the focal soft-tissue density (arrow in C).

A B

FIGURE 10.39. Vulvar mass on ultrasound. Gray-scale (A) and color Doppler (B, See color plate section)
images demonstrating a hypoechoic solid vulvar mass with internal flow (arrow).
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changes, with the former demonstrating high signal intensity
on T2W images and the latter demonstrating intermediate signal
intensity on T2W sequences.

Pelvic adenopathy in vulvar cancer is usually diagnosed by
surgical lymph node dissection. US combined with fine-needle
aspiration biopsy (FNA) has recently been shown to influence
surgical management with sensitivity, specificity, NPV, and
PPV of 80%, 100%, 93%, and 100%, respectively (192).

Very little research has been done on the use of FDG-PET for
vulvar cancer. In one recent study, the detection of pelvic
adenopathy with FDG-PET was evaluated. FDG-PET had a
sensitivity of 80%, specificity of 90%, PPV of 80%, and NPV
of 90% in the detection of pelvic adenopathy (193). Although
these results are promising, more research in this area is needed.

Summary

Diagnostic imaging is not routinely used in the management
of patients with vulvar cancer. Recent research, however, has
shown that US combined with FNA may be useful for evaluat-
ing pelvic adenopathy (192). The utility of FDG-PET for vul-
var cancer appears promising.

CONCLUSION
Increased use of CT and MRI for staging gynecologic pelvic
malignancies has led to a significant decline in the use of con-
ventional and invasive radiologic studies such as intravenous
urography and barium enema. In addition, transabdominal
US is no longer used for primary gynecologic cancer staging.
TVS, however, in conjunction with Doppler US, is helpful in
characterizing ovarian and endometrial masses, with TRUS
being reserved for evaluating cervical cancer.

CT maintains a high-profile role in pelvic imaging because
of its lower cost, high spatial resolution, fast examination
time, and wide availability. It ably detects adenopathy and
guides percutaneous biopsy of metastases and recurrent
tumor. CT has been proven useful for the staging of ovarian
cancer, cervical cancer, endometrial cancer, and GTD, and for
the evaluation of recurrent pelvic malignancies. 

MRI has been gaining favor for gynecologic pelvic cancer
staging because of its superb soft-tissue contrast and multipla-
nar imaging capabilities. It also has advantages over CT for
patients allergic to iodinated intravenous contrast or with
impaired renal function. Early reservations about MRI, vis-à-vis
long scanning times and lack of oral contrast, no longer apply.
MRI shows excellent soft-tissue contrast between tumor,
cervical stroma, endometrium, myometrium, uterine liga-
ments, parametrial fat, and blood vessels. Most comparative
studies show MRI to have advantages over CT and US in the
local staging of cervical and endometrial cancers. MRI is also
useful for the detection of recurrent cervical cancer and the
staging of GTD.

FDG-PET and PET-CT are increasingly being used to eval-
uate gynecologic malignancies. Studies have shown the utility
of FDG-PET in the detection of recurrent ovarian, cervical,
and endometrial cancer. Also, FDG-PET may be useful in the
staging of cervical cancer. Further research in this area will
help define the clinical role of FDG-PET in the evaluation of
gynecologic malignancies. 

FUTURE DIRECTIONS
Future innovations in gynecologic oncology imaging will go
beyond anatomy to focus on function. Specifically, functional
imaging aims to provide in vivo cellular characterization and,

ultimately, biologic signatures for both premalignant and malig-
nant conditions. Functional technologies range in maturity: (a)
reasonably established (e.g., MRI spectroscopy), (b) less well
developed (e.g., MRI with ultrasmall superparamagnetic iron
oxide [USPIO] particles), and (c) nascent technologies (e.g.,
electron paramagnetic resonance imaging [EPRI]). These tech-
nologies will likely have a twofold impact on cancer incidence
and mortality by allowing (a) improvements in existing methods
(e.g., use of USPIO particles as a supplement to routine MRI
imaging) and (b) development of new approaches to detect
early or preinvasive cancers that traditionally have low sur-
vival rates and no proven early-detection algorithms (e.g.,
optical coherence tomography for surface epithelial ovarian
cancer) (194).

Advances in functional imaging raise issues in data manage-
ment and display. Image fusion, which marries anatomic and
functional data, coupled with soft-copy display, will provide
roadmaps for gynecologic cancer prevention and treatment.
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is in the preoperative holding area on the day of her surgery.
Should further evaluation be needed from a specialist (e.g., a
cardiologist or a pulmonologist), a letter outlining the pro-
posed surgical intervention should be sent to the consultant.

Ideally, laboratory data will be dictated by findings from the
history and physical examination. However, most institutions
have a battery of required laboratory testing prior to surgical
intervention. A logical review of laboratory testing is available
and we refer the reader to this review (2). Table 11.1 shows
recommendations for laboratory testing prior to surgery, the
incidences of abnormalities that influence changes in surgical
management, and the indications for each test. Further, mini-
mal evaluation for specific comorbid disease states will be pre-
sented in the following sections of this chapter.

If the patient’s condition requires the possibility of a stoma(s)
(colostomy or urostomy), consultation with an enterostomal
therapist for marking of the planned stoma(s) should be consid-
ered. During this visit, the therapist will take into account the
location of the patient’s “waist,” how she wears her clothing, the
types of clothing she wears, and the location of the future stoma
when she stands or sits. In addition, the therapist can initiate
education on the function and care of the stoma(s).

Should the proposed surgery result in a marked change of
body image or possible sexual dysfunction (e.g., exenteration,
radical vulvectomy, or vaginal reconstruction), consultation
with prior patients who have successfully recovered from simi-
lar operations may be warranted. In addition, these patients
may benefit from psychologic counseling prior to their surgery.

Assessment of Cardiac Risk

Any gynecologic oncologist must be aware of the underesti-
mation of cardiac disease in women when evaluating cardiac
risk preoperatively. In the last decade, a great deal of literature
has been published on this subject. In 2001, the National
Heart, Lung, and Blood Institute (NHLBI) launched the Heart
Truth Project to promote education about heart disease
among women (3). Statistics have shown that only one of
three primary physicians correctly cited coronary artery dis-
ease as a leading cause of death in women. Similarly, studies
have demonstrated that women are less often counseled on
cardiac risk factors, less often prescribed lipid-lowering med-
ications, less often offered invasive procedures, and less often
prescribed cardiac rehabilitation. Further, compared to men,
women who had a myocardial infarction (MI) had a greater
interval from onset of pain until arrival at hospital, were less
likely to be treated with thrombolytics and beta-blocking
agents, were less often evaluated with invasive methods, had
higher rates of reinfarction, and had greater mortality (3).

Surgery remains the mainstay of treatment for women with
gynecologic malignancies. Ultimately, outcomes of the surgical
intervention rest with the gynecologic oncologist in concert
with anesthesiologists, nursing staff, stomal therapists, physical
therapists, pharmacists, social workers, and the social network/
support of the patient as well as others. Careful assessment of
the patient prior to surgery can lead to improved outcomes
and minimize surprises in the postoperative period. Should the
need arise, prudent consultation with other medical specialists
prior to or following surgery can further enhance patient care,
and result in better outcomes.

The chapter has been divided into two sections: preopera-
tive care/risk recognition and postoperative care/critical care.
Within each section, clinical information has been arranged by
organ system and recommendations are based upon evidence
(when available). The critical care section provides basic yet
practical information for the reader so that comanagement of
the critically ill gynecologic oncology patient with an inten-
sivist may be seamless.

PREOPERATIVE RISK ASSESSMENT

Initial Preoperative Evaluation

When patients are found to have a gynecologic malignancy (or
suspicion is high as in the case of an adnexal mass), hopefully
they are referred to a gynecologic oncologist for consultation
and ultimate treatment. During this meeting, the gynecologic
oncologist should take a thorough history, assessing for comor-
bid conditions, which may impact perioperative risk (1).
Similarly, a thorough physical examination, looking for signs
of diseases of which the patient is unaware, will aid in finding
diseases that can impact surgical outcome. Review of accom-
panying medical records and radiographs is important.
Ultimately, those patients who will benefit from surgery will be
identified and will be deemed operative candidates, operative
candidates who need further evaluation from specialists prior
to surgery, or inoperable candidates. Subsequent discussions
should focus on the course of treatment. If surgical, the
planned operative procedure should be described to the patient
in nonmedical terminology. Attendant risks of the procedure
should be described to the patient as well as alternatives for
therapy (if they exist). The length of time for the operation and
length of anticipated hospital stay should be estimated for the
patient and her family. These elements of the treatment plan
constitute informed consent, and should be documented in the
medical record by the physician at the initial consultation.
Preferably, this “consenting” should be done before the patient
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In the assessment of perioperative risk, cardiac risk factors
are certainly one of the top concerns for clinicians. There have
been a number of reviews and different systems created for the
purposes of assessing cardiac risk for patients undergoing
noncardiac surgery (4–7). Realize that approximately 1 in 12
patients (�65 years old) will have significant coronary artery
disease (8). It is estimated that over 30% of patients undergoing
major elective surgery have at least one cardiac risk factor (9).

Cardiac risk indices have been published by at least 10
different investigators (10). Goldman et al. published the
Multifactorial Index of Cardiac Risk (MICR) in 1977 (11).
This risk index was the first large, prospective, multivariate
analysis of patients undergoing noncardiac surgery. They used
definite endpoints of cardiac death, ventricular tachycardia,
pulmonary edema, and myocardial infarction. The MICR
involves nine independent risk factors to create a point risk
index and predict morbidity and mortality (Tables 11.2 and
11.3). One weakness of this index is underestimating risk in
vascular surgery patients. Nonetheless, these criteria have
been validated and have stood the test of time. In response to
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RECOMMENDED PREOPERATIVE LABORATORY ASSESSMENTS 
WITH INDICATIONS FOR TESTING

TA B L E  1 1 . 1

Incidence of abnormalities that
Test influence management (%) Indications

Hemoglobin 0.1 Anticipated major blood loss 
or symptoms of anemia

White blood cell count 0.0 Symptoms that suggest infection, 
myeloproliferative disorder, 
or myelotoxic medications

Platelet count 0.0 History of bleeding diathesis, 
myeloproliferative disorder, 
or myelotoxic medications

Prothrombin time 0.0 History of bleeding diathesis, 
chronic liver disease, 
malnutrition, recent or 
long-term antibiotic use

Partial thromboplastin time 0.1 History of bleeding diathesis

Electrolytes 1.8 Known renal insufficiency, CHF, 
medications that affect 
electrolytes

Renal function 2.6 Age �50 years, hypertension, 
cardiac disease, major surgery, 
diabetes, medications that 
affect renal function

Glucose 0.5 Obesity or known diabetes

Liver function tests 0.1 No indication. Consider albumin 
measurement for major surgery 
or chronic illness

Urinalysis 1.4 No indication

Electrocardiogram 2.6 Age �50 years; known CAD, 
diabetes, or hypertension

Chest radiograph 3.0 Age �50 years; known cardiac 
or pulmonary disease; symptoms
or exam suggesting cardiac 
or pulmonary disease.

Note: CAD, coronary artery disease; CHF, congestive heart failure.
Source: Adapted from Smetana GW, Macpherson DS. The case against routine preoperative laboratory
testing. Med Clin N Am 2003;87:7–40, with permission.

a shift in the literature from calculation of risk with indices to
clinical decision making, especially in regard to the need for
preoperative evaluation, the American College of Cardiology/
American Heart Association (ACC-AHA) guidelines were
developed (12). Recently, the AHA updated guidelines for
cardiovascular disease prevention in women (13). This docu-
ment provides risk classification of coronary vascular disease
(CVD), based upon clinical criteria and/or the Framingham
10-year global risk score (14) (Table 11.4). This CVD risk
stratification has not been assessed specifically for preopera-
tive risk assessment, but provides classification of women who
may need further (noninvasive or invasive) evaluation.

Clearly, the approach to the patient must include a careful
history and physical examination. Initially, age greater than
70 years was thought to be a risk factor for cardiac morbidity,
but a recent clinical trial showed no increased independent
risk for cardiac complications (15). Any prior history of cardiac
disease such as angina, MI, arrhythmia, pulmonary edema, or
valvular disease must be elaborated. Patients with unstable
angina, recent myocardial infarction, class III-IV heart failure,
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decompensated congestive failure, or aortic stenosis present
the highest risk. These patients will likely require further inva-
sive testing. 

In patients without overt cardiac risks, other factors are
considered to be helpful for uncovering subclinical disease.
Classically, these risk factors are smoking, hyperlipidemia,
hypertension, and diabetes mellitus.

In 2002, the ACC-AHA published guidelines to direct inva-
sive, interventional evaluations (12). The classification defines
clinical predictors as major, intermediate, and minor. In addition,
the guidelines now utilize functional capacity in terms of
metabolic equivalents (METs), with a level �4 being consid-
ered poor. The ability to climb one flight of stairs or walk up a
hill would classify the patient in the �4 group (12).

Testing available for further evaluation includes both invasive
and noninvasive methods. Echocardiography can predict post-
operative congestive heart failure (CHF) in patients with ejection
fractions (EFs) less than 35% (16). Unfortunately, echocardio-
graphy cannot reliably predict ischemia. However, echocar-
diography is quite useful in the evaluation of valvular diseases
and for follow-up of patients with known left ventricular (LV)
dysfunction.

Exercise or pharmacological stress testing provides valu-
able information for perioperative ischemic risk. Nuclear
scintigraphy with evaluation of perfusion defects has shown a
positive predictive value of 12% to 16% and a negative pre-
dictive value of 99% (17). Dobutamine stress echocardiogra-
phy has shown similar predictive values.

The ACC-AHA recommendations provide a way to segregate
patients who should have their surgery delayed for further

cardiac evaluation because of a recent MI; who should have their
CHF optimized; or who should optimize control of dysrhyth-
mias. In selected patients, it may be that coronary revascular-
ization, angioplasty, stent placement, or valve replacement is
prudent before the planned noncardiac surgery (12).

The risks of reinfarction after a recent MI are clearly
related to the timing of an event, which could precipitate an
MI. However, these rates have been declining secondary to
improved perioperative care. Reported reinfarction rates have
dropped from 37% in patients undergoing surgery within 3
months following MI to more recent figures of 5% to 10%.
The rates fall even further the longer the interval from the
original MI, with rates of reinfarction being 2% to 3% in the
4 to 6 months following and 1% to 2% after 6 months (18).
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MULTIFACTORIAL INDEX OF CARDIAC RISK (MICR)

TA B L E  1 1 . 2

Risk factor Points

S3 gallop or increased jugular venous pressure 11
Myocardial infarction in previous 6 months 10
More than five premature ventricular ectopic 7

beats per minute
Rhythm other than sinus or premature 7

atrial contractions
Age �70 years 5
Emergency noncardiac operative procedure 4
Significant aortic stenosis 3
Poor general health status 3
Abdominal or thoracic surgery 3
Possible total 53

Source: Adapted from Goldman L, Caldera DL, Nussbaum SR, et al.
Multifactorial index of cardiac risk in noncardiac surgical procedures.
N Engl J Med 1977;297:845–880.

MULTIFACTORIAL INDEX OF CARDIAC RISK (MICR), CARDIAC RISK CLASS,
MORBIDITY, AND MORTALITY

TA B L E  1 1 . 3

Cardiac risk (%) Total points Morbidity (%) Mortality (%)

Class I 0–5 0.7 0.2
Class II 6–12 5.0 1.6
Class III 12–25 11.5 2.3
Class IV �26 22.2 55.6

Source: Adapted from Goldman L, Caldera DL, Nussbaum SR, et al. Multifactorial index of cardiac risk
in noncardiac surgical procedures. N Engl J Med 1977;297:845–850.

CLASSIFICATION OF CVD RISK IN WOMEN

TA B L E  1 1 . 4

Risk status Criteria

High risk Established coronary heart disease
Cerebrovascular disease
Peripheral arterial disease
Abdominal aortic aneurysm
End-stage or chronic renal disease
Diabetes mellitus
10-year Framingham global risk �20%a

At risk �1 major risk factors for CVD, including:
Cigarette smoking
Poor diet
Physical inactivity
Obesity, especially central adiposity
Family history of premature CVD

(CVD at �55 years of age in male relative 
and �65 years of age in female relative)

Evidence of subclinical vascular disease
(e.g., coronary calcification)

Metabolic syndrome
Poor exercise capacity on treadmill test 

and/or abnormal heart rate recovery 
after stopping exercise

Optimal risk Framingham global risk �10% and a healthy 
lifestyle, with no risk factors

Note: CVD, coronary vascular disease.
aOr at high risk on the basis of another population-adapted tool used
to assess global risk.
Source: Adapted from Mosca L, Banka CL, Benjamin EJ, et al.
Evidence-based guidelines for cardiovascular disease prevention in
women: 2007 update. Circulation 2007;115:1481–1501.
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Perioperative Beta Blockade

In 1996, a multicenter, randomized, placebo-controlled trial
was published that evaluated the use of beta blockade with
atenolol versus placebo in patients undergoing noncardiac
surgery (19). Although no differences in perioperative mortality
or MI were seen, the atenolol group had significantly fewer
ischemic episodes (24% vs. 39%). Furthermore, in a 2-year
follow-up, the atenolol group had a decreased mortality (9 vs.
21 deaths) and decreased number of cardiac events (16 vs. 32).
Based on the findings of this study, patients with or at risk for
coronary artery disease should receive preoperative and post-
operative beta blockade.

Pulmonary Risk Assessment

Postoperative pulmonary complications represent a significant
cause for morbidity and mortality in patients undergoing elec-
tive surgery. Approximately 25% of deaths within the early
postoperative period (first week) are related to pulmonary
issues. Pulmonary complications after major abdominal
surgery range from 20% to 30% (20). Laparotomy results in a
45% decrease in vital capacity and a 20% reduction in func-
tional residual capacity (FRC) (21). When the patient is in the
supine position, FRC is reduced below alveolar closing vol-
ume (i.e., the volume at which point alveoli start closing),
which results in atelectasis (22).

When examining risk factors for postoperative pulmonary
problems, a number of issues surface. General medical status
(e.g., functional status, obesity, nutrition) is related to postop-
erative pulmonary complications (PPCs) (23). A history of
congestive failure, renal failure, poor mental status, and
immunosuppression are all associated with a higher PPC rate
(24). Surgical issues such as the type of incision (thoracic and
upper abdominal being worse than midline or lower abdomi-
nal), duration of anesthetic (�2 hours), the use of a nasogas-
tric tube (increased risk), and the use of parenteral (increased
risk) versus epidural (decreased risk) analgesics are all corre-
lated with PPC incidence (25).

In terms of direct pulmonary risk factors, the most common
preexisting pulmonary disease is chronic obstructive pulmonary
disease (COPD) (26). These patients retain carbon dioxide, have
poor gas exchange, and have an increased residual volume.
Smoking, history of dyspnea, pneumonia, and sleep apnea are
other risk categories. Patients with asthma and other restrictive
lung diseases (low forced vital capacity [FVC] with normal
forced expiratory volume in the first second of expiration
[FEV1]/FVC ratio) have minimal increased risk for PPCs (27).

When interpreting the usual preoperative radiographic and
laboratory values, several caveats must be kept in mind. A pre-
operative chest radiograph in normal adults has no predictive
value other than providing essential baseline data for an at-risk
patient. Arterial blood gas analysis in prospective trials has been
shown not to be useful in providing risk stratification. However,
it is useful in providing baseline data for patients with preexist-
ing disease, that is, COPD (28). Preoperative pulmonary func-
tion tests (PFTs) have few supporting clinical trials other than in
preparation for lung resection, where they are clearly beneficial
(29). A consensus statement was forwarded from the American
College of Physicians in 1990 that recommended preoperative
PFTs in the following settings: in patients with a history of
smoking or dyspnea scheduled to undergo upper abdominal
operations, coronary bypass, or lung resection; in patients with
unexplained pulmonary disease; and in patients with planned
extensive lower abdominal, head and neck, or orthopedic oper-
ations (30). It would appear from the data that PFTs are overuti-
lized. In the case of major abdominal surgery in a patient with
moderate to severe COPD, however, they may aid greatly in risk
stratification and in providing baseline data.

Preoperative and perioperative strategies for reducing risk of
PPCs include pulmonary expansion, smoking cessation, and
optimization of gas exchange. Although preoperative and post-
operative incentive spirometery has shown mixed results in
reducing the rate of pulmonary complications, it continues to be
widely recommended (31), and it should be considered as a pre-
ventive strategy for any patient undergoing laparotomy. In order
to maximize patient compliance, preoperative counseling and
education is necessary. Clearly, COPD must be optimized with
control of infection and maximizing medical regimens. Reactive
airway disease should be prevented with the use of perioperative
inhalation therapy such as beta agonists. Steroid therapy is gen-
erally reserved for patients already utilizing them as part of their
medical regimen. These steroid-dependent patients will need
stress-dose steroids to prevent insufficiency (see “Adrenal
Suppression” section). Prophylactic antibiotics are not indicated
in COPD patients to prevent pulmonary infections.

Smoking-cessation programs have had an unclear effect on
postoperative pulmonary complications (32). Although the
data consist of poorly controlled trials, it appears that short-
term abstinence (�8 weeks from the time of surgery) may
actually increase the complication rate (33). Abstinence for
greater than 10 weeks showed complication rates similar to
nonsmokers (34). Unfortunately, the long-term success rate of
smoking-cessation programs is low, and in the case of malig-
nancy, the gynecologic oncologist rarely has the opportunity
to delay the operation for 8 to 10 weeks.

Endocrinologic Risk Assessment

Diabetes

The incidence of diabetes is rising because of the obesity pan-
demic, the sedentary lifestyle of Americans, and the rapidly
aging population (35). Interestingly, one third to one half of
these patients are unaware that they have diabetes and are
currently receiving no treatment. It is only during preoperative
evaluation for elective surgery or acute hospitalization that
most of those patients will be diagnosed (36). Understanding
the basic physiology of diabetes and how it impacts perioper-
ative risk is crucial for the surgeon.

There are two types of diabetes of concern for the surgeon.
Type 1 diabetes occurs as a result of insulinopenia, with all type
1 diabetics being insulin dependent. In the absence of sufficient
insulin, these patients are prone to ketosis. Type 1 diabetics
account for approximately 10% of all diabetics. Type 2 diabetes
occurs as a result of insulin resistance and impaired insulin
secretion. Type 2 diabetics may be treated with diet alone, oral
hypoglycemic agents, or insulin. These patients account for
approximately 90% of all diabetics (37). Intraoperative as well
as postoperative glycemic control is dictated by the type of dia-
betes a patient has.

When evaluating patients with diabetes for surgery, atten-
tion should be directed toward the long-term complications of
diabetes, as these can impact perioperative risk. Most compli-
cations of diabetes are related to microvascular changes, such
as diabetic retinopathy, neuropathy, nephropathy, and cardio-
vascular disease (38). In addition to a thorough history and
physical examination, preoperative studies should include an
electrocardiogram to rule out a prior “silent” MI (especially in
patients with diabetes for more than 10 years); serum creati-
nine, blood urea nitrogen, and urinary analyses to assess renal
function; and a hemoglobin A1c to evaluate recent glycemic
control. Should abnormalities be found, consultation with an
appropriate specialist should be entertained (39). Ultimately,
the type of diabetes, preoperative glycemic control, the extent
and magnitude of the intended surgery, the elective or emergent
nature of that surgery, and other comorbid medical conditions
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will affect the metabolic changes these patients face intraoper-
atively and postoperatively.

The physiologic changes that diabetic patients encounter
during surgery all result in a hyperglycemic state. The stress of
surgery increases secretion of epinephrine, norepinephrine,
cortisol, and growth hormone, all of which directly antagonize
insulin action (40,41). In addition, gluconeogenesis and lipolysis
are increased with mobilization of glucose precursors, and a net
protein catabolism ensues. All of these factors affect ketosis
and acidosis and require intraoperative glucose measurement,
especially if the surgery lasts longer than 2 hours.

Although diabetic patients with vascular disease are at risk of
silent postoperative MI and acute renal failure, postoperative
infections (respiratory, urinary, and wound infections) account
for about two thirds of all postoperative complications and 20%
of all postoperative deaths among diabetics undergoing surgery
(42,43). Hyperglycemia has been shown to impair phagocytic
function and chemotaxis of granulocytes when glucose levels are
higher than 250 mg/dL (44). Other wound complications such
as superficial wound dehiscence or fascial dehiscence are com-
mon among diabetic patients because of suppressed collagen
synthesis by glucose levels higher than 200 mg/dL (45).

Although no prospective studies demonstrating better peri-
operative outcome from tight glycemic control in diabetics
undergoing surgery have been done, several retrospective studies
of diabetics undergoing cardiac surgery suggest a lower incidence
of postoperative wound infections and complications (46–48).
Similarly, a randomized prospective study of intensive insulin
therapy (maintaining glucose levels between 80 and 110 mg/dL)
versus conventional insulin therapy (glucose levels between 180
and 200 mg/dL) in critically ill postoperative patients demon-
strated a 46% reduction in episodes of septicemia and a 34%
reduction of in-hospital mortality (49).

Glycemic control during surgery will depend upon the type
of diabetes the patient has, the medications currently being
utilized for treatment, the expected length of time that the
patient will be nil per os (npo), and the type of surgery the
patient is having. Patients who are taking oral hypoglycemic
agents for control should not take their morning dose on the day
of surgery (because of the longer half-life of metformin and

chlorpropamide, patients should be instructed to stop these
medications 24 to 48 hours prior to surgery) (39). Table 11.5
shows recommendations for management of diabetic patients
undergoing surgery (39).

Thyroid Disorders

When patients give history of hypothyroidism or hyperthy-
roidism during evaluation for surgery, thyroid-stimulating
hormone (TSH) and thyroxine (T4) levels should be obtained.
The primary objective is to determine if the patient is euthy-
roid or mildly abnormal prior to surgical intervention so as to
avoid the complications of myxedema or thyroid storm in the
postoperative period.

Decisions to operate on patients with hypothyroidism will
depend upon the level of hypothyroidism and the urgency of
the surgery. Hypothyroidism can influence many physiologic
functions such as myocardial function, respiration, gastroin-
testinal motility, hemostasis, and free water balance (39).
Although there have been no prospective, randomized studies
looking at the surgical outcome of hypothyroid patients versus
controls, several retrospective case-matched control studies
have evaluated hypothyroid patients undergoing surgery. A
study by Weinberg et al. demonstrated no differences between
hypothyroid and euthyroid controls for perioperative compli-
cations. In addition, no differences in outcome were seen
when hypothyroidism was stratified by thyroxine levels. The
investigators concluded that patients with mild to moderate
hypothyroidism should not be denied needed surgery in order
to correct the metabolic problem. They further stated that
insufficient numbers of patients with severe hypothyroidism
precluded recommendations for perioperative care of these
patients (50). In another retrospective study, Ladenson et al.
reviewed perioperative complications among hypothyroid
patients undergoing surgery, finding more intraoperative
hypotension in noncardiac surgery, more heart failure in car-
diac surgery, and more gastrointestinal and neuropsychiatric
complications. They also noted that patients were unable to
mount fever in the face of infection, although infection rates
were not different. Further, no differences were found in the
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MANAGEMENT OF DIABETES MELLITUS DURING SURGERY

TA B L E  1 1 . 5

Type Minor surgery Major surgery

TYPE I
DM on insulin therapy 1/2–2/3 of usual AM insulin IV insulin infusion during 

dose SC surgery—frequent blood 
glucose monitoring necessary

TYPE II
DM controlled with No insulin during surgery No insulin during surgery

diet alone

DM controlled with No insulin during surgery Insulin may be required during 
oral medications surgery—frequent blood 

glucose monitoring may 
be required

DM poorly controlled Insulin may be required IV insulin infusion during 
with oral during surgery—frequent surgery—frequent blood 
medications blood glucose monitoring glucose monitoring necessary

may be required

Note: DM, diabetes mellitus; IV, intravenous; SC, subcutaneous.
Source: Adapted from Schiff RL, Welsh GA. Perioperative evaluation and management of the patient with
endocrine dysfunction. Med Clin N Am 2003;87(1):175–192, with permission.
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duration of hospitalization, perioperative arrhythmias, delayed
anesthesia recovery, pulmonary complications, or mortality (51).

Patients with mild to moderate hypothyroidism requiring
urgent surgery may have it without delay. These patients may
have more minor complications of ileus, postoperative delirium,
or infection without fever. Patients with severe hypothyroidism
(myxedema coma, decreased mentation, pericardial effusions,
heart failure, or very low levels of thyroxine) who are to undergo
urgent/emergent surgery will need intravenous thyroxine and
stress-dose glucocorticoids (see “Adrenal Suppression” section)
started prior to, during, and continued after surgery (52).
Patients who develop seizures, coma, unexplained heart failure,
hypothermia, prolonged ileus, or postoperative delirium should
be evaluated for undiagnosed hypothyroidism or myxedematous
coma (53–55).

Patients using thyroid replacement preparations can have
their doses withheld during the immediate postoperative
period until they are able to tolerate oral intake, as the half-
life of these drugs is 5 to 9 days (39).

Most complications occurring in hyperthyroid patients
undergoing surgery involve cardiac function, as T4 and T3
have a direct inotropic and chronotropic effect on the heart.
Atrial fibrillation occurs in 10% to 20% of patients (56–59).
The greatest perioperative risk for patients who have undiag-
nosed hyperthyroidism or who are inadequately treated is a
rare, yet life-threatening, condition known as thyroid storm.
Thyroid storm should be considered in any postoperative
patient with fever, tachycardia, confusion, cardiovascular col-
lapse, and death (60, 61).

Patients with mild hyperthyroidism may have surgery with
preoperative beta blockade. However, patients with moderate
or severe disease should have surgery canceled until a euthy-
roid state is attained.

Thyrotoxic patients who require emergent/urgent surgery
need premedication with antithyroid agents, beta blockade, and
corticosteroids. Antithyroid medications include thionamides,
propythiouracil (PTU), and iodine. Methimazole is a thion-
amide drug that blocks thyroid hormone synthesis, and iodine
blocks thyroid hormone release (62,63). Because adrenal
reserve may be low in these patients, stress-dose steroids (see
“Adrenal Suppression” section) should be administered prior to
and following surgery (64). Should thyroid storm occur, treat-
ment with beta blockade, thionamides, iodine, and corticos-
teroids should be instituted. It is important to give the
thionamides at least 1 hour prior to iodine administration to
prevent uptake of iodine and synthesis of further hormone.
Occasionally, supportive care in the intensive care unit (ICU)
with correction of cardiac dysfunction and electrolyte abnor-
malities may be necessary (39).

Adrenal Suppression

Corticosteroids are used to treat a myriad of diseases, and it is
not unusual to obtain a history from patients revealing steroid
usage. It is important to ascertain the type of steroid used, the
dosage prescribed, the duration of treatment, and whether or
not a tapering schedule was used in stopping the medication.

Although some case series demonstrate biochemical evi-
dence of hypothalamic-pituitary axis (HPA) suppression after
exogenous steroid usage, none has demonstrated frank adrenal
insufficiency, hypotension, and shock in surgical patients (65).
However, recommendations for stress-dose steroids periopera-
tively have been made to prevent the occurrence of this life-
threatening situation in patients with either “presumed” or
documented HPA suppression. Giving stress-dose glucocorti-
coids needs to be weighed against the potential side effects of
the drug (such as poor wound healing, fluid retention, and
increased risk of infection) versus the benefits of supporting the
HPA axis in a surgically stressed patient.

Three tiers of chronic glucocorticoid usage and subsequent
HPA axis suppression have emerged. Several studies have
shown that steroid equivalent to 5 mg of prednisone as a sin-
gle morning dose, alternate-day short-acting steroids given as
a morning dose, and any dose of steroid given for less than 3
weeks seldom results in clinical suppression of the HPA and
requires no stress-dose steroids perioperatively (66–68).
However, patients who are chronically taking 20 mg pred-
nisone (or equivalent) per day for more than 3 weeks or who
appear clinically cushingoid require stress-dose steroids based
upon the type of surgical stress (69) (Fig. 11.1). Patients
whose steroid usage falls in between the first two tiers are
more controversial and may require HPA testing to ascertain
the functionality of the adrenal gland (70).

Renal Risk Assessment

Chronic kidney disease affects 8 million Americans, with
most having a glomerular filtration rate (GFR) of less than 
60 mL/min/1.73 m2 (71). The most common form of renal
failure facing the surgeon is acute renal failure (ARF) occurring
during the postoperative period. This condition will be discussed
below in the section on postoperative/critical care. However,
with the aging population, increasing prevalence of diabetes
and hypertension, and the advances in dialytic therapy, the
number of patients living with end-stage renal disease (ESRD)
is increasing. Therefore, surgeons must be cognizant of the
potential perioperative risks associated with these patients.

The causes of ESRD are predominantly diabetes and hyper-
tension, which account for 68% of patients with ESRD (72).
As such, patients with these underlying diseases tend to have
other comorbid conditions such as coronary artery disease
and peripheral vascular disease. Obviously, patients with
ESRD have problems with fluid balance, electrolyte levels, and
acid-base management. Furthermore, with reduced or absent
renal function, these patients metabolize drugs such as antibi-
otics, anesthetics, and analgesics poorly. Finally, patients with
ESRD are immunocompromised and are more susceptible to
infections postoperatively. Taking this complex picture into
consideration, the morbidity rate among ESRD patients
undergoing surgery is 54% (range, 12% to 64%) and the mor-
tality rate is 4% (range, 0% to 47%) (73).

Evaluation of ESRD patients undergoing surgery should
focus on three areas: cardiac evaluation, fluid and electrolyte
management and anemia, and bleeding diatheses. Of course,
glycemic control for diabetics and blood pressure control for
hypertensives are obvious. Cardiac disease is the leading cause
of death among ESRD patients (72,74). Unfortunately, a large
proportion of these patients have asymptomatic coronary
artery disease (23% to 40%) (75,76), with 75% of diabetics
being asymptomatic (77,78). Therefore, these patients need
formal cardiac clearance from a cardiologist prior to surgical
intervention.

ESRD patients who are dependent upon dialysis will need
to be euvolemic prior to surgery. Thus, communication with
the patient’s nephrologist is paramount. Details about the
operation should be discussed, with planned preoperative
dialysis (without heparin 24 hours prior to surgery) and post-
operative dialysis on the day of surgery for large intraopera-
tive fluid loads. Electrolytes should be monitored in the
immediate postoperative period, with hyperkalemia being
aggressively managed with dialysis or medically if necessary.
Hyperkalemia may be treated with glucose and insulin, which
will drive the NaK-ATPase pump resulting in an increase of
intracellular potassium and a lowering of extracellular potas-
sium. Ten milliliters of calcium gluconate can afford cardio-
protection and membrane stabilization in patients with
abnormal electrocardiograms (ECGs). Finally, 40 g of sodium
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polystyrene sulfonate (Kionex, Kayexalate) dissolved in 80 mL
of sorbitol may be given orally, or alternatively 50 to 100 g in
200 mL of water may be given rectally as a retention enema by
inserting a Foley catheter into the rectum and filling the balloon.
These administrations should be repeated every 2 to 4 hours
until the potassium level is in a normal range (see section
below on potassium derangements). Caution with the use of this
resin in postoperative patients is urged as intestinal necrosis
can occur (79).

Patients with ESRD usually receive erythropoietin to main-
tain hemoglobin levels. In urgent situations, transfusion of
blood is necessary to maintain hemoglobin prior to and dur-
ing surgery. Uremic patients may have platelet dysfunction
resulting in bleeding (80). If a patient has demonstrated prior
bleeding because of uremic platelet dysfunction, these patients
must be treated with 1-deamino-8-D-arginine vasopressin
(dDAVP) intravenously or intranasally and with cryoprecipi-
tate to prevent bleeding during surgery (81). In addition,
patients may be treated with intravenous conjugated estrogens
(0.6 mg/kg) if they are given 4 to 5 days prior to surgery (82).

Drug administration in ESRD must be done judiciously
with careful attention to the pharmacokinetics of particular
drugs. Multiple guidelines exist that can direct drug dose
reductions for patients with ESRD (83).

Hepatic Risk Assessment

The incidence of liver disease in gynecologic oncology is not
known. However, patients may present with a history of cir-
rhosis or acute or chronic hepatitis in conjunction with a
gynecologic malignancy. Awareness of liver disorders and how
they impact the perioperative risk is necessary to avoid unnec-
essary morbidity and mortality.

As mentioned earlier, thorough preoperative evaluation of
patients includes a comprehensive history and physical exami-
nation, with further laboratory testing based upon historical

and physical findings. Routine testing of liver function in
asymptomatic patients rarely yields abnormal levels or changes
in perioperative management (2). However, patients with his-
tories of jaundice, blood transfusions, the use of alcohol or
other recreational drugs, hepatitis, or physical findings of
icterus, hepatosplenomegaly, palmar erythema, or spider nevi
should be tested to rule out occult or active liver diseases (84).

Patients with acute hepatitis (viral or alcohol induced)
should have surgery delayed until the acute phase of the dis-
ease process has passed and liver function tests have returned
to normal. The older literature has demonstrated mortality
rates of 0% to 58% in this patient group (84). Contrarily,
patients with chronic hepatitis tolerate surgery well with no
mortality (85,86).

Surgical risk in patients with cirrhosis of the liver is signifi-
cant and correlates directly with the Child-Turcotte classifica-
tion (Table 11.6). This system takes into consideration five
components, three of which are subjective. Nonetheless, for
predicting operative outcome, this system is quite reproducible
and has been validated in a number of studies (87–90).
Postoperative mortality rates have been shown to be 10% in
Child class A and 30% and 80%, respectively, for Child classes
B and C (87,89). Patients with cirrhosis of the liver also have
coagulopathies, which need to be corrected prior to surgery.
Vitamin K administration, fresh frozen plasma, or cryoprecipi-
tate may be administered to correct the prothrombin time to
within 3 seconds of normal. Figure 11.2 presents an algorithm
for patients with liver disease facing surgery (84).

Finally, selection of medications in patients with hepatic dys-
function needs to be done judiciously. Patients with liver dys-
function are particularly susceptible to anesthetic effects such as
changes in hepatic metabolism of medications and changes in
hepatic blood flow. Alterations in the type and the dose of an
agent are necessary to avoid postoperative hepatic dysfunction
and hepatitis. Postoperative pain management with narcotic
agents needs to be reduced by as much as 50% to account for
the altered hepatic metabolism in these patients (91).
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FIGURE 11.1. Algorithm for stress-dose steroids. ACTH, adrenal corticotropin hormone; HPA, hypothalmus-
pituitary-adrenal axis; IV, intravenous. Source: Adapted from Schiff RL, Welsh GA. Perioperative evaluation
and management of the patient with endocrine dysfunction. Med Clin North Am 2003;87(1):175–192,
with permission.
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Preoperative Nutritional Assessment

Clearly, the status of nourishment plays an important role in
the way patients respond to the various stresses of their cancer
care. The broader consideration of nutrition in gynecologic
cancer patients is discussed in Chapter 33. The intent of this
section is to present the concepts of preoperative nutritional
evaluation and nutritional support of the gynecologic oncol-
ogy patient. Early refeeding in the postoperative patient as
well as enteral and parenteral nutritional support in the criti-
cally ill gynecologic patient are discussed later.

The prevalence of malnutrition among cancer patients has
been shown to be quite high (92,93). In addition, a direct corre-
lation between the level of malnutrition and surgical outcome
has been demonstrated (94,95). Specific rates of malnutrition
among gynecologic oncology patients have been described.
Tunca showed a high prevalence of severe protein malnutrition
among ovarian cancer patients without gastrointestinal involve-
ment. However, he was unable to demonstrate malnutrition
among other gynecologic cancer sites (96). Orr et al. have
shown increased rates of malnutrition with increasing stages of
cervical cancer among patients (97). Recently, Santoso et al.
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CHILD-TURCOTTE CLASSIFICATION AND OPERATIVE MORTALITY

TA B L E  1 1 . 6

Group designation A (minimal) B (moderate) C (advanced)

Serum bilirubin (mg/dL) �2.0 2.0–3.0 �3.0
Serum albumin (g/dL) �3.5 3.0–3.5 �3.0
Ascites None Easily controlled Poorly controlled
Neurologic disorder None Minimal Advanced, coma
Nutrition Excellent Good Poor, wasting
Operative mortality 10% 30% 80%

Source: Adapted from Child CG, Turcotte JG. Surgery and portal hypertension. In: Child CG, ed. The
Liver and Portal Hypertension. Philadelphia: WB Saunders; 1964:50, with permission.

FIGURE 11.2. Perioperative assessment of the patient with liver disease. FFP, fresh frozen plasma; GI,
gastrointestinal; SC, subcutaneously. Source: From Rizvon MK, Chou CL. Surgery in the patient with
liver disease. Med Clin North Am 2003;87:211–227, with permission.
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demonstrated that 54% of their patients admitted to the gyne-
cologic oncology ward (medical and surgical admissions)
demonstrated malnutrition. Most of their patients had cervical or
uterine carcinomas, were obese, and were admitted for major
abdominal surgeries (98). The question remains, how best to
assess patients for nutritional status and what intervention(s)
can correct deficiencies, producing improved postoperative
outcomes?

Simply attaining a history of weight loss (amount and over
what duration) can identify patients who may be malnour-
ished, especially if the weight loss is greater than 10% of the
patient’s normal weight (99). However, recalled weights may
be inaccurate and require corroboration of family members or
comparison to prior recorded weights (100). Other important
historical elements that may identify patients who are at risk
are the type and/or duration of any “diets,” recent surgical
interventions, radiation or chemotherapy treatment, nausea or
vomiting, and a history of alcohol or drug abuse (101).

Other methods for assessing nutritional status include
body measurements and laboratory values. Table 11.7 lists
these measures of nutritional depletion. The anthropometric
measurements assess fat stores (the triceps skin fold) and pro-
tein stores (mid-arm circumference). The resulting measure-
ments are compared to standard tables of these measurements
and a percentage is calculated to arrive at the level of depletion
(or nourishment). Although the measurements are quite easy
to obtain, there is a lack of standardization of measurement
techniques, which can introduce error and produce inaccurate
assessments of nutritional status. Total lymphocyte count is
calculated by multiplying the percentage of lymphocytes,
determined in the differential by the total white blood cell
count. Several conditions can affect the percentage of lympho-
cytes, such as infection or recent chemotherapy or radiation
administration, producing artificially low levels of lympho-
cytes and inaccurate nutritional assessments. A serum albumin
level is usually included in most complete metabolic profiles.
Because the half-life of serum albumin is 20 days, levels can
give a picture of the patient’s visceral protein stores over
longer periods of time. However, the plasma level of serum
albumin can be affected by the patient’s volume status and
events that increase catabolism, all of which may interfere
with the clinical usefulness of this assessment method (102).

Several schemes have been developed to combine several of
the measures in Table 11.7 and correlate them to surgical out-
comes. The prognostic nutritional index (PNI) has been stud-
ied the most (98,103). This index combines the triceps skin
fold, the serum albumin and transferrin levels, and delayed
hypersensitivity response to mumps, tuberculin, and Candida
antigens. Because it requires measurements of immune response,

it is a cumbersome index to complete and probably has little
clinically utility. Serum albumin emerges as the single test with
the most predictive value of poor operative outcome due to
malnutrition. Santoso et al. found that albumin levels corre-
lated with the PNI and predicted longer lengths of stay for
hospitalized, malnourished patients (98). Gibbs et al., through
the National Veterans Affairs Surgical Risk Study, found that
albumin levels less than 2.1 mg/dL were associated with an
increased surgical morbidity from 10% to 65% (especially in
predicting sepsis and major infections), as well as an increased
30-day mortality from 1% to 29% (104). Further, Delgado-
Rodriguez et al. showed that lower levels of serum albumin
were predictive of longer lengths of stay, increased rates of
nosocomial infections, and in-hospital deaths among a general
surgical population. This group of investigators also corre-
lated their outcome measures to lower levels of high-density
lipoprotein-cholesterol fractions (105).

Finally, studies have shown that experienced clinicians are
able to assess nutritional status subjectively, as well as through
objective laboratory or anthropometric measures, merely by
obtaining a history and examining the patient (106,107).

Since the mid 1980s several trials of total parenteral nutri-
tion (TPN) to correct deficiencies preoperatively in order to
improve operative outcomes were done. This controversial
practice was called into question and ultimately answered with
several prospective, randomized trials, which defined patients
who would benefit from such repletion. The largest trial, the
Veterans Affairs Cooperative Study, randomized 395 mostly
male, surgical (abdominal or noncardiac thoracic surgeries)
patients to receive at least 7 days of preoperative and 3 days of
postoperative TPN or to receive no perioperative nutritional
supplementation. The TPN group had a greater number of
infectious complications, mostly among patients classified as
borderline or mildly malnourished compared to the unfed
patients (14.1% vs. 6.4%). However, a subset of severely mal-
nourished patients derived benefit from lower operative compli-
cation rates (5% vs. 43%, p � 0.03) without incurring an
increase in infectious complications. The overall 30- and 90-day
mortality rates were not different between the groups (108). A
similar study by Bozzetti et al. randomized severely malnour-
ished patients undergoing resection of gastric or colonic malig-
nancies to 10 days of preoperative TPN and 9 days of
postoperative TPN or no supplementation. His group showed
that noninfectious postoperative complication rates were lower
among the TPN group versus the unfed control group (12% vs.
34%, p � 0.02) (109). Although the method of nutritional
assessment was different in these two studies, it is clear that
patients assessed to be severely malnourished should be consid-
ered for preoperative TPN prior to abdominal surgery.
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MEASUREMENT OF NUTRITIONAL DEPLETION

TA B L E  1 1 . 7

Parameters Mild Moderate Severe

Triceps skin fold (TSF), % standard 50–90 30–50 �30
Mid-arm muscle circumference 80–90 70–80 �70

(MAMC), % standard
Albumin g/dL 3.0–3.4 2.1–3.0 �2.1
Total lymphocyte count (TLC) Cmm 1,200–1,500 800–1,200 �800
Weight loss, % initial

In 1 week �1 1–2 �2
In 1 month �2 2–5 �5
In 3 months �5 5.0–7.5 �7.5
In 6 months �7.5 7.5–10.0 �10.0
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PREPARATION FOR SURGERY

Infection Prophylaxis
Surgical site infections (SSIs) account for nearly 40% of noso-
comial infections in surgical patients and occur in up to 20%
of patients undergoing abdominal surgery (110,111). They are
a significant source of postoperative morbidity resulting in
longer hospital stays, increased rates of intensive care unit
admissions, hospital readmissions, and subsequently increased
costs. Patients who develop an SSI have a mortality rate two to
three times that of uninfected patients (112,113). Patient and
operative environmental factors influence surgical infection
rates. The goal of preoperative skin preparation is to reduce
the risk of SSI by reducing the microbial count to a subpatho-
genic level in a time-efficient and atraumatic manner. A meta-
analysis of six trials concluded that although whole-body
scrubs or showers with antiseptic agents such as chlorhexidine
or povidone-iodine prior to surgery reduce bacterial counts on
the skin, this practice did not reduce wound infection rates
(114). Patients undergoing surgery should simply be instructed
to bathe or shower normally the night or morning prior to
surgery, removing any debris from the skin surface.

Inappropriate hair removal techniques can traumatize the
skin and provide an opportunity for colonization of microor-
ganisms. There is no evidence that hair removal prior to
surgery will prevent or reduce SSI. To the contrary, meta-
analysis evaluating hair removal techniques demonstrated a
twofold increase in SSI when patients underwent hair removal
by shaving versus clipping (115). Hair is generally sterile and
therefore does not need to be removed unless the hair around
the incision will interfere with the operation. When hair
removal is necessary the simplest and least irritating method
of hair removal is an electric or battery-powered clipper with
a disposable head (110,115). Some infection control experts
advocate removing all razors from hospitals and operating
rooms (116).

The use of prophylactic antimicrobials plays a large role in
reducing the rates of SSI and should be used in clean or clean-
contaminated operations, which include most procedures per-
formed by gynecologic oncologists. Factors that increase the
risk of postoperative infection in women undergoing radical
pelvic surgery include longer duration of surgery, extremes of
age, increased blood loss, anemia, potential hypothermia,
poor nutritional status, the presence of tumor, prior pelvic
irradiation, diabetes, obesity, peripheral vascular disease, and
a history of post-surgical infection (110,117). Prophylactic
antibiotics should provide coverage consistent with the micro-
bial milieu most likely to be encountered. In gynecologic
oncology surgery, potential infecting organisms are coliforms,
enterococci, streptococci, clostridia, and bacteroides. 

Several guidelines for antibiotic prophylaxis in surgery have
been published (110,111,118–120). Most recommend cefa-
zolin for gynecologic procedures. Because of its longer half-life
and broad spectrum coverage, cefotetan had been the preferred
antibiotic for prophylaxis in longer radical gynecologic opera-
tions and was also recommended for prophylaxis prior to col-
orectal surgery (118); however, it is no longer available. An
appropriate alternative for surgical procedures with a higher
chance of bowel resection or injury is cefazolin plus metron-
idazole or ampicillin-sulbactam (120). Cefoxitin is another
option, but availability has been limited. Most patients with
a penicillin allergy can be treated with cefazolin; however,
when allergy prohibits the administration of a cephalosporin,
alternative regimens are clindamycin with gentamicin, a fluo-
roquinolone, or aztreonam (111). Itani et al. reported on a ran-
domized, double-blinded trial in patients undergoing elective
colorectal surgery that suggested ertapenem as an effective

alternative to cefotetan (121). Ertapenem has received FDA
approval for prophylaxis for elective colon resection; however,
the 2006 Medical Letter guidelines caution against the routine
use of ertapenem for surgical prophylaxis due to cost and con-
cerns that this practice may result in increased rates of antibi-
otic resistance (120).

In order to achieve and maintain effective tissue levels, par-
enteral antibiotics should be given within 1 hour (between 1
and 2 hours for fluoroquinolones and vancomycin) prior to
skin incision as a loading dose (111). For patients weighing
�70 kg, the dosage should be doubled (i.e., cefazolin 2 g
intravenously [IV]) or weight-based dosing should be used.
Repeat doses should be given intraoperatively for surgeries
lasting longer than 3 to 4 hours or when blood loss exceeds
1,000 mL (118,120). Guidelines from the National Surgical
Site Infection Project recommend that prophylactic antibiotic
use for abdominal or vaginal procedures end within 24 hours
of the operation (111). The majority of the published evidence
supports the use of an appropriately timed administration of a
single dose of antibiotic and that repeat doses postoperatively
are unnecessary and subject the patient to the potential emer-
gence of resistant organisms (110,111,118,120). 

Bowel Preparation

It is generally accepted that full mechanical bowel preparation
is indicated when intestinal injury or bowel resection is antici-
pated. Mechanical bowel cleansing is considered to be a crucial
factor in preventing postoperative infectious complications and
disruption of bowel anastomosis. Mechanical bowel prepara-
tion has several advantages unrelated to the risk of infection. It
facilitates palpation of the entire colon during laparotomy. It
may decrease operative time by enabling the surgeon to work
with a clean bowel and improve handling during bowel anas-
tomosis or repair. Furthermore, removal of solid material from
the gastrointestinal tract prior to laparoscopy may improve
exposure and lessen the chance of injury from manipulation of
a heavy and distended feces-laden colon with the relatively
traumatic laparoscopic grasping instruments.

Historically, clearing the colon in preparation for surgery
was a complicated procedure requiring several days of clear
liquid diet, cathartics, enemas, and preoperative hospitaliza-
tion. The introduction of polyethylene glycol (PEG) electrolyte
solution in the early 1980s revolutionized bowel preparation
(122). PEG is an isoosmotic solution with especially designed
electrolyte concentrations that result in virtually no net
absorption of ions or water, and large volumes can be admin-
istered without significant fluid or electrolyte alterations.
Several randomized studies have demonstrated that bowel
cleansing with PEG can be performed safely as an outpatient
preparation prior to colorectal surgery without increasing
complication rates (123). Bowel preparation with PEG has
some disadvantages. It requires oral intake of 4 L of a salty-
tasting solution over a relatively short period of time. Many
patients experience nausea, vomiting, and abdominal bloating
and discomfort, and are unable to drink the required volume.

Sodium phosphate is an osmotic cathartic that provides
quality bowel cleansing while avoiding the need to ingest a
large volume of solution (124,125). Generally, a 45-mL dose
(or two doses taken 4 hours apart) is taken with at least four
glasses of clear liquid with each dose. Colonic cleansing with
this method may cause intravascular volume contraction in
some patients. A randomized, blinded study showed that rehy-
dration with a carbohydrate-electrolyte “sport” drink resulted
in significantly less intravascular volume contraction as com-
pared to rehydration with water (126). A meta-analysis of
eight blinded studies that compared sodium phosphate to PEG
for colonoscopy preparation suggests that sodium phosphate
is an effective, better tolerated, and less costly regimen (127).

242 Section II: Therapeutic Modalities and Related Subjects

Barakat_CH11-231-268.qxd  3/2/09  12:28 PM  Page 242



Comparisons between these two preparations have also been
studied in patients undergoing colorectal surgery with similar
results (125,128). The use of sodium phosphate is not recom-
mended for patients with renal insufficiency, symptomatic
CHF, and liver failure with ascites (129). Hyperphosphatemia,
hypernatremia, hypocalcemia, and hypokalemia have been
reported after bowel preparation with sodium phosphate, but
generally without clinical significance (124,125,127,130).
However, serious and fatal metabolic derangements have been
reported, and caution should be used in elderly patients or
when prescribing multiple dose regimens (129–132). The FDA
suggests obtaining post-treatment laboratory evaluation
(basic metabolic panel, calcium, phosphate), especially if more
than 45 mL is taken in a 24-hour period (129).

Although regarded as being essential in preventing compli-
cations of colorectal surgery, the necessity of mechanical bowel
cleansing has been strongly disputed for the past 15 years. The
claims that preoperative mechanical bowel preparation reduces
anastomotic leakage and SSI are based on observational stud-
ies and expert clinical experience. Since 1992 several prospec-
tive randomized trials reported that elective colon and rectal
surgery may be performed safely without mechanical bowel
preparation. All patients in these trials received systemic antibi-
otics. However, the majority of these trials were greatly under-
powered with a 60% or greater chance that a type II error
occurred (133,134). In 2004, Bucher et al. published a meta-
analysis of 1,297 patients from seven randomized, controlled
trials and concluded that mechanical bowel preparation does
not reduce the incidence of infectious complications and may
be harmful with respect to leakage at the anastomosis (135).
Another meta-analysis of 1,592 patients (nine trials) came to the
same conclusions and stated that the dogma that mechanical
bowel preparation is necessary before elective colorectal surgery
should be reconsidered (136). In a survey of members of the
American Society of Colon and Rectal Surgeons, essentially all
routinely used mechanical bowel preparation, although 10%
questioned its importance. Of the 515 surgeons who responded
to the questionnaire, 47% routinely used sodium phosphate,
32% routinely used PEG, and 14% alternated between the two
agents (137).

The importance of appropriate intravenous antimicrobial
prophylaxis in patients undergoing colorectal surgery is well
established and was discussed earlier in this chapter. There are
conflicting opinions and data regarding whether preoperative
oral antibiotics as part of a bowel preparation add any addi-
tional benefit for reduction of SSI (138,139). Although there
are still strong proponents of this practice (140), oral antibi-
otic usage with preoperative mechanical bowel cleansing is
declining (137).

Blood Transfusion Prophylaxis

Medications associated with increased bleeding risks need to
be stopped prior to surgery. Elderly patients are more likely to
be taking daily aspirin, nonsteroidal anti-inflammatory med-
ications, platelet aggregation inhibitors, and anticoagulants. It
will take approximately 4 days after warfarin therapy is dis-
continued for the international normalized ratio (INR) to
reach 1.5 for those patients with INR levels between 2.0 and
3.0. Many patients on warfarin do not need to be covered with
heparin therapy preoperatively. Administration of treatment-
dose intravenous heparin or low-molecular-weight heparin
(LMWH) while the INR is subtherapeutic is recommended for
patients with a history of mechanical mitral valve, ball and
cage valve, acute venous, or arterial thromboembolism within
3 months of surgery, or atrial fibrillation with a history of
thromboembolic stroke (141). Patients also need to be asked
about over-the-counter drug and dietary supplement usage.
Ginkgo biloba, garlic supplements, ginseng, and vitamin E

have antiplatelet activity and may enhance bleeding risk (142).
If possible, anemia should be corrected preoperatively. The use
of recombinant human erythropoietin with concurrent iron
and folic acid supplementation 2 to 3 weeks preoperatively has
been shown to reduce allogeneic blood transfusions in patients
undergoing elective surgery (143). It has been estimated that
60% of all blood transfused in the United States is given to sur-
gical patients. Transfusion rates of approximately 5% have
been reported for patients undergoing abdominal hysterectomy
for benign disease (144). Radical procedures performed for the
treatment of gynecologic malignancies are associated with an
estimated blood loss of 1,000 mL or greater. Transfusion rates
for patients undergoing radical hysterectomy have been reported
as high as 80% (145), but rates of 10% to 20% are more typical
in the recent literature. There is a growing demand by patients
for better information about their care, risks involved, and
alternatives available. Transfusion-associated risks should be
explained to the patient as part of routine preoperative coun-
seling. The risk of transfusion-transmitted infection of human
immunodeficiency virus, hepatitis B virus, and hepatitis C virus
from red blood cell transfusion is estimated at 1:2.1 million
units, 1:250,000 units, and 1:1.9 million units, respectively
(146). Although these rates have significantly decreased in the
last decade with the introduction of new screening technolo-
gies, transmission of other agents, bacterial contamination,
transfusion reactions, increased infection complications, and
immunosuppression remain risks of allogeneic blood transfu-
sion (147,148). Increasing awareness of these adverse effects
has prompted both physicians and patients to search for alter-
natives to the use of donor blood in the perioperative period.

Since the mid 1980s preoperative autologous blood dona-
tion (PABD) has been utilized in order to avoid allogeneic blood
transfusion in patients undergoing elective surgery where exces-
sive blood loss is anticipated. Although this practice decreases
homologous blood use, 15% of autologous donors will still
receive allogeneic transfusions, and 50% of units collected are
not used and must be discarded (149). Furthermore, PABD
greatly increases the likelihood of any transfusion being neces-
sary and is not without medical risks. Severe reactions during
autologous donation occurred at a rate of 0.32% per unit col-
lected and 0.75% per donor. Serious incidents during blood col-
lection that required hospitalization were 12 times more likely
in PABD compared to allogeneic donors (150). Transfusion to
the wrong recipient, bacterial contamination, febrile non-
hemolytic reactions, and allergic reactions have also been
reported with autologous transfusion. The cost-effectiveness of
PABD has been found to be extremely poor and has steadily
deteriorated over the decade (149,151,152).

Acute normovolemic hemodilution (ANH) is an autolo-
gous blood-procurement strategy that is equivalent to PABD
in reducing allogeneic transfusion needs. Its clinical utility has
been extensively studied in patients undergoing radical prosta-
tectomy, total joint replacement, and, more recently, major
colorectal surgery. During ANH, blood is procured in the
holding or operating room and replaced simultaneously with
colloid and crystalloid until a target hematocrit level of 28%
is reached or blood volume of 1,500 mL is removed (153).
The patient’s blood becomes diluted and the amount of actual
red cell mass lost during surgery is reduced. ANH obviates the
costs of blood testing, storage, or wastage because all blood
collected during ANH is kept in the operating room and
returned to the patient before the end of surgery. It is simple to
perform and more convenient for the patient. Since the blood
is collected at point-of-care there is no possibility for clerical
error or contamination. ANH has been shown to be a cost-
effective yet underutilized strategy to reduce allogeneic blood
transfusions (153–155). ANH in which the blood is kept in a
continuous circuit with the patient is often a workable alter-
native for a Jehovah’s Witness patient (153,156).
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Special Considerations for Obese Patients

Coexisting medical disorders, including coronary artery dis-
ease, hypertension, obesity-hypoventilation syndrome, obstruc-
tive sleep apnea, adult-onset diabetes mellitus, pulmonary
hypertension, gastroesophageal reflux, impaired cardiac func-
tion, and hypercoagulability are common in morbidly obese
patients and contribute to increased perioperative morbidity
and mortality. These comorbidities may not have been previ-
ously diagnosed and symptoms may not manifest themselves
until the patient undergoes physiologic stress related to surgery.
For example, baseline pulmonary function studies of markedly
obese patients demonstrate mild hypoxemia; decreased vital
capacity, tidal volume, and expiratory reserve volume; increased
resistance; and ventilation-perfusion inequalities (157). During
the postoperative period, severe hypoxemia may occur sec-
ondary to sedation, pain, immobility, atelectasis, and anemia,
leading to cardiac arrhythmia or ischemia. A thorough preoper-
ative medical evaluation is necessary to detect coexisting disease
and minimize surgical risk. A comprehensive review of the
pathophysiology associated with morbid obesity is beyond the
scope of this chapter, and we direct the reader elsewhere for a
thorough review (158).

Surgery in morbidly obese patients poses many challenges
for teams on both sides of the surgical drape. The primary con-
cern of the anesthesiologist is gaining adequate control of the
airway. The combined problems of increased aspiration risk,
rapid oxygen desaturation caused by decreased functional
residual capacity, baseline hypoxemia, and increased oxygen
demand, in addition to technical difficulties due to anatomic fat
deposits, make intubation a high-risk procedure. An awake,
fiberoptic-assisted intubation is often the technique of choice
for obtaining an airway. Extubation should be delayed until
the patient is fully awake and ideally sitting upright (159).
There are technical operating room and instrumentation issues,
which need to be addressed as well. Standard operating tables,
stretchers, and hospital beds have weight limits, which have
prompted specifically designed wider and sturdier models for
the obese patient. Staff and patient safety during transfer of the
patient from the operating table to the bed or gurney is also a
concern in the extremely obese patient and must be taken into
consideration. Proper retractors and extra long instruments are
essential and may not be available in all hospitals. Although
these practical considerations are ostensibly mundane, failure
to prepare will obviate a successful outcome, add frustration to
all involved, and possibly put the patient at risk.

Recent reports in the gynecologic oncology literature suggest
performing panniculectomy to improve exposure of the peri-
toneal cavity and pelvic structures (160–162). Although this is
a relatively straightforward procedure, it does require some
experience and planning for optimal results. Hospital credential-
ing of surgical privileges may require the involvement of a plastic
surgeon or proctoring until proficiency is demonstrated. In addi-
tion, since panniculectomy is considered a cosmetic procedure,
many insurers may require prior authorization with documenta-
tion of medical necessity or may deny any reimbursement.

CRITICAL CARE AND
POSTOPERATIVE MANAGEMENT

Cardiovascular Issues

Monitoring Issues

There are many tools at the hands of the modern-day clinician
when it comes to monitoring the cardiovascular function of
the patient. Clinical examination, heart rate, blood pressure,

and ECG are a few. In the critical care setting, the addition of
the arterial catheter, central venous pressure, and pulmonary
artery catheter increases sophistication. Most patients in the
ICU can be managed with simple clinical parameters. Fluid
status can be assessed by daily weights, pulse rate, blood pres-
sure, and urine output. Continuous ECG monitoring is helpful
for detecting arrhythmias and ischemia. Central venous pres-
sure (CVP) is often used for assessment of volume status and a
crude estimation of cardiac function. If a patient has a central
line then a port can be continuously transduced for CVP. It is
a common mistake among novices to evaluate a single reading
of CVP rather than reviewing the trend. When the CVP is cor-
related with volume status, the resulting graph is a scatter
graph (i.e., no correlation). There is only correlation over time
and in response to, for example, fluid challenges, transfusion,
or therapy. One must remember that the CVP is a pressure mea-
surement and not the desired measurement of volume (preload).
Therefore, only crude estimations of fluid status can be made.
When the status of a patient’s cardiac output or fluid state is
unclear, a pulmonary artery (PA) catheter (e.g., Swan-Ganz
catheter) may be helpful.

These catheters are placed via a central vein (subclavian
or jugular) as a central line. The catheter has a balloon-tipped
transducer and is “floated” into the pulmonary artery. Waveforms
of the right ventricle, pulmonary artery, and pulmonary capillary
wedge pressure (PCWP) are directly visualized as the catheter
progresses through the heart (Fig. 11.3), and confirmed place-
ment is verified by chest radiograph (Fig. 11.4). Complications
of placement include pneumothorax, arrhythmia, line sepsis
(2%), and, rarely, pulmonary artery rupture. The PA catheter
allows the measurement of cardiac output and oxygen delivery
and estimation of preload by obtaining the pulmonary artery
occlusive pressure (PAOP) or PCWP, the “wedge.”

A number of formulas for calculation of hemodynamic
parameters are crucial in utilizing the PA catheter for the care
of the critically ill patient (Table 11.8). Assessment of preload
is desirable for determining fluid administration or diuretic
requirements for patients. The ideal measure of preload would
be left ventricular end-diastolic volume; however, since this is
unobtainable with current technology, intensivists settle for
“the wedge” as an estimation. By inflating the balloon placed
in the pulmonary artery, a direct column of standing fluid
exists between the left atrium, through the pulmonary vascu-
lature, and back to the balloon (transducer). The PAOP can be
measured and is a crude reflection of left atrial pressure. If the
PAOP is elevated, the preload is adequate (or excessive), and if
it is low, the patient may be volume depleted. These measure-
ments, as previously mentioned with CVP, are dynamic and
trend is important. For example, if the PAOP is low and a
fluid bolus is given, the PAOP should increase if the diagnosis
of volume depletion was correct.

Thermodilution techniques are used to calculate cardiac
output by injecting saline via a proximal port in the PA
catheter and measuring the thermal changes at the distal tip of
the PA catheter. By combining the preload assessment pro-
vided by the PAOP and the calculated cardiac output, differ-
entiation between volume depletion and cardiogenic disease
states can be made (see section on shock). Newer PA catheters
have been developed that can calculate right ventricular ejec-
tion fraction.

By taking a blood sample from the tip of the PA catheter,
the most desaturated blood in the body is retrieved. In normal
circulation, the blood from the superior vena cava and the
inferior vena cava mix and the blood from the coronary sinus
is added to give a sample known as the mixed venous blood.
By evaluating the oxygen saturation of this blood, oxygen
delivery can be calculated (Table 11.8). This measurement is
perhaps the most important function of the PA catheter, and
current technology allows this function to be continuous via
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an infrared sensor at the tip of the PA catheter. For example, if
oxygen delivery is determined to be low, there are only three
situations that can be influenced by the clinician: increase car-
diac output (with fluid, chronotropes, or inotropes), increase
the hemoglobin, or increase the oxygen saturation. In a
patient with a major operation and medical comorbidities, the
measurement of a normal oxygen delivery provides reassur-
ance to the clinician that end organs are being perfused.

Calculation of the systemic vascular resistance (SVR) is
also possible with a PA catheter. Because the SVR is a calculated

value and not directly measured, inaccuracies are inherent and
overinterpretation of this value is cautioned. Rather than relying
on the calculated SVR, the clinician should have complete
understanding of the measured blood pressure and cardiac
output and the ramifications therein to make therapeutic
decisions (the SVR combines the two previously mentioned
measured variables).

In one study of ovarian cancer patients undergoing cytore-
ductive surgery, 18% of patients had indications for PA
catheter use (163). Because of the issues of volume status in
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FIGURE 11.3. Pulmonary artery catheter
wave form readings as the catheter passes
through the heart into the pulmonary artery.
Y-axis is reading in millimeters of mercury
(mm Hg).

FIGURE 11.4. Chest radiograph showing proper placement of 
pulmonary artery catheter in the pulmonary artery (arrow shows tip
of pulmonary catheter).

HEMODYNAMIC FORMULAS

TA B L E  1 1 . 8

Cardiac output (CO) � stroke volume (SV) � heart rate 
(HR) [4–8 L/min]

Cardiac index (CI) � CO/body surface area (BSA)
Systemic vascular resistance (SVR) � mean arterial 

pressure (MAP) � central venous pressure 
(CVP) � 80/CO [800�1,200 dyne/s/cm�5/m2]

Arterial O2 content (CaO2) � (1.36) (hemoglobin) (oxygen 
saturation) � 0.003 (partial pressure of oxygen) 
[20 mL O2/dL]

O2 delivery (DO2) � CO � CaO2 � 10 [600–1,000 mL O2/min]
O2 availability (O2AVI) � CI � CaO2 � 10 

[500–600 mL/min/m2]
O2 extraction ratio � (CaO2 � CvO2)/CaO2 [25%]

Note: Values in brackets are normal values.
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these patients, PA catheter placement for postoperative fluid
management may be especially helpful.

Acute Postoperative Myocardial Infarction

MI usually manifests with acute chest discomfort, elevated
cardiac enzymes, and ECG changes. Dyspnea, diaphoresis,
nausea, and anxiety may also be associated. Risk factors that
increase mortality from postoperative MI include female gen-
der, advanced age, tachycardia, hypotension, and CHF (164).
Treatment includes ICU monitoring with continuous ECG
monitoring and supplemental oxygen, aspirin 325 mg imme-
diately, sublingual nitroglycerin, and morphine sulfate as
needed until pain resolves. Beta-blockers have been shown to
decrease mortality by decreasing fatal arrhythmias and are
also part of the early treatment regimen. An evaluation for
heparin therapy or thrombolytics can be made in consultation
with a cardiologist.

Congestive Heart Failure

Patients with known CHF will be risk stratified, as previously
mentioned, before major elective surgery. However, in the
postoperative setting, CHF will present in a number of ways
(165). Patients with CHF are in a continuous hypervolemic
state, and issues of fluid balance (strict “ins” and “outs”) will
be paramount during the perioperative period. In difficult
cases, insertion of a PA catheter can be very helpful. Judicious
fluid administration guided by the PAOP as well as selective
use of inotropic support for augmentation of the cardiac out-
put will aid the clinician in a successful outcome in these diffi-
cult patients (166).

Inotropes and Vasopressors

A variety of hemodynamically active drugs are available to
support the cardiovascular function of patients in the periop-
erative period (167). In the broadest sense, they can be catego-
rized as vasopressors, which elevate blood pressure, and
inotropes, which enhance cardiac output (Table 11.9) (168).
When faced with a patient in whom oxygen delivery is low
and an increase in cardiac output is desired, inotropes such as
dopamine or dobutamine should be used. Dopamine, at lower
doses, activates dopaminergic receptors and increases circula-
tion in mesenteric, cerebral, and renal vascular beds. At inter-

mediate doses, dopamine stimulates beta-receptors in the heart
and peripheral circulation. This activation causes tachycardia,
increasing stroke volume and cardiac output. Increasing cardiac
output in this fashion also increases demands for myocardial
oxygen and could precipitate angina or an MI (169). At high
doses, dopamine acts as an alpha agonist, causing vasoconstric-
tion. Dobutamine is a β1 agonist with much greater inotropic
effect than dopamine and causes peripheral arterial vasodilation,
decreasing afterload (this dilation is abrupt and can cause
hypotension in some patients). It is the drug of choice for
severe heart failure.

Epinephrine is a potent sympathomimetic with varying
effects based on the dose. The drug has beta-mimetic effects
at lower doses and alpha-mimetic effects at higher doses.
Epinephrine causes an acute increase in myocardial oxygen
demand and is mainly reserved for cardiac arrest or severe
circulatory failure. Norepinephrine and phenylephrine are
pure alpha-mimetic agents, utilized for vasoconstriction
(neurogenic shock). In most situations of shock, fluid resusci-
tation is preferred to administration of alpha agents. Although
these agents will give a false sense of security that the blood
pressure is normal, one must remember that the vasoconstric-
tion underperfuses capillary beds, leading to an increased
incidence of renal hypoperfusion (renal failure), splanchnic
hypoperfusion (resulting in translocation of gut flora), and a
myriad of other problems.

Vasopressin has emerged as an option similar to epineph-
rine with some important differences. This antidiuretic hor-
mone in high doses provides potent vasoconstriction and leads
to improved cerebral and coronary blood flow in shock states.
Unlike epinephrine, there is less increase in myocardial oxygen
demand and less propensity for inducing arrhythmias.

Amrinone (or inamrinone) is a phosphoesterase inhibitor that
provides a positive inotropic effect on cardiac musculature while
causing vasodilation. It is used in refractory cardiac failure.

Valvular Disease

In a recent study, approximately 4% of patients undergoing
elective, noncardiac surgery were found to have clinically sig-
nificant valvular disease. Important considerations in periop-
erative management are directed at patients with aortic
stenosis (AS) and the level of associated ventricular failure. In
addition, these patients need endocarditis antibiotic prophy-
laxis (Table 11.10). AS is an independent risk factor for poor
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VASOPRESSORS: EFFECTS AND DOSAGE

TA B L E  1 1 . 9

Systemic Systemic Inotropic Chronotropic 
Drug vasodilation vasoconstriction effect effect Dysrhythmias Dosing

Dopamine � 0 to ��� �� ��� �� 0.5–5 µg/kg/min for low range
5–10 mid range
10–20 high range

Dobutamine �� 0 to � ���� �� � 2.5–20 µg/kg/min
Epinephrine �� ��� ���� ��� ��� 0.5–10 µg/min
Norepinephrine 0 ���� �� 0 � 0.5–20 µg/min
Phenylephrine 0 ��� 0 0 0 20–200 µg/min
Vasopressin 0 ��� 0 0 0 0.04–0.12 U/min
Amrinone �� 0 ���� � � Load 0.75 mg/kg

Maintenance 5–15 µg/kg/min

Note: 0, no effect; �, slight effect, to ����, strong effect.
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operative outcome, as previously mentioned (170). Patients
with severe AS need valve replacement before elective surgery,
whereas patients with mild to moderate AS need careful
anesthetic control of blood pressure. Some patients may need
intraoperative, continuous transesophageal echocardiography
(171). The presence of aortic regurgitation, mitral stenosis,
and mitral regurgitation require assessment of left ventricular
function for the presence of congestive heart failure.
Treatment and support will be related to support of ventricu-
lar function. Recently, the American Heart Association revised
their recommendations for antibiotic prophylaxis for endo-
carditis (172). The common antibiotic regimens for endo-
carditis prophylaxis are presented in Table 11.10 for patients
with anatomic cardiac defects and for whom risk is highest for
the development of endocarditis after extended gastrointesti-
nal or genitourinary operations.

Arrhythmias

Whenever an arrhythmia occurs in the postoperative setting,
myocardial ischemia must first be ruled out (173). If ECG
and cardiac enzyme measurement are normal, an electrolyte
or metabolic derangement or drug toxicity exists.
Fortunately, most arrhythmias in the postoperative period are
transient and self-resolving. Asymptomatic arrhythmias,
except in the preoperative period (Table 11.2), are generally
of little clinical signi-ficance. Hypercapnia, hypoxemia,
hypokalemia, acidosis, inadequate analgesia, and anemia can
all promote cardiac arrhythmias. Supraventricular tachycar-
dia is the most common rhythm disturbance seen in the post-
operative period (174). Treatment with cardizem or a
beta-blocker is usually effective after correction of the under-
lying etiology. One significant new development has been the
use of amiodarone as first-line treatment of acute-onset atrial
fibrillation. Its usage has been associated with a lower inci-
dence of recurrent atrial fibrillation (175).

Pulmonary Issues

Ventilator Management

The ability to provide ventilatory support to the surgical
patient has been a tremendous advance in postoperative care.
Mechanical ventilators have enabled oncologic surgeons to
perform major operations for aggressive control of lesions that
were once considered to be unresectable. Although preemptive
preoperative therapies attempt to avoid postoperative mechan-
ical ventilation, some patients will require this therapy.
Mechanical ventilation must be thought of as providing two
functions: ventilation and oxygenation. However, these two
functions must be separated and applied independently to each
particular situation. A more difficult concept for residents and
fellows to understand is that ventilation has nothing to do with
oxygenation. Many patients decompensate on the ward despite
supplemental oxygen and 100% oxygen saturation because
tidal volumes were low and the patient was not ventilating.

When contemplating mechanical ventilation, one must ask
two questions: is the patient able to oxygenate her tissues ade-
quately and can she ventilate adequately to maintain normal
partial pressure of carbon dioxide (PCO2) and acid-base func-
tion? Adequate oxygenation can be determined by measure-
ment of oxygen saturation and arterial partial pressure of
oxygen (PO2). Targets are generally an O2 saturation �92%
or PO2 greater than 65 mm Hg. Poor oxygenation may be
caused by fluid overload, depressed mental status, underlying
pulmonary disease, or shunt. Evaluation of the arterial blood
gas will also give a pH and PCO2 measurement. Patients may
hypoventilate for a number of reasons. Postoperative pain
may prohibit deep inspiration. Conversely, overuse of pain
medication may depress the level of consciousness, leading to
fewer and poorer respirations. Atelectasis, pneumonia, and
poor pulmonary compliance all lead to difficulties in ventilation.
Finally, a bronchial mucous plug or a pneumothorax will lead
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ANTIBIOTIC REGIMENS FOR ENDOCARDITIS PROPHYLAXIS IN HIGH- AND MODERATE-RISK PATIENTS
UNDERGOING GENITOURINARY/GASTROINTESTINAL PROCEDURES

TA B L E  1 1 . 1 0

Patient type Antibiotic Regimen

High-risk patientsa Ampicillin plus gentamicin Ampicillin 2.0 g IM/IV plus 1.5 mg/kg (not to exceed 
120 mg) within 30 minutes of starting procedure; 
6 hours later, ampicillin 1.0 g IM/IV or amoxicillin 
1.0 g orally

High-risk patientsa allergic Vancomycin plus gentamicin Vancomycin 1.0 g IV over 1–2 hours plus gentamicin
to ampicillin/amoxicillin 1.5 mg/kg IM/IV (not to exceed 120 mg); 

complete injection/infusion within within 
of starting procedure

Moderate-risk patientsb Ampicillin or amoxicillin Ampicillin 2.0 g IM/IV within 30 minutes of starting 
procedure or amoxicillin 2.0 g orally 1 hour 
30 minutes before procedure

Moderate-risk patientsb allergic Vancomycin Vancomycin 1.0 g IV over 1–2 hours; complete 
to ampicillin/amoxicillin infusion within 30 minutes of starting procedure

Note: IM, intramuscular; IV, intravenous.
aHigh-risk patients: prosthetic cardiac valves; previous history of bacterial endocarditis; complex cyanotic heart disease (e.g., tetralogy of Fallot); 
surgically constructed systemic pulmonary shunts or conduits.
bModerate-risk patients: other congenital cardiac malformations; acquired valvar dysfunction; hypertrophic cardiomyopathy; mitral valve prolapse
with valvar regurgitation and/or thickened leaflets.
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life-threatening ventilatory compromise. A respiratory rate
greater than 35 per minute or a PCO2 greater than 55 mm Hg are
accepted indications for intubation and mechanical ventilation.

When intubating patients, the size of the endotracheal tube
must be considered, as this may impact removal of mechanical
ventilation. The larger the tube, the less resistance and the easier
it will be for the patient to participate in “weaning” trials to dis-
continue ventilatory support (176). Typical recommendations
are an 8.5-mm tube for women and a 9.0-mm tube for men.

Traditionally, there are pressure-cycled ventilators and
volume-cycled ventilators. Pressure-cycled ventilators are used
routinely in neonatal ICU patients because overinflation can
be dangerous to neonates. In the adult ICU, most ventilators
are volume cycled, meaning that the clinician sets the tidal
volume, and regardless of the pressures necessary to give the
volume, the volume will be delivered. In patients in whom pul-
monary compliance is reduced (i.e., due to a stiff lung or acute
respiratory distress syndrome [ARDS]), efforts at controlling
pressure are important. When setting the ventilator, a number
of decisions must be made. The mode of delivery, tidal volume,
and rate will determine ventilation, whereas the fraction of
inspired oxygen (FIO2) and positive end-expiratory pressure
(PEEP) will determine oxygenation.

Mode

There are a number of ventilator modes. The first developed
was controlled mechanical ventilation (CMV), where the tidal
volume and rate are set and that is exactly what the patient
receives—no more and no less. This mode is very good for
patients under general anesthesia or who are paralyzed.
However, this mode is very disturbing to the patient who
wishes to participate, however slightly, in her own ventilation.
This mode has evolved into the current assist/control mode
(A/C), whereby the patient is guaranteed the fixed rate and tidal
volume but can also trigger breaths in between with a similar
tidal volume. In addition, the machine will synchronize the
breath when the patient triggers such a breath. This mode pro-
vides complete rest for the patient by performing all the work
of breathing and is generally used for patients in the immediate
postoperative period or for patients whose organ failure or
ongoing sepsis is a more pressing concern.

Intermittent mandatory ventilation (IMV) is a mode whereby
the clinician sets a rate and a tidal volume, which the machine
delivers. Any breath initiated by the patient is delivered in rela-
tion to the amount of effort the patient puts forth, meaning a
strong effort gives the patient a large breath and a meager effort
a smaller one. This is sometimes called a weaning mode. The
patient is given full support with rate and tidal volume until
she is stronger. The rate is slowly turned down, allowing the
patient more frequent, spontaneous breaths until extubation.
Synchronized IMV (SIMV) ensures that a machine-delivered
breath does not stack onto a patient-initiated breath.

Pressure support ventilation (PSV) is a mode where patient-
initiated breaths are given support from the ventilator only dur-
ing the beginning of ventilation (inspiratory phase). The
support is meant to help the patient overcome the large amount
of resistance present in the valves of the machine, the ventilator
circuit, and the endotracheal tube. By titrating PSV to the spon-
taneous tidal volume produced by the patient, one can fully or
partially support patient breathing and overcome the work of
breathing. This mode of ventilation is important during the
“weaning” process.

Work of Breathing

When conceptualizing the job of the ventilator, the different
types of work must be defined (177). In addition to the physi-
ologic work of breathing that all humans do on a daily basis,

huge workloads are imposed from the resistance of the venti-
lator equipment (e.g., breathing through a straw analogy). Finally,
there is the pathologic work of breathing from the pneumo-
nia, the incision, etc. The intent of mechanical ventilation dur-
ing disease states is to assume the last two types of “work” so
that the patient may convalesce. As a patient improves and the
pathologic work has been removed, then the patient should be
able to resume normal, physiologic work.

More Advanced Modes of Ventilation

With advanced circuitry and computer microprocessors, newer
ventilator modes have been developed. Pressure-regulated vol-
ume control (PRVC) has largely replaced AC ventilation (ACV).
PRVC provides the same function as AC while preventing over-
inflation. Recent data have shown that preventing overinflation
(or stretch) of alveoli prevents trauma and has a decreased inci-
dence of ARDS (178). PRVC delivers the same tidal volume but
changes the flow rate to prevent high pressures by measuring
the pressure on a breath-to-breath basis. Volume control (VC
ventilation) is a mode whereby a tidal volume target is set and
the ventilator continually titrates the amount of PSV to provide
this volume. This mode has been termed “autowean” or “week-
end” mode because as the patient gets stronger, he or she will be
able to meet the tidal volume setting. In situations where diffi-
culties in ventilation are encountered, such as ARDS, hypercar-
bia, and acidosis, pressure control (PC) is used. This mode is
similar to the neonatal pressure-cycled ventilator where the
maximum pressure is set and the flow rate is decreased but the
inspiratory time is lengthened to achieve proper ventilation.
Airway pressure release ventilation (APRV), high-frequency jet
ventilation, and inverse ratio ventilation are other advanced
modes beyond the scope of this chapter.

Setting the Ventilator

Initial ventilator settings require a rate of 12 to 14 breaths per
minute with a tidal volume of 6 to 8 cc/kg. This is a departure
from the traditional 12 cc/kg, which has been determined to
result in greater alveolar trauma and increased risk for the
development of ARDS (179). After initial setting of the venti-
lator, measurements of pH, PO2, and PCO2 from arterial
blood gas are used to make further ventilator adjustments.

Oxygenation

Oxygenation is controlled by two settings: FIO2 and PEEP. The
inspired oxygen content can easily be controlled on the ventila-
tor, keeping oxygen saturation greater than 92%. Inspired oxy-
gen levels greater than 60% are considered to be potentially
toxic, with such levels leading to pathologic changes similar to
ARDS with acute inflammation and fibroproliferative changes.
Human studies are few and have only examined effects on nor-
mal lungs, whereas no studies have clearly delineated the toxic
effects of high oxygen levels in patients with underlying pul-
monary disease (180). If it is necessary to have oxygen concen-
trations above 60%, the recommendation is to wean these
levels as soon as possible. PEEP is another mechanism for
improving oxygenation. In normal physiology, the glottis
closes before full expiration, creating a PEEP of approximately
4 cm H2O, and is termed physiologic PEEP. When ventilating
patients, the addition of 5 cm H2O PEEP is used as a baseline
and is increased if added oxygen delivery is required.
Increasing PEEP is the preferred method for improving oxy-
genation in postsurgical patients as opposed to increasing the
FIO2. Postsurgical patients have atelectasis and shunting sec-
ondary to operative pain and anesthesia. The addition of PEEP
recruits collapsed alveoli, improving oxygenation and lung
compliance. However, the use of PEEP must be balanced by
potential adverse effects, which include decreased cardiac output
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and the risk for barotrauma. Kirby et al. have shown that
PEEP levels of 30 to 40 mm H2O are easily tolerable in most
patients; however, few clinical situations present in which
patients need levels of PEEP this high (181).

Weaning From Ventilator

Multiple opinions exist on the techniques of weaning patients
from mechanical ventilation, and no prospective randomized
trial has proven one method to be superior to another (182).
T-piece trials, spontaneous breathing trials, SIMV, and PSV
are just a few. The best method of weaning is a treatment
pathway agreed upon by clinicians, nurses, and respiratory
therapists. Before discontinuing mechanical ventilation, the
disease process that required ventilation should have resolved
and patients should have proper mental status and the ability
to generate a cough. Copious secretions are often an initial
reason not to consider weaning or extubation. Criteria for
extubation, whether on T-piece or minimal PSV, have tradi-
tionally included a respiratory rate less than 35, a PCO2 less
than 50 mm Hg, and a negative inspiratory force (NIF) greater
than –20 cm H2O.

Acute Respiratory Distress Syndrome

ARDS is a condition that has been well recognized and exten-
sively studied (183). It is a form of refractory hypoxemia that
can be elicited by a number of insults. In 1994, a consensus of
American and European intensivists defined the criteria for
ARDS and a lesser form deemed acute lung injury (ALI) (184).
Criteria include (a) acute onset after defined insult; (b) bilat-
eral diffuse infiltrates on chest radiograph; (c) no evidence of
left atrial hypertension, CHF, or a PAOP less than or equal to
18 mm Hg; and, most importantly, (d) impaired oxygenation.
Impaired oxygenation was classified as ALI if the partial pres-
sure of arterial oxygen (PaO2)/FIO2 ratio was �300 mm Hg and
ARDS if the PaO2/FIO2 ratio was �200 mm Hg. Postmortem
examination of lungs with ARDS shows atelectasis, edema,
inflammation, hyaline membrane deposition, and fibrosis.
The mortality of ARDS is 30% to 40%. Treatment of these
severely hypoxemic patients consists of mechanical ventilatory
support with FIO2 and PEEP. Because of alveolar damage,
ventilation/perfusion mismatch occurs, resulting in a worsen-
ing shunt fraction and increasing dead space. As the patho-
logic process continues, not only does oxygenation become
difficult, but so also does ventilation as a result of decreased
pulmonary compliance. The end result is a hypercapneic state
and respiratory acidosis.

The recent ARDS NET trial comparing high tidal volume
to achieve normocapnia with low tidal volumes to prevent
barotrauma has shown significantly improved survival with
the low-volume protective strategy (178). Current strategies
employ tidal volumes of 6 cc/kg and accept elevated PCO2 levels
(permissive hypercapnea). 

The last 15 years have seen the elucidation of a number of
systemic factors that are released upon physiologic insult (185).
For example, cytokines, leukotrienes, endothelial adhesion mol-
ecules, and interleukins are useful in the defense of the organism,
but are systemically detrimental when activated by certain disease
states. Investigations of the multiple organ dysfunction syndrome
(MODS) where sequential organ failure leads to patient death
have given significant credibility to the hypothesis that the lung
may be the first organ system susceptible to these circulating
inflammatory mediators (186). The pulmonary endothelium is
acutely sensitive to circulating cytokines and is the first to mani-
fest damage. In addition to supportive treatment for ARDS,
operative injuries or postoperative complications (e.g., intra-
abdominal abscess, anastomotic leak) must be sought and ruled
out aggressively. ARDS is the result of some inciting cause and
does not arise de novo as a primary problem.

Pneumonia

Pneumonia is a significant complication in postsurgical
patients. Patients requiring mechanical ventilation are particu-
larly susceptible to pneumonia (ventilator acquired pneumonia
[VAP]) with rates as high as 30% after 72 hours of ventilation.
The mortality rate from VAP ranges from 25% to 50%. The
pathogens are often gram negative and resistant to multiple
antibiotics. High clinical suspicion and aggressive treatment of
VAP is crucial. An exhaustive review of this complicated and
serious topic by Chastre and Fagon is recommended for fur-
ther reading (187).

Pulmonary Embolism and Deep 
Venous Thrombosis Prophylaxis

The prevention of venous thromboembolism is an important
component of perioperative management of the gynecologic
oncology patient. The American College of Chest Physicians
consensus statement published in 1998 reviews the data
exhaustively and provides recommendations (188). Risk fac-
tors include age greater than 40 years, prolonged immobility,
prior deep venous thrombosis (DVT), cancer diagnosis, major
surgery, obesity, CHF, MI, stroke, indwelling femoral catheter,
inflammatory bowel disease, estrogen use, nephrotic syn-
drome, and hypercoagulable states. The incidence of DVT in
large groups of general surgical patients is around 20% and
increases to 30% in patients with cancer diagnoses. The inci-
dence of pulmonary embolism (PE) is 1.6% with a fatal PE rate
of 0.9%. In trials comparing low-dose unfractionated heparin
(LDUH) with no therapy in general surgical patients, the DVT
rate was decreased from 25% to 8%. These studies also pro-
duced a 50% decrease in rate of fatal PE (188). Comparisons
of low-molecular-weight heparin (LMWH) versus unfraction-
ated heparin have shown equal efficacy. LMWH may have less
bleeding complication (mostly wound hematomas) and greater
ease of use with once daily dosing.

Sequential pneumatic compression devices (PCDs) are
attractive for patients at risk for bleeding complications. In
trials comparing PCD with LDUH, both have shown efficacy.
Elastic stockings (Ted’s hose) and aspirin usage are not cur-
rently recommended as DVT prophylaxis. Recently, studies
have shown D-dimer positivity with DVT and PE, but the
presence of any released blood or hematoma (i.e., any postop-
erative patient) makes the D-dimer positivity nonspecific. In
the surgical patient, a negative D-dimer makes DVT or PE
highly unlikely; however, a positive test is essentially useless.

Patients at low risk (age less than 40 years, no risk factors,
and minor surgery) need no prophylaxis, but early ambulation
is encouraged. Moderate-risk patients (minor surgery in a
patient with risk factors, major surgery with no risk factors)
should receive PCD, LMWH, or LDUH, with equal results.
High-risk patients require LWMH in addition to PCD. 

Diagnosis of DVT is performed by duplex ultrasonography,
and treatment is with either heparinization to 1.5 times control
prothrombin time or therapeutic doses of LMWH. Diagnosis
of PE was traditionally made by pulmonary arteriogram. This
practice has recently been abandoned because dynamic con-
trast-enhanced computerized tomography has better sensitiv-
ity. Once diagnosis is confirmed, the patient is anticoagulated
with IV heparin or LMWH. Ultimately, the patient is con-
verted to warfarin (Coumadin) therapy for at least 3 months in
the case of DVT and 6 months in the case of PE.

Fluid and Electrolyte Issues

Understanding fluid and electrolyte physiology in gynecologic
oncology is paramount because of the underlying disease
processes that face the gynecologic oncologist and the ultimate,

Chapter 11: Perioperative and Critical Care 249

Barakat_CH11-231-268.qxd  3/2/09  12:28 PM  Page 249



radical surgical interventions that are needed to treat them.
These treatments result in great fluid shifts perioperatively,
requiring careful attention to input of fluids (volume and content/
type) as well as output from renal and gastrointestinal sources,
insensible sources, and drains. Since extensive discussions of
these topics can be found elsewhere, this section presents a brief
review of normal fluid and electrolyte physiology and discusses
strategies for fluid resuscitation and correction of electrolyte
deficiencies.

Total body water (TBW) can be calculated by various
methods and varies directly with the amount of adipose or
lean tissue present in an individual patient. TBW estimates,
therefore, must be adjusted based on the adiposity of the
patients. In women, TBW accounts for approximately 60% of
a patient’s weight. TBW is distributed into extracellular fluid
(ECF) and intracellular fluid (ICF), with the ECF being further
divided into intravascular (one quarter of the ECF) and inter-
stitial (three quarters of the ECF) compartments. The ECF
accounts for approximately one third of the TBW, whereas
ICF accounts for two thirds (189,190). Direct measurement of
the ECF and TBW are possible with the resulting difference
being an estimated ICF. Table 11.11 describes the body fluid

compartments and their contributions to body weight. Despite
these arbitrary compartments (and electrolyte concentration
differences between compartments, which are discussed in the
paragraph below), water flows freely across all compartments.
Thus, a derangement in one compartment will result in a com-
pensatory change in another (191).

The electrolyte composition of the various compartments is
different. Sodium is the predominant cation in the ECF and
potassium is the predominant cation of the ICF. Table 11.12
describes the various concentrations of electrolytes in the var-
ious fluid compartments. Because of the Donnan principle of
equilibration, the content of cations and anions in the intersti-
tial compartment is slightly higher than the intravascular com-
partment. This principle describes the unique relation between
solutions of permeable and impermeable complex anions
when these anions are unevenly distributed across a semiper-
meable membrane. Water, on the other hand, as mentioned
earlier, freely equilibrates between the compartments (191).

Effective circulating volume (ECV) is a term used to describe
the portion of the ECF that perfuses the organs of the body and
affects baroreceptors (see next paragraph). In healthy patients,
the ECV equates to the intravascular volume/compartment. But
in disease states that increase “third spacing” such as sepsis
(leaky capillaries), ascites due to intra-abdominal metastasis,
or bowel obstruction with resulting edema and transudation,
the interstitial compartment increases at the expense of the
intravascular compartment, decreasing the ECV (189).

The osmotic activity of a fluid compartment is affected by
the component ions and is described in milliosmoles (mOsm).
Normal serum osmolality (in the ECF, of course) averages 290
mOsm/kg of H2O. Osmoreceptors in the hypothalamus
respond to small changes in serum osmolality, increasing
or decreasing secretion of antidiuretic hormone (ADH) and
modifying the thirst response. These receptors are responsible
for the day-to-day fine tuning of fluid balance. Baroreceptors,
on the other hand, in the intrathoracic vena cava, the atria, the
aortic arch, the carotid arteries, and the renal parenchyma,
sense volume changes by changes in pressure. These receptors
begin a cascade of mediators such as aldosterone, atrial natri-
uretic peptide (ANP), prostaglandins, and the renin-angiotensin
system, which ultimately result in changes of water and sodium
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BODY FLUID COMPARTMENTS

TA B L E  1 1 . 1 1

Total body water Body weight (%) Total body water (%)

Total 60 100
Intracellular 40 67
Extracellular 20 33

Intravascular 5 8
Interstitial 15 25

Source: From Wait RB, Kahng KU, Dresner LS. Fluid and 
electrolytes and acid-base balance. In: Greenfield LJ, Mulholland M,
Oldham KT, et al. eds. Surgery: Scientific Principles and Practice.
2nd ed. Philadelphia: Lippincott–Raven Publishers, 1997:242–266,
with permission.

ELECTROLYTE CONCENTRATIONS IN THE VARIOUS FLUID COMPARTMENTS

TA B L E  1 1 . 1 2

Extracellular fluid

Plasma Interstitial fluid Intracellular fluid

CATIONS
Na� 140 146 12
K� 4 4 150
Ca2� 5 3 10�7

Mg2� 2 1 7

ANIONS
Cl� 103 114 3
HCO3

� 24 27 10
SO4

2� 1 1 —
HPO4

3� 2 2 116
Protein 16 5 40
Organic anions 5 5 —

Source: From Wait RB, Kahng KU, Dresner LS. Fluid and electrolytes and acid-base balance. 
In: Greenfield LJ, Mulholland M, Oldham KT, et al. eds. Surgery: Scientific Principles and Practice. 
2nd ed. Philadelphia: Lippincott–Raven Publishers, 1997:242–266, with permission.
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balance mediated through the kidneys. These baroreceptors
have little to do with the day-to-day fluid management and
require intravascular losses of 10% to 20% to initiate activity
(191).

The goal of fluid resuscitation is to maintain the ECV and
return the patient to a homeopathic state. Many gynecologic
oncology procedures are lengthy and can result in large blood
losses requiring immediate intraoperative replacement. In addi-
tion, following procedures where evacuation of large amounts
of ascites has occurred and/or “peritoneal stripping” has left
denuded surfaces, these patients may have large fluid shifts
into the interstitial compartment requiring large volumes of
fluid to maintain the ECV. Finally, losses are not water alone
and include electrolytes and clotting factors, which may need
repletion. Selecting fluids to administer to a given patient is
akin to selecting the correct intravenous medication to give;
not all fluids are for all patients. The physician should under-
stand the amount of daily maintenance fluid and electrolytes
required by patients, calculate losses (fluid and electrolytes),
determine ongoing fluid and electrolyte losses, and replace
them with the appropriate fluid and electrolyte combinations.
It is easy to fall into the trap of giving all patients an 8-hour
rate (125 mL/h) of maintenance fluid. However, an octoge-
narian, even with normal cardiac and renal function, weighing
50 kg does not need that much maintenance fluid. “Formulas”
for calculating appropriate maintenance fluid requirements
exist (191), but calculating 30 to 40 mL/kg/day, depending
upon body frame size, is a much simpler and quicker estimate
of maintenance fluid requirements for patients.

In general, the normal maintenance requirement of sodium
is 1 to 2 mEq/kg/day and for potassium 0.5 to 1.0 mEq/kg/day.
Table 11.13 lists the various IV fluid preparations available
for fluid resuscitation. Which fluid to be used is controversial
and driven, in more instances, by “dogma,” varying from
physician to physician and institution to institution rather
than by evidence. Controversy over which fluid type to use in
fluid resuscitation continues to this day. Several meta-analyses
have shown no advantage of colloid over crystalloid for resus-
citation in surgical patients (192–199). Almost all studies have
shown that administered colloid leaks from the intravascular
compartment to the interstitial compartment in several hours,
decreasing the ECV and requiring further administration of
colloid (192–199). The use of colloid has been shown to be
advantageous in conditions of hypoproteinemia or malnour-
ished states where patients require plasma volume expansion
and cannot tolerate large amounts of fluid (199).

Most of the time patients are given isotonic solutions, such
as lactated Ringer’s solution, to cover perioperative losses. In
the immediate postoperative course, patients are given their
maintenance fluid requirements in addition to the immediate
intraoperative losses. It is helpful to convert all losses to equiv-
alents of crystalloid to determine fluid rates. For example, to
replace 500 mL of blood loss, one would give 1,500 mL of iso-
tonic fluid, a ratio of 3 mL of crystalloid to 1 mL of blood loss.
It is traditional to replace one half of the intraoperative losses
in the first 24 hours, with the rest being replaced during the
ensuing several days. Other intraoperative losses, which need
to be accounted for, are the insensible losses that occur through
evaporation from the incision (5 to 10 mL/kg/h of operation)
and from the anesthesia circuit and ascites.

Sodium Derangements

Hyponatremia is the most common electrolyte abnormality seen
in postoperative patients and is caused by excess free water
rather than a depletion of sodium. Increases in free water
absorption are mediated by a self-limited, physiologic increase in
the secretion of ADH in response to the stress of surgery. Serum
sodium levels rarely fall below 130 mEq/L, but may be further
exacerbated by intravenous administration of large volumes of
hypotonic solutions (i.e., 0.2%, 0.33%, 0.45% sodium solu-
tions). Other disease states can result in a hyperosmolar condi-
tion, resulting in a hyperosmolar ECF, causing fluid to shift from
the ICF and lowering the sodium levels. These conditions
include hyperglycemia, mannitol ethylene glycol or ethanol
ingestion, and uremia. For each increase of 180 mg/dL of glu-
cose above 100 mg/dL, there is a concomitant decrease in the
serum sodium of 5 mEq/L (198). In addition, during situations
where potassium is low, there is a compensatory exchange of
sodium for potassium, resulting in hyponatremia. In either of
these prior cases, total body sodium does not change. Finally,
patients with hyperproteinemia or hyperlipidemia may have
falsely low sodium values, which result from errors in the labo-
ratory measurement of sodium. This pseudohyponatremia does
not result in any symptoms of hyponatremia (191).

The symptoms of hyponatremia are driven by cellular
water intoxication and are related to the central nervous sys-
tem (CNS) (e.g., lethargy, headaches, confusion, delirium,
weakness, muscle cramps). The rate at which hyponatremia
occurs also determines the symptoms. Chronic hyponatremia
tends to be asymptomatic, whereas acute drops in the serum
sodium (levels 120 to 130) result in the symptoms listed
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ELECTROLYTE CONTENT OF COMMONLY USED INTRAVENOUS 
ELECTROLYTE SOLUTIONS

TA B L E  1 1 . 1 3

Electrolyte concentration (mEq/L)

Solution Na� K� Ca2� Mg2� Cl� HCO3�

Lactated Ringer’s solution 130 4 4 — 109 28
0.2% NaCl 34 — — — 34 —
0.33% NaCl 56 — — — 56 —
0.45% NaCl 77 — — — 77 —
0.9% NaCl 154 — — — 154 —
3.0% NaCl 513 — — — 513 —
5.0% NaCl 855 — — — 855 —

Source: Adapted from Wait RB, Kahng KU, Dresner LS. Fluid and electrolytes and acid-base balance. 
In: Greenfield LJ, Mulholland M, Oldham KT, et al. eds. Surgery: Scientific Principles and Practice. 
2nd ed. Philadelphia: Lippincott–Raven Publishers, 1997:242–266, with permission.
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above. Correction of hyponatremia must be done carefully to
avoid central pontine myelinolysis, which results in the
“locked-in syndrome.”

Because most hyponatremia is related to dehydration (low
ECV) simple correction of this state will increase the sodium
plasma level. If the patient has a high ECV (such as the syn-
drome of inappropriate antidiuretic hormone [SIADH] secre-
tion) or is in an edematous state, free water restriction should
normalize the sodium level. However, if patients have symp-
toms of hyponatremia, aggressive replacement of sodium is pru-
dent should the duration of the hyponatremia be determined to
be no longer than 48 hours. Hyponatremic states longer than
48 hours increase the risk of central pontine myelinolysis.
Chronic cases need replacement at rates not to exceed 0.5
mEq/L/h. Acute cases may be replaced at rates of 5 mEq/L/h.

Hypernatremia is an uncommon finding and is related to
large volumes of free water loss (through insensible routes such
as breathing, sweating, and ventilation), diabetes insipidus,
adrenal hyperfunction, or ingestion or administration of
increased sodium solutions. Again, the symptoms are predom-
inantly CNS oriented because of brain cell dehydration.
Symptoms rarely occur until serum sodium levels exceed 160
mEq/L. In addition, the rapidity at which the derangement
occurs determines the symptoms manifested. Treatment is care-
fully done with replacement of free water. Replacement too
rapidly can cause cerebral edema and herniation. Patients with
chronic hypernatremia need free water administration, which
decreases the serum sodium no faster than 0.7 mEq/L.

Potassium Derangements

Whereas sodium is the major extracellular cation, potassium
is the major intracellular cation by a ratio of 30:1. The intra-
cellular potassium concentrations tend to be relatively con-
stant, whereas the extracellular concentrations vary depending
upon renal function/excretion. The majority of potassium
secretion occurs in the distal tubule and the collecting duct of
the nephron. Secretion is stimulated by increased urine flow,
increased sodium delivery, high potassium levels, alkalosis,
aldosterone, vasopressin, and β-adrenergic agonists. Insulin
causes potassium to move into cells (as previously mentioned),
reducing the extracellular concentration of potassium. Serum
potassium levels are further affected by the acid-base status of
patients. In alkalotic states, the potassium shifts into cells in
exchange for hydrogen ions, whereas in acidotic states the
exchange is opposite.

The predominant reason for hyperkalemia in a postopera-
tive patient is renal dysfunction or failure. When these patients
become critically ill, serum potassium concentrations can
increase by 0.3 to 0.5 mEq/L/day in noncatabolic patients and
0.7 mEq/L/day in catabolic patients. It is important to rule out
a spuriously elevated level secondary to hemolysis at the time of
the blood draw either from too small a gauge of needle or simply
from the application of the tourniquet and squeezing (191).

Hyperkalemia changes the membrane potential established
by differences between the intracellular and extracellular
milieu. This increased concentration has deleterious effects on
cardiac muscle function, causing peaked T waves, flattened P
waves, prolonged QRS complexes, and deep S waves on the
ECG and possibly resulting in ventricular fibrillation and car-
diac arrest. Skeletal musculature is also affected with paresthe-
sias and weakness, which can progress to a flaccid paralysis.

Treatment for hyperkalemia has been outlined in the section
on renal risk factors. The mainstay is saline diuresis unless
ECG changes are present, then infusion of calcium gluconate
can be lifesaving. Utilization of 25 to 50 g of glucose and 10 to
20 units of regular insulin can drive potassium intracellularly
and transiently lower plasma levels. Ultimately, definitive ther-
apy relies upon increased excretion of potassium. For each

gram of sodium polystyrene sulfonate (Kayexalate, given in
the doses previously mentioned) used either orally or rectally,
0.5 mEq of potassium will be removed. Finally, in patients not
responding to these therapies or patients with renal failure,
hemodialysis may be indicated.

Hypokalemia is caused by decreased intake, increased gas-
trointestinal losses (vomiting, diarrhea, fistulae), excessive
renal losses (metabolic alkalosis, magnesium deficiency, hyper-
aldosteronism), a shift of potassium into the intracellular space
(acute or uncompensated metabolic alkalosis, glucose and
insulin administration, catecholamines), or any combination
thereof. A reduction of serum potassium by 1 mEq/L repre-
sents a total body deficiency of about 100 to 200 mEq.
(Remember that total exchangeable potassium is approxi-
mately 3,000 mEq with the majority being intracellular and
thus the majority of the loss [191].) Symptoms of hypokalemia
cause ECG changes with flattening of the T waves, depression
of S-T segments, prominent U waves, and prolongation of the
Q-T interval. Treatment is accomplished by replacement of
potassium either orally or intravenously, depending upon the
severity of symptoms and whether or not the patient is able to
take oral preparations. Intravenous replacement of potassium
can be done at approximately 10 mEq/h and should not be more
concentrated than 40 mEq/L. If less fluid is desired, 20 mEq
can be placed in 100 mL, but administration should not exceed
40 mEq/h (191).

Magnesium Derangements

Most magnesium in the body is confined to the intracellular
space and bone. Less than 1% of total body magnesium is in the
serum. Of the magnesium in the serum, 60% is ionized, 25% is
protein bound, and 15% is complexed with nonprotein anionic
species (191). Magnesium is absorbed in the small intestine,
directed by levels of vitamin D, and filtered by the kidney for
excretion. Approximately 40% of renally excreted magnesium
is reabsorbed in the ascending loop of Henle. Loop diuretics,
hypermagnesemia, hypercalcemia, acidosis, and phosphate
depletion result in increased excretion of magnesium.

Patients with renal failure and receiving magnesium-
containing antacids or laxatives can become hypermagne-
semic. In addition, patients with acidosis and dehydration may
become hypermagnesemic. Patients present with CNS depres-
sion, loss of deep tendon reflexes, and ECG changes (prolonged
P-R interval and QRS complex) in the face of elevated magne-
sium levels (greater than 8 mg/dL). As levels rise, patients will
develop coma, respiratory failure, and/or cardiac arrest. Acute
treatment of hypermagnesemia is slow IV infusion of 5 to
10 mEq of calcium. Because the etiology of this condition is
usually renal failure, withholding magnesium-containing
preparations may be all that is necessary. In severe instances,
hemodialysis is required.

In gynecologic oncology patients, the overwhelming reason
for hypomagnesemia is a history of cisplatin administration.
However, other conditions such as hypoparathyroidism, malab-
sorptive states, chronic loop diuretic use, and the diuretic phase
of acute renal failure can cause hypomagnesemia. Symptoms
are similar to hypocalcemia with muscle weakness, fascicula-
tions, tetany, hypokalemia, and ECG changes (Q-T prolonga-
tion, torsade de pointes). Treatment can be accomplished with
oral preparations in less acute situations. However, large doses
may produce diarrhea, worsening the situation. Intravenous
boluses of 2 to 3 g followed by infusions of 1 to 2 mEq/kg/day
can be utilized for patients with severe symptoms.

Calcium Derangements

Almost all the calcium in the body is in bone, stored as
hydroxyapatite crystals, and provides a supply that can be
exchanged to the serum. Calcium homeostasis is controlled by
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parathyroid hormone (PTH), controlling intestinal absorption
of calcium, renal excretion of calcium, and exchange of cal-
cium from the bone. In the serum, calcium exists in three
phases: 45% as an ionized form, which is responsible for most
of the physiologic function of calcium; 40% in a protein
bound form, bound mostly to albumin; and 15% in a nonion-
ized form, complexed with nonprotein anions that do not easily
dissociate. A serum total calcium level is usually obtained when
assessing calcium homeostasis, as measurement of ionized
calcium is cumbersome. The total calcium levels change by
0.8 g/dL for each 1 g/dL change of albumin (up or down) (191).

In gynecologic oncology patients with hypercalcemia,
the underlying malignancy is usually the etiologic agent.
Hypercalcemia may be caused by direct bony involvement or,
more commonly, secretion of PTH-like peptides and/or other
humoral factors, which increase serum calcium levels. Other
reasons for hypercalcemia include primary, secondary, or ter-
tiary hyperparathyroidism, thiazide diuretic use, or lithium
usage (191,200). Patients present with muscle fatigue, weak-
ness, confusion, coma, ECG changes (shortening of the Q-T
interval), nausea, and vomiting. The goal of treatment is to
increase calcium excretion and stop bone turnover in order to
decrease serum total calcium. Initial measures include vigorous
hydration (200 mL/h) with 0.9% or 0.45% saline solutions.
Furosemide or other loop diuretics may be helpful in patients
with borderline cardiac function or in patients with fluid over-
load. If the underlying malignancy is a breast carcinoma,
patients may respond to high doses of steroids to reduce cal-
cium levels. Other pharmacologic agents have been developed
to stop bone resorption and reduce serum calcium levels.
Calcitonin (4 IU/kg every 12 hours via subcutaneous or intra-
muscular injection) has a rapid onset of action and works by
interfering with osteoclast maturation at several points (200).
However, the duration of response is usually about 48 hours
because of down-regulation of calcitonin receptors by osteo-
clasts. Bisphosphonates have emerged as the drug of choice for
treatment of hypercalcemia in malignancy. These agents work
by inhibiting osteoclast activity and survival. The nitrogen-
containing bisphosphonates are the most potent. Pamidronate
(approved in 1991) and zoledronic acid (approved in 2001) are
utilized in the United States. Another agent, ibandronate, is uti-
lized in Europe but has not been approved for use in the United
States. Zoledronic acid is the current drug of choice because of
its proven superiority over pamidronate (201). The effective
dose of zoledronic acid is 4 mg infused over 15 minutes and
dosed every 3 to 4 weeks. Serum calcium levels return to nor-
mal in approximately 10 days and duration of response lasts
approximately 40 days (202). Surgical resection is the treat-
ment of choice for primary, secondary, or tertiary hyper-
parathyroidism (191,200).

Hypocalcemia is caused by hypoparathyroidism, hypo-
magnesemia, pancreatitis, and malnutrition. Patients present
with tetany, hyperactive deep tendon reflexes, a positive
Chvostek sign, positive Trousseau sign, and ECG changes
(prolonged Q-T interval, prolonged S-T segment). Low levels
of calcium may be present because of low albumin levels, but
these levels do not affect the ionized portion of calcium and
usually do not cause symptoms. Symptomatic hypocalcemia
can be treated with intravenous infusion of either calcium glu-
conate or calcium chloride at a rate not to exceed 50 mg/min.
Calcium chloride dissociates into the ionized form of calcium
more readily and is the treatment of choice to raise serum ion-
ized calcium level.

Acid-Base Disturbances

Optimum cellular function requires a very narrow range of
pH for chemical reactions to occur normally. Several buffering
systems exist within the body to maintain this optimum pH. The
predominant buffering system is the carbonic acid-bicarbonate
buffering system. Derangements in the concentration of bicar-
bonate (HCO3

�) or in concentrations of carbon dioxide (CO2)
result in acid-base disorders. Because the kidneys control
excretion/generation of bicarbonate and the lungs exchange
CO2, these organs play a central role in the compensation of
any acid-base disorder. Therefore, four situations arise in acid-
base balance: metabolic acidosis and alkalosis, and respiratory
acidosis and alkalosis. Compensatory mechanisms exist in
each situation in order to blunt the effect on pH (Table 11.14).

Metabolic Acidosis

Most clinically significant metabolic acidosis occurs with a net
loss of bicarbonate either due to direct loss or when consump-
tion is greater than generation. Situations where extra renal
losses of bicarbonate occur include diarrhea, gastrointestinal
fistulae, and urinary diversions (ureterosigmoidostomy or
ureteroileostomy, which result in reabsorption of NH4Cl from
urine). Certain disease states result in the production of
organic acids (ketoacidosis and lactic acidosis), which con-
sume bicarbonate and outpace the renal compensatory mech-
anisms. Similarly, overdoses of certain drugs (e.g., aspirin) or
ingestion of toxins (e.g., ethylene glycol, methanol) consume
bicarbonate and outpace the renal compensatory mechanisms.
Renal acidosis occurs when the intrinsic acid-excreting func-
tion of the kidney malfunctions, resulting in retention of acid
and consumption of bicarbonate without concomitant regen-
eration of bicarbonate. These are classified as renal tubular
acidosis (RTA I, distal tubule dysfunction; or RTA-II, proxi-
mal tubule dysfunction). Cardiac effects are the major findings
in metabolic acidosis (peripheral arteriolar dilation, decreased
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CONCENTRATIONS OF HCO3
� AND PCO2 IN PRIMARY ACID-BASE

DERANGEMENTS AND THE COMPENSATORY RESPONSE

TA B L E  1 1 . 1 4

Primary Compensatory response

Disorder pH HCO3
� PCO2 HCO3

� PCO2

Metabolic acidosis ↓ ↓ ↓
Metabolic alkalosis → → →
Respiratory acidosis ↓ → →
Respiratory alkalosis → ↓ ↓

Source: Adapted from Wait RB, Kahng KU, Dresner LS. Fluid and electrolytes and acid-base balance. 
In: Greenfield LJ, Mulholland M, Oldham KT, et al. eds. Surgery: Scientific Principles and Practice. 
2nd ed. Philadelphia: Lippincott–Raven Publishers, 1997:242–266, with permission.
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cardiac contractility, and central venous constriction). Other
manifestations of metabolic acidosis include gastric disten-
tion, abdominal pain, nausea, and vomiting. In surgical
patients, lactic acidosis is the primary cause of metabolic aci-
dosis and results from tissue hypoperfusion. Therefore, treat-
ment should be aimed at increasing tissue perfusion with fluid
and blood administration. The use of bicarbonate is best
reserved for patients with other, not easily reversible causes of
metabolic acidosis. Older patients and patients with cardio-
vascular disease may benefit from administration of bicarbon-
ate. Administration should be instituted when the pH is 7.1 to
7.2. One or two ampules of bicarbonate (approximately 55
mEq/amp) can be administered intravenously, with further
administrations being dictated by the pH obtained from an
arterial blood gas measurement. In diabetic ketoacidosis,
treatment with insulin and glucose infusion should not only
reverse the acidosis but also treat the hyperglycemia.

Metabolic Alkalosis

Sustained metabolic alkalosis is an uncommon clinical entity
and is related to renal dysfunction. Loss of HCl is the most
common reason for an increase in extracellular bicarbonate.
This situation occurs with prolonged nausea and vomiting or
prolonged nasogastric suctioning of gastric contents. As acid
is removed from the gastrointestinal tract, a net gain of bicar-
bonate occurs. Other situations that can result in metabolic
alkalosis include volume contraction, exogenous administration
of bicarbonate or bicarbonate precursors (citrate, lactate, or cal-
cium carbonate), hypokalemia, hypercalcemia, hypochloremia,
excess mineralocorticoid usage, and high PCO2. Patients
rarely present with symptoms, as metabolic alkalosis occurs
gradually. However, in patients who develop this situation
acutely, most symptoms are CNS oriented (e.g., confusion,
stupor, coma, muscle fasiculations, tetany). Correction of the
underlying disease state usually corrects the metabolic alkalosis.
Repletion of electrolyte abnormalities and infusion of appro-
priate fluids (chloride containing) restore volume and result in
normal renal excretion of excess bicarbonate.

Respiratory Acidosis

A depression of the pH occurs when there is hypoventilation.
This occurs secondary to airway obstruction, COPD, depression
of the respiratory center, impaired excursion of the thorax, or
inappropriate ventilatory management in the mechanically
ventilated patient. Development of symptoms depends upon
the chronicity or acute nature of the event. If chronic, most
patients have no symptoms. If it is an acute change, drowsi-
ness, restlessness, headache, or development of a flapping
tremor may occur. Treatment of this condition is aimed at the
underlying cause of the hypoventilation. In chronic condi-
tions, the hypoxemia, and subsequent hypercapnia, resulting
from the hypoventilation may be the sole drive for the
patient’s respirations. Correction of the hypoxemia may fur-
ther worsen the respiratory acidosis and must be considered.
In general, correction of the PCO2 must be done slowly
because re-equilibration of cerebral bicarbonate concentration
lags behind systemic changes (191).

Respiratory Alkalosis

Respiratory alkalosis occurs when the PCO2 decreases with
hyperventilation. Hyperventilation may occur because of
hypoxia, drugs, decreased lung compliance, and mechanical
ventilation. With drops in the arterial PO2, the peripheral
chemoreceptors (in the carotid and aortic body) sense this
change and result in hyperventilation to increase arterial PO2
with a resulting decrease in PCO2. Because of renal compen-
satory mechanisms, this condition is usually asymptomatic.

However, in acute situations, patients may have a sensation of
breathlessness, dizziness, nervousness with altered levels of
consciousness, and tetany. Treatment of underlying hypoxia
should address the hyperventilation. If acute symptoms are
present, having the patient re-breathe expired air should tem-
porarily relieve the symptoms.

Postoperative Nutritional Issues

As mentioned earlier, the full consideration of nutrition in the
gynecologic oncology patient is presented in Chapter 33. In
this section, we will discuss early refeeding in the postopera-
tive gynecologic oncology patient, indications for enteral
nutrition, and total parenteral nutrition (TPN).

Although malnutrition has been shown to be prevalent
among gynecologic oncology patients (98), many patients are
adequately nourished, undergo surgery uneventfully, and have
return of bowel function in 2 to 5 days while simultaneously
resuming oral intake. Recently, several prospective randomized
trials have been conducted that demonstrate the utility of early
refeeding in the postoperative period. In these studies, patients
in the early feeding group were fed on the first postoperative
day, with 90% or more tolerating diets. The underlying malig-
nancies, types of operations, and complications occurred at
similar rates between the early refeeding and the “traditionally
fed” patients in all the studies. The placement of nasogastric
tubes (NGTs) for intolerance of diet was low among the stud-
ies (less than 10% incidence). Finally, length of hospital stay
was shorter among the earlier fed patients (203–208).

The use of the enteral route is preferred in sustaining or
repleting patients in the postoperative period after extensive
procedures. Enteral nutrition utilizes normal physiologic
absorptive mechanisms, maintains gut epithelial integrity, and
reduces infectious morbidity (209,210). Studies on nutrition
have found that the splanchnic circulation and support of the
mucosal integrity of the small bowel may prevent progression
to MODS (see Section on Multi-Organ Dysfunction Syndrome).
Specifically, the intestinal mucosa will atrophy secondary to
lack of luminal nutrients and intermittent activation of the
destructive cytokine pathways, and/or intermittent transloca-
tion of bacteria into the blood stream will occur. These events
result in “priming” neutrophils, which ultimately leads to a
full-blown systemic inflammatory response, causing organ
damage. A number of well-designed randomized trails have
compared early enteral feeds to TPN in patients with pancre-
atitis, major elective surgery, and trauma (209,210). All of
these studies have shown a clear benefit for early enteral feed-
ing, with a decrease in infectious complications (210).

Although considered a nonessential amino acid in nour-
ished, healthy patients, glutamine has emerged as an essential
amino acid in patients who are stressed and critically ill. This
amino acid has been shown to be an important component in
maintaining enterocyte integrity and has now been added to
most enteral preparations (101,209,210).

Enteral feeds may be given in a variety of fashions and each
is associated with its own type and number of complications.
Intragastric feeds may be accomplished with NGTs, oral-gastric
tubes, or percutaneous endoscopic gastrostomy tubes (PEGs).
Intragastric feeding has the advantage of utilizing the stomach
as a reservoir for bolus feeding. In addition, stretching of the
stomach stimulates the biliary-pancreatic axis, which may be
trophic to the small bowel. Finally, the gastric secretions mix
with the feeding material and decrease the osmolarity, thus
reducing the incidence of diarrhea. The main disadvantage of
this route of enteral feeding is the increased risk of gastric
overdistention with high residual amounts of feeding material
and the increased risk of aspiration pneumonia (209). Enteral
feeds may also be accomplished through the placement of nasal
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tubes, which are positioned into the pylorus, duodenum, or
jejunum (such as Dobhoff tubes). These tubes have the advan-
tage of being placed (or migrating) more distal in the upper
gastrointestinal tract, greatly reducing the risk of aspiration.
These types of tubes are preferred in patients who require long-
term ventilation. Because of advances in endoscopic instru-
mentation, many of the tubes can be placed via this method. At
the time of laparotomy, gastrostomy, or jejunostomy, tubes
(such as a Stamm or Witzel tube) may be placed. These have
the advantage of being placed at the time of major abdominal
surgery under direct visualization/palpation. The techniques
are described in other texts (209,211). Several enteral feeding
preparations are available, but vary from hospital to hospital
depending upon formulary makeup. The use of the enteral
route is contraindicated in patients with mechanical intestinal
obstructions, and for these patients nutritional support can be
accomplished through the parenteral route.

TPN took the forefront in nutritional sustenance and
replacement in the 1980s. The basic premise of TPN is to pro-
vide dietary precursors to maintain anabolic function. TPN
can be broken into three components of replacement: glucose
and lipid preparations for normal or increased energy expen-
ditures, and amino acid preparations for protein synthesis.
Because of the higher osmolar load presented by these prepa-
rations, central venous access is necessary for administration.
Subclavian, internal jugular, or peripherally inserted central
catheters (PICCs) will need to be placed, and they present the
first of several potential complications associated with TPN
administration. At the time of placement, pneumothorax,
intubation of arterial structures, air embolism, or cardiac
arrhythmias may occur. Later complications include the possi-
bility of infection at the skin entrance site or line sepsis.
Should these infectious complications occur, removal of the
catheter and antibiotic administration will be necessary (101).

The Harris-Benedict equation is utilized to calculate basal
energy expenditure (BEE) for patients and approximates the
BEE of a sedentary, fasting, nonstressed individual (212).

BEE � 666 � (9.6 � weight [kg]) � (1.7 � height [cm]) 
� (4.7 � age [yr])

Because stress of disease and surgical intervention need to
be considered, “stress factors” have been developed and are
multiplied by the BEE to arrive at kilocalories per day. Stress
level multipliers are 1.2 for a resting individual, 1.3 for an
ambulatory individual or moderate stress (e.g., systemic
inflammatory response syndrome [SIRS], sepsis), and 1.5 for
severe stress/burn patients.

After calculation of caloric requirements, the composition
of the TPN solution to be administered should be determined.
Because there are many different types of TPN preparations
available, consultation with the nutrition team or pharmacists

in an individual hospital is necessary to arrive at the desired
solution.

In aerobic situations, glucose is the primary substrate for
energy expenditure. It provides 3.4 kcal/g and is usually given
in a concentrated form in order to provide 70% of the calcu-
lated calories. The remaining 30% of calories is provided by
lipid preparations. Not only does this component have denser
caloric content (it provides 9 kcal/g), but administration pre-
cludes the development of a fatty acid deficiency. Adjustment
of the composition of TPN may be necessary depending upon
the disease state (e.g., more contribution of kilocalories from
fat vs. carbohydrate in a ventilated patient because of the res-
piratory quotient of fat vs. glucose).

Protein requirements are provided by amino acid solutions
and are determined by the patient’s age, sex, nutritional status,
ongoing stress, and comorbid conditions. In general, 25% of
protein requirements are obtained by normal oral intake. The
remaining protein comes from breakdown of serum and
organic proteins. Thus, periods of prolonged malnutrition,
with decreased protein intake, and increased stress of disease
will lead to breakdown of visceral protein. An estimate of
maintenance protein requirements is 1 g nitrogen per kilogram
of body weight. In situations of increased stress, the patient
may need 1.2 to 1.5 g/kg in order to maintain and/or replace
protein losses. Table 11.15 shows serum protein measurements
and their respective half-lives, which are useful for determining
anabolic versus catabolic response to TPN treatment. Another
method to assess nitrogen balance (positive or negative) is (192):

Nitrogen balance � protein intake/6.25 
� (urinary urea nitrogen � 4)

The amount of protein intake is divided by 6.25 to give the
grams of nitrogen taken in. The urinary urea nitrogen is
expressed in grams based upon a 24-hour collection. The cor-
rection factor of 4 is meant to adjust for the grams of nitrogen
lost in the stool or non–urea nitrogen losses.

In addition to these three main components of TPN, daily
requirements of vitamins, trace elements, and insulin are nec-
essary to maintain/regain nourishment. Again, these prepara-
tions vary by hospital formulary and need consultation with
resident pharmacists.

The rate of infusion of TPN needs to be titrated upward to
take into account the large glucose load that the patient will
be receiving. This lower rate allows the pancreas time to
increase insulin secretion in order to meet the glucose load
being presented. Similarly, the rate of infusion needs to be
decreased when TPN is being stopped to prevent hypo-
glycemia. During TPN administration, blood glucose mea-
surements by finger stick are required so that hyperglycemia is
avoided. For the first several days, measurement of serum
electrolytes, with adjustments being made daily, is necessary.
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VISCERAL PROTEINS UTILIZED AS INDICATORS FOR NUTRITIONAL STATUS DURING NUTRITIONAL REPLETION

TA B L E  1 1 . 1 5

Protein Normal range Half-life (days) Levels low in Levels high in

Albumin 3.5–5.4 g/dL 18 Liver disease, pregnancy, overhydration, Dehydration
nephrotic syndrome

Transferrin 200–400 mg/dL 8 Chronic infection, chronic inflammation, liver Iron deficiency, 
disease, iron overload, nephrotic syndrome pregnancy

Prealbumin 20–40 mg/dL 2 Liver disease, inflammation, surgery, 
nephrotic syndrome

Retinol-binding 3–6 mg/dL 0.5 Liver disease, hyperthyroidism, Renal insufficiency
protein (RBP) zinc deficiency, nephrotic syndrome
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As previously mentioned, complications from venous access
are some of the drawbacks of TPN administration. Other
complications include metabolic derangements, which most
often are mild but need correcting as soon as they are identified,
abnormalities of liver function tests, the clinical significance of
which is unclear (101), and cholelithiasis/cholecystitis sec-
ondary to gallbladder sludge.

Renal Issues

Acute renal failure (ARF) or hospital-acquired renal insuffi-
ciency (HARI) continues to be a common problem among
postsurgical patients. Although the incidence of HARI is 1.5
patients per 1,000 admitted, the impact of HARI on morbid-
ity and mortality is quite high (mortality averages 45% but
may exceed 80% if dialysis is required). The best methods for
preventing HARI are reducing risk factors and reversing the
condition by early detection and intervention (213).

When HARI presents in the postoperative patient, causes can
be divided into three parts: prerenal, renal, or postrenal (inflow,
parenchymal, and outflow). The function of glomeruli to create
the urinary filtrate depends upon adequate renal perfusion and
represents the prerenal component. If the renal mean arterial
pressure (MAP) falls below 80 mm Hg, perfusion of the glomeruli
decreases (some disease states require the renal MAP to be
higher for adequate perfusion). Many situations can decrease
renal MAP and include anesthetics, atherosclerotic emboli,
decreased vascular resistance, hypotension, intravascular vol-
ume contraction, mechanical ventilation, sepsis, and any form
of shock. Autoregulation of the glomeruli can be disrupted by
nonsteroidal anti-inflammatory drugs (NSAIDs), angiotensin-
converting enzyme (ACE) inhibitors, calcium channel blockers
(diltiazem or verapamil), and endotoxins produced by gram-
negative sepsis.

Renal parenchymal damage occurs most commonly in the
postoperative patient because of prolonged hypotension or
direct injury from inflammatory responses initiated by sepsis. In
general, if the hypoperfusion is corrected quickly, reversible
azotemia, creatinine elevation, and decreased urine output may
be the only manifestations. However, prolonged hypoperfusion
can cause acute tubular necrosis (ATN), which results in
sloughing of renal tubular cells into the tubular lumen and
obstruction. In addition, the production of Tamm-Horsfall pro-
teins forms coarse granular casts, inciting an intense inflamma-
tory response, further injuring the renal parenchyma (214,215).
Other agents that can induce ATN include aminoglycoside
antibiotics and iodinated contrast media. Approximately 15%
of patients who receive aminoglycosides will have nephrotoxic-
ity, and serum levels of these antibiotics need to be carefully
monitored (216). Iodinated contrast media, used in multiple
radiographic procedures, induces ATN by impairing nitric oxide
production and increasing free radical formation (217,218).
Diabetic patients with creatinine clearance rates less than
50 mL/min are at particularly high risk (219).

The final reason for ARF in the postoperative gynecologic
oncology patient is outflow obstruction. Because of the radical
pelvic procedures performed by gynecologic oncologists,
ureteral injury is possible and needs to be excluded early in the
evaluation of patients with ARF. Prompt reversal of the
obstruction can further limit renal damage.

In general, expected postoperative urinary output should
be maintained at 0.5 mL/kg of weight per hour. Most oliguria
can be treated with intravascular expansion in the first 24 to
48 hours postsurgery. Hypoperfusion of the renal parenchyma
must be avoided to prevent ATN from occurring. The defini-
tion of ARF is not standardized, but includes rising serial cre-
atinine measurements, urine output less than 400 mL/24
hours, or, in drastic situations, the initiation of dialysis (213).

Once diagnosed, calculating the fractional excretion of sodium
(FENa) or chloride can help to discern between prerenal causes
or renal causes (hypoperfusions versus ATN). The formula is
presented below (213):

FENa � (urine Na level � serum Cr level)/(serum Na level 
� urine Cr level) � 100%

If the FENa is less than 1% and the urine specific gravity is
greater than 1.025, the diagnosis is hypoperfusion. However,
if ischemia has occurred, the FENa will be greater than 4%
and the urine specific gravity will fall to 1.01 because of tubu-
lar damage and loss of renal concentrating mechanisms. One
cannot calculate FENa in patients who have received diuretics
or hyperosmotic agents (e.g., mannitol or contrast media). If
prerenal and renal causes of low urine output have been
excluded, ultrasonography may be useful in evaluating for
outflow obstruction.

Once the underlying causes for HARI have been eliminated
(e.g., hypoperfusion, obstruction, sepsis), only time can be
offered as treatment. Therapies such as low-dose dopamine,
furosemide, or mannitol administration, or atrial natriuretic
peptide use have not demonstrated prevention of or improved
recovery from HARI (220–225). Dialysis remains the only
intervention that can support patients until return of renal func-
tion. Indications for dialysis include (a) hyperkalemia, meta-
bolic acidosis, or volume expansion that cannot be controlled;
(b) symptoms of uremia or encephalopathy; or (c) platelet dys-
function inducing a bleeding diasthesis (213).

Shock

Definition

Shock is defined in its simplest terms as a decrease in tissue per-
fusion—a decrease below the lowest metabolic needs of the tis-
sue bed. This usually results in a depletion of stored energy and
an increase in anaerobic metabolism with a buildup of lactic
acid in addition to other toxic waste products. Hypotension is
incorrectly thought of as a defining component of shock.
Hypotension often leads to hypoperfusion, but the hypotensive
patient is not in shock until evidence of hypoperfusion occurs.
Various types of shock exist.

Hemorrhagic Shock

The first thought for a surgeon managing a postoperative
patient who manifests signs and symptoms of shock is hemor-
rhage. Hypovolemic shock secondary to inadequate preload
can be the result of excessive or ongoing blood loss or inade-
quate replacement or both. Certainly after radical debulking
procedures or major extirpative procedures, the potential for
postoperative hemorrhage exists. Tachycardia, hypotension,
and oliguria are typical clinical signs. In the face of these clinical
signs, the surgeon should have high suspicion for active bleed-
ing and be preparing to return the patient to the operating room
for correction. Measurement of hemoglobin or hematocrit can
be normal in the setting of acute blood loss since a decrease in
red cells is accompanied by a decrease in mass. Once fluid is
given for resuscitation, dilution will occur and the hemoglobin/
hematocrit will fall. With invasive monitoring, the CVP will be
low, as will cardiac output and the PAOP. As the stroke volume
decreases to inadequate amounts, the heart compensates by
increasing the heart rate in order to maintain cardiac output.
The treatment in these cases is aggressive volume resuscitation
and control of ongoing blood loss. The controversy between
resuscitation with colloid (albumin, plasma) or crystalloid (nor-
mal saline or lactated Ringer’s solution) was mentioned earlier
in the chapter. However, The Cochrane evidence-based review
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on this subject has proclaimed no benefit for colloid and perhaps
an increased mortality with colloid (as well as cost). Recently, a
large multicenter Australian study began in an attempt to shed
more light on this subject, and its results are anticipated. As men-
tioned earlier, the ratio of crystalloid replacement to blood loss
is 3 to 1 (3 cc crystalloid for each estimated 1-cc loss of blood).
Blood products including packed red blood cells and fresh
frozen plasma (in the case of a coagulopathy) are also indicated.

Endpoints of resuscitation include normalization of serum
lactic acid and base deficit. Measurement of the base deficit
via an arterial blood gas analysis has become an effective
means for following response to resuscitation. Following
large operations where patients are admitted to the ICU and
where large, expected fluid shifts occur, the base deficit should
be monitored serially until it has returned to normal. If a
patient has a worsening base deficit (i.e., becomes more nega-
tive), then a search for other problems, such as ongoing hem-
orrhage, subacute anastamotic leak(s), or tissue ischemia,
must be made and be addressed before the base deficit will
normalize. The base deficit should normalize within the first
24 hours after surgery.

In the case of continued or rapid bleeding, the obvious
course of treatment is reoperation. A number of options are
now available intraoperatively in these situations. Obvious
bleeders are controlled and ligated. Raw surfaces can be coag-
ulated or treated with fibrin sealants. Damage-control packing
has been shown to increase survival in the direst situations.
Massive transfusion, defined as greater than 1.5 blood vol-
umes, presents a number of additional problems. These
patients will have a dilutional coagulopathy, hypocalcemia,
and hyperkalemia. After six to eight red blood cell transfu-
sions have been given in rapid fashion for massive bleeding,
some would advocate empiric fresh frozen plasma and
platelets. Platelet transfusion is indicated for a platelet count
�50,000 in the actively bleeding patient. Attention to delivery
of warm transfusions is critical as hypothermia and acidosis
will promote coagulopathy and worsening in bleeding. Once
any of the “lethal triad” is manifested then the operation needs
to be quickly terminated even if this means damage-control
packing and transport to an ICU setting.

Cardiogenic Shock

A patient with adequate preload who shows signs of poor per-
fusion secondary to poor cardiac output is categorized as
being in cardiogenic shock. The etiology may be a decrease in
contractility (secondary to myocardial infarction) or an
increase in afterload (severe hypertension). Typically, “pump
failure” results in decreased stroke volume and backup of
fluid into the pulmonary circulation. This leads to pulmonary
edema and decreased oxygen delivery. The most common
provocation for pump failure is the overadministration of
fluid in a patient with compromised ventricular function.
Treatment consists of diuresis and optimization of cardiac
output without increasing myocardial oxygen demand (a diffi-
cult task). In the case where significant failure has led to
hypotension, dopamine and dobutamine are usually the drugs
of choice. The usage of these drugs was discussed previously.
Digoxin is commonly used for increasing contractility, but its
effects are minor in the acute setting. In addition to inotropic
support, correction of electrolyte disturbances (particularly
potassium, calcium, and magnesium), maintenance of proper
systemic oxygen saturation, and analgesia are important
factors in decreasing myocardial stress.

Septic Shock

Septic shock has commonly been defined as hypotension related
to infection with eventual organ failure secondary to hypoper-
fusion despite adequate fluid resuscitation. This definition has

changed with that of SIRS and is discussed in the section on
“Sepsis and Systemic Inflammatory Response Syndrome” below.
Sepsis is defined as a subset of patients with SIRS who have a
documented infectious process.

Infectious Disease Issues

Infections in the critically ill patient population are a signifi-
cant cause of morbidity and mortality. Approximately 45% of
ICU patients will have an infection and approximately half of
those will have acquired the infection while in the ICU (226).
Nosocomial infections are commonly associated with compli-
cations of medical or surgical therapy. Patients in the ICU are
particularly vulnerable to infection because of decreased host
defenses and the high incidence of resistant bacterial isolates
found in ICUs. In addition, the presence of indwelling catheters
and lines lowers the inoculum needed to cause infection and
provides portals of entry (226). Initial therapy involves identify-
ing and eradicating the source of infection and promptly initi-
ating empirical antibiotic therapy aimed at multidrug-resistant
gram-negative and gram-positive organisms. If an intra-
abdominal or pelvic source is suspected, empiric antibiotic
therapy should include anaerobic coverage. Appropriate antibi-
otic classes include carbapenems, extended-spectrum penicillins,
fluoroquinolone-metronidazole, aminoglycoside-metronidazole,
or clindamycin combinations (227). In Chapter 30 the manage-
ment of infections in the gynecologic cancer patient is discussed;
therefore, information here is limited to infections pertaining
to the critically ill patient.

Fungal Infections

Systemic fungal infections are a significant cause of morbidity
and mortality in patients admitted to the ICU. A nonspecific
and variable presentation makes the diagnosis of systemic can-
didal infection difficult. Risk factors that have been associated
with candidemia and invasive candidiasis include treatment
with multiple antibiotics for extended periods, the presence of
central venous catheters, the use of TPN, abdominal surgery,
prolonged ICU stay, and compromised immune status (228).
Although a positive blood culture is the gold standard for diag-
nosis, blood culture techniques are relatively insensitive and
clinicians frequently must rely on clinical judgment about the
probability that candidemia is responsible for a patient’s symp-
toms. ICU patients who have persistent fever, hypothermia, or
unexplained hypotension, despite broad spectrum antibiotic
coverage, may have candidemia. The initial choice of therapeu-
tic agents depends on the epidemiologic characteristics of the
particular ICU and host factors such as the severity of illness,
infection site(s), neutropenia, and organ dysfunction. Fluconazole
has excellent activity against Candida albicans, but infections
caused by Candida glabrata or Candida krusei must be treated
with amphotericin B or caspofungin. Amphotericin B should not
be used in patients with renal failure, and azoles and echinocan-
dins (caspofungin) should be used with caution in patients with
hepatic dysfunction. Antifungal therapy should be continued for
14 days past the first negative blood culture for candidemia or
until clinical microbiological or radiographical resolution of the
infection (229). In addition to antifungal therapy, it is generally
recommended that all patients with candidemia have a dilated eye
exam by an ophthalmologist and that all catheters be removed
if possible (although tunneled catheters are at less risk) (228). 

Abdominal Infections

The diagnosis of an intra-abdominal source of infection can
be difficult in critically ill patients. Symptoms such as abdom-
inal pain and peritoneal signs may not be apparent in patients
who are obtunded or sedated and on a ventilator. Fever and
leukocytosis may be absent in 35% and 55% of peritoneal
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infections, respectively (230). Ultrasonography is a useful
diagnostic test that can be performed in the ICU and may
assist with therapeutic intervention as well. It is extremely sen-
sitive for evaluations of the pelvis and right upper quadrant,
but evaluation of the entire abdomen can be limited by bowel
gas, surgical dressings, and operator experience. For many of
these reasons, a computed tomographic (CT) scan is the pre-
ferred study for the evaluation of patients with suspected
intra-abdominal infection. To avoid misdiagnosing fluid-filled
bowel as a possible abnormal fluid collection, it is essential
that contrast agents be used when performing these studies.
CT also has limitations, especially when used in the critically
ill population. The presence of renal insufficiency precludes
the use of intravenous contrast, and ileus or bowel obstruction
may prevent complete opacification of the gastrointestinal
tract. Diagnostic laparoscopy can be performed in the ICU with
minimal anesthesia and is a safe, accurate, and cost-effective
alternative to laparotomy when managing suspected intra-
abdominal processes (231).

Once identified, an intra-abdominal abscess must be fully
evacuated and the source controlled. Radiologically assisted per-
cutaneous drainage has become the preferred method for treat-
ing most abscesses located in the abdomen and pelvis. For
well-delineated unilocular fluid collections, percutaneous
drainage has a success rate better than 80% (232). Percutaneous
drainage of complex abscesses or those with an enteric commu-
nication has a lower success rate, but remains a reasonable alter-
native treatment for the high-risk patient (233). 

In some cases, surgery may be the only appropriate lifesav-
ing intervention. Timely laparotomy in the critically ill patient
with diffuse peritonitis allows for peritoneal toilet, debride-
ment of infected and necrotic tissue, and control or repair of
the source. Laparoscopic drainage of complex intra-abdominal
abscess has also been reported with good success rates (234).
Complex intra-abdominal infections that cannot be effectively
controlled by a single laparotomy may be managed best with
an open-abdomen approach with temporary wound closure
utilizing a composite, negative pressure (vacuum-pack) dressing
(235). Potential advantages of the open-abdomen approach
include facilitation of repeated debridement, effective drainage,
repeat exploration of the peritoneal cavity (at the ICU bedside
if necessary), and reduction in intra-abdominal pressure. In
general, the intervention that accomplishes the source control
objective with the least physiologic upset should be employed
(236).

Sepsis and Systemic Inflammatory 
Response Syndrome

Inflammation is the body’s initial response to tissue injury
produced by chemical, mechanical, or microbial stimuli.
Inflammation is an exceedingly complex cellular and humoral
response involving interaction between the complement,
kinin, coagulation, and fibrolytic cascades. The goal of
inflammation is to enhance the movement of nutrients and
phagocytic cells to the injury site in order to prevent invasion
of microbes and limit the extension of injury. As a local
response, this is beneficial, but appropriate regulation is neces-
sary to prevent a pathologic, exaggerated systemic response,
which is clinically identified as SIRS. Sepsis is the clinical syn-
drome of SIRS that is due to severe infection. The mediator
response in SIRS can be divided into four phases based on the
cytokine/cellular response: induction, triggering of cytokine
synthesis, evolution of cytokine and coagulation cascade, and
elaboration of secondary mediators leading to cellular injury.
The three most important mediators operating in SIRS appear
to be tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1),
and interleukin-6 (IL-6). The microcirculation endothelium is
the key target for injury in the sepsis syndrome (237).

In 1992, the American College of Chest Physicians and the
Society of Critical Care Medicine published definitions for
SIRS and sepsis (Table 11.16) with the goal of standardizing
terminology to aid clinicians in the diagnosis and treatment
and to aid in the interpretation of research in this field (238).
Many have criticized the 1992 consensus definitions as too
nonspecific to be of use. In 2001, a group of experts recon-
vened and expanded the list of signs and symptoms of sepsis
to reflect clinical bedside experience. In addition to the origi-
nal criteria, altered mental status, oliguria, skin mottling,
coagulopathy, hypoxemia, hyperglycemia in the absence of
diabetes, thrombocytopenia, and altered liver function tests
can also be used to establish the diagnosis of sepsis (239).

The host response, more than the pathogen, is the primary
determinant of patient outcome. Failure to develop a fever,
leukopenia, and hypothermia are associated with increased
fatality rates in patients with sepsis and are thought to repre-
sent abnormalities in the host’s inflammatory response. Other
risk factors for mortality from sepsis include age greater than
40, underlying medical conditions, malnutrition, immune sup-
pression, and cancer. The presence or absence of a positive
blood culture does not influence outcomes; however, sepsis
due to a nosocomial infection has a higher mortality than
community-acquired infection (240). 

Sepsis with acute organ dysfunction (severe sepsis) is a
complex condition that represents a major challenge to the
critical care team and carries a crude mortality rate of 28% to
50% (241). Gram-negative and gram-positive organisms as
well as fungi cause systemic sepsis and septic shock. Early
recognition is crucial to patient survival because mortality
rates are exceedingly high if the full clinical picture of shock
and organ dysfunction develops. Septic shock is divided into
an early hyperdynamic state and a late hypodynamic state.

Low systemic vascular resistance, splanchnic vasoconstric-
tion, and increased cardiac output characterize the hyperdy-
namic phase of shock. Venous capacitance is increased and
results in diminished effectiveness of the circulating blood vol-
ume. Aggressive volume resuscitation must be provided to
restore cardiac preload and ventricular filling. These patients
are best managed in an ICU with the placement of an arterial
line, a PA catheter, and a bladder catheter. Appropriate cultures
should be obtained and intravenous broad-spectrum antibi-
otics should be started within the first hour of recognition of
severe sepsis. Laboratory tests of immediate concern include
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DEFINITIONS FOR SYSTEMIC INFLAMMATORY
RESPONSE AND SEPSIS (SIRS)

TA B L E  1 1 . 1 6

SIRS Two or more of the following in the setting 
of a known cause of inflammation:

Temperature �38°C or �36°C
Pulse �90
Respirations �20/min or PaCO2 �32 mm Hg
WBC count �12,000 or �4,000 cells/mm3

or �10% band forms

Sepsis SIRS due to known infection

Severe sepsis Sepsis with evidence of organ dysfunction, 
hypoperfusion, or hypotension

Septic shock Sepsis with hypotension despite adequate fluid
resuscitation

Source: Adapted from 1991 American College of Chest Physicians/
Society of Critical Care Medicine Consensus Conference definitions.
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arterial blood gas determinations, creatinine, electrolytes, lactate,
coagulation panel, and a complete blood count. Oxygenation
and ventilation should be optimized with mechanical ventila-
tion if indicated. If hypotension persists after optimization of
the PCWP, the use of norepinephrine or dopamine may be
necessary. Surgical debridement or manipulation of infected
material should not be performed until the patient has been
stabilized.

Early goal-directed therapy of the septic patient has been
shown to improve survival. During the first 6 hours of resusci-
tation, the goals of therapy as outlined by the Surviving Sepsis
Campaign guidelines include CVP of 8 to 12 mm Hg, mean arte-
rial pressure �65 mm Hg, urine output �0.5 mL/kg/h, and cen-
tral venous or mixed venous oxygen saturation �70%. If
during the first 6 hours oxygen saturation goals are not
achieved despite appropriate CVP, then transfusion of red
blood cells to achieve a Hct �30% and/or initiation of a
dobutamine infusion is the next step (242).

In the hypodynamic phase of septic shock, hypotension
results from cardiac output deterioration. The patient is often
cool, mottled, oliguric, diaphoretic, and confused. The etiol-
ogy of the hypodynamic cardiovascular response to sepsis may
be inadequate volume resuscitation, underlying cardiac dis-
ease, or myocardial dysfunction associated with sepsis. This is
a state of gross decompensation with global tissue hypoxia
and is associated with greater mortality. 

Numerous clinical trials have attempted to find specific
agents that could modulate the underlying disease process in
sepsis. Candidate therapies included agents that target media-
tors of inflammatory response, agents that boost the immune
system, and prostaglandin inhibitors, but none was shown to
be beneficial until recently. The Recombinant Human
Activated Protein C Worldwide Evaluation in Severe Sepsis
(PROWESS) study is the first clinical trial to show a clinically
significant reduction in the 28-day all-cause mortality rate due
to severe sepsis (243). This multicenter, prospective, double-
blind, placebo-controlled study enrolled 1,690 patients who
were randomized to treatment with a continuous infusion of
drotrecogin alfa (activated) at a dose of 24 µg/kg/h for a total
of 96 hours or placebo. Drotrecogin alfa (activated) is a
recombinant form of human activated protein C, an endoge-
nous protein with antithrombotic, pro-fibrinolytic, and anti-
inflammatory properties that is frequently deficient in sepsis.
Eligible patients were 18 years of age or older with a docu-
mented or a highly suspicious source of infection, at least
three of the SIRS criteria, and evidence of acute end-organ
dysfunction, including shock, severe hypoxia, oliguria, or aci-
dosis for less than 24 hours. Patients began treatment within
24 hours of meeting study criteria. Drotrecogin alfa (acti-
vated) has significant anticoagulant properties; therefore,
patients at high risk of or from bleeding were excluded, as
well as those who were pregnant or breast-feeding, had
human immunodeficiency virus infection with CD4 cell count
�50/mm3, weighed �35 kg, had a transplanted organ other
than a kidney, or were expected to die from non-sepsis-related
disease within 1 month. The mortality rate was 30.8% in the
placebo group and 24.7% in the treatment arm, with a reduction
in relative risk of death of 19.4% and an absolute reduction in
risk of death of 6.1% (p � 0.005). Although patients consid-
ered to be at higher risk of bleeding were excluded, serious
bleeding conditions were higher in the drotrecogin alfa
(activated) group (3.5% vs. 2.0%, p � 0.06). The FDA has
approved drotrecogin alfa (activated) for the treatment of
patients with sepsis who have a high risk of death. In light of
the increased bleeding risk, appropriate patient selection for
treatment with drotrecogin alfa (activated) should be an
important consideration (242).

In addition to early goal-directed therapy with hemody-
namic interventions that balance systemic oxygen delivery

with oxygen demand and the use of drotrecogin alfa (acti-
vated), other management strategies have also been shown in
randomized, controlled trials to reduce mortality associated
with severe sepsis. These include limiting the tidal volume to 6
to 7 mL/kg ideal body weight for patients requiring mechani-
cal ventilation for ARDS, the use of moderate-dose corticos-
teroids (hydrocortisone 200 to 300 mg and fludrocortisone 50
µg daily) for 7 days in patients with refractory septic shock,
and maintaining serum glucose levels �150 mg/dL (242).
These therapies are not mutually exclusive and optimal patient
management may require a combination of approaches. Some
of these strategies vary dramatically from traditional approaches
and will require education and established protocols to safely
incorporate them into practice.

Multiple Organ Dysfunction Syndrome

Multiple organ dysfunction syndrome (MODS) can be defined
as the development of progressive physiologic dysfunction of
two or more organ systems after an acute threat to systemic
homeostasis (238). Inciting factors are diverse and include
SIRS, sepsis, massive trauma, burns, ischemia, and reperfusion
injury. Consensus has not been reached as to the criteria used
to define this clinical syndrome, that is, which organ systems
are important or the degree of physiologic derangement neces-
sary to constitute dysfunction. Pulmonary dysfunction is com-
mon and typically develops early in the course of SIRS or
sepsis. Renal dysfunction initially is a prerenal azotemia unless
the initial insult promoted a sudden oliguric acute tubular
necrosis. Hyperbilirubinemia is the earliest marker of hepatic
dysfunction. Gastrointestinal abnormalities include ileus,
stress ulcers, diarrhea, and mucosal atrophy. The platelet
count has been used as a surrogate marker of the hematologic
system. Cardiac function is often measured by the degree of
hypotension or the need for vasopressors. Deterioration of the
nervous system is manifested by encephalopathy and periph-
eral neuropathies. The treatment of MODS is support of indi-
vidual organ function and aggressive therapies aimed at
correcting the underlying process. Mortality is related to the
number of dysfunctional systems and is greater than 80%
once four organ systems fail (244).

The Acute Physiology and Chronic Health Evaluation
(APACHE) provided population-based estimates of mortality
for the day of ICU admission (245). Several versions of the
APACHE scoring system have been utilized, most recently
APACHE IV. Organ failure scores, such as the Sequential
Organ Failure Assessment (SOFA), can help assess organ dys-
function over time and are useful to evaluate morbidity.
Independent of the initial value, an increase of the SOFA score
(Table 11.17) during the first 48 hours of an ICU admission
predicts a mortality rate of 50% or greater, and improvement
of cardiovascular, renal, or respiratory SOFA score from base-
line through day 1 of ICU admission is significantly related to
greater survival (246). It is important to note that these and
other outcome prediction models were designed as tools to be
used in critical care research in order to stratify patients by
severity of illness. They have not been validated for making
decisions relating to individual patients.

Abdominal Compartment Syndrome 

Abdominal compartment syndrome (ACS) is an important but
often unrecognized cause of acute deterioration of a patient
after massive fluid resuscitation for septic or hypovolemic
shock. Although most commonly associated with trauma
patients, it has also been observed in patients with massive
ascites, bowel obstruction or ileus, peritonitis, pancreatitis,
and intraperitoneal blood. Intra-abdominal pressure (IAP) is
usually measured indirectly by a balloon-tipped catheter in the
bladder. Intra-abdominal hypertension is defined as an IAP of
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12 mm Hg or greater recorded by a minimum of three stan-
dard measurements conducted 4 to 6 hours apart (247). ACS
is defined by an IAP of 20 mm Hg or greater and single or
multiple organ failure that was not previously present.
Although ACS can impair the function of every organ system,
it is generally manifested as hypotension, reduced urine out-
put, and decreased pulmonary compliance. Operative decom-
pression of the abdominal cavity with maintenance of an open
abdomen via use of temporary closure techniques such as a
vacuum pack is the only treatment that reverses the physiolog-
ical abnormalities resulting from ACS.

Withdrawal of Life-Sustaining Treatment

The decision to withdraw or withhold life-sustaining treat-
ment is most difficult for patients, families, and health profes-
sionals. The ethical aspect of foregoing treatment resides in
the legal and ethical right of the patient to self-determination.
Unfortunately, the majority of critically ill patients are unable
to speak for themselves when decisions to limit treatment are
considered. Therefore, careful attention must be paid to previ-
ously expressed wishes and the input of surrogate decision
makers. If a medical power of attorney is not in place, some
states stipulate who the surrogate will be by a legal hierarchy.
The ethical basis for identification of an appropriate surrogate
is primary if none of the preceding legal bases apply. In this
situation, the physician and other health care providers have
the responsibility to help identify the person or persons who
have knowledge of the patient’s values and preferences in
order to assist with medical decisions on the patient’s behalf.
This process can become difficult in circumstances when fam-
ily members or others close to the patient are in disagreement
as to who should be the surrogate or what the patient would
prefer. In these cases, health care providers should be knowl-
edgeable of applicable legal directives and their ethical respon-
sibility to act in their patient’s best interest. Consultation with
the institution’s ethics committee may be helpful in trying to
reach consensus (248). Although not responsible for the

patient’s death, those close to the patient often are left with
feelings of guilt and anxiety in addition to their bereavement.
It is important that the health care providers support the fam-
ily both before and after the decision to withhold or withdraw
life-sustaining treatment has been made.

End of life care of patients in the ICU requires a dramatic
paradigm shift in attitude and interventions from intensive
rescue-type care to intensive palliative care. When considering
the array of interventions that may be discontinued or held,
physicians and surrogates should focus on clearly articulating
the goals of care. For example, a goal for survival until the
patient’s important loved ones can gather to say their good-
byes may justify short-term continuation of ventilator sup-
port. If the only goal is patient comfort, then such treatment
should be stopped. The withdrawal of life-sustaining treat-
ment is a clinical procedure that deserves the same prepara-
tion and expectation of quality as other medical procedures.
Honest, caring, and culturally sensitive communication with
the patient’s loved ones and the patient, if competent, should
include explanations of how therapies will be withdrawn,
what symptoms are expected, strategies to assess and ensure
the patient’s comfort, and information about the expected sur-
vival after interventions are withdrawn. Informed consent
should be documented along with a formulated plan for with-
drawing care (249). Adequate analgesia and sedation should
be prescribed to relieve symptoms of pain, dyspnea, and anxi-
ety during the dying process. Intravenous opioids and shorter
acting benzodiazepines are the drugs of choice. The clinician’s
primary goal should be to prevent suffering and ensure the
patient’s comfort even if doing so unintentionally hastens the
patient’s death.

Neurologic Issues

The critically ill patient is invariably anxious, stressed, confused,
uncomfortable, or in pain from immobility, wounds, preexisting
disease, infection, invasive medical interventions, and routine
nursing care such as airway suctioning, repositioning, or dressing
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THE SEQUENTIAL ORGAN FAILURE ASSESSMENT (SOFA) SCORE

TA B L E  1 1 . 1 7

SOFA score

Variables 0 1 2 3 4

Respiratory: �400 �400 �300 �200a �100a

PaO2/FIO2, mm Hg

Coagulation: �150 150 100 50 20
platelets � 103/µLb

Liver bilirubin, mg/dLb �1.2 1.2–1.9 2.0–5.9 6.0–11.9 �12.0

Cardiovascular No hypotension Mean arterial pressure Dop �5 or Dob Dop �5, Epi 0.1, Dop �15, Epi �0.1,
hypotension �70 mm Hg (any dose)c or Norepi 0.1c or Norepi �0.1c

Central nervous system, 15 13–14 10–12 6–9 �6
Glasgow Coma 
Scale score

Renal creatinine, mg/dL �1.2 1.2–1.9 2.0–3.4 3.5–4.9 or �500 �5.0 or �200
or urine output, mL/d

Note: Dob, dobutamine; Dop, dopamine; Epi, epinephrine; FIO2, fraction of inspired oxygen; Norepi, norephinephrine; PaO2, partial pressure oxygen.
aValues are with respiratory support.
bTo convert bilirubin from mg/dL to µmol/L, multiply by 17.1.
cAdrenergic agents administered for at least 1 hour (doses given are in µg/kg per minute).
Source: From Ferreira FL, Bota DP, Bross A, et al. Serial evaluation of the SOFA score to predict outcome in critically ill patients. 
JAMA 2001;286:1754–1758, with permission.
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changes. The restlessness and distress often associated with
critical illness must be quelled with analgesia, sedation, and
neuromuscular blockade as a last resort. The Society of Critical
Care Medicine and American Society of Health-System
Pharmacists (ASHP) clinical practice guidelines for sedation,
analgesia, and neuromuscular blockade of the critically ill
adult were revised in 2002. This comprehensive document is
available online at www.ashp.org (250,251).

Analgesia

Maintaining an optimal level of comfort and safety for critically
ill patients is a universal goal for all involved in their care.
Unrelieved pain contributes to inadequate sleep and agitation.
Pain may contribute to pulmonary dysfunction through local-
ized guarding and generalized muscle rigidity that restricts
movement of the chest wall and diaphragm. Unrelieved pain
also evokes a stress response characterized by tachycardia,
increased myocardial oxygen consumption, hypercoagulability,
immunosuppression, and persistent catabolism (252). The com-
bined use of effective analgesia and sedation may ameliorate the
stress response and diminish pulmonary complications in post-
operative critically ill patients. A comprehensive overview of
pain management is covered in Chapter 32; therefore, only key
aspects of pain management applicable to patients in the ICU
will be addressed.

Pharmacologic therapies include opioids, NSAIDs, and
acetaminophen. ASHP guidelines recommend fentanyl, hydro-
morphone, and morphine given as a continuous infusion or
scheduled doses rather than “as needed.” Fentanyl has the most
rapid onset and shortest duration, but repeated dosing may
cause accumulation and prolonged effects. Fentanyl may also
be administered via a transdermal patch to hemodynamically
stable patients with more chronic analgesic needs, but it is not
recommended for the management of acute pain. Morphine
has a quick onset but longer duration of action, so intermit-
tent doses may be given. However, morphine causes histamine
release, which contributes to hypotension, especially in a
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CHARACTERISTICS OF SELECTED ANALGESICS AND SEDATIVES FREQUENTLY USED IN CRITICALLY ILL PATIENTS

TA B L E  1 1 . 1 8

Active metabolites 
Agent Indication (effect) Adverse effects Intermittent dose (IV)a Infusion dose range

Fentanyl Pain No metabolite, Rigidity with 0.35–1.5 µg/kg 0.7–10 µg/kg/h
patient accumulates high doses q 0.5–1 h

Hydromorphone Pain None — 10–30 µg/kg q 1–2 h 7–15 µg/kg/h
Morphine Pain Yes (sedation) Histamine release 0.01–0.15 mg/kg q 1–2 h 0.07–0.5 mg/kg/h
Ketorolac Pain None GI bleeding, renal 15–30 mg q 6 h; decrease —

if �65 yr; avoid 
�5 day use

Midazolam Acute Yes (prolonged — 0.02–0.08 mg/kg 0.04–0.2 mg/kg/h
agitation sedation) q 0.5–2 h

Lorazepam Sedation None Solvent-related 0.02–0.06 mg/kg 0.01–0.1 mg/kg/h
acidosis/renal q 2–6 h
failure in 
high doses

Propofol Sedation None Elevated triglycerides — 5–80 µg/kg/min
Haloperidol Delirium Yes (EPS) QT interval 0.03–0.15 mg/kg 0.04–0.15 mg/kg/h

prolongation q 0.5–6 h

Note: EPS, extrapyramidal symptoms; GI, gastrointestinal; IV, intravenous.
aMore frequent doses may be needed for acute management in mechanically ventilated patients.

hemodynamically unstable patient. Hydromorphone’s dura-
tion of action is similar to morphine but lacks an active
metabolite or histamine release, making it an ideal drug for
continuous infusion and for use in patients who cannot tolerate
hypotension. Meperidine has an active metabolite that causes
neuroexcitation including apprehension, tremors, delirium,
and seizures, so its use is not recommended in critically ill
patients who may need repeated doses. The characteristics of
analgesics and sedatives commonly used in ICU patients are
summarized in Table 11.18.

Sedation

Sedatives are commonly used adjuncts for the treatment of
anxiety and agitation. The physical environment of the ICU,
limited ability to communicate, sleep deprivation, and medical
circumstances precipitating the ICU admission are contribut-
ing factors creating anxiety in critically ill patients. Efforts to
reduce anxiety, including frequent reorientation, provision of
adequate analgesia, and optimization of the environment, may
be supplemented with sedatives. Agitation is also common in
ICU patients; however, not all patients with anxiety will
exhibit agitation. Sedatives reduce the stress response and
improve tolerance to routine ICU procedures. They may be
necessary to facilitate mechanical ventilation. Generally, seda-
tives should be administered intermittently to determine the
dose needed to achieve the sedation goal, but they may be
given as a continuous infusion if necessary. Daily interruption
of sedative infusion is associated with shorter duration of
mechanical ventilation, shorter ICU stays, and fewer instances
of posttraumatic stress disorder (253,254). Benzodiazepines
are sedatives and hypnotics that cause anterograde amnesia
but lack analgesic properties. Midazolam has a rapid onset
and short duration of effect with single doses, making it ideal
for treating acutely agitated patients or for brief sedation with
invasive procedures. Lorazepam has a slower onset but fewer
potential drug interactions because of its metabolism via glu-
curonidation (Table 11.18).
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Propofol is an intravenous general anesthetic that has seda-
tive and hypnotic properties at lower doses. Like the benzodi-
azepines, propofol has no analgesic properties. Propofol has a
rapid onset and short duration of sedation once discontinued.
Propofol is a phospholipid emulsion that provides 1.1 kcal/mL
from fat and should be counted as a caloric source. Long-term
infusions may result in hypertriglyceridemia and monitoring is
recommended after 2 days of use (250). Physiologic dependence
and potential withdrawal symptoms have been described in ICU
patients who have been exposed to more than 1 week of sedative
or narcotic therapy, including the use of propofol (255).

Neuromuscular Blockade

Neuromuscular blocking agents (NMBAs) can be used to
facilitate mechanical ventilation, to manage intracranial pres-
sure in head trauma, to ablate muscle spasms, and to decrease
oxygen consumption only when all other means to accomplish
these aims have failed (251). Pancuronium is a long-acting
NMBA that is effective for up to 90 minutes after intravenous
bolus dose of 0.06 to 0.1 mg/kg. It can be used as a continu-
ous infusion by adjusting the dose to the degree of neuromus-
cular blockade that is desired. Since pancuronium is vagolytic,
90% of patients will have an increase in heart rate of greater
than 10 beats per minute. For patients who cannot tolerate an
increase in heart rate, vecuronium can be used. If neuromus-
cular blockade is necessary for patients with significant
hepatic or renal failure, cisatracurium or atracurium should be
used. Patients receiving any NMBA should be assessed using
electronic twitch monitoring with a goal of adjusting the
blockade to achieve one or two twitches. Before initiating neu-
romuscular blockade, patients should be adequately med-
icated with sedative and analgesic drugs as it is difficult to
assess pain and anxiety after NMBAs are given. Furthermore,
neuromuscular paralysis without sedation is an extremely
frightening and unpleasant experience.

Acute quadriplegic myopathy syndrome, also referred to as
postparalytic quadriparesis, is a clinical triad of acute paresis,
myonecrosis with increased creatine phosphokinase concentra-
tion, and abnormal electromyography that is related to pro-
longed exposure to NMBAs. This is a devastating complication
of NMBA therapy and one of the reasons that indiscriminate use
of these agents is discouraged. Increased risk of acute quadriplegic

myopathy is associated with the concurrent use of corticos-
teroids; drug “holidays” may decrease the risk (256).

ICU Syndrome/Delirium

The ICU syndrome, first reported in the 1960s, describes a
range of psychological disturbances exhibited by many criti-
cally ill patients (257). Other designations commonly used are
ICU psychosis and postoperative delirium. The ICU syndrome
has been defined as an altered emotional state occurring in a
highly stressful environment that may manifest itself in a vari-
ety of psychological reactions including fear, memory distur-
bance, anxiety, confusion, withdrawal, despair, agitation, and
disorientation. Sleep deprivation, noise, constant light expo-
sure, restriction of movement, limited ability to communicate,
as well as the patient’s preadmission mental state and coping
ability have all been reported as causative factors of ICU syn-
drome. Current medical literature challenges this concept and
argues that what is being called ICU syndrome or psychosis is
diagnostic of delirium and not due to the ICU environment
per se. Concerns have been raised that using the term ICU
syndrome implies that confusion can be expected in the ICU
setting and may reduce the vigilance necessary to recognize
delirium and identify and treat the physiologic disturbances
leading to it (258). Delirium is found in as many as 80% of
critically ill patients and is associated with longer ICU admis-
sions and increased mortality (259,260).

Delirium in the ICU setting is commonly caused by metabolic
disturbances, hypoxia, electrolyte imbalances, alcohol or drug
withdrawal, acute infection, and medications (Table 11.19)
(258,260). Many drugs have anticholinergic properties that can
exert an additive effect causing neurotoxicity, especially in elderly
patients. Anticholinergic-related delirium can be differentiated
from other causes of delirium if the mental status clears after
administration of the cholinesterase inhibitor physostigmin.
Delirium presents in both a hypoactive and hyperactive form.
Hypoactive delirium, which is associated with the worst progno-
sis, is characterized by psychomotor retardation, represents more
global cerebral dysfunction, and is manifested by a calm appear-
ance, inattention, and obtundation in extreme cases. Hyperactive
delirium is more easily recognized by agitation and combative
behaviors. Elderly patients may pose a particular diagnostic chal-
lenge when delirium is superimposed on baseline dementia.
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COMMONLY USED ICU DRUGS ASSOCIATED WITH DELIRIUMa

TA B L E  1 1 . 1 9

Anesthetics Anticonvulsants Atropineb

Lidocaine Carbamazepine Cimetidineb

Propofol Phenobarbital Corticosteroidsb

Phenytoin Digoxinb

Antibiotics
Amphotericin B Antihypertensives Narcotic analgesics
Aztreonam Diltiazem Fentanyl
Cephalosporins Enalapril Meperidineb

Ciprofloxacin Hydralazine Morphine
Doxycycline Methyldopa
Imipenem Propranolol Nitroprusside
Metronidazole Verapamil Phenylephrine
Penicillins Procainamideb

Tobramycin Scopolamineb

Tricyclic antidepressantsb

aListing is not intended to be all-inclusive.
bDrugs known to have significant anticholinergic properties.
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The medical management of delirium consists of finding
and treating underlying medical conditions and then control-
ling any behavioral disturbances if necessary. Neuroleptic
drugs are the first-line agents for the treatment of delirium due
to causes other than alcohol withdrawal syndrome, which is
managed with benzodiazepines. Haloperidol is the neuroleptic
of choice because it has minimal anticholinergic or hypoten-
sive effects. A dose of 2 to 10 mg intravenously can be given
every 20 to 30 minutes until agitation resolves. Once the delirium
is controlled, scheduled doses every 4 to 6 hours consisting of
25% of necessary loading doses can be used and tapered off
over several days. A continuous infusion can also be used
(Table 11.18). Patients receiving repeat doses of haloperidol
should be monitored for electrocardiographic changes.
Extrapyramidal side effects such as rigidity, tremor, or facial tics
can be managed with diphenhydramine hydrochloride (250).
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pelvis, abdomen, retroperitoneum, and the lymphatic drainage
of the female genital tract. No amount of surgical skill or
knowledge of cancer therapy can compensate for the lack of
this knowledge.

Lymphatic drainage from the cervix follows the uterine
arteries and cardinal ligaments to the pelvic lymph nodes that
include the external iliac, internal iliac (hypogastric), and
obturator node groups (Fig. 12.1). From these pelvic lymph
nodes, the drainage proceeds superiorly through the common
iliac lymph nodes and then up to the paraaortic nodes.

The lymphatic drainage from both the uterine corpus and
the ovaries follows one of three routes (Fig. 12.1): (a) along the
uterine arteries in the broad ligaments to the pelvic nodes, (b) in
channels following the round ligaments to the inguinal lymph
nodes, or (c) along the ovarian lymphatics in the infundibu-
lopelvic ligaments directly up to the paraaortic nodes.

The anatomy of the paraaortic lymph nodes has been well
described by Fowler and Johnson (4). The paraaortic lymph
nodes are part of the lumbar lymph node group. There are
three subgroups: preaortic, retroaortic, and lateral aortic
(right and left). The preaortic group drains the abdominal part
of the gastrointestinal tract down to the mid rectum, whereas
the retroaortic group has no special area of drainage. The lat-
eral group receives lymphatic drainage from the iliac lymph
nodes, ovaries, and other pelvic viscera (apart from the ali-
mentary tract), and therefore it is this group of nodes that is
sampled in the surgical staging of gynecologic malignancies.

There are typically 15 to 20 lateral aortic nodes per side.
They are located adjacent to the aorta, anterior to the lumbar
spine, extending bilaterally to the medial margins of the psoas
major muscles, and up to the diaphragmatic crura (4). The
lateral nodes usually dissected in gynecologic oncology span
the region from the aortic bifurcation up to either the inferior
mesenteric artery (IMA) or the renal veins.

The first major blood vessel encountered during a caudad-
to-cephalad paraaortic node dissection is the IMA (Fig. 12.1).
The IMA originates from the anterior surface of the aorta
approximately 3 to 4 cm above the aortic bifurcation. Next,
the right and left ovarian arteries arise from their respective
sides of the aorta about 5 to 6 cm above the bifurcation
(Fig. 12.1). The right ovarian vein inserts into the right side of
the inferior vena cava (IVC) approximately 1 cm below the
right renal vein. The left ovarian vein does not insert directly
into the IVC, but rather follows a path close to the left ureter
inserting into the left renal vein lateral to the left border of the
aorta. Three to four pairs of lumbar arteries and veins arise
from the posterior surfaces of the aorta and IVC, respectively.

The gynecologic oncologist who operates on patients with
advanced ovarian carcinoma often encounters disease spread
involving upper abdominal structures such as the diaphragm,
liver, pancreas, and spleen. Debulking of tumor from these

The management of most human cancers involves multimodal
therapy, and this is especially true for female genital malignan-
cies. Although some early gynecologic cancers can be eradicated
by surgery alone, and chemotherapy as a single modality can
often cure gestational trophoblastic malignancies, the optimal
treatment for the majority of gynecologic malignancies requires
surgery combined with chemotherapy and/or irradiation.

In this chapter, surgery is discussed both as a separate disci-
pline and as an integral part of multimodal therapeutic planning.
Although specific operations and relatively new surgical tech-
niques are described for some disease sites, many procedures are
addressed more completely in surgical texts and atlases to which
the reader is referred (1–3). The role of surgical intervention in
the treatment of gynecologic cancers is addressed herein with a
more philosophic approach than would be taken in a surgical
atlas. However, select illustrations and tips are included that
have enabled us to approach various radical procedures more
rapidly and safely. The major goal of this chapter is to give the
reader an appreciation and understanding of the surgical princi-
ples of the subspecialty of gynecologic oncology.

TECHNICAL ASPECTS 
OF SURGERY

Many physicians who practice the art and science of surgery tend
to focus on the technical craft of the specialty only when teaching
young surgeons. At other times, we are acutely aware that the
most difficult part of our practice is the decision of whether or
not to utilize surgical therapy. Preoperative and postoperative
management is also demanding since therapy must be tailored for
individual patients depending not only on their specific disease
but also on their overall medical status. Owing to the significance
of these pressing issues, we often take for granted the many years
of preparation and experience in the craft of surgery.

Mastering the skills of surgery involves a thorough under-
standing of proper technique. It also requires frequent and
consistent practice to keep surgical maneuvers well honed. For
the student, this means actual practice in tying knots, manipu-
lating instruments, and suturing. For the accomplished sur-
geon, it means that a sufficient case load must be maintained
to ensure adequate practice of the technical art of the spe-
cialty. The surgeon should also keep abreast of new suture
materials, instruments, and technical developments.

Anatomy

There is no substitute for a detailed knowledge of the anatomy
of the pelvis and abdomen. The physician who pursues gyneco-
logic oncology as a career must be completely familiar with the
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areas has been demonstrated to improve the rate of optimal
cytoreduction and subsequent survival (5,6). Anatomic con-
siderations for diaphragm surgery include the relevant hepatic
attachments and the underlying central vasculature (7,8)
(Fig. 12.2). The anterior hepatic attachment is the falciform
ligament, which contains the ligamentum teres in its infrahep-
atic portion, and attaches the liver to the anterior abdominal
wall in its membranous hepatic portion. As the falciform liga-
ment continues superiorly, its peritoneal surface divides later-
ally on each side to form the anterior right and left coronary
ligaments. These coronary ligaments reflect off the liver cap-
sule and delineate the posterior extent of peritoneum covering
the superior diaphragm. The IVC lies to the right side of this
falciform ligament division. The right and left hepatic veins
drain into the anterior surface of the IVC at the level of this
peritoneal reflection. The anterior coronary ligaments con-
tinue laterally and inferiorly along the posterior liver edge,
where they join the posterior right and left coronary ligaments
to form the right and left triangular ligaments, respectively.
The right triangular ligament reflects from the liver to the
diaphragm, right kidney, and right adrenal gland. The left tri-
angular ligament reflects primarily to the diaphragm; the pos-
terior left coronary ligament lies higher than the esophageal
hiatus and the esophagus is generally not encountered. The
coronary ligaments on each side delineate the larger “bare area”
of the liver on the right and a smaller “bare area” on the left,
which underlie the central tendon of the diaphragm. The right
phrenic nerve penetrates this central tendon lateral to the
vena caval foramen on the right and is usually not encountered

until the “bare area” is exposed. The left phrenic nerve may
penetrate the left diaphragm muscle above the central tendon
and is a consideration during left-sided anterior diaphragm
surgery.

In the left upper quadrant of the abdomen, the spleen lies
under the 9th, 10th, and 11th ribs. It is situated adjacent and
slightly deep to the stomach and colon, lateral to the pancreas,
and sits on the superior aspect of the left kidney. The posterior
aspect of the spleen is in contact with the adrenal gland as
well as Gerota’s fascia of the kidney. The tail of the pancreas
often approaches the splenic hilum and sometimes contacts the
spleen. The spleen varies in size between individuals, but in
general measures 12 cm in length, 7 cm in width, and 3 to 4 cm
in width. The peritoneum creates folds that form the suspensory
ligaments of the spleen. The four main “suspensory” ligaments
are gastrosplenic, splenorenal, splenophrenic, and splenocolic
ligaments. The splenophrenic and splenocolic ligaments are
avascular. The gastrosplenic ligament contains the short gastric
vessels. The splenorenal ligament has an anterior and poste-
rior aspect and surrounds the splenic hilum. The splenic hilum
contains the splenic artery, splenic vein, and sometimes the tail
of the pancreas. The splenic vessels sometimes branch before
entering the spleen. The splenic artery is tortuous and is one of
the three branches of the celiac trunk. It runs along the supe-
rior aspect of the pancreas and gives rise to the short gastric
arteries prior to entering the spleen, which course in the gas-
trosplenic ligament and supply the portion of the greater cur-
vature of the stomach superior to the splenic artery (Fig. 12.3)
(9). The splenic artery also gives rise to the left gastroepiploic
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artery, which supplies the remainder of the greater curvature
of the stomach and the gastrocolic omentum. The splenic vein
is slightly inferior and follows the course and branching of
the artery. 

Patient Positioning

Patient positioning for radical gynecologic oncology proce-
dures is often critical in improving exposure, particularly in
obese patients. For most women undergoing radical hysterec-
tomy, ovarian cancer cytoreduction, or pelvic exenterative
procedures, we prefer the low lithotomy position using Allen
stirrups (Fig. 12.4) (1). The buttocks should protrude 2 to 3 cm
over the end of the table. This position allows simultaneous
access to the perineum and abdomen. The weight of the leg
should be on the foot with the legs well padded and attention
paid to prevent pressure on the calf and the peroneal nerve. To
further improve pelvic exposure, a blanket or pad can be
placed under the small of the back. 

Abdominal Incisions

Abdominal incisions in gynecologic oncology vary with the
indication for the procedure, associated preoperative condi-
tions (such as the presence of ascites or bowel obstruction),
suspicion of upper abdominal pathology, and the presence of a
previous abdominal scar. Incisions for surgery for gynecologic
oncology patients should be highly individualized. Three basic
incisions are used for intraperitoneal exposure (Fig. 12.5) (2).
Additionally, extraperitoneal access to the pelvic and paraaor-
tic nodes can be achieved through a J-shaped incision (10) or a
“sunrise” incision (11).

Transverse incisions offer the advantages of being the best
cosmetic incisions for pelvic surgery while also being the least
painful, resulting in less interference with postoperative pul-
monary function. In addition, compared to vertical incisions,
transverse incisions are allegedly stronger and allow better
exposure to the pelvic sidewalls. Many gynecologic oncolo-
gists use transverse incisions when performing a radical hys-
terectomy or pelvic exenteration.

In performing the Maylard incision, it is recommended that
the deep inferior epigastric vessels be isolated, sectioned, and
ligated prior to dividing the rectus muscle (Fig. 12.6) (2).
Occasionally, the pelvic surgeon will make a Pfannenstiel inci-
sion and find it inadequate. When more exposure is needed,
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FIGURE 12.4. Low lithotomy position using Allen stirrups. Source:
Reprinted with permission from Morrow CP, Curtin JP, eds.
Gynecologic Cancer Surgery. New York: Churchill Livingstone; 1996.

FIGURE 12.5. Entry into the abdominal cavity can be made by three
basic incisions: (1) the midline incision; (2) the transverse Maylard-type
incision from anterior-superior iliac spine to anterior-superior iliac spine;
and (3) the Pfannenstiel incision. The latter is not an incision for radical
pelvic surgery, but it can be converted to a Cherney-type incision for
improved exposure. For the patient who has some type of transverse inci-
sion, and for whom later exposure of the upper abdominal cavity is neces-
sary, a midline upper abdominal incision can be separately used. Source:
Reprinted with permission from Gallup DG, Talledo OE. Surgical Atlas of
Gynecologic Oncology. Philadelphia: WB Saunders Co.; 1994:44.

the appropriate maneuver is to convert the Pfannenstiel to a
Cherney-type incision. This conversion can be accomplished
by dissecting the rectus muscles from the pyramidalis muscles
and the anterior rectus sheath and then transecting the rectus
tendons at their insertion into the pubic bone.

Lymph Node Dissection

The surgical technique used to dissect the pelvic and paraaor-
tic lymph nodes involves either a transperitoneal or extraperi-
toneal approach. The approach utilized is generally dictated
by the primary site of disease and the planned accompanying
procedure. In cases of endometrial and ovarian carcinoma
where the anticipated procedure includes a hysterectomy
and/or surgical debulking, the approach is invariably
transperitoneal. However, in the pretreatment surgical staging
of patients with advanced-stage cervical cancer, the transperi-
toneal approach has been associated with significant radia-
tion-induced intestinal morbidity due to postoperative
adhesion formation (12). Therefore, current clinical trials that
require pretreatment surgical staging recommend that the
lymph node sampling be performed via the extraperitoneal
approach or by operative laparoscopy (13).
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Pelvic Lymph Node Dissection

Whether a transperitoneal or extraperitoneal approach is used,
most surgeons initially remove pelvic nodes by excising the
loose areolar tissue over the external iliac vessels (Fig. 12.7)
(2). The genitofemoral nerve courses laterally to the external
iliac artery and should be identified and preserved prior to
excising the lymphatic tissue. Mobilization and retraction of the
external iliac vessels allows access to the obturator space. The
obturator nodes are most easily teased away from the nerve
and vessels if one begins the dissection caudad (Fig. 12.8) (2).

Transperitoneal Approach to the Paraaortic Nodes

The transperitoneal approach to the paraaortic lymph nodes
can be accomplished by either the direct or the lateral
approach. With the direct approach, the dissection begins
with an incision in the peritoneum directly over the common
iliac arteries and aorta. The lateral approach starts with an
incision in the lateral paracolic gutters with subsequent medial
reflection of the right and/or left colon. The advantage of the
direct approach is that it involves less dissection of the intes-
tine and ureter, whereas one of its main disadvantages is that it
is associated with a greater degree of difficulty in exposing the
left paraaortic nodes. Consequently, many surgeons sample
the right paraaortic lymph nodes via the direct approach and
use the lateral approach for the left-sided nodes.

With the direct approach to the right paraaortic nodes, an
incision is made in the peritoneum overlying the right common
iliac artery (Fig. 12.9). The incision is carried up over the aorta
to the level of the duodenum. If the nodal dissection is to be
carried out only to the level of the IMA, the duodenum may
not need to be mobilized. Using blunt dissection, the ureter and
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Deep epigastric
vessels

Rectus muscle

FIGURE 12.6. The Maylard incision. A transverse incision has been
made from the anterior-superior iliac spine to the opposite anterior-
superior iliac spine. The fascia has been incised transversely. The deep
inferior epigastric vessels are located on the lateral and posterior bor-
ders of the rectus muscle. They are bluntly dissected from this position
by the finger of the operator, isolated, clamped, sectioned, and tied.
Only after they are tied should the rectus muscle be incised. This can
be done with the Bovie. Source: Reprinted with permission from
Gallup DG, Talledo OE. Surgical Atlas of Gynecologic Oncology.
Philadelphia: WB Saunders Co.; 1994:45.

External iliac vein

Genitofemoral nerve

External iliac artery

FIGURE 12.7. Starting at the bifurcation of the common iliac vessels,
the loose areolar tissue over the vein is excised from cephalad to cau-
dad. Clips should be used at the bifurcation of the common iliac to
avoid troublesome bleeding. Source: Reprinted with permission from
Gallup DG, Talledo OE. Surgical Atlas of Gynecologic Oncology.
Philadelphia: WB Saunders Co.; 1994:57.

Obturator
nerve

Circumflex iliac vein

External iliac
artery and vein

FIGURE 12.8. A vein retractor is used to retract the external iliac veins
anterior and lateral to expose the obturator space. Lymphatic tissue
is gently teased from the psoas muscle. The entire lymphatic bundle is
clamped, sectioned at its caudal end, and ligated at the pelvic sidewall.
With the use of the Singley forceps, the lymphatic bundle is bluntly
dissected from the obturator nerve and mobilized superiorly. Often,
the obturator vein and artery must be sacrificed to obtain access to tis-
sue posterior and lateral to the nerve. Once the tissue is mobilized
superiorly, all areolar tissue is cleaned off the hypogastric vessels to
the level of the bifurcation of the common iliac artery. The large tissue
bundle is clamped and removed en bloc. A tie or clips may be used at
the level of the bifurcation. Source: Reprinted with permission from
Gallup DG, Talledo OE. Surgical Atlas of Gynecologic Oncology.
Philadelphia: WB Saunders Co.; 1994:58.
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ovarian vessels are identified and mobilized laterally. The lym-
phatic tissue lateral to the right common iliac artery is elevated
and the caudal end is clipped and divided. The dissection then
proceeds in a caudad-to-cephalad direction. A plane is created
between the IVC and the lymphatic pedicle. The majority of
the right paraaortic nodes overlie the IVC and they are generally
easily dissected off the vessel. However, there is a fairly constant

small vein within the lymphatics anterior to the IVC that
inserts just above its bifurcation. If care is not taken to identify
and ligate this so-called “fellow’s” vein early in the dissection,
it can easily be torn with resultant heavy bleeding (1). When
the most cephalad extent of the dissection is reached, the pedicle
is clipped and divided (Fig. 12.10).

If the nodes above the IMA need to be sampled, the third
portion of the duodenum is mobilized by bilaterally incising the
peritoneum around it and then sharply dissecting the areolar
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Right ureter

Common
iliac vessels

Vena cava

Right ureter

Right ovarian
artery and vein

Inferior mesenteric
artery

Aorta

FIGURE 12.9. The small bowel is elevated out of the pelvis placing
the mesentery on gentle traction. The right ureter and common iliac
artery are identified and the peritoneum overlying the artery is incised.

FIGURE 12.10. The specimen is dissected in a cephalad direction.
Hemostatic clips are used on either side of the developing pedicle as it
is mobilized and divided, and also at the most cephalad extent of the
dissection before the specimen is removed.

Duodenojejunal
flexure

Cecum

Peritoneal
incision

Vena cava

Right ureter
Aorta

Inferior mesenteric
artery

FIGURE 12.11. Extended peri-
toneal incision. The peritoneal
incision is extended over the right
ureter around the cecum and the
cephalad along the right paracolic
gutter. This allows for mobiliza-
tion of the small bowel mesentery
as well as the ascending colon.
Source: Reprinted with permission
from Fowler JM, Johnson PR.
Transperitoneal para-aortic lym-
phadenectomy. Oper Tech Gynecol
Surg 1996;1:9.
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tissue underneath (4). The superior portion of the peritoneal
incision can be carried up as high as the ligament of Treitz,
which can also be divided if needed. Inferiorly, the peritoneal
incision is extended over the right ureter around the cecum
and up along the right paracolic gutter to mobilize the small
bowel mesentery and part of the right colon (Fig. 12.11) (4).
The small bowel can then be packed into the upper abdomen
or completely removed from the peritoneal cavity and stabi-
lized outside of the abdominal cavity or put into a bowel bag
outside the abdomen. The duodenum is retracted superiorly,
allowing identification and ligation of the right ovarian artery
and vein. The lymphatic tissue can then be safely dissected off
of the right side of the aorta and the anterior surface of the
IVC up to the level of the renal veins.

The left paraaortic lymph nodes may be removed through
the same peritoneal incision. Sharp dissection is used to iden-
tify the left common iliac artery, left side of the aorta, IMA,
left ureter, and left psoas muscle (Fig. 12.12). The ureter is
again mobilized laterally. The lymphatic tissue lateral to the
left common iliac artery and aorta is then removed in a cau-
dad-to-cephalad direction. The left paraaortic lymph nodes lie
lateral and partially behind the aorta. In dissecting these
nodes, judicious use of vascular clips will help prevent trou-
blesome bleeding from the lumbar vessels. Safe removal of the
lymph nodes above the IMA frequently requires identification
and division of the left ovarian artery and vein, and occasion-
ally ligation of the inferior mesenteric artery.

To remove right-sided paraaortic nodes via the lateral
approach, the right paracolic gutter is incised along the line of
Toldt (Fig. 12.13). The peritoneum is elevated off the psoas
muscle and the incision is extended up to the hepatic flexure
of the colon. Using sharp and blunt dissection, the right colon
is reflected medially. The ureter and ovarian vessels can be
identified attached to the undersurface of the reflected peri-
toneum. They may be left attached or mobilized laterally for
better exposure. Further medial mobilization of the colon
exposes the IVC and aorta. With the essential structures iden-
tified, the lymphatic tissue can then be dissected as previously
described in a caudad-to-cephalad direction up to the third
portion of the duodenum (Fig. 12.14).

If the lymph nodes above the IMA need to be sampled, the
Kocher maneuver is used to reflect the duodenum medially.
The peritoneum lateral to the convexity of the C-curve of the
duodenum is incised and the second portion of the duodenum
is then dissected off of the IVC. For further exposure, the peri-
toneal incision along the line of Toldt may need to be extended
cephalad to mobilize completely the hepatic flexure of the
colon (Fig. 12.15). The right ovarian artery and vein are
identified and divided. The right-sided paraaortic lymph
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FIGURE 12.12. Removal of the left paraaortic nodes through the
same peritoneal incision. The dissection also proceeds in a cephalad
direction, again using hemostatic clips on the lateral and medial margins.
Care should be taken to avoid injury to the inferior mesenteric artery
that arises approximately 3 to 4 cm above the aortic bifurcation.

Gallbladder

Liver

Kidney

Right colon

Right paracolic
gutter

FIGURE 12.13. The right paracolic gutter is exposed by medial trac-
tion on the ascending colon. The gutter is incised along the line of Toldt.

Liver

Right colon

Gallbladder

Aorta

Right ureter

Right ovarian
artery and vein

FIGURE 12.14. With the ureter and ovarian vessels identified, the
dissection begins at the right common iliac artery and proceeds cepha-
lad up to the third portion of the duodenum.
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nodes are then able to be dissected off of the IVC and right
aorta up to the level of the renal vessels.

The lateral approach to the left paraaortic lymph nodes is
accomplished in a similar fashion by incising along the line of

Toldt and mobilization of the left colon medially (Fig. 12.16).
Again, the ureter and ovarian vessels are identified on the
undersurface of the reflected peritoneum, and they may be left
attached or mobilized laterally for better exposure (Fig. 12.17).
After further mobilization of the left colon and identification
of the aorta and the IMA, the left-sided nodes are removed in
a caudad-to-cephalad direction (Fig. 12.18). Dissection of the
nodes above the IMA requires mobilization of the splenic
flexure of the colon, division of the left ovarian artery and
vein, and occasionally ligation of the inferior mesenteric artery.
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Duodenum
Kidney

Vena cava

FIGURE 12.15. The Kocher maneuver can be used to gain access to the
lymph nodes above the IMA. The peritoneum lateral to the convexity
of the C-curve of the duodenum is incised and the second portion of
the duodenum is then dissected off of the IVC. The common bile duct
and pancreatic duct enter the second portion of the duodenum pos-
teromedially. For further exposure, the incision along the line of Toldt
can be extended cephalad to mobilize completely the hepatic flexure
of the colon.

Left paracolic
gutter

Left colon

FIGURE 12.16. The lateral approach to the left paraaortic nodes is
accomplished by retracting the descending colon medially and incising
along the line of Toldt.
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FIGURE 12.17. Using sharp and blunt dissection, the left colon can be
mobilized medially, exposing the left ureter, ovarian vessels, and aorta.

Renal vein

Kidney

Inferior
mesenteric
artery

FIGURE 12.18. Dissection begins at the left common iliac artery and
proceeds cephalad using hemostatic clips. Care should be taken to
avoid injury to the inferior mesenteric artery that arises approxi-
mately 3 to 4 cm above the aortic bifurcation.
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Extraperitoneal Approach to the Paraaortic Nodes

The extraperitoneal approach to the paraaortic lymph nodes
by means of a supraumbilical transverse sunrise incision was
initially described by Gallup et al. (11). The skin incision is
made 6 cm above the umbilicus in the midline and is carried
laterally and caudad to the level of the iliac crests bilaterally
(Fig. 12.19) (2).

The fascia is incised transversely. The rectus muscles are
dissected off of the anterior-lying fascia cephalad and caudad.
The right rectus muscle is transected. The right transversus
muscle is then identified and transected caudally and laterally.
The hand of the operator is inserted deep into the incision
until the right psoas muscle and external iliac vessels are pal-
pated. The peritoneum is then bluntly dissected from caudad
and lateral to cephalad and medial, separating it from the
underlying common iliac vessels until the great vessels are
exposed (Fig. 12.20) (2). If the peritoneum is inadvertently
entered, it must be closed immediately.

After identification of the right ureter and ovarian vessels,
the right paraaortic nodes can be removed. In thin patients,
the left paraaortic nodes may be able to be removed through a
right abdominal approach. However, if exposure is difficult,
the left rectus and transversus muscles can be transected and
the peritoneum mobilized medially in a similar fashion to gain
access to the left paraaortic nodes.

Radical Hysterectomy

In performing a radical hysterectomy, one of the most trou-
blesome areas is intraoperative bleeding from the lateral car-
dinal ligament, which is also known as the “web.” In order to
have better access and exposure in this area, the surgeon can
release the uterus posteriorly in the earlier steps of the proce-
dure. The six classic spaces are developed prior to sectioning
the uterosacral ligaments. With maximal mobility of the
uterus achieved, the ureter is unroofed from the tunnel of tissue
that contains the uterine vessels and its branches (Fig. 12.21).
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Umbilicus

Iliac crest

FIGURE 12.19. The “sunrise” incision. In the center, the incision is
approximately 6 cm above the umbilicus. The incision is carried later-
ally in a downward fashion to the level of the iliac crests. Source:
Reprinted with permission from Gallup DG, Talledo OE. Surgical Atlas
of Gynecologic Oncology. Philadelphia: WB Saunders Co.; 1994:118.

Psoas muscle

Common iliac vessels

FIGURE 12.20. With the rectus and transversus muscles transected,
the operator’s hand is inserted caudad until the psoas muscle and
external iliac vessels are palpated. The peritoneum is then bluntly dis-
sected from caudad and lateral to cephalad and medial, separating it
from the underlying common iliac vessels until the aorta and vena
cava are exposed. Source: Reprinted with permission from Gallup DG,
Talledo OE. Surgical Atlas of Gynecologic Oncology. Philadelphia:
WB Saunders Co.; 1994:121.

Dividing of
ureteral canal

Ureter

FIGURE 12.21. Dissection of the ureter from the parametrium is
begun. The ureteral canal is unroofed by placing traction on the
medial stump of the uterine vessels. Because of the rich blood supply
from anastomosis of vessels in this area, a clamp-cut technique is
often used. Source: Reprinted with permission from Gallup DG,
Talledo OE. Surgical Atlas of Gynecologic Oncology. Philadelphia:
WB Saunders Co.; 1994:79.
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Once the ureter is unroofed, removal of any remaining cardi-
nal ligament is accomplished with the ureter pulled laterally.
To ensure that adequate vaginal margins are obtained, right-
angle clamps are placed proximal to the level of resection of
the specimen (Fig. 12.22). The pelvic lymphadenectomy can
be done prior to or following the radical hysterectomy. The
use of closed suction drains is advocated by many, although
some avoid their use.

Ovarian Cancer Debulking

The goal of ovarian cancer debulking or cytoreduction is to
remove all or as close as possible to all grossly visible and pal-
pable tumor (14). The surgeon operating on patients with
advanced ovarian cancer should be familiar with the techniques
used to clear tumor from the pelvis and the upper abdomen. 

Removal of Pelvic Disease

Ovarian malignancy often presents with large pelvic masses
filling the pelvis. An initial incision over the lateral pelvic
sidewall just anterior to the external iliac artery will allow
adequate visualization of the ureter and the ovarian vessels
(Fig. 12.23). The paracolic gutters can be incised cephalad
along the avascular line of Toldt for more adequate exposure
of the retroperitoneal space. To avoid further troublesome
hemorrhage with large adnexal masses, if a hysterectomy is
part of the planned procedure, the uterine vessels can be sepa-
rately isolated and divided similar to a modified radical hys-
terectomy. When the anatomy is distorted by peritoneal
implants, the ureters may need to be followed down to the
tunnel and retracted laterally prior to removal of the uterus.

In cases where ovarian tumors are densely adherent to or
involve the rectosigmoid, a reverse hysterectomy can often
help identify the rectovaginal plane. Once the uterine vessels

are ligated bilaterally, the vagina is incised anteriorly below
the level of the cervix. The posterior vagina is incised after
elevating the anterior vaginal flap. The vaginal angles are lig-
ated and the posterior vaginal wall is grasped with Kocher
clamps and retracted cephalad (Fig. 12.24). The cardinal and
uterosacral ligaments are then clamped and sectioned.
Resection of the rectosigmoid with tumor is frequently
required to clear all pelvic tumor. Low rectal anastomosis in
this setting is generally performed and associated with a low
rate of complications in well-trained hands (15,16). 

Upper Abdominal Disease

A recent meta-analysis by Bristow et al. demonstrated that
expert centers with primary optimal cytoreduction rates of
75% or greater provided their patients with a 50% improve-
ment in overall survival when compared to less experienced
centers with primary optimal cytoreduction rates of 25% or
less (17). A subsequent study by Chi et al. illustrated that in
order to achieve primary optimal cytoreduction rates of 75%
or more in advanced-stage ovarian cancer patients, the sur-
geon’s armamentarium should include the ability to remove
disease involving upper abdominal structures such as the liver,
diaphragm, spleen, and pancreas (5).

Adequate exposure is the most important factor in deter-
mining whether resection of diaphragm disease can be per-
formed safely (7). Once an exploratory laparotomy has been
performed and the presence of bulky diaphragm disease con-
firmed on one or both hemidiaphragms, the midline incision is
extended to the xiphoid process. For maximum exposure, it
can be extended to the sternum to the right of the xiphoid, or
in some cases the xiphoid can be divided or removed. The pro-
cedure can almost always be performed through this midline
incision, and although extending a subcostal incision 2 to 3 cm
below the costal margin has been described, we have not gener-
ally found this to be necessary. 
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Clamps on the
vagina

Bladder

Ureter

FIGURE 12.22. The vaginal angles are clamped and sectioned after
placing right-angle clamps across the proximal vagina. Note the vaginal
incision is made caudad to these clamps. Source: Reprinted with per-
mission from Gallup DG, Talledo OE. Surgical Atlas of Gynecologic
Oncology. Philadelphia: WB Saunders Co.; 1994:81.

Ovarian vessels

FIGURE 12.23. The ovarian vessels are skeletonized and divided at the
pelvic brim. Early control of these vessels will help reduce blood loss
during the later dissection. The ureter can be mobilized off the medial
leaf of the broad ligament and retracted laterally on a Penrose drain or
vessel loop. Source: Reprinted with permission from Gallup DG,
Talledo OE. Surgical Atlas of Gynecologic Oncology. Philadelphia: WB
Saunders Co.; 1994:92.
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The extent of liver mobilization required depends on the
distribution of tumor involving the hemidiaphragm. Large
volume disease is common on the right side, and a greater pro-
portion of the right hemidiaphragm is obscured by the liver. A
right-sided liver mobilization will be described primarily.
Tumor involvement on the left diaphragm is more easily
resected without fully mobilizing the liver, although in certain
cases splenectomy may be necessary to clear the metastatic
deposits on the left diaphragm.

The infrahepatic edge of the falciform ligament containing
the ligamentum teres is grasped between two Kelly clamps,
and is divided and ligated. The suture on the lower edge is left
long to aid with downward traction of the liver and remaining
falciform ligament. The falciform ligament should be tran-
sected all the way to the coronary ligament. This can be used
for traction of the liver. The coronary ligament is incised from
the falciform to the right triangular ligament. Care must taken
in the area of the hepatic notch. The hepatic notch contains
the right hepatic vein as it enters the inferior vena cava and is
found lateral to the union of the falciform and coronary liga-
ments. If further mobilization of the liver is necessary, the lat-
eral attachments may be incised and the liver bluntly lifted off
Gerota’s fascia of the right kidney and diaphragm.

The extent of diaphragm peritonectomy is determined by
the distribution of the tumor implants and the method can be
modified accordingly. When a full right diaphragm peritonec-
tomy is performed, the peritoneum on the anterior edge of the
diaphragm is incised along the costal margin using either
cautery or Metzenbaum scissors. This anterior free edge is
grasped with several Allis or Mixter clamps, which are then
retracted inferiorly to visualize the line of attachment between
the diaphragm and its overlying peritoneum. The plane
between is developed with a combination of blunt and sharp
dissection as determined by the patient’s tissue laxity and/or

peritoneal adherence. This may not be possible if the tumor
has extended through the peritoneum and diaphragm. 

If tumor implants are securely fixed to the diaphragm mus-
cle and/or are suspicious for full thickness diaphragm involve-
ment, diaphragm resection should be considered. The
technique for diaphragm resection depends largely on the size
of the lesion to be resected. Small penetrating lesions can be
resected using the EndoGIA stapler alone without entering
the pleural cavity. The lesion is grasped with a long Allis
clamp, the diaphragm tented downward away from the lung,
and the EndoGIA used to staple and divide the tented diaphragm
and invasive lesion. Larger lesions require entry into the
pleural space and this is generally performed sharply with a
Metzenbaum scissors to avoid an inadvertent cautery burn to
the lung. Once entered and the lung visualized/retracted,
cautery can be used to circumscribe the lesion and resect it en
bloc with the peritoneal, muscular, and pleural layers. The
defect can almost always be closed primarily with limited
tension, using interrupted horizontal mattress or figure-of-
eight permanent sutures. Larger defects that cannot be closed
primarily without significant tension should be closed with a
permanent mesh secured to the peritoneal diaphragm surface
with interrupted permanent sutures (18). The majority of
patients undergoing diaphragm resection can have their pleural
cavity closed and the air from the thorax evacuated using the
red Robinson catheter. A purse-string suture is placed widely
around the hole and a #14 French red Robinson catheter is
passed through the hole into the pleural cavity. The anesthesi-
ologist is asked to give the patient a maximal inspiration,
suction may be applied to the catheter, and the catheter is
pulled as the purse-string suture is tied down. For patients
undergoing more extensive resections or with other reasons to
benefit from prolonged pleural drainage, such as pleurodesis,
a chest tube can be placed in the operating room and removed
postoperatively as required. 

To remove tumor from the left upper quadrant, occasion-
ally a splenectomy with or without distal pancreatectomy is
required. Usually, the initial step is to enter the lesser sac to
evaluate the posterior aspect of the stomach and pancreas.
The gastrosplenic ligament and then the short gastrics are
carefully divided. The spleen is mobilized medially and out of
the left upper quadrant by dividing the splenophrenic and
splenocolic ligaments and the other attachments to the adrenal
gland and Gerota’s fascia of the left kidney. The spleen can
now be elevated out of the splenic bed and into the incision.
The splenic hilum is now grasped between the fingers.
Palpation of the pancreas is attempted. Identification of the
pancreas may be facilitated by viewing the hilum posteriorly.
The anterior splenorenal ligament is entered sharply. The
splenic artery and vein can then be identified. These vessels
should be ligated and divided separately. The splenic vessels
may also be ligated prior to elevating the spleen in cases where
lateral mobilization is not possible secondary to tumor and/or
dense adhesions. A linear stapler may be placed across the tail
of the pancreas if necessary to remove tumor involving the dis-
tal pancreas and/or splenic hilum. Reinforcement of this staple
line with 3-0 delayed absorbable suture, either continuously
or interrupted, is optional. 

Continent Urinary Diversion

Over the past decade, interest in performing continent urinary
diversions for patients with gynecologic malignancies has
emerged. Most gynecologic oncologists will use a modifica-
tion of the Indiana (19) or Miami (20) pouch. Poor candidates
for continent urinary diversion include those with crippling
arthritis or those psychologically unable to tolerate frequent
self-catheterization of the pouch.
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FIGURE 12.24. The posterior vaginal wall is grasped and retracted
cephalad. The uterus can now be sharply dissected off of the rectosig-
moid. Source: Reprinted with permission from Gallup DG, Talledo OE.
Surgical Atlas of Gynecologic Oncology. Philadelphia: WB Saunders
Co.; 1994:103.
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A modification of these pouches is shown (2). The colon is
transected just proximal to the hepatic flexure (Fig. 12.25).
The colon is then detubularized by a longitudinal incision
along the tinea. The continent mechanism is created by two
maneuvers. First, the terminal ileal segment is tapered down
over a #14 French Foley catheter by using a gastrointestinal
anastomosis (GIA) stapling device along the antimesenteric
border of the ileum. The second maneuver is to plicate the
ileocecal valve by placing concentric purse-string sutures of 0
silk or polypropylene around it. The ureters are then
implanted under direct vision (Fig. 12.26) (2). After closing
the pouch, the ileal stoma can be brought out in several areas
of the abdominal wall (Fig. 12.27) (2). Some use the umbilicus
as the exit site. The ureteral stents can exit the abdomen via
the ileal stoma or through separate incisions in the pouch and
abdominal wall. The use of a Penrose drain and a cecostomy
tube for irrigation to remove mucus is optional.

Abdominal Closure

With the advent of more recently published closure methods
and newer suture materials, the vertical, allegedly stronger
paramedian incision is unnecessary. A midline incision is
preferable in modern-day gynecologic oncology. It is the least
hemorrhagic of all incisions, and rapid entry is feasible.
Exposure is excellent, and minimal nerve damage occurs.

In the past, many surgeons have advocated the relatively
time-consuming Smead-Jones closure (21). However, in the
1980s it was noted that midline incisions could be safely
closed with a running, mass closure. In 1989, Gallup et al.
(22) reported on 210 patients, most of whom were at high risk
for evisceration, who had midline incisions closed with a run-
ning, mass closure using #2 monofilament polypropylene

suture. No eviscerations occurred. Since that publication, several
gynecologic oncology services have published excellent results
using monofilament absorbable or monofilament permanent
sutures in a running, mass closure method (23–26). Figure 12.28
illustrates a popular technique utilizing an absorbable suture
(2). Eviscerations using this technique almost never occur.

SURGICAL MANAGEMENT 
OF GYNECOLOGIC CANCER

The gynecologic oncologist must be able to evaluate the
woman with a genital tract malignancy, direct her manage-
ment, perform the necessary surgical procedures, and super-
vise her postoperative care and surveillance. A patient who is
managed by a surgeon who is not a gynecologic oncologist
may receive an operative procedure that is inappropriate or
inadequate. Over 20 years ago, McGowan et al. (27) reviewed
the intraoperative evaluation of 291 women with primary
ovarian cancer. Ninety-seven percent of the patients who
underwent surgery by a gynecologic oncologist received com-
plete staging operations, but only 52% and 35% had ade-
quate operations by an obstetrician-gynecologist or a general
surgeon, respectively. 

Two more recent British studies retrospectively analyzed
the outcomes of over 1,800 patients with ovarian cancer
(28,29). Both studies found on multivariate analysis that
patients’ survival was adversely impacted when their initial
operation was performed by a general surgeon as opposed to a
gynecologic surgeon. These results are similar to those
obtained by Nguyen et al. in a national survey of ovarian car-
cinoma (30). Eisenkop et al. analyzed the outcomes of 263
patients with stages IIIC and IV ovarian carcinoma (31). When
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tion and vascularity of the right colon
segment utilized for formation of the
continent urinary pouch. Illustrated
are the anatomic sites of division for
creation of the continent pouch. The
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the right colic artery. The terminal
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mission from Gallup DG, Talledo
OE. Surgical Atlas of Gynecologic
Oncology. Philadelphia: WB Saunders
Co.; 1994:186.
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the primary surgery was performed by gynecologic oncolo-
gists, as compared to general obstetricians-gynecologists and
general surgeons, the rate of optimal cytoreduction was signif-
icantly higher, the operative mortality substantially lower, and
the median survival significantly longer. 

Accordingly, other countries have attempted to centralize
the care of patients with ovarian cancer so that they are pri-
marily operated on by gynecologic oncologists (32,33).
However, patterns of care studies in the United States have
demonstrated that a significant percentage of women with
ovarian cancer are not receiving their primary treatment from
gynecologic oncologists (34,35). Consequently, in this coun-
try, many women with ovarian cancer are still not receiving
the recommended comprehensive primary surgery (36,37).

In the three decades since the establishment of gynecologic
oncology as a subspecialty, cancer therapy has become increas-
ingly sophisticated and complex, and it is difficult for any one
physician to master all the skills necessary for treating gyneco-
logic malignancies. More often, we must use multimodal ther-
apy and be involved in multidisciplinary care. There are many
medical and radiation oncologists who have specialized in
gynecologic cancer, and they are integral members of the multi-
disciplinary team. The Gynecologic Oncology Group (GOG),
with its emphasis on multidisciplinary research, has demon-
strated the effectiveness of such an approach.

Another important factor in providing optimal patient care
is the environment in which gynecologic oncology is practiced.
The facilities used by the gynecologic oncologist should offer
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FIGURE 12.26. A, B: Prior to beginning the continent diversion, the ureters have been transected (usu-
ally at the pelvic brim) and mobilized so that they are able to be brought to the area where the continent
pouch will be located without tension. If necessary, the left ureter can be brought through or under the
mesentery of the colon to facilitate its placement into the urinary pouch. An appropriate site is selected
on what will be the posterior wall of the pouch, and a long thin clamp is used to perforate the colon and
pull the ureter through. An approximately 1-cm segment of ureter is brought into the pouch. For ease of
ureterointestinal anastomosis, the ureter should be secured posteriorly to the pouch by suturing the
adventitial tissue of the ureter to the seromuscular layers of the pouch with three or four permanent 3-0
sutures. The ureter is spatulated to increase the lumen diameter. The ureter is sutured directly to the colon
and is not tunneled. We use 4-0 polyglycolic suture. This is a full-thickness approximation of the colon
and ureter. Once both ureters have been sutured into the pouch, two #8 French ureterointestinal stents or
long pediatric feeding tubes are placed retrograde into the renal pelvis. If a feeding tube is used, it should
be sutured to the ureter with 4-0 chromic to ensure against displacement due to ureteral peristalsis. Note
the three concentric sutures at the ileocecal valve. Source: Reprinted with permission from Gallup DG,
Talledo OE. Surgical Atlas of Gynecologic Oncology. Philadelphia: WB Saunders Co.; 1994:191.
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state-of-the-art radiation therapy and chemotherapy. Patients
should receive care tailored to the type and extent of their dis-
ease and not be determined by the limitations of the available
facilities. Mortality rates for complex oncologic procedures,
such as pelvic exenteration, have been demonstrated to be sig-
nificantly lower in hospitals where the procedures are per-
formed with a relatively high volume as compared to those in
which the procedures are performed infrequently (38). The
recent meta-analysis performed by Bristow et al. evaluated 81
studies involving 6,885 patients with advanced ovarian cancer
(17). This study demonstrated a 50% increase in median sur-
vival if patients’ primary surgery was performed at an
“expert” center compared to less experienced centers.

Early Diagnosis and Prevention

There is a role for early diagnosis and prevention in virtually
all female genital cancers. The management of a patient with
an abnormal Papanicolaou (Pap) smear allows the gyneco-
logic oncologist to use limited surgery to prevent the develop-
ment of an invasive malignancy of the cervix or vagina.
Guided by colposcopy, the surgeon can employ traditional
surgical excision, laser surgery, cryotherapy, or a loop electro-
surgical excision procedure (LEEP) to preserve function and
prevent cancer. Preinvasive lesions of the vulva can be diag-
nosed and managed by laser or local excision, thereby poten-
tially avoiding progression to invasive disease and its
associated extensive surgical therapy.

The proper management of endometrial hyperplasia can
prevent the subsequent development of endometrial cancer.
Optimal management requires individualization of treatment.
Complex hyperplasia without atypia in a premenopausal
patient indicates the need for medical therapy with proges-
terone, but a similar problem in a postmenopausal patient may
indicate the need for a hysterectomy. Atypia in either case
requires consideration of hysterectomy to prevent the develop-
ment of endometrial cancer. It is essential that the gynecologic
oncologist recognize the significance of these cancer precursors.

No diagnostic test or early symptoms reliably herald the
onset of ovarian or tubal cancer, and no preinvasive lesion has
been identified. The only method of prevention for these can-
cers is surgical removal of the tubes or ovaries before cancer
develops. Although quite rare, women can be identified who
may have as high as a 40% lifetime risk of developing ovarian
cancer. These are women who have a family history of ovarian
cancer, who have a family history of breast and ovarian cancer,
or who are members of hereditary nonpolyposis colorectal
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catheter should exit the pouch through this stoma. It is critical that the
ileal segment be at a 90° angle with the abdominal wall so that catheter-
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FIGURE 12.28. A running #1 delayed absorbable suture (Maxon or
PDS) is used to close midline incisions. One suture is started from the
cephalad end. The knots are buried. The sutures are placed approxi-
mately 1 cm apart. A: The sutures are placed at least 2 cm from the
fascial edge. The suture bite should include anterior fascia, a portion
of the muscle, and the posterior fascia. The peritoneum is included if
it is easily located. B: When the midpoint is reached from the cephalad
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are used for each knot. Source: Reprinted with permission from
Gallup DG, Talledo OE. Surgical Atlas of Gynecologic Oncology.
Philadelphia: WB Saunders Co.; 1994:51.
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cancer (HNPCC) families. These cancer-prone families are
described elsewhere in this book. These syndromes are seen
infrequently, and certain criteria must be fulfilled before the
diagnosis can be made. For women who fall into one of these
high-risk categories, surgical removal of the tubes and ovaries
(and the uterus in HNPCC) should be considered after child-
bearing is complete (39,40). Before that time, close monitoring
is essential.

The decision to remove the ovaries and fallopian tubes to
prevent ovarian cancer is generally accepted for the post-
menopausal patient who undergoes an exploratory pelvic
operation or a hysterectomy for benign disease. The removal
of the fallopian tubes and ovaries represents little additional
surgery, and although the chance of the disease in any woman
is quite low, prevention is worthwhile because of the lack of
an effective screening modality combined with the devastating
effects of ovarian and fallopian tube cancer. However, removal
of the ovaries and fallopian tubes in premenopausal women is
controversial. For a patient younger than 40 years of age, it
seems advisable not to recommend removal of the fallopian
tubes and ovaries unless she has a familial risk of ovarian can-
cer. Between the ages of 40 and 50 years, the pros and cons
should be carefully discussed with the patient, and her wishes
must be taken into account.

Diagnosis and Staging

The diagnosis of any gynecologic cancer requires a surgical
biopsy. The manner in which the histologic diagnosis is
obtained varies with the disease and the clinical situation. A
punch biopsy or an instrument biopsy may be sufficient for
the diagnosis of an invasive cancer of the vulva, vagina, or
cervix, but an excisional biopsy is necessary for the diagnosis
of microinvasive or preinvasive cancer. A fine-needle aspira-
tion biopsy for cytologic analysis may be adequate for estab-
lishing the extent of spread of a cancer, but not for providing
histologic cell type and grade for the primary diagnosis. The
histologic diagnosis of ovarian or fallopian tube carcinoma
requires surgical exploration.

The current International Federation of Gynecology and
Obstetrics (FIGO) staging system of gynecologic cancers
requires surgical staging for vulvar, endometrial, and ovarian
cancer. Cervical cancer remains a clinically staged disease,
although many centers use surgical staging (by laparotomy or
laparoscopy) for treatment planning. No official FIGO staging
exists for fallopian tube cancer or uterine sarcomas, but fallop-
ian tube cancers are usually staged on the basis of surgical and
pathologic findings similar to ovarian carcinoma. Table 12.1
lists the current methods of staging for the various gyneco-
logic malignancies.

The initial surgical procedure in a patient with known or
suspected gynecologic cancer should be performed by a trained
gynecologic oncologist because the accuracy of diagnosis and
staging significantly influences subsequent therapy. As stated
earlier, numerous studies have demonstrated that ovarian
cancer staging operations performed by general obstetricians-
gynecologists or general surgeons are inadequate much more
frequently than if the operation is performed by a gynecologic
oncologist. Young et al. (41) reported excellent survival in
patients with early ovarian cancer, but stressed that these data
were applicable only to patients with adequate surgical staging.

In addition to the anatomic site and stage of disease, the plan
of therapy for most gynecologic malignancies is also influenced
by the histologic cell type and histologic grade (differentiation)
of the cancer. The cooperation of the surgeon, pathologist,
and cytologist cannot be overemphasized in the diagnosis and
staging of cancer. It is the surgeon’s responsibility to provide the
pathologist or cytologist with a complete clinical history and an

indication of what he or she hopes to learn from the anatomic
specimen. Without this communication, the pathologist and
cytologist will be unable to provide the information needed to
direct the clinical care of the patient. Both the pathologist and
the cytologist must be sure that the surgeon is aware of any special
handling that is necessary for a particular specimen. There is no
excuse for misinterpretation of a tissue or cytologic specimen
because of a failure in communication.

Surgery as Primary Therapy

Surgery is usually the treatment method of choice for preinva-
sive diseases of the vulva, vagina, and cervix, for which local
excision is both diagnostic and curative. Surgical margins
should clear only gross and microscopic disease; removal of
large areas of normal tissue is not required. For microinvasive
lesions of these organs, wide local excision with a 1- to 2-cm
normal tissue margin is appropriate.

Localized disease, such as stage I through stage III vulvar
cancer, stage I vaginal cancer, and stages IB1 and IIA cervical
cancer, are usually managed by an en bloc radical resection of
the primary tumor and regional lymphadenectomy. In these sur-
gical procedures, the operations themselves are designed to be
curative without adjunctive therapy unless high-risk conditions
are identified. As described in the chapter on vulvar cancer,
there is a trend toward more conservative therapy for vulvar
malignacies. This allows preservation of normal tissues and pre-
vents some of the disfigurement usually associated with this
surgery. Surgery may be curative without adjuvant therapy for
other cancers as well, including early-stage endometrial cancer,
stage IA ovarian cancer, and early sarcomas of the uterus.

Findings at surgery may indicate the need for additional
treatment. This therapy is usually called adjuvant therapy. It is
administered because of the potential for occult spread of dis-
ease based on a surgical finding (e.g., positive lymph nodes).
The use of adjuvant therapy requires that information be
available to allow the selection of patients with a high risk of
recurrence. These risk groups are defined for each disease site
in the appropriate chapters of this book.

Surgery Combined With Other Therapies

In some cancers of the female genital system, surgery is the
cornerstone of treatment but is not curative when used alone.
Primary cytoreduction of gross disease is vital in advanced
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FIGO STAGING OF GYNECOLOGIC CANCERS

TA B L E  1 2 . 1

Site Staging

Vulva Surgical and pathologic staging
Vagina Clinical staging
Cervix Clinical staging
Corpus (endometrium) Surgical and pathologic staging
Corpus (sarcoma) None (most use modified clinical 

endometrial cancer staging)
Fallopian tube None (most use modified surgical 

and pathology staging)
Ovary Surgical and pathologic staging
Gestational trophoblastic FIGO staging (clinical)

disease NIH classification
WHO classification (risk-oriented)

Note: FIGO, International Federation of Gynecology and Obstetrics;
NIH, National Institutes of Health; WHO, World Health Organization.
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ovarian and fallopian tube cancer, but it is of little benefit
without adjunctive therapy. Chemotherapy after surgery is a
vital and necessary part of the treatment regimen for these
cancers. For patients with clinical stage I or II endometrial
cancer who have high-grade cancer or deep myometrial pene-
tration, surgical removal of the uterus is an extremely important
part of therapy. However, depending on the histopathologic
findings of the surgical specimens, additional regional radio-
therapy and/or chemotherapy may be indicated. It is the
responsibility of the gynecologic oncologist to coordinate sur-
gical therapy with chemotherapy and/or radiation therapy to
ensure that the patient receives optimal care.

Surgery as Salvage Therapy

Occasionally, surgical resection can be curative in patients
who have failed other therapies. These surgical procedures are
almost always extensive and produce some limitation of func-
tion. After the failure of other therapies, radical surgery may
be the patient’s last chance of survival. The classic examples of
this situation are vulvar, vaginal, cervical, or uterine cancers
that have failed primary surgery and irradiation or irradiation
alone. In such cases, pelvic exenteration with removal of virtu-
ally all pelvic tissues may offer the only possibility for a cure.
Five-year survival rates of 23% to 61% have been reported
after pelvic exenteration (42–44).

The possibility of cure with pelvic exenteration is not with-
out cost. The loss of the bladder and the rectum often requires
permanent stomas, and sexual function is impaired or lost in
many patients. For some patients, reconstructive techniques
can prevent the need for stomas and may also restore sexual
function. These procedures are described in detail in other
chapters in this book. During the last three decades, improve-
ments in initial surgery and radiation therapy along with
refinements in selection criteria have made operations like
pelvic exenteration infrequent (45). Today, most patients
experience distant failure rather than regional failure, and
they are therefore not candidates for attempts at curative
pelvic exenteration.

Surgery as salvage therapy may also play an important
role in the management of ovarian, fallopian tube, and some
endometrial cancers. For patients who have failed initial ther-
apy and chemotherapy, second attempts at cytoreduction
may be beneficial, provided that reasonable salvage therapy is
available (46–48).

Surgery for Metastatic Disease

In selected cases, distant metastases from gynecologic tumors
may be curable by surgical resection, or the resection may pro-
duce a prolonged disease-free interval. Fuller et al. (49) reported
on 15 patients who underwent pulmonary resection of distant
metastases from a variety of gynecologic malignancies. They
reported a 5-year survival rate of 36% and a 10-year survival
rate of 26%. Patients with solitary metastases had a median
survival of 64 months, with a median survival of 48 months
for those with multiple metastases. Levenback et al. (50)
reported their experience with 45 patients who underwent pul-
monary resection of metastases from uterine sarcomas. From
the date of the pulmonary resection, the 5-year survival rate
was 41%, with a 10-year survival rate of 35%. They found a
statistically improved chance of survival for patients who
developed pulmonary metastases 1 year or longer from their
original therapy and for those with unilateral metastases.
There was no statistical difference in survival based on the
number of nodules (in one lung), the size of the lesion, the age

of the patient, or the use of postresection adjunctive therapy.
However, the small numbers of patients in this study precluded
adequate evaluation of these factors.

Resection of intra-abdominal or pelvic disease may offer
palliation by removal of tumor bulk or may allow chemother-
apy or irradiation a greater chance of eradicating disease.
Resection of tumors that have a poor blood supply often leaves
behind smaller tumors with a better blood supply that are
more amenable to treatment with chemotherapy or irradiation.
Resection of bulk disease also increases the number of residual
tumor cells that enter the active cell cycle, in which they may be
more responsive to these adjunctive therapies. The availability
of new techniques for intraoperative electron beam irradiation
or intraoperative brachytherapy may result in more utility for
resection of distant and regional metastatic disease.

There is increasing evidence that salvage therapy in ovarian
and fallopian tube cancers is likely to be effective only in
patients with minimal residual disease. Secondary cytoreduc-
tion or resection of regional and distant metastases may play
an important role in the treatment of these patients. Recent
reports have demonstrated promising results with surgical
resection of isolated metastases to the parenchyma of the liver
and spleen (51,52).

Surgical Procedures for Specialized Care

Surgical placement of indwelling intravenous access systems
allows patients to receive chemotherapy and nutritional sup-
plements and to have necessary blood samples drawn with rel-
ative ease and comfort. Placement of these devices, usually
semipermanent subcutaneous systems, is safe, contributes to
the patient’s well-being, and allows for more effective therapy.

The use of intracavitary therapy requires the temporary or
semipermanent placement of chest tubes or intraperitoneal
access devices. Results of many studies confirm that peritoneal
access or vascular access devices placed totally beneath the
skin have a low infection rate and a low rate of malfunction
(53,54). Implanted arterial infusion devices are being evalu-
ated in research studies to allow direct infusion of therapeutic
agents into a tumor mass by means of the arterial system. This
therapy often requires intra-abdominal surgery to place the
device into the appropriate portion of the vascular system.

Surgery for Reconstruction

Reconstructive surgery may be performed at the time of resection
of the cancer, as a delayed procedure, or as required therapy to
correct a complication of treatment. Vulvar reconstruction is
usually done at the time of initial resection and may involve
the use of free skin grafts, rotational flaps of adjacent skin and
fat tissue, or myocutaneous grafts from the thigh, buttocks, or
anterior abdominal wall. Vaginal reconstruction may also be
performed, usually as a planned, delayed phase of reconstruc-
tion. Vaginal reconstruction requires free skin grafts or
myocutaneous flaps depending on the size of the defect and
whether or not there has been previous irradiation of the vagi-
nal bed. The techniques of vulvar and vaginal reconstruction
are explained in detail in other chapters of the book.

Reconstruction as therapy for complications of treatment
may be required for the closure of defects from improper
wound healing, radiation necrosis, or tissue loss after extrava-
sation of chemotherapeutic agents. Although free skin grafts
may be used to reconstruct surgical wound disruption or tis-
sue loss due to chemotherapy extravasation, radiation necro-
sis usually requires the use of myocutaneous flaps because of a
lack of adequate blood supply in the area of the injury. 
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Surgery for Palliation

Surgery for palliation may involve resection of tumor to
relieve symptoms, or it may involve diversion or bypass of
portions of the gastrointestinal or urinary tract to prolong life
and provide comfort. Surgical procedures may also be used to
provide pain relief by interrupting sensory nerve transmis-
sions. Surgical removal of tumor bulk to provide palliation
has been discouraged by many authorities. They point out
that without effective adjunctive therapy, tumor regrowth
occurs quickly and the surgical procedure proves to be futile.
Although this may be true in most cases, the gynecologic
oncologist should not uniformly dismiss the concept of surgi-
cal palliation. A surgical procedure to provide relief of symp-
toms is usually considered a failure if the tumor regrows in 
6 to 12 months. However, palliative administration of a
chemotherapeutic agent for 6 to 12 months is considered to be
successful if there is minor tumor shrinkage or stabilization of
disease despite the side effects of the chemotherapy. As a sur-
geon, the gynecologic oncologist must remember that a surgi-
cal procedure with limited risk and a reasonable recovery
period may provide as much relief as 6 to 12 months of pallia-
tive chemotherapy or a course of palliative irradiation. The
difficult decision about when to employ surgical palliation
requires astute surgical judgment and a realistic assessment of
the patient’s condition and wishes.

Palliative surgery is more frequently used to relieve specific
dysfunctions, such as obstruction of the urinary or intestinal
tract. Relief of urinary tract obstruction may be accomplished
by ureteroneocystostomy or by urinary conduit depending on
the location of the obstruction and the location or extent of
disease. A urinary conduit can provide immediate and perma-
nent relief to the patient who has a ureterovaginal, vesicovagi-
nal, or urethrovaginal fistula. It may also provide relief of
urinary obstruction, which will prolong life and allow for the
administration of additional chemotherapy or irradiation. The
judgment of the surgeon and the desires of the patient become
essential factors in this decision process. For the patient who is
miserable because of constant urinary leakage or who may
benefit from additional therapy, the decision to perform a uri-
nary diversion is quite simple. If diversion is done to prolong
life, however, the decision must be weighed carefully. For a
patient who has a limited life expectancy or is in uncontrol-
lable pain, performing a urinary diversion may do more harm
than good.

The gynecologic oncologist must also consider the relative
benefits of nonsurgical urinary diversion, such as placement of
a ureteral stent or a percutaneous nephrostomy. For many
patients, percutaneous nephrostomy is a better choice than
surgical intervention. This is particularly true if the aim is to
employ adjunctive chemotherapy or irradiation, or if a surgi-
cal procedure is not feasible because of medical conditions or
other surgical considerations. Unfortunately, a percutaneous
nephrostomy cannot help the patient with a fistula because
the nephrostomy will not totally divert the urine.

Placement of a ureteral stent, by cystoscopy or antegrade
through a percutaneous nephrostomy, is usually better and
safer than urinary diversion for the relief of obstruction.
Current technology allows the placement of stents that can be
left in place for months and can be changed easily over a guide
wire by means of the cystoscope.

Intestinal obstruction threatens the patient’s quality of life,
and the decision of whether to perform an intestinal diversion
is usually easy. Deciding whether the operation is feasible can
be more difficult. For the patient with localized disease, a
diverting colostomy or an intestinal bypass is usually possible
and is not very difficult. For the patient with intra-abdominal
carcinomatosis, the decision is more complex. The surgeon

may not be able to determine the extent of intestinal involve-
ment preoperatively and may have difficulty deciding whether
the surgical procedure will benefit the patient.

Pothuri et al. (55) recently evaluated 68 palliative opera-
tions performed on 64 patients with recurrent ovarian cancer
and intestinal obstruction. In 84% of cases, a corrective surgi-
cal procedure was able to be performed, whereas no corrective
surgical procedure was possible for the remaining 16%. Of
the 57 cases where corrective surgery was possible, 71% were
successfully palliated (“successful palliation” is defined as the
ability to tolerate a regular or low-residue diet at least 60 days
postoperatively). If surgery resulted in successful palliation,
median survival was 11.6 months compared to 3.9 months for
all other patients.

THE FUTURE OF GYNECOLOGIC
ONCOLOGY

As of 2008, the subspecialty of gynecologic oncology is over
30 years old. From a cadre of farsighted individuals with a
variety of training backgrounds, a cohesive subspecialty has
developed with consistent standards of training, a system of
certification, and recognition in the medical community. None
of this has come easily, and we owe a great deal to that first
generation of gynecologic oncologists.

Several current issues are affecting the future role of gyne-
cologic oncology within the medical community. Our relation-
ship with our parent specialty of obstetrics and gynecology is
being reexamined, as well as our ties with general surgery and
urology, specialties with which we often seem even more
closely allied. As technologic advances occur, we are becoming
more integrated with the specialties of medical oncology and
radiation oncology. Although we remain primarily surgeons,
and surgery remains our principal mode of therapy, it is criti-
cal to emphasize the integrated multidisciplinary management
of the patient with gynecologic cancer.

The benefits of multidisciplinary care were recently high-
lighted in a clinical announcement by the National Cancer
Institute (NCI) concerning concurrent chemoradiation for
cervical cancer (56). In each of five randomized phase 3 trials
of women with various stages of cervical cancer, the addition
of chemotherapy to radiotherapy was found to provide a sig-
nificant survival benefit (13,57–60). The risk of death from
cervical cancer was decreased by 30% to 50% with the multi-
modality approach.

Changes in Surgical Therapy

If the past decade is any indication of the future, significant
changes in the technology of surgery can be expected to occur
as we proceed through the new millennium. New materials,
new surgical instruments, and new devices will be invented, and
many of these will make surgical treatment better. Certainly,
laparoscopic surgery appears to have made a significant impact
on our specialty, as well as on the other surgical specialties.

Innovative methods of supportive care will be developed to
further the technical capabilities that we now possess, such as
computerized anesthesia machines and transesophageal ultra-
sound. Anesthetic agents will become better and safer, and will
be joined by a new generation of antibiotics and cardiovascular
medications. We will be able to treat the older patient surgically
with relative safety, which is especially important because of
the increased incidence of cancer in the elderly and because of
the advancing age of our population. Our responsibilities
include staying abreast of these advances and judiciously inte-
grating them into our practices.
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Changes in the Indications for Surgery

Early diagnosis will change the indications for surgery and the
types of procedures that should be done. We will be able to
treat more patients with less disfigurement and with greater
preservation of function. A larger proportion of patients will
present with early disease, allowing surgery to be used more
frequently for definitive cure.

Better adjunctive therapies will increase the importance of
initial surgical therapy. More patients will benefit from surgi-
cal cytoreduction to minimize disease. The availability of
effective irradiation and chemotherapeutic regimens will make
adjuvant therapy feasible in more cases, and it will become
more important for us to identify risk groups who are likely to
develop recurrent disease after surgery.

Multidisciplinary Therapy and Primary Care

In outlining the extent of surgical training required for the gyne-
cologic oncologist, the founders of this discipline were careful
to include adequate training that would enable the gynecologic
oncologist to become an accomplished abdominopelvic sur-
geon. The gynecologic oncologist must be trained to perform
the gynecologic, gastrointestinal, and urologic surgery neces-
sary to manage gynecologic cancer and its potential complica-
tions. As stated by John L. Lewis Jr. (61), in reference to pelvic
exenteration by a team of gynecologists, general surgeons, and
urologists, “Even when the surgery was successful, the postop-
erative care required committee meetings and its outcome was
often less than successful.”

These same founders realized that, although training can
produce a qualified surgical oncologist, the complete care of the
cancer patient requires knowledge of the basic biologic, physi-
cal, and pharmacologic principles of radiation therapy and
chemotherapy. This does not mean that the gynecologic oncolo-
gist must be a radiation oncologist or a medical oncologist, but
it does demand that he or she know enough to ensure proper
integration of all therapeutic modalities. Throughout the
United States, this collaboration in the care of patients with
gynecologic cancer has produced multidisciplinary teams of
gynecologic oncologists, radiation oncologists, medical oncolo-
gists, and pathologists who provide state-of-the-art cancer care.
The GOG, a national cooperative research group, has demon-
strated how this multidisciplinary approach to gynecologic
oncology research can be achieved.

Despite the emphasis on multidisciplinary care, the gyneco-
logic oncologist should maintain active involvement during all
aspects of a patient’s care. The principle of being the patient’s
physician until she is either cured or dies of her disease has
been an integral part of our subspecialty and must be main-
tained. The constant involvement of the gynecologic oncologist
through all phases of cancer treatment ensures optimal integra-
tion of surgery, irradiation, and chemotherapy. The patient
receives continuity of care and the reassurance of a physician
who is involved at each stage of her therapy and follow-up.

CONCLUSION
After three decades, the gynecologic oncologist has emerged as
a surgical oncologist for women. The specialist has sufficient
familiarity with radiation oncology and medical oncology to
ensure the proper integration of all modalities of treatment,
and he or she is able to apply surgical skills for primary ther-
apy, secondary therapy, reconstruction, and palliation. The
gynecologic oncologist stands in the obstetrics and gynecology
community but has one foot in the community of surgeons.

The emergence of cooperative research groups, particularly
the GOG, has allowed a generation of gynecologic oncologists
to develop superior clinical research skills. These skills must be
continually stressed in the training of young oncologists and as
an integral part of the practice of our subspecialty. A growing
number of young oncologists are receiving additional training
in basic research. This is vital for the continued development of
the subspecialty and for progress toward the prevention and
care of gynecologic cancers. Our position in the arena of clini-
cal practice is well established, and we must now establish our-
selves equally well as scientists and surgical researchers.
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THE EARLY YEARS (1987–1992):
RETROPERITONEAL

LAPAROSCOPIC PELVIC
LYMPHADENECTOMY

The first laparoscopic pelvic assessments were performed
through two separate inguinal incisions. The view obtained of the
pelvic sidewall was much wider than the view obtained with
the mediastinoscope, and node sampling was easier with an
instrument introduced through a separate port. After a dozen
attempts, the technique was refined and required only a supra-
pubic midline incision. This approach, panoramic retroperi-
toneal pelviscopy, was first described in a monograph published
in 1989 by Dargent and Salvat (4), who reported the data of
107 procedures. Thereafter, the data for 200 patients’ operations
performed between December 1986 and February 1991 were
detailed in the classic textbook edited by Nichols and published
in 1993 (5).

There was some criticism during the 5 years following the
initial description of laparoscopic lymphadenectomy. Critics were
concerned about operative risks, the limited area of dissection,
and oncologic risks (two abdominal implants occurred among
the first 200 operations), but the main obstacle was cultural in
nature. The surgical anatomy of the retroperitoneal space was
unfamiliar to the gynecologic surgeon, especially when viewed
through a laparoscope. It was only after Querleu (6) devised the
transumbilical transperitoneal laparoscopic approach that the
concept of the “oncolaparoscopy” began to emerge.

THE MATURATION PERIOD:
1992–2003

In June 1989, Querleu (6) presented his first report on laparo-
scopic transumbilical transperitoneal lymphadenectomy as a
staging procedure for patients affected by cervical cancer. The
technique used was the routine laparoscopic technique: Both
broad ligaments were opened using a peritoneal incision made
alongside the axis of the iliac vessels, allowing dissection and
retrieval of the pelvic nodes under laparoscopic guidance. The
data on the first 39 operations were published in 1991 in the
American Journal of Obstetrics and Gynecology (7).

Laparoscopy became a regular feature in the practice of
gynecology during the 1960s. Although it played a role in the
early detection of pelvic, mainly ovarian, malignancies (1), the
concept of using it in the management of gynecologic cancer did
not emerge until the late 1980s. A special mention must be given
to Daniel Dargent, who pioneered the concept of laparoscopy
in the field of gynecologic oncology. Daniel Dargent, trained as
a vaginal surgeon, was dedicated to maintaining the tradition
of the Schauta operation, which explains his original design of
the radical vaginal trachelectomy. His vast surgical culture
extended beyond the field of gynecologic oncology, which
explains his adaptation of the urologic concept of selecting for
radical surgery only those patients with negative nodes, and for
the same reason his dedication to the typically “urologic”
extraperitoneal approach. Finally, he was aware of the early
development of advanced laparoscopic techniques in Clermont-
Ferrand, France. All these combined factors led him to pioneer
the developments of extraperitoneal lymph node dissection in
the staging of cervical cancer. This chapter is an update, not a
complete revision, of the same chapter of the previous edition
of this book with Daniel Dargent as the first author. The
general style of writing and argumentation of concept have
been preserved throughout the previous contribution of
Daniel Dargent.

Urologists were the first to consider whether endoscopy
could play a role in the management of pelvic tumors. The
first report was published in 1980 by Hald and Rasmussen
(2). These Danish urologists used an instrument derived from
the Carlens mediastinoscope for assessing the iliac nodes in
patients affected by urinary bladder or prostatic cancer. The
tip of the instrument was placed in direct contact with the iliac
vessels after digital preparation was made through a short
inguinal incision. Small samples were taken from the tissues
surrounding the vessels using forceps introduced through the
instrument. The decision to perform radical surgery, which is
only of benefit for node-negative patients, was made accord-
ing to the result of the endoscopic assessment.

When laparoscopic surgery was pioneered in patients
affected by gynecologic cancer, the rationale was similar: By
assessing the pelvic lymph nodes in patients affected by cervi-
cal cancer, candidates for vaginal radical hysterectomy
(VRH) could be determined (3). The technique was also simi-
lar except that the laparoscope was used instead of direct
endoscopy.
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Months after Querleu’s publication, Childers and Surwit
(8) published the first two American cases—both patients with
endometrial cancer. They added a low para-aortic sampling to
the pelvic lymphadenectomy. The operation was completed
with a transvaginal hysterectomy. 

After these early publications, the concept of laparoscopi-
cally assisted surgical staging emerged. That same year, the use
of the laparoscope in the management of cervical cancer was
reported (9). The “oncolaparoscopic” movement began by (a)
applying this new concept to malignancies other than endome-
trial cancer, (b) increasing the thoroughness of the staging dis-
section, and (c) combining staging with the preparation for
radical vaginal surgery with a progressive move to purely
laparoscopic radical surgery.

The transition of laparoscopy-assisted surgical staging from
endometrial cancer to cervical cancer was not unexpected.
The first reports did not clearly indicate the rationale for the
laparoscopic staging, but only demonstrated that the staging
was feasible and probably safe (9,10). Subsequently, surgeons
began to distinguish the different roles of laparoscopy between
early- and advanced-stage disease (11,12). The use of laparo-
scopic surgery in the management of ovarian cancer was first
reported in 1973 (13); however, it was not until 1990 that
laparoscopic management of ovarian cancer was first reported
(14). Except for the concept of laparoscopic restaging for
incidental adnexal cancers, which was accepted after the first
reported cases of laparoscopic infrarenal aortic dissection (15),
this application remains the most questionable. Endoscopy,
specifically inguinoscopy, was also introduced into the man-
agement of vaginal and vulvar cancers (16) but never gained
acceptance, probably because of the development of the sen-
tinel node technique. With time, laparoscopy found a place in
the management of the majority of gynecologic malignancies.

The extent of laparoscopic staging has gone through a pen-
dular development. In its earliest form, laparoscopic lym-
phadenectomy was limited to the interiliac area (4). The
laparoscopic pelvic lymphadenectomy described by Querleu 
et al. (7) soon progressed to the common iliac area and then 
to the inframesenteric aortic area (8,17,18). Beginning in 1994
(15), the infrarenal para-aortic nodes were included in laparo-
scopic dissection, and thereafter Possover et al. (19) described
laparoscopic suprarenal retrocrural dissection. It was around
this time that the concept of sentinel node biopsy emerged as a
procedure that could potentially eliminate the need for sys-
temic dissection. This concept has been combined with
laparoscopy to produce a convenient method for carrying out
this type of biopsy (20).

Laparoscopy-assisted radical surgery and purely laparo-
scopic radical surgery were foreseeable developments from the
concept of laparoscopic staging. Laparoscopically assisted
surgical staging was being established during a period when
the use of laparoscopically assisted vaginal hysterectomy was
commonplace for benign conditions (21). Thus, it was a nat-
ural extension of laparoscopically assisted vaginal hysterec-
tomy to apply it to the treatment of endometrial cancer (8).
The use of laparoscopy in the management of cervical cancer
was initiated by combining laparoscopically assisted surgical
staging with the Schauta radical vaginal hysterectomy (3).
Descriptions of the laparoscopically assisted vaginal radical
hysterectomy, or coelio-Schauta, began appearing in the early
1990s (22–24), and soon after, series using this new procedure
began to appear in the literature (25,26). In spite of this, the
use of the laparoscopically assisted vaginal radical hysterec-
tomy remains limited because of the lack of training of most
gynecologic surgeons in the field of advanced vaginal surgery.
As more surgeons became familiar with the abdominal approach
to radical hysterectomy, the use of laparoscopy resulted in the
development of laparoscopic radical hysterectomy, which was
also initially described in the early 1990s by Canis et al. (27)

and Nezhat et al. (10). Conceptually, this approach is easier to
grasp by those more familiar with the abdominal approach, as
witnessed by the growing number of publications demonstrat-
ing its feasibility and safety (28–30). Laparoscopy has recently
also been used to perform pelvic exenteration (31).

OTHER DEVELOPMENTS AND
THE QUESTIONS THEY RAISE

The next technical development in the field of laparoscopy
may come from robotics. The biggest drawbacks of these
robots are the cost and size. For the experienced laparoscopic
surgeon, these “heavy” robots have yet to demonstrate an
obvious benefit except for fine suturing in which the robot
excels. Thus, these robots may eventually be employed when
laparoscopic suturing is required, that is, during reconstruc-
tion operations following exenterative surgery. As the use of
robots grows, these procedures will undoubtedly be further
developed.

The future of laparoscopic extirpative surgery is a second
point of discussion. The data available on total laparoscopic
or laparoscopically assisted radical surgery seem to be compa-
rable to those of open surgery. The radical nature of the surg-
eries can be preserved with laparoscopy. In general, the
operative time is increased, but the blood loss is generally
diminished and the postoperative morbidity is improved.
However, good level-one evidence regarding the use of
laparoscopy is not yet available in the field of gynecologic can-
cer surgery. During the emergence of laparoscopy, improve-
ments in open abdominal surgery have also occurred. Newer
technologies (i.e., Ligasure, Tyco; Biclamp, Erbe, Tubingen,
Germany) and better analgesics decrease blood loss, operative
time, and postoperative pain for open surgery. Only through
well-designed randomized trials will the better surgical
approach be determined.

The future of laparoscopically assisted surgical staging is
the third point open to discussion. There are no doubts about
its feasibility and safety. One can, in spite of the absence of
direct manual sensation, assess the peritoneal cavity and the
retroperitoneal spaces with the same accuracy as through an
open incision. One may also argue that the visual assessment is
better thanks to the optical magnification. On the other hand,
if doubts exist about the benefits of laparoscopy in extirpative
surgery, they do not exist in the specific field of surgical stag-
ing. Laparoscopy paralleled with xiphopubic laparotomy or 
J-shaped large side incisions that were the standard in the past,
and is a more acceptable surgical staging procedure. However,
in spite of its obvious benefits, laparoscopic staging has been
challenged. A recent randomized trial has demonstrated that
surgically staged patients with cervical cancer had a worse sur-
vival irrespective of the surgical approach used (open surgery
or laparoscopy) (32). The results of this trial are largely biased
(see below), but one has to recognize that surgical staging has
an excellent potential to separate the good and the poor prog-
nostic cases without necessarily improving life expectancy. In
the future, prognostic information obtained from newer proce-
dures, such as the sentinel node biopsy, or from the molecular
analysis of the tumor itself could replace the information
obtained from imaging and surgical staging. 

BASIC ELEMENTS OF
LAPAROSCOPIC SURGERY

Laparoscopic surgery is usually performed via CO2 insufflation
to create a pneumoperitoneum. There are several techniques
used to enter the abdomen for laparoscopic procedures.
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“Closed” laparoscopy, employing a Veress needle followed by
blind insertion of the first trocar, is favored by many laparo-
scopic surgeons. Others prefer direct “blind” trocar insertion.
The use of disposable trocars with retractable blades for direct
trocar insertion does not appear to significantly reduce the
risk of bowel or vascular injuries. This is of particular concern
since the majority of complications following laparoscopic
surgery are related to trocar insertion (33). Conversely, the
“open” technique where the fascia and the peritoneum are
surgically opened and the trocar inserted under direct visual-
ization is considered by many to be the safest access tech-
nique, although this is likely not to be true in patients with a
history of laparotomy. 

CO2 Laparoscopy: Closed 
Versus Open Technique

Bonjer et al. (34) reviewed the literature and compared data
between 12,444 open laparoscopic and 489,335 closed
laparoscopic cases. Rates of visceral and vascular injury were
0.083% and 0.075%, respectively, after closed laparoscopy
and 0.048% and 0.0%, respectively, after open laparoscopy
(p � 0.002). Mortality rates were 0.003% for the closed and
0.0% for the open laparoscopy technique (p � NS). In another
randomized trial of blind versus open laparoscopy for laparo-
scopic cholecystectomy, the major complication rate was 4%
in the blind group and 1.3% in the open group, respectively 
(p � 0.05). Minor complications occurred in 6.7% of patients
in both groups (35). In a large series of 2,000 cases performed
for general surgery procedures, there was no vascular injury
and only one bowel injury with the open laparoscopy tech-
nique (36). Perone (37) published a series of 585 cases of
laparoscopy using a simplified open technique. There were no
technical failures or major complications, despite the fact that
nearly 30% of the patients had undergone previous laparoscopy
or laparotomy. 

Decloedt et al. (38) performed laparoscopic surgery in
patients with gynecologic malignancies and reported only a
1% complication rate for the open laparoscopy technique,
despite the fact that a high proportion of the patients had pre-
vious major surgery and/or radiation therapy. In another
study of patients who underwent operations for pelvic masses,
it was noted that all the vascular injuries occurred during
direct trocar insertion in patients without prior abdominal
surgery, and the authors now routinely use an open technique
in all their cases (39). Altogether, the data seem to indicate
that the open laparoscopy technique is safer than closed
laparoscopy. A recent large series, however, comparing 8,324
cases of direct laparoscopic entry versus 1,562 cases of open
laparoscopy for gynecologic procedures did not show a differ-
ence in the rate of major complications. In fact, there were
more conversions to laparotomy in the open technique group
(40). A recent review on laparoscopic entry concludes that
there is no evidence that the open entry technique is superior
or inferior to other entry techniques currently available (level
II-2C evidence) (41). Authors also conclude that direct entry
with shielded trocars may decrease entry injuries. The visual
entry cannula system may represent an advantage over tradi-
tional trocars, as it allows a clear optical entry; however, that
does not necessarily avoid all visceral or vascular injuries (41). 

In patients with prior abdominal surgery, using midline
incisions, Childers et al. (42) proposed the use of the Veress
needle in the left upper quadrant to first insufflate the
abdomen prior to the trocar entry. Also, in cases where the
risk of injury appears high because of prior abdominal
surgery, smaller 5- or 7-mm trocars may be used to enter the
abdomen, as opposed to the traditional 10- to 12-mm trocars.
Choosing the lateral flank, rather than the midline subumbilical

area, as an entry site may also be useful. This can potentially
decrease the risk of damaging bowel loops that could be adher-
ent under the anterior abdominal wall from prior surgeries. 

Gasless Laparoscopy

With hopes of decreasing tumor cell spillage, gasless laparoscopy
was developed in the early 1990s (43). The gasless system
involves lifting the abdominal wall using an abdominal wall-
lifting device. Valveless ports and conventional instruments or
laparoscopic instruments can be used without gas leak
(44,45). Several devices have been developed that avoid the
use of CO2 to distend the abdomen. Two devices frequently
used are the Laparolift retraction system (Origin Medsystems,
Menlo Park, California, USA) and the Abdo-lift (Karl Storz,
Tuttlingen, Germany). 

Theoretically, gasless laparoscopy has numerous advan-
tages over the traditional CO2 laparoscopy: It avoids the
problem of CO2 leakage as well as difficulties associated with
creating and maintaining adequate CO2 pressure. Indeed,
high-pressure irrigation and large-volume suction devices can be
used without losing the CO2 gas, which, when lost, can seri-
ously impair adequate visibility. Gasless laparoscopy can also
avoid the potential for infectious particles contaminating the
CO2 insufflation gas and the problem of lowering the body
temperature (46), thus avoiding potential risks of metabolic
and hemodynamic instability from CO2 insufflation (47). In
patients for whom general anesthesia and CO2 pneumoperi-
toneum are contraindicated, gasless laparoscopy can be used,
as it does not significantly increase the intra-abdominal
pressures. The procedure can also be performed under epidural
anesthesia and has been successfully performed during pregnancy
(48–53).

Galen et al. (45) performed 80 gynecologic procedures
using gasless laparoscopy. They compared their gasless
laparoscopically assisted vaginal hysterectomy with 150
laparoscopically assisted vaginal hysterectomies performed
with CO2 pneumoperitoneum. They concluded that the
Laparolift retraction system satisfactorily maintained visual-
ization during the entire procedure, including the vaginal por-
tion of the surgery. In another series of 49 laparoscopic
gynecologic surgeries performed with gasless laparoscopy, the
success rate was 90%. It allowed the surgical team to use the
vaginal and laparoscopic approaches simultaneously (54).
Tintara et al. from Thailand performed 40 gynecologic proce-
dures using gasless laparoscopy and reported no surgical com-
plications. They considered the operative field virtually the
same as that of the CO2 pneumoperitoneum, except in mor-
bidly obese patients (55). 

Tintara et al. also recently published a series comparing 31
gasless laparoscopic hysterectomies (GLHs) with 31 total
abdominal hysterectomies (56). The operating time was longer
by almost 1 hour, but blood loss, hospital stay, and convales-
cence were lower in the GLH group (56). Comparable results
were also reported by others (57). Conversely, a clinical trial of
30 cases looking at the measure of visualization as primary out-
come concluded that exposure with conventional laparoscopy
using pneumoperitoneum is superior to that offered by gasless
laparoscopy (58).

Data in gynecologic oncology are limited. A gasless pelvic
lymphadenectomy has been reported by one team (44); the
authors retrieved 45 lymph nodes and found this approach
satisfactory. On the other hand, Johnson and Sibert (59)
reported a randomized comparison of gasless versus CO2
laparoscopy for tubal ligation and reported markedly
increased technical difficulty with the gasless approach.
Another group conducted a randomized comparison of gasless
and CO2 laparoscopy in 57 patients undergoing infertility
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surgery (60). Six patients in the gasless group had to be con-
verted to CO2 pneumoperitoneum because of inadequate
exposure. The authors concluded that times to achieve expo-
sure and close incisions were longer, and exposure and ease of
surgery were worse in the gasless group. They found no
advantages to this procedure over the conventional CO2
approach (60). In a randomized prospective study, postopera-
tive pain appeared to be similar for both techniques in patients
undergoing laparoscopic tubal ligation (61). 

Currently, gasless laparoscopy is not as widely used as CO2
laparoscopy and the data on the procedure are more limited.
However, the technique does merit further evaluation in
oncology patients, particularly because of the concerns that
CO2 pneumoperitoneum may increase tumor spread (see next
section on port-site metastasis). 

Port-Site Metastasis

There has been increasing concern among surgical oncologists
about the apparent increased rate of port-site metastases follow-
ing laparoscopic procedures. The reported rate of abdominal-
wall recurrences from two large studies following traditional
abdominal surgery was 1% to 1.5% (62,63). In the last few
years, as laparoscopic procedures have become more popular
in oncology patients, there have been several reports in the liter-
ature of port-site metastases following laparoscopic surgery
for a variety of cancers.

Schaeff et al. (64) conducted a literature review of port-site
metastasis and found 164 reported cases from 90 publications,
including 29 cases in gynecologic procedures. Wang et al. (65)
recently conducted a similar MEDLINE search and found that
the rate of port-site metastasis in ovarian cancer varies
between 1.1% and 13.5%. A recent series of 83 patients who
underwent laparoscopy for diagnosis, treatment, or staging of
gynecologic cancers shows an overall incidence of port-site
metastasis of 2.3%. As expected, the risk was highest in patients
with recurrence of ovarian and peritoneal malignancies in the
presence of ascites (66). Vergote et al. also observed a high rate
of port-site metastasis after laparoscopic surgery in patients
with advanced ovarian cancer, but concluded that the progno-
sis was not worse in those patients and that laparoscopy
remains a convenient technique to diagnose advanced ovarian
cancer or rule out other primary tumors (67). 

Initial reports in gynecologic oncology surgery suggested
that patients with adenocarcinomas of the ovaries with ascites
and peritoneal seeding were at highest risk for port-site metas-
tasis. Although most reports suggest that port-site metastases
occur in advanced-stage cancer and poorly differentiated
tumors, thus being an indicator of tumor virulence, there have
been worrisome reports of low-stage and well-differentiated
tumors causing postlaparoscopy tumor seeding (64). Borderline
tumors (65), squamous cell cancers of the cervix (68,70), and
adenocarcinomas of the endometrium have also been reported
to metastasize to port sites (71). In a recent literature review of
58 reported port-site metastases, Ramirez et al. confirmed that
port-site metastases are a potential complication of laparo-
scopic surgery in patients with gynecologic malignancies, even
in patients with early-stage disease (69).

The time period between the laparoscopic surgery and the
appearance of port-site metastasis varies between 1 week and
3 years (71). Of concern, a number of port-site metastases have
been documented to develop very rapidly after laparoscopic
procedures, as early as 1 to 2 weeks. Timely referral for stag-
ing and definitive treatment becomes very important, as delays
in referral have been shown to increase the rate of port-site
metastasis and worsen prognosis. Several measures have been

recommended to decrease the risk of port-site metastasis.
These include thorough irrigation of the port sites (72), use of
large volumes of saline for lavage of the abdominal cavity (73)
and of the port sites (65), slow abdominal-wall deflation, use
of a wound protector, and use of a specimen bag to retrieve
the specimen (74).

Clearly, morcellation of suspicious solid tumors should be
avoided at all cost, and according to Canis et al., if the abdom-
inal wall is protected with a bag and the tumor is not morcel-
lated, the incidence of trocar site metastasis is approximately
1% (75). To further reduce the risk of trocar-site metastasis,
some authors recommend the resection of the laparoscopic
ports in a full-thickness fashion at the time of the staging
laparotomy, ideally within 1 week of the laparoscopic surgery
(76–78). Van Dam et al. also recommend closing all the layers
of the trocar sites at the end of the laparoscopic procedure,
i.e., the peritoneum, the rectus sheath, and the skin. Indeed, in
their study, they noted that trocar site metastasis developed in
58% of their patients with only the skin closure of the trocar
site compared to 2% of patients with closure of all layers (78).

The causes of port-site metastasis seem to be multifactorial:
gas used, local trauma, tumor manipulation, biologic proper-
ties of the tumor, and individual surgical skills (64). Wang 
et al. (65) have identified a number of risk factors associated
with port-site metastasis: ovarian cancer, adenocarcinoma his-
tology, peritoneal carcinomatosis, presence of ascites, and
diagnostic or palliative procedures performed for malignancy.
Based on a review of experimental data, Canis et al. concluded
that the risk of dissemination following laparoscopic surgery
is increased when a large number of malignant cells are pre-
sent. For that reason, they suggested that adnexal tumors with
external vegetations and bulky lymph nodes should be consid-
ered as contraindications to CO2 laparoscopy (79). Other
reported etiologies of port-site recurrence include trauma to
the port site from frequent removal of instruments, tumor
seeding from removal of the specimen through the port, and
potential leakage of ascites (64,65). Trocar-site hematomas
seem to also favor the rapid growth of tumor implants.

In an animal model, it was demonstrated that pneumoperi-
toneum itself may play an important role in the etiology of
port-site metastasis (80). Others are concerned about the use
of CO2, as it may increase tumor cell spillage and implanta-
tion (81). Local immune suppression and growth-factor secre-
tion may also be involved (82). Recent data from animal
studies suggest that the underlying immune or metabolic sta-
tus of the host has a marked independent effect on tumor
spread and implantation (83).

Due to concerns regarding the potential increased risk of
tumor dissemination associated with CO2 laparoscopy, some
experts advocate the use of gasless laparoscopy. An animal
model comparing gasless laparoscopy, CO2 laparoscopy, and
laparotomy was performed to study peritoneal tumor growth
and abdominal-wall metastasis. The study concluded that CO2
insufflation promotes tumor growth in the peritoneum and is
associated with greater abdominal-wall metastasis than gasless
laparoscopy. They also found that direct contact between a
solid tumor and the port site enhances local tumor growth
(81). Other studies in rats have also shown that CO2 may have
an effect on growth stimulation on tumor cells (84), and CO2
insufflation results in tumor dissemination during laparoscopy,
leading to port-site metastasis (85). In these rat models, it
appears that gasless laparoscopy may reduce the risk of wound
metastasis following laparoscopic surgery for cancer (86).
Conversely, using an ovarian cancer xenograft animal model,
two recent studies from the same authors seem to indicate that
CO2 laparoscopy has a minor impact on visceral metastasis
and survival and has no deleterious effect on tumor growth
compared to gasless laparoscopy (87,88). Similar results have
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been shown in humans. Abu-Rustum et al. retrospectively
reviewed patients with persistent metastatic intra-abdominal
peritoneal or ovarian cancer at time of second-look surgery.
There was no difference in overall survival between patients
who underwent laparoscopy or laparotomy; thus, the authors
concluded that CO2 pneumoperitoneum did not appear to
reduce overall survival (89). In fact, a higher rate of port-site
metastasis with gasless laparoscopy has been reported in some
series (90). In a large review of 2,593 laparoscopic procedures
on 1,288 women, all with malignant disease, Abu-Rustum et al.
identified seven patients who developed a trocar-related subcu-
taneous implant. However, there were no “isolated” trocar-
related implants noted, and all seven patients had synchronous
metastasis or carcinomatosis. The authors argued that subcu-
taneous implantation should not be routinely used as an argu-
ment against laparoscopy (91).

Despite the above data, it is still controversial as to whether
the use of gasless laparoscopy will reduce the risk of port-site
metastasis. Some argue that the risk of tumor dissemination is
just as great with gasless laparoscopy (65,85,92). Others argue
that the surgical technique and the thorough lavage of the port
site are probably more important than the use of CO2 (93).
Reymond et al. (93) claim that gasless laparoscopy is not the
solution to the problem, since numerous port-site metastases
have been reported after thoracoscopy where CO2 insufflation
was not used. In their opinion, the surgeon’s role in seeding
tumor cells is important and can be decreased by avoiding
excessive tumor manipulation and frequent replacement of tro-
cars. Variation in surgeons’ techniques may explain the large
differences in the reported incidence of port-site metastasis (0%
to 21%). Meticulous surgical technique and the use of preven-
tive measures will keep the incidence of port-site metastasis to
about 1%, comparable to that seen with open laparotomy (93).

Laparoscopic Management 
of Pelvic Masses

A growing body of literature indicates that the laparoscopic
management of pelvic masses is safe and effective. It signifi-
cantly reduces the length of hospital stay, operative morbidity,
and overall postoperative recuperation time. Despite careful
preoperative evaluation, it appears inevitable that some of
those masses will turn out to be malignant. Proper manage-
ment and following strict surgical guidelines is very important
in achieving optimal results.

Large series reported that among all patients approached
laparoscopically for pelvic masses, the overall rate of malig-
nancy is low (Table 13.1) (39,94–110). The rate varies greatly
among the studies according to the preoperative selection cri-
teria used and the study design. It is also interesting that the
rate of malignancy reported since 1997 seems to be higher.
This may be explained by the fact that more surgeons are
becoming comfortable with invasive laparoscopic techniques
and are thus more likely to approach high-risk pelvic masses
laparoscopically.

Preoperative Selection

In 1994, Canis et al. (96) published an extensive, retrospective
12-year analysis with long-term follow-up of 757 patients
from 1980 to 1991. All patients had ovarian masses and were
managed by laparoscopy. The authors followed a strict set of
criteria to select cases for laparoscopic management. The com-
plete preoperative investigation included a pelvic sonogram,
CA-125 measurement, and pelvic examination. Obviously
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LITERATURE CONCERNING LAPAROSCOPIC MANAGEMENT OF PELVIC MASSES

TA B L E  1 3 . 1  

No. of ovarian malignancies/no. 
Authors of laparoscopies for pelvic masses %

Nezhat et al., 1992 (94) 4/1,011 0.40
Hulka et al.,1992 (95) 55/13,739 0.40
Canis et al., 1994 (96) 1 9/757 2.5
Blanc et al., 1994 (97) 78/5,307 1.4
Marana et al.,1995 (98) 2/949 0.21
Wenzl et al., 1996 (99) 108/16,601 0.65
Yuen et al., 1997 (100) 0/102 0
Hidlebaugh et al., 1997 (101) 8/405 ~ 2.0
Guglielmina et al., 1997 (102) 34/803 4.2
Malik et al., 1998 (103) 11/292 3.7
Dottino et al., 1999 (39) 17/160 10.6
Sadik et al., 1999 (104) 2/220 1.0
Ulrich et al., 2000 (105) 10/211 4.7
Serur et al., 2001 (106) 7/100 7.0
Mettler et al., 2001 (107) 6/493 1.2
Mendilcioglu et al., 2002 (108) 2/61 3.3
Havrileski et al., 2003 (109) 8/396 2.0
Leng et al., 2006 (110) 16/2083 0.77

Source: Leng JH, Lang JH, Zhang JJ, et al. Role of laparoscopy in the diagnosis and treatment of adnexal
masses. Chin Med J (Engl) 2006;119(3):202–206.
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malignant or suspicious masses were managed with laparo-
tomy. The others underwent a laparoscopic evaluation, which
included a peritoneal cytology, cyst puncture, and endocystic
evaluation also referred to as “cystoscopy.” At laparoscopy, if
a malignant mass was encountered or was considered highly
suspicious, an immediate midline laparotomy was performed.
Following this algorithm, their rate of inadvertent malignancy
was 2.5% (19 of 757), including 12 borderline and 7 invasive
cancers. Additionally, 27 masses were falsely diagnosed as
malignant (3.6%), which means that these patients had an
unnecessary laparotomy. Based on that experience, Canis et al.
consider laparoscopic management of pelvic masses to be safe
and reliable (96).

Although it is generally agreed that by careful preoperative
and intraoperative assessment most cancers can be adequately
diagnosed and properly managed, the preoperative evaluation
is frequently of limited value and cannot discriminate a benign
mass from a malignant mass. Benacerraf et al. (111) used
sonography to study 100 women undergoing laparotomy for
ovarian masses; in their study, sonography was misleading in
15% of cases. Guglielmina et al. (102) reviewed their experi-
ence with laparoscopic management of over 800 ovarian cysts
and concluded that neither ultrasound nor laparoscopic evalu-
ation can accurately predict the exact nature of an adnexal
mass. Even when carefully conducted, preoperative investiga-
tion cannot accurately detect all ovarian cancers (103).
Maiman et al. (112) noted that four of the so-called “benign”
characteristics were present in 31% of the pelvic masses found
to be malignant. According to Nezhat et al. (94), neither the
CA-125 level, pelvic ultrasound, nor peritoneal cytologic test-
ing had sufficient specificity to predict malignancy.

Laparoscopic Approach

In general, laparoscopic management for pelvic masses is
considered safe and effective. There are several reported
advantages to this approach: shorter hospital stay, decreased
postoperative pain and recovery time, less adhesion forma-
tion, decreased hospital cost, and lower complication rate.
The failure rate of laparoscopy in removing pelvic masses is
low (less than 5%) (10,112,113).

In a randomized trial, Yuen et al. (100) compared laparoscopy
with laparotomy in the management of ovarian masses in 102
patients. Exclusion criteria included masses suspicious for
malignancy and lesion diameter greater than 10 cm. Their
data showed that inadvertent cyst rupture was frequent in
both groups and operative time was comparable. The laparo-
scopic approach was associated with significant reductions in
operative morbidity, postoperative pain, required analgesia,
hospital stay, and recovery period. Those findings were con-
firmed by others (14,113–115). Recently, Jennings et al. (116)
reported a significantly decreased length of hospital stay with-
out adverse effect on the surgical complication rate in patients
undergoing operations in a gynecologic oncology unit.

Concerns Regarding Laparoscopic
Management of Pelvic Masses

There are several concerns regarding the laparoscopic man-
agement of benign-appearing pelvic masses. These include
failure to diagnose malignancy; underestimation of the extent
of disease; tumor spillage from rupture of the masses; inability
to perform complete staging, implying another surgery for the
patient; and, most important, long delays before a staging
procedure or definitive treatment that can adversely affect the

ultimate prognosis of the patient (39,117). The risk of port-
site metastasis has been discussed extensively above.

Intraoperative Frozen Section

The management of any pelvic mass, either by laparoscopy or
by laparotomy, should include access to accurate frozen sec-
tion, so the necessary procedure can be performed immedi-
ately. In one large series, the overall accuracy of frozen section
was 92.7% (118). However, in a collected series of over
11,000 laparoscopies for ovarian cysts, Lehner et al. (117)
reported that frozen section was obtained at the time of
laparoscopy in only 34% of cases. Frozen section was obtained
in 40% of cases in the survey of Society of Gynecologic
Oncologists (SGO) members by Maiman et al. (112). Also of
interest in the latter study is that the average age of patients
with invasive cancers was 44 years, and 29% of these tumors
were borderline. Ovarian cancer is thus not uncommon in per-
imenopausal women, and surgeons should always keep a high
index of suspicion. A recent series of 141 patients undergoing
laparoscopic surgery for a pelvic mass looked at the accuracy
of frozen section to guide the surgical management. This study
showed that the frozen section diagnosis was accurate in
95.5% of benign tumors, 77.8% of borderline tumors, and in
only 75% of cancers (119). These results confirm that frozen
section is a useful tool to guide the intraoperative management
but also that pelvic masses should always be handled as though
they could be malignant (119). The accuracy of the frozen sec-
tion (FS) is also size dependent: for masses larger than 10 cm,
FS becomes less reliable (120). The recent use of magnetic res-
onance imaging does not appear to be superior to the intraop-
erative frozen section analysis with regard to the diagnosis of
pelvic masses (120). Most authors agree that availability of
frozen section at the time of laparoscopy is mandatory, even in
younger women, so that a staging procedure can be performed
without delay when indicated (39,94,117,121,122).

Tumor Spillage

It remains controversial as to whether intraoperative tumor
spillage carries a poorer prognosis. Some authors have noted
that preoperative tumor rupture or the presence of ascites may
worsen the prognosis (43), while others did not find any differ-
ence in survival among stage I patients with intraoperative
spillage (121). Mettler et al. (123) found that tumor propaga-
tion does not occur in ruptured stage I cases if definitive surgery
is performed within 1 week. According to others, the grade of
the tumor and the presence of ascites in stage I cancer of the
ovary is more important in relation to survival than is rup-
ture of the ovarian capsule at surgery (124,125). Nevertheless,
all pelvic masses should be considered potentially malignant,
and consequently, all efforts should be made to avoid rupture.

Delayed Staging

Maiman et al. (112) surveyed SGO members with regard to
their management of ovarian neoplasms later found to be
malignant. The response rate from members was 42% and 42
cases of ovarian malignancy were reported. In that survey,
immediate staging had been performed in 17% of cases,
delayed in 71% (median, 36 days), and not performed in
12%. The authors raised significant concerns with regard to the
negative outcome of some laparoscopically managed ovarian
cancers, particularly as it related to the significant number of
patients who were not restaged and to the delay between the
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initial procedure and the definitive treatment. They concluded
that delays of more than 4 weeks had a negative impact on
patient outcome.

Blanc et al. (126) conducted a similar multi-institutional
French survey and recorded 5,307 ovarian lesions treated
laparoscopically, of which 1.4% were malignant. Staging of
cancer cases was performed immediately in 25% of the cases,
delayed in 58% (median, 78 days), and not performed in 16%.
In those who had delayed staging, 22.4% were upstaged. 

Kindermann et al. (122) also sent a questionnaire to 273
German departments of obstetrics and gynecology with a
response rate of 46%. They collected a total of 192 ovarian
cases managed laparoscopically. Overall, 16% of borderline
stage IA and 39% of malignant stage IA tumors (based on
laparoscopy) had spread of disease identified at staging
laparotomy. In 92% of cases, capsule rupture and tumor mor-
cellation with intra-abdominal spillage occurred at laparoscopy.
Endoscopy bags were used in only 7.4% of ovarian cancer cases.
In patients staged more than 8 days after initial laparoscopy,
nearly 75% of cases were upstaged (20% to stage IC and 53%
to stages II-III). Most disturbing, trocar-site metastasis was iden-
tified in 52% of patients with stages IC-III at initial laparoscopy
if definitive surgery was delayed more than 8 days. 

Leminen and Lehtovirta (127) reported on eight patients
who had their staging laparotomy after laparoscopic surgery
within a mean of 17 days (range, 7 to 29). In four patients, the
disease had spread from a localized to an advanced stage dur-
ing the delay. The authors concluded that laparoscopic
surgery of ovarian masses later found to be malignant can
cause considerable and rapid spread of the disease. Hopkins 
et al. reported a similar experience with three young women
who had laparoscopic removal of what appeared to be benign
lesions. All three underwent re-exploration within 3 weeks,
yet trocar site metastasis and intra-abdominal tumor spread
had already occurred (77). 

Lastly, Lehner et al. (117) sent a questionnaire to all gyne-
cology departments in Austria regarding laparoscopic man-
agement of ovarian masses later found to be malignant. Of the
70 cancers identified, 48 patients underwent an immediate
laparotomy to complete surgery, 24 had a laparotomy within
17 days (median, 9.9 days), and 24 patients had delays of
more than 17 days (median, 47.7 days). The cutoff of 17 days
was chosen arbitrarily. Only 10% of malignant tumors were
reported using an endoscopy bag. They found that patients in
whom definitive surgery was delayed more than 17 days were
more likely to be upstaged (odds ratio of 5.3 for borderline
tumors and 9.2 for invasive cancers). In a multivariate analysis,
delay of more than 17 days was an independent prognostic
factor for stage of disease in borderline cases. This was not
statistically significant in the cases of invasive ovarian cancer.
The study does not provide data as to whether survival was
subsequently affected by the upstaging.

The above studies emphasize that poor surgical technique
and delayed definitive surgery when managing ovarian masses
by laparoscopy can have a very serious impact on patients’
survival. It also underscores the fact that, because of the sub-
sequent upstaging, a number of patients will likely be sub-
jected to adjuvant chemotherapy, which they may not have
otherwise needed.

Comprehensive Management 
of Suspicious Pelvic Masses

Recently, Dottino et al. (39) challenged the concept that patients
with a suspicious pelvic mass should necessarily undergo
laparotomy. In their study, they purposely approached all the

pelvic masses referred to their oncology unit by laparoscopy
regardless of the suspicion of malignancy, except when there
was evidence of gross metastatic disease (i.e., omental cake) or
masses extending above the umbilicus. All masses were sent
for immediate frozen-section analysis. Despite the fact that the
majority of the masses were considered suspicious for malig-
nancy preoperatively, 87% of the masses were in fact benign,
and 88% were successfully managed by laparoscopy. Not sur-
prisingly, compared with other series (Table 13.1) (39,94–109),
a higher proportion of the masses turned out to be malignant
(10.6%), but most of them were managed laparoscopically
following oncologic standards. If debulking was deemed to be
best performed by laparotomy, the laparoscopy was converted
to an open case. In many instances, adequate surgery could
be completed by laparoscopy. Long-term data on overall out-
come and survival following laparoscopic surgery for ovarian
cancer are not available. Canis et al. (121) also suggest per-
forming a diagnostic laparoscopy regardless of the ultrasono-
graphic appearance of the pelvic mass, although they
recommend an immediate laparotomy for staging of cancer
cases. They also reiterate the importance of frozen-section
analysis to appropriately decide definitive treatment. When
indicated, they consider restaging of cancers as an “oncologic
emergency.” Quinlan et al. (115) included complex masses
and septated cysts in their selection criteria. Laparoscopy by
trained laparoscopists can be used to evaluate adnexal masses
in women with risk factors for ovarian cancer with a low com-
plication rate and reduced hospital stay (128). A recent study
of 313 patients comparing the performance of ultrasound
findings, laparoscopy findings, and frozen-section analysis
showed that laparoscopy correctly identified ovarian cancer
and borderline tumors with a sensitivity and a specificity of
100% and 99%, respectively (129).

It would thus appear that even though suspicious masses
have traditionally been managed by laparotomy, laparoscopic
management of high-risk pelvic masses can be successfully per-
formed in an oncology referral population if there is expertise
in operative laparoscopy, availability of immediate and accu-
rate pathologic evaluation, and appropriate further treatment
where indicated. In many cases, having an oncologist skilled in
advanced laparoscopic procedures allows laparoscopic com-
pletion of the staging procedure. However, when skilled assis-
tance is unavailable, it is best to terminate the laparoscopic
procedure after a cancer diagnosis and to promptly refer the
patient for definitive surgery. As stated by Alvarez et al. (130),
“accuracy is more important than immediacy.”

According to the literature, laparoscopy for the manage-
ment of pelvic masses can eliminate the need for unnecessary
laparotomy in most cases. Statistically, the majority of them
will be benign and can be adequately managed laparoscopi-
cally, and most of the recent publications conclude that
laparoscopy is a safe approach for the treatment of adnexal
masses (Table 13.1) (39,94–109). However, the above data
clearly demonstrate that delayed staging and definitive treat-
ment can have a negative impact on patient outcome more
than the laparoscopic procedure itself. When appropriate
referral for a staging operation is made in a timely fashion,
ideally within 2 weeks, it is unlikely that disease progression
will occur (122,130). Moreover, until proven otherwise, ovar-
ian masses should always be considered potentially malignant.
Thus, surgeons should be technically meticulous in order to
minimize the risk of ovarian cyst rupture and spillage, and
specimens should always be retrieved intact through an
endobag to reduce the risk of trocar-site metastasis. With
advances in laparoscopic surgical technique, suspicious ovar-
ian masses can be approached laparoscopically as long as a
plan is in place for appropriate staging and treatment by
laparotomy or laparoscopy (39).

Chapter 13: Laparoscopic Surgery in Gynecologic Cancer 295

Barakat_CH13-289-324.qxd  2/24/09  4:02 PM  Page 295



Borderline Tumors

Borderline tumors often present as multilocular lesions on
sonogram and may have elevated CA-125 levels. Darai et al.
(131) reported a series of 43 borderline tumors of which 34
were approached by laparoscopy. Of those, 27 were com-
pletely managed by laparoscopy. There were four recurrences,
three of which occurred in patients who had ovarian cystec-
tomies only. The authors concluded that laparoscopic man-
agement of borderline tumors is feasible, but ovarian
cystectomies are associated with a higher risk of recurrence.
Two other recent French studies showed that the initial
laparoscopic surgery in the management of borderline tumors
is associated with a lower rate of complete staging, a higher
rate of cyst rupture, and a higher recurrence rate following
conservative treatment (132,133). However, despite an incom-
plete staging, there does not appear to be a detrimental effect
on outcome in patients with apparent early borderline tumors
(134). A Scandinavian group also retrospectively compared
the short-term outcome of 107 patients with borderline tumors
operated on by laparoscopy or laparotomy. The authors con-
cluded that laparoscopic treatment of borderline tumors is
feasible in moderate size tumors (�10 cm) and is associated
with fewer complications and shorter hospital stay. However,
in larger size tumors, cyst rupture was significantly more fre-
quent in the laparoscopy group (135). 

LAPAROSCOPIC 
RETROPERITONEAL STAGING:

PELVIC AND AORTIC LYMPH
NODE DISSECTIONS

Laparoscopy enables visual assessment, sampling, and system-
atic dissection of the lymph nodes located in the extraperi-
toneal space along the pelvic sidewall and in the para-aortic
area. Both direct and indirect transumbilical approaches are
discussed.

Transumbilical Transperitoneal 
Laparoscopic Lymphadenectomies

The transumbilical transperitoneal technique for laparoscopic
lymphadenectomy remains the most popular approach employed
by gynecologists. This in part has to do with the familiarity of
gynecologists with this indirect approach. The setup is essen-
tially the same as for routine laparoscopy. The ports are placed
in a similar configuration as that used for traditional pelvic
laparoscopy (Fig. 13.1). The size of the ports will depend on
the instruments that are to be employed. When para-aortic
lymphadenectomy is to be performed, it is helpful to place the
lateral ports slightly more cephalad, avoiding the abdominal
wall vasculature, and an additional port in the left upper
quadrant may be required to assist with retraction of the
intestines.

Pelvic Dissection

The surgeon intending to perform a pelvic dissection stands
on the patient’s left side. The video monitor is placed at the
foot of the operating table. The peritoneum is divided along the
pelvic brim between the round ligament and the infundibu-
lopelvic (IP) ligament, which are best left undivided until the
dissection is finished. Prior to opening the peritoneum, the
umbilical ligament is located, which is seen as an oblique peri-
toneal fold on the posterior surface of the abdominal wall. By

following this “Ariadne’s thread” from front to back, once the
broad ligament is opened, it is easy to identify the superior
vesical artery and its ventral continuation, the umbilical liga-
ment. The superior vesical artery is the first surgical landmark
in the pelvic dissection. Retracting it medially enables one to
open the paravesical space and free the pelvic sidewall. This
exposes the external iliac vessels at the point where they cross
Cooper’s ligament. In obese patients whose anatomic struc-
tures are covered with fatty tissue, it is recommended to locate
Cooper’s ligament first. This can be identified by palpation
with a blunt instrument on the posterior surface of the pubis,
lateral to the umbilical ligament—much the same way a blind
person seeks the edge of the pavement with a cane.

Prior to dissection, one must identify the major vascular
landmarks including the common, external, and internal iliac
vessels. The dissection starts with grasping the tissues located
anterior to the external iliac vessels and gently placing them
on traction. A second instrument can then be used to dissect
the connective fibers and lymphatic channels joining the node-
bearing tissues to the surrounding structures (Fig. 13.2). In
20% of cases, an accessory obturator vein will be found in the
obturator nodal tissue and inserted on the inferior surface of
the external iliac vein; blunt dissection is generally enough to
free the nodal tissue from this structure. Once the nodes are
freed from beneath the vein and the obturator nerve is
exposed, the external iliac vein is traced back to the bifurca-
tion of the common iliac vessels.

The next step is to dissect the node-bearing tissues located
between the external iliac vessels and the psoas muscle. One
starts ventrally at the level of the origin of the circumflex
artery and continues dorsally to the level of the common iliac
artery. At that point, it is often necessary to make a lateral
peritoneal incision in order to reflect the ileocecal junction
upward on the right side and the sigmoid colon on the left
side. The ureter is identified at the level at which it crosses
the iliac vessels. If the IP ligament has not been divided and
the posterior sheet of the broad ligament is intact, the ureter
remains attached to its natural support. Both are pushed
medially. The pararectal space is then opened. The node-
bearing tissues alongside the inferior aspect of the common
iliac artery and posterior aspect of the internal iliac artery
are exposed.

Dissection techniques and the sequence in which the land-
marks are identified vary from surgeon to surgeon. The most
basic technique of dissection is recommended, that is, grasping

296 Section II: Therapeutic Modalities and Related Subjects

FIGURE 13.1. Transperitoneal trocar placement for laparoscopic
lymphadenectomy.
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the nodes with grasping forceps and employing blunt dissec-
tion to separate the node-bearing tissue from the underlying
structures. Such a technique (Fig. 13.2) requires skill, but once
this skill is acquired, less blood loss is involved. Only the resis-
tant structures, that is, the blood vessels, must be controlled
before being divided, and these are few if the dissection is per-
formed in the correct tissue planes. Needless to say, other tech-
niques exist that can yield comparable results.

Removal of the nodes can be accomplished by (a) gathering
them (e.g., in the uterovesical space) and extracting them at
the end of the procedure using an extracting bag, or (b) using
a specialized nodal extractor such as the Coelio-Extractor
(Groupe Lepine, Lyon, France) to deliver the nodes without
contaminating the abdominal wall.

Querleu et al. (7) were the first to provide data describing
the feasibility and safety of transumbilical transperitoneal
laparoscopic pelvic dissection. There were 39 procedures per-
formed on patients with cancer of the cervix, stage IB to IIB,
and the mean duration of the procedure was 80 minutes. No
conversion to laparotomy was required. The mean node count
was 8.7 (range, 3 to 22). Positive nodes were found in 5 patients
who were subsequently treated with radiotherapy, and the
remaining 34 patients underwent either an abdominal radical
hysterectomy or a VRH. All patients were followed for 5 years
(136), and the 5-year survival rate was similar to the survival
of a historical group of patients who underwent standard
abdominal radical hysterectomy. Patients were matched for
age, stage, and therapy. Childers et al. (9) reported the experi-
ence from 18 patients with cervical cancer who were initially
managed with laparoscopy. Five patients had immediate
abdominal radical hysterectomy and 13 were subsequently
treated with radiotherapy. No complications were observed.
The duration of the staging procedure was 75 to 175 minutes
for the patients assessed prior to radiotherapy. The mean
number of lymph nodes was 31.4 (range, 17 to 37) for patients
submitted to abdominal radical hysterectomy. One year later,
Childers et al. (137) provided data for 53 patients with
endometrial cancer. All the patients underwent laparoscopic
assessment, and 29 underwent pelvic lymphadenectomy plus

aortic sampling. Three intraoperative complications occurred
(one pneumothorax, one transection of the ureter, and one
bladder injury) and three postoperative complications (two
patients had a postoperative ileus and one patient had signifi-
cant atelectasis). The issue was addressed again 5 years later
(138) in 125 patients. The rate of complications did not vary.
However, the rate of conversion to laparotomy dropped from
8% (2 of 25) to 0% (0 of 100), whereas the operative time
decreased from 196 minutes to 128 minutes (p � 0.02) and
the hospital stay from 3.2 days to 1.8 days (p � 0.0001).

Aortic Dissection

Two techniques have been described for performing an aortic
dissection with the laparoscope. In the first (9), the setup is
the same as the one used for the pelvic dissection. Two details
differ: The video monitor is put on the side of the patient
opposite the side where the surgeon stands, and the video
camera is turned clockwise 90 degrees, so that the axis of the
aorta appears to be horizontal. The intestines are pushed
under the diaphragmatic areas. The dorsal peritoneum is
opened longitudinally alongside the axis of the aorta. The
upper peritoneal flap is developed upward. The right ovarian
vessels and the right ureter are identified and pushed laterally.
The nodal tissue on the ventral aspect of the vena cava is
removed followed by that in the interaorticocaval space.
Finally, the nodes from the anterior aspect of the aorta are
removed. The origin of the inferior mesenteric artery is identi-
fied, and the nodes lying on the left side of the aorta are mobi-
lized and delivered.

In the second technique (18), the surgeon stands between
the patient’s legs with the monitor at the head of the bed. The
dorsal peritoneum is opened transversely alongside the axis of
the right common iliac vessels. The upper peritoneal flap is
pushed cranially at the same time as the last ileal loop. The
right gonadal vessels are identified at the level of the third por-
tion of the duodenum. After having mobilized and divided the
ovarian vessels, one finds the left renal vein and begins the dis-
section that is performed alongside the anterior aspect of the
vena cava and then continued in the interaorticocaval space,
alongside the ventral aspect of the aorta, and, finally, along-
side the left aspect of the aorta. Gaining access to the retroaor-
tic and retrocaval spaces necessitates mobilizing the vessels
laterally and medially in order to clear out each of the spaces
in two steps. The lumbar arteries and veins represent major
danger during this final part of the dissection.

Since 1993, many series have appeared in the literature
describing laparoscopic lymphadenectomy (11,12,17,127–136).
Most have included data from an inframesenteric dissection as
well. Summarizing the larger series (Table 13.2) (7,11,12,17,27,
139–149), one can assume that the mean number of pelvic
nodes retrieved laparoscopically was 21 and the mean number
of aortic nodes was eight. This number is close to the number
of nodes retrieved by laparotomy (150). Comparative studies
confirm that the numbers are approximately the same (29,151).
Fowler et al. (152) addressed the fact that 25% of the pelvic
nodes were still present at laparotomy after the patient under-
went a laparoscopic lymphadenectomy; however, no patients
with negative nodes at laparoscopy had positive nodes at
laparotomy.

The thoroughness of laparoscopic lymphadenectomy has
been demonstrated by the recent Gynecologic Oncology
Group (GOG) study (149). In this series in which laparoscopic
pelvic and para-aortic lymphadenectomy was immediately
followed by laparotomy, the mean number of retrieved pelvic
nodes was 32.1 (16.6 on the left side and 15.5 on the right side).
In spite of this large number, the results were judged to be incom-
plete in 6 of the 40 patients who subsequently underwent
laparotomy after laparoscopic lymphadenectomy. The objective
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Cooper’s ligament
Ventral obturator node

External iliac vein

FIGURE 13.2. (See color plate section.) Pelvic laparoscopic lym-
phadenectomy. The pelvic lymphadenectomy is initiated. Picture of
the ventral part of the right pelvic sidewall. 

Barakat_CH13-289-324.qxd  2/24/09  4:02 PM  Page 297



of laparoscopic lymphadenectomy should be to remove the
nodes at risk for spread of disease. The rarity of pelvic side-
wall recurrences in node-negative patients managed without a
complete lymphadenectomy suggests that laparoscopy enables
us to remove the significant nodes. If a criterion to judge the
adequacy of the procedure had to be selected, photographic
records taken at the end of the laparoscopic procedure would
provide the best means to this end. In the GOG study, the

result was judged to be inadequate in three of the patients
whose photographic records were reviewed by two independent
observers. If clearly identifying the dorsal part of the obturator
nerve and lumbosacral nerve is required (Figs. 13.3 to 13.5),
the risk of missing positive pelvic nodes is very low, at least in
cases of cervical and endometrial cancer.

Lymphadenectomy is one of the cornerstone procedures in
gynecologic oncology. The development of the laparoscopic
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SELECTED SERIES OF LAPAROSCOPIC PELVIC AND/OR INFRAMESENTERIC LYMPH NODE DISSECTION

TA B L E  1 3 . 2

No. of Mean pelvic Mean inframesenteric 
Author (ref.) Year patients Disease site nodes nodes

Querleu et al. (7) 1991 39 Cervix 8.7 —
Childers et al. (17) 1993 61 Gyn — 6.3
Spirtos et al. (140) 1995 40 Endometrium 20.8 7.9
Su et al. (143) 1995 38 Cervix 15 —
Hatch et al. (12) 1996 37 Cervix 35 11
Chu et al. (11) 1997 67 Cervix 26.7 8
Possover et al. (139) 1998 150 Gyn 26.8 7.3
Vidaurreta et al. (144) 1999 84 Cervix 18.5 —
Dottino et al. (141) 1999 94 Gyn 11.9 3.7
Renaud et al. (145) 2000 57 Cervix 27 3
Altgassen et al. (146) 2000 108 Cervix 21.0–24.3 5.1–10.6
Scribner et al. (142) 2001 103 Endometrium 18.1 11.9
Vergote et al. (147) 2002 41 Cervix — 6
Spirtos et al. (148) 2002 78 Cervix 23.8 10.3
Schlaerth et al. (148) 2002 69 Cervix 32.1 12.1
Abu-Rustum et al. (149) 2003 114 Gyn 10.7 5.7

Note: Gyn: cervical, endometrial, and ovarian tumors.

Uterine artery
Superior vesical artery

Obturator nerve and vessels

Internal iliac artery

Internal iliac vein
External iliac vein

External iliac vein Internal iliac vein

Obturator nerve
Psoas muscle 

External iliac artery

FIGURE 13.3. (See color plate section.) Pelvic laparoscopic lym-
phadenectomy. The pelvic lymphadenectomy is complete. Picture of
the dorsal part of the right pelvic sidewall. 

FIGURE 13.4. (See color plate section.) Pelvic laparoscopic lym-
phadenectomy. The pelvic lymphadenectomy is complete. Same view
as Figure 13.2, but the external iliac vein has been pushed medially.
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lymphadenectomy has opened the door for the use of minimally
invasive surgery in the management of gynecologic malignan-
cies. The benefits of the procedure alone are difficult to assess
since in most of the reported series the procedure is combined
with additional operations. This makes it difficult to assess the
role of laparoscopic lymphadenectomy either in duration of
surgery, appraising intraoperative or postoperative complica-
tions, and duration of hospital stay. In the inaugural series by
Querleu et al. (7), the procedure was discontinued in 1 of 
14 patients owing to an anesthetic problem. One case of intra-
operative bleeding was controlled laparoscopically, and all
patients except one were discharged the day after the proce-
dure. Possover et al. (138) reported that ten major vessel
injuries were registered among 150 procedures (four vena
cava, two right renal vein, two external iliac vein, one internal
iliac vein, and one internal iliac artery). A conversion to
laparotomy was necessary in four of these cases. The mean
hospital stay for the 26 patients submitted to lymphadenec-
tomy for pure staging was 3.2 days. Dottino et al. (140)
reviewed 94 cases of laparoscopic lymphadenectomies of
which 3 required conversion. There was one vascular injury,
one case of densely adherent nodal tissue that was felt to be
laparoscopically unresectable, and one case of a bulky cervical
tumor making laparoscopy difficult. Thirty patients had laparo-
scopic lymphadenectomy alone and the mean hospital stay
was 3.6 days; however, this number included a group of
patients who received postoperative chemotherapy. Patients
who did not receive chemotherapy were discharged in 1.7 days.
Scribner et al. (141) reviewed their first 103 laparoscopic
lymphadenectomies. Laparoscopy was completed in 70.9%
of patients, with obesity, adhesions, and intraperitoneal dis-
ease being the main reasons for not being able to complete the
laparoscopic procedure. Three procedural complications
included a bladder laceration, a ureteral injury, and one vessel
injury at trocar insertion. Other operative procedures were
performed and direct correlation with the lymphadenectomy
was not mentioned. These studies provided evidence that
laparoscopic lymphadenectomy is feasible with an acceptable
complication rate.

Childers initially limited the surgical effort to the right
inframesenteric area. Consequently, the mean lymph node
yield was about eight (Table 13.2) (7,11,12,17,27,139–149).
This number is not much different from the number reported
for the same dissection at laparotomy (150). It is now known
from studies like those published by Benedetti-Panici et al.
(153) that the actual number of nodes is around 20 if the dis-
section is continued to the level of the left renal vein. Michel 
et al. (154) report that, in cervical cancer involving aortic
nodes, the involvement on the left side of the aorta is 72% (23
of 32) and involves the supramesenteric level in 25% of cases
(8 of 32). Because of these findings, the aortic dissection must
be extended to the left side and to the level of the left renal
vein. The feasibility of such an extensive dissection has been
demonstrated since the early report by Querleu and Leblanc in
1992 (15), and the yield of 20 nodes, with acceptable morbidity,
has been reached in a large series of patients (155).

As the need to perform a systematic infrarenal dissection
became more evident, data regarding this procedure under
transumbilical transperitoneal laparoscopic guidance began to
appear for adnexal cancers (15). Possover et al. (139) also per-
formed such operations in selected cases (ovarian cancer and
uterine cancer with high risk of metastasis). When comparing
the infrarenal lymphadenectomy to the inframesenteric lym-
phadenectomy, Kohler et al. (156) confirmed that this could
be performed safely. This extended para-aortic lymphadenec-
tomy only took an additional 31 minutes on average and sig-
nificantly increased the mean node counts from 9.0 to 19.6. A
report from the same group (157) indicates that the greatest
dangers are not in the higher part of the dissection, but they
are lower where tributaries to the anterior aspect of the vena
cava are found in the area of the bifurcation of the vena cava
in 58.0% of cases, versus 19.6% in the area between the bifur-
cation and the inferior mesenteric artery, and 0.9% of cases in
the area between the inferior mesenteric artery and the right
ovarian vein. Furthermore, it appears that if need be, dissec-
tion higher than the left renal vein is feasible. Possover et al.
(19) attempted this in patients with stage IIIB cervical cancer,
transecting at first the left paracolic peritoneum and the left
phrenicocolic ligament and mobilizing medially the colonic
flexure, left kidney and adrenal gland, tail of pancreas, and
spleen. The median number of retrieved nodes was ten. No
intraoperative or postoperative complications occurred.

Extraperitoneal Laparoscopic Pelvic
Lymphadenectomy

Laparoscopic pelvic lymphadenectomy can be performed
using the direct extraperitoneal approach. Historically, this
approach was the first method described. Although it is no
longer routinely used, one remaining application may be
laparoscopic preparation for vaginal radical trachelectomy.
The direct extraperitoneal approach had the advantage of
completely avoiding the “other surface” of the peritoneum
and thus minimizing the risk of postoperative adhesions
potentially impairing fertility. This risk, however, appears to
be low with the indirect transumbilical approach, and the
direct approach does have two drawbacks: (a) loss of time
(approximately 15 minutes) and (b) potential for postopera-
tive collections, that is, hematomas, abscesses, lymphoceles
(which may be preventable by creating a peritoneotomy at the
end of the dissection).

In spite of the above disadvantages to the direct approach
to the pelvic extraperitoneal spaces, this approach may be
useful in cases where the pelvic cavity is not accessible or not
easily accessible such as in pregnancy more than 16 weeks 
or when severe postoperative adhesions are present. This
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Lumbosacral nerve

FIGURE 13.5. (See color plate section.) Pelvic laparoscopic lym-
phadenectomy. The pelvic lymphadenectomy is complete. Same view
as Figure 13.3, but the external iliac vein and the obturator nerve have
been pushed medially. The lumbosacral nerve is visible; this, more
than the lymph node count, is proof that the pelvic lymphadenectomy
has been done thoroughly. 
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approach starts with a blind digital preparation of the
preperitoneal space. It is also possible to obtain access to the
correct space under direct optical guidance through a 10-mm
incision thanks to the new laparoscopic trocars that have a
cutting tip (Endotip, Storz, Tuttingen, Germany) or accom-
modate a cutting and transparent punch (Visiport, Tyco;
Optiview, Ethicon, Cincinnati, Ohio, USA).

Midline Suprapubic Access

Midline suprapubic access is obtained through an incision
made 3 to 4 cm above the pubis. The surgeon stands across
from the pelvic sidewall to be dissected and handles the trocar
obliquely in order to get access directly to the iliopubic bone
at an equal distance from the midline and the external iliac
vessels. Once the bone is located, the extraperitoneal space is
insufflated and the ancillary trocars can be placed (at 5 to 6 cm
from each other on a vertical line running perpendicular to the
pubis at 3 to 4 cm lateral to the midline). Cooper’s ligament
leads to the external iliac vessels that can be traced in ideal
conditions from the femoral ring to the bifurcation of the
common iliac artery.

Transumbilical Access

Direct access to the extraperitoneal spaces while using a
transumbilical microincision (Fig. 13.6) can be obtained
using the same technique one uses for routine transumbilical
laparoscopy. One only has to use the previously mentioned
dissecting trocars (see above) and stop the sharp dissection
once the fascia parietalis is opened, that is, before entering the
peritoneal serosa. Once the fascia is opened, the CO2 insuffla-
tion begins, and one proceeds to use the laparoscope as a blunt
dissector until the symphysis pubis is reached. After using a
fine-needle puncture to check the retroperitoneal channel one
has created on the midline (Fig. 13.7), a 10- to 20-mm trocar
is introduced in the midline that will accommodate the laparo-
scopic scissors that are used to prepare the posterior surface of
the abdominal wall up to the level of McBurney’s point. Care
must be taken not to dissect too close to the muscle (staying
posterior to the inferior epigastric vessels) and not too close to
the serosa (accidental peritoneotomy makes the continuation

of the surgery very difficult if not impossible). Having prepared
the posterior surface of the abdominal wall on both sides, the
setup is exactly the same as that used for routine laparoscopy
(Fig. 13.8). The access to the retropubic space is ideal, but
access to the iliac vessels is limited by the adherent nature of
the peritoneum to the abdominal wall, particularly at the level
of the inguinal canals. In order to mobilize this, division of the
round ligaments is required at the most distal point where
they disappear into the inguinal canals (Fig. 13.9). Once the
ligaments are divided and the peritoneum developed dorsally,
the view obtained of the pelvic sidewall is similar to that seen in
the transumbilical transperitoneal approach. The only difference
is the superior vesical arteries and umbilical ligaments now
run dorsally since the bladder has been detached from the
abdominal wall and reflected dorsally.
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FIGURE 13.6. (See color plate section.) Umbilical extraperitoneal
laparoscopic approach. The instrument used is the Visiport (U.S.
Surgical Corporation Norwalk, Connecticut, USA).

FIGURE 13.7. (See color plate section.) Umbilical extraperitoneal
laparoscopic approach. A spinal needle is introduced in the midline in the
extraperitoneal space before the ancillary instruments are put in place.

FIGURE 13.8. (See color plate section.) Umbilical extraperitoneal
laparoscopic approach. Position of laparoscopic trocar and ancillary
trocars. 
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Sentinel Node Biopsy

The use of the sentinel node (SN) concept in the clinical manage-
ment of epithelial malignancies started in the 1970s. The urolo-
gist Cabanas (158) proposed replacement of full inguinofemoral
dissection that was traditionally combined with radical
surgery for penile cancer with only a biopsy of the so-called
sentinel node. The use of the new technique spread rapidly
beginning in the early 1990s. In gynecologic oncology, the first
application was in vulvar cancer (159), but this was soon fol-
lowed by its application in cervical cancer (20,160–175) and
endometrial cancer (175,175). Numerous opinions about
techniques of injection, methods of dissection, modality of
pathologic assessment, and, even more, the practical use of the
end results have been put forth. The only point that gives rise
to quasiunanimity is that the laparoscope is a tool perfectly
suitable for SN biopsy technique in the field of cervical cancer.
Table 13.3 (20,160–166,167–171,173,176,177) summarizes
the early literature concerning the use of SN biopsy in early
cervical carcinoma. The data should be interpreted carefully
because of the different techniques employed among the
teams. A recent systematic review by van de Lande et al. (178)
reported on a pooling of carefully selected publications. Only
23 out of 98 articles met the selection criteria. Ultimately, 12
studies used the combined technique with a sensitivity of 92%
(95% CI, 84% to 98%). Five studies used (99m)Tc-colloid, with
a pooled sensitivity of 92% (95% CI, 79% to 98%; p � 0.71 vs.
combined technique), and four used blue dye with a pooled
sensitivity of 81% (95% CI, 67% to 92%, p � 0.17 vs. com-
bined technique). The SN detection rate was highest for the
combined technique: 97% (95% CI, 95% to 98%) vs. 84%
for blue dye (95% CI, 79% to 89%; p � 0.0001), and 88%
(95% CI, 82% to 92%; p � 0.0018) for (99m)Tc colloid. The
authors concluded that SN biopsy has the highest SN detec-
tion rate when (99m)Tc is used in combination with blue dye
(97%), and a sensitivity of 92%. 

The SN injection is started by injecting the normal tissues
surrounding the tumor. The size of the needle is ideally 21 gauge.

The injection must not be too deep and not too superficial
(Fig. 13.10). A “learning curve effect” does exist with this
technique. Many factors may contribute to the discrepancies
in the literature such as the nature of the injected medium:
either a blue dye (Lymphazurin or Patent Blue Violet) or
radioisotopic colloidal particles. The blue dyes have to be used
at an appropriate dilution and in appropriate quantity. The
isotope used for the radioisotopic technique is generally tech-
netium 99m, but the colloidal particles vary in nature and size
(2 to 80 nm), which contributes to variability in the transit
time and number of detected nodes. No matter what the
radioisotopic colloid used, the detection rate is generally
higher and the number of detected nodes greater with the
radioisotopic technique. It appears that the combination of
blue dye and isotopes is the most accurate. The result of the
radioisotopic injection can be assessed 3 hours after a lym-
phoscintigraphy (Fig. 13.11). The result of the blue dye injec-
tion is assessed at the time of surgery, which is performed soon
after injection.

The surgery is performed in the usual fashion for laparo-
scopic pelvic surgery, usually within 12 hours of injection of
the colloidal radioisotope and immediately after the injection
of the blue dye. The procedure starts with the transperitoneal
assessment. If the injection has been done correctly, the blue
channels are located through the dorsal leaf of the broad liga-
ment and traced from the center of the pelvis to the pelvic
sidewall. The isotopic detection probe demonstrates where the
injected nodes are situated (level of radioactivity ten or more
times higher than the basic level). In order to dissect the nodes,
the pelvic peritoneum is opened alongside the external iliac
vessel axis, and the broad ligament is opened. Some surgeons,
in particular those who use an isotope, immediately search for
the SNs, whereas others first identify the blue channels and
trace them to the SNs. Technique plays a major role in the
chances for success, and may explain the variations in the “SN
detection rate.” It also may explain the great variations in the
number and the topography of the detected nodes.

The use of blue dye will demarcate one or more lymphatic
channels at the base of broad ligament. They run parallel to
the uterine artery, cross the obliterated obturator artery, and
end in a node situated in the so-called interiliac area, that is, at
the bifurcation to the common iliac artery either medial or
dorsal to the external iliac vein (Fig. 13.12) or between it and
the external iliac artery. One node is usually found (or two or
three juxtaposed micronodes). However, in 5% of the cases,
injected nodes are found in two distant basins. At least one
node should be found on each pelvic sidewall. In approxi-
mately 15% of cases (Fig. 13.13), the SN is located either in
the region of the internal iliac artery or in the common iliac
and/or low aortic area. Such results are usually observed when
the dissection is performed by first identifying the blue lym-
phatic channels.

The results may be different when isotopes are used. Detected
nodes are found in distant basins. This means that the sensi-
tivity of the isotopic technique is higher than the sensitivity of
the blue dye technique. But this questions the specificity and
even challenges the concept itself. Since SN dissection with a
radioisotope may include multiple anatomic areas, it may tend
to resemble a systematic dissection more than a true “sentinel
node” biopsy.

Pathologic assessment of the SN can be performed by vari-
ous techniques. Frozen section has been criticized because of
the higher rate of false negatives. It does have the advantage of
immediate answers in patients with metastasis to the SN (no
false positive). The classic unilevel sectioning after paraffin
embedment and the hematoxylin and eosin (H&E) staining
are the most widely used techniques. Micrometastasis, how-
ever, can be missed. Multilevel sectioning may help minimize
this problem. The literature concerning the topic is very
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Cooper’s ligament
Inferior epigastric vessels

Round ligament

FIGURE 13.9. (See color plate section.) Umbilical extraperitoneal
laparoscopic approach. The round ligament on the right side is freed
before being divided. 
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confusing. Ideally, the best technique is serial sectioning of the
entire node with all slides being stained and assessed, but this
is unrealistic. The semiserial sectioning entails examining
slides at 40- to 200-µm (depending on institutional protocol)
intervals. Even the so-called micromicrometastasis can thus be
identified. Using immunostains can improve the sensitivity.
The most common antibodies used in current practice are

those directed toward the cytokeratins. Very small clusters of
epithelial cells (Fig. 13.14) and isolated epithelial cells can be
identified that were previously impossible to identify after the
standard H&E staining. However, if true serial sectioning is
not employed, these epithelial cells can be missed as well.
Molecular biology analysis for cytokeratins or human papillo-
mavirus (HPV) may provide the highest sensitivity. Each
group has its own personal technique, and this explains the
great variability of the rate of positive and false-negative SNs
reported in the literature. With the unilevel sectioning and
classic H&E staining, the rate of SN positives is, in cervical
cancer stage IB1, approximately 15%, and the rate of false
negatives varies between 0% and 17%. Both rates are much
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FIGURE 13.12. (See color plate section.) Dissection of the sentinel
node. The main lymphatic channel crosses the umbilical ligament
and ends in a node situated between the external iliac vein and the
obturator nerve. 

FIGURE 13.13. Topography of sentinel node location. The most
common place where the sentinel node is situated is at the contact of
the external iliac vein, ventral to the origin of the uterine artery.

FIGURE 13.10. (See color plate section.) Injection of the dye. The
dye is injected into the tissue surrounding the tumor. The sentinel
lymph node procedure should only be used for early-stage cancers. 

FIGURE 13.11. (See color plate section.) Lymphoscintigraphy. One
hot spot only is visible. No sentinel lymph node was detected on the left
side. The sentinel lymph node on the right side was a common iliac node. 
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higher if semiserial sectioning and immunostaining are used
both for the assessment of the SN and the non-SN. In the
series by Marchiole et al. (179), the rate of SN positivity
increased from 10.3% (3 of 29) to 27.5% (5 of 29) using
semiserial sectioning and cytokeratin AE1 and AE3 immunos-
taining. However, the rate of false negatives was also
increased to 37% as three of the five micrometastases were
discovered in non-SNs with the SNs being uninvolved. This
questions the role of SN biopsy in the clinical management of
early cervical cancer.

The goal of the SN concept is avoiding systematic dissec-
tion in patients who do not have node metastasis. This goal is
reached if one does not consider micrometastasis as being clin-
ically relevant. However, in spite of the fact that the clinical
significance of micrometastasis is not clearly established, it
seems oncologically safer to remove nodes that could be
involved. On the other hand, laparoscopy makes systematic
dissection a relatively safe and acceptable procedure that may
be no more morbid than a laparoscopic SN biopsy. A reason-
able strategy may include (a) laparoscopy with SN biopsy, (b)
frozen sections of the SN, and (c) systematic dissection if the
frozen section is negative. In the cases where either the SN
biopsy or other nodes have metastasis, chemoradiation can be
given. The risk for radiation enteritis is minimized by the
decreased adhesion formation after laparoscopy.

The concept of SN biopsy has been tested in advanced cer-
vical carcinoma. The detection rate is low, and the clinical
value is only theoretical. In endometrial cancer, several publi-
cations (175,180,181) demonstrate similarities with the early
cervical cancer model. Injections of the cervix give better results
than injections of the fundus (180), which give rise to a larger
amount of diffusion and result in a higher false-negative rate
(50% in one of the published series) (175). Laparoscopy can
also be used with SN biopsy in endometrial cancer. However,
SN biopsy may not have the impact on the current manage-
ment of endometrial cancer as it does with cervical cancer. In
ovarian, tubal, and peritoneal cancers, the application of the
SN concept is not likely to be applicable.

Extraperitoneal Laparoscopic Aortic
Lymphadenectomy

Unlike pelvic lymphadenectomy, the use of the extraperitoneal
approach to laparoscopically remove the aortic nodes fol-
lowed the introduction of the transperitoneal technique.
Transperitoneal laparoscopic aortic lymphadenectomy still
remains the more common approach employed by the major-
ity of gynecologic oncologists. However, this innovative
extraperitoneal approach does have several advantages when
compared to the transperitoneal technique and has gained
increasing popularity.

An extraperitoneal approach to the aorta is begun by using
a 3-cm incision made at McBurney’s point (or at the point exactly
opposite on the left side of the patient). The contralateral
nodes can be removed using a one-sided approach. The left-
sided approach is preferred for several reasons, which will be
illustrated below. The successive layers of the abdominal wall
are transected, including the parietal fascia, leaving the parietal
peritoneum intact. Insertion of a transperitoneal laparoscopic
trocar is recommended so that the area where the extraperi-
toneal dissection starts can be visualized to prevent entry into
the peritoneal cavity. Once the parietal fascia is opened, the
surgeon’s forefinger is introduced into the extraperitoneal
space and develops the retroperitoneal space along the psoas
muscle and common iliac artery. With gentle blunt dissection,
the peritoneal sac is elevated off the underlying structures. The
second landmark is the iliac crest, which is followed laterally
in order to open the inferior part of the side. At this time, a
laparoscopic trocar with a pneumostatic tool (Blunt Tip Auto
Suture, Norwalk, Connecticut, USA) is introduced.

Once the extraperitoneal space has been adequately devel-
oped, insufflation begins, the gas from the peritoneal cavity is
drained, and the extraperitoneal laparoscopic assessment can
begin. This trocar accommodates one laparoscopic forceps,
which is used to develop the extraperitoneal spaces to the level
of the lower ribs. A second ancillary trocar is introduced in the
infracostal area in the midaxillary line.

The video monitor is placed on the opposite side of the
table from the surgeon as he or she seeks the first landmark
(Fig. 13.15): the fascia of the psoas muscle. Detaching the
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FIGURE 13.15. (See color plate section.) Left-sided extraperitoneal
laparoscopic approach. Position of laparoscopic trocar and ancillary
trocars (the extraperitoneal approach is preceded by a transumbilical
transperitoneal approach; the umbilical trocar is left in place after
exsufflation). 

FIGURE 13.14. (See color plate section.) Micrometastasis. Immuno-
histochemistry can be used to identify micrometastasis in the sentinel
lymph node. 
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peritoneum from the muscle reveals the second landmark, the
ureter (Fig. 13.16), and then the third landmark, the ovarian
vein, a fragile structure that must be handled carefully. After
pushing the peritoneum medially, the common iliac vessels can
be identified and the aortic dissection can begin. The lower
aspect of the dissection is shown in Figure 13.17.

The lateral aspect of the aorta is approached in a caudal-
to-cranial direction. At the level of the origin of the inferior
mesenteric artery, the dissection becomes more difficult
owing to the presence of the lower mesenteric autonomic
nervous plexus. There are no drawbacks in dividing this
plexus in a woman. Once the nervous plexus is divided and

the ventrolateral aspect of the aorta is freed up, the dissec-
tion is continued cranially up to the level of the left renal
vein. This is the superior limit of the dissection of the left
para-aortic lymph nodes. The anterior aspect of the com-
pleted dissection is shown in Figure 13.18.

If one starts with the right-sided dissection, it is easy to
remove the nodal tissue on the anterior aspect of the vena cava
and the interaorticocaval space where the right lateroaortic
nodes lie. However, the difficulty lies in reaching the left lat-
eral aspect of the aorta. This is largely due to the noncom-
pressible nature of the aorta. Conversely, if dissection is
started on the left side, exposing the right lateral aspect of the
aorta can be simplified by dissecting from beneath the aorta.
Hence, it is recommended to start with the left side and move
to the right side only if difficulties arise. When comparing the
unilateral to the bilateral approach, the total node counts of a
unilateral left-sided approach have been shown to be compa-
rable to those from a bilateral extraperitoneal approach and a
transperitoneal approach; however, the right-sided node
counts are significantly decreased compared to the bilateral
approach (182).

During the unilateral left-sided technique, the separation of
the left aortic nodes is performed either cranially to caudally
or vice versa. The nodes are located between the artery and the
psoas muscle. Separating these structures reveals the lumbar
sympathetic chain and the vertebral vessels. Once the left aortic
lymph nodes have been retrieved, attention now moves to the
retroaortic space. The aorta is separated from the common
ventral vertebral ligament. The aim of this maneuver is to remove
the few nodes lying in the retroaortic space while exposing the
nodes on the right side of the aorta and the interaorticocaval
space. This dissection can be made in the spaces located
between the successive lumbar arteries (Fig. 13.19) but access
to the interaorticocaval space is limited. It is better to divide
the collaterals of the aorta: the fifth lumbar arteries in all cases
and the fourth if needed. Division of these lumbar vessels
opens the retroaortic space and simplifies the removal of the
right aortic nodes (Fig. 13.20). The additional exposure allows
the right laterocaval nodes to be removed via the retrocaval or
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Left ureter

Left common iliac artery

FIGURE 13.16. (See color plate section.) Left-sided extraperitoneal
laparoscopic approach. The left ureter is pushed ventrally. The left
common iliac artery is visible. 

Aorta

FIGURE 13.17. (See color plate section.) Left-sided extraperitoneal
laparoscopic approach. Picture taken at the end of the common iliac
and lower aortic dissection. 

Inferior mesenteric artery

FIGURE 13.18. (See color plate section.) Left-sided extraperitoneal
laparoscopic approach. Picture taken at the end of the aortic dissection. 
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the precaval route. Dissection of these nodes is usually only
performed for a right ovarian tumor. Thus, except for cases of
ovarian cancer, there is no need to proceed this far if the caval
dissection appears from the left side to be dangerous (owing to
the distribution of the vertebral veins).

Reports on this particular approach are relatively sparse in
the gynecologic oncology literature and have been limited to
patients with cervical cancer. Vasilev and McGonigle (183)
were the first to publish data on laparoscopic extraperitoneal
para-aortic lymphadenectomy using a left-sided approach in

humans. They reported an average of five nodes in four cases;
the dissection was limited to the inframesenteric area. In a
larger series, Querleu et al. used this technique to perform an
infrarenal aortic dissection, and by doing such, the mean node
count rose to 20.7 (184).

Sonoda et al. (185) reported on 111 patients with locally
advanced cervical cancer who underwent surgical staging.
This comprises the largest series to date using this novel
approach for the management of locally advanced cervical
cancer. In this study, 30 patients were found to have positive
nodes. The mean duration of the procedure was 157 � 46
minutes and the average number of nodes was 19. The mean
postoperative stay was 2 days. Perioperative complications
occurred in 14 patients. The majority of these complications
were symptomatic lymphoceles that occurred in 11 patients:
Eight of these lymphoceles were drained under radiologic
guidance, two required a catheter placed under anesthesia,
and one required laparoscopic drainage. In the final 37
patients, marsupialization of the peritoneum was performed
to drain the retroperitoneal fluid into the peritoneal cavity. No
further symptomatic lymphoceles were observed after adopt-
ing this maneuver. There were two retroperitoneal hematomas
and one bowel obstruction from a trocar-site hernia. Only two
patients in the series required a reoperation for a complica-
tion. Of the 30 patients with positive nodes, only the patient
who had a trocar-site hernia that required small bowel resec-
tion developed radiation enteritis. This is consistent with the
finding that the laparoscopic extraperitoneal approach is asso-
ciated with less adhesion formation in the radiation field
(186). The benefits of surgical staging of locally advanced cer-
vical cancer remain controversial, and procedure-related mor-
bidity must be taken into consideration. Thirty (27%) of 111
patients in this series were found to have positive lymph nodes
in spite of negative imaging studies and received extended
field radiation with or without chemotherapy. However, the
overall survival was still significantly worse in this group of
patients with positive aortic nodes.

The subject of surgical staging for locally advanced cervical
cancer remains controversial and has been prospectively stud-
ied in only one small, randomized trial (32). The primary
objective of this study was to determine percentage of
improvement in detection of para-aortic node metastasis with
survival being secondary. Unfortunately, the study was closed
prematurely because both a significantly worse progression-
free and overall survival were identified in the group undergo-
ing surgical staging. Treatment after the staging procedure
was inconsistent and biased, thus tainting the conclusions on
survival. Additionally, there was a background of unfavorable
characteristics facing the surgically staged group. In general,
the surgically staged patients were of higher stage, had larger
tumor size, and fewer received concurrent chemoradiation as
compared to the patients who were clinically staged. These
differences in variables did not reach statistical significance,
but this was most likely due to the small sample size. 

In spite of this randomized prospective trial, the option on
surgical staging for locally advanced cervical cancer is still
adopted in a growing number of centers, on the basis of
acceptable morbidity and the evidence of an acceptable onco-
logic outcome in aortic node–negative patients managed with-
out aortic radiation therapy (187). In addition, the same study
from France found that the outcome for patients with laparo-
scopically removed nodal micrometastases in the aortic area is
similar to the outcome of node-negative patients, suggesting a
therapeutic role of aortic node dissection.

Until definitive conclusions on the optimal management
of locally advanced cervical cancer are reached, extraperi-
toneal laparoscopic aortic lymphadenectomy appears to be a
reasonable approach for these patients when surgical staging
is employed.
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Aorta

Sympathetic chain

FIGURE 13.19. (See color plate section.) Left-sided extraperitoneal
laparoscopic approach. Picture taken at the beginning of the retroaortic
dissection: the lumbar arteries and veins are visible. 

Aorta

Inferior vena cava Left renal vein

FIGURE 13.20. (See color plate section.) Left-sided extraperitoneal
laparoscopic approach. Picture taken after the lumbar arteries and
veins have been divided and the interaorticocaval space appeared: the
junction of the left renal vein and inferior vena cava is visible.
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LAPAROSCOPIC ASSISTANCE 
TO RADICAL SURGERY AND

LAPAROSCOPIC RADICAL
SURGERY

Laparoscopy can be used to assist extirpative transvaginal
surgery or it can be used to perform the entire operation, after
which the specimen is removed transvaginally.

Laparoscopically Assisted Vaginal
Hysterectomy and Laparoscopic

Hysterectomy

The concept of laparoscopic assistance to vaginal hysterec-
tomy emerged in 1984 (21) as a procedure for the manage-
ment of benign conditions. Its use for the management of
endometrial cancer was naturally foreseeable. The main con-
traindication to the vaginal approach in endometrial cancer
was the inability to assess the ovaries and tubes, the peritoneal
serosa, and the retroperitoneal spaces. This was made possible
by using laparoscopic assessment of the pelvis before under-
taking the hysterectomy. Laparoscopically assisted vaginal
hysterectomy (LAVH) includes five types, which are listed
here, and whose descriptions can be found elsewhere (188):

Type 0: Laparoscopy is only used to assess the pelvic
cavity and the organs it includes.

Type 1: Laparoscopic management of inflammatory
peritoneal adhesions and control of the round ligaments
and infundibulopelvic ligaments.

Type 2: Laparoscopic preparation and division of the
uterine arteries.

Type 3: Laparoscopic management of the paracervical
ligaments.

Type 4: Laparoscopic transection of the vagina, trans-
vaginal extraction of the specimen, and laparoscopic clo-
sure of the vagina.

Type 4 LAVH corresponds to the total laparoscopic hys-
terectomy first described by Reich et al. (189). This technique
as well as others has been used in the field of endometrial can-
cer. Childers and Surwit (8) were the first to report on the
combined use of laparoscopy with vaginal hysterectomy for
the treatment of early-stage endometrial cancer. This group
later reported on a series of 59 patients with clinical stage I
endometrial cancer who were staged by this new procedure
(136). Their technique included an inspection of the intraperi-
toneal cavity, intraperitoneal washings, and LAVH. Patients
with preoperative grade 2 or 3 tumors or grade 1 tumors with
greater than 50% myometrial invasion underwent laparo-
scopic pelvic and para-aortic lymphadenectomy. Six patients
had intraperitoneal disease. Two patients could not undergo
laparoscopic lymphadenectomy secondary to obesity, and two
patients required conversion to laparotomy for intraoperative
complications. These reports stimulated the interest in laparo-
scopic management of endometrial cancer.

Laparoscopically Assisted Vaginal Radical
Hysterectomy

The introduction of laparoscopy into the realm of gynecologic
oncology was first proposed as a means of expanding the use
of VRH for the management of cervical cancer. The laparo-
scope was to perform the lymphadenectomy before the radical
hysterectomy, which was entirely done through the vaginal

approach. Subsequently, the concept of laparoscopically
assisted vaginal radical hysterectomy (LAVRH) appeared with
variations in the degree of laparoscopic preparation for the
vaginal part of the surgery with the ultimate development
being the total laparoscopic radical hysterectomy.

Vaginal Radical Hysterectomy 
After Laparoscopic Staging

Type 0 LAVRH, although not discussed here, combines pelvic
lymphadenectomy as previously described and a VRH whose
description can be found elsewhere (190).

The first large series of LAVRH (5) reported on type 
0 LAVRH. The technique was used until June 1992. At that
time (unpublished data), the series included 95 cases. The mean
duration of the laparoscopic staging was 60.4 � 25.8 minutes.
The Schauta-Stoeckel technique (less radical) was used in 
28 cases and the Schauta-Amreich technique (more radical)
was used in 67 cases. The mean duration of the surgery was
74 � 31 minutes and 89 � 26 minutes, respectively. No periop-
erative complication was observed with the Schauta-Stoeckel
technique, whereas six complications were observed with the
Schauta-Amreich technique: one cystotomy, four ureterotomies,
and one proctotomy (all repaired immediately with no postop-
erative complications). Only one patient required reoperation
for postoperative bleeding after a Schauta-Amreich procedure.
Only 14 patients received transfusions. Among the 28 patients
who underwent the Schauta-Stoeckel operation, 8 suffered
from urinary bladder problems but only 1 had persistent
dysuria after 6 months. Among the 67 patients who underwent
the Schauta-Amreich procedure, 27 suffered the same bladder
problems and 10 had persistent dysuria after 6 months.

Laparoscopic Vaginal Radical Hysterectomy

As with LAVH, there are different techniques between the two
extremes of the spectrum, that is, laparoscopy for staging pur-
poses only and laparoscopy for the entire procedure. The tech-
niques first described were highly radical comparable to types
3 and 4 abdominal radical hysterectomy (ARH). A less radical
approach appears to be possible leading to surgery like type 2
ARH. Laparoscopically assisted vaginal radical trachelectomy
(LVRT) is a conservative modification of this less radical
LAVRH.

Supraradical Laparoscopically Assisted Vaginal Radical
Hysterectomy. Since 1992 a series (12,22,25,26,176) of reports
have been published describing a variety of techniques of
LAVRH that could be designated as type 3, and that involved
preparation of the parametrium during the laparoscopic step.
The common feature of these techniques was the quest for
radicalness that was made possible by the laparoscope. In fact,
one of the technical difficulties of the radical vaginal approach
is the clamping of the parametrium close to the pelvic sidewall
due to the obliquity of the latter to the former; this is in contrast
to the oblique angle along which the “vaginal” surgeon naturally
works. Alternatively, using an ipsilateral iliac laparoscopic
port, one can operate in the plane of the pelvic sidewall, and
using endoscopic staplers, bipolar cauterization, the argon-
beam coagulator, or other devices, the surgeon can divide the
parametrium at its lateral insertion. As a consequence, the
operative specimen (Fig. 13.21) is very large, that is, identical
to type 3 ARH. It can even be extended (26) by the addition of
a piece of the “posterior parametrium,” that is, uterosacral
ligaments, which are easily divided during laparoscopy.

In 1993, Kadar and Reich (191) reported an operative time
of 10 hours. However, the postoperative course was uneventful
and the patient went back to work after 3 weeks. The operative
time for the second patient was 8 hours. The blood loss was 2 L,
and the postoperative pyelogram revealed a transection of the
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left ureter, which was reimplanted by laparotomy. Pulmonary
embolism and vesicovaginal fistula occurred after the reopera-
tion. Roy et al. (25) reported on 25 cases with a mean duration
of the operation of 270 minutes. Two conversions to laparo-
tomy occurred, one for an external iliac vein injury and the sec-
ond for a cystotomy. One other cystotomy was repaired
transvaginally. Five patients received a transfusion. These data
were similar to those collected in a comparative group of 27
patients who underwent ARH. In the series of 37 cases
reported by Hatch et al. (12), the mean operative time was 225
minutes. Two intraoperative bladder injuries and one large
bowel injury occurred. Two postoperative ureterovaginal fistu-
las developed. Four patients required blood transfusion. When
compared to a matched series of 30 patients treated by ARH,
the mean operative time was significantly longer for LAVRH,
but blood loss, rate of transfusion, and mean hospital stay
were significantly lower for LAVRH. Martin (192) reported on
Dargent’s experience in 28 patients from June 1992 to June
1994. The mean duration of the operation was 204 minutes.
Four complications occurred during the transvaginal portion
of the surgery: one bladder injury, two ureteral injuries, and
one internal iliac vein collateral injury. The first three injuries
were repaired transvaginally. The bleeding complication was
managed by laparoscopic re-exploration, and eight patients
received blood transfusions. During the postoperative course, a
surgical re-exploration was necessary in three instances: one
for bleeding, one for incisional dehiscence, and one for intestinal
obstruction. Fourteen patients suffered from bladder problems,
and one had persistent dysuria after 6 months. Schneider et al.
(26) reported a series of 33 patients. The mean operative time
was 295 minutes. Three patients sustained injury to the bladder,
one patient had injury to the left ureter, and another patient
had an injury to the left internal iliac vein. Blood transfusions
were necessary in four women.

Since 1999 a larger series has been compiled demonstrating
that the oncologic outcomes are at an acceptable level. Operative
complications are less frequent, which may be due to the
“learning curve effect” as well as the trend toward less radical
surgery. The standard operation of today ends up with an
operative specimen that is similar to type 2 ARH (Fig. 13.22),
but this is combined with laparoscopic paracervical lym-
phadenectomy to preserve the radical nature.

Modified Laparoscopically Assisted Vaginal Radical
Hysterectomy.

Laparoscopic Step. The route used for introducing the
laparoscope can be either transperitoneal or extraperi-
toneal. Pelvic lymphadenectomy is performed first and then

“paracervical cellulolymphadenectomy.” Paracervical cellu-
lolymphadenectomy consists of removing all the lymph
node–bearing tissues located in the vasculonervous web mak-
ing up the lateral part of the paracervical ligament. It is a mul-
tistep procedure.

First, the “deep obturator nodes” (nodes located underneath
the obturator nerve) are removed, which completely opens up
the paravesical space, reveals the origin of the obturator vessels,
and exposes the ventral surface of the paracervical ligament.

The dorsal aspect of the paracervix is exposed in the second
step. The pararectal space opens when pushing the posterior
sheet of the broad ligament, to which the ureter is attached, medi-
ally. Following the ureter ventrally, one arrives at the point where
the ureter crosses the uterine artery. Starting from this point, the
pararectal space is developed as far as the sacrospinous muscle.
The fatty tissues lying between the ventral aspect of the sacrum,
the lateral aspect of the rectum, and the medial aspect of the
pelvic sidewall are removed. During this part of the procedure,
one must proceed carefully owing to the confined nature of the
pararectal space, especially on the left side where the presence of
the left common iliac vein poses an added obstacle.

Once the two aspects of the paracervical ligament are
exposed, the fatty tissue among the paracervical vascular
network must be removed. This can be done by using the
grasping and dissecting forceps similar to the technique that is
recommended for pelvic dissection. This technique is better
suited to paracervical dissection for which the use of scissors is
dangerous. Another solution could be using a vacuum curette
as recommended by Hockel et al. (193) for open dissection. It
is perfectly possible to adapt this technique to laparoscopic
dissection, but with the disadvantage of working in a gasless
environment.

The last step of the paracervical dissection is cleaning out
the retrovascular area (i.e., the space located lateral to the
common iliac vessels and medial to the psoas muscle). The
lymph node–bearing tissues located in this space are quite
abundant. One must take care not to injure the collateral vascu-
lature from the common iliac vessels to the psoas muscle. Once
the deepest part of the obturator nerve and the lumbosacral
nerve crossing the sacroiliac joint have been identified, the pro-
cedure is completed (Figs. 13.2 to 13.4).

Since paracervical cellulolymphadenectomy has been per-
formed, there is no need to divide the cardinal ligament at the
level of its origin. The division can be performed in the mid
part and is easiest when performed transvaginally. This is the
rationale of the technique of LVRH recommended by Dargent
and Querleu.
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FIGURE 13.21. (See color plate section.) Specimen of supraradical
LAVRH (distal celio-Schauta). FIGURE 13.22. (See color plate section.) Specimen of modified

LAVRH (proximal celio-Schauta). 
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Transvaginal Step. The transvaginal portion of the Dargent
and Querleu LAVRH simulates the modified VRH described
by Stoeckel. In both, the paracervical ligaments are divided at
an intermediate level. However, the technique differs in that
no paravaginal incisions are used in the Dargent and Querleu
LAVRH. Stoeckel made two incisions: one on each side of the
patient.

The first step of the transvaginal operation is the forma-
tion of the vaginal cuff. A series of Kocher forceps is put onto
the vaginal mucosa following a circular line located at the
level of the junction between the upper and the middle thirds.
Traction is exerted on the forceps, creating an internal vagi-
nal prolapse. The two sheets of the vaginal fold raised by the
traction are separated from each other by injection with
saline midway between each traction forceps. The outside
sheet of the fold is then divided. The division is gradually
made outside a line drawn by exerting appropriate traction
on each pair of forceps. The pressure on the scalpel blade
must be released as soon as the saline drop appears, so as not to
enter the opposite sheet of the fold. This full-thickness incision
(incision of the three layers of the vaginal wall) is made only
on the anterior and posterior aspects of the developed vaginal
cuff (Fig. 13.23). Only the skin is incised on the dorsolateral
aspects (between three and four o’clock and between eight
and nine o’clock), so that the relationship between the vagi-
nal cuff and the paracervical ligaments is maintained.

Once separated from the remainder of the vagina, the cuff is
taken into strong grasping forceps that are aligned in a frontal
plane (Fig. 13.24). It is retracted dorsally in order to free the ven-
tral aspect of the vaginal cuff at the same time as the ventral aspect
of the uterus and surrounding tissues (i.e., paracervical and
parametrial ligaments). The bladder floor and terminal ureter
are attached to these structures and must be separated from
them. The vesicovaginal space is carefully developed in the
midline so as not to injure the bladder, which is very close to the
tips of the grasping forceps. Caution must be taken because of
the condensation of the cellular tissue joining the bladder floor
to the vagina. This condensation raises a pseudoaponeurotic
coronal structure named the supravaginal septum, which must
be perforated (Fig. 13.25) to reach the appropriate space. Once
the midline intervisceral space has been opened, the bladder
pillars can be approached.

The bladder pillars are divided in two steps. Initially, the
pillar is separated into the lateral and medial parts by opening
the caudal brim of the pillar at an equal distance from its two
sides and two extremities. After opening, the scissors are
pushed laterally (Fig. 13.26). One ensures that the instrument
is placed lateral to the ureter by palpating and feeling the
“plop.” These fibers are divided after stapling or bipolar cau-
terization (Fig. 13.27), making the paravesical space wider. A
bigger retractor is put in place and the knee of the ureter
appears in the deepest part. Once the knee of the ureter has
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FIGURE 13.23. (See color plate section.) Technique of modified
LAVRH (proximal celio-Schauta). Incision of the vagina. 

FIGURE 13.24. (See color plate section.) Technique of modified
LAVRH. Closing the vaginal cuff with Chroback forceps. 

FIGURE 13.25. (See color plate section.) Technique of modified
LAVRH. Opening the vesicovaginal space. 

FIGURE 13.26. (See color plate section.) Technique of modified
LAVRH. Opening the paravesical space on the left side of the patient.
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been identified, the medial fibers (Fig. 13.28) of the pillar can
be divided. This division exposes the ventral aspect of the jux-
tauterine part of the paracervical ligament. The paraisthmic
window (the inferior brim of which is the superior brim of the
paracervical ligament) is identified by palpation. The arch of
the uterine artery is located inside it. The afferent branch of the
arch is isolated (Fig. 13.29) and dissected upward as far as the
level of the knee of the ureter. Then the dissection is pushed
further laterally inside the knee of the ureter and the artery is
cut close to its origin.

Freeing the dorsal aspect of the vaginal cuff is easier than
freeing its ventral aspect. The grasping forceps are retracted
ventrally. The pouch of Douglas is opened in the midline and
the rectal pillars are divided, that is, the sacrouterine liga-
ments or, more precisely, the medial part of them (i.e., the
rectouterine peritoneal folds). Once these ligaments have been
divided, the dorsal aspect of the paraisthmic windows is pal-
pated. Their inferior brim corresponds to the superior brim of
the paracervical ligaments.

A right-angle dissector is pushed from back to front through
the parauterine ligament. Opening the dissector frees the upper
brim of the paracervical ligament. This is done while dividing
the paracolpos, that is, the expansion that the paracervix sends
to the vagina. This division is done by deepening the dorsolat-
eral incision in the vagina and pushing it laterally while control-
ling the bleeders encountered during this action.

Now that the dorsal and ventral aspects of the paracervical
ligaments are both exposed with the superior and inferior
brims, they can be divided. Two clamps are placed on each lig-
ament, the most lateral being just at the contact of the tip of
the knee of the ureter (Fig. 13.30).

Once the two paracervical ligaments have been divided, the
operation can be completed without difficulty.

Sardi et al. (194) reported on 47 patients who underwent 
a procedure closer to type 0 LAVRH than to type 3. After 
4 years, the overall survival was 100% for stage IA, 88% for
stage IB1, and 85% for stage IB2. Sardi et al. suggested that
20 cases were needed to obtain the minimum skill to perform
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FIGURE 13.27. (See color plate section.) Technique of modified
LAVRH. Dividing the lateral fibers of the bladder pillar on the left
side of the patient. 

Bladder Ureter

FIGURE 13.28. (See color plate section.) Technique of modified
LAVRH. The location where the ureter enters the bladder floor is visible.
The medial fibers of the bladder pillar can be cut. 

Ureter

Uterine artery

FIGURE 13.29. (See color plate section.) Technique of modified
LAVRH. The medial fibers of the bladder pillar have been divided; the
arch of the uterine artery is demonstrated. 

FIGURE 13.30. (See color plate section.) Technique of modified
LAVRH. Two clamps are put on the paracervical ligament, the distal
one being just underneath the tip of the knee of the ureter. 

Ureter

Paracervical ligament
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LAVRH. Renaud et al. (145) reviewed the charts of 102
patients affected by cervical cancer who had laparoscopic
lymphadenectomy followed by VRH or trachelectomy in 91
of them (stage IA in 77%, IB1 in 17%, and IIA in 6%). There
were two intraoperative complications due to laparoscopy
and four due to VRH; however, only one postoperative com-
plication was considered to be major (an abscess which
required surgical drainage). With a median follow-up of 36
months, there were four recurrences in 91 patients. Three of
the intraoperative and postoperative complications occurred
in the first 25 cases compared to four in the following 77
cases. Querleu et al. (195) used personal interview and a stan-
dardized questionnaire in 60 of 95 patients who underwent
LAVRH in order to assess the impact of the paracervical lym-
phadenectomy on late urinary bladder dysfunction. No differ-
ence was found between the patients operated before and after
introduction of the new procedure. However, the paracervical
dissection apparently failed to prevent the pelvic recurrences
observed in the patients who had cancers 2 cm or greater. Six
of 14 patients with tumors 2 cm or greater recurred with no
difference being observed between those who underwent
paracervical lymphadenectomy and those who did not.
Conversely, only one recurrence was observed in the group of
81 patients affected by a tumor less than 2 cm. The uselessness
of a very large surgery in small tumors is demonstrated in
Dargent’s series (unpublished data). Among 216 patients
affected by cervical cancer stages pIA2 and pIB1 who under-
went LAVRH between December 1986 and May 2002, the
actuarial 5-year disease-free survival was 94.2%. No recur-
rence was observed in the 144 patients with stage pIA and
stage pIB1 �2 cm large cancers. Conversely, among the 72
patients affected by stage pIB1 �2 cm, the addition of a para-
cervical dissection was likely to decrease the risk of recurrence,
which was as high as 18.9% during the first 3 years. Among
the 53 patients followed during 3 years or more, the number
of early recurrences was 3 of 11 after a proximal radical hys-
terectomy, 4 of 23 with a distal radical hysterectomy, and 3 of
19 with a proximal radical hysterectomy combined with a
laparoscopic paracervical dissection. Hertel et al. (196)
reported on 200 patients with cervical cancer stages IA to IIIA
treated in Jena using LAVRH, and confirmed that the inci-
dence of complications decreased significantly when compar-
ing the first half with the second half of the series (65% of the
complications in the first half vs. 35% in the second). This
decrease could be linked to improvement in the technique
(197,198). It could also be due to a change in the surgical rad-
icality. In the reported series, the VRH was either performed
according to the Schauta-Stoeckel technique that is similar to
type 2 radical hysterectomy (102 cases) or according to a
more extensive original technique (98 cases) described by
Possover et al. (199). At the time of the report, no change in
the indications was formally introduced, but after having
identified three independent risk factors for recurrence (tumor
node metastasis (TNM) stage IB2 or greater, lymph node
metastasis, and lymphovascular space involvement), the inves-
tigators decided not to use LAVRH for high-risk cases and to
reserve it only for low-risk cases. This resulted in a projected
98% 5-year overall survival rate, even when the more patient-
friendly Schauta-Stoeckel technique was used (average dura-
tion of the surgery 298 minutes vs. 371; p � 0.0001).

Laparoscopic Vaginal Radical Trachelectomy

Radical trachelectomy is a conservative variant of radical hys-
terectomy for young patients affected by early invasive cancer on
the superficial aspect of the cervix. This operation was devised
by the Romanian gynecologist Aburel using a laparotomy.
None of his patients ever became pregnant. Postoperative

adhesions, excessive tissue removal, and inaccurate isthmovagi-
nal suturing were the probable causes for the lack of pregnancies
in his patients. Using the laparoscopic vaginal approach allows
successful outcomes.

The operation proceeds the same way as LAVRH. The arch
of the uterine artery is identified, and the uterine artery must
be preserved. Once the arch is identified, the afferent branch is
followed laterally, ensuring that no lymph node is located
along its course (if so, this node is removed). Once this dissec-
tion has been completed, the dorsal aspect of the paracervical
ligament and its superior and inferior brims are cleared. The
paracervical ligament is then divided at the same level that it is
divided in LAVRH. The clamps are put in place taking care not
to compromise the uterine artery. The uterine artery collaterals
going to the lateral fornix and to the cervix (cervicovaginal
arteries) are controlled and divided. At this stage, the most
important difference from LAVRH occurs: The uterus is divided
5 mm below the isthmus (Fig. 13.31), which is generally easy
to locate owing to the previous dissections that have freed its
anterior, posterior, and lateral aspects. The specimen is sent to
the laboratory for assessment of its superior margin by frozen
section. The cavity is sounded and a dilator is inserted to
widen the canal and facilitate the reconstruction.

Once the results of the frozen section determine negative
margins, the reconstruction is undertaken. Initially, the
pouch of Douglas is closed with a circular running suture,
including the posterior aspect of the supraisthmic part of the
uterus and taking the stumps of the paracervical ligaments
that reattach the uterus to its natural support. Isthmic cer-
clage, using the same suture used for the conventional pro-
phylaxis of miscarriage, is then performed. Finally, the
isthmovaginal suturing is performed using two Sturmdorf
stitches approximating the vaginal mucosa and the isthmic
mucosa with great care—the previous dilation facilitates this
crucial step of the operation. The reconstruction is com-
pleted by three interrupted stitches in each lateral part and
eventually results in a new os (Fig. 13.32).

The data on laparoscopic vaginal radical trachelectomy are
sparse. After the first presentation made by Dargent et al.
(200) in 1996, Schneider et al. (201) published two cases and
then Shepherd et al. (202) reported ten cases. The patients all
had invasive cancer stage IB1 �2 cm in diameter. No compli-
cations were reported. Six pregnancies occurred after surgery
and three live infants were delivered. One septic abortion
occurred at 18 weeks and there were no recurrences. Roy and
Plante (203) reviewed their first 31 cases in 1998. Most of the
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FIGURE 13.31. Specimen of LVRT. The radicality is the same as in
the modified LAVRH. The transected uterine isthmus is visible. 
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patients were stage IA and stage IB1 �2 cm in diameter. Only
two patients had lesions �2 cm. Four complications required
laparotomy: two external iliac vessel injuries during the
laparoscopic step of the operation, one episode of intraopera-
tive bleeding, and one bladder injury during the transvaginal
step. Seven pregnancies occurred and four births were regis-
tered, one of them at 25 weeks of gestation. One recurrence
was observed among the 26 patients followed for more than 6
months (median follow-up 25 months). The patient had a
stage IIA 3-cm squamous cancer. Covens et al. (204) com-
pared 31 patients treated with laparoscopic vaginal radical
trachelectomy for stage IB1 cervical cancer �2 cm with two
control groups, one matched and the other one unmatched
(541 patients). The 2-year actuarial recurrence-free survival
rates were 95%, 100%, and 98%, respectively. The cumula-
tive actuarial conception rate at 12 months was 40%.

Dargent’s experience was reviewed in May 2002 (205). Of
the 96 patients with a follow-up of 1 to 15 years, one sec-
ondary cancer was observed (bilateral suprarenal gland cancer
in a patient treated for neuroendocrine cancer of the cervix) as
well as four recurrences. The retrospective univariate analysis
demonstrated that the maximal tumor diameter (�2 cm) and
the depth of infiltration (�1 cm) were the only two significant
factors of risk. The chance of recurrence was zero for the small
tumors, 19% for the tumors �2 cm (n � 21), and 25% for the
tumors �2 cm with a depth of infiltration �1 cm (n � 19).
The obstetric outcomes (unpublished data) were assessed at the
same time. Forty-seven patients attempted to become preg-
nant, of which 36 succeeded and 11 did not (3 because of male
factors). The 55 pregnancies ended with 11 early miscarriages,
eight late miscarriages, and 36 live births. No recurrences were
reported in the 61 patients from Shepherd et al. (206),
Schlaerth et al. (207), and Burnett et al. (208). However,
Picone et al. (209) reported the first central pelvic recurrence
after radical trachelectomy. The tumor was 21 mm large, and
the proximal tumor-free margin was only 4 mm. The recur-
rence developed on the isthmus 26 months after the surgery.
Bernardini et al. (210) reported on the obstetric outcomes of
30 patients attempting to become pregnant after radical trach-
electomy, of which 18 succeeded and 12 did not. Among the 22
registered pregnancies, 3 resulted in first-trimester abortion
and 1 in an induced 17-week abortion after rupture of the
membranes. Of the 18 pregnancies lasting past the seventeenth
week, all resulted in a viable birth, but six occurred at or
before 36 weeks of gestation.

One might assume, from summarized data, that laparo-
scopic vaginal radical trachelectomy provides the same chances
for survival as either VRH or ARH. The question remains,
however, as to whether the operation is acceptable for tumors

�2 cm in which the risk of recurrence is significant. There is
no question about the absolute contraindication when the
proximal tumor-free margin is too short (less than 10 mm).
With regard to reproductive outcome, the main problem is
miscarriage. Dargent’s early experience suggests that cervical
closure performed by the Saling method (211) at the end of
the first trimester of pregnancy could improve the efficacy of
the cerclage placed at the time of the initial procedure.

Laparoscopic Radical Hysterectomy

Laparoscopic radical hysterectomy was first introduced by
Canis et al. (27) and shortly thereafter by Nezhat et al. (1992)
(10). These two early cases were limited to stage IA2 tumors;
however, as experience grew, the procedure was applied to
larger tumors (212).

Spirtos et al. described a standardized technique to perform
what was termed a laparoscopic type 3 radical hysterectomy
(213). He separated this operation into eight components: (a)
right and left aortic lymphadenectomy, (b) right and left pelvic
lymphadenectomy, (c) development of the paravesical and
pararectal spaces, (d) ureteral dissection, (e) ligation and dis-
section of the uterine artery, (f) development of the vesicouter-
ine and rectovaginal spaces, (g) resection of the parametria,
and (h) resection of the upper vagina. All the steps are carried
out with the laparoscope, including the vaginal closure.
Spirtos et al. use staplers for transecting the parametria and an
argon-beam coagulator for dissection of the uterine artery,
ureter, and paravaginal tissue and to open the vagina. Other
American surgeons have found this technique to be successful
(29). However, the procedure can be performed with basic
bipolar coagulation (214) as well as ultrasonic energy (215).

As more surgeons began mastering the techniques of
advanced laparoscopy, additional reports demonstrating the
feasibility of this procedure began to appear in the literature.
Ramirez et al. (216) reported the M. D. Anderson experience
on 20 patients who underwent the laparoscopic radical hys-
terectomy. The procedure was completed laparoscopically in all
patients with a median operative time of 332.5 minutes (range,
275 to 442) despite nine of the patients having additional pro-
cedures performed. The median hospital stay was only 1 day
(range, 1 to 5). There were three perioperative and two long-
term complications in this series. Others have reported a high
level of success with the procedures. Gil-Moreno et al. (217)
were able to complete the procedure laparoscopically in 26 of
the 27 patients with no reported intraoperative complications.
The one conversion reported was due to technical considera-
tions. In a large series of over 300 patients, Xu et al. (218)
reported an intraoperative complication rate of 4.4%. Vascular
injury was the most common intraoperative complication.
However, the majority of intraoperative complications were
managed laparoscopically and the conversion rate was only
1.3%. There was a 5.1% postoperative complication rate with
fistula being the most common complication.

When compared to abdominal radical hysterectomy, total
laparoscopic radical hysterectomy has been shown to be feasible,
safe, and associated with low morbidity. Abu-Rustum et al. (29)
compared a group of patients who underwent a laparoscopic
radical hysterectomy with pelvic lymphadenectomy to a group
of patients managed with laparotomy. Patient age, body mass
index, stage, histology, and mean pelvic lymph node counts were
similar in both groups. Although the median operative time for
the laparoscopic procedure was significantly longer (360 vs.
285, p � 0.01), the estimated blood loss and hospital stay were
significantly less. Similarly, Frumovitz et al. (219) reported on
a comparison between 35 patients who underwent total laparo-
scopic radical hysterectomy and 54 patients who underwent
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FIGURE 13.32. Postoperative picture after LVRT. The contour of the
cervix has disappeared but the uterine orifice remains patent. 
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an abdominal radical hysterectomy. Patient demographics and
tumor factors were comparable in both groups. Although
operative time was longer for the laparoscopic group, hospital
stay, mean blood loss, and infectious morbidity were signifi-
cantly less. Mean pelvic lymph node counts of patients under-
going laparoscopic procedure were less in this report;
however, other larger comparative series have demonstrated
that pelvic node counts are the same irrespective of the
approach (219). Such a technically demanding procedure can
be taught to trainees without compromising adequacy. In a
recent case-controlled study specifically examining the use of
total laparoscopic radical hysterectomy in a fellowship pro-
gram, Zakashansky et al. (220) demonstrated that greater
node counts, decreased hospital stay, and less blood loss are
possible without increased morbidity in a training program.

Recently, follow-up data on the oncologic outcomes have
been reported. In the largest series to date, Spirtos et al. (221)
reported on 78 consecutive patients who underwent laparo-
scopic radical hysterectomy with aortic and pelvic lymph-
adenectomy. The average operative time was 205 minutes (150
to 430 minutes) and the average blood loss was 225 mL (range,
50 to 700 mL). With a mean follow-up of 66.8 months (� 1.78
months), the estimated 5-year disease-free survival was 89.7%
and the estimated 5-year overall survival was 93.6%. Similar
survival data have been reported by other groups performing
laparoscopic radical hysterectomy (222). Pomel et al. reported a
5-year survival rate of 96% in 50 patients with stages IA2 and
IB1 cervical cancers treated with laparoscopic radical hysterec-
tomy (222). Several groups have compared the oncologic out-
comes of laparoscopic radical hysterectomy with those of
abdominal radical hysterectomy. In one of the larger series pub-
lished to date, Li et al. (223) compared 90 patients treated with
laparoscopic radical hysterectomy to 35 patients treated with
traditional open surgery. Although the median follow-up was
only 26 months, the recurrence rates for the laparoscopic and
laparotomy groups were similar. 

Since laparoscopic radical hysterectomy is a technically
demanding procedure, some have implemented robotic-
assisted surgery to perform the surgery. Sert and Abeler (224)
recently published a case report on robotic-assisted radical hys-
terectomy with bilateral pelvic node dissection for a stage IB1
cervical cancer. In a larger series, Boggess et al. (225) reported
on seven type III radical hysterectomies with pelvic node dis-
section for stage IB1 cervical cancers. The mean blood loss was
143 mL (range, 25 to 300) and mean operative time was 252
minutes (range, 187 to 290). The mean node count was 35
(range, 25to 55) and all patients were discharged on postoper-
ative day 1. The authors recently compared their experience in
obese patients using a robotically assisted approach to an open
approach. Those obese patients undergoing a robotically
assisted approach had a superior node count, shorter hospital
stay, and lower blood loss, which the authors reasoned may all
contribute to reduced morbidity in this group of patients (226). 

Laparoscopic radical hysterectomy appears to be a reason-
able option for patients with early-stage cervical cancer. It can
be performed with an acceptable morbidity and outcomes
appear comparable to patients who undergo traditional open
surgery. The application of robotic assistance may allow a
greater number of surgeons to perform the laparoscopic radi-
cal hysterectomy without requiring them to acquire advanced
laparoscopic skills. 

Laparoscopic Pelvic Exenteration

Using the laparoscope to assess the feasibility of pelvic exen-
teration was addressed for the first time by Plante and Roy
(227) and subsequently reported by Köhler et al. (228). Pomel
et al. (31) extended the procedure by actually performing a

total laparoscopic pelvic exenteration with a small incision to
create an ileal conduit and the diverting ileostomy. The opera-
tive time was 9 hours, and the postoperative course was
uneventful. One can imagine that the complementary recon-
struction will eventually be performed with a closed abdomen
as well!

LAPAROSCOPY AND CANCER 
OF THE CERVIX

Although more than a century has passed since the first radi-
cal hysterectomy was performed by Clark (229), the role of
surgery in the management of cervical cancer still remains a
matter for debate. It is generally accepted that early cases can
be managed using surgery or radiotherapy. Advanced cases
must be treated using radiotherapy. The controversy arises
from the many discrepancies existing among the definition of
early and advanced cases. For some experts, the concept of
ruling out surgery in the management of bulky but resectable
tumors appears to be inappropriate considering that these
tumors are less likely to be cured by radiotherapy. What
should be the place of laparoscopic surgery in this controver-
sial area of management? For simplification, the question will
be addressed separating tumors �4 cm from tumors �4 cm.

Early Stages

Surgery and radiotherapy produce comparable survival in the
treatment of early cervical cancer (230). Even if the question of
cost-effectiveness is not clearly settled, the majority of gyneco-
logic oncologists have a preference for surgery, especially in
young patients whose ovarian function can be preserved. Data
obtained from the extensive use of radical surgery have demon-
strated that the chances for cure depend in large part on the
state of regional lymph nodes (231,232). For tumors �4 cm in
diameter, the 5-year disease-free survival is approximately
90% as long as the nodes are negative, and approximately
60% if one or two nodes are involved. Disease-free survival
drops to 15% if three or more nodes are involved. The oppor-
tunity to identify nodal spread is one of the advantages of a
surgical versus a radiotherapeutic approach. However, when
nodal spread is discovered after surgery is completed, it only
serves to help adjust adjuvant therapy that has a low efficacy
(63,233–235). Knowledge of lymph node status before the
onset of radiotherapy is obviously better. Here lies the first
indication for laparoscopy—the assessment of the regional
lymph nodes to help decide on treatment modalities.

Staging

If accepted, the concept of pretherapeutic laparoscopic staging
raises a series of practical questions, which we will try to
answer in the order in which they appear in daily practice.

Prelaparoscopic Imaging

The sensitivity and specificity of computed tomographic (CT)
scanning are approximately 60% and 85%, respectively
(236). Lymphangiography has a slightly better accuracy, but it
cannot be easily obtained in many centers. CT scanning
(and/or magnetic resonance imaging [MRI]) must be per-
formed in every case, and if enlarged nodes are detected, they
must be assessed by guided biopsy. If the biopsy reveals
metastatic involvement, there is no point in performing a
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laparoscopy. If the biopsy is negative, laparoscopy should be
undertaken.

Sentinel Node Biopsy. Although SN biopsy does not replace
systematic lymphadenectomy, it deserves to be implemented in
all cases. The first reason is that there are no false positives.
Since involved lymph nodes can lead to altered therapy, the
information is priceless. For the pathologist, identification of
the node(s) at greatest risk for metastasis may help minimize
the false-negative rate. The final (and possibly the best) reason
for performing SN biopsy is that the scientific community
needs more data and should encourage surgicopathologic
studies regarding this matter.

Management of Bulky Nodes. Even if prelaparoscopic imag-
ing does not suggest suspicious lymph nodes, it is still possible
to encounter an obviously metastatic node. Freeing such a node
laparoscopically is technically possible (139) even if vascular
adhesions exist. One should, however, refrain from undertak-
ing this dissection because of the hazard of tumor dissemina-
tion from nodal rupture. Two options for management are
suggested: (a) referring the patient to the radiotherapist after
having documented the metastatic involvement by fine-needle
aspiration, or (b) opening the abdomen and performing nodal
debulking.

Pelvic Versus Pelvic and Aortic
Lymphadenectomy

In cases where the pelvic lymph nodes appear to be unin-
volved whether at prelaparoscopic imaging, laparoscopic
assessment, or at frozen section (frozen sections done on the
SN and on the other pelvic nodes), the question is whether an
aortic dissection has to be added. The risk of involvement of
the aortic nodes is small if the pelvic nodes are negative (237).
Therefore, we assume that aortic dissection is not indicated.
If pelvic node involvement is found at the time of the initial
laparoscopic staging, one should perform a para-aortic dis-
section using the same approach—the transumbilical
transperitoneal one. If the pelvic node involvement is discov-
ered at final pathology (no frozen sections during the initial
procedure or a false negative of the frozen section: 20% to
40% of the cases), aortic dissection is performed at a second
surgery. We recommend using the left-side extraperitoneal
approach to do this. The dissection has to be extended up to
the level of the left renal vein because isolated supramesen-
teric metastasis can exist (154).

Proposed Algorithms

Many opinions exist as to the exact role of lymphadenectomy in
the management of early cervical cancers. The lymphadenectomy
itself clearly plays a role in prognosis as nodes are found to be
apparently free of disease. Radiotherapy given as adjuvant
treatment to pN1 patients decreases the chance of recurrence;
however, it can produce iatrogenic complications such as radi-
ation enteritis, which is increased if radiation follows surgical
dissection (230). Taking these facts into account, some oncolo-
gists abort surgery as soon as they know that lymph node
involvement exists. Others may proceed with radical surgery in
spite of nodal disease, and in such cases, these surgeons deny
any value to laparoscopic staging. The former group may have
interest in laparoscopic staging, but the question remains of
how to adopt this in the pN1 cases. The proposed algorithms
(Figs. 13.33 and 13.34) represent a compromise taking into
account the truth in surgical dissection for patients with lim-
ited nodal involvement and the necessity of radiotherapy in all
pN1 cases. If bulky nodes are noted at laparoscopy, debulking
probably is useful (238,239), but it appears to be safer to do
such by laparotomy.

If the nodes appear to be endoscopically normal but are
involved on frozen section, the decision depends essentially on
the number of involved nodes. If this number is less than
three, radical surgery is a reasonable choice. We prefer per-
forming it by laparotomy for safety (and rapidity) reasons. If
the number of positive lymph nodes exceeds two, primary
chemoradiotherapy is the best option, and we recommend
aborting the radical hysterectomy.

If the nodes are normal, radical surgery is the treatment of
choice. The laparoscopically assisted and the purely laparo-
scopic radical hysterectomies are offered as alternatives to
classic ARH.

Laparoscopic Assistance to Radical Surgery

After deciding to use the laparoscopic approach for perform-
ing radical hysterectomy, one must decide between the various
forms of laparoscopic assistance to VRH and purely laparo-
scopic radical hysterectomy. The data concerning both types
of approaches have been addressed in the previous sections of
this chapter. We favor the combined approach for three rea-
sons. The first is that the purely laparoscopic approach
requires a large degree of manipulation of the tumor, whereas
in the laparoscopically assisted operation there is no tumor
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manipulation during the laparoscopic step and the tumor is
protected inside the vaginal cuff at the beginning of the vagi-
nal step. The second reason is that the vaginal approach
allows easy management of the juxtauterine tissues, especially
the vesicovaginal spaces, bladder pillars, and parametrium.
Additionally, delineation of the vaginal cuff is much more pre-
cise using the vaginal route. The third and most important
reason favoring the mixed approach is that this is good train-
ing for performing radical vaginal trachelectomy.

Advanced Cases and Recurrences

Radiotherapy given for advanced cervical cancers fails in two of
three cases because of extrapelvic recurrences. These recurrences
arise mostly in the abdominal cavity either extraperitoneally
(aortic nodes) or intraperitoneally. One way of tackling this
problem could be to give systematic extended-field radiotherapy.
However, a prospective study (240) in which extended-field
radiotherapy was given either routinely or after lymphangio-
graphic selection did not yield the expected results. Moreover,
extended-field radiotherapy includes a risk of severe complica-
tions close to 20% (241). Thus, the indications for its use must
be limited to appropriately selected cases.

Staging laparotomy was devised as an answer to the ques-
tion of selection of the indications for extended-field radiother-
apy. It has some success in spite of its drawbacks, which
include intraoperative and postoperative complications and
enhanced risk of radiation enteritis because of peritoneal adhe-
sions resulting from surgery. A GOG study (242) demonstrated
that an extraperitoneal approach decreases these drawbacks,
and laparoscopy may produce an even better result.

Laparoscopic staging of advanced cervical cancer can be
performed using the classic transumbilical transperitoneal
approach, which enables the surgeon to assess the peritoneal
cavity and perform pelvic and aortic dissections. A more con-
servative approach could be limiting dissection to the pelvic
area and going further only in the cases where the pelvic nodes
are involved. Another approach entails using transumbilical
laparoscopy only for assessing the peritoneal cavity and guid-
ing digital preparation preceding extraperitoneal aortic dissec-
tion (discussed above). Most important in the selection of
extended-field radiotherapy are (a) peritoneal cytology and 
(b) the status of the aortic nodes. The status of the pelvic
lymph nodes does not alter pelvic radiation fields. This high-
lights the benefits of the combination of transumbilical
laparoscopy and extraperitoneal dissection. It is the ideal way
to perform laparoscopic staging in the management of advanced
cervical cancer (Fig. 13.35). The benefits of this staging should

not be overestimated since using laparoscopy in place of
laparotomy avoids the deleterious effects of operative adhe-
sions but does not increase survival.

An additional benefit of pretherapeutic laparoscopy is the
possibility of performing ovarian transposition for patients
less than 40 or 45 years of age. Studies demonstrate that
laparoscopic transposition is both feasible and effective (243).

An additional indication for combined laparoscopic assess-
ment is selection for pelvic exenteration in patients diagnosed
with pelvic recurrence of cervical cancer (227,228). Both pos-
itive peritoneal cytology and positive aortic nodes are con-
traindications to exenteration. As previously mentioned, it is
advantageous to identify these findings without having to per-
form a laparotomy.

Laparoscopic Surgery 
and Endometrial Cancer 

Surgery remains the cornerstone for the treatment of endometrial
cancer. Hysterectomy and bilateral salpingo-oophorectomy are
part of all traditional treatment protocols. Total hysterectomy
has been traditionally performed through an open approach to
completely assess the peritoneal cavity and perform lymph-
node sampling or lymphadenectomy. Vaginal hysterectomy has
been used in the management of endometrial cancers in certain
situations (244). However, the vaginal route does not allow for
the evaluation of the peritoneal cavity or the retroperitoneal
lymph nodes. Since the introduction of laparoscopic lymph-
adenectomy, minimally invasive surgery has become increasingly
popular in the management of gynecologic malignancies. With
the development of improved instruments and surgeons’ skills,
laparoscopic surgeons began to perform more complicated
procedures for the management of gynecologic malignancies.
Case series began to appear in the literature, and recently, more
prospective studies have been reported, with the largest one
being the GOG LAP-2 study.

Using a combined laparoscopic and vaginal approach, all
the procedures required for endometrial cancer surgery can be
accomplished. Complete assessment of the peritoneal surfaces
and retroperitoneal dissection are possible. Thus, the addition
of laparoscopy transforms the basic transvaginal hysterectomy
into an oncologic complete operation. Minimally invasive
management of endometrial cancer is appealing, and does not
require long training. This explains why the use of LAVH in
the treatment of endometrial cancer gained popularity long
before LAVRH in the treatment of cervical cancer.

Feasibility studies concerning minimally invasive surgery in
endometrial cancer are becoming more numerous. In addition
to the two early publications regarding laparoscopic manage-
ment (81,137), there have been many additional reports
(244,245) that confirm the feasibility. Recently, the GOG
completed the largest prospective, randomized trial to date
(LAP-2) in patients with clinical early-stage uterine cancer
comparing a traditional open surgical approach to laparo-
scopic management (246). Although survival data are not
available, the study did demonstrate that laparoscopic staging
can be completed in 76.3% of patients. The patients undergoing
laparoscopic staging were less likely to have their para-aortic
nodes sampled but the node positivity rate and International
Federation of  Obstetrics and Gynecology (FIGO) stage were
the same in both arms.

The advantages of laparoscopically assisted vaginal hys-
terectomy (LAVH) have been illustrated when compared to
abdominal hysterectomy for the management of early-stage
endometrial cancer in several retrospective studies. In a retro-
spective review of 320 patients, Gemignani et al. (247)
demonstrated that LAVH was associated with a decreased
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hospital stay, fewer complications, and resulted in lower overall
hospital charges. Others have also demonstrated significantly
lower hospital costs when patients with early endometrial can-
cer are managed by laparoscopy (151), but total costs may be
higher when surgeons’ fees are added (248). Cost savings are
most likely a direct result of the significantly shorter hospital
stay and have been consistently reported in both single institu-
tional retrospective and prospective series (249,250). The
multi-institutional GOG LAP-2 study also demonstrated a
shorter hospitalization with a median hospital stay of 3 days
for patients treated with laparoscopy versus a median of 4 days
in those patients treated with open surgery (246).

Patients who undergo laparoscopic surgery seem to report
a higher level of satisfaction with laparoscopy when compared
to patients treated with total abdominal hysterectomy. They
benefit from a shorter recovery time and are able to return to
work and full activity more quickly (248). In a recent prospec-
tive, randomized study comparing laparoscopy to laparotomy
in the management of endometrial cancer, Zullo et al. (250)
prospectively demonstrated that patients treated with
laparoscopy did indeed have improved quality of life for the
first 6 months after surgery. Improved short-term quality of
life was also demonstrated in the GOG LAP-2 study, which
employed the Functional Assessment of Cancer Therapy-
General (FACT-G) tool. At the 1-, 3-, and 6-week postopera-
tive intervals, scores were higher for the patients treated with
laparoscopic surgery, illustrating that quality of life was better.
However, at the 6-month postoperative interval, scores were
the same, signifying that improved quality of life was gener-
ally seen within the first 6 weeks after surgery (251).

When evaluating the two techniques in regard to their onco-
logic adequacy, both appear to be comparable. In a prospective
comparison of the two techniques, Malur et al. (252) demon-
strated that there was no significant difference in the number
of pelvic or para-aortic lymph nodes obtained. Oncologic out-
comes also appear comparable in small prospective and retro-
spective studies of women with early-stage endometrial cancer
treated by either laparoscopy or laparotomy (250,253). Tozzi
et al. reported on the survival of 122 women prospectively ran-
domized to either laparoscopy or laparotomy. With a median
follow-up of 44 months (range, 5 to 96), cause-specific survival
was similar in the two groups: laparoscopy, 90.5% versus
laparotomy, 94.9% (p � 0.47) (253). 

Prospective comparisons between the combined laparo-
scopic and vaginal approach and the abdominal approach are
available in the literature. Malur et al. (252) compared 37
patients treated by a laparoscopic and vaginal approach to 33
patients treated by laparotomy. All patients underwent pelvic
and aortic lymph node dissection except for patients with
well-differentiated tumors that invaded to less than the inner
third of the myometrium. There was no difference in the mean
Quetelet index (QI), mean number of lymph nodes, and mean
operation time. The laparoscopic group did have less blood
loss, fewer transfusions, and shorter hospital stay. With a
mean follow up of 16.5 (range, 2 to 43) and 21.6 (range, 2 to
48) months for the laparoscopic and laparotomy groups,
respectively, the recurrence-free and overall survivals were not
significantly different (97.3% vs. 93.3% and 83.9% vs. 90.9%,
respectively). Other small prospective trials have demon-
strated the association of laparoscopy with less blood loss and
shorter hospital stay in the management of endometrial cancer
(254,255). 

Since obesity is a major risk factor for the development of
endometrial cancer, many patients will present with a high QI.
Performing a staging procedure in an obese patient can be dif-
ficult, but may not be an absolute contraindication. Scribner
et al. (256) reported on their experience of laparoscopic pelvic
and para-aortic lymphadenectomy in the obese patient. In 55
patients, laparoscopic staging was completed in 44% of

patients with a QI �35 compared to a completion rate of
82% in patients with a QI �35 (p � 0.004). In spite of this
difference, the authors concluded that obesity is not an
absolute contraindication to laparoscopic staging. Similarly,
the same authors studied the surgical management of a group
of patients 65 years or older with endometrial cancer. Although
the operating room time and transfusion rate were significantly
higher in the patients managed by laparoscopy compared to
laparotomy, laparoscopy was associated with decreased hospital
stay, less postoperative ileus, and fewer infectious complications
with comparable blood loss and node counts. The authors
concluded that older age was not an absolute contraindication
to laparoscopic staging (257).

One potential drawback to laparoscopic management was
the potential for retrograde seeding with the use of a uterine
manipulator, which was suggested in a retrospective study of
377 patients undergoing either LAVH or total abdominal hys-
terectomy (TAH) for early-stage endometrial cancer (258).
The authors found that patients in the LAVH group had a sig-
nificantly higher incidence of positive peritoneal washings
(10.3% vs. 2.8%, p � 0.002). A subsequent report by Vergote
et al. (259) similarly reviewed the experience with endometrial
cancer patients treated with either TAH or LAVH without the
use of a uterine manipulator, and no difference in positive
peritoneal cytology was observed. In a prospective study of
patients with clinical stage I endometrial cancer undergoing
laparoscopic surgery, Eltabbakh et al. demonstrated that rou-
tine use of a uterine manipulator does not result in an
increased incidence of positive peritoneal cytology (260).

Laparoscopic surgery for the management of endometrial
cancer undoubtedly has its limitations. Large fibroid uteri that
cannot be removed without morcellation should not be oper-
ated on using laparoscopic surgery if endometrial cancer is pre-
sent. Placing such unusual situations aside, the preliminary
results from the GOG LAP-2 trial are encouraging and support
many of the benefits of laparoscopic surgery identified in the
studies to date. If equivalency in cancer outcomes is demon-
strated, it is likely that laparoscopy will become a mainstay in
the surgical management of early-stage endometrial cancer.

LAPAROSCOPY IN OVARIAN
CANCER

Laparoscopy can be used in several different ways in the man-
agement of ovarian cancer depending on the stage of the dis-
ease and the anticipated goals of the procedures.

Advanced Ovarian Cancer

In patients with advanced ovarian cancer characterized by
ascites, carcinomatosis, and omental cake, optimal surgical
debulking may not be feasible even by laparotomy.
Unfortunately, there is no perfect tool to determine preopera-
tively whether patients can be optimally debulked surgically.
CT scan often underestimates the extent of the disease, in par-
ticular the extent and location of carcinomatosis. Nelson et al.
have proposed a set of criteria that appear to accurately pre-
dict the inability to surgically debulk patients (261). They
found that CT scan was highly sensitive for detection of
ascites, mesenteric, and omental disease, but was poor for
detection of liver involvement, omental attachment to the
spleen, gallbladder fossa disease, and peritoneal nodules
smaller than 2 cm (262). In the early 1990s, Schwartz et al.
pioneered the concept of neoadjuvant chemotherapy in
patients with advanced disease with the goals of chemoreducing
the tumor bulk then using surgical debulking for those who
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show a good response to the chemotherapy (262,263). Recent
studies suggest that quality of life is improved with this
approach (264). However, other malignancies, particularly of
gastrointestinal (GI) origin (such as colon, pancreas, stomach,
and others) can mimic ovarian cancer. In some series, up to
20% of patients with presumed advanced ovarian cancer had
a GI primary (265) due in part to inconclusive cytologic exam-
ination of ascitic fluid. Some, however, have argued that it is
extremely accurate and helpful (266). 

In cases where the diagnosis remains unclear, histologic
confirmation of an ovarian primary is critical before initiation
of chemotherapy. However, an adequate biopsy specimen can-
not always be safely obtained under radiologic guidance. This
is where laparoscopy becomes a valuable diagnostic tool.
Indeed, the laparoscopic exploration of the abdominal cavity
allows the surgeon to determine whether the disease can be
optimally surgically debulked or not. If so, then a laparotomy
can be performed to complete the surgery. If not, an adequate
tissue specimen can be obtained for histologic confirmation.
In a recent series of 18 patients with ovarian cancer explored
laparoscopically, 7 (40%) were found to have unresectable
disease and were spared a laparotomy. In the remaining
patients, a laparotomy was performed and complete debulk-
ing was accomplished (267). In patients with advanced dis-
ease, diagnostic laparoscopy is an accurate diagnostic tool
that may obviate the need for unnecessary laparotomies and
thus contribute to a better quality of life in patients found to
have unresectable disease (268). 

In a recent series, 87 patients with advanced ovarian cancer
underwent first a diagnostic open laparoscopy (269). In 61%
of patients, optimal cytoreductive surgery was deemed possi-
ble and those patients underwent a laparotomy and debulking
surgery. The goal was correctly achieved in 96% of cases.
Conversely, in 39% of cases, optimal debulking appeared
impossible. These patients then underwent neoadjuvant
chemotherapy followed by interval debulking and adjuvant
chemotherapy. Of note, the first cycle of chemotherapy was
quickly initiated the day following the laparoscopic surgery.
Overall, 80% of patients could be optimally debulked follow-
ing three cycles of chemotherapy. The authors concluded that
diagnostic open laparoscopy is a valid diagnostic tool to eval-
uate the extent of disease and avoids unnecessary laparo-
tomies in patients where optimal debulking cannot be
accomplished (269). To that extent, Fagotti et al. proposed a
simple laparoscopy-based scoring system to estimate the
chances of achieving optimal cytoreduction based on the pres-
ence of an omental cake, diaphragmatic carcinomatosis,
mesenteric retraction, etc. A score of �8 predicted a subopti-
mal surgery with a specificity of 100%, a positive predictive
value of 100%, and a negative predictive value of 70% (270). 

However, the diagnostic laparoscopic procedure can have
some pitfalls: first, the presence of a large amount of ascites
may lead to a reduced visibility; second, the GI anatomy can
be distorted, or the colon and/or small bowel may be adherent
to the anterior abdominal wall or omentum, which may
increase the risk of bowel injury. An open laparoscopic
approach may be preferable in such cases, although a recent
large trial does not seem to indicate that open laparoscopy
reduces the risk of major complications (40). Lastly, the issue
of trocar-site implantation remains controversial, particularly
in patients with adenocarcinoma, ascites, and carcinomatosis
(see section on port-site metastasis). However, when trocar
sites are carefully closed after the procedure and the
chemotherapy is initiated within 1 week, the risk of trocar-site
metastasis can be reduced substantially (271,272). In cases of
advanced ovarian cancer, laparoscopy appears to be a good
triage method to select out patients who would not benefit
from a laparotomy and can thus be spared the associated
morbidity.

Second-Look Surgery

For those who perform second-look evaluation following
first-line chemotherapy, laparoscopy may be a valuable
approach to reduce the morbidity of the procedure. The mag-
nification of the view allows a good evaluation of the peri-
toneal surfaces, in particular the costodiaphragmatic recessus
and pelvic cul-de-sac. However, laparoscopy may be less accu-
rate in the prerenal and porta hepatis regions, as well as in the
root of the mesentery where small implants may go unnoticed.
It is reassuring that the rate of negative evaluations and the rate
of recurrences in patients with negative laparoscopic second
looks are equivalent to those described in studies of second-
look assessment by laparotomy (273). Conversely, in a prospec-
tive comparative study, a French group found the laparoscopic
second-look evaluation to be suboptimal when compared to
the abdominal approach, mainly because of the presence of
adhesions which appeared to limit the thoroughness of the
evaluation (274). In that study, the positive predictive value
was 100%, but the negative predictive value was 86% (two
false-negative cases) (274). Clearly, if residual tumor implants
are readily confirmed at laparoscopy, then a laparotomy can
be avoided in those patients. In patients with negative laparo-
scopic evaluation, it remains uncertain if laparotomy is more
accurate, particularly in patients with diffuse adhesions.
Large randomized trials are not available to answer this
important question.

However, in a recent study 99 patients who had achieved a
complete clinical response following first-line chemotherapy
underwent second-look surgery. Nearly 70% had a negative
second-look laparoscopy and were converted to a planned
laparotomy, whereas 32% had positive findings at laparoscopy
and thus were spared a laparotomy. In that study, the negative
second-look laparoscopy predicted a negative laparotomy in
91% of the cases and was associated with a lower complica-
tion rate. The authors concluded that the small increase in sen-
sitivity offered by laparotomy does not warrant the increased
morbidity (275).

In terms of morbidity, a pilot study from Memorial Sloan-
Kettering demonstrated that the laparoscopic approach
results in less morbidity, shorter operating time, shorter hos-
pital stay, less blood loss, and lower total hospital charges
(276). In a series of 150 cases, Husain et al. also concluded
that the complication rate of the laparoscopic approach is
low and that it is a safe approach even in patients who had a
prior abdominal surgery (273). Clough et al. have also
reported similar findings (274). Concerns about the effect of
CO2 pneumoperitoneum on the risk of tumor dissemination
have been raised (see section on gasless laparoscopy).
However, a recent study including 131 patients operated on
by laparoscopy does not seem to indicate that laparoscopic
surgical procedures with CO2 pneumoperitoneum reduce
overall survival of patients with metastatic intra-abdominal
carcinoma of ovarian/peritoneal origin (89). Lastly, in the
context of second-look surgery, laparoscopy may be used to
place intraperitoneal catheters under direct laparoscopic
guidance in patients found to have residual disease at the time
of the second-look operation (277).

Staging Procedure in Early-Stage Disease

On occasion, despite thorough preoperative investigation,
patients are operated on for a presumed benign ovarian mass,
yet an unexpected diagnosis of ovarian cancer occurs on final
pathology, or the operating surgeon does not feel comfortable
completing the staging procedure. In such situations, a com-
plete surgical staging at a second surgery should be performed

Chapter 13: Laparoscopic Surgery in Gynecologic Cancer 317

Barakat_CH13-289-324.qxd  2/24/09  4:02 PM  Page 317



to determine the true stage. This information is critical for rec-
ommendations of adjuvant chemotherapy. Roughly, in pre-
sumed stage I disease, the chances of finding more advanced
disease is in the range of 20% to 30% and the most frequent
sites of metastasis are the lymph nodes (278,279). Laparoscopy
may be an excellent alternative to complete the staging in such
cases since a complete pelvic and para-aortic node sampling, an
infracolic omentectomy, and a complete peritoneal assessment
(�/� contralateral bilateral salpingo oophorectomy [BSO] and
vaginal hysterectomy in older women), can be safely performed
laparoscopically (280–283). Early studies showed that the mor-
bidity of the laparoscopic procedure is low and the results are
accurate (280–283). In the early 1990s, Querleu and Leblanc
even demonstrated that a complete laparoscopic infrarenal
lymph node dissection could be accomplished in the context of
restaging ovarian or fallopian tube cancers (15). In a more
recent study including 46 cases, infrarenal lymphadenectomies
were performed laparoscopically (156). The morbidity was low
and the authors noted that the number of lymph nodes
obtained was doubled compared to the number of lymph nodes
obtained by the more frequently performed inframesenteric
lymphadenectomy (156). 

Over a 10-year experience, Leblanc et al. laparoscopically
restaged 42 patients with apparent early ovarian cancer and 
7 with fallopian tube cancers. Only one patient had to be con-
verted to a laparotomy because of adhesions and 19% were
upstaged as a result of the staging procedure. They concluded
that laparoscopic surgery meets the standards of a complete
staging procedure, spares the patients the inconvenience of a
laparotomy, and accurately identifies patients with more
advanced disease who require adjuvant chemotherapy (284).
In a recent GOG trial, Spirtos et al. completed the staging of
incompletely staged gynecologic malignancies including ovar-
ian and fallopian tube cancers. They noted a conversion rate
of 20% to laparotomy, most often due to the presence of
adhesions. Nevertheless, nearly 70% of patients had a success-
ful complete laparoscopic staging and 11% were found to
have more advanced disease (285).

Although there are no randomized trials comparing both
approaches, it would appear that a comprehensive laparo-
scopic restaging of patients with early-stage ovarian cancer is
feasible, accurate, and the morbidity is lower compared to the
same procedure done by laparotomy. However, this procedure
should only be performed by experienced and skilled laparo-
scopists capable of performing advanced and complex onco-
logic laparoscopic procedures.

With regard to borderline tumors, the value of a restaging
procedure is controversial since the prognosis of patients with
presumed stage I disease is excellent, and the value of adjuvant
treatment is questionable even in more advanced disease. In a
series of 56 patients referred with a suspected stage IA disease,
only 4 (7%) were upstaged (286). Conversely, in a recent
series of 30 patients who underwent complete laparoscopic
staging for presumed ovarian cancer, 26.6% of patients were
upstaged as a result of the staging procedure (287). However,
all the patients are alive with the exception of only one patient
who developed a recurrence (287). The authors concluded
that whenever staging of a patient with a borderline tumor is
considered, laparoscopy appears to be the method of choice
since the procedure is accurate, the complication rate and the
morbidity are low, and, very importantly, the incidence of
infertility in young patients is minimized (287). It would
appear, however, that laparoscopic ovarian cystectomy only
for borderline tumor is associated with a higher risk of recur-
rence compared to a complete oophorectomy (131). Indeed,
Darai et al. recently published their results regarding the
laparoscopic restaging of borderline tumors and confirmed
the feasibility of that surgical approach. In their series, there
were no conversions and no intraoperative or postoperative

complications. As expected, they noted that ovarian cystec-
tomies were associated with a higher risk of persistent lesions,
and the risk of upstaging was higher in cases of serous border-
line tumors (288).

Laparoscopic Surgical Management 
of Early-Stage Ovarian Cancer

It is uncommon for gynecologic oncologists to knowingly
operate on women with ovarian cancer laparoscopically
unless it is to determine the resectability of patients with
advanced disease (see section above). Thus, in most instances
the ovarian cancer is diagnosed inadvertently at the time of
surgery for a presumed benign ovarian mass. There are two
options: (a) complete the surgery laparoscopically or (b) con-
vert to a laparotomy.

In experienced hands, the surgery can technically be com-
pleted laparoscopically, particularly when the cancer appears
to be limited to the ovary and when there is no evidence of
gross metastatic disease (39). In a recent series reported by
Havrilesky et al., the ovarian malignancies discovered at the
time of laparoscopy for pelvic masses were managed laparo-
scopically and this was not associated with an adverse out-
come (109). A recent study comparing 15 cases of early
ovarian cancer managed by laparoscopy to 19 cases managed
by laparotomy shows no difference in outcome between the
two groups. Complication rate and shorter hospital stay were
in favor of the laparoscopy group (289). Lecuru et al. found
no deleterious influence of laparoscopy as first surgical access
on outcome of patients with early-stage cervical cancer (290).
However, in a recent survey, Leblanc et al. concluded that
complete laparoscopic management of early-stage ovarian
cancer is feasible in selected cases, but should be reserved to
surgeons with advanced skills in laparoscopic surgery (291).
Obviously, when faced with the discovery of an ovarian malig-
nancy, another option is to convert the laparoscopy to a
laparotomy to complete the surgery if surgeons do not feel
comfortable performing the whole staging laparoscopically
(106,292).

Whether or not laparoscopy compromises outcome in
patients managed laparoscopically for a pelvic mass compared
with patients managed by laparotomy is not clear (293).
Unfortunately, there are no prospective, randomized trials
with a large number of patients and long-term follow-up to
answer this very important question. There are several uncer-
tainties that are still not well answered with regard to the
safety and efficacy of minimally invasive surgery in early-stage
ovarian cancer (294). Until such solid data are available,
oncologists should remain very cautious with regard to the use
of laparoscopy in the management of suspicious complex
adnexal masses and early-stage ovarian cancer. Caution
should be used when counseling such patients. First and fore-
most, minimal access surgery should not compromise out-
come, particularly for patients with early-stage disease who
have an excellent prognosis. 

There are a few concerning reports of trocar-site recur-
rences following laparoscopic surgery. For instance, an iso-
lated abdominal wall metastasis has been reported in a
woman operated on for early-stage ovarian cancer 10 years
earlier (295). Port-site metastasis at the trocar site of a previ-
ous endocholecystectomy performed 7 months prior to
abdominal surgery for advanced ovarian cancer has also been
reported; the metastasis appeared after completion of platinum-
based chemotherapy (296). These two reports suggest that
cancer cells can probably be trapped at the level of trocar sites
and remain dormant for several years. Trocar-site metastasis
may also be only the tip of the iceberg. Indeed, CT scan may
show more extensive spread either within the abdominal wall
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tracking or associated with intra-abdominal carcinomatosis
(297). Huang et al. also recently reported that port-site metas-
tasis that appears during chemotherapy or after adequate
chemotherapy is associated with a very poor prognosis (298).
Trocar-site metastasis associated with laparoscopic surgery is
a very serious condition and all efforts should be made to
reduce its occurrence.

Despite the above, the risk of malignancy in patients oper-
ated on for presumed benign pelvic masses is relatively low
(Table 13.1) (39,94–109) but will always be present despite
adequate and thorough preoperative evaluation. The majority
of women will benefit from the minimally invasive laparo-
scopic approach, which is clearly associated with lower mor-
bidity and cost. In the event of a malignancy discovered at the
time of surgery, clear mechanisms have to be in place to mini-
mize the risk of tumor dissemination, particularly at the level
of trocar sites: appropriate surgical technique to prevent
tumor spillage (avoid cyst puncture or morcellation, use of
endobag, proper closure of trocar sites, etc.), conversion to
immediate laparotomy if satisfactory surgery cannot be ade-
quately completed laparoscopically, and rapid referral to
proper centers to either complete surgery or for adjuvant
chemotherapy. Proper teaching following strict oncologic and
surgical principles is thus essential to promote safe laparo-
scopic surgery (299). If strict guidelines are followed, in the
end, women will benefit from the minimally invasive laparo-
scopic surgery for the management of benign masses, and out-
come should not be jeopardized for those found to have a
malignancy discovered inadvertently. 

Hand-Assisted Laparoscopy

Hand-assisted laparoscopy (HAL) has been introduced as an
adjunct to conventional laparoscopic surgery to facilitate the
surgery and reduce the rate of conversion to laparotomy. It is
used more frequently by GI and genitourinary (GU) surgeons,
and procedures such as splenectomy, pancreatectomy, hepatec-
tomy, nephrectomy, prostatectomy, and colectomy have been
successfully performed by HAL. The HAL approach implies a
6 to 8 cm skin incision in order to place the gel port through
which the surgeon’s hand and the laparoscopic instruments
can be introduced while maintaining the pneumoperitoneum.
HAL confers several advantages over laparoscopy alone:
return of tactile sensation, improved spatial relationships,
rapid exploration of the abdomen, palpation of intra-abdominal
organs and masses, retraction and reflection of tissue planes,
atraumatic blunt dissection, rapid control of bleeding, and
lysing of dense adhesions. Even though a longer incision has
to be made, HAL appears to maintain all the benefits of con-
ventional laparoscopic surgery, i.e., less postoperative ileus
and pain, less blood loss, and shorter hospital stay. In addi-
tion, HAL frequently reduces the operating time and shortens
the learning curve.

HAL seems underused in gynecologic oncology surgery, and
only a few groups have reported their experience so far.
Spannuth et al. recently reported their experience with the man-
agement of 29 patients with a pelvic mass by HAL versus 41
managed by conventional laparotomy. The two groups were
comparable in terms of age, body mass index (BMI), and size of
the mass, and they found that HAL was associated with statisti-
cally lower blood loss, shorter hospital stay, and fewer postop-
erative complications (300). Krivak et al. approached 25
patients with ovarian cancer by HAL. Of the 19 with apparent
early-stage disease, 10 (53%) were up-staged as a result of the
full staging procedure done by HAL, and 88% of the cases were
successfully completed by HAL (301). HAL has also recently
been used to manage recurrent disease. The ideal situation 
is one where the recurrence appears to be an isolated mass.

Chi et al. recently described the technique for HAL splenectomy
in five patients with an isolated recurrence in the spleen. The
procedure was safely performed without complications (302). 

VIDEOENDOSCOPIC SURGERY
AND CANCER OF THE VULVA

AND VAGINA
Surgery for the management of cancers of the vagina and/or
vulva includes lymph node dissection. For cancers of the
upper half of the vagina, the management is similar to that of
patients with cervical cancers. Open surgery is the standard, but
laparoscopically assisted vaginal radical surgery can be used
as well (303). The best indication for laparoscopy may be for the
reoperation of patients with incidental cervical cancer discovered
at simple hysterectomy. This “Schauta sine utero” (304) seems
to be safer than the classic open restaging. In a series of 17 patients
managed between 1987 and 2003, no recurrence was observed
among the 4 patients considered as being free of disease after
laparoscopic vaginal restaging versus 1 of 4 patients who under-
went only laparoscopic restaging and 1 of 3 patients who under-
went abdominal restaging and were considered to be disease-free
(DFD, unpublished data).

CONCLUSIONS
The most difficult question to answer is the actual benefit
both the patient and the surgeon garner from the use of
laparoscopic surgery rather than classic open surgery. For
extirpative surgery, this benefit remains purely hypothetical as
there is a paucity of level one evidence on this subject. The
GOG has launched a trial to assess the advantages of laparo-
scopic surgery in the management of endometrial cancer. A
French group has done the same for the management of early
cervical cancer. Both organizations have met similar difficul-
ties in enrolling patients owing to the public awareness that
laparoscopic surgery is more patient friendly. This concept
may deter patients from participating in randomized trials
that could result in patients foregoing laparoscopy for laparo-
tomy. However, without such randomized trials, the questions
surrounding the laparoscopic approach, which include quality
of life, will never be answered. The only truly recognized
improvement is radical trachelectomy. Although no births
were reported after the initial attempts of the pioneers using an
abdominal approach, one birth was reported by the new sup-
porters of the older method (305). This one success is in contrast
to the numerous births reported after the laparoscopic vaginal
operation. In regard to staging surgery, laparoscopically assisted
staging surgery greatly reduces morbidity without sacrificing
accurate assessment of disease spread. A brief operative proce-
dure and hospitalization can now provide definitive information
upon which appropriate treatment can be prescribed. Here
may be the future of laparoscopic oncosurgery. However, even
with this indication where the superiority to open surgery
looks clear, we still require prospective evidence upon which it
can be justified.
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INTRODUCTION TO
RADIOBIOLOGY

Radiobiology is the study of the action of ionizing radiations on
living things (1). It is important for radiation oncologists to
know the most appropriate dose to potentially irradicate the
tumor and the normal tissue tolerance doses for those organs in
the radiation field. The published literature includes clinical and
laboratory data to support various dose/fractionation schemes
as well as acceptable dose ranges to the normal tissues. The size
and histology of the tumor as well as the relationship of the
tumor to the normal organs within the radiation field will help
to determine the total dose and the dose per fraction. Almost
every radiation oncologist approaches treatment planning by
considering whether the therapy is curative verses palliative. If
curative, then the focus becomes identifying the location of the
disease and how best to irradicate it. Typically, radiation and
chemotherapy treatments take place over many months, and
upon completion of treatment, if there is still a clonogenically
viable cell that remains, then the tumor will ultimately recur.
Clinical radiobiology focuses on steps that maximize the chance
for cure and decrease the chance for side effects. 

As in pharmacology, radiation effects exhibit a sigmoidal
dose-response curve. In the case of radiation, the interpretation
of the curve becomes far more complex because multiple inde-
pendent processes govern responses to radiation. Pharmacology,
on the other hand, tends to be simpler because classic examples
can be described by a ligand binding to a group of receptors ini-
tiating subsequent events. Keeping this in mind, consider the fol-
lowing theoretical dose-response curve for tumor control
probability and normal tissue complications in the presence and
absence of chemotherapy (Fig. 14.1). Ideally, there is a great deal
of separation between the curve on the left, representing chances
of tumor control, and the curve on the right, representing the
chance for toxicity. An intolerable situation is where the curves
are close together since, as they approach one another, the
chances of control and toxicity become equal and the therapeu-
tic range (TR) narrows. Therefore, the most important goal of
radiobiology is to understand the basic science behind the inter-
action of radiation and cells with the hope of maximizing the
risk-benefit ratio for patients.

Models for Cell Kill

Tumor Control Probability 

The simplest model one can envision for the sterilization of
cancer cells by radiation in a given volume is the log cell kill
model. A typical course of radiation therapy is given in 10 to

RADIATION ONCOLOGY 
AS A SPECIALTY

Radiation oncology is a specialty focused primarily on the
treatment of malignancies, although there are a number of
benign diseases for which radiation can be used. Training in
radiation oncology begins with internship followed by 4 years
of residency. Board certification follows, requiring successful
completion of both written and oral exams. Residency training
includes an in-depth understanding of the natural history and
treatment of all malignancies including the roles of surgery
and systemic therapy in this era of multimodality therapies. An 
in-depth understanding of surgical procedures, pathology, and
radiologic anatomy, as well as the efficacies and toxicities of
systemic therapy, are required. Formal instruction in physics
and radiobiology is also part of the residency training.
Subspecialization can follow with a specific practice focus on
gynecologic or other cancers. Only a few centers sponsor fel-
lowships, which are usually focused on brachytherapy or other
special procedures. Brachytherapy skills are especially impor-
tant in the curative treatment of patients with gynecologic can-
cer. In addition, contemporary treatment of gynecologic
malignances requires mastery of rapidly evolving technology
for delivering external beam irradiation with techniques such
as intensity-modulated radiation therapy (IMRT) and image-
guided radiation therapy (IGRT). Radiation oncologists are
important contributors in the management of individual
patients and in multidisciplinary tumor boards. Having a
knowledgeable and subspecialized radiation oncologist and
gynecologic oncologist paired is a great benefit to all. In addi-
tion to radiation oncologists, other allied health professionals
are integral to the radiation oncology department and treat-
ment delivery. Radiation therapists are the individuals who
actually operate the radiation equipment and deliver the radia-
tion treatments. Some of them will obtain a Bachelor of Science
degree followed by a 13-month training program in radiation
therapy. Alternatively, a 2-year associate degree in diagnostic
radiology can be obtained followed by 1 to 2 years in radiation
therapy training. Dosimetrists are primarily responsible for
doing the radiation therapy planning or dosimetry prior to
treatment delivery. Most of these individuals are former radia-
tion therapists. An additional 1 to 2 years of training under a
physicist and board certified dosimetrist, as well as additional
years of practice, are required to be eligible for board certifica-
tion. Radiation physicists supervise and review the work of
dosimetrists. Physicists are also integral to the introduction
and maintenance of the rapidly evolving technology in radia-
tion oncology departments. They are very involved with qual-
ity assurance and radiation safety. They can be Master’s level
or PhD level physicists and should be board certified. 
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40 fractions administered over 2 to 8 weeks. Each fraction
kills a fixed percentage of cells. We are trained at a young age
to mathematically think in base 10, and therefore a conve-
nient number to consider is the D10 or the dose which kills
90% of the cells. If there are 100 cells and a D10 dose is
administered, 10 viable cells remain. D0, a commonly used
term, is the dose of radiation that kills 63% of cells. D0 is
related to the more convenient parameter D10 by the following
formula: D10 � 2.3 � D0. Consider a tumor 1 g in size, which
has 109 cells. If the D10 for this tumor is 3 Gy, how many frac-
tions are required for a 90% chance of sterilization? The log
cell kill model gets slightly more complicated when dealing in
fractions since 1/10 of a viable cell does not exist. Instead,
0.1 cells represent a 10% chance that a viable cell will exist at
the end of therapy. Therefore, a tumor with 109 cells requires
10 decades of cell kill for a 90% chance of tumor control.
Three Gy � 10 fractions � 30 Gy total dose. This model makes
a number of invalid assumptions such as D10 remaining constant
throughout the course of radiation. As discussed later, there
are data that support D10 both increasing and decreasing
throughout treatment. 

When it comes to actually treating patients, physicians do
not actively engage in the above mental exercise. However, the
basic concepts of the log kill model are reflected in the admin-
istered treatments. Consider, for example, curative therapy for
cervical cancer. Radiation oncologists begin treatment plan-
ning by first identifying the targets GTV (gross target volume)
and CTV (clinical target volume) (Fig. 14.2). The CTV is any
region that has a high likelihood of harboring malignancy, but
otherwise appears normal. For cervical cancer, this could be
normal-sized pelvic and possibly paraaortic lymph nodes or
an area of positive margin. The CTV typically requires a lower
dose of radiation for control, ranging from 45 to 54 Gy. The
GTV is defined as any disease that is identified either radiograph-
ically or by physical exam and requires a higher dose of radia-
tion, such as 80 to 90 Gy in cervical cancer patients. Attaining
these doses of radiation while respecting normal tissue toler-
ance is not feasible with external beam radiation therapy
alone and brachytherapy is required. If a patient undergoes a
hysterectomy where bulk tumor is removed, then there is not a
GTV and brachytherapy is often not needed. So, while the cell
kill model is of little practical importance, it is used nonquanti-
tatively for almost every patient receiving radiation treatments. 

Cell Survival Curves 

The log cell kill model describes cell kill in very simplistic terms
such that a given radiation dose will kill a certain percentage of
cells and that a tumor receiving a fractionated course of radia-
tion gets progressively smaller with time. This approach looks
at behavior in a population of cells, which is practical, but gains
very little insight into events at the molecular level. The reason
is that measuring the diameter of the tumor is not a very accu-
rate way of estimating cell kill. Additionally, tumor cells may
have undergone clonogenic cell death, wherein they are still pre-
sent but unable to reproduce. Therefore, one does not necessar-
ily have to kill all cancer cells in order to achieve cure if the
remaining ones are unable to reproduce.

In order to understand events at the molecular level, one
needs to accurately measure cell kill. The technique used most
commonly first involves creating a suspension containing the
target population of cells at a known concentration (Fig. 14.3).
An aliquot with a known number of cells is plated on agarose
growth media and allowed to incubate. As one would expect,
not all the cells successfully form a colony, and so plating effi-
ciency must be calculated by dividing the number of formed
colonies by the starting number of cells. The experiment is
repeated, but after plating and before incubation, the petri
dish is irradiated. The number of colonies formed is divided
by the starting number of cells, which is then divided by plat-
ing efficiency to yield the ratio of surviving cells. This experi-
ment is repeated over a range of doses of radiation and under
various conditions to yield a cell survival curve. The first fea-
ture to notice about a cell survival curve is that it uses a loga-
rithmic scale on the y-axis such that as survival approaches 0,
the curve goes to negative infinity. The benefit of plotting the
data on a logarithmic scale is that, visually speaking, we are
able to interpret whether the events driving cell kill are simple
or complex. Consider the analogy of a completely different
process, such as the decay of a pure radioisotope over time.

326 Section II: Therapeutic Modalities and Related Subjects

3000 4000 5000
Dose absorbed

6000 7000

Necrosis of
normal tissue
with chemotheraphy/
without chemotherapy

TR

TR

Lethal effect
on tumor
with
chemotheraphy/
without
chemotherapy

P
er

ce
nt

 e
ffe

ct

FIGURE 14.1. Theoretic curves for tumor control and complications
as a function of radiation dose both with and without chemotherapy.
TR, therapeutic range, or the difference between tumor control and
complication frequency. Source: Reprinted from Perez CA, Thomas
PRM. Radiation therapy: basic concepts and clinical implications. In:
Sutow WW, Fernbach DJ, Vietti TJ, eds. Clinical Pediatric Oncology.
3rd ed. St. Louis: Mosby; 1984:167, with permission from Elsevier. 

FIGURE 14.2. Target definition in radiation treatment planning for
cervical cancer. The solid circle represents the gross target volume
(GTV), which is the cervical primary defined both clinically and radi-
ographically. The clinical target volume (CTV) is the pelvic lymph
nodes, which have a high probability of at least microscopic involve-
ment. The planning target volume (PTV) is shown as the outer solid
line and represents the margin added to the CTV to account for organ
motion and daily setup error. 
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Plotting this on a linear scale over time would yield an expo-
nential curve, which is difficult to interpret. However, plotting
this on a logarithmic scale would yield a perfect straight line
indicating that a single isotope is involved. Consider a slightly
more complex situation where the decay is represented by two
radioactive isotopes with similar half-lives. Plotting this on a
linear scale would also reveal an exponential curve, which is
unrevealing by inspection. However, creating a plot on a loga-
rithmic scale would yield two lines superimposed on one
another, clearly indicating that two radioisotopes are involved. 

Two theoretical experimental cell survival curves are
shown in Figure 14.4 under LDR (low dose rate) and HDR
(high dose rate) radiation conditions. The curve for LDR is
best fit by a straight line, while the HDR curve is shown to
have two components, an earlier linear component mirroring

the LDR curve followed by a quadratic component. At higher
doses of radiation, the HDR curve always has a higher pro-
portion of cell kill than the LDR curve for any given dose. 

The rate at which radiation is delivered causes dramatic dif-
ferences in the shape of the cell survival curve. This is best
described by considering the linear-quadratic model with DNA
as the lethal target. The evidence for DNA as one of the targets
for radiation is substantial: (a) incorporation of radioactive tri-
tium into DNA causes cell death at greater rates than cytoplas-
mic tritium (2); (b) halogenated pyrimidines, when present in
DNA, increase the cell’s inherent radiosensitivity in an amount
proportionate to the degree of incorporation; (c) a correlation
between radiation, DNA double-stranded break repair, and
clonogenic survival has also been observed; (d) the concentra-
tion of DNA in the nucleus correlates positively with radiosen-
sitivity (3); (e) microirradiation techniques have shown the
nucleus to be the most radiosensitive organelle (4). 

In most instances, radiation must cause DNA damage that
results in a net loss of genetic material, thereby causing a
lethal outcome. Radiation exerts most of its deleterious effects
by causing breaks in the DNA backbone. Figure 14.5 shows
possible outcomes of photon interaction with the DNA back-
bone. Because DNA is composed of a double helix with multi-
ple local base pairs acting cooperatively, a single-strand nick is
thought to be inconsequential and is repaired by the cellular
machinery (Fig. 14.5b). In fact, multiple single-strand nicks
can occur, and if they are remote from one another, a normal
cell can repair the damage with little chance of a deleterious
outcome (Fig. 14.5c). However, two opposing single-strand
breaks locally disrupt cooperativity, and a double-stranded
break (DSB) develops. 

Once a DSB develops, the cell attempts repair by rejoining
the cut ends, as shown in Figure 14.6. There are two possible
outcomes with repair of the DSBs: the lethal outcomes are
shown at the top of Figure 14.6, wherein the chromosomes
rearrange such that a portion lacks a centromere, an acentric
fragment. When the cell undergoes mitosis, these acentric frag-
ments are eventually lost and may be identified in micronuclei,
a smaller “sub-nucleus” found in the cytoplasm in a separate
compartment from the chromosomes (5–7). The nonlethal
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FIGURE 14.3. Cell culture technique used
to generate a cell survival curve. A cell sus-
pension is used to plate Petri dishes with a
known number of cells, which are subse-
quently irradiated. Viable cells will form
colonies after incubation. The number of
viable cells divided by the plating efficiency is
used to calculate the surviving fraction. The
experiment is repeated over a wide range of
doses to produce the cell survival curve. 

FIGURE 14.4. Cell killing by radiation is largely due to aberrations
caused by breaks in two chromosomes. The dose-response curve for
high dose rate (HDR) irradiation is linear-quadratic: the two breaks
may be caused by the same electron (dominant at low doses) or by
two different electrons (dominant at higher doses). For low dose rate
(LDR) irradiation, where radiation is delivered over a protracted
period, the principal mechanism of cell killing is by the single electron.
Consequently, the LDR survival curve is an extension of the low-dose
region of the HDR survival curve.
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outcomes are shown at the bottom of Figure 14.6, where
repair results in a reciprocal translocation and preservation of the
genetic information. In some instances, the reciprocal translo-
cation results in activation of an oncogene, which may manifest
as a malignancy. It is worth noting that a “bystander effect”
has been described using microbeam irradiation techniques
(8). In this approach, a nanoscale α-particle beam is directed

at the nucleus of a single cell. DSBs can be seen to develop in
immediately adjacent unirradiated cells. This is just one
notable example where classic radiation DNA damage models
fail to explain an observation.

With the above information, the differences in the shape of
the cell survival curve under HDR verses LDR conditions can
be more easily understood. Referring back to Figure 14.4, in
the inset is shown the linear-quadratic model depicting two
DSBs that develop as result of a photon ejecting an electron,
which interacts with DNA. Recall from Figure 14.6 that two
separate chromosomal breaks are necessary for a potentially
lethal outcome. Above the quadratic model is the linear model
represented as a single ejected electron causing both DSBs and
described mathematically by εαD where ε and α are both con-
stants and D is dose. The important point is that the degree of
the linear component of cell kill, also known as α kill, is pro-
portional to D since only one photon/electron is involved. The
quadratic model also shows two chromosomal breaks. This is
caused by two separate ejected electrons and is described by
εβD2 where ε and β are constants and D is again dose. Cell kill
accounted for by the quadratic model, or β kill, is propor-
tional to D2 because two photons/electrons are involved.
Looking at the HDR curve at low doses of radiation, there is
very little β kill; however, at higher doses the β component
increases exponentially because of D2. Under LDR conditions,
the β component is absent, leaving only α kill. This is best
explained by the idea that β kill involves damage to one chro-
mosome and so is more easily repaired provided that the radi-
ation dose rate and rate of DSB formation is not significantly
greater than the cell’s repair capacity.

DNA Damage Repair and the Shape 
of Cell Survival Curves

The concept that DNA damage repair drives the shapes of cell
survival curves is well illustrated by experiments showing the
effectiveness of oxygen as a sensitizer. Oxygen is known to
chemically modify radiation-induced DNA damage making it
irreparable (8). This is known as the oxygen fixation hypothesis.
Therefore, under anoxic conditions, DNA damage repair would
be expected to increase considerably. Figure 14.7 shows an exper-
iment on cultured human embryo liver cells irradiated under
100% oxygen and nitrogen conditions. Hypoxia causes the
cell survival curve to shift to the right and change shape. 
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FIGURE 14.5. Diagrams of single- and double-strand DNA breaks
caused by radiation. a: two-dimensional representation of the normal
DNA double helix. The base pairs carrying the genetic code are comple-
mentary (i.e., adenine pairs with thymine, guanine pairs with cytosine).
b: a break in one strand is of little significance because it is readily
repaired, using the opposite strand as a template. c: breaks in both
strands, if well separated, are repaired as independent breaks. d: if
breaks occur in both strands and are directly opposite or separated by
only a few base pairs, this may lead to a double-strand break, where the
chromatin snaps into two pieces. Source: Courtesy of Dr. John Ward.
From Hall EJ. Radiobiology for the Radiologist. 4th ed. Philadelphia:
JB Lippincott Co.; 1994.

FIGURE 14.6. Most biologic effects of radiation
are due to the incorrect joining of breaks in two
chromosomes. For example, the two broken chro-
mosomes may recombine to form a dicentric (a
chromosome with two centromeres) and an acen-
tric fragment (a fragment with no centromere).
This is a lethal lesion resulting in cell death.
Alternatively, the two broken chromosomes may
exchange broken ends, called symmetrical translo-
cation, which does not lead to death of the cell, but
in a few special cases activates an oncogene by
moving it from a quiescent to an active site. 
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Up to this point, the linear-quadratic model has been used
to describe cell survival curve experiments. Another way to
describe the observations is using the multi-target single hit
model, which simply states that multiple targets within a cell
must be damaged for a lethal outcome. Therefore, at very low
doses of radiation there will be nearly 100% survival. The model
is described mathematically by Survival � 1� (1 � e�D/Do)n,
where D is dose delivered, D is the amount of radiation to
achieve approximately 63% cell kill. The parameter n is the
extrapolation coefficient or the number of targets in each cell,
and is identified by where an imaginary straight line drawn
back from the linear portion of the cell survival curve crosses
the y-intercept. It is important to note that this model makes
no statement about what the targets actually are. Since we
already know that the primary target is DNA, which can trig-
ger multiple complicated events such as repair and apoptosis,
the single hit multi-target model falls short of perfection.
Nevertheless, it is a good model for understanding the general
shapes of survival curves. Contrast this model to the single-
target single hit model, which states that a cell needs only to
sustain a single hit for lethality, and is described mathemati-
cally by Survival � e�D/Do. Therefore, even at very low doses
of radiation, there will be cell kill. Note that this model does
not have an extrapolation coefficient. 

Referring back to Figure 14.7, the cell survival curve under
anoxic conditions can be interpreted as having a higher
extrapolation coefficient when compared to 100% oxygen.
The extrapolation coefficient is shown diagrammatically by
following the dotted lines of the survival curves back to the
y-intercept. n is where the dotted line crosses the y-intercept. 

The inset shows a dose-response relationship between oxygen
and radiosensitivity. The typical sigmoidal relationship is lost
because oxygen is extremely effective at fixing DNA damage
even at low pressures. In fact, only approximately 20 mm Hg
or 2% to 3% oxygen is required to achieve the maximum oxygen
effect. The half-maximum sensitization is typically observed at
3 mm Hg or 0.5% of oxygen.

The linear-quadratic model is stated more explicitly by the
following equation:

�ln S � �D � �D2

where S is the surviving fraction and the remaining parameters
α, β, and D are the same definitions as above. The formula was
used to generate Figure 14.8. The dashed line represents the
α component and is generated by extrapolating the initial slope
of the curve to higher doses of radiation. The point at which
the α and β kill are equal is shown, and the dose at which this
occurs is called the α/β ratio. It is worth noting that the α/β ratio
is a bit of a misnomer since ratios typically are unitless values.
However, α/β has the units of Gy�1. The α/β ratio for early side
effects is thought to be higher, around 10 Gy�1, than for tumor
control and late side effects, which is around 3 Gy�1.

FIGURE 14.7. Influence of oxygen tension on
radiosensitivity. Survival curve for human embryo
liver cells in tissue culture irradiated with
and without oxygen. Source: From Johns HE,
Cunningham JR. The Physics of Radiology.
3rd ed. Springfield, IL: Charles C Thomas; 1972,
with permission.

D
am

ag
e

Dose per fraction

a /b

b  cell kill

a  cell kill

– In S = a D + b D2

FIGURE 14.8. At a dose equal to the α/β ratio, the log cell kill due to
the α process (nonreparable) is equal to that due to the β process
(reparable injury): α/β is thus a measure of how soon the survival curve
begins to bend over significantly. Source: Reprinted from Fowler JR.
Fractionation and therapeutic gain. In: Steel GG, Adams GE, Peckham
MJ, eds. Biologic Basis of Radiotherapy. Amsterdam: Elsevier Science;
1983:181–194, with permission from Elsevier.
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Biologically Equivalent Dose

It is clear from Figure 14.4 that both the total dose of radiation
and how fast it is delivered can produce very different outcomes.
The same holds true for fractionated courses of radiation. For
example, 16 Gy delivered in a single treatment, as is the case for
radiosurgery, can sterilize a small tumor of cancer cells. However,
the same treatment delivered over 8 days would be clinically
insignificant. Figure 14.9 shows theoretical cell survival curves
for early and late reactions under two separate experimental con-
ditions, single fraction and multi-fraction regimens. Note that by
breaking up the radiotherapy in fractions, the shoulder of the cell
survival curve is repeated. A formula that would normalize a bio-
logic endpoint under various dose fractionation schemes is neces-
sary. The linear-quadratic equation can be used to derive an
equation to be used as a guide to predict various biologic end-
points and is given by the following equation:

BED � D[1 � d/(�/�)]
Where:
BED � biologically equivalent dose

D � total dose
d � dose per fraction

α/β � dose where the α component of cell kill equals
the β component

A good example where the formula aided the design of a
randomized trial, RTOG 8305, is shown below (9). This trial
investigated two different fractionation schemes in the treat-
ment of metastatic melanoma.

Early Side Effects (assumes an α/β of 10)
Arm 1 (32 Gy at 8 Gy/fxn):

BED � D[1 � d/(α/β)]
� 32 Gy (1 � 8 Gy/10 Gy)
� 57.6 Gy

Arm 2 (50 Gy at 2.5 Gy/fxn):

BED � D[1 � d/(α/β)]
� 50 Gy (1 � 2.5Gy/10 Gy)
� 62.5 Gy

Late Side Effects/Tumor Control (assumes an α/β of 3)
Arm 1 (32 Gy at 8 Gy/fxn):

BED � D[1 � d/(α/β)]
� 32 Gy (1 � 8 Gy/3 Gy)
� 117 Gy

Arm 2 (50 Gy at 2.5 Gy/fxn):

BED � D[1 � d/(α/β)]
� 50 Gy (1 � 2.5Gy/3 Gy)
� 92 Gy 

In this instance, the BED calculations predict that arm 1
will have slightly more early and late side effects but better
tumor control. BED calculations are used as a guide for deter-
mining doses. Oftentimes the calculations do not translate
directly into the clinical setting outcomes. For example,
RTOG 8305 was not able to detect a difference between the
two dose fractionation schemes.

The Cell Cycle

The cell cycle is an ordered set of events, resulting in cell
growth and division into two daughter cells. The steps, pic-
tured in the middle of Figure 14.10, are G1-S-G2-M. The G1
stands for “gap 1,” and S phase stands for “synthesis” and is
the point at which DNA replication occurs. Late S phase is the
most radioresistant phase of the cell cycle since the DNA repair
machinery for replication can also repair radiation damage.

The G2 stage stands for “gap 2,” and M phase stands for
“mitosis” and is when nuclear division occurs. M phase is also
the most radiosensitive phase of the cell cycle since this is an all
or nothing event. In other words, once the cell enters into M
phase, it will attempt to complete this phase of the cycle with-
out arresting. Therefore, any DNA damage caused generally
will be passed along to the daughter cells and may be fatal.
This is one important reason why rapidly dividing cells such as
cancers are radiosensitive. Not shown in Figure 14.10 is G0,
which is a stable state of the cell and is typically observed with
well-differentiated cells that have reached end stage of develop-
ment and are no longer dividing (i.e., neuron). 

There are three major classes of proteins that orchestrate the
cell cycle in mammalian cells: (a) cyclins, (b) cyclin-dependent
kinases (cdk in mammals, cdc in yeast), (c) proteins that regulate
(a) and (b). Cyclins are generally synthesized and degraded
for each phase of the cell cycle. Alone they have no intrinsic
enzymatic activity; rather, they bind to and activate cdks.
Monomeric cdks are protein kinases that are inactive and
require association with a specific cyclin and phosphorylation
of a series of conserved threonine residues to become active.
Cyclin D/cdk4 is involved with G1 phase of the cell cycle,
cyclin E/cdk2 with G1 to S phase, cyclin A/cdk2 with S to G2,
and cyclin B/cdk1 with M. 

Cellular Response to Radiation

When a cell is irradiated, there are, in general, four possible
outcomes. The cell can survive, undergo apoptosis, undergo a
mitotic death, or senesce. Survival requires cell cycle arrest and
repair of damaged DNA. Apoptosis requires intact molecular
biologic pathways that favor an ordered process of programmed
cell death within hours of exposure to radiation. Unfortunately,
most tumors have mutations in these pathways, but in malig-
nancies such as lymphoma where these pathways are intact,
the tumors can respond after only a couple of radiation treat-
ments. Cells that die a mitotic death undergo a catastrophic
event when trying to replicate and so responses may take days.
Tumors that die via this mechanism are more radioresistant
and result in necrotic masses on imaging after completing a
course of radiation. Senescence is a state in which proliferation
is irreversibly arrested and the cell may eventually die. Note that
senescence is a metabolically active state, which is different
from G0, which is typically metabolically inactive.

Inherent to the cell is a type of thermostat, which influ-
ences the radiation responses to favor any of the above
processes. Protooncogenes are regulator proteins that, due to
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FIGURE 14.9. Difference in cell survival curves for acute and late
radiation effects with single or multifractionated doses of irradiation.
Source: Reprinted from Fowler JF. Fractionation and therapeutic
gain. In: Steel GG, Adams GE, Peckham MT, eds. Biologic Basis of
Radiotherapy. Amsterdam: Elsevier Science; 1983:181, with permission
from Elsevier.
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either overexpression or mutation, have a higher activity level,
thereby promoting unregulated division. Because this mecha-
nism is a net gain of function, only one allele need be affected
in order to see phenotypic expression. Tumor suppressor genes
keep the cell cycle in check, and so loss of function of both
alleles is typically required for dysregulation to be observed.

Cell Cycle Arrest

As previously mentioned, when a cell is irradiated, repair of
the DNA backbone is attempted, and in order for this process
to occur the cell cycle must typically arrest. There are two pro-
totypical points in the cell cycle during which arrest occurs: G1
and G2 (10,11). A major regulator of the cell cycle is the tran-
scription factor p53, which is a tumor suppressor gene that
has many pathways both upstream and downstream and is
important for G1 arrest (Fig. 14.10) (12). For example, breaks
in the DNA backbone are rejoined via the nonhomologous end-
joining (NHEJ) repair mechanisms (top left of Fig. 14.10) (13).
One critical gene, the ataxia telangiectasia gene (ATM) has a net
positive regulatory effect on p53, which, via p21 (CCDKN1A),
has a net inhibitory effect on cyclin D/cdk4, thereby favoring
arrest. This is the p53-dependent pathway of cell-cycle arrest.
An alternative pathway, independent of p53, operates via
chk1/2 and 14-3-3α gene products and has a net inhibitory
effect on cyclin B/cdk1, which promotes arrest during G2 (14).

Retinoblastoma Gene, E2F, 
and Human Papillomavirus

Retinoblastoma protein (Rb) is another critical regulator of the
G1 phase of the cell cycle (15). This gene is located on chromo-
some 13 and mutations can cause a number of tumors, the ear-
liest of which to manifest is retinoblastoma. Knudson et al.
developed the two-hit hypothesis for the inheritance pattern of
this disease (16). He recognized that there were two forms: (a)
sporadic, which compromises 60% of the cases of retinoblas-
toma, whereby mutations occur as random events in both alle-
les. Patients typically have unilateral disease and a marginal risk
for developing second malignancies in response to radiation. (b)
Inherited, where a germ-line mutation results when an abnor-
mal allele is inherited from a parent. Patients with this form of
retinoblastoma are more likely to develop bilateral disease and
have a profound sensitivity toward developing radiation-
induced second malignancies. Rb acts by binding and inhibiting
E2F, a transcription factor essential for G1. Phosphorylation of
Rb results in release of inhibition of E2F and subsequent cell
cycle progression. Human papillomavirus gene product pro-
duces an oncogene, E7, which binds to Rb and releases inhibi-
tion of E2F, thereby promoting cell division (17). 

Apoptosis

Apoptosis can begin in two distinct manners: (a) extrinsic
pathway, where the apoptotic stimulus occurs extracellularly,
or (b) intrinsic pathway, where the cascade of events is contained
intracellularly. Figure 14.10 shows both pathways converging on
caspase 8 (cysteine aspartic acid-specific proteases). Caspases
are expressed as inactive precursors (procaspases), which are
proteolytically cleaved to an active state following an apop-
totic stimulus. Upstream from caspase 8, the pathways diverge.
The extrinsic pathway begins by binding of a specific ligand
such as Fas-L or tumor necrosis factor (TNF) to a membrane
bound death receptor. The intrinsic pathway, on the other
hand, requires disruption of the mitochondrial membrane,
release of mitochondrial cytochrome to the cytoplasm. Cyt c
then combines with two other cytosolic protein factors, Apaf-1
(apoptotic protease activating factor-1) and procaspase-9, to
promote the assembly of a caspase-activating complex termed

the apoptosome, thereby promoting the apoptotic caspase
cascade. Bcl-2 and its family member proteins are important
regulators of apoptosis. Bcl-2 is anti-apoptotic by inhibiting
proapoptotic factor bax and inhibiting the release of cyt c into
the cytoplasm. p53 is an important inhibitor of bcl-2. All of these
pathways interact to determine whether a cell will survive or
apoptose in response to an insulting stimulus such as radiation.

Radiation Effects on Embryo and Fetus

In Utero Exposure to Ionizing Radiation

There are two models that describe the negative clinical seque-
lae of exposure to radiation to a developing fetus or embryo.
(a) Deterministic effects describe how radiation affects a large
population of cells resulting in end organ damage. A large
number of cells must die in order to induce organ failure. As
such, deterministic effects tend to have a sigmoidal dose-
response relationship with a threshold dose. As long as the
threshold dose is respected, there is very little chance of a
given toxicity. (b) Stochastic effects describe events at the cel-
lular level and how radiation induces malignancies. Stochastic
effects have more of a constant, steep dose-response relation-
ship. As such, there is no threshold dose, i.e., exposure to even
miniscule amounts of additional radiation theoretically
increases the chance of inducing a malignancy. 

Deterministic Effects—End Organ Damage and Failure

The most sensitive phase of the cell cycle to ionizing radiation
is M phase because little repair to the DNA backbone occurs
during this period. Most of the cell molecular machinery is
geared toward completing mitosis and any DNA double-
stranded breaks are passed along to the daughter cells and are
typically fatal. Since embryos and fetuses are composed of
rapidly dividing cells, they are exquisitely sensitive to radiation
and exhibit an extremely low threshold dose. Gestational age is
also a key determinant when predicting outcomes of radiation
exposure. As Figure 14.11 shows, exposure of several gray
during the first 1 to 2 weeks of gestation (peri-implantation
stage) results in loss of the embryo. However, if the embryo
survives the insult, it will go on to develop without obvious
abnormalities. This phenomenon is termed the “all or nothing
effect.” During weeks 2 to 6, the period of organogenesis is
occurring and exposure at this point results in congenital
anomalies, neonatal death, and temporary growth retardation.
Doses as low as 2 Gy have a 70% mortality. The fetal period
occurs beyond 6 weeks and exposure results in permanent
growth retardation. Irradiation during weeks 4 through 16
may produce severe eye, skeletal, and genital organ abnormali-
ties as well as microcephaly and mental retardation. According
to the Japanese survival data, the risk is approximately 40%
per gray. Exposure during weeks 16 through 20 may cause a
less severe form of stunting of growth, microcephaly, and men-
tal retardation. After 30 weeks, low doses of radiation do not
typically result in gross abnormalities.

Stochastic Effects—Cancer Induction

The Oxford Survey by Kneale and Stewart suggested that
there was an association between leukemia risk and in utero
exposure to diagnostic x-rays (18). Doll and Wakeford sum-
marized the data with the following general conclusions: Low-
dose irradiation increases the risk of childhood malignancies,
particularly in the third trimester (19). An x-ray exam
increases the risk by approximately 40% above the sponta-
neous rate. Doses as low as approximately 10 mGy increase
the risk, and the excess absolute risk is around 6% per gray.
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Solid tumors have a longer latency period of approximately
20 to 40 years, whereas leukemias have an average latency of
around 7 years. When counseling the pregnant patient or
worker, it is important to let them know the magnitude of and
potential for side effects. According to the International
Council of Radiation Protection (ICRP) Publication 84, doses
less than 1 mGy may be considered negligible, which is the
approximate dose of normal background radiation (20).
Exposures above 1 mGy require a more in-depth discussion
with the patient. ICRP Publication 84 provides detailed risk
assessments and counseling guidelines for in utero exposure.

Occupational Exposure

Once a pregnancy has been declared, the employee is encour-
aged to formally inform her employer. Further, the radiation
safety officer should interview her, her employment should be
evaluated for exposure history, and steps should be taken to
minimize exposure. The National Council on Radiological
Protection recommends that the embryo/fetus have limited
exposure to less than 0.5 Sv/month (21).

INTRODUCTION TO RADIATION
PHYSICS

Radiation physics is the study of the interaction of radiation
with matter. In the treatment of patients with radiation, this
matter is either tumor tissue or normal tissues such as the skin,
the internal organs, or the supporting tissues and structures. 

Units Used in Radiation 
and Radiation Therapy

Radiation is an abbreviation for electromagnetic radiation. It
can occur in numerous forms. The most common forms used
in radiation therapy are x-rays, γ-rays, and electrons. X-rays
and γ-rays are also known as photons or packets of energy and
are used to treat most body sites where radiation is deemed
efficacious. Other particles or forms of radiation, such as pro-
tons, neutrons, and heavier alpha particles, are less commonly
used in radiation therapy except in select clinical situations.
Protons are used increasingly in the treatment of prostate can-
cers, choroidal melanomas, skull base and paraspinal tumors,
and pediatric tumors. Neutrons have been used for salivary
gland tumors, sarcomas, and prostate cancers.

X-rays and γ-rays are forms of electromagnetic radiation,
similar to visible light, but with a much smaller wavelength,
i.e., greater energy. The difference between x-rays and γ-rays is
only their respective origins. X-rays are derived from interac-
tions in the atom that are outside the nucleus, typically by
bombardment of the atom or target with high-speed electrons.
This is the source of radiation produced by most modern
radiotherapy treatment machines termed linear accelerators or
linacs. Their name derives from acceleration of these elec-
trons. γ-rays arise from a process within the nucleus of the
atom called radioactive decay, which occurs in brachytherapy
sources and cobalt (60Co) teletherapy treatment machines.
This type of electromagnetic radiation can penetrate several
millimeters to centimeters of normal tissue, in close proximity
to tumors or tissues at risk. There is increased penetration as
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FIGURE 14.11. Summary of the effects of radiation on the developing embryo and fetus from three prin-
cipal sources: medical radiation, laboratory animal studies, and survivors of the atomic bomb attacks on
Nagasaki and Hiroshima. The animal studies indicate a wide range of structural abnormalities during
organogenesis, whereas the principal effect observed in humans is reduced head diameter with or without
severe mental retardation. Source: Modified from Hall EJ. Radiobiology for the Radiologist. 4th ed.
Philadelphia: JB Lippincott Co.; 1994.
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the energy of the gamma rays is increased. The x-rays produced
by linear accelerators are much more penetrating than 60Co
gamma rays and are used to treat tumors or tissues at a dis-
tance from the linear accelerator such as deep within the pelvis
or abdomen.

Electrons are small, negatively charged particles. Because of
their inherent charge, these particles interact more strongly
with the atoms found in tissue. Electrons will usually only pen-
etrate a few millimeters to centimeters in tissue. Similar to pho-
tons, the higher the energy of the electron, the farther it will
penetrate into the tissue. Electrons are used to treat tumors or
tissues close to the skin surface such as superficial inguinal
nodes and tumors of the skin, including vulvar cancers.

Regarding photon interactions with tissue, the dominant
process at energies used in radiation therapy is termed the
Compton effect (Fig. 14.12). The probability that a photon will
interact with a target atom is inversely proportional to the energy
of the incident photon and nearly independent of the atomic num-
ber of the target material. As a result, at the energies used in radi-
ation therapy, termed megavoltage (MV), the absorbed dose in
normal tissues is comparable to that in nearby bone. At much
lower energies, termed kilovoltage (kV), the absorbed dose would
scale with the atomic number of the target with higher absorbed
dose in bone compared to normal soft tissues.

At the second International Congress of Radiology in 1928,
the basic unit of exposure, the roentgen (R) was defined (22).
Although the original definition evolved over time, the funda-
mental idea remained the same. The roentgen is the amount of
photon radiation that causes 0.001293 g of air to produce one
electrostatic unit of positive or negative charge (esu). The value
of 0.001293 g is the mass of 1 cc of air at a temperature of 0°C
and a pressure of 760 mm Hg. The definition of the roentgen
can also be expressed in other equivalent terms:

1 R � 2.58 � 10�4 C/kg air

or, conversely, expressed in SI units, the unit of exposure is
defined by

1 C/kg � 3,876 R

Table 14.1 lists some basic units of radiation and radiation
therapy, both in historic context and in terms of modern SI
units. Kerma (kinetic energy release per unit mass) defines the
transfer of energy from photons to directly ionized particles.
These directly ionized particles, in turn, transfer some of their
energy to the medium (usually tissue). This transfer of energy
is defined as the absorbed dose to the medium from the radia-
tion beam. The SI unit for kerma is joule per kilogram (J/kg)
or gray (Gy). In a slightly confusing definition, the SI unit for
absorbed dose is also joule per kilogram or gray. The term
gray has replaced the previously used term “rad”. Oftentimes
the term centigray (cGy) is used. The cGy is equivalent to the
rad and 1 gray equals 100 cGy.

Another rationale to think and communicate in SI units is
that the roentgen was defined explicitly for photon interac-
tions and not charged particles. Kerma and absorbed dose,
although they have equivalence to the roentgen and exposure,
can be defined equally for photons and charged particles.

RADIATION PRODUCTION

Radioactive Isotopes

As mentioned before, γ-rays are typically derived from radioac-
tive isotopes, e.g., 60Co. Electrons or beta particles also come
from radioactive isotopes. In fact, most radioactive material
produces a combination of photons (gamma rays) and electrons
during the decay process. Radioactivity is the result of an atom
changing its “energy” state, usually to a lower “energy” state, by
the emission/absorption/internal conversion of photons or elec-
trons in the atom. These processes result in disintegrations or
radioactive decay whereby the atom releases photons or elec-
trons or both during the change in “energy” states. The release
of these particles is a form of radiation (or energy) that can be
used to irradiate tissues. The absorbed dose resulting from this
radiation depends on the energy and particle type as mentioned
above, as well as the tissue in which it interacts.

Radioactivity, or activity, is denoted by the symbol A and is
defined as the number of disintegrations per unit of time. The
following relationship defines activity, the decay constant, and
ultimately the half-life for a radioactive material:

A � N/t � γN

This equation is solved using an exponential solution: 

A � Aoe
�λt

where A is the initial activity, λ is the decay constant, and t is
some unit of time later. Other important units for radioactivity
and radioactive decay are the half-life, T1/2, and the average life,
Ta. The half-life is the amount of time necessary to reduce the
original amount of material by half. This is also equivalent to
reducing the original activity by half. T1/2 is related to the
decay constant by T1/2 � 0.693/λ. The average life represents
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SI UNITS FOR RADIATION THERAPY

TA B L E  1 4 . 1

Quantity SI unit (special name) Non-SI unit Conversion factor

Exposure C kg�1 roentgen (R) 1 C kg�1 ≈ 3876 R
Absorbed dose, kerma J kg�1 (gray [Gy]) rad 1 Gy � 100 rad
Dose equivalent J kg�1 (sievert [Sv]) rem 1 Sv � 100 rem
Activity s�1 (becquerel [Bq]) curie 1 Bq � 2.7 � 10�11 Ci

FIGURE 14.12. Schematic drawing illustrating the process of the
Compton effect. The incident photon interacts with one of the atom’s
outer electrons, and the energy is shared between the ejected electron
and a scattered photon. Source: From Purdy JA. Principles of radio-
logic physics, dosimetry, and treatment planning. In: Perez CA, Brady
LW, eds. Principles and Practice of Radiation Oncology. 3rd ed.
Philadelphia: Lippincott-Raven Publishers; 1998, with permission.
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the period of time that a hypothetical source would need, if it
retained its original activity for a fixed period of time (Ta) before
suddenly decaying to zero activity, to produce the same number
of disintegrations over an infinite amount time by the same
source if it decayed exponentially. Ta is related to the decay
constant and the half-life by Ta � 1/λ � 1.44 T1/2.

Radioactive isotopes can occur naturally or be created arti-
ficially. Artificially created isotopes are usually created by neu-
tron bombardment of otherwise stable isotopes. The resulting
interactions produce atoms that are inherently unstable and
will decay to a more stable form with a predictable half-life,
releasing energy or radiation through this decay. Naturally
occurring radioactive isotopes originally come from one of three

standard series—the uranium series, the actinium series, and
the thorium series—so named because of a dominant radioactive
isotope in each series. In general, the higher the atomic number,
the more likely an isotope will be radioactive. Table 14.2 lists
many of the more common radioactive isotopes and their
physical properties. For gynecologic cancers, use of radium
226 (226Ra) sources is now historic. Though cost-effective
because of its long half-life (1,622 years), radium releases a
by-product, radon gas, if the integrity of the source capsule 
is compromised. This could require closure of hospital
wards due to radon gas contamination. Cesium 137 (137Cs)
has replaced radium as a safer yet effective radioisotope. Less
shielding is required for cesium than radium, and there is no
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PHYSICAL PROPERTIES AND USES OF BRACHYTHERAPY RADIONUCLIDES

TA B L E  1 4 . 2

HVL-lead 
Element Isotope Energy (MeV) Half-life (mm) Source form Clinical application

OBSOLETE SEALED SOURCES OF HISTORIC SIGNIFICANCE
Radium 226Ra 0.83 (avg) 1,626 years 16 Radium salt encapsulated LDR intracavitary 

in tubes and needles and interstitial

Radon 222Rn 0.83 (avg) 3.83 days 16 Radon Permanent interstitial; 
temporary molds

CURRENTLY USED SEALED SOURCES
Cesium 137Cs 0.662 30 years 6.5 Cesium salt encapsulated LDR intracavitary 

in tubes and needles and interstitial

Iridium 192Ir 0.397 (avg) 74 days 6 Seeds in nylon ribbon; LDR temporary 
encapsulated source interstitial; HDR 
on steel cable interstitial and 

intracavitary 

Cobalt 60Co 1.25 5.26 years 11 Encapsulated spheres HDR intracavitary 

Iodine 125I 0.028 59.6 days 0.025 Seeds Permanent interstitial

Palladium 103Pd 0.020 17 days 0.013 Seeds Permanent interstitial

Gold 198Au 0.412 2.7 days 6 Seeds Permanent interstitial

Strontium 90Sr-90Y 2.24 MeV βmax 28.9 years — Plaque Superficial ocular 
lesions

DEVELOPMENTAL SEALED SOURCES
Americium 241Am 0.060 432 years 0.12 Tubes LDR intracavitary

Ytterbium 169Yb 0.093 32 days 0.48 Seeds LDR temporary 
interstitial

Californium 252Cf 2.4 (avg) neutrons 2.65 years — — —

Samarium 145Sm 0.043 340 days 0.060 Seeds LDR temporary 
interstitial

UNSEALED RADIOISOTOPES USED FOR RADIOPHARMACEUTICAL THERAPY
Strontium 89Sr 1.4 MeV βmax 51 days — SrCl2 IV solution Diffuse bone 

metastases

Iodine 131I 0.61 MeV βmax 8.06 days — Capsule NaI oral solution Thyroid cancer
0.364 MeV g

Phosphorus 32P 1.71 MeV βmax 14.3 days — Chromic phosphate Ovarian cancer 
colloid instillation; seeding: peritoneal 
Na2PO3 solution surface; poly- 

cythemia vera, 
chronic leukemia

Note: LDR, low dose rate; HDR, high dose rate.
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risk of radon gas leakage. With a half-life of 30 years it is also
cost-effective due to the infrequent need for replacement.
Cesium can be used clinically for years without replacement,
but the treatment duration must be adjusted to allow for
radioactive decay (23). It is typically used for low dose rate
gynecologic brachytherapy in tandem and ovoid and cylinder
applicators. Iridium 192 (192Ir) comes in various activities and
can be used for interstitial and intracavitary gynecologic
implants. Its half-life of 74.2 days requires frequent replace-
ment and, typically, this is custom ordered individually for
each implant rather than stored in the radiation oncology
department like 137Cs sources. High activity 192Ir (10Ci)
sources are used for high dose rate brachytherapy and are
replaced every 3 months, and lower activity 192Ir sources are
used for low dose rate brachytherapy. 

Linear Accelerators

Linacs are another method of producing radiation for treat-
ment of malignancies. Linacs can produce both photon and
electron beams of different energies depending on their con-
struction. The principles behind a linac involve accelerating an
initial beam of electrons across a variable electric field. The
greater the strength of the electric field, the more energetic the
electron beam. This electron beam can be adjusted to control
its shape and intensity before delivery to the patient.
Alternatively, the electron beam can be directed to a tungsten
target. The electron-target interaction creates a forward scat-
tered photon beam or x-ray. The resulting photon beam can
then be modified by the machine using filters and collimators
to produce the desired radiation field shape. 

Photon beams of different energies have a different
absorbed dose pattern within tissues. This pattern is normally
characterized as a percent depth dose or variation of dose as a
function of depth within tissue, as shown in Figure 14.13 and
Figure 14.14, and by dose profiles, or variation of dose as a
function of lateral distance at a given depth (Fig. 14.15). The
key feature in all of the figures is that higher energy photons
deposit dose at greater depths. Because of the way dose is
deposited and absorbed in tissue, the higher the photon
energy, the less dose is deposited at shallow depths toward the

surface of the patient. This is called “skin sparing” and is a
characteristic of high-energy photons. In fact, the higher the
photon energy, the deeper the point at which the maximum
absorbed dose is deposited. After this Dmax, the absorbed dose
decreases because the photon beam is attenuated by the tissues
through which it passes.

Figure 14.16 shows a simplified drawing of a linac. The
gantry (or part of the linac where radiation exits the machine)
can rotate 360° around the patient on the treatment table. The
table can also be rotated about the vertical axis of the radia-
tion beam. This combination of angles allows the radiation to
be directed to almost any part of a patient’s body. 

Modern linacs come equipped with mulitleaf collimators
(MLCs) and asymmetric jaws to control the shape of the radi-
ation beam directed before it reaches the patient (Fig. 14.17).
Prior to asymmetric jaws and MLCs, photon beam shaping
was achieved using poured blocks mounted below the lowest
machine jaws. The composition and thickness of the poured
block material are sufficient to block more than 97% of the
radiation, allowing less than 3% of the radiation to penetrate
the block and reach the patient. MLCs have mostly replaced
poured blocks, but in some cases poured blocks are still neces-
sary for detailed field shaping. 

MLCs are small (projected size at the patient ~1 cm),
adjustable collimators built into the linac gantry that work
together to create a shaped opening mimicking the effects of a
poured block. Because each MLC is adjustable, a new field
shape can be “programmed” into the gantry without the
necessity of pouring a different block for every treatment field.
With the advent of computer-controlled motion of the MLCs,
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From Cohen M, Jones DEA, Greene D. Central axis depth dose data
for use in radiotherapy. Br J Radiol 1972;11:21, with permission.

100

80

60

40

20

0
0 1 2 3 4 5

P
er

ce
nt

ag
e 

of
 m

ax
im

um
 io

ni
za

tio
n

40Co–

4 MV 8 MV

25 MV Linac

25 MV Betatron

50

40

30

20

10

Tray

No Tray

P
er

ce
nt

 m
ax

. i
on

iz
at

io
n

5 10 15 20 25 30

Depth (cm)

Side of square field (cm)

FIGURE 14.13. 60Co to 25-MV x-rays. Source: From Velkley DE,
Manson DJ, Purdy JA, et al. Build-up region of megavoltage photon
radiation sources. Med Phys 1975;2:14–19, with permission.

Barakat_CH14-325-380.qxd  3/2/09  12:43 PM  Page 336



the radiation field can be further controlled to produce an
intensity modulated radiation therapy (IMRT) treatment. In
IMRT treatments, the MLCs are used to create many small
fields of radiation within a larger treatment field. By opening
and closing these small fields, the intensity at any point within

the large field can be modulated to give more or less dose to
the tissues directly exposed to the radiation. At one gantry
angle, the IMRT field may need to spare a critical normal
structure but still treat the target to a lower dose, while in
another gantry angle, that same critical structure may be out
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of the field and the target can get a higher intensity to compen-
sate for the lowered intensity in the first field. This adaptability
allows the radiation treatment planner to create and deliver
very complex treatment fields that improve target coverage
while attempting to spare normal tissues. In practical terms,
IMRT treatment plans are an improvement of the more con-
ventional three-dimensional (3D) conformal treatment plans.
3D conformal treatment plans use fewer fields to achieve nom-
inal coverage of the treatment target. At each gantry angle, the
radiation is either hitting the target/normal tissue or not with a
simple shaped treatment field. Normal tissues may be impossi-
ble to spare relative to adjacent targets. IMRT treatment plans
may use similar gantry angle setups, but with the additional
intensity modulation, the IMRT fields can create a complicated
dose distribution within the patient. In some cases, where the
normal tissues are relatively far from the target tissues, there
may be no benefit or rationale for the more complex IMRT
treatment plan compared to 3D conformal treatment plans. In
cases where the proximity of normal tissues and target vary
across a field and between gantry angles, IMRT may prove the
more efficient treatment plan to protect normal tissues while
focusing dose onto the target (Fig. 14.18). 

IMRT is being explored for the treatment of gynecologic
cancers. The setting where it may be the most helpful is in the
postoperative setting for select endometrial and cervical can-
cer presentations. In this setting, there is often a significant
amount of small bowel in the pelvis that can be avoided to a
greater degree with IMRT than 3D conformal radiation tech-
niques (24–27) (Fig. 14.19). Bone marrow sparing can also be
improved over a 3D conformal approach (24). Bladder and
rectosigmoid doses can also be reduced. Margin size around
the target and bladder and rectal filling are important consid-
erations as are immobilization techniques when using IMRT.
RTOG 0418 has defined parameters for contouring of targets
and normal organs, margin size, and dose volume constraints
in the postoperative setting in early cervical or endometrial
cancers. An online atlas has been developed to improve con-
sistency between multiple contouring physicians (28). Other
atlases are available to guide radiation oncologists in defining
these structures of interest (29–30). When using IMRT to treat
the intact uterus, bladder filling can have even more influence
on the position of the uterus, and the vagina and uterus can
move several centimeters as a result. Stool in the rectosigmoid
can also cause movement of the adjacent pelvic organs and
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FIGURE 14.16. Example of multifield radiation therapy using parallel opposite beams with an isocentri-
cally mounted radiation source.

A B

FIGURE 14.17. A: Multileaf collimator. Source: Courtesy of Varian Associates, Palo Alto, California,
USA. B: Treatment technique for breast cancer using independent collimators. Source: From Purday JA,
Klein EE. External photon beam dosimetry and treatment planning. In: Perez CA, Brady LW, eds.
Principles and Practice of Radiation Oncology. 3rd ed. Philadelphia: Lippincott-Raven Publishers;
1998:281, with permission.
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alter the dose distribution in the rectosigmoid. Use of IMRT in
the definitive management of cervical cancer has been piloted
at the University of Chicago (31–33). In their series, IMRT has
reduced both acute and late gastrointestinal (GI) toxicities
(34–35). The University of Chicago experience also revealed
that IMRT in the setting of concurrent chemotherapy and
radiation can also spare bone marrow during treatment (36).
Use of IMRT for extended field irradiation, used for treating
the pelvic and paraaortic regions, is also being explored to
decrease dose to the small bowel, kidneys, liver, spinal cord,
and bone marrow (Fig. 14.20). Selective boosting of gross
nodal disease may allow for safer dose escalation (37–40).
IMRT techniques are also being explored for whole abdomi-
nal irradiation to reduce doses to the gastrointestinal tract,
liver, kidneys, and bone marrow and increase dose to the peri-
toneal surfaces and lymph nodes (41–42).

A relatively new feature for radiotherapy treatments is
image-guided radiation therapy (IGRT). Historically, treatment
setups were verified by orthogonal radiographs and treatment
fields by port films or x-rays of the treatment fields superim-
posed on the patient. Modern linacs have added on-board
imaging (OBI) that allows the treatment fields to be recorded
electronically at every treatment setup using an electronic por-
tal imaging device (EPID). By comparing computer generated

radiographs (DRRs, or digitally reconstructed radiographs)
with the actual patient images, discrepancies in field shape
and patient setup can be corrected before the delivered treat-
ment. This type of corrective behavior before treatment is the
foundation of IGRT. The latest variation on IGRT is the addi-
tion of computed tomography (CT) scanners within the linear
accelerator to verify more completely the correct alignment of
the patient on the treatment table prior to treatment. CT scans
are obtained prior to each treatment. In some cases, the CT
scans are constructed based on the photon beams (MV) that
will be used for treatment. In other cases, a different photon
source (kV) is used to reconstruct the CT scan. Because cone
beam CT (CBCT) or megavoltage CT (MVCT) uses a high-
energy photon beam to gather the information for reconstruc-
tion, the image quality suffers because of poor soft-tissue
contrast. kVCT or normal CT images, because they use a
lower energy photon beam to reconstruct the patient image,
have better soft-tissue contrast but are prone to distorting arti-
facts from high density objects within the patient, i.e., hip
prostheses. In either case, the CT image at the time of treat-
ment and its corresponding isocenter location are compared to
the treatment planning CT and isocenter for agreement.
Adjustments for rotation, lateral, vertical, and longitudinal
discrepancies are made prior to treatment. The intent of these

A

B

FIGURE 14.18. A: Isodose curves from a whole pelvic intensity-
modulated radiation therapy plan superimposed on an axial CT slide
through the upper pelvis. Highlighted are the 100%, 90%, 70%, and
50% isodose curves. B: Isodose curves from a whole pelvic intensity-
modulated radiation therapy plan superimposed on an axial CT slide
through the lower pelvis. Highlighted are the 100%, 90%, 70%, and
50% isodose curves. Source: Reprinted from Mundt AJ, Lujan AE,
Rotmensch J, et al. Intensity-modulated whole pelvic radiotherapy in
women with gynecologic malignancies. Int J Radiat Oncol Biol Phys
2002;52:1330, with permission from Elsevier.
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mission from Elsevier.
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IGRT treatments is to improve the accuracy of the treatment
setup on a daily basis relative to the original treatment plan.
This enables decreasing the size of the radiation fields, as there
is not as much need for a large margin on the target, which
can decrease normal tissue irradiation and even allow for dose
escalation to the target.

TomoTherapy (Fig. 14.21) is special type of linac/CT com-
bination. TomoTherapy units were the first commercially
available treatment machines that directly combined CT
(MVCT in this case) with highly complex MLCs to deliver
IMRT using IGRT. Each day, the patient receives an MVCT, a
comparison using 3D fusion to the original treatment plan is
made, adjustments to the patient position are made, and
IMRT treatment is delivered without the patient needing to
change machines. Corrections to the delivered dose can even
be modeled based on the patient’s current anatomy as visual-
ized by the MVCT built into the TomoTherapy machine.

In addition to photon beams, many linacs also provide the
option to treat patients with electron beams of various energies
(e.g., 4 to 21 millionelecton volts [MeV]). Compared to photon

beams, electron beams have different depth dose and dose
profiles (Fig. 14.22), when electrons, even at the same energy
as photons, do not penetrate as far as photons do within tissues.
While electron depth doses have a Dmax that increases with
increasing energy, unlike photons, the higher the electron energy,
the higher the surface dose to tissue, i.e., loss of “skin sparing.”

Simulation

The conventional simulator used in radiation oncology depart-
ments reproduces all the gantry, collimator, and table rotations
used in a linac treatment, and therefore “simulates” the actual
treatment. Instead of a therapy (MV) photon beam, the con-
ventional simulator uses a diagnostic (kV) photon beam to
simulate the treatment beam. Previously, the conventional sim-
ulator (Fig. 14.23) allowed the radiation oncologist to deter-
mine beam direction and treatment fields that would be needed
for a radiotherapy treatment based on x-ray fluoroscopy. The
radiographic visualization of internal structures allowed special
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BA

FIGURE 14.20. A: Contours of enlarged paraaortic nodes with margin are shown in close proximity to
small bowel. B: IMRT plan for extended field irradiation in axial, coronal, and sagittal projections.
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shielding (poured blocks) to be constructed. All the geometric
parameters of the conventional simulator are nearly identical
to the actual treatment linacs. The intersections of the gantry
rotation axis, collimator rotation axis (the machine isocenter),
and patient location are identified and marked on the patient’s
skin with removable ink or a permanent series of tattoos. These
marks facilitate the reproduction of the same clinical setup for
the patient each day of treatment. Hard copy radiographs can
also be used to document the expected treatment fields for
comparison with port films obtained on the treatment linac.

CT-based simulators (“CTSims”) have largely replaced con-
ventional simulators in most radiation oncology departments.
CTSims (Fig. 14.23) combine a diagnostic CT scanner with a
software package that allows for the simulation of the patient
setup in the virtual world of the computer. All of the necessary
gantry angles and table angles are modeled in the computer.

Computer controlled room lasers tied into the CTSim soft-
ware allow the simulator therapist to identify the treatment
isocenter in a fashion similar to the conventional simulator.
DRRs are created for later comparison to actual treatment
images. The treatment isocenter and the full CT images can
then be transferred to the computer planning system for fur-
ther treatment planning.

Computerized Dosimetry

In a modern radiotherapy department, computers are neces-
sary to accurately calculate the absorbed doses to tissues.
These absorbed doses within tissues are termed isodoses, or
lines of the same dose. To initiate this process, CT images are
acquired of the area of interest at a pretreatment planning
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FIGURE 14.21. A: Helical TomoTherapy device commercially available for IMRT. B: Diagrammatic
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session or simulation. These scans are typically obtained on
the CT simulator. Treatment targets such as pelvic lymph
nodes, the uterus, or vagina are identified through contouring
on these images, as are normal tissues such as the rectosig-
moid, bladder, and small bowel. Dose goals are identified for
the targets and normal tissues. A dosimetrist uses this infor-
mation to design the radiation treatment plan. Treatment
beams are planned and the resulting dosimetry is reviewed by
the treating physician and a physicist and altered as needed to
best address the tumor and avoid the normal organs and tis-
sues. In order for a computer treatment planning system to do
all this, the depth dose and dose profiles for all the treatment
beams (photons and electrons) must be accurately entered
into the planning system.

There are varying complexities of treatment plans that
might be used. For simple targets, e.g., metastatic cancer to the
spine, a simple single field or parallel opposed, two-dimensional

(2D) plan might be all that is required. Complexities of internal
anatomy and external surface contours can be ignored while
still successfully delivering a palliative treatment plan to the
patient. More complicated target definitions might require spe-
cific and accurate knowledge of adjacent internal anatomy and
the details of the patient’s surface in order to accurately deliver
a successful treatment plan. In these cases, a 3D conformal
treatment plan is developed. In still more complicated target/
normal tissue regions, IMRT treatment planning might be
required in order to give sufficient dose to the target while min-
imizing the dose to an adjacent normal tissue. The goal for
most treatment plans is to treat the target to a specified dose
while minimizing dose to adjacent normal tissues.

In all of these examples, the word “target” is used. The goal
is to encompass the target with the desired dose. Targets are
more formally defined in ICRU 50 (43). Figure 14.24 illustrates
the gross target volume (GTV), the clinical target volume (CTV),
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10 cm field at 100 cm SSD. These data are for the Varian Clinac 20 at
the Department of Radiation Oncology, Washington University in St.
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A

FIGURE 14.23. A: The basic components and motions of a radiation
therapy simulator. A, gantry rotation; B, source-axis distance; C, collima-
tor rotation; D, image intensifier (lateral); E, image intensifier (longitudi-
nal); F, image intensifier (radial); G, patient table (vertical); H, patient
table (longitudinal); I, patient table (lateral); J, patient table rotation
about isocenter; K, patient table rotation about pedestal; L, film cassette;
M, image intensifier. Motions not shown include field size delineation,
radiation beam diaphragms, and source-tray distance. Source: From Van
Dyk J, Mah K. Simulators and CT scanners. In: Williams JR, Thwaites
DI, eds. Radiotherapy Physics. New York: Oxford Medical Publications;
1993:118 (Fig. 7.3). Reprinted by permission of Oxford University Press.
B: Three-dimensional simulator that is basically a modified CT scanner
with a flat couch suite for treatment planning.

Barakat_CH14-325-380.qxd  3/2/09  12:43 PM  Page 342



the planning target volume (PTV), and the treated volume.
Each of the target or tumor volumes is larger than the previ-
ous target volume by some margin. The CTV includes all of
the GTV plus possible microscopic extensions. The PTV
includes all of the CTV plus a margin to account for possible
geometric uncertainties of the patient or treatment margin.
The irradiated volume includes all of the PTV plus any mar-
gins that might be included in the treatment plan to provide
minimum dose coverage to the PTV.

Brachytherapy Principles

Brachytherapy is a term with Greek roots where “brachy”
means “short distance.” With brachytherapy, a highly concen-
trated dose of radiation is delivered to immediately surround-
ing tissues within millimeters to several centimeters of the
applicators that carry the radioactive sources. This allows for a
high dose of radiation to be delivered to closely approximated
tumor and to relatively spare surrounding normal tissues such
as the rectosigmoid, bladder, and small bowel. This is in com-
parison to teletherapy, where “tele” means “far distance” and
refers to external beam irradiation where the radiation source
is at a greater distance from the patient (~100 cm) than with
brachytherapy. With external beam irradiation, the tumor
and/or tumor bed are typically irradiated along with adjacent
tissues at risk such as lymph nodes. External beam irradiation
typically is much more penentrating than brachytherapy unless
electron beam external irradiation is used. With electron beam
therapy, superficial structures such as the skin and or superfi-
cial lymph nodes are optimally treated unlike the deep
abdominopelvic tissues, which are best irradiated with the pen-
etrating photons produced by a linear accelerator.

There are different types of brachytherapy or radioactive
implants. Temporary implants are used most frequently and are
categorized as interstitial or intracavitary. With interstitial
brachytherapy, the radioactive sources are transiently inserted
into tumor-bearing tissues directly through placement in hollow
needles or tubes. With intracavitary brachytherapy, radioactive

sources are placed into naturally occurring body cavities or ori-
fices such as the vagina or uterus using commercially available
hollow applicators such as a vaginal cylinder or tandem and
ovoids. Temporary surface applications or plesiotherapy for
ophthalmic or skin tumors and intraluminal applications in the
esophagus, bronchus, and bile duct are other possible approaches.
Permanent interstitial implants entail insertion of radioactive
seeds (iodine 125 [125I]; gold 198 [198Au]; palladium 103 [103Pd])
directly into tumor-bearing tissues to emit radiation continu-
ously as they decay to a nonradioactive form (44). Radioactive
sources are also sealed or unsealed, referring to whether they are
solid (137Cs; 192Ir) or liquid radioisotopes (phosphorus 32 [32P]).
The most common sealed radioactive sources used for gyneco-
logic brachytherapy are 192Ir and 137Cs. Historically, unsealed
radioactive sources such as 32P have been used to treat the entire
peritoneal cavity in ovarian cancer. The limitation of this source
was that the beta rays emitted only penetrated a distance of
3 mm, making it useful only for patients with microscopic
or very thin residual tumor deposits following debulking.

Dose rate is also an important variable in brachytherapy.
Traditional low dose rate (LDR) irradiation has been used for
decades in gynecologic cancers using 226Ra and 137Cs sources
for intracavitary insertions and low activity 192Ir sources for
interstitial insertions. High dose rate (HDR) brachytherapy
has gradually been introduced over the last several decades
and entails the use of a highly radioactive (10Ci) 192Ir source.
There are several definitions for the dose rates used in
brachytherapy. The ICRU 38 classifies LDR as 0.4 to 2 Gy/hr,
MDR (medium dose rate) as 2 to 12 Gy/hr, and HDR as �12
Gy/hr (45). More standard ranges for LDR are 40 to 100
cGy/hr, and for HDR 20 to 250 cGy/min, which is 1,200 to
15,000 cGy/hr. Pulsed dose rate (PDR) is increasingly popular
with the scarcity of available new 137Cs sources. Rather than
using a high activity 10Ci 192Ir source with short dwell times as
in HDR, PDR uses a medium strength 192Ir source of 0.5 to
1.0 Ci with dose rates of up to 3 Gy/hr. The radiation with
PDR is typically delivered in a “pulsed” method over only 10
to 30 minutes of each hour as opposed to LDR techniques,
which deliver 30 to 100 cGy/hr continuously over several days
(46). PDR delivers the same total dose over the same total
time at the same hourly rate as LDR, but with an instanta-
neous dose rate higher than LDR. PDR brachytherapy was
developed to combine the isodose optimization of HDR
brachytherapy with the biologic advantages of LDR.

The term “afterloading,” whereby an unloaded applicator
is inserted first and the radioactive sources introduced later,
was popularized by Henschke (47–49). Nearly all modern
brachytherapy exploits afterloading. An ideal implant is estab-
lished with the appropriate applicator before being loaded
with the radioactive sources. This sequence allows for more
careful and accurate applicator placement than inherent to ear-
lier “hot loaded” applicators, which were placed in the operat-
ing room preloaded with radium. Radiation exposure to
medical personnel is reduced and exposure of operating room
personnel is totally eliminated. Remote afterloading, which
eliminates all personnel exposure, entails the use of a computer-
driven machine to insert and retract the source(s), which are
attached to a cable. During treatment, the source is transported
from its shielded safe to the patient’s applicators via a transfer
tube. Sources are retracted automatically whenever visitors or
hospital personnel enter the room. With modern remote after-
loading techniques, a single cable-driven radioactive source is
propelled through an array of dwell positions in needles, plastic
tubes, or intracavitary applicators within an implanted volume.
Through computerized dosimetry, the source stops for a speci-
fied duration at a preselected number of locations during its
transit, delivering a specified dose to a defined volume of tissue.
This dose may be delivered rapidly in a large fraction, as in the
case of HDR brachytherapy, or a series of small “pulsed doses”

FIGURE 14.24. Schematic representation of “volumes” in radiation
therapy. The treatment portal volume includes the gross target vol-
ume, potential areas of local and regional microscopic disease around
the tumor (clinical), and a margin of surrounding normal tissue (plan-
ning). Source: From Perez CA, Purdy, JA. Rationale for treatment
planning in radiation therapy. In: Levitt SH, Khan FM, Potish RA,
eds. Levitt and Tapley’s Technological Basis of Radiation Therapy:
Practical and Clinical Applications. 2nd ed. Philadelphia: Lea &
Febiger; 1992. Modified in Perez CA, Brady LW, Roti JL. Overview.
In: Perez CA, Brady LW, eds. Principles and Practice of Radiation
Oncology. 3rd ed. Philadelphia: Lippincott-Raven Publishers; 1998:1,
with permission.
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delivered at a given frequency over a period of days, as in PDR
brachytherapy (46). Typically, these treatment units are housed
in shielded rooms in the hospital (LDR or PDR) or the radia-
tion oncology department (HDR) to further eliminate radia-
tion exposure (44). 

Radiation Protection 

The amount of radiation that a person other than patients
under treatment can receive is governed by state and federal
regulations. The actual values depend on whether the person
is considered part of the general public or an occupationally
exposed worker. These values can change with different regu-
lations. The National Council on Radiation Protection and
Measurements (21) set the following reccomendations for lim-
its on exposure to ionizing radiation:

Public exposures 	1 mSv or 0.1 rem annually
Occupational exposures 	50 mSv or 5 rem annually

Additionally, NCRP Report #91 placed limits on embryo-
fetus exposures:

Total dose limit 	5 mSv or 0.5 rem
Dose equivalent limit in 1 month 	0.5 mSv or 0.05 rem

These recommended limits were adopted by the Nuclear
Regulatory Commission (10 CFR 20, Standards for Protection
Against Radiation).

Linacs produce radiation using electrical power. Once the
linac is turned “off,” there is little, if any, radiation exposure
risk to staff. Radioactive isotopes, used most often for
brachytherapy, however, do not have an “off” switch. They are
always undergoing radioactive decay with the resultant radia-
tion production of x-rays, 
-rays, electrons, and other particles. 

Radiation safety is an important focus for patient and
health care workers. All hospitals that house radioactive
sources or linear accelerators will have a special department
termed radiation safety. Radiation personnel are responsible
for monitoring radiation exposure in hospitals and clinics. All
health care workers exposed to radiation must wear badges
that track radiation exposure. There are three words that
encompass all of the important aspects of radiation safety and
protection: time, distance, and shielding. All three can be used
to reduce radiation exposure. The dose delivered to a target
from a radioactive source is directly proportional to the
amount of time the target is exposed to the radioactive source
(50). The dose delivered to a target is inversely proportional to
the square of the distance from the radioactive source double
the distance and the dose is reduced by a factor of four. 

Dose ~ time
Dose ~ 1/r2

This is the inverse square rule. The relationship between shield-
ing and absorbed dose is more complicated. The simplest expla-
nation is that the absorbed dose is reduced in an exponential
relationship to the physical amount of shielding. The exact rela-
tionship (µ) depends on the energy of radiation and the specific
material, e.g., concrete or lead, used to provide the protection.
More material (x) means more protection. Less energy means
more protection for the same thickness (x) of material.

Dose ~ e�µx

Minimizing time, maximizing distance, and maximizing
shielding will reduce one’s absorbed radiation dose. Fortunately,
there is relatively little exposure to radiation for most health
care providers. The linear accelerators in radiation oncology
are strategically located and shielded to minimize radiation to
anyone other than the treated patient. Many brachytherapy
insertions are typically performed with remote afterloading to

minimize exposure, and often outpatient brachytherapy can
be realized because of high dose rate techniques. This takes
the patient off the hospital ward and thereby avoids exposure
to the health professional caring for inpatients. The shielded
rooms in the radiation oncology department protect the atten-
dant staff from exposure as well. 

CLINICAL APPLICATIONS

Historical Background

The use of radiation in the treatment of gynecologic cancers
has a rich history. Roentgen rays were used externally as early
as 1902 to treat cervical carcinoma and “radium rays” in
1906. In Europe, the use of intracavitary radium was reported
in 1903 for the treatment of inoperable uterine cancers (51).
Dr. Margaret Cleaves reported one of the first uses of intra-
cavitary radium along with roentgen rays for the treatment of
cervical carcinoma in New York in 1903 (52). In October of
1903, Dr. James Morton reported the use of a radium applica-
tor “to be introduced within cavities where it had been hereto-
fore impossible to practically introduce the X-ray” (53,54). In
1913, Robert Abbe was the first to report a true cure with a
patient alive and well after 8 years of follow-up (54,55). In
these early years, there was little knowledge of the biologic
effects of radiation on the normal and tumor tissues. Typically,
a uterine tandem was used alone without vaginal colpostats.
There was little understanding of the dose distribution in the
tumor and surrounding normal tissues, and implant duration,
and thereby dose, was entirely empirical. Complications and
failures were common.

Brachytherapy Systems for the Treatment 
of Cervical Cancer

Intracavitary brachytherapy for cervical carcinoma was pro-
foundly impacted by the development of various “systems” that
attempted to combine empiricism with a more scientific and
systematic approach. A dosimetric system refers to a set of rules
concerning a specific applicator type, radioactive isotope, and
distribution of the sources in the applicator to deliver a defined
dose to a designated treatment region (45,56). Within any sys-
tem, specification of treatment in terms of dose, timing, and
administration is necessary to implement the prescription in a
consistent manner. Three systems were developed in Europe,
including the Paris system, the Stockholm system, and the
Manchester system (57,58). The Manchester system principles
are an integral part of modern brachytherapy. 

The Manchester System

The Manchester system was developed in 1932 by Tod and
Meredith (59–61), and was later modified in 1953 (62) at the
Holt Radium Institute. It standardized treatment with prede-
termined doses and dose rates directed to fixed points in the
pelvis. The fixed points A and B were selected on the theory
that the dose in the paracervical triangle impacted normal tis-
sue tolerance rather than the actual doses to the bladder, rec-
tum, and vagina. The paracervical triangle was described as a
pyramidal-shaped area with its base resting on the lateral
vaginal fornices and its apex curving around with the ante-
verted uterus. “Point A” was defined as 2 cm lateral to the cen-
tral canal of the uterus and 2 cm from the mucous membrane
of the lateral fornix in the axis of the uterus (Fig. 14.25). It
often correlates anatomically with the point of crossage of the
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ureter and uterine artery and was taken as an average point
from which to assess dose in the paracervical region. “Point
B” was located 5 cm from midline at the level of point A and
was thought to correspond to the location of the obturator
lymph nodes. To achieve consistent dose rates, a set of strict
rules dictating the relationship, position, and activity of
radium sources in the uterine and vaginal applicators was
devised. The amount of radium would vary based on ovoid
size and uterine length such that the same dose in roentgen
would be delivered to point A regardless of the size of the
patient or the size and shape of the tumor, uterus, and vagina.
The vaginal ovoids were available in three sizes: small (2.0-cm
diameter), medium (2.5-cm diameter), and large (3.0-cm
diameter) and were preloaded or “hot loaded” with radium.
The amount of radium per ovoid varied by size to get a uni-
form dose rate at the ovoid surface. It was recommended to
use the largest ovoid size possible and place the ovoids as far
laterally as possible in the fornices to carry the radium closer
to point B and increase the depth dose. Vaginal packing was
used to limit the dose to the bladder and rectum to 	80% of
point A. Two intracavitary applications of 72 hours with a 
4- to 7-day interval between them were given to deliver a dose
of 8,000 R at 55.5 R/hr to point A and 3,000 R to point B.
External beam irradiation with a midline block in place was
later used to deliver a total cumulative dose of 6,000 R to
point B. 

The Manchester system underlies contemporary intra-
cavitary techniques and dose specification (59–62). With
current LDR applications using cesium rather than radium,
it is considered standard to have a point A dose rate of 50 to
60 cGy/hr and to deliver a total dose of 85 Gy to point A
and 60 Gy to point B when combined with external beam
therapy. 

The Fletcher (M.D. Anderson) System

The Fletcher system was established at M.D. Anderson
Hospital in the 1940s (63). The Fletcher applicator was subse-
quently developed and remains an integral part of gynecologic
brachytherapy (Fig. 14.26) (64). The initial dosimetric work
at M.D. Anderson was done prior to the development of com-
puterized dosimetry in the 1960s (65–69). As in the Paris sys-
tem, milligram-hours (mg-hrs) were used for dose prescription
with the premise that with any geometric arrangement of
specified sources, dose at any point is proportional to the
amount of radioactivity and the implant duration. Though
previous systems (Paris and Stockholm) had used mg-hrs, clin-
ical experience alone determined the amount of radium toler-
able to the tissues. Fletcher predicted that better results and
less morbidity could be obtained if knowledge of the energy
absorbed at various points in the pelvis (“measured data”)
such as the bladder and rectum and pelvic lymph nodes could
be determined (70). According to Fletcher, a dosimetric approach
should meet the following requirements: (a) ensure that the
primary disease in the cervix and fornices and immediate
extensions into the paracervical triangle are adequately
treated; (b) guide treatments in such a way that the bladder
and rectum are not overdosed (respect mucosal tolerance);
and (c) determine the dose received by the various lymph node
groups. Individualization to fit the anatomical situation was
an essential aspect of this system (71). 

The primary prescription parameter in the Fletcher system
was tumor volume and prescription rules were based on max-
imum mg-hrs and maximum time, taking into account the
total external beam dose and the calculated sigmoid dose. An
application was left in place until either of these two maxi-
mums was reached. Large mg-hr implants were halted by the
mg-hr prescription while smaller mg-hr implants were termi-
nated by time. A set of maxima of mg-hrs was established for
combinations with external irradiation, which were published
in tables (72,73). Standardized source arrangements and limits
on the vaginal surface dose and mg-hrs were all used to help
specify treatment. 

Despite a more elaborate dosimetry system, the Fletcher
system combined many elements of the Paris and Manchester
systems, including using the largest size ovoid possible posi-
tioned as far laterally and cephalad as possible to give the
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FIGURE 14.25. The Manchester system. Definitions of points A and
B in the classical Manchester system are found in the text. In a typical
application, the loading of intrauterine applicators varied between 20
and 35 mg of radium and between 15 and 25 mg of radium for each
vaginal ovoid. The resultant treatment time to get 8,000 R at point A
was 140 hours. Source: From Meredith WJ. Radium Dosage: The
Manchester System. Edinburgh: Livingstone, 1967, with permission.

FIGURE 14.26. Fletcher Suit Delclos low dose rate applicators. Left
to right: Afterloading colpostats, mini ovoids, tandems, cylinders, and
source inserters. Source: Reprinted with permission from Fletcher,
Gilbert H, eds. Textbook of Radiotherapy. 3rd ed. Philadelphia: Lea &
Febiger; 1980:741 (Fig. 18A).
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highest tumor dose at depth for a given mucosal dose. By
using a larger ovoid, the radium-mucous membrane distance
was increased, allowing a greater increase in the total number
of mg-hrs and a greater volume of adequate irradiation (63).
The Fletcher colpostats were actually a further evolution of
the Manchester ovoids and were made with the same diame-
ters of 2, 2.5, and 3 cm but were more cylindrical than
Manchester “ovoids” and were attached to handles, with
shielding in the direction of the bladder and rectum. Initially
these were preloaded with radium, but later an afterloading
model was developed and loaded instead with 137Cs (74–77).
Recommended loadings were 15, 20, and 25 mg of radium for
the 2, 2.5, and 3 cm colpostats, respectively, and 5 to 10 mg
for the mini-ovoids (74). Like the earlier systems, it was also
recommended to use the longest tandem available and load
the tandem so that sources reached the uterine fundus to give
an adequate distribution in the lower uterine segment and
paracervical areas and to increase the dose to the obturator
lymph nodes. Additionally, a high position of the applicator in
the pelvis and a wide separation of the ovoids were thought to
increase the dose to the pelvic wall (63,78). Tight packing was
also recommended to displace the system upward and cen-
trally and to decrease the dose to the bladder and rectum (63).
Recommended tandem loadings were usually 15-10-10 mg of
radium with the amount of radium in the tandem usually
greater than that in the ovoids (71). The distal source in the
tandem was to be positioned to produce an even pear-shaped
dose distribution with no drop in dose rate between the tan-
dem and ovoids, without excessive overlap that would cause a
hot spot on the adjacent bladder or rectal mucosa. With the
ovoids well positioned, this was usually accomplished by plac-
ing the physical end of the distal source at or a few millimeters
beyond the external os of the cervix. A 10-mg protruding
source was recommended if the vaginal ovoids were separated
by more than 5 cm or displaced caudally, with each ovoid then
decreased by 5 mg. 

A careful review of implant films was outlined (Figure 14.27).
It was recommended to keep the tandem in the axis of the pelvis,
equidistant from the sacral promontory and pubis and the lateral

pelvic walls to avoid overdosage to the bladder, sigmoid, or one
ureter. The tandem was recommended to bisect the ovoids on
the AP films and bisect their height on the lateral films (79). The
flange of the tandem was to be flush against the cervix and
the ovoids surrounding it, verified by confirming the proximity
of the applicators to radio-opaque cervical seeds. Radio-opaque
vaginal packing was used to hold the system in place and dis-
place the bladder and rectum. Scrutiny of implant films prior to
treatment remains an important tenant of brachytherapy. Two or
more intracavitary insertions were thought to make more effi-
cient use of the inverse square law such that the second and third
implants would deliver intense radiation to the tumor periphery
because of interval tumor regression. A recent retrospective
review of implant geometry has confirmed the consistency of the
M.D. Anderson approach and the good outcomes achieved
when attention is paid to applicator position in the pelvis (80). 

The current M.D. Anderson approach to treatment specifi-
cation reflects a policy of treating advanced cervical carcinoma
to normal tissue tolerance (81). This includes integrating stan-
dard loadings and mg-hrs with calculated doses to the bladder,
rectum, sigmoid, and vaginal surface. The activity in the
ovoids is limited by the vaginal surface dose, which is kept
below 140 Gy. Calculated bladder and rectal doses are noted
and are sometimes used to limit the duration of the intracavi-
tary system, with the combined external beam and implant
doses for the bladder kept at 	75 to 80 Gy and for the rectum
at 	70 to 75 Gy. Mg-Ra-eq-hrs are usually limited to 6,000 to
6,500 after 40 to 45 Gy external beam. Though mg-hrs have
usually been used to guide and report doses at M.D. Anderson,
recent retrospective reviews have also reported point doses,
though these have not been used to plan or prescribe treat-
ment. With the implant loadings and durations outlined by
Fletcher, typical dose rates at point A are approximately 57
cGy per hour and vaginal surface dose rates are 100 cGy/hr
(80,82). The median doses to point B and to the International
Commission on Radiation Units & Measurements (ICRU)
rectal and bladder reference points averaged 28%, 59%, and
60% of the point A doses, respectively (80). The median total
dose to point A from external beam and intracavitary irradiation
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A B

FIGURE 14.27. Ideal position of tandem
and ovoid applicator on an AP radiograph
(A) and a lateral radiograph (B). Note the
metallic seeds inserted into the cervix.
Source: Reprinted with permission from
Fletcher, Gilbert H, eds. Textbook of
Radiotherapy. 3rd ed. Philadelphia: Lea &
Febiger; 1980:745 (Fig. 11–24).
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was 87 Gy, and the median doses to the bladder and rectum
were 68 and 70 Gy. The total dose delivered to the vaginal
surface was limited to 120 to 140 Gy or 1.4 to 2.0 times the
point A dose (80). These total doses to point A and the vagina,
bladder, and rectum are used as contemporary guidelines for
determining implant duration and therefore dose. 

Point A Redefined

The failure of localization radiographs to show the surfaces of
the ovoids made implementation of the initial definition of
point A difficult. The definition of point A was modified in
1953 to be “2 cm up from the lower end of the intrauterine
source and 2 cm laterally in the plane of the uterus, as the
external os was assumed to be at the level of the vaginal for-
nices” (Fig. 14.28) (62). This definition of point A is currently
used at many institutions (83,84). A seed or marker ball placed
near the exocervix and coincident with the tandem flange is
used to identify the exocervix on the localization films. This
definition, however, becomes problematic when the cervix pro-
trudes between the ovoids (Fig. 14.29). This causes a resultant
increase in dose rate at point A because point A lies in the
higher dose “bulge” around the ovoids (78). The variation of
point A often occurs in a high-gradient region of the isodose
distribution. A consistent location for dose specification should
fall sufficiently superior to the ovoids where the dose distribu-
tion runs parallel to the tandem (Fig. 14.30) (85,86). In
patients with deep vaginal fornices, reverting to use of the
ovoid surface rather than the exocervix can help to solve this
problem (85,87). 

3 cm

2 cm

A B

FIGURE 14.28. Revised Manchester system definition of point A.
Source: From Morita K. Cancer of the cervix. In: Vahrson HW, ed.
Radiation Oncology of Gynecologic Cancers. 1st ed. Berlin, Heidelburg,
New York: Springer-Verlag; 1997:185.

B BA A
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Manchester Ovoids and Tandem
Showing Points A and B

Comparison of Dose Rates
With the Old and New
Definitions of Point A

FIGURE 14.29. The definition of point A using the revised Manchester
definition becomes problematic when the cervix protrudes between
the ovoids, causing an increase in dose rate at point A. Use of the classi-
cal Manchester definition of point A (point A defined from the level of
the upper vaginal fornices rather than the location of the exocervix)
may be helpful. Source: Reprinted with permission from Batley F,
Constable WC. The use of the Manchester system for treatment of
cancer of the uterine cervix with modern afterloading radium applicators.
Am J Roentgenol Rad Ther 1967;18:397 (Figs. 1 and 2).
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FIGURE 14.30. Variations of point A based on definition. A consis-
tent location for dose specification should fall superior to the ovoids
where the dose distribution runs parallel to the tandem and not close
to bulge of the pear. Source: Reprinted with permission from Nag S,
Chao C, Erickson B, et al. American Brachytherapy Society recom-
mendations for low-dose rate brachytherapy for carcinoma of the
cervix. Int J Radiat Oncol Biol Phys 2002;52(1):38 (Fig. 2). 
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Limitations of Brachytherapy Systems: Point A

It has become clear over time that points A and B are not
anatomic sites. The actual specification is related to the posi-
tion of the intracavitary sources rather than to an anatomical
structure. Lewis et al. also demonstrated that point A does not
maintain a constant relationship to any specific structure and
its position varies with the type of applicator, individual tumor
anatomy, and age of the patient. No correlation was found
between point B and the pelvic wall (88,89). Potish also ques-
tions the validity of point A as its position bears no fixed rela-
tionship to tumor or normal tissue anatomy and is in a steep
dose gradient and sensitive to displacement (83,84,90,91).
Point A can be identical for implants that differ in fundamental
ways and deliver different overall 3D dose distributions. 

Limitations of Brachytherapy Systems: 
Mg-Hr Systems

The use of mg-hr systems also continues at many institutions
to guide the choice of source strength and duration of the
implant, estimate the risk of complications, compare treat-
ment between patients and institutions, and estimate efficacy
(92,93). In the past, little attempt was made to obtain dose
information to anatomical structures, and mg-hr prescriptions
were not necessarily accompanied by isodose distributions so
that the dose prescription was not related to patient anatomy. 

Contemporary Dose Specification 
for Cervical Cancer

The advent of afterloading applicators and computerized
dosimetry has brought about a dramatic change in dosimetric
analysis (65,66,94). For cervical cancer, there continue to be
two basic systems of dose prescription, mg-hrs and the
Manchester point A and B systems, and many prescription
systems combine both Fletcher and Manchester elements. The
basic principle of intracavitary prescription is to leave a spe-
cific loading of sources in for a definite time, determined by
empirical experience, prescription rules, and computerized
dosimetry. At present, the dose at several anatomic points is
evaluated, and the isodose distributions are generated by com-
puter (Fig. 14.31). The intracavitary dose is based on the
extent of disease and may have to be altered if computer cal-
culations indicate high doses to surrounding critical struc-
tures. The rectum and bladder are viewed as tolerance points,
compared to point A, which is a treatment dose reference
point (78,95). Further work is needed to routinely implement
3D-image–based brachytherapy to relate these isodose distrib-
utions and doses to individual tumor volumes and critical nor-
mal organs such as the bladder and rectosigmoid. CT-based
dosimetry can be used instead of 2D film-based dosimetry to
better understand the relationship of the applicator and the
dose distribution to the bladder and rectosigmoid (Fig. 14.32)
(96,97). MRI-based brachytherapy is under investigation to
assess and modify the dose to the actual tumor volume rather
than relying on point A alone (98–100) (Fig. 14.33). This
should give additional insight into the reasons for local fail-
ures and complications and allow for improvement in local
control and late toxicities.

Dose Specification Points for Cervical Cancer

At institutions using a derivation of the Manchester system,
dose is typically specified at various points such as A and B. 

A combination of both mg-hrs and point doses is used at some
institutions to guide implant duration (81,101). Though these
definitions vary from institution to institution, most will
attempt to quantify doses in the paracervical region (point A),
and at either point B or the pelvic wall (C or E), and the rec-
tum and bladder (83,84). Unfortunately, intracavitary point
dose calculations are not recorded as often for the sigmoid,
vaginal mucosa, or cervix. Dose evaluation at these points is
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A

FIGURE 14.31. A: Anteroposterior view of intracavitary insertion for
carcinoma of the uterine cervix. B: Lateral view of same implant.
Isodose curves (cGy/hr) are superimposed. Source: From Perez CA,
Grigsby PW, Williamson JF. Clinical applications of brachytherapy.
I: low dose-rate. In: Perez CA, Brady LW, eds. Principles and Practice
of Radiation Oncology. 3rd ed. Philadelphia: Lippincott-Raven
Publishers; 1998:487, with permission.
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CT-Based Dosimetry

A

FIGURE 14.32. A: Sagittal, coronal, and axial CT images with MRI/CT compatible applicator in place
showing the isodose distribution around the applicator and within the surrounding tissues. B: Axial CT
at the level of the Foley catheter bulb near the traditional ICRU 38 bladder and rectal points. Contrast is
present within the bladder and rectum as well as the bladder catheter bulb.

CT-Based Dosimetry
ICRU 38 Rectum/Bladder

B

A B

FIGURE 14.33. Axial (A) and sagittal (B) MRI images with MRI compatible applicator in place with
contours of the gross target volume (GTV) and high risk clinical target volume (HRCTV).
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also recommended. Maruyama et al. defined a point T (tumor
dose) located 1 cm above the cervical marker and 1 cm lateral
to the tandem, which is usually 2 to 3 times the dose at point
A (102) and has been used at other institutions (103,104).
Vaginal surface dose rates, defined at the lateral ovoid surface,
will vary based on applicator diameter and available source
strengths and should be in the range of 1.4 to 2.0 (the point A
dose) (80,105).

Though frequently confused, the ICRU 38 system (Dose
and Volume Specification for Reporting Intracavitary Therapy
in Gynecology) is a dose reporting system, not a dose specifi-
cation system (Fig. 14.34) (45). This was developed so that
comparisons could be made between centers using different
brachytherapy systems. It provides definitions for determining
dose to the bladder and rectum in addition to other character-
istics of the implant. 

Importance of Brachytherapy 
in Cervical Cancer 

When curative treatment is planned, patients with cervical
carcinoma treated with definitive irradiation should receive a
combination of external beam irradiation and brachytherapy.
As revealed in the Patterns of Care Studies (PCS) and the ret-
rospective series of Perez et al., recurrences and complications
are decreased when brachytherapy is used in addition to exter-
nal beam (82,101,106–108). Use of an intracavitary implant
was the single most important treatment factor in multivariate
analysis for stage IIIB cervical cancer with respect to survival
and pelvic control in the 1973 and 1978 PCS (109,110).
Retrospective series with external beam alone have proven
marginal outcomes with this approach. The efficacy of
brachytherapy is attributable to the ability of radioactive
implants to deliver a higher concentrated radiation dose more
precisely to tissues than external beam alone, which con-
tributes to improved local control and survival. At the same
time, surrounding healthy tissues such as the bladder and rec-
tosigmoid are relatively spared due to the rapid fall-off of dose
around the applicators with distance. The external beam com-
ponent of treatment is also very important as it addresses tis-
sues at a distance from the applicator such as the pelvic lymph

nodes. The external beam also brings about tumor regression
in intact cervical and vaginal cancers such that the residual
tissue is brought within the range of the pear-shaped or
cylindrical-shaped radiation dose distribution around stan-
dard applicators (44). 

Brachytherapy Applicators

Given the importance of brachytherapy, it is important to select
the appropriate applicator to accommodate patient anatomy
and the disease and shape the associated isodose distribution
to encompass the disease. Tumor volume and patient anatomy
are key in this decision. Tumor size and shape are variable, and
there are a multitude of applicators available to address these
diverse presentations.

INTRACAVITARY APPLICATORS:
CERVICAL CANCER

Low Dose Rate

There are varieties of low dose rate applicators available for
intracavitary brachytherapy. The best known are the Fletcher-
Suit and Henschke tandem and ovoid (colpostat) applicators
(Fig. 14.26). In 1953, Fletcher published an article introducing
his preloaded radium applicator, which was designed to produce
the largest possible volume of adequate radiation in each of
the common directions of spread of disease—the uterine body,
parametria, and perivaginal tissues—with relative sparing of
the bladder trigone and anterior rectum due to the addition of
shielding (63,64). The applicator was modified in the 1960s
for afterloading (Fletcher-Suit applicator) (74,76,77,111) and
in the 1970s to accommodate 137Cs sources (75,76). In the
1970s, the Delclos mini-ovoid was developed for use in narrow
vaginal vaults (Fig. 14.26) (74, 6,112,113). The mini-colpostats
have a diameter of 1.6 cm and a flat inner surface. The mini-
ovoids do not have shielding added inside the colpostat, and
this together with their smaller diameter produces a higher
surface dose than regular ovoids with resultant higher doses to
the rectum and bladder. Appropriate source strength and
treatment duration adjustment are important considerations
to prevent complications. Fletcher tandems are available in
four curvatures, with the greatest curvature used in cavities
measuring �6 cm and lesser curvatures used for smaller cavi-
ties (Fig. 14.26). A flange with keel is added to the tandem
once the uterine canal is sounded, which approximates the
exocervix and defines the length of source train needed. The
keel prevents rotation of the tandem after packing. The distal
end of the tandem near the cap is marked so that rotation of
the tandem after insertion can be assessed. 

The Henschke tandem and ovoid applicator was initially
unshielded (111,114) but later modified with rectal and blad-
der shielding (103,104). It consists of hemispheroidal ovoids
with the ovoids and tandem fixed together. Sources in the
ovoids are parallel to the sources in the uterine tandem (103).
The Henschke applicator may be easier to insert into shallow
vaginal fornices in comparison to Fletcher ovoids. 

The Fletcher-Suit-Delclos tandem and cylinder applicator
was designed to accommodate narrow vaginas where ovoids
may be contraindicated and to treat varying lengths of the vagina
when mandated by vaginal spread of disease. The cylinders
vary in size from 2 to 5 cm to accommodate varying vaginal
sizes (Fig. 14.26) (112). A narrow vagina poses a therapeutic
challenge. Use of vaginal cylinders may lead to a higher rate of
local failure as the dose to the lateral cervix and pelvic sidewall
is reduced in the absence of ovoids, which produce the optimum
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FIGURE 14.34. Reference points for bladder and rectal brachytherapy
doses proposed by ICRU. Source: From International Commission on
Radiation Units and Measurements. Report 38: Dose and Volume
Specification for Reporting Intracavitary Therapy in Gynecology.
Bethesda, MD: International Commission on Radiation Units;
1985:11, with permission.
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pear-shaped distribution. These patients also tend to receive
lower total doses due to the proximity of the rectum and blad-
der (Fig. 14.35) (81). There is less of a dose gradient between
the vaginal mucosa and the bladder and rectum than in a
patient with a wider vagina (115). Additionally, packing can-
not be used with cylinders to decrease the rectal and bladder
doses (116–119). Vaginal cylinders increase the length of
vagina and rectum treated, with an associated increase in com-
plications (120,121). Vaginal fistulae, rectal ulcers, and stric-
tures are reported with increased frequency when vaginal
cylinders are used (122–124). Pourquier et al. indicated that
doses should be reduced with the use of vaginal cylinders and
mini-ovoids to reduce complications as these applicators have
no shielding (125,126). Interstitial implantation should also be
a consideration for patients with a narrow vagina or with dis-
tal vaginal disease. 

The Importance of Optimal 
Applicator Placement

Geometrically optimal intracavitary implants improve outcome
over suboptimal implants. Corn et al. reported an analysis of the
1978 and 1983 PCSs, which attempted to analyze the outcome

of cervical cancer patients by the technical quality of the implant.
A technically good implant correlated significantly with improved
local control, with a trend toward improved survival (127).
Perez et al. observed that “inadequate” insertions increased the
incidence of pelvic failures (101) and that the quality of the
intracavitary insertion had a measurable impact on the inci-
dence of complications (128). Attention to the details of
implant geometry has been linked to improved outcome in the
series of Katz and Eifel at M.D. Anderson (80). Prior to after-
loading, it was much more difficult to obtain adequate appli-
cator placement due to the need to complete the insertion
quickly to avoid excessive exposure to the sources in the pre-
loaded applicators. In the era of afterloading, applicator place-
ment can be more methodical. Orthogonal films or other
imaging (CT, magnetic resonance imaging [MRI]) should
always be obtained following applicator placement to assess
applicator geometry and the need for adjustment to ensure
optimum placement. It is imperative that geometrically favor-
able applicator placement, as described in detail previously by
Fletcher, be achieved in as many patients as possible.

Optimum applicator placement is pivotal in maximizing
local control. Placement of the brachytherapy applicators in
direct proximity to the cervix is necessary to avoid under-
dosage. There will be a cold spot if the ovoids or other vaginal
applicators are displaced away from the cervix (Fig. 14.36).
Proper applicator selection is important in avoiding malposi-
tioning. It is extremely important to place metallic markers on
the cervix so that the flange of the tandem and the
ovoids/cylinder dome are positioned in close proximity to
these markers as confirmed on orthogonal check films (80). 

Likewise, suboptimal applicator placement can increase the
risk of complications. Applicators that are too close to the blad-
der and rectum can increase rectal and bladder complications.
Sources in the tandem can give very high doses of radiation to
the small bowel (ileum), sigmoid, and upper bladder, often not

Chapter 14: Biologic and Physical Aspects of Radiation Oncology 351

FIGURE 14.36. Lateral radiograph of a poorly positioned HDR tan-
dem and ovoid applicator. Note that the tandem does not bisect the
ovoids and that the ovoid appears to be displaced inferiorly from the
cervical marker balls. 

A

FIGURE 14.35. MRI/CT compatible tandem and cylinder applicator
with associated isodose distribution in (A) axial and (B) sagittal views,
demonstrating the close proximity to the rectum due to the absence of
packing or rectal retraction. 

B

Barakat_CH14-325-380.qxd  3/2/09  12:43 PM  Page 351



revealed by orthogonal x-rays. Tandems that have perforated
through the uterus can cause tremendous hot spots in the nearby
normal organs (79). 

Interstitial Applicators: Cervical and Vaginal
Cancers—LDR and HDR

The size of the reference pear-shaped isodose achieved with
tandem and ovoids is not variable except by increasing the
duration (dose) of the implant. The shape of the reference
pear-shaped isodose can be altered to some degree by varying
the source strengths and applicator type, but it may not be
able to encompass a bulky tumor, particularly when there is
bulky parametrial or vaginal disease. In these settings, the dis-
ease may be better accommodated by an interstitial applica-
tion (Fig. 14.37). Patients with large, bulky lesions will have a
higher rate of local failure because of a decrease in dose to the
periphery of the tumor due to the rapid fall-off of dose beyond
the relevant pear-shaped distribution. The use of higher doses
of external beam prior to implantation and interstitial tech-
niques are important considerations. These patients should
not be treated with external beam alone, as achieving the
curative radiation doses required may be impossible because
of the limited tolerance of the interposed small bowel, rectum,
and bladder. Standard intracavitary applications may be sub-
optimal or prohibited either by tumor bulk or distorted nor-
mal anatomy, and these patients should not be treated with
geometrically unfavorable intracavitary implants. 

The limitations of intracavitary techniques contrast with the
strengths of interstitial techniques in certain settings. Determine
which approach is best on a patient-by-patient basis. Interstitial
implantation is appropriate in select patients with bulky tumors,
anatomical distortion such as an obliterated endocervical canal
or narrow vagina, or recurrent disease (129).

The development of prefabricated perineal templates,
through which stainless steel needles were inserted and after-
loaded with 192Ir or 125I, was pivotal in advancing interstitial
techniques for the treatment of cervical and vaginal cancers.
With these interstitial techniques, rather that doing a freehand
implant, the template concept allows for a predictable distrib-
ution of needles inserted across the entire perinum through a
perforated template according to an optimum pattern.
Commercially available and institution-specific templates are
used in these patients to accommodate varying disease presen-
tations. Stainless steel and plastic needles are used, which are

afterloaded with low- or high-activity 192Ir sources. The
MUPIT (Martinez Universal Perineal Interstitial Template,
Beaumont Hospital, Royal Oak, Michigan, USA) template
(Fig. 14.38) accommodates implantation of multiple pelvic-
perineal malignancies (prostate, anorectal, gynecologic)
(129–133). In this system, one template accommodates many
different disease presentations. Recent modifications of this
template and needle system enabling HDR implants have
become available (134). The Syed-Neblett (Best Industries,
Springfield, Virginia, USA) is the other well-known commer-
cially available template system (129,135–139). Currently,
there are three LDR Syed-Neblett templates of varying size
and shape for use in implantation of gynecologic malignances
(GYN 1-36 needles, GYN 2-44 needles, GYN 3-53 needles),
as well as templates for implantation of the anus, prostate,
and urethra (Fig. 14.39). There is also a disposable template
for gynecologic presentations that accommodates HDR nee-
dles (140,141).

The Syed-Neblett and MUPIT templates are particularly
suited for treatment of vaginal disease as the vaginal obturator
needles can be strategically loaded to encompass disease from
the fornices to the introitus. Additionally, the obturator needles
can be advanced directly into the cervix, along with a uterine
tandem, and may be essential to deliver tumorcidal radiation
doses to the cervix by preventing a central “cold spot,” espe-
cially if an intrauterine tandem is not used. The more periph-
eral needles are used for implantation of the parametria, which
is often underdosed in intracavitary approaches. Modifications
of these standard templates have evolved and other innovative
templates have been developed for vulvar, vaginal, and cervical
carcinomas (129). 

Individualized computer-generated dosimetry is an integral
part of interstitial dose delivery. CT imaging following needle
implantation has proven very helpful to identify tumor vol-
ume and critical normal structures, confirm the adequacy of
needle placement in relation to these structures or needed
adjustments, analyze and manipulate the dose distribution
related to these structures, and assist with dose specification
and the integration of external beam irradiation (129,142).
Post-procedure epidural anesthesia provides optimal pain con-
trol and allows the needles and tandem to be manipulated out-
side the operating room if necessary. Modification of the
planned source placement based upon the location of specific
needles and critical structures can therefore be made before or
after source loading.

With LDR techniques, traditional low dose rates are the
goal (142), achieved through differential loading (core sources
�1⁄2 activity of peripheral sources) of low-activity sources.
“Reference” dose rates of 60 to 80 cGy/hr are optimal. The
implant dose rates as well as the dose homogeneity and distri-
bution can be manipulated by selectively changing the activity
associated with a particular needle or needles or by selectively
unloading, either immediately or during the implant, strategic
needles in the pattern. With HDR techniques, optimization of
the dose distribution with predetermined parameters for the
reference dose, normal organ doses, and dose homogeneity
can produce even more ideal implant dosimetry (Fig. 14.40).
Typically, total LDR doses to the tumor volume or reference
isodose from the implant range from 23 to 40 Gy over 2 to 4
days (142). The total HDR dose will be approximately 60%
of the total LDR dose and will be given in divided fractions.
With either approach, careful attention to significant hot spots
within the implant and doses to the bladder, rectosigmoid, and
vaginal surface are requisite to obtaining the best outcome.

External whole pelvic irradiation (39.6 to 45.0 Gy) generally
precedes implantation. For either LDR or HDR, one or two tem-
plate implants can be done 1 to 2 weeks following external beam.
With HDR, one to two fractions can be delivered per day over
a period of 2 to 5 days, whereas with LDR, continuous hourly
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FIGURE 14.37. Indications for interstitial implantation and associ-
ated AP radiograph of the implanted needles.
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radiation is delivered. After the implant, selective external
irradiation boosting can be done as needed. The total LDR
dose to the reference volume from the combined implant and
external beam approximates 70 to 85 Gy over 8 weeks. 

High Dose Rate Brachytherapy 
for Cervical Cancer

Though LDR techniques have been the traditional standard
for decades for gynecologic brachytherapy, there appear to be
some inherent advantages with the implementation of HDR
techniques (143). Because the treatment time is very short,
treatment is performed on an outpatient basis without the
need for several days of bed rest, with greater patient accep-
tance and comfort. This allows treatment of some patients
with medical comorbidities, which would prohibit LDR tech-
niques because of the prolonged bed rest. With the shorter

treatment time, the implant reproducibility is superior to tra-
ditional LDR approaches as more stable positioning of appli-
cators is possible. The shortened treatment time provides a
greater degree of certainty that the sources will remain in the
3D positions documented in the isodose distributions, and
that applicator displacement as a function of time will be
decreased (56). The use of external applicator fixation devices
allows more constant and reproducible geometry of source
positioning (56,144–146). The newer systems, which allow a
single source to “dwell” at a site for a calculated period of
time, combined with dose optimization software programs,
provide a significant further improvement in the ability to
shape the dose distribution. The small source size allows for
finer increments in source location and relative weighting for
each source location than with the fixed source sizes and activ-
ities inherent to the LDR 137Cs sources (86,146,147). This
allows for greater precision coupled with greater flexibility and
perhaps a reduction in normal tissues doses. Additionally, the

A

FIGURE 14.38. A: Martinez Universal Perineal Interstitial Template (MUPIT). Source: Courtesy of Dr.
Alvaro Martinez, William Beaumont Hospital, Detroit, Michigan, USA. B: Diagrammatic representation
in coronal and sagittal planes of the same template. Source: Reprinted from Martinez A, Edmundson GK,
Cox RS, et al. Combination of external beam irradiation and multiple-site perineal applicator (MUPIT)
for treatment of locally advanced or recurrent prostatic, anorectal, and gynecologic malignancies. Int J
Radiat Oncol Biol Phys 1985;11:391–398, with permission from Elsevier.
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rectal retraction devices available with the HDR applicators
maximize displacement of the rectum for short periods of time
and may give superior and more predictable displacement
than traditional vaginal gauze packing (56,144–146). These
two factors lead to improved dose delivery to the tumor rela-
tive to surrounding normal tissues (148). There is also
increased integration of external beam with HDR as external
beam irradiation can be given three to four times per week
and HDR one to two times per week. This can lead to a
shorter overall treatment duration, which may be pivotal in
maximizing cure (149,150). Additionally, due to the small
physical size of the 192Ir source, the HDR applicators are

lighter and smaller than bulky LDR applicators and are easier
to insert, particularly if there is vaginal narrowing. Many
institutions use only one LDR implant so that if the applicator
geometry is poor, there is not the opportunity to perform mul-
tiple implants and improve the geometry or change applica-
tors in future insertions as realized with HDR techniques. The
remote afterloading also provides a lack of radiation exposure
to health-care givers. Contrastingly, on a radiobiologic basis,
HDR lowers the therapeutic ratio compared to LDR as there
may be more late effects of radiation if the rectosigmoid and
bladder receive as much radiation as the tumor than with
LDR techniques. For HDR to succeed, the geometric advan-
tages must overcome the radiobiologic disadvantages (146).
Himmelmann et al. concluded that with HDR regimens,
reoxygenation of hypoxic cells can take place between frac-
tions, and this may in fact be a radiobiologic advantage of
HDR (151). Disadvantages of HDR may include loss of the
radiobiologic advantage of LDR, a potential increase in late
tissue effects with large fraction sizes, and an increase in the
number of implants per patient from 1–3 to 3–6 (range:
2–16), which is labor intensive for all involved. The need for
sedation may still exclude high-risk patients even though bed
rest is not required. 

Conversion from LDR to HDR

There have been numerous suggestions regarding how to con-
vert total LDR doses to HDR doses in order to implement rea-
sonable dose-fractionation schemes. Efforts have been made
by many investigators to compare the biologic effects of LDR
with HDR regimens using various dose conversion models.
The linear-quadratic model has typically been used, but this
does not address the optimal number of fractions. A basic
concept is that the total dose with HDR must be less than with
LDR and the number of fractions must increase (151–155).
This concept comes from early radiobiologic studies. The
Equivalent Radiation Dose (ERD) mathematical model can be
used to determine the HDR dose per fraction (156,157). The
ERD is a biologic dose unit, which utilizes the linear-quadratic
model. To determine an appropriate dose for high dose rate
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FIGURE 14.39. LDR Syed-Neblett templates (top to bottom) Gyn 1,
Gyn 2, Gyn 3. Source: Reprinted with permission from Erickson B,
Gillin M. Interstitial implantation of gynecologic malignancies. In:
Nag S, ed. Principles and Practice of Brachytherapy. New York: Futura;
1997:518 (Fig. 1).

FIGURE 14.40. Axial CT scan with needles inserted into the cervical
and paracervical tissues between the bladder and rectum. Isodose
curves shown are 80%, 100%, and 120% of the prescription dose. 
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treatments based upon low dose rate techniques, the ERDs are
assumed to be equal. The alpha/beta for tumor is assumed to be
10, while u is assumed to be 1.4 hours�1. For this calculation,
the LDR total dose, LDR dose rate, and desired number of
HDR fractions are required to calculate an HDR fraction size.
These calculations have shown that one must give approxi-
mately 60% of the LDR dose with HDR (143,156,157). 

High Dose Rate Applicators 

The tandems and ovoids used with HDR are variations of the
traditional Fletcher and Henschke LDR applicators but are
lighter, narrower, and smaller (Fig 14.41). The ovoids are 2.0,
2.5, and 3.0 cm in diameter with and without shielding. The
relationship of the colpostat to the handle is different between
HDR and LDR colpostats so that the cable-driven HDR source
can negotiate the angle between the handle and the colpostat.
The Selectron colpostats are angled at 60º to the applicator
handles. Standard Fletcher-Suit LDR colpostats are angled
most often at 15º and sometimes at 30º with respect to the
colpostat handles (Fig 14.42). This can lead to a different

FIGURE 14.41. HDR tandem and ovoids. Source: Courtesy of
Nucletron.

FIGURE 14.42. LDR versus HDR ovoid angles. The low dose rate
ovoids are positioned at a 15° or 30° angle to the vaginal axis versus
60° in the HDR ovoids. Source: Courtesy of Nucletron.

FIGURE 14.43. Tandem and ring applicator
with associated rectal retractor. Source:
Courtsey of Nucletron.

relationship between the tandem and the colpostats and between
the colpostats and the cervix, best seen on the lateral orthogonal
x-rays taken for dosimetry after applicator insertion. 

The ring applicator, which is an adaptation of the Stockholm
technique, has become a popular applicator (147,158–161)
(Fig. 14.43). The plastic caps that come with the ring applica-
tor place the vaginal mucosa 0.6 cm from the source path, com-
pared to the caps for the ovoids, which distance the vaginal
mucosa from the source path by 1 to 1.5 cm. The short distance
from the ring to vaginal mucosa can result in very high surface
doses if fixed weighting, nonoptimized techniques are used
(144,145,160). The bladder and rectum may also receive higher
doses with fixed weighting nonoptimized dosimetry (159). It is
important not to activate all the positions in the ring, as this
will increase the dose to the rectum, bladder, and vaginal
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mucosa (159). Typically, four dwells are activated on each side
of the smallest ring (36 mm), five on each side of the medium
ring (40 mm), and six on each side of the large ring (44 mm).
The tandems are available in lengths of 2 to 8 cm. Four ring-
tandem angles are available including 30°, 45°, 60°, and 90°.
The shape of the isodose curves comparing the ring with tan-
dem and ovoids will also have a different shape and the vol-
ume of tissue irradiated will also differ (159,160). The ring
applicator is ideal for patients without lateral vaginal fornices.
Its ease of insertion and predictable geometry make it a popu-
lar alternative to tandem and ovoids. 

Tandem and cylinder applicators are used in the setting of
a narrow vagina or vaginal extension of disease and are avail-
able in diameters of 2.0 to 4.0 cm (Fig. 14.44). In most cases,
rectal and bladder displacement are not possible with this
applicator, although some of the cylinders have built-in shield-
ing. A posterior speculum blade to displace the rectum can be
used if there is not posterior vaginal disease. As with LDR tan-
dem and cylinder applicators, the bladder and rectal doses
may increase with this applicator, and the dose distribution
will be more cylindrical than pear-shaped, which can under-
dose bulky tumors (Fig. 14.35). Careful attention to normal
tissue doses and target coverage is necessary in this setting.

HDR Treatment Planning

The dose distribution with HDR tandem and ovoids and tan-
dem and ring applicators model the LDR pear-shaped isodose
distribution. Most HDR regimens use a paracervical dose
specification point (A) rather than mg-hrs. Rectal, bladder,
sigmoid, and vaginal surface doses should always be specified
or documented, and some assessment of dose to the pelvic
lymph nodes and lateral parametria should be documented. 

The HDR system utilizes special vocabulary to describe
certain functions and applications. A “dwell position” is a
position at which the source is driven to stop or dwell. Dwell
positions can be 2.5 and 5 mm apart. Up to 48 dwell positions
can be specified per channel. The physicists will ask for the
active length and convert the active length into a number of
dwell positions. “Patient points” are points of interest at
which the dose is calculated; they are defined on the orthogo-
nal implant films. Examples include bladder, rectum, and sig-
moid. “Applicator points” are points of interest at which the
dose is calculated; they are defined by manually inputting the
coordinates. Typically, applicator points include point A and
points on the lateral surface of a ring, ovoid, or cylinder.
“Dose points” are points at which the dose is optimized. In
general, doses are specified using dose points. The optimiza-
tion program then attempts to give the prescription dose at
each of these points. With the tandem and ring, a similar sys-
tem is used. The entire ring should never be activated, as this
will cause high rectal, bladder, and vaginal doses. For the tan-
dem and cylinder, again, a similar system is used with the

exception that at the cylinder interface, dose points are
entered laterally from the dwell positions at the distances rep-
resenting the cylinder surface. Due to the close proximity of
the bladder and rectum in women requiring vaginal cylinders
because of a narrow vagina, it may be wise to decrease the
vaginal surface dose to 100% to 120% of the point A dose
rather than 140% to 200% of the point A dose, as recom-
mended with tandem and ovoid or ring applications.

Dose specification at point A alone can result in underdosing
of target tissue and overdosing of dose-limiting tissues (162). In
addition to point A, specifying dose at the vaginal applicator
surface and use of optimization may allow for design of an opti-
mal dose distribution (Fig. 14.45). Optimization is a term used
in HDR dosimetry planning. With optimized plans, dose points
are defined relative to the applicators and are used by the plan-
ning system to determine the dwell times necessary to deliver
the specified dose to the points. With nonoptimized plans, fixed
relative dwell weights are input into the planning system and
are used to calculate the dose distribution. By altering the dwell
times and dwell weights, it is possible to alter the dose distribu-
tion, and thereby optimize tumor volume coverage, and mini-
mize normal tissue exposure. Excessive optimization can alter
the pear shape to a less desirable configuration with the same
point A dose (163,164). When altering the standard dwell times
and weights, it is important to also monitor point T (defined at
1 cm superior to the cervical os and 1 cm lateral to the tandem
with a dose two to three times the point A dose), and the vagi-
nal surface (defined at the lateral radius of the ovoid and ring
applicator with a dose 1.4 to 2.0 times the point A dose)
(80,102,105). In addition, doses to the rectum, sigmoid, and
bladder should be carefully monitored and adjusted if they are
above the threshold tolerance.

HDR Dosimetry Generation

It is important to perform dosimetry for each fraction of an
HDR regimen even if the same applicator is used, as there may
be quite a bit of variation in applicator position with each frac-
tion (165–173). There is also applicator deformation of the
adjacent structures, which varies with applicator position
(168). Variables that impact applicator position are vaginal
packing, the presence and effectiveness of sedation/anesthesia,
as well as use of the dorsal lithotomy versus legs down position.
The bladder and rectosigmoid may also change configuration

356 Section II: Therapeutic Modalities and Related Subjects

FIGURE 14.44. Tandem and cylinder applicator. Source: Courtesy of
Nucletron.

A B

FIGURE 14.45. Dose distribution around a tandem and ring applica-
tor in (A) sagittal and (B) coronal projections with dose specified at
the ring surface and at the level of point A. 
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due to changes in filling and position, and doses to these organs
will vary from fraction to fraction. Uterine and sigmoid mobil-
ity may also impact the dose distribution in these organs.
Additionally, disease regression and vaginal narrowing will vary
from fraction to fraction and can also result in changes in dose
distribution. A change in applicator can also result in changes in
dose distribution as can changing the ovoid or ring size, ovoid
separation, and tandem curvature. The ovoids may also change
in separation and their relative position to the tandem over time
if there is not a fixed relationship between the tandem and
ovoids (167,169–172). Jones et al. found that when treatment
planning was not performed for each fraction and only the ini-
tial dosimetry was used, there was increased dose to at-risk nor-
mal organs (172). This is also true when using a tandem and
ring, even though it has a fixed geometry. The applicator posi-
tion relative to the pelvic organs is the important factor rather
than the relationship of the tandem to the ring (Fig. 14.46).

Dose-Fractionation Schemes

In the 1990 literature review by Fu and Phillips of the ran-
domized and nonrandomized studies of HDR, multiple dose-
fractionation schemes were tabulated. Most centers used point
A as a reference point, although the definition of point A var-
ied. The dose per fraction at point A varied from 3 to 10.5 Gy,
the number of fractions varied from 2 to 13, and the number
of fractions per week varied from one to three. At that time,
most centers used a schedule of 7 to 8 Gy/fx for three to six
fractions. The external beam dose was variable and in most
centers was carried out concurrently with or after intracavi-
tary brachytherapy (174). The 1991 Orton et al. survey of 56
institutions reported treatment of over 17,000 cervix patients
with HDR and found that the average fractionation scheme
was five fractions of 7.5 Gy to point A. Fractionation of the
HDR treatments significantly influenced toxicity as morbidity
rates were significantly lower for point A doses per fraction of
�7 Gy compared with �7 Gy (175,176). Fraction sizes 	7.5
Gy are recommended by the American Brachytherapy Society
(86). In a literature analysis by Petereit and Pearcey of the
HDR fractionation schedules, a dose-response relationship
could not be identified for tumor control or complications
(177). There is no consensus as to the optimal number of frac-
tions and dose per fraction except that the choice will depend

on the external beam dose and on whether central shielding is
used, normal tissue doses, medical comorbidities, and the
stage of disease. The linear-quadratic model was suggested as
a guide to formulate the regimens chosen at each institution
(86,178). Currently, Gynecologic Oncology Group (GOG) pro-
tocols define a dose/fractionation scheme of 6 Gy � 5 to point
A (87). Radiation Therapy Oncology Group (RTOG) protocols
allow more variation depending on the external beam dose with
fraction sizes of 5.3 to 7.4 Gy when using four to seven frac-
tions. Tables for combining various external beam doses with
varying HDR fractions using the linear-quadratic formula and
normal-tissue-modifying factor have been provided with these
protocols (179). Currently, the most common approach in the
United States is to use five fractions of 5 to 6 Gy in combination
with whole pelvis irradiation of 45 to 50 Gy (180).

Sequencing with External Beam

In nonbulky disease presentations, HDR insertions are often
integrated early in the treatment course after approximately
20 Gy of external beam RT. Alternatively, some institutions
choose to take the whole pelvis to 40 to 45 Gy initially, pre-
ceding the five HDR insertions, unless the patient has very
early disease or evidence of early vaginal stenosis. When deliv-
ering 40 to 45 Gy to the whole pelvis before initiation of
HDR, it is important to avoid treatment prolongation by giv-
ing two HDR fractions per week to complete the radiation
within 50 to 56 days (86,87). Compressing the duration of
treatment to 	60 days may be desirable (149,181–183). 

Midline blocks are used at variable points in time at many
institutions (Fig. 14.47). It is important to understand when
the midline block is placed as this will influence the HDR frac-
tion size. Higher whole pelvis doses can be utilized without a
midline block (56,145,146), but the HDR doses have to be
appropriately reduced. HDR and external beam fractions
should not be given on the same day. 

Brachytherapy for Endometrial Cancer

Hysterectomy is the cornerstone of treatment for endometrial
carcinoma. Selective use of vaginal brachytherapy, external
beam irradiation, or both in the postoperative setting is based
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FIGURE 14.46. Variation in anatomy between fraction 2 (A) and fraction 3 (B) of a 5 fraction high dose
rate (HDR) course. Note the difference in the position of normal organs at the level of point A between
fractions 2 and 3. 
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on the histopathologic risk factors identified in the tissues
removed at the time of surgical staging. Vaginal brachytherapy
is typically performed using Fletcher colpostats, or a variety of
vaginal cylinders (Delclos, Burnette). Both LDR and HDR tech-
niques are used (Fig. 14.48). The choice of ovoids versus cylin-
ders is individual and both have relative advantages and
disadvantages (184). Vaginal ovoids are available in diameters
of 2 to 3 cm with associated caps and shielding. Vaginal cylin-
ders are available in diameters of 2 to 5 cm, with or without
shielding. Vaginal ovoids generally require sedation for inser-
tion, whereas cylinders do not. The length of the vagina treated
with vaginal ovoids is approximately the upper third, whereas
vaginal cylinders can treat a portion of or the entire vagina.
Though rare, when present, distal vaginal metastases tend to be
located in the periurethral area (185,186). Poorly differentiated

tumors may recur earlier and present in the distal vagina or dis-
tant disease sites, whereas well-differentiated lesions tend to
recur later and are often in the upper vagina (187). Distal vagi-
nal recurrences or metastases, however, are rare after radiation
and occurred in 0.5% to 1% of patients when the upper vagina
was treated (188). It is therefore not suggested to treat more
than the upper half of the vagina routinely. Typically, the length
of vagina treated with vaginal cylinders is between 4 and 5 cm,
perhaps favoring a longer length when using brachytherapy
alone (189). Packing is typically used to displace the rectum and
bladder with ovoids and not with cylinders. Due to the longer
length of vagina treated and the lack of packing, a larger volume
of rectum and bladder will be treated with cylinders. Vaginal
ovoids may be prohibited in a narrow vagina, whereas vaginal
cylinders may not be in close approximation with all of the vagi-
nal mucosa in the setting of a wide vaginal apex or if the cuff has
been closed with “dog ears” rather than in a cylindrical shape.

Most vaginal brachytherapy for endometrial cancer is
performed with vaginal cylinders using HDR techniques
(Fig. 14.48) (189). The dose distribution should ideally conform
to the shape of the cylinder (190). Dose is typically specified
either at the vaginal applicator surface (mucosal surface) or at
a depth of 0.5 cm from the applicator or vaginal mucosal sur-
face. Dose prescription at 0.5 cm can lead to excessively high
mucosal doses and surface doses should also be tracked
(191,192). Additionally, careful assessment of dose to the rec-
tum and bladder through use of computerized dosimetry
should also be performed for the first fraction of radiation
delivered (Fig. 14.48). Choo et al. have revealed that 95% of
the vaginal lymphatic channels are located within 3 mm of the
vaginal surface and that dose prescription to a depth of less
than 5 mm may be adequate (193). For LDR insertions, dose
rates at the surface of the applicator should be in the range of
80 to 100 cGy/hr, and perhaps 50 to 70 cGy/hr if the prescrip-
tion is at 0.5 cm (190). Total vaginal surface doses of 50 to 80
Gy are reported most frequently in the literature. When used
with external beam, cumulative doses of 60 to 100 Gy at the
vaginal surface are reported in the literature. Doses in excess
of 80 Gy to the vaginal mucosa are not necessary in the setting
of adjuvant therapy and can be associated with increased mor-
bidity. For a vaginal recurrence of endometrial cancer, doses of
80 Gy and higher may be needed when combining external
beam and brachytherapy (194).

Vaginal brachytherapy alone is generally considered an
option for patients treated with hysterectomy, with either no
or selective lymph node sampling, who are thought to be at
low risk for lymph node metastases. These patients typically
have grade 1 or 2 disease without significant myometrial inva-
sion (	1/3) (195,196). Additionally, vaginal brachytherapy
alone is considered an option at some institutions in the set-
ting of a negative pelvic lymph node dissection, even when
high-risk factors such as high grade or deep myometrial inva-
sion are present (196–198).

There is great debate if a vaginal cuff boost is routinely
necessary in addition to external beam irradiation for early-
stage endometrial cancer and little data to support it
(199,200). Practice patterns are based more on institutional
tradition and individual preference rather than prospective
randomized trials. The rationale for use of a vaginal boost is
the supposition that there may be a critical dose needed at the
vaginal apex to optimally decrease the likelihood of a vaginal
apex recurrence. Doses in excess of the 45 to 50 Gy typically
delivered with external beam may be necessary if there are
microscopic tumor cells embedded in the hypoxic vaginal cuff. 

There are some clinical situations in which more complex
brachytherapy procedures are required in the treatment of
endometrial cancer. Patients with bulky stage II endometrial
cancers may benefit from preoperative radiation with external
beam alone, brachytherapy alone, or a combination of the
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FIGURE 14.47. Midline blocks. (A) A custom cerrobend block
protecting the area previously treated by the tandem and ring implant.
(B) A midline block defined by the leaves of the multileaf collimator. 
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FIGURE 14.48. (A) High dose rate domed vaginal applicator. Source: Courtesy of Nucletron. (B) Low
dose rate (LDR) Fletcher ovoids with associated radiograph. Lateral radiographs are shown of cylinder
(C) and ovoids (D) with bladder bulb contrast in both and rectal contrast in (C). 
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two. Tandem and ovoids or tandem and ring or cylinder appli-
cators are used in this setting. Medically inoperable endome-
trial cancer is a rare phenomenon in the current era of
aggressive surgical staging. When encountered, it can require
the use of sophisticated radiation techniques. Either external
beam alone or brachytherapy alone or a combination of the
two may be appropriate for some patients. Tandem and ovoids
or a tandem and ring or cylinder may be appropriate if the
uterine cavity is small. If the uterus is large or if there is more
extensive disease, special uterine applicators such as dual and
triple tandems or Heyman-Simons capsules may be helpful
(Fig. 14.49). There is better coverage of the entire endometrial
cavity with these applicators, and dose can be delivered
through the uterine wall to the serosa of the uterus (201–203).
HDR and LDR techniques can be used. 

Patients with recurrent endometrial cancer usually benefit
from both external beam and brachytherapy. Doses in excess
of 80 Gy may lead to better local control in these patients
(194). In patients with residual vaginal disease less than 0.5
cm in maximum thickness, vaginal cylinders or ovoids can be
used, whereas in patients with thicker lesions following exter-
nal beam, interstitial techniques are needed. For apical lesions,
laparotomy or laparoscopy may be required for optimum nee-
dle placement and to avoid small bowel tethered to the pelvic
floor (129,204–206). 

EXTERNAL BEAM IRRADIATION
FOR GYNECOLOGIC CANCERS 

Cervical and Vaginal Cancers

In cervical and vaginal cancers, the role of external beam irra-
diation is to shrink bulky tumor prior to implantation to bring
it within range of the high-dose portion of the intracavitary
dose distribution, improve tumor geometry by shrinking
tumor that may distort anatomy and prevent optimal
brachytherapy, and sterilize paracentral and nodal disease that
lies beyond reach of the intracavitary system (72,85). Some
institutions maximize the brachytherapy component of the
treatment regimen and perform the first intracavitary inser-
tion after 10 to 20 Gy with subsequent external beam deliv-
ered with a central block (207). Other institutions treat the
whole pelvis to 40 to 50 Gy and perform brachytherapy once
the external beam is completed. The total dose at point A or to
the vaginal dose specification point(s), however, should
remain the same, stage for stage. Implementing brachytherapy
early with subsequent reliance on only the implant to treat the
central disease may be considered an advantage as a greater
portion of the central dose is delivered with the implant, with
relative sparing of the bladder and rectum, perhaps permitting
delivery of a higher central dose over a shorter period of time.
More reliance, however, is placed on the extremely complex
match between the intracavitary system and the edge of the
midline block, making good implant geometry imperative
when brachytherapy contributes a large portion of the central
dose. Those who prefer to deliver an initial 40 to 45 Gy of
external beam first believe that the ability to deliver a homo-
geneous distribution to the entire region at risk for micro-
scopic disease and the ability to have more shrinkage of
central disease prior to intracavitary irradiation outweigh
other considerations. The brachytherapy dose is accordingly
decreased to respect normal tissue tolerance. In addition to
causing regression of central disease, the external beam fields
are also directed at the regional lymph nodes at risk. In cervi-
cal and vaginal cancer, the risk of pelvic lymph node involve-
ment is related to the stage of disease, tumor size, and
lymphatic vascular space invasion. Other histomorphologic

factors influencing lymph node involvement in cervical cancer
include pathologic tumor diameter, depth of stromal invasion,
uterine body involvement, parametrial spread, and the num-
ber of cervical quadrants involved by tumor (208). Early
necropsy studies reported the lymphatic pathways for patients
with cervical cancer (209). The primary lymphatic pathway is
to the parametrial and paracervical nodes, and the obturator
and internal and external iliac nodes. Secondary spread can
occur to the sacral and common iliac nodes, with subsequent
spread to the paraaortic nodes. Unlike in endometrial cancer,
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FIGURE 14.49. Brachytherapy plan for a patient with medically inop-
erable endometrial cancer in (A) coronal, (B) sagittal, and (C) axial
dimensions. Note dual tandems on the coronal image (A). 
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paraaortic lymph node involvement in the absence of pelvic
lymph node involvement is rare. Inguinal lymph node involve-
ment occurs with distal vaginal spread of disease or via the
round ligament if there is extensive involvement of the corpus.
The cervical lymphatics are located in three plexuses in the
mucosa, muscularis, and serosa of the cervix and anastamose
extensively with the lymphatics of the uterine isthmus. This
interconnected lymphatic supply is one of the reasons why the
entire uterus should be within the external beam fields when
treating cervical cancer. Additionally, there may also be lower
uterine segment and endometrial extension of tumor. There
are lymph vessels running posteriorly in the uterosacral liga-
ments to lymph nodes located in the sacrum between the rec-
tum and internal iliac vessels. These posterior nodes may
terminate in the common iliac, subaortic, or paraaortic lymph
nodes (208,210,211). Recent CT studies have added further
information on the location of these lymph nodes and variants
of spread (212). 

For all gynecologic cancers, these patterns of lymphatic
spread influence the external beam field borders. Traditionally,
design of “standard” pelvic fields, as shown in many radiation
oncology textbooks, has been thought to be quite simple and
straightforward and based primarily on skeletal landmarks. The
skeletal landmarks are not sufficient for field design (213–215).
Traditionally, many institutions have used the “four-field box”
technique to treat the pelvis with typical AP-PA field sizes of
15 � 15 cm and lateral field widths of 8 to 9 cm (Fig. 14.50)
(79). The intent of the four fields is to use rather narrow lateral
beams to avoid some of the small bowel anteriorly and a portion
of the rectum posteriorly. As radiation technique must be “pred-
icated on knowing where things are as opposed to where they
ought to be,” there exist no such entities as “standard” radiation
treatment volumes, “standard” portal design, or “standard”
field sizes. Surgical and imaging series using CT, MRI, and
Lymphangiogram (LAG) have revealed that fields of these sizes
can easily miss the primary tumor and its extensions and the
regional lymphatics at risk, and design of the pelvic fields
needs to be done with care and use of confirmatory imaging
(214,216–222). Plain films do not visualize the important soft
tissues such as the cervical tumor and its extensions, the uterus,
or the lymph nodes at risk. Additionally, bladder and rectal con-
trast and a vaginal obturator or cervical markers have been used
to guide field design but are not sufficient (218,223). As with the
brachytherapy component of treatment, the adequacy of the
external beam fields and margins has a direct relationship with
local and regional control (217). What may be considered a
mysterious failure following definitive irradiation, perhaps
caused by “radiation resistance,” may actually be the result of a
marginal miss due to external beam field design. Placement of
radiation fields must take into account the alteration of the spa-
tial relationship between the tumor and normal anatomy due to
individual anatomic, tumor-induced, or treatment-related posi-
tional variations of the uterus and cervix, as well as a knowledge
of the location of the regional lymphatics (218,220). Radiation
oncologists must be aware of these patterns of disease spread as
well as have an in-depth understanding of CT anatomy when
designing radiation fields following CT simulation. Identifi-
cation and contouring of enlarged nodes in nodal regions at risk
as well as identification of the iliac vessels, which serve as surro-
gates for the location of unenlarged lymph nodes, are important
in subsequently defining radiation field borders (Fig 14.51).
Additionally, contouring of the entire uterus and portions of the
vagina will also ensure that these tissues are included in the radi-
ation fields (Fig. 14.51).

Generally, the superior border of the pelvic fields is at the S1-
L5 interspace for early-stage disease (i.e., nonbulky IB or IIA) or
at the L4-5 interspace for more advanced disease. The latter is
used if one wants to cover the common iliac lymph nodes.
Interestingly, Greer et al. evaluated “standard” pelvic fields

(Anterior-Posterior [AP] - Posterior-Anterior [PA], 15 � 15 cm;
lateral, 8 to 9 cm wide) for the treatment of cervical cancer in
relationship to intraoperative findings. Based on intraoperative
measurements of the location of the aortic bifurcation and the
bifurcation of the common iliac arteries relative to the lum-
bosacral prominence (the anterior caudal border of L5), Greer
et al. concluded that anterior and posterior treatment fields
with a superior border at the L4-5 interspace are required to
cover the internal iliac, external iliac, and obturator nodes as
the bifurcations of the common iliac arteries were above the
lumbosacral prominence in 87% of the patients studied.
Coverage of the common iliacs could require extending the
upper field border to the L3-4 interspace or even the L2-3 inter-
space in some patients (224). In a later series, Greer et al.
treated 38 patients with cervical carcinoma with these
expanded fields (AP-PA fields: median length and width of 20
and 17.5 cm; lateral fields: median width of 16.5 cm, posterior
border including the entire sacrum), with an acceptable late

A

FIGURE 14.50. Traditional four field pelvic box technique with short
and narrow fields with the potential to miss the uterine fundus and the
pelvic lymph nodes. Source: Reprinted with permission from Fletcher,
Gilbert H, eds. Textbook of Radiotherapy. 3rd ed. Philadelphia: Lea &
Febiger; 1980:761–762 (Fig. 37B and D). 

B
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actuarial severe complication rate of 14.8% (223). Obviously,
with CT-based dosimetry, it is imperative to outline the vessels
and/or nodes in these areas to determine the appropriate field
borders as unnecessary irradiation of bowel could occur if all
patients were treated to the L2-3 interspace based on this
assumption (Fig. 14.51). CT is an excellent tool to either iden-
tify pathologically enlarged nodes, multiple small lymph nodes
that by increased number rather than size are suspicious, or in
the absence of nodes, the aortic and iliac bifurcations and the
iliac vessels (212,214). Finlay et al., using CT-based planning,
found that 79% of patients treated with conventional fields had
inadequate coverage. For adequate coverage, the superior bor-
der may need to be as high as L3-4 to cover the common iliac
nodes. Using CT-based planning, Finlay et al. reported that
95.4% of the patients who had “conventional” pelvic fields had
inadequate coverage of nodes when these were contoured on
treatment planning CT scans (225). The inferior border of the
pelvic field is usually at the bottom of the ischial tuberosities or
3 to 4 cm below the most distal vaginal component of disease.
Inguinal nodes are included if there is distal vaginal spread, in
which case treatment of the vaginal introitus with margin
would also be required. MRI is especially helpful in imaging
vaginal tumor extension (218). The lateral borders of the
AP-PA fields are important to design carefully as the 1.5- to
2.0-cm margin from the pelvic brim standardly recommended
may be too narrow. Using lymphangiography, Pendlebury et al.

found that in order to cover the lymphatic channels in the pelvis
in 90% of cases, the lateral margins of the AP-PA fields would
need to be 2.5 cm lateral to the pelvic brim (range of medial
margins to cover lymph nodes: 0.5 to 3.0 cm) (215), and Bonin
et al. found a margin of 2.6 cm (213). Intraoperative measure-
ments have confirmed these findings (224). The lateral fields are
even more prone to marginal misses than the AP-PA fields, as
demonstrated in multiple series that have compared the stan-
dard textbook lateral fields (8 to 12 cm wide) to fields designed
based on CT and MRI images (Fig. 14.52) (214,216,217,
219–221,226). For the lateral fields, a commonly employed
guideline is to place the posterior border in a horizontal line,
parallel to the treatment couch that divides the mid-rectum and
intersects the sacrum between the second and third sacral seg-
ments (S2-3 interspace), and the anterior border by a horizontal
line, parallel to the treatment couch from the anteroinferior lip
of L5 to the anterior aspect of the pubic symphysis (219). These
“standard” lateral fields are too narrow. For the lateral fields,
careful consideration needs to be given to the anterior border to
include the external iliac nodes. Based on lymphangiography,
Pendlebury et al. found that to cover the external iliac nodes,
the anterior border of the lateral field was sometimes as much
as 2 cm anterior to the pubic symphysis (215), which was later
confirmed by Bonin et al. (213). Chun et al. found that based
on CT definition of the external iliac lymph nodes, when using
standard lateral fields, only 50% of the patients studied had
adequate coverage of these nodes (214). Additionally, the ante-
rior border must also be drawn to include the entire uterus,
given the interconnecting lymphatics of the uterus and cervix
and the possibility of lower uterine segment/endometrial exten-
sion (Fig. 14.52) (211,216,220). Enlargement of the uterine
fundus by the presence of hematometra or massive fundal
extension of cancer can displace the fundus anteriorly and
cephalad, as can an anteverted or retroverted uterus (216,
221,227). The prone position may accentuate this displacement
(218,220). The anterior field border should be based on CT or
MRI delineation of the tumor and/or normal anatomical vari-
ants to avoid underdosing of these structures (214,216,218,
219,221,226,227). The posterior border of the lateral fields
must be designed carefully. Based on intraoperative findings,
Greer et al. showed that the cardinal and uterosacral ligaments
extend posterior to the rectum and sigmoid in their attachments
to the sacrum. As part of the parametria, these tissues often
contain nodes, even in early disease (IB and II, 22.5%) or are
involved by direct extension and need to be covered in most
patients by including the entire sacrum in the lateral fields
(223). If there is uterosacral ligament involvement, it is espe-
cially important to include the entire sacrum in the lateral fields,
although some institutions will use this as a criterion for AP-PA
fields alone (210). The internal iliac lymph nodes can also lie
very close to the rectum and splitting of the rectum can result in
a marginal miss of these nodes (Fig. 14.53) (212). For posterior
cervical lesions, there can also be direct extension to the supe-
rior rectal nodes or sacral lymph nodes (208). Tumor can also
extend directly around the rectum. Kim et al. found that the
most common site of an inadequate margin was near the por-
tion of the lateral field blocking the rectum. On CT, it was
found that tumor often fell along the lateral aspect of the rec-
tum. The second most common site of inadequate margin was
the posterior border at the S2-3 interspace (216). Zunino et al.
also found inadequate posterior border margins when the
uterus was both retroverted and anteverted (Fig. 14.52) (221).
The reason for narrow lateral fields is typically concern over the
rectum and the small bowel. Russell et al. have included the
entire sacrum in the lateral fields of all patients with cervical
cancer treated at their institution, and they have reported no
increase in acute or late morbidity. When present, all rectal
injuries observed have been on the anterior rectal wall due to
the proximity of the implants used in the definitive management
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FIGURE 14.51. Digitally reconstructed AP (A) and lateral (B) radi-
ographs with associated contoured targets including the pelvic lymph
nodes and uterus. Note the multileaf collimator leaves defining the
field shape in accordance with coverage of the targets of interest. 
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of these patients (219). Greer et al. also reported no increase in
late rectal complications when including the entire sacrum in
the field (223). It may also be a mistake to avoid the chance of
a marginal miss by treating just with anterior and posterior
fields, as in most cases some of the small bowel can be omitted
from the lateral fields when using imaged-based planning (219).
Gerstner et al. found that by using beam’s eye view–based 3D
treatment planning, though the rectal volume treated increased
to avoid a marginal miss, there was an overall reduction in the
lateral field treatment volume as compared to standard treat-
ment fields due to beam shaping to exclude portions of the
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FIGURE 14.52. (A–B): Traditional lateral fields are superimposed on
sagittal MRI scans to evaluate target coverage with traditional fields.
Note in (A) that the traditional lateral fields would not completely
cover the uterine fundus, and that in (B) the traditional lateral field
would cut through cervical tumor within the anteverted uterus.
Source: Reprinted with permission from Zunino S, Rosato O, Lucino
S, et al. Anatomic study of the pelvis and carcinoma of the uterine
cervix as related to the box technique. Int J Radiat Oncol Biol Phys
1999;44(1):56–57 (Figs. 2 and 3).

A

B

FIGURE 14.53. A: The location of the presacral lymph nodes man-
dates including the entire sacrum to cover disease in the uterosacral
and cardinal ligaments and superior rectal (pre-sacral) nodes. The right
lateral sacral node (solid arrow) is medial to the hypogastric vessels
(open arrow). B: Note the proximity of the internal iliac lymph node
(solid arrow) to the rectum. This spatial relationship would exclude
partial blocking of the rectum on the lateral fields. Source: Reprinted
with permission from Park J, Charnsangavej C, Yoshimitsu K, et al.
Pathways of nodal metastases from pelvic tumors: CT demonstration.
Radiographics 1994;14(6):1311 (Figs. 2 and 3). 
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bladder and small bowel and bladder distention (226). MRI has
been found to be an invaluable tool for delineating normal
anatomy and the extent of cervical tumor involvement because
of its superior soft-tissue contrast when compared to CT. MRI
also allows direct imaging in sagittal, coronal, and transverse
plains (221). Sagittal MRI images are exceedingly helpful in
designing radiation fields (Fig. 14.52). Design of the anterior
and posterior borders of the lateral fields can be especially influ-
enced by these images (218–221,227). Thomas et al. performed
MRI rather than CT in the treatment position, and found better
delineation of the tumor volume due to the superior contrast
resolution (220). Lymphangiograms are very helpful in defining
the location and architecture of lymph nodes when designing
radiation fields, and are especially helpful in designing the lat-
eral fields and subsequent nodal boost fields (213,215,
221,228). They do not routinely image the internal iliac lymph
nodes, although sometimes these will fill in a retrograde man-
ner. Unfortunately, lymphangiography is available at only a few
institutions due to the fact that it is time consuming for both the
radiologist and patient, and fewer radiologists are trained in
such procedures (213). Positron emission tomography
(PET)/CT scans have largely replaced lymphangiograms at most
institutions with Medicare approval in 2005 and can detect
involved pelvic and paraaortic lymph nodes better than CT
alone (229–232). PET does not rely on lymph node size alone,
unlike CT, but rather metabolic alterations for detection of dis-
ease. PET has better accuracy than can be achieved with CT or
MRI with a sensitivity of 85% to 90%, a specificity of 95% to
100%, and overall accuracy of 90% to 95%. Nodes as small as
6 mm can be imaged with PET, providing information to guide
therapy and predict outcome.

Midline Blocks

A midline block is used during external beam to avoid regions
of excessive dose adjacent to the implant and to deliver an ade-
quate dose to potential tumor-bearing regions outside of the
implant. When using a midline block early in the treatment
course, more reliance is placed on the extremely complex
match between the intracavitary system and the edge of the
midline block. Some institutions customize the midline shield
for each patient by defining the Cerrobend block edges as the
contour of the isodose line passing through point A (233), or
the 50% isodose line. Other institutions further customize this
by stepping or altering the block thickness at specific isodose
level intervals to achieve a dose “feathering” effect between the
external beam and brachytherapy doses. The step-wedge or
variable thickness transmission block used at Mallinckrodt
(MIR) was initially designed to correspond to the various iso-
doses of the intracavitary insertions with various tandem and
ovoid configurations (128,234,235). Over time, a customized
step-wedge was not fabricated for each patient, but a number
of standard prefabricated sizes were made available for
repeated use. Several other institutions have published use of
customized step-wedge midline blocks based on individual
implants (236). Most institutions use rectangular blocks 4 to 5 cm
in width rather than production of blocks based on the isodose
distributions (Fig. 14.47) (233,237).

There are some important safety issues when using midline
blocks. The midline block position should be based on films
with similar isocenters. If patients receive external beam irradi-
ation in the prone position, it may be wise to simulate them in
the supine position for their parametrial boosts so that they are
in the same position as they are for their implants. Midline
blocks can be positioned to account for applicator deviation.
Wolfson et al. found that most institutions using the standard
rectangular midline blocks align the superior-inferior central
axis of the block along the midplane of the patient’s pelvis,

while those using customized midline blocks usually align the
midline block along the axis of the tandem (233). The step-
wedge corrects for the lateral gradient of the intracavitary sys-
tem and not the rapid dose gradient anterior and posterior to
the plane of the implant or for variations in the positions of the
implants. The contribution of scattered radiation may increase
the dose under narrow midline blocks, which may exceed the
anticipated 5% of the primary pelvic dose when using a 5 to 6
half-value layer (HVL) midline block. Midline blocks that are
too narrow may not adequately shield the bladder and rectosig-
moid given their ability to move in and out of the blocked field.
Filling and emptying of these organs may also alter their posi-
tion relative to the block. Eifel et al. point out that the distance
between the distal ureters is usually 4 to 5 cm. A narrow block
may fail to shield a portion of the ureters during external beam
(238). Reviewing the M.D. Anderson experience, Eifel et al.
detected an increase in complications in patients with midline
blocks (4 cm) used throughout the course of external beam.
Since the ureters are typically 2 to 3 cm from midline, the expla-
nation for the ureteral stenosis could have been an overlap
between the external beam fields and the high dose region of
the intracavitary implants (238). A margin of 0.5 cm lateral to
the lateral ovoid surface is recommended in designing the width
of the midline block for each patient to protect the implanted
volume. If the intracavitary system is broad, a wide midline
block may potentially shield the external iliac lymph nodes. If
tissues immediately adjacent to the colpostats and tandem tip
are not shielded, portions of the ileocecal junction and rectosig-
moid may be overdosed (239,240). Huang et al. recommended
avoiding a combination of parametrial boost doses of �54 Gy
and a cumulative rectal biologically effective dose (CRBED)
�100 Gy3 to decrease the risk of radiation-induced bowel com-
plications (240). Chun et al. also found increasing rectal com-
plications with parametrial boosts �55 Gy (241). When a
midline block is inserted prior to 40 Gy, it should not extend to
the top of the field since it will shield the common iliac and pre-
sacral lymph nodes, which will be underdosed (228,233).
Kuipers notes that the uterus can be displaced cranially toward
the sigmoid during intracavitary irradiation because of vaginal
packing. It may be important to make the midline block high
enough to protect the sigmoid so that it does not receive further
radiation during external beam (242). The inferior edge of the
midline block should be coincident with the caudal aspect of
the whole pelvis fields to avoid overdosage of the distal vagina
(233). When there is suspicion of uterosacral ligament involve-
ment, it is safer to avoid early placement of the midline block,
which will shield disease lying posterior to the implant (210).
Due to concern over rectal tolerance, the rectum is shielded
after a certain amount of external beam radiation therapy, which
can block tumor in the perirectal area and uterosacral space.
The geometric configuration of the intracavitary implant
emphasizes lateral rather than posterior coverage and does not
effectively treat the perirectal and uterosacral space effectively.
This can lead to underdosing of tissues in this area and an
increased risk of central recurrence. Higher whole pelvis exter-
nal beam doses, interstitial implantation, or addition of a sup-
plemental posterior oblique external beam boost may offer
ways to compensate dose in this area (210). As there may be
some disparity in implant position if multiple fractions are used
over time, such as with HDR, it is necessary to reassess the
midline block configuration after each implant (243).

Parametrial/Nodal Boosting 
in Cervical Cancer

Parametrial boosting is often recommended for patients with
bulky parametrial or sidewall disease, after completion of the
whole pelvis field and midline block fields, as the parametria are
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a common site of failure. The need for boosting is usually based
on the status of disease regression following whole pelvis irradi-
ation. MRI may be helpful in making this assessment both
before and during radiation. Mayr et al. found MRI imaging
useful in the localization of parametrial tumor extension and
enlarged their parametrial boost fields based on these MRI
images to include the disease and exclude small bowel (218).
Logsdson and Eifel suggest boosting residual lateral pelvic wall
disease after 40 to 45 Gy whole pelvis to 60 to 62 Gy to small
volumes (82). Perez et al. found a trend toward increased pelvic
control with point B doses (defined at 6 cm lateral to the central
axis) �45 Gy (101,244). In the 1973 and 1978 PCS, there was
no relationship between lateral dose �60 Gy and either infield
pelvic control or survival, but the lateral dose did impact com-
plications with an increase above 50 Gy (107,109,110). There
was a trend toward decreased failure with increasing parame-
trial doses in stage III disease (108). Perez et al. found that the
incidence of pelvic recurrence was correlated with tumor size
and dose of irradiation delivered to the lateral parametrium.
There was an increase in the incidence of pelvic recurrence in
patients receiving less than 50 Gy, but no correlation with
increasing doses of irradiation (245). Doses needed to eradicate
parametrial disease in the literature are typically around 60 Gy,
combining the external beam doses with the implant doses. The
proximity of small bowel can make this a risky proposition.
Perez et al. noted that with doses below 50 Gy to the lateral
pelvic wall, the risk of small bowel complications was about 1%
and somewhat higher with larger doses (128). In a later series,
grade 3 small bowel sequelae were 1% with doses of 50 Gy and
2% to 4% with doses over 60 Gy (p � 0.04) (246). At present,
Perez et al. recommend limiting the small bowel doses to less
than 60 Gy (246). Ferrigno et al. found an increase in small
bowel complications when parametrial boosts were above 59
Gy. They recommended dropping the superior border of the
parametrial fields to the S2-3 level and limiting the total dose to
54 Gy (181). The use of concurrent chemoradiation may allow a
decrease in these doses, but data is too preliminary to conclude
what this dose should be. When there is uterosacral space
involvement, thought should be given to the use of a supplemen-
tal posterior oblique external beam boost (210). Grigsby et al.
used PET/CT scans to evaluate lymph node size, irradiation
dose, and patterns of failure. The parametrial and lymph node
boost doses used were in the range of 9.0 to 14.4 Gy following
large field doses of 50.4 Gy. Radiation dose and lymph node size
were not significant predicators of lymph node failure. The risk
of an isolated lymph node failure was 	2% (247). A reopera-
tion series following definitive irradiation and chemotherapy
was reported by Houvenaegel et al. After 45 Gy and whole
pelvis and selective parametrial or nodal boosting to 55 to 60
Gy, 15.9% of patients had biopsy-proven residual disease in the
pelvic nodes and 11.7% of paraaortic nodes (248). Use of IMRT
may be a method to increase dose to bulky nodes or residual
parametrial disease while sparing adjacent normal structures
(37,40,249).

EXTERNAL BEAM IRRADIATION
FOR GYNECOLOGIC CANCERS

Endometrial Cancer

For endometrial cancer, many of the same nodes are at risk as
in cervical cancer, but the spread of disease is not as predictable
with the paraaortic nodes independently at risk. The presacral
nodes are also not at risk unless there is cervical involvement.
Both the pelvic and paraaortic nodes are at risk in all sites of
uterine involvement, and grade, myometrial invasion, and lym-
phatic vascular space invasion are more predictive of risk than

location (250–254). Cervical and lower uterine segment
involvement also increases the likelihood of pelvic and
paraaortic lymph node metastases compared to fundal loca-
tion, as do increasing histologic grade and myometrial inva-
sion. In the surgical staging series of Boronow et al., 18 of 222
patients had lower uterine segment involvement and six (33%)
had pelvic lymph node metastases (253,255). In the final GOG
surgical staging series report, by location, patients with fundal
lesions had a 4% risk of paraaortic and 8% risk of pelvic
lymph node involvement, whereas patients with lower uterine
segment involvement had a 16% risk of pelvic and 14% risk of
paraaortic lymph node involvement (254). 

In endometrial cancer, external beam irradiation is gener-
ally recommended for patients thought to be at significant risk
for lymph node metastases and/or a vaginal cuff recurrence.
This has traditionally been recommended in the absence of a
lymph node dissection or a limited lymph node sampling.
External beam irradiation is also still delivered at many institu-
tions in the setting of a negative lymph node dissection when
high risk features such as deep myometrial invasion, high
grade, lymphatic vascular space invasion, lower uterine seg-
ment involvement, or cervical invasion are present (256,257).

External beam irradition typically covers the upper one half
to two thirds of the vagina, the pelvic lymph node regions, and
the surgical bed (Fig. 14.54). External beam field design must
necessarily include the pelvic lymphatics with exclusion of as

A

B

FIGURE 14.54. Digitally reconstructed AP (A) and lateral (B) radi-
ographs with nodal volumes contoured as well as the vaginal apex
and the fields defined by the leaves of multileaf collimator. This is a
standard field design for patients with endometrial cancer. 
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much small bowel as possible. Treatment of the patient in the
prone position with a full bladder will help to exclude at least
some small bowel in most patients unless these loops are fixed
in the pelvis (Fig. 14.55). It is important, however, for the lat-
eral fields to also cover the course of the external iliac nodes,
which are quite anterior in the pelvis and require inclusion of
some small bowel in the lateral fields to be adequately covered.
Doses of 45 to 50.4 Gy are typical with some institutions treat-
ing to 40 Gy and as high as 60 Gy to reduced fields in the set-
ting of nodal disease. Whole pelvic fields are generally reduced
or a midline block is added after variable doses. 

Prone techniques have been used in the treatment of many
other pelvic malignancies to attempt to exclude small bowel
from the field. Use of a belly board device to further enhance
small bowel displacement has become standard practice for
many pelvic malignancies (258–260). Use of prone position with
or without a belly board for the treatment of patients with cervi-
cal cancer has been reported in a few series, in the postoperative
(258,259,261–263) and definitive settings (258–260,263,264).
Prone positioning with the belly board has been used exten-
sively for patients with rectal cancers when using a PA and two
lateral fields. Concern over use of this technique for patients
with gynecologic malignancies when adding a fourth field (AP)
to cover the external iliac nodes has been raised by Ghosh et al.

due to the uncertainty in source to skin distance (SSD) and vari-
ation in tissue thickness from the anterior field. In patients who
underwent postoperative irradiation for cervical cancer, they
observed that the small bowel was best excluded from the AP-
PA fields when the patient was positioned prone without the
belly board, thereby compressing the small bowel laterally out of
the AP-PA fields. They recommended an alternating routine
(261). Bladder distention can also help to optimally displace
bowel when using the belly board (258,260). Concern over use
of the belly board in patients treated with definitive versus post-
operative irradiation for cervical cancer is also raised due to the
potential change in position of the uterus when prone, the
impact and variability of bladder filling, and the potential daily
variation in the setup (261,263,264). There is also some concern
that, in patients with intact uteri, the prone position may increase
the volume of the rectum treated (263). CT- based dosimetry has
documented that the prone position, particularly with bladder
filling, can alter the position of the uterus within the radiation
field (218,220,264). Hence, if patients are simulated prone, it is
even more imperative to use CT- or MRI-based dosimetry in the
prone position to make sure that the entire uterus is in the pelvic
fields, and it is also imperative to consistently fill or empty the
bladder (264,265). IGRT may also be helpful in ensuring that
the daily setup is reproducible and reliable.
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FIGURE 14.55. A: Utility of the prone technique for small bowel displacement as shown on a sagittal
and axial CT scan of a patient with endometrial cancer planned in the prone position. B: Radiographs of
the pelvis showing significant amount of small bowel in the radiation fields. 
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Extended Field Irradiation

Extended field irradiation refers to inclusion of both the pelvic
and paraaortic nodes in the radiation fields. Common indica-
tions for extended field irradiation in gynecologic cancers
include patients with positive paraaortic nodes or those with
positive pelvic nodes or bulky primary lesions feared to be at
risk for microscopic paraaortic disease (Fig. 14.56). Extended
fields include more normal organs than pelvic fields alone.
Limitation of dose to the small bowel, kidneys, liver, stomach,
and spinal cord are essential. Three-dimensional conformal
techniques are helpful in achieving an acceptable therapeutic
ratio. Use of IMRT has recently been piloted in this setting
with further attempts to decrease acute and late toxicity (Fig.
14.20). Selective boosting of gross nodal disease may allow
for safer dose escalation (37–39,249).

Whole Abdominal Irradiation

Whole abdominal irradiation is used to cover the entire
abdominopelvic cavity in ovarian cancers or high-risk uterine
cancers such as those with positive peritoneal washings or
adnexal involvement (IIIA disease). This requires limiting the
radiation dose to a maximum of 30 Gy to the entire abdomen
and using lower fraction sizes of 150 to 170 cGy. This will
reduce both acute and late toxicities. Careful attention to and
limitation of the dose of radiation delivered to the liver and
kidneys requires selective blocking of these structures at differ-
ent doses (266,267). IMRT techniques are also being explored
for whole abdominal irradiation to reduce doses to the GI
tract, liver, kidneys, and bone marrow and increase dose to the
peritoneal surfaces and lymph nodes (41,42).

Radiation-Induced Tissue Effects

Side effects that develop during the course of radiation and
persist for 3 months or less following completion of radiation
are termed acute side effects. Those toxicities that develop
later than 3 months after the completion of radiation are
termed late or chronic effects. The late effects of radiation are
due to damage at the capillary level where there is endothelial
cell proliferation resulting in less diffusion of oxygen into the
tissues with resulting fibrosis. There is less resistance to infec-
tion, trauma, or functional stress due to this change in vascu-
lature and circulation (268,269). When treating gynecologic

cancers, the normal tissues most often incidentally irradiated
in the pelvis are the rectosigmoid, small bowel, bladder,
vagina, and pelvic bones and bone marrow. In the upper
abdomen, the kidneys, liver, stomach, small bowel, and spinal
cord may be in the radiation field. The response of a tissue or
organ to radiation depends on two factors: (a) the inherent
sensitivity of the individual cells, and (b) the kinetics of the
population as a whole of which the cells are a part. These fac-
tors combine to account for the substantial variation in
response to radiation characteristic of different tissues (1).
Additionally, the volume of tissue irradiated as well as the
dose, dose rate, and fractionation scheme will affect both acute
and late toxicities. The addition of chemotherapy or other sys-
temic agents may impact toxicity, as may other medical comor-
bidites such as diabetes, hypertension, collagen vascular
diseases, Crohn’s disease, and ulcerative colitis, as well as
social risk factors such as smoking. The most comprehensive
data describing the effects of radiation on the normal tissues
was published by Rubin and Casarett and later updated by
Emani et al. (269,270). Rubin and Casarett defined tolerance
doses (TD) for almost all of the tissues. The TD 5/5 is defined
as the probability of a 5% risk of complications within 5 years
of the completion of radiation, and TD 5/50 as the probability
of a 50% risk of complications within 5 years (269).

Skin

When treating abdominopelvic tumors with radiation, often
there will be minimal skin reactions due to the skin-sparing
quality of the high-energy radiation beams used to treat these
sites deep within the body. Contrastingly, when treating the
vulvar and inguinal regions, where electrons or lower energy 
x-rays are more often used, there can be marked skin reactions.
Skin reactions are also more likely to develop in skin folds such
as the inguinal creases or intergluteal fold. The cells in the
basal layer of the skin are very sensitive to radiation, but
because of the time required for these differentiating cells to
move from the basal layer to the keratinized layer of skin, there
is a 2 to 3 week delay between the start of radiation and the
appearance of skin reactions. Erythema is the first visible skin
reaction due to dilation of the small capillaries and is usually
seen about the 3rd week of radiation. Other skin reactions
include dry desquamation and moist desquamation occurring
after the 4th week of radiation. Moist desquamation occurs
with transient loss of the epidermis and exposure of the dermis.
Serous fluid often oozes from the exposed and inflamed dermis
(269,271). These effects may be enhanced by the combination
of irradiation and some chemotherapeutic agents, particularly
actinomycin D and doxorubicin (Adriamycin) (272). It is also
well known that chemotherapy agents such as Adriamycin or
gemcitabine can “recall” radiation reactions after the original
reaction has subsided. Radiation-induced skin reactions are
treated with various topical ointments and creams as well as
with sitz baths and special emphasis on cleansing all stool and
urine gently from the perineum. Additionally, if the distal
vagina or vulva is in the radiation field, patients may also com-
plain of dysuria or painful defecation, which is due to the caus-
tic effects of the urine and stool on the denuded epithelium of
the distal vagina, perianal area, and vulva. Diarrhea control
and use of barrier creams to protect the irritated skin from
stool and urine will help to minimize discomfort and hasten
skin healing. Sulfa-based creams and Domeboro soaks can be
used to expedite healing. Return of the epidermis can take 10
to 14 days. Residual surviving basal cells form islands of regen-
eration, which proliferate to re-epithelize the area. Islands of
skin forming in the desquamated skin herald skin renewal. The
new skin is thin and pink with gradual return to normal in 2 to
3 weeks (269). Late manifestations of radiation on the skin

FIGURE 14.56. Axial CT scan demonstrating an enlarged periaortic
lymph node near the left renal hilum. 
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include depigmentation, subcutaneous fibrosis, dryness and
thinning with loss of apocrine and sebaceous glands, thinning
or loss of hair, and telangiectases. Necrosis of the skin is rare
and generally occurs only with very high doses of radiation in
excess of 60 Gy (269,272).

Vagina

There are few noticeable acute reactions when treating the
upper two thirds of the vagina with radiation. Some patients
may notice a white-yellow vaginal discharge, which is due to
mucositis of the vaginal mucosa. This can be evident during
radiation and continue for several months after radiation
(269). The lower third of the vagina, however, will become
quite irritated when irradiated, in part due to irradiation of
the vulva and urethra as described above. The distal vagina is
less tolerant of radiation than the proximal and the tolerance
doses are in the range of 80 to 90 Gy versus 120 to 150 Gy,
respectively (273). Vaginal narrowing and shortening is a late
sequela of radiation, which can alter and impede sexual func-
tion. Combined brachytherapy and external beam irradiation
will cause more late effects than either modality alone. Use of
a vaginal dilator or intercourse 2 to 3 times/week can help to
keep the vagina open. Use of lubrication with intercourse as
well as estrogen creams to build up the vaginal mucosa can
also make intercourse more comfortable (272,274). Rarely,
with excessive doses of radiation, patients can develop vaginal
necrosis. This is due to a change in blood supply to the vaginal
tissues and is much more common at the introitus than at the
vaginal apex, perhaps due to the vascular supply of the
vagina. The posterior vaginal wall is most frequently involved
(273). Interstitial implants are more likely to cause necrosis
than intracavitary implants. Hydrogen peroxide douches,
antibiotics, and hyperbaric oxygen therapy can help the vagi-
nal tissues to heal (275,276). Narcotics are often necessary to
control the associated pain until healing has occurred. Trental
(pentoxifylline) can also help soft-tissue necrosis to heal (277).
The uterus is very resistant to high doses of radiation as is evi-
dent in patients treated with external beam and brachytherapy
for cervical cancer. Rare cervical necrosis can occur and will
respond readily to hyperbaric oxygen treatments and pentoxi-
fylline (269,276,278). Necrosis can also be caused by recur-
rent tumor, and distinguishing recurrent disease from necrosis
can be very difficult and sometimes will mandate surgical
intervention (269). 

Bladder/Ureters/Urethra 

The bladder and ureters have a rapidly renewing transitional
epithelium. The effect of radiation is early denudation similar to
the skin due to injury to the rapidly dividing basal cells.
Epithelial desquamation leads to focal ulcerations, hyperemia,
and edema of the bladder wall, which is visible at cystoscopy
(269,271,279). Acute and transient radiation cystitis may be
observed with moderate doses of irradiation (�30 Gy) and usu-
ally requires no specific treatment. Patients will report urinary
frequency and urgency as well as mild dysuria, as well as
decreased bladder capacity. However, with higher radiation
doses, more severe symptoms of cystitis develop, such as severe
dysuria and hematuria, which may require treatment. Agents
such as Pyridium may help lessen these symptoms. Significant
spasms of the bladder musculature, which may be improved
with administration of smooth muscle relaxants, may also occur.
It is important to rule out the presence of a concomitant bacter-
ial infection, which may exacerbate the symptoms. Infections are
seen at an increased rate in irradiated patients, perhaps in part
due to radiation-induced diarrhea and contamination of the

perineum. Urinalysis and urine cultures obtained under sterile
conditions, when indicated, should be obtained before insti-
tution of antibiotic therapy. Radiation cystitis is characterized
by the presence of white cells and red cells without bacteria
on urinalysis.

With doses above 60 Gy, chronic cystitis and hematuria
may be observed due to telangiectasias, which can develop in
the bladder lining. With higher doses, more severe chronic cys-
titis, fibrosis, and decreased bladder capacity can occur.
Rarely, bladder neck contractures as well as fistulas may
occur, which can necessitate surgical intervention. Fistulas are
more likely to occur if there is invasion of the bladder wall by
tumor or in the setting of interstitial implants. Surgery may be
required to deal with some of these complications (269).
Hyperbaric oxygen therapy can be very helpful with hemor-
rhagic cystits as can the drug pentosan polysulfate (Elmiron),
which has been used for interstitial cystitis (276,280,281).
Studies have demonstrated that with doses below 75 to 80 Gy
to limited volumes of the bladder, the incidence of grade 3 or
4 complications is 5% or less, whereas with higher doses, a
greater incidence of sequelae is noted (238,246). The ureters
are quite resistant to radiation and rare ureteral stenosis is
reported in some series (238,269,279,282). This can require
stenting or rarely diversion. Interstitial implants are more
likely to cause this than intracavitary implants, as can early
placement of a narrow midline block (238). Urethral stenosis
is also rare and is also more likely to occur with interstitial
than intracavitary approaches. Careful dilation can be helpful
in sustaining bladder outflow (279). 

Small and Large Intestine, Stomach

The acute effects of radiation on the small intestine are due to
the inherent radiation sensitivity of the rapidly dividing undif-
ferentiated crypt of Lieberkuhn cells. The normal lining of the
GI tract is a self-renewing tissue. These undifferentiated stem
cells normally migrate and differentiate upward from the
lower half of the crypts to the tips of the intestinal villi as
they mature, providing a continuous supply of surface cells as
they divide. Their function is to primarily form absorbtive
cells but also mucous-secreting goblet cells and endocrine cells
(268,269,271). The mature cells at the surface of the villi are
repeatedly sloughed and replaced by the cells, which originate
in the crypts. These undifferentiated crypt cells are the most
sensitive to radiation and are preferentially depleted, leading
to loss of mature replacement cells at the surface of the villi.
When these mature mucosal cells cannot be replaced, the villi
shorten and the loss of absorbtive function of the small intes-
tine occurs. This loss of function results in fluid and nutrient
wasting, diarrhea, and dehydration. This constellation of
symptoms is termed acute radiation enteritis. Fortunately, 
re-epithelialization occurs within several days due to recovery
of the rapidly dividing crypt cells (271). Mucosal healing will
occur within 10 to 14 days if radiation is terminated, and
symptoms will accordingly improve and resolve in most
patients. It is common to observe watery diarrhea with inter-
mittent abdominal cramping starting in the 2nd or 3rd week
of abdominal or pelvic irradiation. Increased peristalsis, dis-
turbance of the absorption mechanisms, and a decreased tran-
sit time also occur. Patients will report increased flatulence
and noisy bowel sounds. Rarely patients will report nausea.
Implementation of a low residue diet, hydration, and use of
antimotility agents can be very helpful. Some patients may be
lactose and fat intolerant as well. Judicious use of narcotics to
calm the bowel can also be helpful. Concurrent 5-FU or gem-
citabine can worsen small bowel toxicity with diarrhea from
the 5-FU often appearing before the radiation enteritis has had
time to evolve. The late effects of radiation on the small bowel
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can be a continuation of the acute effects. Some patients will
experience chronic diarrhea that will require a permanent
change in diet. Certain foods may trigger diarrhea such as
those high in fiber or fat. Spicy foods and MSG may also trig-
ger diarrhea. Areas of narrowing corresponding to regions of
high dose or adhesions can occur in the small bowel loops and
lead to partial obstruction of the small bowel. Patients may
report abdominal pain and distention followed by diarrhea and
relief of these symptoms. A complete bowel obstruction would
also be characterized by abdominal pain and distention in addi-
tion to vomiting and lack of bowel movements. Small bowel
obstructions occur in approximately 5% of irradiated patients
and surgical intervention is required in some to relieve these
obstructions. Prior surgeries or a history of a perforated appen-
dix or pelvic abscess as well as inflammatory bowel disease can
increase the risk of small bowel toxicity. Hypertension and dia-
betes can also be risk factors as can thin body habitus. Radiation
to large volumes of bowel or high doses to even small volumes of
bowel can lead to bowel obstructions. The ileum is the most
common loop of bowel involved (269). Malabsorbtion of fats,
carbohydrates, protein, B12, and lactose can occur in some
patients. Excessive bile salts can reach the colon and act as a
cathartic, and medications such as cholestyramine can be helpful
in controlling the resultant loose stools.

The rectosigmoid mucosa is also a rapid renewal system
similar to the small bowel. When the rectum is included in the
irradiated volume, there is rectal discomfort with tenesmus
and mucous production, sometimes mixed with blood in the
stools. Patients may report frequent and sometimes painful
evacuations of only small amounts of stool mixed with mucus.
Hemorrhoids may worsen during radiation. This constellation
of symptoms is termed “proctitis.” Medications to decrease
the number of stools as well as antispasmodic agents can be
helpful. Suppositories or foams with steroids can be helpful,
as can topical perianal skin ointments and lotions. Uncontrolled
radiation enteritis can worsen radiation proctitis due to fre-
quent stooling through the irritated rectum. For late effects, if
the dose of radiation is large enough, it may cause temporary
or permanent ulceration and bleeding due to telangiectasias
(Fig. 14.57). Cortisone-containing rectal suppositories and
foams or sulfasalazine instillations can also help to heal the

bleeding and ulcerated rectal mucosa as can argon laser ablation
of the telangiectasias. 

Hyperbaric oxygen therapy can be helpful in controlling
bleeding when severe (276,280,283,284). Fibrosis, stenosis,
perforation, and fistula formation are more rare (Fig. 14.58).
In general, doses in excess of 60 Gy are necessary to produce
this more advanced radiation damage to the small bowel and
rectosigmoid. Fecal diversion may be necessary in the setting
of stenosis, necrosis, or fistula formation. Retrospective analy-
ses have shown that limited volumes of the rectum can toler-
ate about 75 Gy (external beam and brachytherapy) with
acceptable morbidity (238,246).

The stomach is also lined with a mucous membrane, which
is columnar epithelium and sensitive to radiation. Like the
small and large bowel reactions, the stomach lining develops
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FIGURE 14.57. Radiation-induced telangiectasias of the rectum con-
sistent with radiation proctitis. 

A

FIGURE 14.58. Radiation-induced sigmoid stricture noted on a con-
trast study ([A] full view, [B] magnified view) following definitive
chemoradiation. 

B
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erosions and thinning and subsequent edema and ulceration.
Symptoms can include nausea, vomiting, reflux, and pain. Use
of prophylactic antiemetics and proton pump inhibitors can
decrease the acute effects of radiation. Acid production can be
decreased during radiation and for up to 1 to 2 years after.
Late effects can include gastritis and ulceration with associ-
ated bleeding. Progressive fibrosis can lead to gastric outlet
obstruction and rarely perforation, all of which are dose and
volume dependent (269).

Ovaries

In premenopausal patients treated with definitive irradiation,
the ovaries will be irradiated incidentally and ovarian failure
will occur. Hot flashes and other menopausal symptoms can
begin to develop during radiation. Hormone replacement
therapy is an important consideration in women younger than
50. Alternatively, midline oophoropexy has been used in
young women requiring irradiation for Hodgkin’s disease in
an effort to spare the ovaries. The ovaries can also be elevated
out of the radiation field and placed above the true pelvis to
attempt to avoid them when treating cervical cancer. The
radiosensitivity of the ovarian cells varies considerably with
age. The dose necessary to castrate a woman depends on her
age. A larger dose is required during the period of more active
follicular proliferation. A single dose of 4.0 to 8.0 Gy or frac-
tionated doses of 12 to 20 Gy (depending on age) are known
to produce permanent castration and sterility in most patients
(268,269,272). 

Bone Marrow/Pelvic Bones

The lymphocytes are the most radiosensitive cells in the bone
marrow. The rate of fall of the various components of the
marrow is a function of the half-lives of the mature cells.
These half-lives are as follows: erythrocytes, 120 days; granu-
locytes, 6.6 hours; platelets, 8 to 10 days (269). Pelvic irradia-
tion may cause transient lymphopenia. This is even more of an
issue when whole abdominal or extended field irradiation is
used due to the increased bone marrow in the radiation fields.
This decrease in lymphocytes is thought to be the result of
irradiation of the lymphocytes circulating through the vascu-
lar bed and may not be indicative of bone marrow reserve
depletion. Prior or concurrent chemotherapy will also lead to
increased bone marrow toxicity. Frequent monitoring of the
CBC is considered standard of care with pelvic or abdominal
irradiation. Permanent chronic changes are noted even when
small segments of the bone marrow are irradiated to doses
over 30 Gy, and recovery may take up to 18 months or longer
in a proportion of patients with good reparative capacity.

Insufficiency fractures can also develop in irradiated pelvic
bones (285–287). These most commonly involve the sacrum
and ileum, followed by the pubic bones, and rarely the acetab-
ulum. Patients may complain of sudden onset of back or groin
pain, which worsens with weight bearing and changes in posi-
tion. MRI is the best imaging modality to detect them and also
rule out recurrent disease. Sometimes edema will be reported
in the absence of actual fractures, and in other cases actual
fractures will be seen. It is important not to confuse these
changes with metastatic disease, as further palliative irradia-
tion would worsen the integrity of the bone. Symptoms from
these changes in the pelvic bones will often improve over time,
but patients may also suffer future symptoms from exacerba-
tion of these fractures or development of new fractures over
time. Sacroplasty can be used if patients remain symptomatic.
Narcotics and changes in activity are often required. Femoral
neck complications can include avascular necrosis as well as

fracture. This is a rare complication following irradiation of
the inguinal nodes. Hip replacement surgery is required to
resolve this problem (278).

Liver

During whole abdominal irradiation or paraaortic irradiation,
the liver is in the radiation field and dose must be limited to
this critical organ. Clinical and pathologic studies have shown
that the liver is not a radioresistant organ. Venoocclusive dis-
ease is the pathologic entity caused by radiation. Necrosis and
atrophy of the hepatic cells result from this change in blood
supply. CT scanning following radiation can show changes in
perfusion of the liver corresponding to the radiation fields.
These changes are not always associated with toxicity. The
clinical course and liver changes depend on the dose and vol-
ume of irradiation as well as the presence of chemotherapy and
preexisting liver disease. During radiation, the liver enzymes
may be elevated. This can continue following completion of
radiation. Signs of radiation hepatitis can include a marked ele-
vation of alkaline phosphatase (3 to 10 times normal) with
much less elevation of the transaminases (normal to 2 times
normal) (269,288). Liver enlargement and varying amount of
ascites can also evolve. If the doses and volumes are high
enough liver failure can occur. The TD 5/5 for whole liver is 30
Gy. Small portions of the liver can receive up to 70 Gy (269). 

Kidney

The kidneys are very sensitive to small doses of radiation, and
a common goal is to avoid greater than 18 to 20 Gy whole kid-
ney dose. When delivering whole abdominal irradiation the
kidneys are at risk and must be blocked at acceptable doses to
prevent renal failure. When delivering paraaortic irradiation,
the kidneys are also at risk and treatment planning CT scans
can help to define which beam angles are best to irradiate the
nodal regions yet miss, in part, the kidneys. When planning
radiation fields, sometimes one kidney will need to be irradi-
ated more than the other and the equivalent of one kidney
must be spared. Functional renal studies prior to radiation are
important in documenting unexpected perfusion or excretion
abnormalities and in determining how much each kidney con-
tributes to total renal function. Functional changes have been
described after exposure of the kidney to more than 20 Gy, and
signs and symptoms of renal dysfunction can follow including
hypertension, leg edema, and a urinalysis showing albuminuria
and low specific gravity. A normocytic, normochromic anemia
may also appear. Renal function studies will ultimately show
decreased blood flow and filtration rates. CT scans may reveal
a small kidney if one kidney has been preferentially irradiated
to protect the other (269). 

Bladder and Rectosigmoid—LDR

The bladder and rectosigmoid are the organs of concern in the
setting of combined external beam irradiation and brachyther-
apy. Dose and volume are considered two important variables
related to complications. Dose has been thought to be an impor-
tant determinant of normal tissue complications. Attempts have
been made to determine the maximum tolerable normal tissue
dose with an acceptable risk of complications. There is no con-
sensus as to what these values should be. Point doses may or
may not coincide with complication risk, as they do not account
for the volume of organ irradiated. They are also not defined
consistently. Maximum bladder doses of 75 to 80 Gy and rectal
doses of 70 to 75 Gy are guidelines (79,246). Small bowel doses
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should be limited to 45 to 50 Gy with 60 Gy maximum (246).
Additionally, the ratio of dose to the rectum and bladder and
dose to point A is also important with a low incidence of rectal
(0.3% vs. 5%) and bladder (2% vs. 2% to 5%) complications
when this ratio was less than 80% (246). Other factors such as
external beam dose and intracavitary dose rate are also impor-
tant in the etiology of complications. The volume of rectum and
bladder irradiated is an important variable in the development
of complications in addition to the cumulative dose (289). Both
external beam and use of tandem and cylinder applicators can
increase the volume of bladder and rectum treated (116,290).
Stage, patient age, and medical comorbidities such as hyperten-
sion, diabetes, diverticulitis, or inflammatory bowel disease may
also increase the risk of complications. Individual radiosensitiv-
ity may also impact complication risk (291).

Bladder and Rectosigmoid—HDR

Acceptable normal tissue doses are even more debatable in
HDR than LDR (177). Using HDR techniques, the therapeutic
range is narrower and the risk of complications seems to rise
faster than the rate of improved tumor control. Available clin-
ical data also suggests that in addition to total HDR dose, the
most important factor in late complication development is the
dose per fraction and the number of fractions (56,291,292).
The organ most at risk for complications is the rectosigmoid,
whereas the bladder complication risk is comparatively low
(150,174,293,294). Rectal and sigmoid complications occur
earlier than bladder complications (291,292). Rectal bleeding
is the most frequent rectal morbidity occurring in approxi-
mately 30% of patients (241,293–295). To avoid excessive
morbidity, better physical dose distributions must be achieved
with HDR to reduce doses to critical normal structures. This
implies the use of rectal and bladder displacement. Fowler has
speculated that if only 80% of the tumor dose is received by
the critical normal tissues, then 4 to 6 HDR fractions can be
used safely, whereas 12 to 16 fractions would be required if
the normal structures receive 90% of the point A dose, and 30
fractions if the normal structures received 100% of the HDR
dose (56,296). 

Various disparate recommendations concerning normal tissue
fraction size and total dose exist in the literature. Sakata et al.
found that the probability of rectal complications increased
dramatically above a maximal rectal dose (Deq) of 60 Gy (297).
Cheng et al. found that patients with �62 Gy of summed
external beam and intracavitary doses to the proximal rectum
and �110 Gy maximal proximal rectal BED had significant
increase in complications (298). Takeshi et al. noted that radi-
ation dose significantly impacted rectal dose complication rate
with an increase above 65 Gy (299). Teshima et al. noted a
marked increase in rectal reactions beyond a rectal time-dose
fractionation (TDF) factor value of 80 (300,301), and Ogino
et al. noted no grade 4 rectal complications below a TDF of
130 and a BED below 147. The calculated incidence of compli-
cations ranged from 5% to 10% at TDF values from 104 to
124 and BED values from 119 to 146 (294). Sood et al. found
that a rectal or bladder BED3 	100 Gy3 was associated with
negligible late toxicity (302). Chun et al. noted increasing com-
plications with an ICRU 38 CRBED �100 Gy (241). Chen et
al. found the risk of rectal complications to increase with
cumulative rectal doses �65 Gy and a CRBED �110 Gy
(303). When using 45 Gy to the whole pelvis, Chen et al. found
that complications were increased with cumulative ICRU 38
HDR rectal doses �16 Gy and cumulative ICRU 38 HDR
bladder doses �24 Gy (304). Ferrigno et al. found that patients
treated with a cumulative BED at rectum points above 110 Gy3
and at bladder points above 125 Gy3 had a higher risk of com-
plications (181). Correlation of bladder BED with radiation

complications has been unreliable (225,304). Toita et al. sug-
gested that the cumulative BED at the rectal point should be
kept below 100 to 120 Gy3 (305). In the series of Lee et al., late
rectal complications increased with cumulative rectal BED
�131 (306). Huang et al. recommended cumulative rectal BED
�100 Gy3 when using parametrial boosting, and recom-
mended boost doses of 	54 Gy to the parametria (240). Van
Lancker and Storme have not found point A or normal tissue
dose points helpful as predictors of complications, but rather
that volume calculations were extremely helpful in predicting
complications, and they found a significant correlation
between rectal complications and the ICRU reference 60 Gy
isodose volumes (307). 

Rectal retractors have become an integral component of
insertion techniques and perhaps improve the effectiveness
and reproducibility of rectal displacement over gauze vaginal
packing (56,144–146). Whatever the case, a rectal retractor,
vaginal speculum blade, or gauze packing should be used to
displace the rectum (157,175). 

A

FIGURE 14.59. Radiograph of the pelvis with a tandem and ovoid
applicator in place demonstrates the circuitous course of the sigmoid
(A). The axial CT scan (B) demonstrates a more accurate relationship of
the sigmoid to the uterine tandem and the need to limit dose to this loop
of sigmoid positioned very close to the high dose region of the implant.

B
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Standard CT/MR Applicator Set Part # 101.020 Ring Applicator Set, CT/MR Part # 101.035

A

B

C

FIGURE 14.60. A: MRI compatible applicators. Source: Courtesy of Nucletron. B: MRI of the pelvis
with an MRI/CT compatible applicator in place. Note the associated dose distribution relative to visible
tumor within the cervix, in axial (B,C) and sagittal (D) orientations. 

D
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It is very important to choose points related to critical
structures very carefully on the orthogonal films. Rectum
above the level of the vaginal applicators and rectal retractor
should be identified and sigmoid in addition to rectal points
should be evaluated, as should bladder and vaginal points.
Various methods for determining normal tissue doses have
been described. When possible, the doses to the normal criti-
cal structures should be less than the dose at point A, perhaps
in the range of 50% to 80%. The portions of the rectum and
sigmoid that are above the range of the rectal retractor are
most often the hot spots, and every effort must be made to
decrease the dose to the rectosigmoid relative to the point A
dose. Consideration to decreasing the dwell times or turning
off dwell positions in the tandem should be given. To avoid
underdosing endometrial extension of tumor, at least treating
4 cm above the exocervix so that point A is not in a region of
dose constriction may be wise. Tandem lengths of 6 to 8 cm
are typical. If there is endometrial extension, a longer tandem
may be needed. Additionally, use of a tapered tandem will
decrease sigmoid, bladder, and small bowel doses (162).
Contrast in the sigmoid is helpful in making these decisions.
CT scanning after applicator placement is exceedingly helpful
and much more reliable in assessing the proximity of the sig-
moid to the tandem and in manipulating the dose distribution
(Fig. 14.59). Assessment of the anterior and posterior uterine
wall thickness measured on CT with the applicator in place,
along the course of the tandem, as well as the measured dis-
tances from the tandem to the rectosigmoid, small bowel, and
bladder, can help to guide dose prescription and potentially
decrease toxicity if the distribution is altered appropriately
(308). Sigmoid doses can often be higher than the rectal ICRU
doses (298).

FUTURE FOCUS
Reduction of morbidity and improvement in local control and
cure is a common goal in the treatment of patients with gyne-
cologic cancers. Use of 3D and functional imaging will be
increasingly important to define tumor and normal tissues.
This can perhaps allow escalation of dose to the tumor and
reduction of dose to the critical normal tissues. There has been,
however, a reluctance to vary from traditional dose specifica-
tion as good outcomes have been published at institutions
skilled in the care of gynecologic patients. It is potentially dan-
gerous to optimize therapy to such an extent that the dose dis-
tribution looks dramatically different from the traditional
“pear shape,” which effectively encompasses the primary
tumor and parametria in cervical cancer presentations. Making
this pear too narrow to avoid critical structures may lead to a
higher rate of local recurrence. Yet it is important to treat the
disease and not just strive for an ideal dose distribution.
Preliminary studies using CT indicate that we underestimate
normal tissue doses with the present 2D dosimetric analysis
used at most institutions (96,291,309). Whether this informa-
tion should change the way we prescribe doses remains debat-
able. Directly relating the intracavitary system to the anatomy
through use of CT and MRI seems to be the next step in the
lineage of dosimetric systems (Fig. 14.60) (96,97,309–312).
The GEC ESTRO Gyn Working Group has developed guide-
lines for defining and contouring tumor volumes and normal
tissues on MRI scans with the brachytherapy applicators in
place (99–100). The excellent soft-tissue resolution of MRI
allows visualization of residual tumor in relation to the isodose
distribution around the MRI compatible brachytherapy appli-
cators (Figs. 14.33 and 14.60) (98,313). Data from Potter et al.
has shown a decrease in complications and an increase in local
control with the use of MRI-guided brachytherapy for cervical
cancer (314). Additionally, the use of dose-volume histogram

analysis may add new insight into optimizing local control and
decreasing morbidity with a better understanding of the impor-
tance of dose/volume relationships (311,312,315). This may be
a powerful tool to help improve the therapeutic ratio in
patients with gynecologic cancer and will best be achieved
through collaboration of radiation oncologists, gynecologic
oncologists, and diagnostic radiologists.
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5-fluorouracil, Vinca alkaloids, and progestogens, were devel-
oped and demonstrated to have antitumor activity in clinical
trials. Between 1965 and 1975, the pace of new drug discovery
and development continued. During this period, cisplatin was
shown to have activity in testicular and ovarian tumors, and
doxorubicin, bleomycin, etoposide, and tamoxifen entered our
clinical arsenal. This was followed by identification of analogs,
such as carboplatin, idarubicin, and vinorelbine, with antitu-
mor activity similar to the parent compound but with a reduc-
tion in nonhematologic toxicity. The 1990s and beyond have
brought important new agents into clinical practice, including
the taxanes (paclitaxel and docetaxel), non-taxane microtubule
binding agents (epothilones), camptothecins (topotecan and
irinotecan), nucleoside analogs (gemcitabine and capecitabine),
alternative organoplatinums (oxaliplatin, satraplatin), an
inhibitor of the proteasome complex (bortezomib), and an
agent that binds to the minor groove of DNA, distinct from
other alkylating agents (ecteinascidin).

Attention has also been directed at alternative formulations
of standard agents, including liposomal or polymer-based
encapsulation, protein conjugation, nanoparticles, or lipid sol-
ubilization, to modify drug disposition, tumor targeting, and
the potential for host toxicity. In addition, conventional
agents have been utilized for regional (intraperitoneal) admin-
istration, prolonged intravenous infusion, continuous oral
administration, high-dose therapy with hematopoietic progen-
itor cell support, and weekly low-dose therapy, each with the
goal of improving the therapeutic ratio, but with a variable
impact on host toxicity and clinical outcomes.

With the availability of multiple agents, each with a differ-
ent molecular target, mechanism of action, pattern of resis-
tance, and spectrum of host toxicity, we have also seen
frequent utilization of multidrug combinations, particularly as
primary therapy for advanced disease. The use of adjuvant
therapy, including concurrent chemoradiation for early-stage
disease, has been greatly expanded in selected clinical situa-
tions, with the result that a larger proportion of patients is
exposed to chemotherapy at an earlier point in the natural
history of their disease. Based on a combination of intrinsic
and acquired factors, the majority of advanced tumors even-
tually demonstrate broad resistance to conventional cyto-
toxic chemotherapy, and there has been renewed interest in
novel biologic and immunologic approaches with non–cross-
resistant mechanisms. In addition, with improved under-
standing of the mechanisms associated with drug resistance,
newer agents have been developed that may partially reverse
the resistant phenotype through blockade of specific pathways
or promotion of cellular apoptosis.

HISTORICAL OVERVIEW OF 
CANCER CHEMOTHERAPY

The first report of a drug-mediated tumor response was noted
over 125 years ago using Fowler’s solution (arsenic trioxide in
potassium bicarbonate) in patients with Hodgkin’s disease and
leukemia (1). Arsenic compounds had been used for various
medicinal purposes for over 2,000 years, and it was not sur-
prising that they were tested in patients with cancer. Cyclic
hematologic toxicity was observed following arsenic adminis-
tration in normal individuals and patients with leukemia (2),
establishing a close association between tumor response and
host toxicity that still exists today. Cumulative dose-limiting
toxicity (arsenic poisoning) was also described following
expanded utilization of arsenic in chronic myelogenous
leukemia (3), coinciding with a transition toward radiation
therapy for the management of leukemia and lymphoma
around 1940.

The term chemotherapy has been attributed to Paul
Ehrlich, a Nobel laureate physician and bacteriologist, who
developed in vivo rodent models of infection, including the
introduction in 1910 of Salvarsan, an organic arsenical origi-
nally used to cure syphilis and still used in the management of
trypanosomiasis. His early in vivo modeling also encouraged
the development of inbred transplantable rodent tumors,
thereby establishing a paradigm that has been widely adopted
for screening new antitumor agents.

Although the topical vesicant properties of sulfur mustard
received much attention during World War I, multiple sys-
temic effects, including leukopenia, bone marrow aplasia, and
mucosal ulceration, emerged with further study, and would
ultimately have greater importance. Cancer chemotherapy, in
the traditional sense, began with the demonstration that nitro-
gen mustard had reproducible activity against transplanted
lymphoma in mice, prompting clinical trials as early as 1942
(4). However, owing to World War II, much of the research
remained classified until 1946. Following the demonstration
by Farber in 1948 that aminopterin, an antifolate, could
induce temporary remission in childhood leukemia (5),
antimetabolites became the next major category of agents to
be developed, and were ultimately associated with cures in
women with choriocarcinoma (6). Research during the 1940s
also included the Nobel Prize–winning observations of Hug-
gins and others (7) regarding the antitumor effect of estrogens
in prostatic cancer.

Between 1945 and 1965, many important chemothera-
peutic agents, such as actinomycin D, cyclophosphamide,
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Exploration of the biologic mechanisms associated with
tumor invasion, metastasis, and angiogenesis has led to the
development of inhibitors directed against metalloproteinases,
adhesion molecules, and growth factors important for angio-
genesis. As basic research in molecular biology uncovers spe-
cific genetic and growth-regulatory factors associated with
tumorigenesis, targeted small molecules have been developed
that modulate a number of intracellular pathways. These
include inhibition of protein tyrosine kinases associated with
specific growth-factor receptors and downstream components
of signal transduction pathways, cyclin-dependent kinases
associated with cell cycle progression, as well as interference
with posttranslational protein modifications, such as farnesy-
lation of the ras oncogene and other intracellular targets (8).

TUMOR BIOLOGY 
IN RELATION TO 
CHEMOTHERAPY

Tumor Growth and Cellular Kinetics

Many of the principles of modern chemotherapy are derived
from knowledge of the growth characteristics of normal and
tumor tissues. Each tissue has an innate capacity for growth
that is regulated by internal and external factors. The growth
characteristics of tumors differ from normal tissues, and the
exploitation of these differences has provided the historical
basis for utilization of radiation and chemotherapy. The cellu-
lar kinetics of normal tissues also explains many of the toxici-
ties associated with chemotherapy. All normal tissues,
particularly during fetal development and variably during
adult life, possess the capacity for cellular division and growth.

The static population includes well-differentiated cells that
arise from pluripotential fetal stem cells and rarely undergo
cell division during adult life. Typical of this group are stri-
ated muscle, neurons, and nephrons, with oocytes represent-
ing a specialized subcategory. Damage to these cells can have
long-term consequences, and has prompted interest in stem
cell biology.

The expanding population of normal tissues retains the
capacity to grow, but in their adult state, they are normally
quiescent. Under stress, especially after injury, a proliferative
burst is followed by return to quiescence. Typical of this pat-
tern of growth are the components of liver parenchymal tis-
sue, including hepatocytes, bile duct epithelium, and vascular
endothelium.

The renewing cell population is in a continuous prolifera-
tive state with ongoing cell division balanced by cell loss and
terminal differentiation. Typical renewing populations include
the bone marrow, epidermis, gastrointestinal epithelium, and
spermatocytes.

The patterns of normal cell growth partially explain some
of the toxic effects of cytotoxic therapy and why some tissues
are commonly spared (9). Renewing cell populations with
constant turnover are most sensitive to acute injury from con-
ventional chemotherapy or irradiation. This is reflected by the
frequent occurrence of dose-limiting bone marrow suppres-
sion, mucositis, and azoospermia during cytotoxic drug treat-
ment, with relative sparing of nonproliferative compartments,
such as brain, muscle, kidney, bone, and oocytes. However,
even nondividing tissues can experience late chronic effects
related to DNA damage.

Dysregulated growth of cancer cells occurs because of
altered growth-factor signaling and/or disruption of check-
point mechanisms that exist in normal cells. Despite a capac-
ity for continuous growth, the actual process of cancer cell
division is not more rapid than division in normal cells.

Programmed cell death, or apoptosis, has emerged as a
major mechanism for regulating growth and development of
tissues. Furthermore, certain oncogenes, like c-myc and bcl-2,
and tumor-suppressor genes (antioncogenes), including Rb
and TP53, are central to the regulation of apoptosis. Expres-
sion of these genes can alter the sensitivity of cancer cells to
treatment with chemotherapy and radiation. For instance,
overexpression of functional bcl-2 and nonfunctional p53
genes can render tumor cells resistant to a number of
chemotherapeutic agents (10), suggesting that efforts to
restore apoptotic signaling may improve chemosensitivity.

Antioncogenes, such as Rb or TP53, contribute to growth
restraint in normal cells. Within the spectrum of gynecologic
malignancies, their role is best illustrated in the setting of cer-
vical cancer, where the papillomavirus E7 protein directly
inhibits Rb, allowing cell cycle release (11). In addition, the
papillomavirus E6 protein increases TP53 degradation, pro-
moting cellular proliferation.

Gompertzian Tumor Growth 

During initial cell divisions, tumor growth seems to follow an
exponential pattern. As the tumor grows larger, the rate of
growth slows. This pattern of exponential growth with expo-
nential growth retardation and is known as gompertzian
growth (Fig. 15.1). As the tumor mass increases, the time
required to double the tumor volume also increases. The
kinetic explanation for this apparent paradox is illustrated in
Figure 15.2, showing the effect of exponential growth by com-
paring the number of cells in the tumor mass with the number
of doublings (12). In accordance with gompertzian kinetics,
exponential growth is not strictly maintained throughout the
entire growth history. For example, if a skilled radiologist rec-
ognized a 0.5-cm tumor on a chest radiograph, or a clinician
palpated a 1-cm tumor mass, we might assume that the tumor
had been detected quite early. In reality, the tumor has already
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V (t)

Time

FIGURE 15.1. Hypothetical gompertzian tumor growth curve.
Exponential tumor growth with exponential growth retardation. The
vertical axis is tumor volume, and the horizontal axis is time.
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undergone at least 30 doublings prior to detection (Fig. 15.2).
If we adjust for ongoing cell loss, the number of actual cell
doublings would be much greater.

Limited information exists regarding the actual doubling
times of human tumors in vivo (13,14), as summarized in
Table 15.1. For this analysis, tumors were relatively circum-
scribed and serially measurable by radiographic imaging,
often as pulmonary metastases, representing a selective sample.
It is clear that embryonal tumors, lymphomas, and mesenchymal

tumors have shorter doubling times than adenocarcinomas or
squamous-cell carcinomas. In addition, metastases generally
have faster doubling times than their corresponding primary
lesions. The average doubling time observed in human tumors
is approximately 50 days, with a broad range.

The model also suggests other conclusions of clinical rele-
vance. First, metastatic spread may occur well before obvious
evidence of the primary lesion. Second, at later stages of tumor
growth, a small number of doublings can produce a marked
change in tumor size with an increased potential for adverse clin-
ical consequences. For instance, a 1-cm mass (at least 30 prior
doublings) becomes a 4-cm mass after just two more doublings.

Host-Tumor Interactions

Ultimately, dysregulated growth exceeds local resources, and
the tumor becomes dependent on the manipulation of host
angiogenic pathways for delivery of oxygen, access to nutri-
ents, and removal of waste products. In contrast, tumors gen-
erally grow without induction of host lymphatics, and are
characterized by increased interstitial pressures as a conse-
quence of disordered capillary proliferation with leaky vessels
and accumulation of extracellular fluid. Together, these fac-
tors result in regional hypoxia, acidosis, and necrosis that can
limit the effective delivery of chemotherapy and may protect
viable tumor cells that are more distant from functional capil-
laries. One of the potential benefits observed with antiangio-
genic therapy has been normalization of tumor vessels with
reduced interstitial pressures and improved drug delivery (15).

Cell Cycle Kinetics

The kinetic behavior of individual tumor cells is also important
in understanding tumor growth. Figure 15.3 is a schematic view
of the cell cycle. Cells can remain in a noncycling postmitotic
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FIGURE 15.2. Theoretical tumor doubling curve assumes exponen-
tial tumor growth. The vertical axis is the number of cells, and the
horizontal axis is the number of doublings.

DOUBLING TIMES OF HUMAN TUMORS

TA B L E  1 5 . 1

Doubling time
Tumor histology Patients (n) (Mean � 2 SD, days)

Embryonal tumors 76 27 � 5
(lung metastases)

Lymphomas 51 29 � 6
Malignant mesenchymal 87 41 � 7

tumors
Squamous-cell carcinomas 51 58 � 9

(lung metastases)
Squamous-cell carcinomas 97 82 � 14

(primary tumors)
Adenocarcinomas 134 83 � 12

(lung metastases)
Adenocarcinomas 34 166 � 48

(primary tumors)

M

(minimum)

S

G2

G1

G0

FIGURE 15.3. Phases of the cell cycle, beginning with M (mitosis)
and proceeding through G1 (postmitotic phase), S (DNA synthetic
phase), and G2 (premitotic phase). As G1 becomes progressively
longer, it is known as G0.
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compartment (G0) for extended periods of time, but retain the
ability to reenter active cycling when triggered by growth fac-
tors or other local signals. The point of entry, or first gap phase
(G1), can be of variable length and associated with diverse cellu-
lar activities, including protein and RNA synthesis, DNA repair,
and cell growth. After passing the first checkpoint in G1, the cell
enters the DNA synthetic phase (S), during which a complete
copy of the cellular DNA is created through replication. The
second gap phase (G2) provides another opportunity for check-
point control before entering active mitosis (M), during which
the nuclear membrane disappears and the chromosomes con-
dense (prophase) and align (metaphase) in conjunction with the
appearance of the mitotic apparatus, consisting of micro-
tubules, centrioles, and the kinetochore. Mitotic alignment is
associated with one final checkpoint prior to actual separation
(anaphase), followed by dissolution of the mitotic apparatus
(telophase) and creation of daughter cells through cytokinesis.
The postmitotic period (G1) is variable, and cells can further
differentiate, enter a noncycling state (G0), or initiate another
cycle.

Cell cycle events have important implications for the
patient, tumor, and cancer therapist. Most chemotherapeutic
agents disrupt DNA, RNA, or protein synthesis. Rapidly pro-
liferating cells (i.e., short G1) are most sensitive to chemother-
apy, whereas cells that slowly proliferate (i.e., G0 or long G1)
are generally less sensitive. Nondividing cells, such as the dif-
ferentiated elements of a mature teratoma, may occupy space
and contribute to tumor bulk and symptoms, but are rela-
tively insensitive to chemotherapy.

Cell cycle times may be estimated by performing labeled
mitotic curves in vivo or in vitro, and appear to be relatively
similar for many solid tumors, with cycle times ranging from
10 to 31 hours (16). Compared with the tremendous variation
in human tumor doubling times, this is a relatively narrow
range, suggesting that the primary reason for variations in
clinical tumor growth cannot be ascribed to variations in the
cell cycle.

Growth fraction and programmed cell death also influ-
ence the overall tumor growth rate and response to therapy.
The growth fraction is the proportion of tumor cells that are
actively cycling. In a typical solid tumor, only a fraction of
the cells are rapidly proliferating, primarily those that are
most proximal to small blood vessels. With the marked het-
erogeneity of human tumors at a microscopic level, growth
fractions are quite variable, ranging from 25% to 95%.
Although it may seem paradoxical, cell loss is very high in
human tumors, ranging from 70% to more than 95%, and
small changes in cell loss could produce major changes in
overall tumor growth (17).

Log Cell Kill

In principle, the rational use of chemotherapy relies on basic
concepts of cellular kinetics, but the translation from preclini-
cal models to solid tumors has been challenging. In animals,
the curability of transplanted tumors is inversely propor-
tional to the tumor cell number, size, and timing of treatment
initiation. In part, this is the result of important tumor-host
interactions, such as the time required to establish a blood
supply. However, this is also an illustration of first-order cell-
kill kinetics, whereby a constant fraction of exposed cells is
killed, rather than a constant number. Using first-order kinet-
ics, a single treatment for a tumor weighing 1 g (approxi-
mately 109 cells) might yield 90% cell kill and would only
decrease the tumor population by one log, leaving 108 viable
cells. Without further treatment, the tumor would grow back
at a constant rate, with only a modest delay in lethality. Only
when the log cell kill is very large (�99%) and the therapies
are repetitive can chemotherapy be curative. Although certain

unusual cancers, such as choriocarcinoma, can be cured with
a single application of a single drug, most human cancers are
intrinsically less sensitive, and more sophisticated therapeutic
techniques are needed to achieve adequate tumor response.
This is one reason why multidrug combinations have been
developed. In addition, chemotherapy is usually distributed
over multiple cycles to allow for host recovery and achieve the
cumulative cell kill required for tumor regression and cure.

It is thought that prolonged survival or cure can be
achieved only when the cell population is reduced to between
101 and 104 cells. In most circumstances, cell burdens of this
size are not clinically detectable. This realization has led to
the use of adjuvant chemotherapy in the early stages of can-
cer, where microscopic residual disease is suspected. It has
also been used to rationalize the continuation of active
chemotherapy for several cycles beyond clinical evidence of
tumor remission.

Cell Cycle Specificity

Chemotherapeutic agents have complex mechanisms of action
and can affect tumor cells through multiple pathways. Never-
theless, certain anticancer drugs are known to be proliferation
dependent and cell cycle specific. Other drugs are cycle non-
specific, and are capable of killing in all phases of the cell
cycle, generally without dependence on the proliferative rate.
Examples of cycle-nonspecific drugs include alkylating agents,
particularly nitrogen mustard, which are effective against a
variety of solid tumors, including those with low growth frac-
tions. Cell cycle–specific agents depend on the proliferative
fraction of the tumor and phase of the cell cycle. A typical
example is hydroxyurea, which inhibits ribonucleotide reduc-
tase. Not surprisingly, cell cycle–specific drugs tend to be more
effective against tumors with a high proliferative rate and
growth fractions. The interaction of specific cytotoxic agents
with the cell cycle is summarized in Table 15.2.

PHARMACOLOGIC PRINCIPLES 
OF CHEMOTHERAPY

General pharmacologic principles should be considered by the
physician in selecting individual drugs and managing their
administration according to standards of dose and schedule.
Many factors may influence the effectiveness and/or toxicity
of chemotherapy, including absorption, distribution, metabo-
lism, and excretion, as well as clinical complications, such as
renal impairment, malnutrition, or drug-drug interactions.

Absorbtion, Distribution, and Transport

Drugs may be given orally, intravenously, intramuscularly,
intraarterially, or intraperitoneally. Selection of the route of
administration depends on solubility, requirements for drug
activation, local tissue tolerance, feasibility for an individual
patient, and optimal tumor drug exposure, which is estimated
as the area under the concentration-time curve (AUC) for the
drug and active metabolites. The ultimate effectiveness of any
chemotherapeutic agent depends on optimizing the AUC at
critical tumor sites. However, there are no established tech-
niques for noninvasive measurement of active drug concentra-
tion at these critical sites, and we are forced to extrapolate
tumor drug exposure from preclinical models and plasma con-
centrations over time. Promising research in magnetic reso-
nance spectroscopy and positron emission tomography may
soon provide clinically relevant information on drug distribu-
tion and tumor metabolism using selected agents.
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The increasing utilization of oral chemotherapy and devel-
opment of oral molecular targeted agents has renewed interest
in bioavailability in the setting of meals and other factors that
can modulate local intestinal transport. Most often, dose and
schedule information from Food and Drug Administration
(FDA)-approved package inserts reflects data from large phase
3 trials, rather than smaller studies that might examine dietary
or drug interactions. For example, the bioavailability of one
tyrosine kinase inhibitor could be increased over threefold in
the setting of a high-fat meal (18), but the package insert rec-
ommends taking the drug on an empty stomach, at least 1 hour
before or after meals. With the high cost of chronic medication,
it is apparent that there could also be substantial economic
implications to these pharmacokinetic observations (19).

Another interesting association concerns ingestion of
grapefruit juice, which contains compounds that can inhibit
local compounds within the intestinal mucosa, particularly the
cytochrome P450 isozyme, CYP3A4 (20), and possibly the
drug efflux pump, p-glycoprotein. Drugs that are substrates
for either of these compounds can be more efficiently
absorbed after ingestion of grapefruit juice, due to reduced
local metabolism, leading to increased serum levels that may
have clinical consequences, including cyclosporine, ery-
thromycin, calcium channel blockers, and benzodiazepines.

The extent of drug binding to serum proteins, as well as
physical properties, such as lipid solubility, diffusion, or mole-
cular weight, may have an impact on tumor drug exposure. In
addition, some areas of the body, particularly the brain, are
actively protected from drug exposure and can serve as phar-
macologic tumor sanctuaries, where sequestered cancer cells
may survive otherwise curative systemic therapy. Although
uncommon with solid tumors that disrupt the blood-brain
barrier, this was a common problem in acute leukemia until
effectively managed with intrathecal drug delivery and/or high
peak plasma levels. In addition to achieving local delivery,
most drugs must be internalized within tumor cells to achieve
cytotoxicity. Internalization can be accomplished by passive
diffusion, active transport, pinocytosis, or receptor-mediated
endocytosis.

Many chemotherapeutic agents are lipophilic and highly
protein bound in plasma, particularly to albumin. Commonly
used agents with greater than 95% protein binding include
cisplatin, paclitaxel, docetaxel, etoposide, and the active
metabolite of irinotecan (SN-38). Agents with less protein
binding include doxorubicin (75%), topotecan (35%), gem-
citabine (10%), carboplatin (�5%), and ifosfamide (�5%). It
is generally the unbound “free” drug that mediates toxicity,
and any condition associated with variability in protein bind-
ing can have an impact on cumulative drug exposure. For
example, the toxicity of chemotherapy is frequently accentu-
ated in patients with poor nutritional status, which is associ-
ated with reduced protein levels and other metabolic changes
(21). Docetaxel offers an interesting example for potential
interactions, due to extensive binding to albumin, lipopro-
teins, and �-acidic glycoprotein (AAG), which has been corre-
lated with changes in drug clearance, prompting further
evaluation of optimized dosing (22).

Intraperitoneal Chemotherapy

Although most chemotherapy is administered by the systemic
route, there are unique situations in which the regional use of
chemotherapy has been studied, with intraperitonal adminis-
tration a specific example. If primary tumors or their metas-
tases are anatomically confined to specific organs or particular
regions of the body, or if unique pharmacokinetic circum-
stances exist that favor regional clearance, there is a theoretical
rationale for regional chemotherapy. For example, intraarterial

drug administration has been studied in cervical cancer, local-
ized recurrence of rectal carcinoma, and head and neck cancer.
Local complications are potentially serious, including arterial
thrombosis, wound slough, lymphedema, and osteonecrosis
caused by the shared arterial blood supply between the tumor
and neighboring normal tissues. While high response rates can
be achieved in selected patients, larger randomized trials are
needed to evaluate overall risks and long-term outcomes.

Intracavitary chemotherapy has been used for tumors con-
fined to the peritoneum, pleura, or pericardium. The rationale
for this approach is based on the fact that clearance from a
body cavity is delayed compared to the systemic circulation,
achieving more prolonged exposure to higher regional concen-
trations of active agents. This technique has been most exten-
sively studied in ovarian cancer, with evaluation of many
agents, including 5-fluorouracil, doxorubicin, cisplatin, car-
boplatin, cytarabine, melphalan, etoposide, and paclitaxel
(23,24). Phase 1-2 studies have uniformly demonstrated a
pharmacologic advantage favoring the intraperitoneal com-
partment, but have not documented enhanced drug delivery to
actual sites of disease. Of key importance, penetration of peri-
toneal tumor nodules by passive diffusion is limited by fibrotic
adhesions, tumor encapsulation, and high interstitial pressures
as a consequence of intratumoral capillary leak without func-
tional lymphatic drainage. In addition, both cisplatin and car-
boplatin are rapidly cleared from the peritoneal compartment
and recirculate through the blood, limiting the window for
direct tumor penetration, exposing the host to systemic toxic-
ity, and raising questions about the clinical importance of the
local pharmacokinetic advantage. Based on these observa-
tions, it has been postulated that the major role for intracavi-
tary therapy would be in patients with minimal residual disease.

Cisplatin has received the greatest attention for intraperi-
toneal delivery in ovarian cancer, achieving a laparotomy-
confirmed response rate of greater than 32% at doses between
50 and 150 mg/m2, using systemic thiosulfate rescue at the
higher dose levels (25). One long-term analysis reported an
actuarial 2-year survival rate of 74% for patients with mini-
mal residual disease treated with a variety of intraperitoneal
therapies (26), although this may partially reflect the biology
of small-volume disease, which can also be managed effec-
tively with observation followed by systemic therapy. In view
of the risk of systemic toxicity from cisplatin, there has been
renewed interest in the substitution of carboplatin, which dif-
fers in terms of protein binding and overall time required for
activation (via aquation), suggesting that biologic and clinical
properties could be different from intraperitoneal cisplatin.

In contrast to cisplatin, paclitaxel was poorly absorbed from
the peritoneal compartment, suggesting that patients might
benefit from combined intravenous and intraperitoneal admin-
istration to optimize tumor drug exposure. As a single agent,
intraperitoneal paclitaxel demonstrated a 61% pathology-
confirmed complete response rate among 28 assessable patients
with initial microscopic disease (27). However, only 1 of 31
patients (3%) with greater than microscopic disease achieved a
complete response, emphasizing the limitations of drug access
and penetration by diffusion from the peritoneal space.

Intraperitoneal therapy could also have an impact on the
tumor-host relationship through alterations in local cytokine
production, angiogenic potential, or immunoregulation. Hope-
fully, future studies will evaluate some of these biologic para-
meters to assist with optimization of therapy.

Biotransformation

Some agents, such as cyclophosphamide, ifosfamide, and
capecitabine, are administered as true prodrugs and must
undergo irreversible metabolism to the active form, most
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commonly in the liver, but also in tumor or other host tissues.
For many of these agents, intraperitoneal or intraarterial
administration would be ineffective, as it would achieve high
local concentrations of the native compound, but without an
opportunity for bioconversion. Other agents are in reversible
equilibrium with reactive intermediates, such as irinotecan
and SN-38 (7-ethyl-10-hydroxycamptothecin), with depen-
dencies on local pH and presence of specific enzymes, such as
carboxyesterase. Cisplatin and carboplatin require activation
through irreversible aquation to a reactive intermediary
before they can initiate DNA adduct formation. Although the
final reactive compounds are identical, the rate of aquation
and adduct formation is much slower with carboplatin (28),
but can be accelerated in the presence of activating nucle-
ophiles, such as glutathione (29), even though the same nucle-
ophiles can partially block cisplatin adduct formation at
higher concentrations. 

Renal Excretion and Physiologic Age

Drug inactivation, elimination, or excretion can dramatically
influence cumulative exposure, which significantly affects
antitumor activity and host toxicity. Inactivation and excre-
tion of chemotherapeutic agents occurs primarily through the
liver, kidneys, and body tissues, with lesser elimination through
the stool. While any impairment of normal liver or kidney
function can disturb drug metabolism and excretion, the most
common problem encountered in the setting of gynecologic
cancer is acute or chronic renal insufficiency due to tumor-
mediated obstruction, drug-induced toxicity, advanced age, or
preexisting comorbidities.

The use of combination chemotherapy in the elderly
patient can pose a number of challenges related to bone mar-
row reserve and vital organ function (30). Although the risk of
hematologic toxicity is generally increased, overall benefits
from active chemotherapy regimens can still be demonstrated,
as illustrated by the analysis of data from several breast cancer
trials (31). Studies in ovarian cancer have indicated that age is
an adverse prognostic factor, but it seems reasonable to expect

that delivery of effective treatments can still have an incremen-
tal benefit regardless of age. From that perspective, it is impor-
tant to define tolerable and effective treatment regimens that
can be safely administered in elderly patients, incorporating
adjustments for age-related changes in vital organ function.

In surveying the general nondiabetic female population,
the incidence of moderate renal insufficiency dramatically
increases with advancing age, which is of particular relevance
to the care of women with gynecologic cancer (32). For exam-
ple, in the 60 to 69 year age group, over one third of women
have an estimated glomerular filtration rate (GFR) of less than
60 mL/min/1.73 m2 (Fig. 15.4). In addition, serum creatinine
levels can be inappropriately low in women with gynecologic
cancer, as a consequence of reduced muscle mass, malnutri-
tion, or alterations in fluid balance, and any of the standard
formulae will overestimate GFR, with potential clinical conse-
quences. Clearly, universal caution in dosing drugs with high
renal clearance, especially carboplatin, is required.

Several methods are available to estimate GFR and classify
the extent of renal injury based on age, sex, serum creatinine,
and other factors. In general, serum creatinine is the dominant
factor, and it remains unclear if minor differences between for-
mulae might have meaningful and/or consistent clinical conse-
quences with regard to drug dosing. In most cases, it is
sufficient to estimate the magnitude of renal injury rather than
obtain a precise measure of GFR. However, all of these formu-
lae are based on stable normalized biologic parameters, and
are less useful in the setting of dynamic changes following
acute renal injury, or nonrenal fluctuations in serum creatinine
and fluid status, such as might occur in the postoperative set-
ting or in the presence of large-volume ascites or in patients
with abnormal muscle mass. While urine collection for mea-
surement of creatinine clearance may provide a better estimate
of GFR, it is also subject to variability, and the use of 51Cr-
ethylenediamine tetraacetic acid (EDTA) clearance remains
the standard for measurement of GFR, but is rarely used in
clinical practice due to the cost and complexity associated
with radioisotopes. A nonradioactive alternative is the mea-
surement of iodine in blood after administration of iohexol
(a nonionic contrast agent), but this has not yet gained wide
clinical acceptance (33). 
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FIGURE 15.4. Distribution of renal function in nondiabetic adults. Weighted distribution of predicted
GFR (mL/min/1.73 m2) based on the MDRD formula from the Third National Health and Nutrition
Examination Survey (NHANES III). Source: From Clase CM, Garg AX, Kiberd BA. Prevalence of low
glomerular filtration rate in nondiabetic Americans: Third National Health and Nutrition Examination
Survey (NHANES III). J Am Soc Nephrol 2002;13:1338–1349.
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For characterization of chronic renal dysfunction, there is
emerging support for the formula derived from the Modifica-
tion of Diet in Renal Disease (MDRD) study, which has also
been incorporated in standardized laboratory reports (34). The
Cockroft–Gault (35) and Jelliffe (36) formulae are also com-
monly used (Table 15.3). Staging of chronic renal disease has
been used to reflect overall severity and guide management
decisions, including dose modifications. The most commonly
used staging system is from the National Kidney Foundation
(http://www.kidney.org/professionals/kdoqi/guidelines_ckd/
toc.htm) (37). 

Specific guidelines exist for modifying drug doses for patients
with renal impairment (38), with special attention to a growing
list of agents with renal-dominant clearance (Table 15.4).
Dosing parameters for patients on dialysis receiving individual
drugs, such as cisplatin (39) and carboplatin (40), are also
available. However, owing to the rapid introduction of new

agents, clinicians are urged to consult updated prescribing
information and online database resources.

Metabolism and Pharmacogenomics 

Modifications of drug doses may also be required for patients
with liver disease (41), particularly for paclitaxel, docetaxel,
nanoparticle albumin-bound paclitaxel (42), doxorubicin, and
the Vinca alkaloids (vincristine, vinblastine, and vinorelbine),
which are primarily metabolized in the liver and/or excreted in
the bile. Excessive toxicity may occur with doses that would
ordinarily be acceptable, and guidelines for treating patients
with impaired liver function should be consulted. However,
variability in nonhepatic clearance and compensatory host
adaptations, such as increased renal clearance, make these rec-
ommendations less rigid than those provided for patients with
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COMMONLY UTILIZED FORMULAE TO ESTIMATE CREATININE CLEARANCE

TA B L E  1 5 . 3

Formula name Estimation of creatinine clearance (CrCl)

Cockcroft–Gault formula (35) CrCl (mL/min) � (140 � age) � weight (kg) � (0.85 if female)/serum Cr (mg/dL) � 72
Jelliffe formula (36) CrCl (mL/min) � {98 � [0.8 � (age � 20)]} � (0.9 if female)/serum Cr (mg/dL)
MDRD formula (34) GFR (mL/min/1.73 m2) � 170 � [serum Cr (mg/dL)]�0.999 � (age)�0.176 � (0.762 if female) 

� (1.180 if African American) � [SUN (mg/dL)]�0.170 � [Alb (g/dL)]�0.318

Note: Alb, serum albumin concentration; Cr, creatinine; GFR, glomerular filtration rate; MDRD formula, the Modification of Diet in Renal Disease
study equation; SUN, serum urea nitrogen concentration. 

MODIFICATIONS IN THE SETTING OF RENAL AND HEPATIC DYSFUNCTION

TA B L E  1 5 . 4

Agents that should be considered for Agents that generally do not require Agents that should be considered for 
modification in the presence of modification in the presence of moderate modification in the presence of hepatic 
moderate to severe renal dysfunction renal dysfunction dysfunction

Actinomycin D Anastrozole Docetaxel
Bleomycin Bevacizumab Doxorubicin
Capecitabine Cetuximab Epirubicin
Carboplatin Docetaxel Mitoxantrone
Cisplatina Doxorubicin NAB-paclitaxel
Cyclophosphamide Epirubicin Paclitaxel
Etoposide Erlotinib PEG-liposomal doxorubicin
Ifosfamide Fluorouracil Vinblastine
Irinotecan Gefitinib Vincristine
Methotrexate Gemcitabine Vinorelbine
Topotecan Letrozole

Leucovorin
Leuprorelin
Megestrol
NAB-paclitaxel
Oxaliplatin
Paclitaxel
PEG-liposomal doxorubicin
Tamoxifen
Trastuzumab
Vinblastine
Vincristine
Vinorelbine

aCan be administered at full doses in anephric patients receiving hemodialysis.
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renal dysfunction. For example, dose reduction of etoposide in
the setting of biliary obstruction remains controversial and
may not be required (43).

With expanded knowledge of metabolic pathways and
awareness of polymorphisms in key enzymes, it has also been
possible to identify individuals with a dramatic increased
risk of toxicity. For example, dihydropyrimidine dehydroge-
nase (DPD) controls the rate-limiting step in fluoropyrimi-
dine metabolism, and approximately 10 variant DPD alleles
can occur with sufficient frequency to merit consideration of
screening, as patients can be at risk for life-threatening
mucosal injury and bone marrow suppression after receiving
a single standard dose of 5-fluorouracil. While methods are
available for screening, current assays can be expensive, and
the potential reduction in risk needs to be balanced against
the costs of a widespread screening program (44). The use of
5-fluorouracil during primary treatment of gynecologic cancer
has declined, with the exception of some chemoradiation
strategies and occasional palliative management of recurrent
disease.

Uridine diphospho-glucuronosyl-transferase 1A1 (UGT1A1)
is responsible for glucuronidation of bilirubin and a number
of drug metabolites, most notably SN-38, the major active
metabolite of irinotecan. As such, patients with a deficiency in
UGT1A1 are at increased risk for life-threatening diarrhea
and bone marrow suppression after receiving irinotecan, and
potentially other camptothecin derivatives with SN-38
metabolites (45). While the UGT1A1*28 promotor mutation
has been studied most extensively, mutations in the coding
region can also occur, particularly in Asian populations, and
may predict for efficicacy in addition to toxicity (46). Gilbert’s
syndrome is associated with a mild unconjugated hyperbiliru-
binemia and reduced activity of UGT1A1 that is also associ-
ated with an increased risk of toxicity in both homozygous
and heterozygous patients (47). The family of adenosine
triphosphate-binding cassette (ABC) proteins is involved in
biliary transport and conjugation of camptothecins. Polymor-
phisms of ABCB1, also known as p-glycoprotein or multidrug
resistance protein 1 (MDR1) as well as ABCC2, also known as
canalicular multispecific organic anion transporter (cMOAT)
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PHYSIOLOGIC AND PHARMACOLOGIC INTERACTIONS IN CANCER CHEMOTHERAPY

TA B L E  1 5 . 5

Interaction Cause and/or agent Impact

Renal dysfunction Obstruction, renal dysfunction, hypovolemia, Decreased clearance of methotrexate, 
hypotension, nonsteroidals, nephrotoxins carboplatin, and other agents
(aminoglycosides, cisplatin)

Hepatobiliary dysfunction Biliary obstruction, hepatic dysfunction Decreased clearance of doxorubicin, 
mitoxantrone, vincristine, vinblastine, 
etoposide, paclitaxel, docetaxel

Gilbert’s syndrome, glucuronidation Increased exposure to SN-38 (irinotecan)
polymorphisms (UGTA1A)

Microsomal activation Hepatic dysfunction Impaired activation of cyclophosphamide 
and ifosfamide

Altered protein binding Carrier displacement (sulfonamide, Increased toxicity, higher free drug levels 
salicylates, phenytoin) (methotrexate)

Reduced carrier proteins (malnutrition) Increased toxicity, higher free drug levels 
(cisplatin, paclitaxel, docetaxel, 
etoposide, SN-38)

Altered intestinal absorption Oral antibiotics (neomycin) Decreased absorption of methotrexate
High-fat meal Increased bioavailability (lapatinib)

Decreased bioavailability (capecitabine)
Grapefruit juice (intestinal CYP3A4 Increased bioavailability (cyclosporine, 

inhibition) erythromycin, benzodiazepines)

Decreased metabolism Allopurinol Delayed clearance (6-mercaptopurine)
Dihydropyrimidine dehydrogenase (DPD) Lethal toxicity (5-fluorouracil)

deficiency

Cholinesterase inhibition Cyclophosphamide, glucocorticoids Decreased clearance (succinylcholine)

Monoamine oxidase inhibition Procarbazine Neurotoxicity and seizures (tricyclic 
antidepressants and phenothiazines)

MDR-1 competition Natural products and other substrates, Decreased efflux and increased toxicity 
including verapamil, cyclosporine, from natural products (doxorubicin, 
tamoxifen vincristine, paclitaxel, docetaxel)

CYP2C9 Inhibition Capecitabine Increased AUC (warfarin)

CYP3A4 Induction Glucocorticoids, barbiturates, rifampin Increased activation (cyclophosphamide)
Inhibition Ketoconazole, itraconazole, fluconazole, Decreased metabolism of substrates 

erythromycin (potentially significant)
Substrate Cyclophosphamide, ifosfamide, paclitaxel, Decreased metabolism of other substrates 

competition docetaxel, etoposide, vincristine, (usually not clinically significant)
vinblastine, tamoxifen, gefitinib
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or MRP2, also appear to have an impact on the clinical effi-
cacy and toxicity (neutropenia and diarrhea) associated with
irinotecan therapy in Asian patients (48).

Other gene polymorphisms have been described with an
impact on DNA repair or detection of DNA damage, as
described in subsequent sections. Techniques for screening
and identification of pharmacogenomic elements are expand-
ing, with potential implications for individualized drug selec-
tion, dosing, prediction of efficacy, and risk of toxicity.

Drug Interactions

During routine care, patients may receive a variety of drugs,
including antiemetics, antihistamines (H1 and H2), steroids, non-
steroidal anti-inflammatory agents, anticoagulants, narcotics,
and anti-infective agents. In addition, adult patients are fre-
quently receiving medication to manage underlying comorbidi-
ties, such as diabetes, hypertension, and elevated cholesterol. In
view of the number and diversity of medications in common use,
it is somewhat surprising that most drug interactions with cyto-
toxic chemotherapy appear to be of little consequence. How-
ever, prospective studies of chemotherapy administration in
noncancer volunteers are impractical, and many potential inter-
actions have not been fully explored. Although recent clinical
trials acknowledge that these interactions may exist, patients are
likely to be excluded from enrollment on the basis of concomi-
tant medications, rather than prospectively collecting valuable
data to document safety or the need for treatment modifications.
In clinical practice, the occurrence of excessive hematologic
and/or nonhematologic toxicity in an individual patient treated
with chemotherapy is usually attributed directly to the chemother-
apy and managed with treatment modifications, rather than
ascribed to a potential drug interaction.

In some instances, interactions may be critical, and some of
the more important drug interactions are listed in Table 15.5.
Particular attention should be placed on drugs that could alter
renal function, such as aminoglycoside antibiotics, nons-
teroidal anti-inflammatory agents, and diuretics, in patients

with reduced fluid intake. Typical of in vivo interactions rele-
vant in gynecologic cancer chemotherapy are the displacement
of methotrexate from its transport protein by aspirin or sul-
fonamides, suppression of pseudocholinesterase by alkylating
agents with increased apnea duration during succinylcholine-
assisted general anesthesia, impairment of doxorubicin clear-
ance by preadministration of paclitaxel, and impairment of
paclitaxel clearance by preadministration of cisplatin.

Increased attention has been focused on drug metabolism
and potential interactions at the level of cytochrome P450
(CYP) isozymes, particularly CYP3A4, which is potentially
linked to the metabolism of nearly half of all pharmaceutical
agents (49). These interactions are guided by several common
principles. Drugs that are substrates for the same isozyme may
competitively inhibit metabolism, but these interactions are
usually not of clinical consequence. Drugs that directly inhibit
CYP isozymes without being a substrate for that isozyme are
more likely to have clinical consequences. In this regard, itra-
conazole, ketoconazole, and fluconazole can inhibit CYP3A4
at low concentrations, and erythromycin can inhibit CYP3A4
via covalent binding and inactivation. Other drugs act as
inducers of CYP isozymes by increasing gene expression or
protein levels, such as glucocorticoids, barbiturates, and
rifampin, which can increase the net activity of CYP3A4,
resulting in decreased concentrations of susceptible com-
pounds. In addition, many drugs that interact with CYP3A4
are natural products and may also interact with the MDR-1
multidrug resistance transporter P 170 (see mechanisms of
multidrug resistance). Among the anticancer agents that are
substrates for CYP3A4 are cyclophosphamide, ifosfamide,
docetaxel, etoposide, paclitaxel (also CYP2C8), docetaxel, vin-
cristine, vinblastine, tamoxifen, and gefitinib (50). CYP2C9
and CYP2D6 are inhibited by imatinib, and doxorubicin can
inhibit CYP2D6. Cyclosporine and verapamil can increase
concentrations of doxorubicin and etoposide, probably
through blockade of the P-170 drug efflux pump (Table 15.6).

Owing to the diversity and rapid adoption of new
chemotherapy and nonchemotherapy compounds, informa-
tion regarding drug interactions is best obtained from online
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SPECIFIC MECHANISMS OF TUMOR DRUG RESISTANCE

TA B L E  1 5 . 6

Mechanism Examples Specific target or effects

Impaired activation 5-Fluorouracil Reduced levels of thymidylate synthase, thymidylate 
phosphorylase, or dihydropyrimidine dehydrogenase

Methotrexate Reduced intracellular polyglutamation
Doxorubicin Low P450 enzymes
Cyclophosphamide, ifosfamide Decreased microsomal function
Gemcitabine Decreased deoxycytidine kinase

Increased drug efflux Natural products Increased MDR 1 (P 170)
Topotecan, mitoxantrone Increased BCRP (ABCG2)

Increased drug inactivation Alkylating agents, platinum Elevated glutathione and other cellular thiols
Accelerated DNA repair Alkylating agents, platinum, radiation Induction of DNA repair enzymes
Increased damage tolerance Alkylating agents, platinum, radiation Loss of DNA mismatch repair
Transport defects Melphalan Reduced carrier-mediated uptake

Gemcitabine Decreased nucleoside transporter
Platinum Decreased copper transporter-1

Target alterations Methotrexate DHFR gene amplification
Vincristine, paclitaxel Altered beta-tubulin binding
Hydroxyurea, gemcitabine Decreased ribonucleotide reductase
Glucocorticoids Decreased receptor binding
Camptothecins Decreased topoisomerase-I
Anthracyclines, etoposide Decreased topoisomerase-II
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databases (e.g., http://www.medicalletter.com or http://
www.micromedex.com or http://www.druginteractioninfo.
org/Home.aspx), or the drug manufacturer.

DRUG RESISTANCE AND TUMOR
CELL HETEROGENEITY

The curative potential of chemotherapy is limited by the
emergence of drug resistance, which can be either intrinsic or
acquired, and may involve one drug or multiple agents
(pleiotropic resistance). Of interest, tumors with intrinsic or
primary drug resistance to natural products often arise from
duct cells or cells lining excretory organs (51). These cells,
which normally detoxify, transport, and excrete a wide variety
of toxic compounds, may retain these normal functions after
transformation, manifesting as chemoresistance. With few
exceptions, attempts to differentiate prospectively drug-
responsive tumors from their resistant counterparts using
morphologic, cytogenetic, immunologic, or molecular biologic
techniques have not yet been successful. However, within the
next few years, high-throughput molecular profiling by gene
expression or proteomic array is expected to identify patterns
that are predictive of tumor resistance or response to specific
chemotherapeutic agents.

The presence of intrinsic drug resistance is inferred based on
clonal survival of tumor populations after initial chemotherapy
exposure. Solid tumors are thought to consist of a mixture of
clonal variants with different mutations and patterns of resis-
tance. Following repetitive cycles of chemotherapy, a process of
clonal selection can occur, enriching for resistant populations,
even while there could be a reduction in clinical tumor volume
associated with elimination of more sensitive tumor elements.
From a clinical perspective, the end result of this process is
indistinguishable from acquired resistance, which develops
from cumulative mutations, or phenotypic alterations, over a
period of time. However, acquired resistance is more likely to
have a reversible component that could influence the timing
and selection of subsequent chemotherapy. The most well-
documented specific example is amplification of the dihydro-
folate reductase (DHFR) gene, which is associated with
acquired resistance to methotrexate (52). DHFR gene amplifi-
cation is not generally observed prior to methotrexate expo-
sure and can be reversed in the absence of drug exposure.

From the perspective of gynecologic oncology, there are
two major patterns of drug resistance that emerge with con-
tinued treatment. The first is broad-based multidrug, or
pleiotropic, drug resistance that has been associated with
overexpression of MDR 1 (P 170 glycoprotein) and/or other
membrane-associated transport proteins (53,54). This mul-
tidrug resistance phenotype has maximal impact on natural
products and their analogs, including the anthracyclines,
Vinca alkaloids, and taxanes. The second is resistance to alky-
lating agents, especially platinum compounds, mediated
through a completely different set of cellular mechanisms,
including reduced cellular uptake due to loss of membrane
transport proteins, increased detoxification of reactive inter-
mediates by glutathione production, increased damage toler-
ance due to defective detection and/or apoptotic signaling, and
expanded capacity for DNA repair (55).

Mechanisms of Multidrug Resistance

After exposure to a potential MDR 1 substrate, tumor cells
will develop cross resistance to a variety of structurally and
functionally unrelated agents derived from natural products.
This pleiotropic resistance is associated with increased drug

efflux and a net lowering of intracellular drug concentration.
Although relatively uncommon in ovarian cancer (56,57),
with increased utilization of natural products, including tax-
anes, etoposide, and liposomal doxorubicin, this pattern of
resistance may become more prevalent. Mutations in the
	-tubulin subunit have been associated with paclitaxel resis-
tance in preclinical models, but this does not appear to be a
common mechanism in the clinical setting (58), and expres-
sion of MDR 1 has been more frequently observed as a poten-
tial marker of resistance (59).

Other chemotherapeutic agents are not substrates for
MDR 1 and remain unaffected by increased expression. For
example, several cell lines with multidrug resistance mediated
by MDR 1 demonstrated increased uptake, phosphorylation,
and sensitivity to gemcitabine, a nucleoside analog, which
could be reversed by verapamil, an inhibitor of MDR 1 (60).
This has potential implications for optimal timing, sequence,
and combination of agents in the clinical setting.

Other energy-dependent transporter proteins have been
identified in drug-resistant cell lines that do not overexpress
MDR 1. These include the multidrug resistance–associated
protein (MRP), which is representative of a family of
cMOAT proteins (61). Similar to MDR 1, these proteins
include multiple transmembrane domains, but appear to
have more broad tissue distribution and greater association
with intracellular membrane–bound compartments. Another
member of the family with relevance to gynecologic cancer is
the breast cancer resistance protein (BCRP) or adenosine
triphosphate–binding cassette protein G2 (ABCG2) that
dimerizes to form a membrane-associated energy-dependent
drug efflux pump responsible for atypical multidrug resis-
tance following exposure to mitoxantrone or camptothecins,
including topotecan. Overexpression of BCRP has been doc-
umented in ovarian cancer cells resistant to topotecan (62).

Platinum Resistance and DNA Repair

Although a number of DNA alkylating agents and radiation
are used in the treatment of gynecologic cancer, platinum
derivatives are the most important compounds utilized in
clinical practice. The dramatic success of platinum-based ther-
apy is nearly overshadowed by the emergence of platinum
resistance, and this observation has stimulated a substantial
body of research over the last 30 years.

As a highly polar compound, cisplatin enters cells relatively
slowly, and uptake can be influenced by local cation concen-
trations, pH, and the presence of reducing agents, prompting
a search for membrane transporter proteins that could supple-
ment passive diffusion. The major transporter involved in cop-
per homeostasis, copper transporter-1 (CTR1), has now been
shown to have a substantial role in cisplatin influx (63).
Down-regulation of CTR1 expression can reduce cisplatin
uptake, leading to one mechanism of resistance. Targeted
methods to safely and selectively increase platinum uptake in
tumors are not yet available. However, it has been observed
that ovarian cancer cell lines can rapidly down-regulate mem-
brane CTR1 after cisplatin exposure, followed by proteasomal-
mediated degradation (64), suggesting that sequence and
schedule of drug administration could have an impact on plat-
inum uptake. An orally active analogue of carboplatin,
satraplatin or bis-acetato-ammine-dichloro-cyclohexylamine
platinum (IV), has shown promising activity in the treatment
of prostate cancer (65) and undergoes biotransformation to
JM118 or cis-ammine-dichloro-cyclohexylamine-platinum
(II), which retains activity in tumor cells that have lost CTR1
(66), suggesting another avenue for clinical development.

Human ovarian cell lines resistant to alkylating agents,
cisplatin, and irradiation contain elevated levels of cellular
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glutathione (GSH). Using resistant cell lines, it has been possi-
ble to demonstrate a restoration of drug sensitivity by exposure
to the synthetic amino acid buthionine sulfoximine (BSO),
which inhibits gamma-glutamylcysteine synthetase, causing
GSH depletion (67). The exact mechanism by which GSH and
other thiol compounds modulate cytotoxicity is unknown,
although they can interfere with the formation of DNA-platinum
adducts (68). There is also evidence of increased drug metabo-
lism through GSH-linked transferases, which can vary for spe-
cific platinum compounds (69), and which may also contribute
to cisplatin-mediated nephrotoxicity (70). Although clinical tri-
als of BSO with melphalan have documented an 80% to greater
than 90% reduction in tumor-associated GSH levels (71,72), this
approach has not yet been demonstrated to improve the out-
comes of platinum-based therapy.

In view of the prominent role of thiols in mediating a sub-
set of platinum resistance, a sterically hindered platinum com-
plex, picoplatin (JM473, ZD0473), was developed with the
expectation that it would favor interacting with DNA rather
than glutathione or metallothioneins (73). A phase 2 trial in
recurrent ovarian cancer documented response rates of 8.4%
in platinum-resistant disease and 32.4% in platinum-sensitive
disease, similar to expectations with cisplatin or carboplatin
(74). Of interest, there was no documented peripheral neu-
ropathy or nephrotoxicity even in this group of patients with
prior platinum therapy, implicating thiol reactions in the gen-
eration of these nonhematologic toxicities.

Enhanced capacity for DNA repair can play a role in drug
resistance to alkylating agents and cisplatin. Human ovarian
cancer cell lines resistant to melphalan demonstrate increased
ability to repair melphalan damage, and this phenotype can be
reversed by aphidicolin, a potent inhibitor of alpha and beta
DNA polymerase (75). Increased damage tolerance is another
mechanism that contributes to resistance, and is perhaps best
illustrated by the mismatch repair system. Errors in DNA repli-
cation following platinum adduct formation can be detected by
the postreplicative DNA mismatch repair system, which con-
tains several well-characterized genes, including MLH1 and
MSH2. Of note, cellular attempts to repair platinum alkylation
by this mechanism are not successful as the repair is directed at
the nascent daughter DNA strand rather than the platinated
parental strand. Eventually, abortive attempts at repair are
associated with apoptotic cell death. Thus, loss of mismatch
repair can actually promote cell survival by ignoring DNA
damage in noncritical areas of the genome and has emerged as
another mechanism of drug resistance.

Loss of MLH1 or other mismatch repair genes is not
uncommon in ovarian cancer and appears to increase after
exposure to carboplatin or cisplatin (76). In addition, func-
tional loss of MLH1 activity in patients with ovarian cancer
can also occur through hypermethylation-mediated silencing
of the MLH1 gene following exposure to platinum, and has
been correlated with poor survival (77). Preclinical models
with platinum-resistant cell lines have shown improved treat-
ment outcomes following exposure to 2
-deoxy-5-azacytidine
(decitabine), which blocks DNA methylation, unmasking
expression of MLH1 (78), providing a basis for exploratory
clinical trials.

Oxaliplatin is one of several diaminocyclohexane (DACH)
platinum derivatives that forms platinum adducts that differ
in three-dimensional structure from the more established
diamine compounds, such as cisplatin and carboplatin (79).
As a consequence of these structural differences, oxaliplatin
adducts are not detected by the mismatch repair system (80),
and there was hope that oxaliplatin would retain clinical
activity in patients with platinum-resistant tumors. However,
in phase 2 studies, the response rate among ovarian cancer
patients with less than a 6-month platinum-free interval was
less than 7% (81,82).

Nucleotide excision repair (NER) is the primary mecha-
nism to remove platinum-DNA adducts from genomic DNA.
Excision repair cross-complementing 1 (ERCC1) is a critical
gene on the NER pathway. Platinum resistance has been
linked to ERCC1 mRNA levels in tumors, including ovarian
cancer (83). In lung cancer, immunohistochemical evaluation
of ERCC1 levels was also predictive for survival following
cisplatin-based adjuvant therapy, with improved survival
in patients with ERCC1-negative tumors (84). However,
ERCC1 may also have prognostic significance independent of
chemotherapy, as lung cancer patients assigned to observation
with ERCC1-positive tumors had better survival compared
with those with ERCC1-negative tumors (85). These observa-
tions have prompted randomized trials to prospectively assign
chemotherapy for lung cancer based on ERCC1 status, with the
suggestion of higher response rates among patients receiving
customized therapy, but without a difference in progression-free
or overall survival (86). The role of ERCC1 in selecting treat-
ment for women with ovarian cancer remains to be established,
but optimal selection will probably require information from
additional cellular pathways.

Other Mechanisms of 
Agent-Specific Resistance

A number of specific alterations have been identified in the set-
ting of individual drugs (Table 15.6). For example, DHFR gene
amplification was demonstrated in a patient with methotrex-
ate-resistant ovarian cancer who had localized DHFR gene
copies on an abnormally staining region of chromosome 4q
(87). Methotrexate resistance has also been associated with
defects in polyglutamation, limiting intracellular methotrexate
accumulation (88).

The action of nucleoside analogs, such as gemcitabine
(2,2-difluorodideoxycytidine), is dependent on active mem-
brane transport for uptake, which is followed by double phos-
phorylation and potential incorporation in DNA. This complex
process offers several opportunities for development of resis-
tance, such as decreased activity of specific nucleoside transport
proteins or reduced phosphorylation by depletion of deoxycyti-
dine kinase (89). In addition, the main enzymatic target of
phosphorylated gemcitabine, the M2 subunit of ribonucleotide
reductase, can undergo gene amplification in resistant cell lines
(90) similar to the primary mechanism of resistance to hydrox-
yurea, an inhibitor of ribonucleotide reductase. Of interest, sen-
sitivity to gemcitabine can actually be increased severalfold by
prior exposure to flavopiridol, an inhibitor of cyclin-dependent
kinase activity, which has been shown to accelerate catabolism
of the M2 subunit protein through the proteasome complex
(91). Increased levels of target gene expression or protein,
including thymidylate synthase, thymidylate phosphorylase,
and dihydropyrimidine dehydrogenase, have also been associ-
ated with resistance to 5-fluorouracil in colon cancer, and have
been correlated with clinical outcomes following 5-fluorouracil
treatment (92,93). Even a superficial analysis of these specific
examples would suggest potential strategies for screening of
tumor tissue to guide the selection of optimal chemotherapy
regimens, providing a basis for the application of tissue, gene,
and protein arrays.

Tumor Heterogeneity and Assays 
of Chemotherapy Response

Solid tumors have traditionally been considered to be a homoge-
neous collection of clonally derived cells with similar features,
but it is now clear that tumors are composed of subpopulations
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with diverse biologic characteristics. Through genetic instability
and regulatory processes, such as gene methylation, these sub-
populations may exhibit different kinetic properties, angiogenic
potential, receptor content, immunogenicity, and susceptibility
to chemotherapy. In addition, there can be variability in the
potential for metastatic spread among cells that appear to be
similar at a morphologic and genetic level (94). Recognition of
tumor heterogeneity has altered our understanding of tumor
behavior with implications for multiagent and multimodality
treatment programs.

Following the development of model systems for screening
new anticancer compounds, it is not surprising that attention
was focused on the process of screening actual human tumor
cells for sensitivity and resistance to chemotherapy agents
(95). A variety of methods have been developed utilizing
clonogenic survival, 3H-thymidine incorporation, vital dye
exclusion, treatment of transplanted tumor xenografts, and
colorimetric analysis of adenosine triphosphate levels.
Although there is relatively good correlation between high-
level resistance to individual agents demonstrated in vitro and
lack of a clinical response in vivo, it is more difficult to predict
sensitivity to specific agents, or to guide the utilization of drug
combinations (96), reflecting tumor cell heterogeneity, assay
complexity, and inability to evaluate the tumor-host relation-
ship, including angiogenesis. A nonrandomized phase 2 trial
in recurrent epithelial ovarian cancer has suggested good cor-
relation between ex vivo assay sensitivity and clinical response
(97). Wider adoption of these approaches will need to address
the lack of prospective randomized data, as well as the com-
plexities of obtaining and shipping fresh tumor tissue, delay in
receiving assay results, and substantial costs. In addition, with
the rapid development of gene expression and proteomic
arrays, it is possible that adequate predictions can be obtained
from profiling existing frozen tumor specimens, as opposed to
assays on fresh tumor biopsies.

Dose Intensity and Density

The dose and frequency of drug administration can contribute
to the overall effectiveness of a treatment regimen, as well as
the spectrum and severity of host toxicity. Dose intensity is a
standardized measure of the amount of drug administered
over time, most commonly expressed as mg/m2 per week.

Preclinical studies demonstrate a sigmoidal relationship
between dose and tumor response. This is characterized by a
lag phase and a lower-limit threshold for observing benefit;
a linear phase, where increases in dose are matched by
improved efficacy; and a plateau, where toxicity continues to
increase but there is no incremental improvement in response.
In highly responsive tumors (e.g., choriocarcinoma, dysgermi-
noma), the entire dose-response curve is shifted to the left,
with the result that standard chemotherapy doses are already
situated near the upper plateau, and further dose increases are
unlikely to achieve any improvement in clinical outcomes. In
resistant tumors (e.g., previously treated cervical cancer), the
curve is shifted to the right, and is also flattened, reducing the
maximal potential benefit. For heterogeneous tumors with
sensitive and resistant populations, such as epithelial ovarian
cancer, it is unlikely that increased dose intensity would
achieve long-term clinical benefit. However, lower than stan-
dard doses are potentially suboptimal, and arbitrary dose
reductions or delays for nonphysiologic factors should be
avoided. True dose-intense regimens have not been demon-
strated to improve long-term clinical outcomes in women with
gynecologic cancer, with the possible exception of recurrent
germ-cell tumors.

The dose intensity hypothesis has been extensively evalu-
ated in the setting of advanced ovarian cancer, beginning with

a series of retrospective studies (98) suggesting a correlation
between actual delivered dose intensity and clinical outcomes.
However, within practical dose ranges that can be achieved
in the clinical setting, prospective randomized trials have
not demonstrated significant improvements in either disease-
free or overall survival (99). While front-line studies focused
on platinum dose intensity, the question of paclitaxel dose
intensity was also addressed in the setting of recurrent disease,
again without evidence of improved outcomes.

Dose intensity is limited by acute (single-cycle) and cumu-
lative (multi-cycle) non-hematologic and hematologic toxic-
ity. Although multiple cycles of high-dose carboplatin and
paclitaxel (with or without topotecan or gemcitabine) can be
safely administered with hematopoietic progenitor and
growth factor support, it is more difficult to overcome serious
non-hematologic toxicities. Thus far, there is no evidence that
a two- to threefold increase in carboplatin dose intensity and
cumulative dose delivery is associated with a substantial
improvement in clinical outcomes (100–102), and it is unlikely
that this approach will be further evaluated.

In contrast, there is renewed interest in “dose-dense” ther-
apy, in which a series of two or three individual single agents
are sequentially administered at maximal tolerated doses
using short cycle intervals. This approach has been favorably
evaluated in the adjuvant therapy of breast cancer (103),
although it has not been clearly established if the clinical ben-
efit is secondary to dose density or weekly scheduling of spe-
cific components. Short cycle intervals may offer a safer
approach for intensification by reinforcing normal biologic
rhythms that can accelerate repair and minimize host toxicity.

GENERAL PRINCIPLES 
OF CHEMOTHERAPY

Treatment Objectives

Although certain general principles guide the clinician in
choosing the appropriate classes of drugs or combinations, the
decision to use these agents at all must be considered carefully.
The critical factors involved in formulating a recommendation
are reviewed in Table 15.5.

Natural History

Antineoplastic agents should be used only in patients whose
malignancy has been established histologically, with consider-
ation of the expected natural history, based on the primary
tumor site, extent of disease, and rate of progression. Individ-
ual factors that could have an impact on tolerance for therapy
must be evaluated in the context of treatment goals, including
physiologic age (as reflected by vital organ function), general
health, performance status, desire for treatment, and the pres-
ence of underlying illness. Prior history, including any previ-
ous cancer treatment and residual functional impairment, as
well as patterns of recurrence, should also be considered.
Finally, the emotional, social, and financial concerns of the
patient and family must be respected (Table 15.7). Recom-
mendations and goals should be presented to the patient and
family in conjunction with a reasonable analysis of potential
risks and benefits, which contributes to the process of
informed consent, and which should be followed by sharing of
written information for future reference.

Clinical Assessment

Chemotherapy should not be instituted unless the physician is
prepared to monitor tumor response (if applicable) carefully
while managing expected and unexpected toxicities. If proper
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facilities are not readily available, and the decision is made to
begin therapy, the patient should be referred to a physician or
facility that can provide integrated care.

In view of the potential for serious toxicity, it is desirable to
have some objective means of measuring tumor response by
physical examination, radiographic imaging, and/or analysis
of serum tumor markers. However, it is not uncommon to
administer multiple cycles of adjuvant or postoperative
chemotherapy without any direct means of documenting
tumor response. In these circumstances, the physician should
be alert for any clinical evidence of tumor recurrence or pro-
gression during treatment. In patients with evaluable disease,
continued administration of chemotherapy requires verifica-
tion of ongoing benefit.

Expectations

The likelihood of achieving long-term benefit influences the
choice of treatment and the acceptance of potential toxicity.
Primary tumors (and recurrence after surgical resection or
radiation without prior chemotherapy) can generally be
grouped according to the likelihood of achieving a durable
response. However, chemotherapy is also being utilized more
frequently in the setting of early-stage disease, including post-
operative adjuvant therapy of ovarian cancer, concurrent
chemoradiation in cervical cancer, and postoperative treat-
ment (with or without sequential radiation) in endometrial
cancer. While the use of chemotherapy in each of these scenar-
ios is supported by data from phase 3 clinical trials, it is also
apparent that more patients are being exposed to platinum-
based therapy at earlier points in their natural history, with an
increased risk of treatment-resistant disease at the time of
recurrence.

Most importantly, there is a group of tumors for which pri-
mary chemotherapy has been curative in the majority of
patients, including choriocarcinoma and ovarian germ cell
tumors. These patients should be treated aggressively with cura-
tive intent. Toxicity in this setting is acceptable, assuming that it
is reversible, as the probability of long-term survival is high.

A second group, including advanced epithelial ovarian car-
cinoma, has high response rates to primary therapy (exceeding
75%), with prolongation of disease-free and median overall
survival, but with only a modest improvement in overall mor-
tality. Patients with these tumors usually benefit from therapy
in terms of extended survival or quality-adjusted survival, and
they should receive primary treatment at full doses unless con-
traindicated.

A third group of cancers, including advanced (or recurrent)
endometrial cancer, cervical cancer, and uterine mixed müllerian
tumors, have intermediate or lower response rates to primary
chemotherapy, with shorter duration of remission and limited
improvement in overall survival. Treatment with an initial
course of therapy is reasonable, with careful monitoring of
toxicity and response.

Other tumors, including uterine leiomyosarcoma, are
more resistant to primary therapy, achieving a low frequency
of objective response without prolongation of survival. In this
setting, the use of chemotherapy should be restricted and par-
ticular emphasis placed on including these patients in well-
structured clinical trials to evaluate innovative treatments.

In patients with recurrent or progressive disease after prior
chemotherapy, the expectations of response are reduced due
to the emergence of drug resistance and the impact of prior
therapy and/or disease on performance status and vital organ
function. As such, treatment goals are usually palliative, with
attention to quality of life and control of symptoms. In this
population, the frequency of stable disease usually exceeds the
objective response rate. With appropriate chemotherapy regi-
mens that avoid cumulative toxicity, patients without further
disease progression may remain on therapy for prolonged
periods of time with an acceptable quality of life. Most
patients are best managed with single-agent chemotherapy
with regular assessment of ongoing response and management
of toxicity. However, patients with epithelial ovarian cancer
and a prolonged treatment-free interval generally receive a
platinum-based combination.

The decision to embark on antineoplastic drug therapy
is obviously complex. Optimal patient care demands careful
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IMPORTANT CONSIDERATIONS BEFORE USING ANTINEOPLASTIC DRUGS

TA B L E  1 5 . 7  

Natural history of the malignancy
• Biopsy proof of malignancy
• Identification of primary site
• Rate of progression or grade
• Stage of disease, patterns of spread

Patient characteristics
• Physiologic age, nutritional status, performance status
• Vital organ function; bone marrow reserve
• Comorbid conditions
• Extent of previous treatment

Supportive care
• Adequate facilities to evaluate, monitor, and treat potential drug toxicities
• Emotional, social, and financial status; support from family
• Collaboration with referring physician

Treatment goals
• Parameters to monitor objective response to treatment
• Potential benefits

� Curative intent
� Improved or sustained quality of life
� Control of disease
� Palliation of symptoms
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review of the multiple factors affecting therapy to maxi-
mize any opportunity for improving survival and quality
of life.

Choice of Specific Chemotherapeutic 
Regimens

After the decision to use chemotherapy has been made, the
appropriate regimen must be selected. The physician is aided
in this task by the results of randomized trials and evolving
standards of care, including published practice guidelines.
However, not every patient can receive “standard” therapy
because of idiosyncratic reactions, vital organ dysfunction,
prior treatment, or other factors. Practical individualized deci-
sions are facilitated by the logical grouping of chemotherapeu-
tic agents in several classes with similar pharmacologic
properties, mechanisms of action, and spectrum of toxicity.
The most important classes are the platinum-based alkylating
agents, non-platinum alkylating agents, antimetabolites, anti-
tumor antibiotics, antimicrotubule agents, nucleoside analogs,
hormones, and newer molecular targeted therapies.

A number of combinations have been evaluated in the man-
agement of gynecologic cancer, and some have been widely
adopted as “standard of care” for primary management of
advanced-stage or recurrent disease. Phase 3 trials have demon-
strated the superiority of specific regimens, such as paclitaxel
with either cisplatin (104) or carboplatin (105) in ovarian can-
cer; a triplet combination of paclitaxel, cisplatin, and doxoru-
bicin with granulocyte colony-stimulating factor (G-CSF) in
endometrial cancer (106); cisplatin with either paclitaxel (107)
or topotecan in cervical cancer (108); and ifosfamide with pacli-
taxel in uterine mixed müllerian tumors (109).

However, none of the standard combinations for advanced
ovarian, endometrial, or cervical cancer has been directly
compared to sequential therapy with the best active single
agents, and the superiority of combination therapy has not
been fully established. In the setting of ovarian cancer, phase 3
trials have suggested that sequential therapy with platinum
followed by paclitaxel may offer similar long-term outcomes
to a combination of platinum and paclitaxel (110,111).
Although the initial frequency of tumor response is often
increased with combination therapy, long-term outcomes such
as overall survival and symptom-adjusted quality of life can be
similar for patients who receive optimal sequential therapy
with single agents. This is primarily related to the advanced
stage of disease at the time of initial treatment with systemic
chemotherapy and the lack of curative therapy for the major-
ity of patients. As such, if individual patient circumstances
contraindicate the use of a standard combination regimen, it
remains a reasonable option to begin therapy with one of the
active single agents. In addition to their application as primary
therapy for advanced disease, combinations can also be
employed as adjuvant therapy for patients with early-stage
disease at increased risk for recurrence and for patients with
late recurrence after good response to initial therapy.

Adjuvant chemotherapy refers to the initial use of systemic
chemotherapy after surgery and/or radiation therapy has been
performed with curative intent and there is no evidence of
residual disease. Adjuvant chemotherapy is considered if the
subsequent risk for recurrence after initial definitive therapy is
relatively high (generally greater than 20%), but it is not rou-
tinely recommended when the risk of recurrence is less than
10%. In the adjuvant therapy of epithelial ovarian cancer,
long-term results from randomized trials have documented a
reduction in the risk of recurrence after platinum-based
chemotherapy (112,113). However, in carefully staged patients
(to exclude occult advanced-stage disease), it has been difficult
to establish an advantage in overall survival. Phase 3 studies in

endometrial cancer (114) and uterine mixed müllerian tumors
(115) have documented improved survival with the use of
adjuvant combination chemotherapy compared to whole
abdomen radiation in selected patients with high-risk disease,
increasing the overall proportion of patients who receive adju-
vant therapy.

Concurrent chemotherapy with radiation (chemoradiation)
refers to the use of chemotherapy to sensitize tumor to the
effects of radiation delivered with curative intent. This has
been most extensively studied in the primary management of
locally advanced cervical cancer, where platinum-based
chemoradiation has been proven to be superior to radiation
alone (116). In general, the duration of chemotherapy coin-
cides with the duration of external beam radiation. Although
the preferred weekly dose of cisplatin might appear to be low,
these regimens generally exceed the overall dose intensity of
cisplatin when used to treat advanced disease, and patients
require monitoring to avoid cumulative toxicity and treatment
interruptions.

Neoadjuvant chemotherapy generally refers to the use of
chemotherapy in the management of locally advanced disease
in situations where it would be difficult or impractical to per-
form immediate surgery or radiation. Following a response to
initial chemotherapy, there is an expectation that morbidity
associated with the overall treatment program can be mini-
mized in conjunction with a reduction in radiation treatment
volume or extent of surgery. This approach is most often con-
sidered in advanced cervical cancer, where high initial
response rates to neoadjuvant therapy have been observed.
However, the long-term benefit of this approach has not been
established. Neoadjuvant therapy is also a consideration in
advanced ovarian cancer, particularly in patients with large-
volume ascites, pleural effusions, diffuse small-volume dis-
ease, or comorbidities that might increase surgical risk. In this
setting, it has been difficult to conduct randomized neoadju-
vant trials owing to impaired performance status, the desire to
establish a definitive tissue diagnosis, and the bias toward ini-
tial cytoreductive surgery.

Monitoring of Tumor Response

Generally accepted criteria for evaluation of response are nec-
essary to facilitate treatment decisions and comparisons
among different regimens. Several standards have been used,
including those developed by the World Health Organization
(WHO). However, in 2000, an international working group
including the European Organization for Research and Treat-
ment of Cancer (EORTC), the National Cancer Institute of
Canada (NCIC), and the National Cancer Institute (NCI) of
the United States developed, validated, and published new
Response Evaluation Criteria in Solid Tumors (RECIST),
which have subsequently been widely adopted within clinical
trials (117). RECIST is based on the prospective designation
of at least one “target lesion” that measures at least 2 cm in
one dimension, as well as “nontarget lesions” that are used to
corroborate response. Radiographic imaging by helical com-
puted tomography (CT) or magnetic resonance imaging
(MRI) are the preferred techniques to monitor tumor
response, and the same technique that is used for initial assess-
ment should be used for subsequent measurements. The use of
physical examination is restricted to cutaneous lesions or
superficial adenopathy that can be directly measured. The
omission of findings on bimanual pelvic examination posed a
particular challenge for monitoring regional disease in
patients with gynecologic tumors, and the criteria were subse-
quently modified by the Gynecologic Oncology Group (GOG)
to include pelvic lesions measurable by physical examination,
as summarized in Table 15.8.
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The summary response designation within RECIST inte-
grates the findings from target and nontarget lesions, as well as
serum tumor markers (if applicable). Serum tumor markers are
not sufficient to declare response, but if initially elevated, must
normalize to designate a complete response. International cri-
teria to declare disease progression on the basis of a serial ele-
vation in CA125 have been widely adopted (118,119), but
there is incomplete agreement on criteria to define a partial
response during treatment (120). Overall, RECIST is more
detailed and specific than previous response criteria, and is also
more demanding of the clinical team and radiologist, particu-
larly if there are a large number of target and nontarget lesions.

A complete response refers to the complete disappearance of
all objective evidence of tumor and a resolution of all signs and
symptoms referable to the tumor. Complete regressions of can-
cer are generally those associated with a prolongation of sur-
vival. A partial response refers to at least a 30% decrease in the
sum of the longest diameter of all measurable lesions. Usually,
this would be accompanied by some degree of subjective
improvement and the absence of any new lesions during treat-
ment. Partial remissions are generally accompanied by improved
well-being for a period of time, but are not expected to improve
overall survival. A variety of terms have been used to designate
lesser responses (e.g., minor response, objective regression), but
these are rarely associated with any significant clinical benefit.
Progressive disease is defined as a 20% or greater increase in the
sum of the longest diameter of all measurable lesions or the
appearance of new lesions. Stable disease is the term applied
to patients without measurable tumor response or progression

fitting one of the prior criteria. Disease stabilization is an accept-
able goal in the setting of palliative therapy for recurrent disease
provided that symptoms have not progressed and the patient can
tolerate continued therapy.

Changes in the volume of ascites or pleural fluid are not
usually considered in the measurement of response, as a num-
ber of factors unrelated to cancer can influence third-space
fluid accumulation, such as nutritional status, renal function,
and treatment-related toxicity. However, appearance of a new
fluid collection with cytologic verification would represent
progressive disease. Similarly, the appearance of new symp-
toms, such as a partial small bowel obstruction, does not
always indicate progression of disease, but could be related to
prior surgery, irradiation, chemotherapy, or infection. In gen-
eral, it is preferable to base decisions regarding treatment on
objective measures of response as described rather than sub-
jective findings or symptoms.

MANAGEMENT OF 
CHEMOTOXICITIES

Toxicity Assessment, Dose Modification, 
and Supportive Care

Chemotherapeutic regimens are universally toxic, with a nar-
row margin of safety, and it is often necessary to adjust doses
individually in accordance with patient tolerance. Initial
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OVERALL DISEASE RESPONSE CATEGORIES (RECIST)

TA B L E  1 5 . 8

Complete response (CR)a Disappearance of all targetb and non-target lesions, and normalization of tumor marker levels 
(if appropriate).

Partial response (PR) Disappearance of all target lesions without progression of non-target lesions, without appearance 
of new lesions, and persistence of abnormal tumor marker levels.

Or

At least a 30% decrease in the sum LD of target lesions (taking as reference the baseline sum LD) 
without progression of non-target lesions or appearance of new lesions.

Note: In the case where the only target lesion is a solitary pelvic mass measured by physical exam 
(not radiographically measurable), a 50% decrease in the LD is required.

Progressive disease (PD) At least a 20% increase in the sum LD of target lesions, taking as reference the smallest sum 
LD recorded since the start of treatment, or the appearance of one or more new lesions, or 
progression of any non-target lesion.

Note: In the case where the only target lesion is a solitary pelvic mass measured by physical exam 
(not radiographically measurable), a 50% increase in the LD is required.

Stable disease (SD)c Neither sufficient shrinkage of target lesions to qualify for PR nor sufficient increase to qualify 
for PD, taking as reference the smallest sum LD since the start of treatment. No appearance 
of new lesions (target or non-target).

Note: Measurable lesions—lesions that can be accurately measured in at least one dimension with longest diameter (LD) �20 mm using conventional
techniques or �10 mm with spiral CT scan. Non-measurable lesions—all other lesions, including small lesions (longest diameter �20 mm with con-
ventional techniques or �10 mm with spiral CT scan), i.e., bone lesions, leptomeningeal disease, ascites, pleural/pericardial effusion, inflammatory
breast disease, lymphangitis cutis/pulmonis, cystic lesions, and also abdominal masses that are not confirmed and followed by imaging techniques.
aTo be assigned PR or CR, changes in tumor measurements must be confirmed by repeat assessments no less than 4 weeks after the criteria for
response are first met. The duration of overall response is measured from the time that criteria are met for CR or PR (whichever status is recorded
first) until the first date that recurrence or PD is objectively documented, taking as reference for PD the smallest measurements recorded since the
treatment started.
bAll measurable lesions up to a maximum of five lesions per organ and 10 lesions in total, representative of all involved organs, should be identified
as target lesions and recorded and measured at baseline. Target lesions should be selected on the basis of their size (lesions with the longest diameter)
and their suitability for accurate repeated measurements (either by imaging techniques or clinically). All other lesions (or sites of disease) should be
identified as non-target lesions and should also be recorded at baseline. Measurements of these lesions are not required, but the presence or absence
of each should be noted throughout follow-up.
cIn the case of SD, follow-up measurements must have met the SD criteria at least once after study entry at a minimum interval (in general, not less
than 6 to 8 weeks) that is defined in the study protocol. SD is measured from the start of the treatment until the criteria for disease progression are
met, taking as reference the smallest measurements recorded since the treatment started.
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chemotherapy dosing is based on body surface area, weight,
renal function, and hepatic function, using guidelines from clin-
ical trials. However, there are a number of other factors that
could further influence host tolerance, including nutritional sta-
tus, performance status, extent of disease, prior therapy, third-
space fluid accumulations, metabolic polymorphisms, and
uncharacterized drug interactions. Current dose algorithms
generally fail to address these factors, although emerging phar-
macodynamic and pharmacogenomic research has improved
individualized dosing in selected cases. As such, it is necessary
to monitor host toxicity with ongoing modifications to avoid
serious acute and cumulative toxicity.

The Cancer Therapy Evaluation Program (CTEP) of the
NCI has developed a detailed and comprehensive set of guide-
lines for the description and grading of acute and chronic
organ-specific toxicity in collaboration with the FDA, interna-
tional cooperative groups, and the pharmaceutical industry.
Most clinical research protocols have incorporated these crite-
ria, which are also applicable to the grading of toxicity for
standard chemotherapy regimens outside of a clinical trial.
The current version of the Common Terminology Criteria for
Adverse Events (CTCAE) is available in electronic format
from CTEP (http://ctep.info.nih.gov). Basic hematologic para-
meters have been summarized in Table 15.9.

An unintended consequence of our current regulatory envi-
ronment is that most new medications receive single-agent
FDA approval at a dose and schedule that is close to the max-
imally tolerated dose (MTD), essentially maximizing the risk
of host toxicity. The association between dose and toxicity is
usually dramatic at levels close to the MTD. As such, a mod-
est reduction in dose, or an adjustment in schedule, can have a
substantial impact on acute and cumulative toxicities. The
impact of these minor modifications on efficacy is generally
unknown, but unlikely to be as dramatic as the impact on tox-
icity, and many clinicians frequently make modifications in
the starting dose and/or schedule of single agents or combina-
tions, essentially deviating from FDA-approved indications.
As these modifications become integrated with clinical prac-
tice, limited supporting data emerge, usually from nonran-
domized trials, but the primary FDA-approved dose and
schedule is rarely changed. Many agents in common use
today, including polyethylene glycol (PEG)-liposomal doxoru-
bicin, topotecan, paclitaxel, docetaxel, and gemcitabine, are
frequently modified in accord with emerging clinical experi-
ence, but without changes in the FDA-approved regimen. It is
thus important for the clinician to be aware of emerging data,
as well as data from pivotal trials that were used to support
original FDA registration.

In view of the narrow safety margin for chemotherapy, it
is important that all orders be reviewed by a nurse and

pharmacist with oncology experience. Height, weight, calcu-
lation of body surface area, pertinent laboratory values, and
methods of dose calculation should be clearly indicated and
verifiable. Pretemplated orders encourage systematic review
and can reduce the risk of error. In addition, it is preferable
to have predefined dose levels to account for expected treat-
ment modifications rather than relying on percentage-based
modifications. For example, it is not always obvious if a per-
centage refers to the degree of dose reduction or the amount
of drug to be administered, which becomes compounded
over multiple cycles, with the potential for more than one
modification. One convenient method of structured dose
modification is illustrated in Table 15.10. With this approach,
modifications for the subsequent course of therapy are
implemented according to the degree (grade), duration, and
timing of toxicity experienced during the preceding course.
Although treatment can be delayed on a week-by-week basis
to allow for recovery, delays of greater than 2 weeks
should be avoided through dose modification and utilization
of hematopoietic growth factors. With expanded utilization
of combination regimens, it is also helpful to know the pat-
terns of toxicity associated with individual drugs, as it might
be appropriate to modify one component rather than an
entire regimen.

Bone Marrow Toxicity

Bone marrow toxicity is the most common dose-limiting side
effect associated with cytotoxic drugs, and neutropenia is the
most common manifestation of bone marrow toxicity, occur-
ring 7 to 14 days after initial drug treatment and persisting
for 3 to 10 days. CTCAE grading criteria are summarized in
Table 15.9. For purposes of dose modification, the absolute
neutrophil count (ANC) is preferred over total white blood
count, as this more accurately reflects dose tolerance and risk
of infection, which parallels the duration of grade 4 neu-
tropenia (ANC �500/mm3). Dose-limiting thrombocytopenia
is less common than neutropenia, but has become more fre-
quent with wider utilization of carboplatin and carboplatin-
based combinations. A systematic approach to management
of hematologic toxicity can help to reduce the risk of error
and facilitate overall compliance with a treatment regimen
(Table 15.10).

Radiation, alkylating agents (e.g., melphalan, carboplatin),
and other DNA-damaging agents (e.g., nitrosoureas, mito-
mycin C), can have cumulative long-term effects on the bone
marrow. Most other agents, including the taxanes and topote-
can, show no evidence of cumulative toxicity and can be
administered for multiple cycles without dose modification.
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CTCAE GRADING OF MYELOSUPPRESSION

TA B L E  1 5 . 9

Grade

Element 1 2 3 4

Leukocytes (per mm3) LLN to 3,000 �3,000 to 2,000 �2,000 to 1,000 �1,000
Granulocytes (per mm3) LLN to 1,500 �1,500 to 1,000 �1,000 to 500 �500
Hemoglobin (g/dL) LLN to 10.0 �10.0 to 8.0 �8.0 to 6.5 �6.5
Platelets (per mm3) LLN to 75,000 �75,000 to 50,000 �50,000 to 25,000 �25,000

Note: LLN, lower limit normal (institutional).
Source: CTCAE, Common Terminology Criteria for Adverse Events, version 3.0, Cancer Therapy Evaluation Program, National Cancer Institute.
http://ctep.info.nih.gov/reporting/ctc.html. Published June 10, 2003. 
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In view of the frequent occurrence of neutropenia and the
risk of infectious complications, utilization of G-CSF, including
filgrastim or the longer-acting PEG-filgrastim, has increased.
Although these agents promote more rapid granulocyte recov-
ery, thus avoiding potential complications and facilitating the
maintenance of dose intensity, their use has not been shown to
improve long-term survival for patients with gynecologic can-
cer compared to conservative management with dose reduction
and cycle delay. In addition, G-CSF is not effective in the man-
agement of thrombocytopenia and may actually increase the
degree of thrombocytopenia by diversion of immature marrow
elements, a particular problem after multiple cycles of carbo-
platin. Recombinant megakaryocyte growth factor is an option
to maintain platelet counts (121). However, current treatment
programs are not associated with a high frequency of compli-
cated grade 4 thrombocytopenia, and the value of aggressive
support would appear to be limited.

Moderate degrees of anemia are quite common in cancer
patients receiving chemotherapy, which may contribute to
chronic fatigue. With increased recognition of blood-borne
viral pathogens and limited supplies of banked blood, fre-
quent transfusions are not practical or recommended, and
many patients will adapt to chronic anemia with minimal
symptoms. The availability of recombinant erythropoiesis-
stimulating agents (ESA), including erythropoietin (epoietin
alfa) and darbepoeitin, has provided a generally safe and
effective alternative for the management of anemia associated
with chemotherapy (122) and should be considered on a case-
by-case basis, although financial costs at the recommended
dose and schedule can be greater than the intermittent use of
blood products (123). Emerging data with regard to the
potential risks associated with ESA, including cardiovascular
events, thrombosis, and reduced tumor-related survival in
placebo-controlled, randomized trials (124), have prompted
the FDA to reevaluate the role for ESAs in routine practice
(125–127), including a Medicare decision memo (128) limit-
ing reimbursement to patients with confirmed hemoglobin of
less than 10 g/dL. Patients with anemia should undergo eval-
uation of iron stores, with appropriate use of iron replace-
ment, prior to initiation of ESA. Based on available data, the
initiation of ESA should be restricted to patients with hemo-
globin of less than 10 g/dL, and should be avoided in patients

with a hemoglobin of greater than 12 g/dL to avoid throm-
botic complications.

Gastrointestinal Toxicity

Most anticancer agents are associated with some degree of
nausea, vomiting, and anorexia. There are three major cate-
gories of nausea and vomiting: anticipatory, occurring prior to
actual administration of chemotherapy; acute onset, begin-
ning within 1 hour of chemotherapy administration and per-
sisting for less than 24 hours; and delayed, beginning more
than 1 day after chemotherapy administration and persisting
for several days. Prophylactic management of these adverse
effects improves patient acceptance and facilitates completion
of therapy with full doses on schedule.

The antiemetic regimen is tailored to the emetogenic
potential of the treatment, which reflects the incorporation
of specific drugs, as well as the dose and schedule of drug
administration. Mild nausea and vomiting can often be man-
aged effectively with H1 antihistamines (diphenhydramine),
phenothiazines (prochlorperazine or thiethylperazine), buty-
rophenones (haloperidol), steroids (dexamethasone or
methylprednisolone), benzamides (metoclopramide), or ben-
zodiazepines (lorazepam). These are likely to be sufficient
with drugs such as bleomycin, docetaxel, paclitaxel, Vinca
alkaloids, 5-fluorouracil, methotrexate, mitomycin C, gem-
citabine, PEG-liposomal doxorubicin, and topotecan.

For drugs with more severe emetogenic potential, including
cisplatin, carboplatin, cyclophosphamide, or dactinomycin, a
more aggressive prophylactic regimen is required. In general,
these patients should receive a 5-hydroxytryptamine (5-HT3)
receptor antagonist, such as ondansetron or granisetron, prior
to chemotherapy and repeated at 8- to 12-hour intervals. Both
compounds are also available in an oral formulation, which
has been helpful in the management of delayed and/or chronic
nausea after chemotherapy, or nausea associated with multi-
day oral chemotherapy regimens. Longer acting 5-HT3 antag-
onists have also become available, including palonosetron and
dolasetron, which require only a single intravenous or oral
dose prior to chemotherapy. As a group, the 5-HT3 antago-
nists have been quite effective in controlling severe emesis
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REPRESENTATIVE DRUG DOSE MODIFICATIONS

TA B L E  1 5 . 1 0

Category (timing) Parameters CTCAE grade Dose or schedule modifications

Granulocytes (day of therapy) �1,500/mm3 0, 1 Full doses of all drugs.
�1,500/mm3 2, 3, 4 Delay until recovered. If already delayed, 

reduce dose by one level or add G-CSF.

Platelets (day of therapy) WNL 0 Full doses of all drugs.
� LLN to 75,000/mm3 1 Delay until recovered.
�75,000/mm3 2 Delay until recovered. If already delayed, 

reduce dose by one level.

Granulocytes (cycle nadir) �1,000/mm3 0, 1, 2 Full doses of all drugs.
�500/mm3 for � 7 days 4 Reduce dose by one level.

If already reduced, add G-CSF.
�1,000/mm3 with fever 3, 4 Reduce dose by one level.

If already reduced, add G-CSF.

Platelets (cycle nadir) �50,000/mm3 3 Full doses of all drugs.
�50,000/mm3 with bleed 3, 4 Reduce doses by one level.
�25,000/mm3 4 Reduce doses by one level.

Note: CTC, common toxicity criteria; G-CSF, granulocyte colony-stimulating factor; LLN, lower limit normal; WNL, within normal limits.
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with few side effects, but are more expensive than prochlor-
perazine (129). Chronic nausea and vomiting can be a partic-
ular problem after several cycles of cisplatin, and occasionally
carboplatin (130). The mechanism is poorly understood, and
symptoms can be difficult to control with currently available
medications, prompting the use of extended steroid adminis-
tration, cannabinoids, or repeated dosing with 5-HT3 recep-
tor antagonists.

Anticipatory nausea and vomiting can become a significant
problem during repeated cycles of chemotherapy, as patients
associate environmental cues (such as odor, carpeting, or paint
colors) with nausea. In addition to behavioral modification, it
can sometimes be modulated by pretreatment with antiemetics
and amnesic drugs, such as benzodiazepines, administered
orally at home prior to arriving at the treatment center.
Lorazepam (0.05 mg/kg) can also be given by slow intra-
venous push 1 hour before therapy, with doses being contin-
ued as needed every 4 hours for up to six doses (131).
Unfortunately, this particular schedule produces significant
sedation and can be used only in hospitalized patients or out-
patients with independent transportation.

Diarrhea, oral stomatitis, esophagitis, and gastroenteritis
are also potential problems. Patients with significant oral or
esophagogastric symptoms may have symptoms managed
with oral viscous lidocaine (2%), other topical anesthetics, or
parenteral narcotics in severe cases. Randomized, controlled
trials following 5-fluorouracil-based chemotherapy or radia-
tion have failed to document any clinical improvement with
sucralfate, which can bind to ulcerated mucosa (132,133).
However, randomized, controlled trials have demonstrated
that multiple intravenous doses of recombinant keratinocyte
growth factor (palifermin) before and after treatment can
reduce the incidence and severity of chemotherapy-induced
oral stomatitis associated with bolus 5-fluorouracil (134) or
high-dose chemotherapy. In general, dose-limiting mucosal
injury is uncommon with platinum-based combinations, tax-
anes, and other single agents used in the treatment of gyneco-
logic cancer. While many patients might develop some degree
of diarrhea in the setting of concurrent chemoradiation, palif-
ermin has not been specifically evaluated in that setting,
although there are preclinical data to suggest benefit (135). In
refractory cases, patients should be screened for secondary
infectious complications, such as candidiasis and herpes sim-
plex. Following treatment with irinotecan, noninfectious
secretory diarrhea is a well-recognized dose-limiting toxicity
associated with local exposure to the active metabolite SN-38,
and is generally managed with prophylactic antimotility
agents and intravenous hydration, with utilization of
octreotide in severe cases. Diarrhea can also result from dif-
fuse mucosal injury following administration of doxorubicin
(including PEG-liposomal doxorubicin), 5-fluorouracil,
methotrexate, and other agents. In the setting of recent
surgery and chemotherapy, patients are also at increased risk
for infectious diarrhea, and screening for Clostridium difficile
is appropriate.

Alopecia

Scalp alopecia is one of the most emotionally taxing side
effects of chemotherapy. Aside from long-lasting alopecia that
follows cranial irradiation, it is almost always reversible, but
it can be a major deterrent to successful chemotherapy. Total
scalp alopecia is particularly common with drugs like doxoru-
bicin and paclitaxel, and there is generally some degree of par-
tial alopecia with cisplatin, carboplatin, cyclophosphamide,
docetaxel, Vinca alkaloids, and 5-fluorouracil. In a minority
of cases, patients treated with paclitaxel will also experience
loss of eyelashes, eyebrows, and other body hair, which can be

particularly distressing. A variety of physical techniques have
been devised to minimize alopecia, including scalp tourniquets
and ice caps designed to decrease scalp blood flow. Although
partially effective, they are rarely successful with extended
chemotherapy.

Skin Toxicity

Skin toxicities that occur during chemotherapy include aller-
gic or hypersensitivity reactions, skin hyperpigmentation,
photosensitivity, radiation recall reactions, nail abnormalities,
folliculitis, palmar-plantar erythrodysesthesia (PPE, hand-foot
syndrome), and local extravasation necrosis. Many of these
are drug specific and self limited, but occasionally they may be
dose limiting.

PPE is a reversible but painful erythema, scaling, swelling,
or ulceration involving the hands and feet. This occurs more
often with chronic oral or intravenous medications, weekly
treatment regimens, and formulations that increase drug cir-
culation time, such as prolonged oral etoposide, weekly and
continuous-infusion 5-fluorouracil, capecitabine, and PEG-
liposomal doxorubicin, where it has emerged as a major dose-
limiting toxicity (136).

Extravasation necrosis is a serious complication seen after
tissue infiltration of vesicant drugs such as doxorubicin,
dactinomycin, mitomycin C, and vincristine (137,138). These
drugs should always be administered through a freely flowing
intravenous line with careful monitoring. Caution is also
required during utilization of central venous ports, as malfunc-
tions in the needle, hub, or tubing can be associated with grad-
ual extravasation that will not be apparent for several hours
(139). Any suspected infiltration should prompt immediate
removal of the intravenous line and application of ice packs to
the infiltrated area every 6 hours for 3 days. Small series have
reported a limited experience with local infiltration or topical
application of steroids, n-acetylcysteine, dimethyl sulfoxide
(DMSO), and hyaluronidase with variable results, and recom-
mendations are imprecise. However, single or multiple intra-
venous doses of dexrazoxane, a topoisomerase II catalytic
inhibitor, appears to offer specific protection against injury
from anthracyclines, including doxorubicin and daunorubicin
(140,141). Skin necrosis from some extravasations may even-
tually require surgical debridement and skin grafting.

Neurotoxicity

Peripheral neuropathy is the most common neurotoxicity
encountered in gynecologic oncology, and is a particular risk
with administration of cisplatin, paclitaxel, docetaxel, nanopar-
ticle albumin-bound (NAB) paclitaxel, epothilones, Vinca
alkaloids, and hexamethylmelamine (142,143). Although less
common with carboplatin than cisplatin, neuropathy can still
occur, particularly in combination with paclitaxel. Peripheral
neuropathy generally begins with symptoms of paresthesia
accompanied by loss of vibratory and position sense in longer
nerves associated with the feet and hands. It then progresses
to functional impairment, with gait unsteadiness and loss of
fine motor coordination, such as trouble buttoning clothes
and writing. This is closely followed by loss of deep tendon
reflexes and eventual development of motor weakness. With
paclitaxel and other nonplatinum agents, this is almost
always reversible, but may require several months postther-
apy for substantial improvement. In more severe cases,
accompanied by neuronal injury or demyelination, recovery
may require active neuronal regeneration over an extended
period of time, and symptoms may persist for the lifetime of
the patient.
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In current clinical practice, neurotoxicity from widely uti-
lized microtubule-stabilizing agents is predominant (144,145).
The frequency of moderate to severe toxicity is more common
with paclitaxel, compared to docetaxel or epothilones. Risk
appears related to peak levels associated with individual
doses, as well as cumulative doses over multiple cycles, which
is further complicated by alternative schedules and newer drug
formulations. For example, although the risk associated with
NAB-paclitaxel on the FDA-approved 3-week schedule is at
least as high as paclitaxel (146), the risk is reduced with NAB-
paclitaxel administered on a weekly schedule, even with
higher cumulative doses. In addition, as the primary means of
assessment is clinical, reported frequencies vary widely in clin-
ical trials, reflecting variability in documenting history, subjec-
tive and objective findings.

If related to cisplatin, neuropathy can continue to progress
after therapy has been discontinued owing to ongoing axonal
demyelination and loss, with long-term persistence of symp-
toms. Cisplatin has also been associated with permanent oto-
toxicity, and at higher doses, with loss of color vision (147)
and autonomic neuropathy. Oxaliplatin can produce a long-
term peripheral neuropathy similar to cisplatin (148), but is
also associated with transient acute reactions, including pares-
thesia and cold-sensitive laryngeal dysesthesia (149), which
may reflect blockade of membrane ion channels (150). Of
interest is that, although infusions of calcium and magnesium
have been used to ameliorate the acute oxaliplatin reactions
(151), an ongoing phase 3 randomized trial was terminated
due to concerns about a reduction in clinical response rates at
interim analysis, illustrating the potential interplay of toxicity
and efficacy for some agents (152).

Although some patients report transient distal paresthesia
after a single dose of paclitaxel (153), the onset of persistent
neuropathy is generally more gradual. Neuropathy can
become clinically apparent after two to three courses of ther-
apy, with mild symptoms that resolve between cycles. Careful
questioning and examination may reveal subtle findings at an
earlier stage, and functional assessments have been developed
that demonstrate good concordance with actual neuropathy
(154). Patients with underlying neurologic problems, such as
diabetes, alcoholism, or carpal tunnel syndrome, are particu-
larly susceptible, and substitution of docetaxel for paclitaxel
can be a useful strategy in some situations. All patients who
receive potentially neurotoxic therapy, especially cisplatin and
paclitaxel, should be routinely queried regarding propriocep-
tion and fine motor tasks and examined for loss of vibratory
sense, high-frequency hearing, and deep tendon reflexes.

In view of the frequency of neurotoxicity and the impact on
daily life, there has been interest in agents that might prevent
nerve damage, encourage recovery, or ameliorate symptoms.
Amifostine has been reported to reduce the frequency and
severity of platinum-mediated neuropathy (155) and is being
evaluated as a treatment to promote resolution of established
neuropathy. However, a nonrandomized study in patients
receiving cisplatin and paclitaxel in combination with amifos-
tine failed to achieve a targeted reduction in the incidence of
neuropathy (156). Widespread substitution of carboplatin for
cisplatin has reduced but not eliminated the risk, and the value
of amifostine in combination with carboplatin and paclitaxel,
or paclitaxel as a single agent, has not been established. Thus
far, small studies with glutamine, vitamin E, and other agents
have been inconclusive, and there are no agents that can be rec-
ommended for prevention of neuropathy in routine practice.
Clinical management of painful paresthesia has been reported
with amitriptyline and gabapentin (157), prompting the
empiric use of similar agents for relief of symptoms.

Other neurotoxicities include acute and chronic ence-
phalopathies, usually associated with intrathecal chemother-
apy, acute cerebellar syndromes, autonomic dysfunction,

inappropriate secretion of antidiuretic hormone (SIADH), and
cranial nerve paresis. Of particular relevance to the gyneco-
logic cancer population, an acute reversible metabolic
encephalopathy has been well described in association with
ifosfamide and attributed to the toxic metabolite chloroac-
etaldehyde. Of note, this syndrome can potentially be pre-
vented by infusion of methylene blue (158), which may act
through inhibition of monoamine oxidase activity with
reduced chloroacetaldehyde formation in the liver.

Genitourinary Toxicity

Renal toxicity is a well-recognized side effect of cisplatin
(159), with implication of specific local metabolites, even
though only a small fraction of cisplatin is cleared by renal
excretion. In contrast, carboplatin undergoes extensive renal
clearance with little risk of toxicity. Indeed, with increased
substitution of carboplatin for cisplatin, and with a reduction
in overall cisplatin dose intensity, there has been a decline in
clinical familiarity with cisplatin-mediated nephrotoxicity.
However, the expanded utilization of concurrent cisplatin and
pelvic radiation for management of early-stage cervical cancer
has renewed awareness of this potential problem, particularly
as commonly utilized weekly dosing can exceed 100 mg/m2

over a 3-week period. Careful attention to hydration status
and saline-driven urinary output before, during, and immedi-
ately after therapy is required to reduce the risk associated
with this serious complication (160).

Another troublesome side effect is hemorrhagic cystitis,
which can be seen with cyclophosphamide or ifosfamide,
attributed to the metabolite acrolein. With moderate-dose
cyclophosphamide, this complication can be prevented by
maintaining high urinary output, which reduces overall
urothelial exposure to the toxic metabolites. However,
patients receiving combination regimens often have reduced
oral intake postchemotherapy, and selected patients receiving
cyclophosphamide might benefit from supplemental intra-
venous hydration. The risk of cystitis is essentially 100% with
ifosfamide, even with aggressive hydration, but this can be
prevented with simultaneous administration of mesna, which
binds and neutralizes acrolein in the urine (161).

Hypersensitivity Reactions

Increased utilization of paclitaxel, a natural product with poor
solubility, has focused attention on the risk of hypersensitivity
reactions (HSR). For intravenous administration, paclitaxel is
formulated in Cremophor-EL, a mixture of polyoxyethylated
castor oil and dehydrated alcohol, which has been associated
with mast cell degranulation and clinical HSR. Over 80% of
reactions occur within minutes during either the first or sec-
ond cycle of drug administration and can usually be managed
with prophylactic medication (corticosteroids, histamine
H1/H2 blockade) followed by rechallenge beginning at a lower
rate of infusion (162,163). Similar reactions have been
reported with docetaxel and PEG-liposomal doxorubicin, but
with lower frequency in the absence of Cremophor-EL.
Ermerging data with NAB-paclitaxel indicate a marked reduc-
tion in the risk of HSR, further emphasizing the role of formu-
lation, vehicle, and carriers.

With improved survival and an increased utilization of
second-line therapy, patients can also experience more tradi-
tional allergic reactions to selected chemotherapy agents.
Carboplatin, an organoplatinum compound, has emerged as
a major source of late allergic reactions. These occur most
often during the second cycle of a second course of therapy,
suggesting a process of antigen recall and priming of the
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immune response (164). Patients receiving a second course of
carboplatin-based therapy should be closely monitored for
early signs of hypersensitivity to avoid more serious reactions.
Unlike the situation with paclitaxel, carboplatin reactions are
not readily prevented or circumvented with prophylactic med-
ication, although inpatient (165) and outpatient strategies for
desensitization have been reported (166) and successfully uti-
lized for patients who are responding to retreatment. How-
ever, the desensitization routine must generally be repeated
with each cycle of treatment.

Other Significant Toxicities

A comprehensive discussion of all potential toxicities for cur-
rently available chemotherapeutic agents is beyond the scope
of this chapter, and additional information is available
throughout the text. Nevertheless, a variety of other impor-
tant toxicities are occasionally encountered in regimens com-
monly used in gynecologic oncology. These include cardiac
toxicity from cumulative doxorubicin exposure, radiation
recall vasculitis from doxorubicin, pulmonary fibrosis from
bleomycin, gonadal dysfunction in premenopausal women
from alkylating agents, and secondary acute leukemia from
the chronic administration of alkylating agents, particularly
melphalan in ovarian cancer.

DEVELOPMENTAL 
CHEMOTHERAPY

Background

The identification, evaluation, and regulatory approval of
effective drugs for cancer treatment is a long, complicated,
and expensive process. Of note, it has been argued that the
expanded availability of only 17 existing generic chemothera-
peutic agents would substantially improve worldwide mortal-
ity from cancer (167). However, most cases of advanced
disease remain incurable with current treatments, and the
search for new agents remains a high priority. Promising can-
didates are identified and prioritized through preclinical
screening (168), utilizing derivatives of previously defined
active agents or established drug classes or new compounds
engineered to interact with a specific target. In addition, there
continues to be broad screening of natural products isolated
from terrestrial and marine sources (169). Some evidence of
antitumor activity during screening must be demonstrated
before clinical trials are undertaken. Thus far, all useful antitu-
mor agents have demonstrated antitumor activity using in
vitro or in vivo screening systems.

These traditional approaches are being increasingly chal-
lenged by the large number of new genes and potential targets
identified through molecular biology, genomics, and pro-
teomics. Principles of genomic libraries, solid-phase organic
synthesis (170), and combinatorial chemical library genera-
tion (171) have been adopted by the pharmaceutical industry
to promote high-throughput screening (172). As new targets
are identified, a large number of related compounds can be
created, beginning with lead natural products or known
reagents (173), and then screened for improved target binding
and/or inhibition of target function (174). Substantial bioin-
formatics resources are required to manage and analyze the
large amount of data generated from these processes, but the
accumulation of gene expression and proteomic data can facil-
itate “pre-discovery” modeling of potential targets and
reagents prior to making decisions about actual development.
To some extent, these processes have evolved in parallel, as it

is clear that agents generated from a library or a database will
still require some form of biologic validation prior to entering
complex and expensive clinical studies.

After antitumor activity has been identified, the new agent
must be formulated for human use and produced in sufficient
quantities to support clinical trials. This is never a trivial
achievement, as was evident from the natural supply limita-
tions and formulation problems encountered in early trials
with paclitaxel (175) and the camptothecins (176). Clinical-
grade material is then subjected to detailed preclinical toxicol-
ogy tests in animals. These toxicology trials are done in several
animal species and may explore different schedules of drug
administration to provide a basis for clinical development. As
such, they are time consuming, complex, and expensive.

After all of the steps of preclinical testing are completed,
new agents can enter clinical evaluation. As such, clinical tri-
als are the primary means utilized to evaluate new agents in a
systematic manner. All physicians and patients are urged to
consider participation in clinical trials, which are available for
almost all diagnoses and treatment circumstances. Sponsors of
clinical trials include the NCI in collaboration with individual
institutions and national groups, such as the GOG, as well as
the pharmaceutical industry and individual institutions.

Clinical Trials

Detailed rationale and methodology for clinical trials design has
been covered in other sections. This material is provided to high-
light key concepts related to investigational drug development.

Phase 1 Trials

Phase 1 trials are typically first-in-human studies for new com-
pounds and employ a dose- and/or schedule-escalating design
to determine the dose-limiting toxicity (DLT), maximally toler-
ated dose (MTD), and pharmacokinetic parameters applicable
to each regimen. In the most common model, accrual is sus-
pended when more than one DLT event occurs within a dose
level (two of six patients), as this would generally exceed pre-
defined limits for the MTD. Modifications of the standard
dose-escalation schema have been developed to enroll fewer
patients at lower dose levels with greater dose increments
between successive dose levels in the absence of toxicity. As the
MTD is approached, the dose level increments are reduced and
accrual can be expanded. These newer methods aim to mini-
mize the number of patients treated at very low (nonefficacious
and nontoxic) doses, while providing greater precision for esti-
mating the MTD and DLT at higher doses (177).

With the shifting focus from conventional cytotoxic agents
to non-cytotoxic molecular-targeted agents, the traditional
phase 1 paradigm needs to be reexamined. Many newer
agents, such as human monoclonal antibodies, may not
demonstrate traditional dose-limiting and dose-related toxici-
ties, and phase 1 studies can reach their highest dose level
without achieving a conventional MTD. In addition, these
agents are frequently destined for chronic administration in
conjunction with chemotherapy, and/or following chemother-
apy, and cumulative toxicity over multiple cycles appears
more important than acute toxicity during the first cycle.
Finally, with an identified biologic target, it is also important
to consider the optimal biologic dose that achieves a desired
level of receptor blockade or signal transduction inhibition.
With these considerations, it is apparent that a modified phase
1 design utilizing expanded cohorts treated for multiple cycles
would provide better data to guide large randomized trials. 

Tumor response is not a primary endpoint within a phase
1 trial, which will typically include patients representing a
variety of primary tumor types and multiple prior therapies.

Chapter 15: Principles of Chemotherapy in Gynecologic Cancer 401

Barakat_CH15-381-408.qxd  2/27/09  8:24 PM  Page 401



Comprehensive analysis of aggregate phase 1 data, often
from multiple trials, will generally determine a dose, sched-
ule, and disease site profile for evaluation in phase 2 studies.
In selected situations where the toxicity and appropriate
tumor targets are well defined, some phase 1 studies have
included an embedded phase 2 component to conserve
patient resources, avoid delays associated with activation of a
stand-alone phase 2 trial, and accelerate the overall develop-
ment process. With the increased number of compounds that
merit early phase testing, it is also important to prioritize
these studies carefully within the limited clinical resources
that are available.

Phase 1 studies can also serve to evaluate new combina-
tions that build on standardized chemotherapy regimens to
establish feasibility and tolerability of the proposed regimen
before embarking on larger trials. In certain situations, such as
epithelial ovarian cancer, disease-specific phase 1 trials may
enroll newly diagnosed patients without prior therapy, as the
experimental combinations generally incorporate other
known active agents, such as platinum and a taxane.

Phase 2 Trials

After the recommended dose and schedule have been defined,
the regimen can receive focused evaluation in patients with a
specific cancer diagnosis, usually in the setting of measurable
disease after one (or two) prior chemotherapy regimens. Phase
2 trials are designed and powered based on a surrogate end-
point that is thought to reflect clinical benefit, such as
response rate, disease stabilization rate, biologic (tumor
marker) response rate, or the proportion of patients alive and
progression-free at a specific time interval. Although each of
these endpoints may reflect antitumor activity, they are viewed
as surrogate endpoints in comparison with overall survival or
quality-adjusted survival, which provide a true measure of
clinical benefit. In general, each phase 2 trial tests a single
hypothesis, such as response rate, to determine if the new
agent or regimen crosses a threshold based on historical data
in the same patient population with an appropriate degree of
power (type II or 	 error) and precision (type I or � error).
Through this process, new agents are “selected” for further
development based on historical controls. In order to conserve
patient resources and minimize the number of patients who
might receive ineffective therapy, most phase 2 studies utilize a
multi-stage accrual design with early-stopping parameters, as
proposed by Gehan (178) and modified by Simon (179).

Although most phase 2 trials are single-arm nonrandom-
ized studies, there are circumstances where randomized phase
2 evaluations are appropriate (180–182). Randomized phase
2 trials allocate patients among two or more treatment arms
to minimize potential differences in prognostic factors or
other variables. Each arm is then independently tested against
the same historical threshold value. Using this approach, one
or both arms can be “selected” for further clinical develop-
ment. Such randomized trials are generally underpowered for
direct comparison of response rate and survival between each
arm owing to the limited number of patients. Examples
include looking at two different schedules of drug administra-
tion with comparative analysis of toxicity and noncompara-
tive reporting of response data to facilitate the selection of
experimental arms for future studies. This approach has been
used to select between two different schedules of topotecan
administration in recurrent ovarian cancer (183).

The traditional phase 2 paradigm has also been challenged
by the availability of new molecular-targeted or biologic agents
that are thought best to work in combination with conven-
tional cytotoxic chemotherapy. Given the number of combina-
tions that need to be evaluated, it has been appealing to
consider randomized designs to select promising combinations.

Indeed, in situations where the specific choice of chemotherapy
might not be critical to evaluate clinical activity, pilot studies
have allowed clinicians to select one of several chemotherapy
regimens, and then randomly allocate patients to receive new
agents in combination. In addition, where phase 2 data appear
interesting but might not support a fully-powered phase 3 trial,
there have been phase 3 designs that incorporate an embedded
phase 2 study to confirm disease-specific activity and feasibility
prior to enabling full accrual.

Phase 3 Trials

If a promising regimen is identified for further testing, it then
moves toward a phase 3 randomized trial, in which it is
directly compared with an existing standard regimen in a par-
ticular clinical setting, as defined by the type of cancer and
stage at enrollment. Phase 3 trials generally require a mini-
mum of 150 patients per arm to provide adequate precision
for the comparison of primary study endpoints while avoiding
false-positive conclusions (type I or � error) and adequate
power to detect a difference while avoiding a false-negative
result and potentially missing a true advantage of one arm
over the other (type II or 	 error). In keeping with current
drug registration guidelines of the FDA, the primary endpoint
of most phase 3 trials is a true measure of clinical benefit, such
as overall survival or quality-adjusted survival, with sec-
ondary endpoints of progression-free survival, response rate,
and toxicity.

Owing to the large number of uniformly staged and treated
patients required for a phase 3 trial, such studies are best con-
ducted through a national clinical trials organization, such as
GOG. To minimize potential sources of bias, phase 3 trials fre-
quently stratify patients into groups according to key prog-
nostic variables prior to randomization, such as stage or
extent of residual disease, as well as other minor variables,
such as location of the treating institution. Verification of
patient diagnosis, stage of disease, eligibility, treatment deliv-
ered, and tumor response can further improve the reliability of
results reported from clinical trials.

The traditional phase 3 endpoint of overall survival has
been challenged by an increasing number of available treat-
ment options for management of recurrent disease. This has
prompted greater consideration of progression-free survival as
the primary endpoint for phase 3 trials, as progression is not
altered by secondary treatments. However, progression-free
survival is subject to observer and detection bias, requiring
better control over post-treatment monitoring. Regulatory
authorities have also questioned if progression-free survival
(as a surrogate endpoint) may not always translate into clini-
cal benefit, and most registration trials include sufficient
accrual to evaluate both progression-free and overall survival.

FDA Approval and Postmarketing Studies

Following a successful phase 3 trial or a group of trials, a
sponsor can apply to the FDA for marketing approval for a
specific disease indication. This triggers a detailed review of
clinical trials and pharmaceutical data by the Oncology Drug
Advisory Committee (ODAC), which then issues a recommen-
dation to the FDA, followed by formal review and a decision
by the FDA, which may grant approval or request additional
data. In the United States, all marketing requires approval for
at least one specific indication by the FDA. The average time
from initial drug discovery to application for an FDA-
approved indication is 10 to 12 years, involving considerable
expense and effort, as noted above. Supplemental phase 4 or
postmarketing studies can be required by the FDA as part of
the approval process or be performed by the sponsor to evalu-
ate alternative drug formulations or resolve questions regarding
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dose, schedule, or toxicity. In addition, phase 4 studies may
involve substitution of the new agent in combination
chemotherapeutic regimens already established for the dis-
ease. These studies are not commonly employed in the devel-
opment of new chemotherapeutic regimens, but can provide
confirmatory postmarketing evidence of safety and efficacy.

Development of Combination Regimens

With some notable exceptions, such as choriocarcinoma and
childhood Burkitt’s lymphoma, single agents are not sufficient
to achieve prolonged survival or cure. Development of combi-
nation regimens has been accelerated by our knowledge of cell
killing, pharmacokinetics, molecular targets, tumor hetero-
geneity, and drug resistance. Combinations can approach
maximal cell kill by including drugs with minimal overlap of
toxicities, such that antitumor effects can be summed but the
toxicities dispersed. Combinations are also more likely to
demonstrate activity against heterogeneous tumor popula-
tions, and effective combinations would prevent the emer-
gence of drug resistance. However, in practice it may also
encourage greater resistance among surviving cell fractions.

No direct evidence currently exists to indicate whether opti-
mal combinations should utilize sequential single agents, dou-
blets, or triplets. Utilization of single agents generally precludes
any biologic interaction between the various components of a
treatment regimen, but permits administration of each agent at
the full active dose. The use of sequential doublets generally
permits higher doses of individual drugs compared to a triplet
regimen, but over a smaller number of cycles with each agent.
Doublets have the potential advantage of sequentially intro-
ducing more than one regimen with a different mechanism of
action and/or pattern of resistance, which has been postulated
to prevent the emergence of drug resistance.

Development of combination chemotherapy has been
guided by several principles (Table 15.11). However, much of
the reported experience has been derived from empiric com-
binations evaluated in conventional phase 1 dose-escalating
trials. Ideally, each of the drugs employed in a new combina-
tion should have independent activity as a single agent, as
verified in phase 2 studies. Generally, drugs that can produce
complete remissions are preferred to agents that produce only

partial regressions, but complete remissions are uncommon in
previously treated patients with recurrent disease. An attempt
should be made to use drugs with minimal overlap of toxicities
to avoid excessive dose reduction. Although this may broaden
the range of toxicities encountered with each combination, it
avoids cumulative and serious toxicity within individual organ
systems. Bone marrow recovery usually proves to be the most
dominant factor in cycle timing, and in practice, cycles of most
combinations can be repeated every 3 to 4 weeks.

Several of these strategies are currently under evaluation
in epithelial ovarian cancer based on preclinical models that
have suggested an advantage for combinations with plat-
inum, which has been attributed to inhibition of DNA repair
(Table 15.12). Each of the selected agents (topotecan, gem-
citabine, and PEG-liposomal doxorubicin) has also demon-
strated independent single-agent activity against recurrent
ovarian cancer, adding to the overall potential benefit of the
combination. However, based on available phase 3 data in
ovarian cancer, none of the newer combinations hase success-
fully translated into improved long-term clinical outcomes, pro-
viding additional support for a shift in developmental priorities
toward molecular targeted agents and other novel approaches.
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PRINCIPLES OF COMBINATION CHEMOTHERAPY

TA B L E  1 5 . 1 1  

Each component should have
• Activity against the target tumor as a single agent
• A different mechanism of action and cellular target
• A biochemical basis for additive or synergistic effects in

combination with at least one of the other agents
• No evidence of antagonistic interactions
• Distinct patterns of resistance to discourage the emer-

gence of drug-resistant phenotypes
Optimal dose, schedule, and sequence of drug administration

should be determined from preclinical data and early clini-
cal trials to maximize tumor response and minimize host
toxicity. 

Minimal overlap of nonhematologic toxicity is desirable to
safely maintain full therapeutic doses of each component
over multiple cycles.

REPRESENTATIVE AGENTS FOR DEVELOPMENT OF COMBINATION REGIMENS

TA B L E  1 5 . 1 2

Mechanism Schedule-dependent Patterns Interaction 
Agent Cellular target of action effects of resistance with platinum

Platinum DNA DNA adduct Independent )GSH NA
formation )DNA repair

)Damage tolerance 
(Accumulation

Paclitaxel 	 tubulin )Tubulin Dependent )MDR 1 (P 170) (Heme toxicity, 
aggregation (toxicity) 	 tubulin mutations )Neuropathy

Topotecan Topoisomerase-I Stabilize DNA- Dependent (Topoisomerase-I )Heme toxicity
topoisomerase (efficacy) )BCRP (ABCG2)
complex

Gemcitabine Ribonucleotide (DNA synthesis Dependent )Ribonucleotide )Heme toxicity
reductase, DNA, (Nucleotide pools (metabolism) reductase
nucleotide pool Masked chain 

termination

PEG-liposomal Topoisomerase-II (DNA synthesis Prolonged )MDR 1 (P 170) )Heme toxicity
doxorubicin clearance
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Drug Interactions, Scheduling, and Sequence

Drugs should be used in their optimal dose and schedule. How-
ever, new combinations have the potential to alter the pharma-
cokinetics, bioavailability, toxicity, and efficacy of individual
components based on substrate-dependent effects, such as a
reduction in nucleotide pools or altered metabolism. Therefore,
the optimal dose and schedule for individual agents within a
combination might differ from their use as single agents, and
regimen development would benefit from preclinical models
and phase 1 trials with pharmacodynamic endpoints.

The impact of sequence variations using platinum with
either paclitaxel or topotecan has been explored in phase 1
clinical trials with somewhat surprising results. For example,
prior administration of cisplatin can delay subsequent clear-
ance of paclitaxel when administered as a 24-hour infusion
(184). The mechanism for this effect is unknown, but is not
attributable to platinum-mediated renal dysfunction. Instead,
it has been postulated to occur following cisplatin-mediated
inhibition of cytochrome P450 mixed-function oxidases that
participate in paclitaxel metabolism. This enzymatic effect is
not shared by carboplatin, and prior carboplatin exposure has
not been demonstrated to interfere with clearance of pacli-
taxel. However, most combinations with carboplatin have uti-
lized a shorter (3-hour) paclitaxel infusion, which would tend
to blunt the impact of sequencing. Earlier preclinical models
had demonstrated enhanced cytotoxicity when paclitaxel was
administered prior to cisplatin and antagonism by the reverse
sequence (185,186). Thus, the schedule ultimately adopted in
clinical practice (paclitaxel followed by cisplatin) is both less

toxic and potentially more efficacious. Although this would
appear to be firmly grounded in science, it is more likely due
to practical considerations owing to the risk of acute pacli-
taxel HSR, which can require interruption of treatment in
approximately 5% of cases, and it was more practical to
administer the carboplatin after it was clear that the patient
had already tolerated the paclitaxel.

A different pattern was observed with sequences of plat-
inum and topotecan. Preclinical models have consistently
favored the sequence of platinum followed by topotecan,
which has been postulated to interfere with repair of plat-
inum-mediated DNA damage. In a phase 1 clinical trial, treat-
ment with cisplatin on day 1 was associated with increased
bone marrow toxicity compared with the reverse sequence
(187). In this instance, the sequence recommended for further
clinical evaluation was clearly more toxic, but the question of
antitumor efficacy remains to be resolved. When combined
with carboplatin, the risk of hematologic toxicity was accen-
tuated, and a similar sequence-dependent relationship was
identified (188). Once again, higher doses of topotecan could
be safely administered using the reverse sequence of drug
administration (with carboplatin on day 3). Topotecan has
also been evaluated in sequence with docetaxel (189), showing
a reduction in docetaxel clearance associated with increased
neutropenia when topotecan was administered prior to doc-
etaxel, emphasizing that each new combination may require
independent evaluation.

Even with a single drug, the schedule of administration can
have a significant impact on host toxicity and potential effi-
cacy (Table 15.13). Early studies with paclitaxel utilized an
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IMPACT OF PACLITAXEL INFUSION DURATION AND SCHEDULE ON TOXICITY AND EFFICACY

TA B L E  1 5 . 1 3 A

Paclitaxel dose and schedule Dose-limiting toxicities

Infusion Dose Single-agent unit Antitumor 
duration (hr) interval (wk) dose (mg/m2/d) Neutropenia Mucositis Alopecia Neuropathy efficacy

96 3–4 80–120 ��� �� ��� � ���
24 3 135 �� 0 ��� �� ���
3 3 175 � 0 ��� ��� ���
1 1 60–80 0 0 � � ���

IMPACT OF TOPOTECAN INFUSION DURATION AND SCHEDULE ON TOXICITY AND EFFICACY

TA B L E  1 5 . 1 3 B

Topotecan dose and schedule Dose-limiting toxicities

Infusion Dose Single-agent unit Antitumor 
duration (days) interval (wk) dose (mg/m2/d) Neutropenia Mucositis Alopecia Neuropathy efficacy

21 4 0.40 ��� 0 0 0 ���
5 3–4 1.25 ��� 0 0 0 ���
3 3 2.00 ��� 0 0 0 ��
1 3 8.50 ��� 0 0 0 �/�
1 1 1.75 �� 0 0 0 �/�
1 1 4.00 � 0 0 0 (UA)a

aUA, under evaluation.
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arbitrary 24-hour infusion, which was selected to reduce the
risk of hypersensitivity reactions. Preclinical data suggested
that prolonged exposure (96 hours) might have greater effi-
cacy. Owing to increased bone marrow and mucosal toxicity,
the MTD was lowered, and the frequency of serious neuropa-
thy was reduced. However, the 96-hour regimen was not
demonstrated to have significant activity in patients with
recurrent ovarian cancer (190). In addition, the efficacy of a
3-hour infusion was comparable to a 24-hour infusion in a
phase 3 trial (191), reinforcing a clinical shift toward the con-
venient 3-hour schedule, which achieved a higher MTD, pri-
marily due to a marked decrease in bone marrow toxicity, but
with an increased incidence of neuropathy. This was followed
by phase 1 evaluation of a weekly low-dose 1-hour infusion,
which was almost devoid of serious toxicity, including a
decreased incidence of alopecia, with maintenance of clinical
efficacy (192). Thus, the optimal preclinical regimen (96-hour
exposure) was superseded in the clinical setting by an unex-
pected series of observations from empiric phase 1 trials,
yielding decreased toxicity, improved convenience, and the
potential for increased efficacy.

With topotecan, a different relationship was defined (Table
15.13B). Initial studies utilized an inconvenient daily infusion
for 5 consecutive days, which was based on preclinical data
suggesting that prolonged exposure would be more effica-
cious. This 5-day regimen achieved a 33% response rate in a
GOG phase 2 trial in recurrent platinum-sensitive ovarian
cancer with expected dose-limiting neutropenia and thrombo-
cytopenia (193). This was followed by the evaluation of a sin-
gle 24-hour infusion once every 3 weeks, achieving only a 7%
response rate in a similar population (194). An attempt to
define an intermediate 3-day regimen achieved only a 14%
response rate (195). Topotecan was also evaluated as a pro-
longed intravenous infusion for 21 days to maximize the dura-
tion of exposure (196). Although conducted in a different
patient population, the overall response rate (35%) was simi-
lar to the 5-day regimen, and once again there was equivalent
hematologic toxicity without dose-limiting non-hematologic
toxicity. Finally, a randomized phase 2 trial conducted by the
NCIC and EORTC determined that the 5-day schedule was
more appropriate for further clinical development owing to
limited activity of an experimental weekly schedule (183).
However, this has been challenged on the grounds of inade-
quate dosing for the weekly regimen, which clearly has
reduced hematologic toxicity, and studies are ongoing to eval-
uate a revised weekly treatment program. In this situation,
changes in drug schedule, over a wide range, were associated
with substantial differences in efficacy, but without any
change in the spectrum or severity of host toxicity, with the
exception of reduced hematologic toxicity on the weekly
schedule. Thus, each new agent needs to be independently
evaluated in the appropriate clinical setting to select the opti-
mal dose and schedule for cancer treatment.
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dependent on measuring multiple plasma levels, often at the
limit of drug assay sensitivity.

Pharmacokinetic Models

The pharmacokinetics of virtually all anticancer drugs require
two- or three-compartment models for their mathematic
description. These models are commonly referred to as bipha-
sic or triphasic models (i.e., two or three phases observed on
semilogarithmic plots). Conceptually, the one-compartment
model relates to a drug that remains confined to the intravas-
cular space after intravenous injection, and the two- or three-
compartment model allows the pharmacokinetic description
of anticancer drugs whose ultimate targets are beyond the
intravascular space in tumor tissues. 

Drug Clearance and AUC Concepts

Wisdom dictates using the simplest mathematical model that can
provide the “best” fit of the actual plasma concentration . time
data using nonlinear least squares regression. After the mathe-
matic model is selected, it is possible to generate the important
pharmacokinetic parameters that describe the disposition of a
specific anticancer drug within the body. Besides the determi-
nation of the terminal-phase plasma half-life (i.e., half-life
related to the second or third phase of biphasic or triphasic
plasma concentration . time data), the area under the plasma
disappearance curve (AUC0∞) and total body plasma clear-
ance (ClT) are the most significant and clinically useful phar-
macokinetic parameters. The relationship between AUC and
clearance is simplified to dose � clearance � area.

Although the height of an anticancer drug’s peak plasma
level (Cmax) generally correlates with peak dose and the degree
of toxicity, the drug’s plasma AUC tends to correlate better
with its ultimate antitumor activity and normal tissue side
effects. For example, when identical doses of melphalan are
administered first orally and then intravenously at a 1-month
interval, because of its poor oral availability, the melphalan
plasma AUC after the oral dose would be only one third of that
after the intravenous dose (Fig. 16.1). As would be anticipated,
the equivalent intravenous dose of melphalan was associated
with a twofold to threefold deeper nadir in granulocytes and a
greater than twofold increase in objective response rates in var-
ious cancer types (e.g., myeloma).

The plasma AUC (in mg/mL . hour) can be estimated through
the use of a pharmacokinetic model or measured directly by
plotting the drug’s plasma concentrations against time on semi-
logarithmic graph paper. Then, it is possible to calculate the

The determinants of effective cancer drug therapies include
drug disposition, tumor kinetics, and drug resistance. These
factors profoundly influence the cytotoxicity of each anti-
cancer drug and must be considered in designing therapeutic
regimens. These principles are discussed in Chapter 15. In this
chapter, we elaborate the basic and clinical pharmacology of
cancer chemotherapeutic and biologic agents and provide a
limited discussion of cytotoxic, molecularly targeted, antian-
giogenesis, and modulating/supportive care drugs useful in the
treatment of patients with gynecologic cancer.

DETERMINANTS OF EFFECTIVE
DRUG THERAPIES

Drug Disposition Factors

The term pharmacokinetics describes the time course of drug
disposition in body fluids and tissues through the use of mathe-
matical models. These models use an equation or set of equa-
tions to describe the concentration versus time profile of a
specific drug after administration into the body. The models are
often illustrated by box diagrams, with each box or compart-
ment corresponding to a region of the body, although the com-
partments may not represent real anatomic regions. A drug is
considered to be uniformly distributed within a compartment if
its concentration within tissues has reached homogeneity.

Pharmacokinetic models may be useful in predicting the
plasma or tissue concentrations of drugs in the body after any
one of several routes or methods of drug administration. The
simplest model has one compartment into which the drug is
assumed to be instantaneously introduced, and elimination
occurs by one linear route. The disappearance of the drug from
this compartment can be described by a straight line if plotted
on semilogarithmic graph paper. As discussed by Tozer (1), no
one-compartment pharmacokinetic model can be used to
describe the disposition of commonly used anticancer drugs;
nevertheless, the one-compartment pharmacokinetic model
lends itself to an understanding of the concept of plasma half-
life (i.e., t1/2), which represents the time required for the concen-
tration of a drug at any point on the plasma concentration . time
elimination curve to achieve half its value. This constant may
be applied repeatedly, so that, for instance, only 25% of the
drug remains in two half-lives. The equation for plasma half-
life that can be applied to any linear plasma concentration . time
elimination curve is as follows: t1/2z � 0.693/slope of the linear
elimination curve (i.e., �z or rate constant for that part of the
curve). Unfortunately, the determination of the terminal half-
life of a drug is often poorly reproducible because it is highly

DAVID S. ALBERTS, LISA M. HESS, DANIEL D. VON HOFF, AND ROBERT T. DORR

CHAPTER 16 ■ PHARMACOLOGY AND
THERAPEUTICS IN GYNECOLOGIC CANCER

409

Barakat_CH16-409-462.qxd  2/27/09  9:08 PM  Page 409



areas of successive trapezoids under the concentration . time
curve wherein the upper surface of the trapezoid is a line that
connects two successive plasma concentration data points. By
convention, when the plasma AUC is measured in this way, the
terminal part of the AUC is calculated using a triangular area,
rather than a trapezoid.

After the plasma AUC has been determined, it is possible to
derive the anticancer drug’s total body clearance rate based on
the following formula: ClT � dose (mg)/AUC (mg/mL . hour).
The resulting ClT is measured in units of milliliters or liters per
minutes or hours, sometimes with normalization to the body
surface area. The total body clearance of an anticancer drug
depends on the drug’s dose and plasma AUC and represents the
rate at which the drug is eliminated from the entire body. The
drug’s total body clearance is made up of the combination of
renal clearance (ClR) plus nonrenal clearance (ClNR). The renal
clearance of a drug can be calculated by the following equation:
ClR � Aec/AUC, where Aec is the total amount of the unchanged
drug that is excreted in the urine. For many drugs that are
glomerularly filtered but not reabsorbed, renal clearance is pro-
portional to creatinine clearance. In a patient with severe renal
impairment, if nonrenal clearance is unaltered, the total body
clearance of the drug is diminished significantly. This phenome-
non is observed in patients with relatively severe renal impair-
ment who receive drugs like methotrexate and carboplatin, both
of which are eliminated mainly through renal excretion.

Volume of Distribution

The volume of distribution (Vd) of an anticancer drug is
another important pharmacokinetic parameter that relates the

drug plasma concentration (measured at the time of adminis-
tration through extrapolation of the terminal phase of the
concentration . time curve to 0 time) to the total amount of
drug in the body. Thus, Vdarea represents the volume of distri-
bution of a drug in the terminal phase of its elimination from
the body and in its simplest form, Vd � amount of drug in the
body � plasma concentration. Since drug levels are typically
measured only in the plasma compartment and not in tissues,
most reported Vd values represent the “apparent” Vd of the
drug in the plasma. Thus, these Vd values represent a theoretic
plasma volume that would account for the drug’s plasma lev-
els after administration. The volume of distribution in the ter-
minal phase can be derived using the following equation:
Vdarea � dose/AUC . slope (�z), where �z is the rate constant in
the terminal phase of a biphasic or triphasic elimination curve.

Linear and Nonlinear Kinetics

Most drugs exhibit linear pharmacokinetics, which in its sim-
plest configuration means that the Cmax and AUC are propor-
tionate to the dose, and the T1/2 Vd and clearance are
constant, that is, they do not change with the dose. Linearity
helps make predictions about the effects of changes in doses
since the AUC (and the biological effects) of the drug should
change in proportion to the dose. Drugs with nonlinear phar-
macokinetics such as aspirin, ethanol, and phenytoin have sat-
urable elimination patterns. This means that small dose
changes can disproportionately increase the AUC and the
drug’s biologic effects. Drugs with nonlinear pharmacokinetic
patterns may therefore have longer T1/2s and much lower
clearance values when the dose is increased. 

As discussed by Collins and Dedrick (2), there are at least
two explanations for nonlinear kinetics. First, nonlinearity
may be caused by changes in drug excretion at high doses. For
example, at extremely high doses of methotrexate (i.e., 7 to 8
g/m2), the drug load outstrips renal tubular secretion capacity.
Second, nonlinearity may be observed for drugs that depend
almost completely on elimination through a specific degrada-
tive enzyme system (e.g., antimetabolites). Drugs like cytara-
bine and 5-fluorouracil administered in high doses may
overcome the capacity of their respective degradative enzymes
with a resultant decrease in their total body clearance rates
and an increase in plasma levels that are more than propor-
tionate to their doses.

Intraperitoneal Drug Pharmacokinetics

Intraperitoneal drug administration has become an increas-
ingly important therapeutic strategy in the management of
patients with advanced ovarian cancer who have minimal
residual intraperitoneal disease after primary or secondary
exploratory laparotomies. Three large phase 3 trials in the
Gynecologic Oncology Group (GOG) and the Southwest
Oncology Group (GOG-104/SWOG-8501, GOG-114, and
GOG-172) comparing various cisplatin-based combination
chemotherapeutic regimens administered intravenously (IV)
or intraperitoneally (IP) have documented significant survival
advantages for the intraperitoneal cisplatin treatment arms
(3–5). Most recently, in GOG-172, an intraperitoneal regi-
men (intravenous paclitaxel on day 1, intraperitoneal cis-
platin on day 2, and intraperitoneal paclitaxel on day 8) was
associated with a 25% reduction in the risk of death as com-
pared to the intravenously administered regimen (intravenous
paclitaxel plus cisplatin) (p � 0.03) (4). A meta-analysis of IP
cisplatin-based randomized trials found that both overall and
progression-free survival were significantly improved with IP
regimens (p � 0.0007 and p � 0.001, respectively) (6).
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FIGURE 16.1. Plasma disappearance curves for intravenous and oral
(tablets) melphalan (0.6 mg/kg) in a patient with ovarian cancer. The
melphalan plasma AUC associated with the bolus oral dose was only
one third of that associated with the intravenous dose. Source:
Reprinted with permission from Alberts DS, Chang SY, Chen HS, et al.
Oral melphalan kinetics. Clin Pharmacol Ther 1979;26:737–745.
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Despite the superior activity of this intravenous paclitaxel/
intraperitoneal cisplain-paclitaxel regimen evaluated in GOG-
172, there was significantly more hematologic, gastrointesti-
nal, metabolic, and neurologic toxicity in comparison to
intravenous paclitaxel and cisplatin (7); however, the dose of
cisplatin on the IP arm was 33% higher than on the IV arm.
When combining the toxicity data across intraperitoneal ran-
domized trials, only acute gastrointestinal toxicity (p � 0.01)
and fever (p � 0.04) are significantly higher among patients
treated IP, and ototoxicity is significantly higher among
patients receiving IV treatment as compared to those receiving
IP therapy (p � 0.004) (6). A study of patient quality of life
within GOG-172 demonstrated that patient quality of life was
significantly lower during IP treatment as compared to IV
therapy, but 1 year after treatment, the overall quality of life
of patients receiving IP or IV therapy was equivalent (8).
However, long-term neurotoxicity remained higher among
patients treated IP. These short- and long-term effects should
be balanced against the documented 16-month improvement
in survival as compared with intravenous cisplatin/paclitaxel
(p � 0.03) (7). This increase in survival is similar to that
which was achieved when intravenous cisplatin was initially
added to primary combination chemotherapeutic regimens for
the treatment of this disease (9).

The incremental increase in cisplatin efficacy associated
with intraperitoneal administration likely results from the
delivery of approximately 20-fold greater concentrations of
cisplatin into the intraperitoneal space than are achievable
with intravenous administration. Anticancer drugs with
known activity against ovarian cancer that undergo slow
clearance from the intraperitoneal space into the systemic cir-
culation without causing significant chemical peritonitis are
the favored intraperitoneal compounds. Clearly, paclitaxel
falls into this category. Intraperitoneal administration of this
large taxane molecule results in 1,000-fold greater concentra-
tion · time products in the intraperitoneal space than is achiev-
able with intravenous administration (10). In contrast,
cisplatin undergoes rapid clearance from the systemic circula-
tion after administration by the intraperitoneal route. Caution
must be taken when considering other agents for research-
based intraperitoneal administration, as some cytotoxic
agents have not demonstrated efficacy and have been associ-
ated with excessive toxicity when given IP (e.g., mitoxantrone,
doxorubicin) (11–14).

As with intravenous administration of anticancer drugs,
the drug clearance rate from the intraperitoneal space is the
most useful pharmacokinetic parameter for comparing
drugs that are administered by the intraperitoneal route in the
treatment of ovarian cancer. The peritoneal clearance rate can
be calculated by dividing the drug dose by its intraperitoneal
concentration . time product, which must be measured with
repeated intraperitoneal fluid content sampling. Intraperi-
toneal drugs with slow clearance rates are favored because
they result in prolonged exposure of the intraperitoneal tumor
bed to high concentrations of anticancer drug. It is also possi-
ble to assess the pharmacokinetic characteristics of drug doses
by comparing their peak intraperitoneal concentration with
peak plasma concentration after intraperitoneal dosing or
comparing their intraperitoneal concentration . time product
(AUCIP), with their plasma concentration . time products
(AUCIV) after intraperitoneal dosing. Virtually all commonly
used drugs administered intraperitoneally in patients with
ovarian cancer have peak or concentration . time product
ratios of more than 20. In some cases, the peritoneal expo-
sures can be much greater. For example, paclitaxel intraperi-
toneal exposure with IP therapy is 300 to nearly 3,000 times
greater than with IV treatment (15).

Except for drugs whose cytotoxicity depends on continu-
ous exposure, such as cytarabine and methotrexate, drugs

used by the intraperitoneal route should be administered rela-
tively rapidly in at least 2 L of peritoneal dialysate and remain
within the peritoneal space without removal. For schedule-
independent drugs, it is important to maintain high concentra-
tions as long as possible within the intraperitoneal space to
improve efficacy. It is of considerable interest that as the
intraperitoneal dialysate volume decreases, a drug’s intraperi-
toneal clearance rate increases rapidly. Thus, large volumes of
intraperitoneal fluid increase the chances for uniform drug
distribution throughout the intraperitoneal space and opti-
mize the intraperitoneal clearance rates. Generally, it is sug-
gested to administer the IP drug dose in the first liter of
peritoneal dialysate, followed by a second liter of dialysate to
the point of mild abdominal discomfort.

Ultimately, the effectiveness of intraperitoneal therapy
depends on the inherent cytotoxic potency of the individual
agent and its ability to penetrate from the outer surface to the
inner core of intraperitoneal tumors. The degree of tumor
penetration depends on the molecular weight, charge, and
chemical structure of the compound. There is an inverse rela-
tionship between molecular weight and tumor penetration.
The higher the molecular weight of the anticancer drug, the
lower the degree of the tumor penetration. Indeed, one advan-
tage of cisplatin over carboplatin as an intraperitoneal agent is
its lower molecular weight. Los et al. (14) have demonstrated
in intraperitoneal ovarian cancer animal studies that it requires
almost 10 times more intraperitoneal carboplatin than cis-
platin to achieve similar intratumoral concentrations; however,
there is renewed interest to develop intraperitoneal carboplatin
plus intraperitoneal and intravenous paclitaxel regimens to
reduce the potential for cisplatin-paclitaxel–induced peripheral
neuropathy (see Special Applications, in the Carboplatin sec-
tion below). 

CLINICAL PHARMACOLOGY 
OF ACTIVE DRUGS AGAINST

GYNECOLOGIC CANCERS
We discuss below in alphabetical order the clinical pharmacol-
ogy of cytotoxic, biologic/molecularly targeted, and modulating/
supportive care drugs with demonstrated activity against
gynecologic cancers. We also include several Food and Drug
Administration (FDA)-approved drugs for other indications
that may prove active against gynecologic cancers.

Cytotoxic Agents

Albumin-Bound Paclitaxel

Chemistry. Albumin-bound paclitaxel (Abraxane, ABI-007)
is a protein-bound form of paclitaxel that measures approx-
imately 130 nanometers. Each vial of albumin-bound pacli-
taxel contains 100 mg of paclitaxel and 900 mg of human
albumin. The chemical name of paclitaxel is 5�, 20-epoxy-1,
2�,4,7�,10�,13�-hexahydroxytax-11-en-9-one 4,10-diacetate
2-benzoate 13-ester with (2R,3S)-N-benzoyl-3-phenylisoserine
and the empirical formula and molecular weight are C47H51NO14
and 853.91, respectively. Albumin-bound paclitaxel is FDA
approved for the treatment of breast cancer after failure of
treatment for metastatic disease or recurrence within 6 months
of adjuvant chemotherapy. Phase 3 trials have demonstrated
superior efficacy to castor oil–based paclitaxel and a more
favorable toxicity profile (16). Clinical trials in gynecologic can-
cer (e.g., ovarian and cervical cancer) are ongoing. Please refer
to the Paclitaxel section for details on the mechanism of action
of this agent.
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Drug Disposition. According to the Abraxane package
insert, comparison studies of the clearance of albumin-bound
paclitaxel (260 mg/m2 over 30 minutes) was larger (43%)
than for the clearance of paclitaxel injection (175 mg/m2 over
3 hours) and the volume of distribution of the albumin-bound
form was 53% higher; however, there was no difference in the
terminal half-life of the active agent.

Administration and Dosage. The recommended dosage of
albumin-bound paclitaxel is 260 mg/m2 IV over 30 minutes
every 3 weeks. No premedication to prevent hypersensitivity
reactions is needed. Albumin-bound paclitaxel should be care-
fully reconstituted following the manufacturer instructions.
Each mL of the reconstituted formulation will contain 5 mg/mL
paclitaxel. The exact total dosing volume of 5 mg/mL for the
patient should be calculated using the following formula: total
dose (mg) � 5 (mg/mL). Reconstituted agent should be used
immediately, but can be refrigerated for up to 8 hours. If pre-
cipitates are observed, the solution should be discarded.

Side Effects and Toxicities. Neutropenia and sensory neu-
ropathy are dose dependent. In drug approval studies, grade 4
neutropenia occurred among approximately 9% of patients, as
compared to 22% of patients receiving 175 mg/m2 paclitaxel.
Infection (generally oral candidiasis and respiratory system
events) occurred in approximately 23% of patients receiving
albumin-bound paclitaxel. Anemia occurred among 33% of
patients (severe anemia in 1% of cases). Severe cardiotoxicity
occurred in approximately 3% of patients. Dyspnea (12%)
and cough (6%) were also reported among patients receiving
albumin-bound paclitaxel. Patients with neutrophil counts of
less than 1,500 cells/mm3 should not receive albumin-bound
paclitaxel, as it may lead to bone marrow suppression, which
can result in infection.

Altretamine

Chemistry. Altretamine (hexamethylmelamine, Hexalen),
a synthetic cytotoxic antineoplastic s-triazine derivative, has
FDA approval for treatment of persistent or recurrent ovarian
cancer after first-line chemotherapy with cisplatin or other
alkylating agents. The drug also exhibits antitumor activity
against breast cancer, lymphomas, small cell carcinoma of the
lung, and endometrial and cervical cancer. The empiric for-
mula of altretamine is C9H18N6 (molecular weight � 210.28).

Mechanism of Action. The mechanism of action of altreta-
mine is not completely elucidated. Although it bears structural
similarity to and cross reactivity with triethylene-melamine, a
classic alkylating agent, evidence demonstrating altretamine
to be an alkylating agent is inconclusive. Altretamine does not
consistently demonstrate cross resistance with classic alkylat-
ing agents used in rodent tumors or in human cancer treat-
ment, but its clinical antitumor spectrum resembles that of an
alkylating agent. Altretamine is inactive against most common
murine and human tumor cell lines in vitro. Rutty and Con-
nors (17,18) presented definitive evidence that metabolic acti-
vation of altretamine is necessary for its cytotoxic activity. It is
extensively demethylated in vivo in the presence of liver
enzymes and these N-methylolmelamine derivatives are more
cytotoxic than the parent compound (18). Additional studies
have shown that the reactive methyl intermediates, formed
during altretamine N-demethylations, covalently bind to tis-
sue macromolecules, including DNA, and that the cytotoxicity
against certain human solid tumor cells in vitro is dependent
on the metabolic formation of the reactive intermediates or
their direct addition to cell culture incubate (17).

Drug Disposition. Altretamine is practically insoluble in
water and, therefore, it has only been administered orally in clin-
ical studies, precluding absolute bioavailability studies. After
administration of altretamine to laboratory animals by any
route, urinary recovery of parent drug was very low (�1%), and

urinary recovery of total dose or total radioactivity after admin-
istration of 14C-labeled drug was as high as 90%. Ames et al.
(19) determined that the bioavailability of the parent compound
in rabbits after oral administration was 25% of that obtained
after intravenous administration. Moreover, after giving the rab-
bits labeled altretamine by stomach tube, 85% of labeled drug
equivalents was recovered in the urine. The high rate of recovery
suggests efficient gastrointestinal absorption.

The urinary recovery and bioavailability data demonstrate
that altretamine is well absorbed after oral administration and
that the drug is extensively metabolized regardless of route of
administration. The low bioavailability of intact altretamine is
due to first-pass metabolism rather than to poor absorption.

After oral administration in doses of 120 to 300 mg/m2,
peak plasma levels, measured by gas chromatographic assay,
from 0.2 to 20.8 mg/L are reached between 0.5 and 3.0 hours.
The terminal-phase plasma half-life ranges from 4.7 to 10.2
hours (20). The interpatient variability of AUCs, ranging from
1.2 to 60.1 mg/L . hour, is most likely due to the differences in
the rate at which the drug is metabolized.

Administration and Dosage. The recommended dose for
altretamine as a single agent for use in the palliative treatment
of patients with ovarian cancer is 260 mg/m2/day, orally, for
14 to 21 consecutive days in a 28-day cycle (21). The total
daily doses should be given as four divided oral doses after
meals and at bedtime. Compliance to this regimen in a small
group of patients with relapsed ovarian cancer has been docu-
mented to be over 95% (22). There is no pharmacokinetic
information on this dosing regimen and the effect of food on
altretamine bioavailability in humans. In combination regi-
mens, altretamine is typically used at a dose of 150 mg/m2/day
for 7 to 14 days of monthly cycles (23).

Altretamine should be temporarily discontinued for 14 days
or longer and subsequently restarted with a 20% to 25% dose
reduction for any of the following side effects: gastrointestinal
intolerance unresponsive to symptomatic measures; leukocyte
count less than 2,000/mm3 or granulocyte count less than
1,000/mm3; platelet count less than 75,000/mm3; or progres-
sive neurotoxicity. If neurologic symptoms fail to stabilize on
the reduced-dose schedule, altretamine should be discontinued.

Side Effects and Toxicities. Altretamine is administered at a
dose of 260 mg/m2 (single agent) or 150 mg/m2 (in combina-
tion) on an intermittent schedule and is relatively well tolerated.
Single-agent data for this drug are available for 1,014 patients
(24). With high, continuous daily dosing, nausea and vomiting
were the dose-limiting toxic effects, and a form of reversible
peripheral neurotoxicity occurred occasionally. Myelosuppres-
sion was mild to moderate. Leukocyte and platelet counts usu-
ally recovered within 1 week of therapy discontinuation.

In a study of 395 patients with advanced ovarian cancer
treated with altretamine-containing combination regimens
with or without cisplatin, no additional effect of altretamine
on the incidence or severity of neurotoxicity could be demon-
strated (25). Peripheral neuropathy and central nervous system
symptoms are more likely to occur in patients receiving contin-
uous, high-dose daily altretamine administered on an intermit-
tent schedule than in those receiving moderate doses.
Neurologic toxicity reverses after the drug is discontinued.
Pyridoxine should not be used concomitantly with altretamine
to reduce neurotoxicity because clinical trials data suggest it
may inhibit cytotoxic activity. Concurrent administration of
altretamine and antidepressants of the monoamine oxidase
(MAO) inhibitor class may cause severe orthostatic hypoten-
sion. Cimetidine, an inhibitor of microsomal drug metabolism,
increased altretamine’s half-life and toxicity in a rat model.

In two phase 2 studies of single-agent altretamine, at a dose
of 260 mg/m2 for 14 to 21 days of each monthly cycle, the
most common toxicity was grade 2 to 3 nausea (23%)
(26,27). In a consolidation therapy phase 2 trial, only three
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patients (4%) experienced any grade 4 toxicity: granulocy-
topenia (two patients) and anxiety/depression (one patient).
The most common grade 3 toxicities were malaise, fatigue, or
lethargy in seven patients (7%) and nausea in six patients
(6%). Aside from these, there were no other grade 3 or 4 tox-
icities that occurred in more than 5% of patients (27).

With continuous high-dose daily drug administration, nausea
and vomiting of gradual onset occur frequently. Although in
most instances these symptoms are controllable with antiemet-
ics, the severity sometimes requires altretamine dose reduction
or, rarely, discontinuation.

Data from three large clinical trials demonstrated that
altretamine can be added to full therapeutic doses of
cyclophosphamide, doxorubicin, and cisplatin (CHAP) with-
out evidence of increased hematologic toxicity (28–30).
Leukopenia below 3,000 cells/mm3 occurred in fewer than
15% of the patients on a variety of intermittent- or continuous-
dose altretamine regimens. Fewer than 1% had leukopenia
below 1,000 cells/mm3. When given in high doses over a 21-day
course, nadirs of leukocyte and platelet counts were reached
by 3 to 4 weeks, and normal counts were observed by 6 weeks.
With continuous administration, nadirs are reached in 6 to
8 weeks.

Bleomycin

Chemistry. Bleomycin (Blenoxane), an antineoplastic, is a
mixture of complex glycopeptides originally isolated from a
strain of the fungus Streptomyces verticillus. The primary
components are bleomycins A2 and B2. The family of
bleomycin glycopeptides has a relatively high molecular
weight and is quantitated in units of cytotoxic activity (i.e.,
roughly 1 U/1 mg of polypeptide protein). Bleomycin is used
as palliative treatment in patients with advanced cervical (31)
and vulvar cancers. Other clinical indications include squa-
mous cell carcinomas of the head and neck, lymphomas, and
testicular carcinoma. The molecular formula of bleomycin A2
is C55H84N17O21S3 (molecular weight � 1,414) and the molec-
ular formula of bleomycin B2 is C55H84N20O21S2 (molecular
weight � 1,425).

Mechanism of Action. Although the exact mechanism of
action is unknown, a key to its activity is the isolation of
native compounds from S. verticillus as coordinated Cu(II)
complexes, which are inactive as antitumor agents. When
complexed with ferrous iron, bleomycin becomes a potent
oxidase, producing DNA strand breaks by oxygen free radi-
cals. Its unique mechanism of action is schedule dependent
and cell cycle dependent for the G2 phase.

The oxygen radicals produced by the bleomycin-iron com-
plex bound to DNA primarily cause single-strand breaks and
a lesser degree of double-strand breaks. There is a subsequent
release of base propenals of all four DNA bases: guanine,
thymine, adenine, and cytosine. These modified free bases
result from cleavage of the deoxyribose sugar at the 3�-4�
bond. There is an apparent specificity for the release of
thymine and for DNA binding at guanine-rich sequences in
actively transcribed genes (32). The linker regions of DNA
between nucleosomes comprise an important site for specific
strand cleavage by bleomycin (33). Several mechanisms have
been theorized to explain the development of resistance to
bleomycin. Less important mechanisms appear to include
DNA repair, membrane alterations, and decreased drug accu-
mulation. The primary mechanism probably involves meta-
bolic inactivation of bleomycin by a cytosolic hydrolase,
which is in the cysteine proteinase family. The enzyme inacti-
vates bleomycin by replacing a terminal amine with a
hydroxyl group. The distribution of bleomycin hydrolase
appears to explain some of the relative resistance and sensitiv-
ity to bleomycin in normal tissues. Normal tissues with high

intrinsic hydrolase activities, such as the liver, spleen, intestine,
and bone marrow, are not targets for bleomycin’s toxic effects.
In contrast, lung tissues and skin have low levels of hydrolase
activity and are particularly susceptible to bleomycin-induced
toxicity. However, there appears to be no direct correlation
between hydroxylase levels in tumor cells and bleomycin-
induced cytotoxicity (33). The development of other methods
of bleomycin metabolism by tumor cells may be responsible
for the emergence of drug resistance (34).

Drug Disposition. Bleomycin is eliminated predominantly
by urinary excretion. This accounts for 45% to 62% of a
dose after 24 hours. In the blood, the drug is rapidly cleared,
and two phases of elimination are apparent. As a practical
point, this means that over 95% of a dose has been com-
pletely eliminated by 24 hours (about six half-lives) (35). If
administered by an intracavitary route, a large percentage of
a bleomycin dose is absorbed, and the fractional systemic
bioavailability is about 45% for intrapleural or intraperi-
toneal injections. The drug appears to efflux more slowly
from the peritoneal cavity. This suggests that there is signifi-
cantly greater local drug retention in the intraperitoneal
space. This may explain some of the drug’s unique efficacy
by intracavitary administration (36). An increased exposure
to drug in these local compartments is also reflected by
the tenfold higher drug levels achieved with intraperitoneal
or intrapleural therapy than with equivalent intravenous
dosing.

Renal insufficiency markedly alters bleomycin elimination
(37). This effect becomes most pronounced in patients with
creatinine clearance values less than 25 to 35 mL/min (37). In
these patients, the volume of distribution is unaltered at
about 20 L, but the half-life varies as the inverse exponent of
creatinine clearance. Thus, significant bleomycin dose reduc-
tions are required in all patients with reduced renal function.

Dosage. Bleomycin (in combination with cisplatin and
etoposide or vinblastine) is used most commonly by bolus intra-
venous administration at dosages of as high as 30 mg/week for
up to 12 weeks in the treatment of patients with germ cell
tumors of the ovary. These 30-mg doses often are associated
with delayed febrile episodes that can be inhibited successfully
with a morning dose of dexamethasone or prednisone.

Bleomycin continues to be used commonly by continuous
intravenous infusion at dosages of 10 mg/m2/day for 4 consecu-
tive days, with courses repeated every 4 weeks. This schedule
has been proven to be successful in the treatment of women
with metastatic cervical cancer. Total bleomycin doses should
usually not exceed 400 mg to avoid serious pulmonary toxicity.

Bleomycin can also be administered by the intramuscular
route in doses of 15 to 30 mg. Absorption appears to be com-
plete, and because of its lack of vesicant activity, the intramus-
cular route has been proven to be extremely safe (38).

Side Effects and Toxicities. Bleomycin’s dose-limiting side
effect is pulmonary toxicity, which occurs in approximately
10% of treated patients and in rare instances can result in
death. The likelihood of lung damage increases with advanced
age, chest irradiation (39), hyperoxia during surgical anesthe-
sia (40), renal insufficiency, and cumulative doses greater than
400 U. However, pulmonary toxicity is variable and may
occur in younger patients following low cumulative doses.
Bleomycin-induced lung damage presents as pneumonitis with
dry cough, dyspnea, and rales and may progress within weeks
to pulmonary fibrosis. Bleomycin should be discontinued at
the first clinical signs of lung toxicity. Acute pneumonitis is
often responsive to corticosteroid therapy; however, there is
no effective therapy for the chronic pulmonary fibrosis that
may result from bleomycin therapy (41). Evidence from pre-
clinical models of bleomycin-induced pulmonary thrombosis
has documented that pretreatment with amifostine can abro-
gate this dose-limiting toxicity (42,43).
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Bleomycin is nonmyelosuppressive (a factor that facilitates
its use in combination chemotherapeutic regimens). Mucocuta-
neous toxicities, including mucositis, are the primary acute side
effects of bleomycin. Manifestations of cutaneous reactions
include hyperpigmentation, erythema, rash, striae, pruritus,
thickening of the nail beds, and, in rare instances, scleroderma
(44). Fever, chills, and alopecia are common. Mild nausea,
vomiting, and anorexia may also occur, but are typically self-
limiting. Infrequent side effects include headache, pain at
tumor site, and anaphylactoid reactions. An idiosyncratic reac-
tion consisting primarily of mucositis and skin rash has also
been reported (45).

Special Precautions. Bleomycin should be used with
extreme caution in patients with significant renal impairment
or compromised pulmonary function; frequent radiographs are
recommended. Because up to 70% of a bleomycin dose is elim-
inated by renal excretion, the bleomycin dose should be reduced
for individuals with severe renal insufficiency. Unfortunately,
there are no prospectively evaluated dosing nomograms for
bleomycin dose adjustment. An empiric dose-adjustment for-
mula has been described (37). The percentage dose reductions
that are indicated by applying this formula to a “normal” crea-
tinine clearance (CrCl) of 120 mL/min and a fractional urinary
drug excretion of 0.45 are CrCl 	35 mL/min, no dose reduc-
tion required; CrCl � 20 mL/min, 50% dose reduction; CrCl �
15 mL/min, 52% dose reduction; CrCl � 10 mL/min, 55%
dose reduction; and CrCl � 5 mL/min, 60% dose reduction.
This is only a general guide, and it has not been clinically vali-
dated in a prospective study or retrospective analysis. Patients
over 65 years of age may be at increased risk of developing
orthostatic hypotension, especially when the recommended rate
of intravenous infusion is exceeded.

Drug Interactions. Nephrotoxic drugs may significantly
reduce the rate of bleomycin clearance and thus increase toxi-
city. Yee et al. (46) observed markedly reduced bleomycin
clearance in children who had received six courses of a regi-
men including cisplatin (cumulative dose 300 mg/m2). In
another case report, fatal bleomycin pulmonary toxicity
occurred in a patient with cisplatin-induced acute renal failure
(47). Similar toxic interactions should be anticipated for com-
binations of bleomycin with other nephrotoxic drugs, such as
aminoglycosides, amphotericin, or cyclosporine.

Special Applications. Because of its nonvesicant nature,
bleomycin has been administered by a number of nonvascular
routes, including intramuscular (38), subcutaneous (48), and,
most significantly, intrapleurally for the management of
malignant effusions. When compared with tetracycline,
intrapleurally administered bleomycin, 60 to 120 U, had
greater therapeutic benefit for the management of malignant
pleural effusions (36). When compared with tetracycline,
intrapleurally administered bleomycin 60 to 120 U had
greater therapeutic benefit as evidenced by a longer time to
effusion recurrence (46 vs. 32 days, p � 0.037) and a lower
3-month effusion recurrence rate (30% vs. 53%, p � 0.047).
Because toxicities were similar for both therapies, bleomycin
was selected as the preferred intrapleurally administered ther-
apy for malignant pleural effusions.

Capecitabine

Chemistry. Capecitabine (Xeloda) is an orally administered
antineoplastic agent. In patients with metastatic breast cancer,
capecitabine in combination with docetaxel is indicated after
failure of prior anthracycline-containing chemotherapy, and
monotherapy is indicated for those who are resistant to pacli-
taxel and are resistant to anthracycline-containing chemother-
apy (or further anthracycline-containing chemotherapy is not
indicated). Capecitabine is a fluoropyrimidine carbamate

prodrug form of 5�-deoxy-5-fluorouridine (5�-DFUR) that is
enzymatically converted to 5-fluorouracil (5-FU) in vivo. Its
chemical name is 5�-deoxy-5-fluoro-N-[(pentyloxy) carbonyl]-
cytidine and its molecular weight is 359.35.

Mechanism of Action. Capecitabine itself is inactive, but
after absorption in the gastrointestinal tract is metabolized to
5-FU by three enzymes: carboxylesterase, which converts
capecitabine to 5�-deoxy-5-fluorocytidine in the liver; cytidine
deaminase in the liver and tumor tissue, which converts it to
5�-deoxy-5-fluorouridine; and thymidine phosphorylase, which
in many cases is highly expressed in tumors, completes the final
step of conversion to 5-FU. Theoretically, capecitabine therapy
is likely to be most effective in patients with tumors that express
high concentrations of thymidine phosphorylase (resulting in
greater 5-FU being generated in the tumor) and low concentra-
tions of dihydropyrimidine dehydrogenase (which rapidly
breaks down 5-FU) (49). 5-FU acts as a false pyrimidine or
antimetabolite ultimately to inhibit the formation of the DNA-
specific nucleoside base thymidine. The metabolites of 5-FU,
5-fluoro-21-deoxyuridine-5�-monophosphate (FdUMP) and
5-fluorouridine triphosphate (FUTP), inhibit thymidylate syn-
thase (FdUMP) and are incorporated into cellular RNA
(FUTP). DNA synthesis and function are inhibited by the incor-
poration of FdUMP into cellular DNA (50).

Drug Disposition. After oral administration, capecitabine
reaches peak blood levels in about 1.5 hours, and peak 5-FU lev-
els are reached at about 2 hours. Food reduces the rate and
extent of absorption for both capecitabine and 5-FU. Plasma
protein binding is not dose dependent and is less than 60% for
capecitabine and its metabolites. Capecitabine (95.5% of
administered dose) and its metabolites are excreted in urine.
Capecitabine has no effect on the pharmacokinetics of docetaxel
or vice versa. The precise pharmacokinetics of capecitabine have
been difficult to establish, which is thought to be due to the large
interindividual and intraindividual variation in expression of the
enzyme dihydropyrimidine dehydrogenase (44).

Administration and Dosage. Capecitabine is available as
150- and 500-mg tablets for oral use. The recommended
dose is 2,500 mg/m2 daily to be administered as two doses:
1,250 mg/m2 in the morning and 1,250 mg/m2 in the evening for
2 weeks followed by a 1-week rest (21-day cycle). Because of the
high rate of grade 2 or greater capecitabine-induced palmar-
plantar erythrodysesthesia (PPE), recommendations have been
made to reduce the starting dose to 2,000 mg/m2 daily. It should
be taken with water within 30 minutes after a meal. The same
dosage of capecitabine should be used when combined with
docetaxel, which should be administered at 75 mg/m2 as a
1-hour infusion on day 1 of the 21-day cycle. Premedication
(per docetaxel labeling) should be started prior to docetaxel
administration for patients receiving the combination therapy.

Side Effects and Toxicities. The only side effect that occurs
more frequently with capecitabine than with intravenous 5-FU
is PPE (15% to 20% of patients). The other more common
side effects of capecitabine include diarrhea (40%) and nausea
and vomiting (30% to 40%). Grade 3 hyperbilirubinemia
occurred in 15.2% and grade 4 in 3.9% of patients in the clin-
ical safety database of Xeloda. Of those patients experiencing
grades 3 and 4 hyperbilirubinemia, many (64% and 71%,
respectively) had liver metastases at baseline, and 57.5% and
35.5% had elevations in alkaline phosphatase or transami-
nases, respectively. Other less common side effects include
myelosuppression (less frequent than with IV 5-FU), leukope-
nia, and cardiotoxicity. In general, capecitabine is relatively
well tolerated.

Special Precautions. Because capecitabine is administered
orally, patients should be informed how to monitor their
toxicity symptoms and be instructed to maintain the pre-
scribed dosing regimen. Capecitabine has been shown to
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alter coagulation parameters in patients undergoing treat-
ment concomitantly with coumarin-derivative anticoagulants
(e.g., warfarin) (49). Therefore, patients taking oral coumarin-
derivative anticoagulant therapy should be monitored regu-
larly with regard to coagulation parameters (international
normalized ratio or prothrombin time). Patients over the age
of 80 years and those with mild to moderate liver dysfunction
should also be closely monitored.

Carboplatin

Chemistry. Carboplatin (Paraplatin) is an alkylating agent
that is approved by the FDA for the treatment of patients with
advanced ovarian cancer of epithelial origin. It is also active
against metastatic endometrial and cervical cancer. Carbo-
platin has a molecular formula of C6H12N2O7Pt and a molec-
ular weight of 371.25. Its chemical name is platinum,
diammine[1,1-cyclobutane-dicarboxylato(2-)0,0�]-,(SP-4-2).
The water solubility of carboplatin (14 mg/mL) is approxi-
mately 10 times that of cisplatin.

Mechanism of Action. Carboplatin, like cisplatin, produces
an equal number of predominantly interstrand DNA cross
links rather than DNA-protein cross links, causing equivalent
lesions and biologic effects. The differences in potencies
appear to be related to the aquation rate, which is 14 mg/mL
for carboplatin, as compared to 1 mg/mL for cisplatin. It
covalently binds to DNA with preferential binding to the N-7
position of guanine and adenine (50). Like cisplatin, carbo-
platin must first undergo sequential losses of the nonamine
carboxylato ligands. Although this process proceeds readily
with the loss of the chlorides in cisplatin, the rate of leaving or
“opening” of the carboxylato moieties in carboplatin is much
slower (51). The molar potency of carboplatin in creating
DNA lesions and cytotoxicity was observed to be roughly 2%
of cisplatin in vitro and 25% to 33% of cisplatin in vivo
(52,53). A more striking difference is the markedly delayed
onset of peak cross linking for carboplatin compared with cis-
platin. With carboplatin, maximal DNA cross linking occurs
18 hours after exposure compared with 6 to 12 hours for cis-
platin (53). In addition, carboplatin-induced DNA cross links
appear to have a slower rate of resolution than cisplatin-
induced cross links. This slower onset and offset of carbo-
platin cross linking is believed to be a direct result of a slow
rate of monofunctional adduct formation or a slower rate of
conversion of monoadducts to cross links. Despite the phar-
macokinetic differences between carboplatin and cisplatin,
phase 3 studies and meta-analyses of clinical studies reveal
equivalent activity between carboplatin and cisplatin in all
prognostic subgroups of ovarian cancer patients (54,55).

Harrap (56) described nuclear protein phosphorylation
after treatment with both cisplatin and carboplatin. These
events appear to correlate with cell killing (57). Carboplatin
reacts with two sites on DNA to produce cross links, as has
been observed with cisplatin (58). The formation of DNA
adducts results in the inhibition of DNA synthesis and func-
tion and inhibits transcription (50). These lesions involve a
bifunctional platinum adduct to a single-strand DNA. This
may produce transcriptional miscoding and an inhibition of
DNA synthesis. It is possible that the cytotoxic effects of car-
boplatin are the result of binding to nuclear and cytoplasmic
proteins. Carboplatin-induced cytotoxicity is not cell cycle
phase specific, but it can be maximized by exposing cells in S
phase to the drug.

Drug Disposition. The pharmacokinetics of carboplatin
differ significantly from those of cisplatin. Table 16.1 shows
that the plasma clearance of carboplatin is biphasic and
slower than that of cisplatin, with a much higher percentage
of drug being excreted in the urine. Unlike cisplatin, relatively

little carboplatin is bound to plasma proteins. The major
route of elimination of carboplatin is glomerular filtration and
tubular secretion. There is little or no true metabolism of the
drug. The carboxylato bonds in carboplatin are slowly
hydrolyzed to yield transient aquated intermediates. These
activated platinum species are believed to lead directly to irre-
versible adducts to DNA or protein. Overall, the rate of
hydrolysis of carboplatin is significantly slower than that of
cisplatin, leading to much slower reactivity with DNA (59).
Because as much as 65% of a carboplatin dose is excreted in
the urine, significant dose adjustments are recommended for
patients with creatinine clearance values less than 60 mL/min.

Carboplatin is widely distributed in body fluids and
achieves good penetration into pleural effusions and ascites
fluid (60). Pharmacokinetic studies in patients receiving con-
tinuous carboplatin infusions show that, although total plat-
inum levels increase over the course of the infusion, free or
active platinum levels can decrease from 78% on day 1 to
38% on day 4 of a 4-day infusion.

Administration and Dosage. Carboplatin is usually admin-
istered as a brief infusion over 15 minutes or longer in a solu-
tion of 0.9% sodium chloride or 5% dextrose in water. The
drug is typically diluted in 500 mL of fluid and infused IV over
15 to 30 minutes to 1 hour without further hydration (61).
Carboplatin has also been administered as a continuous
24-hour IV infusion for 1, 4, or 5 days, or as a continuous IV
infusion for 21 days.

The Calvert equation is the most frequently used formula
for carboplatin dosing, inasmuch as it requires minimal calcu-
lations, results in predictable levels of myelosuppression, and
prevents underdosing or overdosing in patients with excellent
or poor renal function, respectively (62). The Calvert formula
appears below along with general guidelines for selecting the
specific carboplatin AUC.

Carboplatin total dose (mg) � AUC (mg/mL . min) 
� [GFR (mL/min) 
 25]

AUC � 7, when carboplatin is used as a single agent in
patients with good bone marrow reserve; 6, when carboplatin
is used in combination regimens in patients with good bone
marrow reserve or when used as a single agent in patients who
have had prior moderate chemotherapy; and 4, when carbo-
platin is used as a single agent in patients with prior heavy
chemotherapy exposure.

Glomerular filtration rate (GFR) can be determined by
measuring creatinine clearance (i.e., [51Cr]-ethylenediamine-
tetraacetic acid) for all patients or estimated creatinine clear-
ance for patients who have had no prior cisplatin exposure or
have not had cisplatin for at least 2 months prior to carbo-
platin dose determination. As an example, if the desired car-
boplatin AUC is 6 for a patient with an estimated creatinine

Chapter 16: Pharmacology and Therapeutics in Gynecologic Cancer 415

CARBOPLATIN PHARMACOKINETICS

TA B L E  1 6 . 1

Cumulative 24-hour 65% (if creatinine 
urinary excretion clearance 	60 mL/min)

In vitro half-life (H2O) ~24 hours
Plasma half-life

�-phase (free drug) 180 minutes
Protein-bound drug 	5 days
Volume of distribution 1,620 L
Protein binding 30% (slow equilibration)

Barakat_CH16-409-462.qxd  2/27/09  9:08 PM  Page 415



clearance (CrCl) of 75 mL/min, the total carboplatin dose
would equal 6 � (75 
 25), or 600 mg.

As noted above, the Calvert formula uses the following
estimate of carboplatin clearance: Cl � GFR 
 25. Although
the method may be optimal (63), isotopic determination of the
GFR as measured by [51Cr]-ethylenediamine-tetraacetic acid
(51Cr-EDTA) is a costly, invasive procedure and the estimated
creatinine clearance is often substituted for the GFR. A com-
monly used method for estimating creatinine clearance is the
Cockroft-Gault equation (64):

CrCl � [0.85 � (140 � age) � Wt(kg)] / [72 � Scr (mg/dL)]

(CrCl as calculated by the above equation is reduced by 15%
for women; Scr � serum creatinine.)

Both the Cockroft-Gault calculation of creatinine clearance
and creatinine clearance based on a 24-hour urine collection
result in a systematic underestimation of the carboplatin AUC
by approximately 10% (65–67). This level of bias may be
deemed to be acceptable in view of the clinical utility of sub-
stituting creatinine clearance for GFR.

The Calvert formula has been prospectively evaluated by
Sorenson et al. (68) in 24 previously untreated ovarian cancer
patients and was found to more accurately predict carboplatin
exposure than calculation of dose based on body surface area.
The AUC of carboplatin as calculated by the Calvert formula
accurately predicted the level of myelosuppression as deter-
mined by the relative decrease in the platelet count (68).

The recommendation dosage for single-agent carboplatin
in ovarian cancer patients with good bone marrow reserve,
based on body surface area, is 360 mg/m2 given intravenously
every 4 weeks. Because renal excretion is the primary route of
carboplatin elimination, the carboplatin dose must be reduced
for patients with compromised kidney function. The drug
manufacturer’s package insert recommends carboplatin doses
of 250 and 200 mg/m2 for patients with creatinine clearances
of 41 to 59 and 16 to 40 mL/min, respectively.

The most frequently used primary chemotherapeutic regi-
men for advanced ovarian cancer is a combination of pacli-
taxel (175 mg/m2 by 3-hour IV infusion) followed by
carboplatin (at a targeted AUC of 5 or 6 by 30- to 60-minute
IV infusion) every 21 days (if blood counts are adequate) for
six cycles (69).

Side Effects and Toxicities. Although the activity is compara-
ble to cisplatin, carboplatin is better tolerated, as measured by
toxicity (e.g., low incidence of alopecia [70]) and quality of life
analysis (55). The usual dose-limiting toxicity of carboplatin is
bone marrow suppression, particularly thrombocytopenia (71).
Leukopenia and anemia also occur but are less severe. 

The platelet nadir is achieved 3 weeks after an IV bolus
injection, and recovery is generally complete 4 to 5 weeks
after dosing. However, patients with poor bone marrow
reserve from previous chemotherapy or radiation therapy can
have more profound thrombocytopenia and leukopenia with
carboplatin treatment. Cell depletion may persist for several
weeks after dosing.

Nausea and vomiting induced by carboplatin is much less
severe than with cisplatin and rarely lasts beyond 24 hours. In
a study of 943 ovarian cancer patients randomized to carbo-
platin, only 9% experienced greater than grade 2 nausea
and/or vomiting (70). Emesis can usually be blocked entirely
with aggressive therapy using antiemetic drug combinations
(72). Diarrhea has been reported in only 6% of patients and
constipation in 3% of carboplatin-treated patients (73).

Nephrotoxicity has been reported with carboplatin, but it is
much less common and less severe than with cisplatin. In a
large review, transient elevations in serum creatinine and blood
urea nitrogen were described in 7% and 16% of patients,
respectively (73). Measured creatinine clearances dropped in

25% of patients, and a slight increase in uric acid was
described in the same percentage of patients. However, there
can be a significant loss of serum electrolytes, including potas-
sium (16% of patients) and magnesium (37%). Serum calcium
is only rarely decreased after carboplatin (73).

A few cases of carboplatin-induced hematuria have been
described. Hepatic enzyme elevations occasionally occur with
carboplatin (73). Alkaline phosphatase was transiently
increased in 36% of patients and serum glutamic oxaloacetic
transaminase (SGOT) or serum glutamic pyruvic transami-
nase (SGPT) in about 15% of patients. Serum bilirubin levels
are rarely elevated (4%) (73).

Neurotoxicity is uncommon after carboplatin and was
described in only 25 of 428 (6%) patients treated on a variety
of schedules for different tumor types (73). Mild paresthesias
have been reported in a few patients receiving cumulative car-
boplatin doses of more than 1.6 g/m2 (71). Unlike cisplatin,
these peripheral nerve toxicities rarely produce any disabling
symptoms. In most cases, no neurotoxicity was attributed to
the drug.

Ototoxicity does not appear to be problematic with carbo-
platin, and only 8 of 710 (1.1%) patients have described clin-
ical hearing deficits, mainly tinnitus (73). However, if
pretreatment and serial audiometric tests are performed, as
many as 15% of  patients may have some decrease in audio
acuity. Fortunately, ototoxicity from carboplatin sometimes
improves after therapy is halted. Like cisplatin, greater oto-
toxicity from carboplatin can be expected in patients with pre-
existing hearing loss or in those concurrently being given
other ototoxic drugs, such as aminoglycosides.

Other rare carboplatin toxicities include alopecia (2% of
patients), mucositis (2%), skin rash (1.7%), injection-site irri-
tation without extravasation necrosis (0.4%), and a flu-like
syndrome (1.3%) (73). The same study described alterations
in taste sensation. Skin disorders from carboplatin treatment
may appear as an erythematous rash in exposed areas and do
not occur in all patients who had developed similar rashes on
cisplatin (71).

Although carboplatin-associated hypersensitivity reactions
rarely occur when the drug is administered as part of an initial
chemotherapeutic regimen, subsequent administration of carbo-
platin in the setting of second-line or salvage therapy is associ-
ated with an increased risk of hypersensitivity. It has been
estimated that over 25% of patients who receive more than six
courses of platinum-based (i.e., cisplatin or carboplatin)
chemotherapy develop sensitivity to carboplatin (74). The onset
of symptoms may occur during the carboplatin infusion or up to
3 days after drug administration. Mild reactions consist of local-
ized itching and erythema, primarily of the palms and soles,
and/or facial flushing, whereas severe reactions can cause diffuse
erythema, tachycardia, wheezing, facial edema, chills, rigors,
throat and chest tightness, dyspnea, vomiting, alterations in
blood pressure (both hypotension and hypertension), and, in
extreme cases, respiratory arrest. Mild cases may respond to IV
diphenhydramine (50 mg) or oral diphenhydramine (25 to
50 mg every 4 to 6 hours) and additional courses of carboplatin
can be administered. Severe hypersensitivity reactions typically
necessitate the discontinuance of carboplatin; however, some
patients are able to receive additional courses of carboplatin
with administration of corticosteroids for several days prior to
carboplatin administration. Hypersensitivity reactions may also
occur when carboplatin is administered by the intraperitoneal
route (75).

Platinum-based chemotherapy (either cisplatin or carbo-
platin) has been shown to increase the risk of leukemia in
ovarian cancer patients (76). Following carboplatin-based
chemotherapy, the estimated relative risk of leukemia is 6.5
(95% confidence interval, 1.1 to 9.4). The relative risk increases
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as a function of both cumulative dose and duration of treatment.
Patients who receive 4,000 mg or greater of carboplatin have a
relative risk of 7.6 of developing leukemia, whereas patients
who receive more than 12 months of carboplatin-based
chemotherapy have a relative risk of 7.0. Although radiation
therapy alone does not increase the risk of leukemia, radiation
therapy administered in combination with platinum-based
chemotherapy is associated with a significantly higher risk of
leukemia than platinum-based chemotherapy without radia-
tion (p � 0.006). The average time to onset of secondary
leukemia is 4 years after the diagnosis of ovarian cancer.
Although the potential benefits of platinum-based chemother-
apy for ovarian cancer far outweigh the risk of secondary
leukemia, the dose-dependent leukemogenic potential of
platinum-based chemotherapy should be considered during
its administration to patients with early-stage disease.

With the high doses of carboplatin used in autologous bone
marrow transplantation programs, other severe toxicities may
occur. These include hepatotoxicity (both hepatitis and
cholestasis) and severe renal dysfunction (60,77). Nausea,
vomiting, and electrolyte wasting are also more profound with
high-dose carboplatin treatments. In addition, other unusual
toxic effects may occur. These include hemorrhagic colitis,
optic neuritis, and interstitial pneumonitis.

As noted below (see Drug Interactions), paclitaxel amelio-
rates carboplatin-induced thrombocytopenia.

Drug Interactions. Although the pharmacokinetics of car-
boplatin are not altered by coadministration of paclitaxel,
patients who receive combination chemotherapy with carbo-
platin plus paclitaxel experience less thrombocytopenia than
would be predicted if carboplatin was administered as a single
agent (65,78). The relationship between free platinum expo-
sure and thrombocytopenia following carboplatin/paclitaxel
chemotherapy can be described by a sigmoid maximum effect
model (65). In that the degree of neutropenia appears to be
unaffected by coadministration of paclitaxel and carboplatin,
this pharmacodynamic interaction is believed to occur at the
megakaryocyte level (78).

The cytoprotective agent amifostine reduces carboplatin-
induced thrombocytopenia (79) but also extends the plasma
half-life of carboplatin (80). In a randomized trial of carbo-
platin with or without amifostine, the median platelet nadir of
patients treated with carboplatin 500 mg/m2 was 88,000/µL,
whereas the nadir in patients who received amifostine 910
mg/m2 was 127,000/µL (p � 0.023) (79). Pharmacokinetic
studies have shown that amifostine administered just before
the carboplatin infusion and 2 to 4 hours thereafter is associ-
ated with a significant increase in the terminal half-life of the
ultrafiltrable platinum species (e.g., in patients with a creati-
nine clearance less than 80 mL/min the platinum half-life
increased from 4.2 to 5.6 hours with the addition of amifos-
tine). In patients with good renal function, the impact of the
increase in terminal half-life was associated with a minimal
effect on the AUC. However, patients with impaired renal
function experienced significant increases in the AUC of the
ultrafiltrable platinum species (80).

Special Applications. Patients with advanced ovarian can-
cer have been treated with intraperitoneal carboplatin in doses
ranging from 200 to 650 mg/m2 (81). Pharmacologic studies
have demonstrated that serum concentrations are equivalent
between intravenous and intraperitoneal carboplatin regi-
mens, but IP administration results in more than ten times the
concentration in the peritoneal cavity as compared to IV
administration (82). However, cisplatin may be a better choice
for intraperitoneal delivery in that it appears to have signifi-
cantly better penetration into tumor masses than carboplatin
(83). Several early phase trials show potentially promising
results (15,84); however, there is a need for phase 3 research

to determine the possible efficacy of IP carboplatin and trials
to determine the optimal dosing schedule.

Because of its relative lack of nonhematologic side effects,
carboplatin has become the platinum analog of choice for bone
marrow transplantation regimens. A regimen developed at
Loyola University that consists of high-dose carboplatin com-
bined with cyclophosphamide, mitoxantrone, and autologous
bone marrow support was selected for an intergroup phase 3
study of high-dose versus standard-dose chemotherapy for
ovarian cancer patients with low-volume, persistent disease
following primary chemotherapy (GOG-164). Although this
study was closed in May 1999 because of inadequate patient
accrual, the high-dose regimen was well tolerated among the
24 patients entered to the trial. With adequate hydration and
mannitol diuresis to prevent nephrotoxicity, nonhematologic
side effects were predominantly mucositis, ototoxicity, and
diarrhea (77).

Cisplatin

Chemistry. Cisplatin (Platinol, cis-diamminedichloroplat-
inum) is a primary drug in the treatment of advanced cancer
of the ovary, cervix, and endometrium. It has the molecular
formula PtCl2H6N2 (molecular weight � 300.1). It is a planar
inorganic heavy metal complex containing a central atom of
platinum surrounded by two chloride atoms and two ammo-
nia molecules in the cis position. It is soluble in water at a con-
centration of 1 mg/mL. Only the cis-isomer is therapeutically
active.

Mechanism of Action. Cisplatin’s interaction with DNA is
probably its primary mode of action. The antitumor effect of
cisplatin has been correlated with binding to DNA and the
production of intrastructural cross links and formation of
DNA adducts, similar to carboplatin (58,85). Intrastrand cis-
platin adducts can cause changes in DNA conformation that
may affect DNA replication (86). Platinum DNA adduct levels
have been measured in patients’ leukocytes and correlated
with clinical response (85).

Mechanisms of cisplatin drug resistance is an area of con-
centrated research. Methods by which tumor cells may
develop resistance to platinum agents include decreased drug
accumulation, increased glutathione levels, enhanced DNA
repair, and increased capacity to tolerate DNA damage (86).
Platinum resistance is related to expression of excision repair
proteins, one of which (ERCC-1) has been identified as play-
ing a critical role in the synergy of gemcitabine and cisplatin.
Phase 2 data suggest that gemcitabine may reverse cisplatin
resistance, as gemcitabine-cisplatin combination therapy was
active in platinum-resistant ovarian cancer patients (87).
Mechanisms of resistance also include the increased inactiva-
tion of thiol-containing proteins such as glutathione and glu-
tathione-related enzymes, a deficiency in mismatch repair
enzymes (e.g., hMHL1, hMSH2), and decreased drug accu-
mulation due to alterations in cellular transport (50).

Drug Disposition. Cisplatin demonstrates a triphasic dis-
appearance curve with a t1/2�

of 20 minutes, a t1/2�
of 48 to

70 minutes, and a terminal-phase half-life of 24 hours (88).
The first two phases of disappearance represent clearance of
free drug from the plasma, and the third phase is probably
removal of drug from the plasma proteins. The ratio of cis-
platin to total free platinum in plasma has a great deal of inter-
patient variability, from 0.5 to 1.1 after a dose of 100 mg/m2.
Three hours after a bolus injection and 2 hours after a 3-hour
infusion, 90% of the plasma protein is bound to the platinum
in cisplatin, not the cisplatin itself. The complexes between
albumin and platinum are slowly eliminated with a minimum
half-life of 5 days or more (89). Ninety percent of the drug is
removed by renal mechanisms (i.e., glomerular filtration and
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tubular secretion), and less than 10% is removed by biliary
excretion. Fecal excretion appears to be insignificant. Plat-
inum is present in tissues for as long as 180 days after the last
administration. There is a potential for accumulation of ultra-
filterable platinum plasma concentrations whenever cisplatin
is administered on a daily basis, but not when dosed on an
intermittent schedule.

Administration and Dosage. Cisplatin may be administered
intravenously or intraperitoneally. Cisplatin should be mixed
only in solutions containing 0.9% or more sodium chloride,
because drug stability is directly related to the concentration
of the salt. When admixed with dextrose-containing solutions,
by chromatographic analysis, the drug appears to be rela-
tively unstable, with decomposition evident by 2 hours (90).
Platinum can also form significant, colored complexes if
directly admixed with mannitol and stored for 2 to 3 days (91).
Short-term (�24 hour) admixtures, however, have been
successfully used. Needles or intravenous sets containing
aluminum should not be used in the preparation or adminis-
tration of cisplatin, because this drug rapidly reacts with alu-
minum, resulting in a loss of drug potency and the formation
of a black precipitate (92).

To protect against nephrotoxicity, it is critical that a high
urinary output be maintained during cisplatin therapy. Several
methods of accomplishing this have been recommended; how-
ever, the most widely practiced method involves prehydration
and mannitol diuresis (93). If cisplatin is administered in a
hospital setting, patients should receive hydration with 1 to 2 L
of fluid prior to cisplatin. Mannitol diuresis is accomplished
by diluting the cisplatin in 2 L of normal saline containing
37.5 g of mannitol. The solution is then infused over 6 to
8 hours. Adequate hydration and urinary output should be
maintained during the next 24 hours. A safe outpatient proce-
dure using concurrent mannitol that appears to prevent seri-
ous nephrotoxicity has also been reported (94). The desired
dose of cisplatin plus 50 g mannitol is diluted to 1 L with 5%
dextrose plus 0.45% sodium chloride, USP. This solution may
then be infused at a rate of no greater than 1 mg/min. For
patients with known cardiac disease, the dose may be placed in
200 mL of a 10% mannitol solution and infused at a rate of no
greater than 1 mg/min. This is followed by 200 mL of additional
10% mannitol. An alternative is to add the drug to 400 mL of
10% mannitol that is then brought up to a 1-L volume with nor-
mal saline containing 3 g of magnesium sulfate and administered
intravenously over 1 hour (95).

IP cisplatin administration and nursing guidelines are
described in detail elsewhere (96,97), using the GOG-172 regi-
men, adapted to a 3-hour paclitaxel infusion (IV paclitaxel
135 mg/m2 over 3 hours day 1 
 IP cisplatin 100 mg/m2 day
2 
 IV paclitaxel 60 mg/m2 day 8). A totally implantable
device (intravenous port, such as single-lumen venous-access
catheter: 9.6F, Port-A-Cath or Bardport) is surgically placed in
the intraperitoneal space at least 2 days before cisplatin admin-
istration. Placement can be done at the time of surgery or post-
operatively (e.g., laparoscopically). It is important to note that
peritoneal or fenestrated catheters can lead to fibrous sheath
formation, small bowel obstruction, and perforation  and
should be avoided (98). Day 2 IP administration requires that
cisplatin be mixed in 1 L of normal saline and then warmed to
body temperature. The 1-L cisplatin solution is instilled as
rapidly as possible into the intraperitoneal space via the
catheter, and should be followed by up to 1 additional liter of
saline to the point of mild abdominal discomfort. The cisplatin
solution is allowed to remain in the intraperitoneal cavity (i.e.,
the fluid is not drained). Concurrently, at least 1 L normal
saline must be administered IV along with 40 g mannitol to
ensure a brisk diuresis to eliminate the cisplatin. Since cisplatin
has the potential to be highly emetogenic, it is important to
consider an aggressive antiemetic regimen (96,99). 

Retrospective analysis by Levin and Hryniuk (100) strongly
suggests that the cisplatin efficacy against ovarian cancer
is directly correlated with cisplatin dose intensity (i.e.,
mg/m2/week). Typical high-dose regimens include 20 mg/m2

daily for 5 days repeated every 3 weeks, 100 to 120 mg/m2 IV
every 3 to 4 weeks, or 100 mg/m2 on day 1 and day 8 repeated
every 20 days (101,102). Holleran and DeGregorio (103) pre-
pared an excellent review of high-dose (200 mg/m2/course) cis-
platin. Dose-limiting toxicities with the higher dose regimens
include severe, relatively irreversible neurotoxicity and myelo-
suppression. Responses have been seen in conventional-dose
cisplatin-refractory patients, but they generally are of relatively
short duration.

Side Effects and Toxicities. Dose-related nephrotoxicity is
the major dose-limiting toxicity of cisplatin. It is manifested by
renal tubular damage resulting in an elevation of the BUN or
serum creatinine. The peak detrimental effect on renal function
usually occurs between the 10th and 20th days after treatment.
The renal damage is usually reversible. Patients concomitantly
receiving gentamicin and cephalothin have been shown to be at
greater risk of developing acute renal failure (104).

Madias and Harrington (105) have characterized the renal
damage of cisplatin as being similar to mercury nephrotoxic-
ity. Pathologically, renal tubular necrosis, degeneration, and
interstitial edema without glomerular changes are observed.
Although clinically overt renal toxicity may be common, it is
usually reversible. However, some degree of long-term damage
is likely. The renal-protective effect of hydration and mannitol
is well established in animals and humans, and renal impair-
ment can be prevented (94).

Ototoxicity, manifested by high-frequency hearing loss
(above the frequency of normal speech), may be seen in as many
as 30% of patients treated with cisplatin (106). Hearing impair-
ment may be dose related and can be unilateral or bilateral.
Occasional tinnitus (but not vestibular dysfunction) has been
reported. The ototoxicity may be partially reduced by adequate
hydration and the use of mannitol diuresis. Patients with lower
than average threshold before chemotherapy with cisplatin
were more likely to experience greater threshold shifts (106).

Neurotoxicity can be a dose-limiting side effect of cisplatin,
particularly with high-dose regimens (107). The range of
cisplatin-induced neurologic deficits includes peripheral sensory
neuropathy, ototoxicity, autonomic neuropathy manifested by
orthostatic hypotension and gastric paresis, Lhermitte’s syn-
drome, and rarely focal encephalopathy, often accompanied by
cortical blindness. Peripheral neuropathy is by far the most
common cisplatin-induced neurotoxicity. Neurotoxicity is dose
dependent, with symptoms typically developing after cumula-
tive doses of 300 mg/m2 or greater. A review of published liter-
ature (108) found that neurotoxicity occurred in 85% of
patients at cumulative doses of 300 mg/m2 or greater, but
occurred in only 15% of patients who had received a cumula-
tive dose below this level. Initial symptoms are usually numb-
ness and tingling in the distal fingers and toes. If cisplatin is
continued, proximal extension of the peripheral neuropathy
occurs, and the sense of joint position becomes impaired,
resulting in more severe neurologic symptoms, including
ataxia, gait disturbances, loss of manual dexterity, and wheel-
chair dependency. Symptoms may begin and progress up to 4
or more months after discontinuation of cisplatin. In 30% to
50% of patients, cisplatin neuropathy is irreversible.

Early clinical data suggest that a number of investigational
agents may ameliorate cisplatin-induced neurotoxicity (107).
Agents that have been associated with positive preclinical
results include ORG2766 (109), an adrenocorticotropic hor-
mone (ACTH) analog, and the sulfhydryl-based compounds
amifostine and glutathione. Only amifostine has been associ-
ated with a significant reduction of grades 2 and 3 neurotox-
icity in the setting of an adequately designed phase 3 trial
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(110). Further development of a neuroprotective agent, such
as amifostine, could significantly enhance the clinical effec-
tiveness of cisplatin, enabling dose-intensive therapy and
greater cumulative doses to be delivered to more patients
with sensitive tumors. In 2003, the GOG initiated a phase 3
trial of low-dose, intravenous bolus amifostine three times
weekly to reverse grade 2 or greater peripheral neuropathy
(GOG-192).

Symptomatic hypomagnesemia frequently occurs with cis-
platin. In a study to determine the effects of magnesium sup-
plementation on cisplatin-induced hypomagnesemia, the
administration of magnesium (oral and intravenous) with cis-
platin to one group of patients produced less renal tubular
damage and no compromise in efficacy than that seen in a
group not supplemented with magnesium (111).

Without adequate antiemetic therapy, most patients who
receive cisplatin experience nausea and vomiting. This reaction
may be severe and usually starts within the first hour after
treatment and may persist for 24 to 48 hours. Delayed nausea
and vomiting, lasting from 3 to 5 days, also may occur. The
combination of a 5-HT3 inhibitor (e.g., ondansetron or
granisetron) with dexamethasone (10 to 40 mg IV) has reduced
the incidence of severe nausea and vomiting by as much as
75% (112). Delayed nausea and vomiting can be eradicated by
continuation of oral low-dose dexamethasone (with or without
a 5-HT3 inhibitor) for the first 5 days after platinum treatment
(113). Other less effective antiemetic regimens to prevent cis-
platin-induced nausea and vomiting include prochlorperazine,
dexamethasone, and lorazepam; metoclopramide and dexam-
ethasone; metoclopramide and methylprednisolone; or meto-
clopramide and lorazepam (72,114).

Anaphylactic hypersensitivity reactions consisting of tachy-
cardia, wheezing, hypotension, and facial edema occurring
within a few minutes of IV administration have occurred
occasionally after a dose of cisplatin given to previously
treated patients (115). These hypersensitivity reactions have
been controlled with corticosteroids, epinephrine, or antihist-
amines. Wiesenfeld et al. (116) reported successful retreat-
ment with cisplatin after apparent allergic reactions in two
patients. In vivo and in vitro tests in one patient could not
demonstrate an immunologic basis for the initial reaction.
Both patients were successfully rechallenged with cisplatin
after only diphenhydramine pretreatment. This suggests a
nonallergic cause of the acute hypersensitivity reactions occa-
sionally seen with platinum.

Myelosuppression occurs in 25% to 30% of patients receiv-
ing the recommended dose, and is more pronounced at higher
doses. Coombs-positive hemolytic anemia also occurs as a
result of cisplatin treatment. Cisplatin-induced anemia has
been shown to respond to recombinant erythropoietin (117).

Drug Interactions. When cisplatin is given in combination
with other agents, the order of drug sequence can affect the
severity of drug-induced myelosuppression. Rowinsky and
Donehower (118) conducted a phase 1 study of sequential
escalating doses of paclitaxel and cisplatin therapy and deter-
mined that myelosuppression was more severe when cisplatin
administration preceded paclitaxel than when given after
paclitaxel. Another phase 1 study was conducted to evaluate
the effects of drug sequence of treatment with cisplatin in
combination with topotecan (119). This study also found a
significantly higher incidence of myelosuppression when cis-
platin was administered first.

Cisplatin-induced nephrotoxicity should be considered
whenever this agent is given prior to or in combination with
other cytotoxic drugs that are cleared by renal elimination
(e.g., bleomycin, ifosfamide, etoposide, methotrexate). Cis-
platin reduces the renal clearance of these agents, resulting in
an increased accumulation of these drugs. Yee et al. (46)
observed markedly reduced bleomycin clearance in children

who had received six courses of a regimen including cisplatin
(cumulative dose 300 mg/m2). In another case report, fatal
bleomycin pulmonary toxicity occurred in a patient with cis-
platin-induced acute renal failure (47).

Cisplatin is directly inactivated by mesna and amifostine
(50). The FDA has approved amifostine to reduce the cumula-
tive renal toxicity associated with repeated administration of
cisplatin in patients with advanced ovarian cancer. In a phase
3 randomized study of ovarian cancer patients, amifostine
treatment, prior to IV cisplatin plus cyclophosphamide, did
not appear to reduce cisplatin’s anticancer activity (120).
However, there are only limited data in other chemotherapeu-
tic settings, and the FDA recommends that amifostine should
not be administered to patients in settings where chemother-
apy could produce a significant survival advantage or cure
except in a clinical trial (121).

Special Applications. The efficacy of cisplatin can be
increased significantly in patients with stage III, optimal disease
(i.e., �1 cm2 residual tumor) epithelial ovarian cancer when it is
administered by the IP route as part of a primary, combination
chemotherapy regimen. A pivotal phase 3 trial (GOG-172) per-
formed by members of the GOG determined that the IP admin-
istration of cisplatin 100 mg/m2 (on day 2, preceded by IV
paclitaxel 135 mg/m2 over 24 hours on day 1 and followed by
IP paclitaxel 60 mg/m2 on day 8, every 3 weeks for six cycles)
was associated with a highly significant 16-month increase in
overall survival as compared with the standard treatment arm
(IV cisplatin 75 mg/m2 plus IV paclitaxel 135 mg/m2 over 24
hours every 3 weeks for six cycles) in patients with advanced,
optimal ovarian cancer (4). Despite the higher incidence of tox-
icity in the IP arm, these effects appear to be of short duration,
as patients treated IP and IV reported equivalent quality of life
1 year post-treatment (8). As a result, the National Cancer
Institute issued a Clinical Announcement on January 5, 2006,
recommending IP therapy as the referred treatment for optimal,
advanced ovarian cancer (122).

Intraperitoneal therapy is not recommended for patients
who have suboptimal cytoreductive surgery (i.e., 	1 cm in
largest diameter of a tumor nodule), because IP cisplatin (as
well as other cytotoxic agents) only penetrates a few millime-
ters into tumor plaques (16). Additional considerations
regarding the appropriate patient selection for consideration
of IP therapy are discussed in detail elsewhere (96,97,123).

Multiple phase 3 studies have shown that cisplatin-based
chemotherapy as an adjunct to radiation therapy improves
survival in cervical cancer patients (22,124,125).

Cyclophosphamide

Chemistry. Cyclophosphamide (Cytoxan, Neosar, CTX,
CPM, and Endoxan) is an alkylating agent that before the
advent of paclitaxel was used in the primary chemotherapy of
advanced, epithelial-type ovarian and endometrial cancer. At
this time, it is uncommonly used in the treatment of gyneco-
logic cancers because of the more effective agents currently
available (e.g., paclitaxel). It is occasionally used in the third-
line treatment of ovarian cancer and as a second-line agent in
the treatment of choriocarcinoma. It is a cyclic phosphamide
ester of nitrogen mustard and is referred to chemically as
2-[bis-(2-chloroethyl)amino]tetrahydro-2H-1,3,2,-oxazaphos-
phorine 2-oxide monohydrate. Its molecular weight is 279.1.
The monohydrate is unionized and lipid soluble; in normal
saline or water, it is soluble to a maximum of 4% at room
temperature.

Mechanism of Action. Cyclophosphamide, a bifunctional
substituted nitrogen mustard, was synthesized in 1958 in an
attempt to achieve greater selective toxicity for tumor tissue.
The N-methyl moiety of nitrogen mustard is replaced with a
cyclic phosphamide group, resulting in a stable, inactive
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compound. The bis-(2-chloroethyl) group cannot ionize until
the cyclic phosphamide is opened at the phosphorus-nitrogen
linkage.

Activation of cyclophosphamide is a multistep process.
The liver microsomal P450 mixed-function oxidase system
converts the parent drug to 4-hydroxycyclophosphamide.
This metabolite exists in equilibrium with the acyclic tau-
tomer, aldophosphamide. These compounds may be further
oxidized by hepatic aldehyde oxidase to the inactive metabo-
lites of carboxyphosphamide and 4-ketocyclophosphamide.
Nonenzymatic conversion to the cytotoxic compounds of
phosphoramide mustard and acrolein occurs in susceptible
peripheral tissues.

Most of the alkylating agents, like cyclophosphamide, are
bifunctional, which facilitates their reaction with two cellular
molecules. Accordingly, they can cross link the two opposite
strands of DNA to give an interstrand cross link, react with
two sites on the same strand (intrastrand cross link), or cross
link DNA to protein. The latter type of lesion is generally con-
sidered to be innocuous, but the relative significance of the
other cross links is still in contention. DNA intrastrand cross
links are more frequent than interstrand cross links and are
more often considered to be the critical lesions.

These two classes can be differentiated by the structure of
the cross links in DNA. Generally, the entire mustard is
involved in the cross link, with the two mustard “arms”
linked usually to the N7 position of guanine. Because these
guanines can be separated by several bases in DNA, the link-
ages represent particularly bulky lesions.

Drug Disposition. After IV administration, approximately
15% of the drug is excreted unchanged in the urine and the
remainder as metabolites. The plasma half-life of the parent
compound after doses of 6 to 80 mg/kg appears to range from
4.0 to 6.5 hours (126). Approximately 50% of the alkylating
metabolites (but not parent drug) is bound to plasma proteins.

Although cyclophosphamide is exclusively excreted by the
kidneys, because of the unionized nature of the intact drug
molecule, tubular reabsorption is avid. Hepatic inactivation
appears to be the major mechanism of active drug elimination.
The mean renal clearance of intact drug is approximately
11 mL/min, or 15% of creatinine clearance, but renal elimina-
tion remains the major route of disposition of the more polar,
less lipid-soluble metabolites (127). There can be significantly
prolonged retention of active (alkylating) metabolites in
patients with severe renal failure, and doses should be adjusted
accordingly.

Dosage. Cyclophosphamide is active in many different
types of malignancies. The dosing schemes are numerous and
depend on the particular disease. Two general categories of
treatment schedules exist. In the method generally used to
treat ovarian and endometrial cancers, an intermediate dose
(600 to 1,000 mg/m2) is given all at once over a short period.
This treatment approach usually involves other drugs, such as
cisplatin, carboplatin, or doxorubicin, whose additive toxic
effects must be considered in selecting the dose and frequency
of cyclophosphamide administration. Adequate hydration for
72 hours before and following high-dose treatment with
cyclophosphamide is recommended to reduce cyclophos-
phamide-induced hemorrhagic cystitis (128).

Side Effects and Toxicities. Myelosuppression consisting
primarily of leukopenia is the usual dose-limiting toxic effect
of cyclophosphamide. Both the nadir and time of bone mar-
row recovery are rapid at 8 to 14 and 18 to 21 days, respec-
tively. Although this drug has long been considered to be
“platelet sparing,” significant thrombocytopenia can also
occur at very high doses (	1.5 g/m2).

Acute, sterile hemorrhagic cystitis is an infrequent toxic
manifestation but is occasionally dose limiting. It is under-
standably more common in poorly hydrated or renally com-

promised patients. The onset of this complication may be
delayed from 24 hours to several weeks. It is detected by gross
hematuria or a microscopic hematuria of greater than 20 ery-
throcytes per high-power field. The bleeding may persist but is
usually transient. Prophylactic hydration with intake of at
least 3 L/day appears to offer the best protection. With contin-
ued therapy, patients characteristically develop a fibrotic
“small bladder,” and urinary frequency may become a perma-
nent problem. There is a definite increase in the risk of bladder
cancer in these patients. The availability of the sulfhydryl
mesna as a prophylactic treatment of patients at high risk for
developing cyclophosphamide-induced cystitis has almost
completely eliminated this side effect.

A syndrome of inappropriate antidiuretic hormone (SIADH),
or “water intoxication,” has been reported after cyclophos-
phamide treatment. This is more common with IV doses greater
than 50 mg/kg and is both a limitation to and consequence of
fluid loading (129). Alopecia occurs to some degree in all patients
receiving cyclophosphamide and is significant in at least half of
all patients treated. Regrowth of hair may occur even with con-
tinuing treatment. Gastrointestinal problems are more common
with high doses given orally. Anorexia, nausea, and vomiting are
all common reactions, but they are usually controlled with IV
antiemetic regimens. A rare pulmonary toxic effect has been
reported with a pneumonitis picture similar to “busulfan lung.”
The typical clinical presentation is that of an interstitial pneu-
monitis, usually occurring after long-term and continuous low-
dose therapy (130). The onset of symptoms is insidious.
Pathologically, there can be alveolitis with eventual fibrosis and
atypical type II pneumocytes. Steroids may be beneficial. Other
toxic effects include testicular atrophy, sometimes with reversible
oligospermia and azoospermia. Amenorrhea also has been
reported. As with all alkylating agents, drug-induced congenital
abnormalities are possible. With high-dose therapy used for bone
marrow transplant (120 to 180 mg/kg), cyclophosphamide-
associated cardiac toxicity has been reported (131).

Special Precautions. It is important to keep the patient well
hydrated during cyclophosphamide therapy to reduce the
potential for hemorrhagic cystitis. It is advisable to administer
at least 1 L of additional IV fluids (usually normal saline) to
assure an adequate urine volume to excrete the cyclophos-
phamide metabolite acrolein, which can otherwise alkylate
bladder mucosa and cause hemorrhagic cystitis. The patient
should be instructed to drink at least eight glasses of fluid daily
during the 2 days after cyclophosphamide administration. In
patients prone to developing cystitis, consider administering
prophylactic IV mesna, a sulfhydryl-containing compound that
can neutralize acrolein.

Drug Interactions. Cyclophosphamide must be metabolized
to be active. Although some cyclophosphamide may be acti-
vated by phosphatases and phosphamidases peripherally, most
of the drug is metabolized by microsomal enzymes in the liver
(132). These enzymes may be activated by drugs like pheno-
barbital or inhibited by drugs like proadifen (SKF 525A).
Because active and toxic metabolites are generated by the reac-
tions of these enzymes and cyclophosphamide, many potential
drug interactions may exist.

Barbiturates and other inducers of hepatic microsomal
enzymes, such as phenytoin and chloral hydrate, may increase
the rate of hepatic conversion of cyclophosphamide to its
toxic metabolites. Similarly, cyclophosphamide may block the
metabolism of barbiturates, increasing sedative effects.
Although the clinical significance of these reactions is not
clear, cyclophosphamide toxicity may be increased by the
H2-histamine blocker cimetidine (133). Cimetidine, but not
ranitidine, may increase cyclophosphamide’s myelotoxicity
through an increase in the concentration . time product of its
active metabolites (e.g., 4-hydroxycyclophosphamide and
phosphoramide mustard) (134). Thus, H2-blockers like ranitidine

420 Section II: Therapeutic Modalities and Related Subjects

Barakat_CH16-409-462.qxd  2/27/09  9:08 PM  Page 420



may be safer to use than cimetidine when high doses of
cyclophosphamide are administered.

Dactinomycin

Chemistry. Dactinomycin (actinomycin D, ACT-D, Cos-
megen) has been shown to be active in the treatment of
patients with germ cell tumors of the ovary and endometrium
and of gestational trophoblastic disease (135,136). It has a
molecular weight of 1,255 and an empiric formula of
C62H86N12O16. The drug is an antitumor antibiotic isolated
from Streptomyces parvulus. The molecular structure includes
two peptide loops linked to a three-ring chromophoric phe-
noxazone ring system (actinomycin). The drug is highly solu-
ble in water, forming an amber- to gold-colored solution.

Mechanism of Action. Dactinomycin becomes anchored
into or around a purine-pyrimidine base pair in DNA by inter-
calation. DNA-dependent ribosomal RNA synthesis and new
messenger RNA synthesis is inhibited. The peptide loops
appear to allow tight drug binding to DNA because the actin-
omycin (phenoxazone) moiety alone is inactive. This can
occur adjacent to any G-C pair in DNA.

Bound dactinomycin molecules dissociate very slowly from
DNA owing to electrostatic interactions of the cyclic peptide
rings with each strand of the DNA double helix. This process,
which stabilizes the intercalative interaction, appears to be
crucial for cytotoxicity.

Dactinomycin on a molar basis is one of the most potent
antineoplastic agents available. The drug possesses some
hypocalcemic activity, similar to mithramycin. Although maxi-
mal cell killing is observed in the G1 phase, the cytotoxic action
is thought to be primarily cell cycle nonspecific. Actively pro-
liferating cells are more sensitive than quiescent cells to the
lethal effects of the drug (137).

In that dactinomycin is a natural product, it is not surprising
that the primary mode of tumor cell resistance to dactinomycin
is mediated through overexpression of P-glycoprotein (138).

Drug Disposition. Tattersall et al. (139) studied the phar-
macokinetics of radiolabeled [3H]dactinomycin in patients,
and the drug appeared to be only minimally metabolized and
was concentrated in nucleated cells. There was a greater drug
uptake into bone marrow than in plasma. Drug penetration
into the central nervous system was not observed. Urinary and
fecal recovery totaled only 30% each after 9 days, and there
was significant drug retention in lymphocytes and granulo-
cytes. This may explain the prolonged terminal plasma half-life
of 36 hours observed after single dactinomycin doses. There
appears to be little metabolism because approximately 90% of
excreted drug is collected as the intact molecule. Some mono-
lactone forms of dactinomycin are recovered in the urine.

Using a more specific radioimmunoassay, a much shorter
dactinomycin half-life is described (t1/2�

� 0.78 minutes,
t1/2�

� 3.5 hours) (140). The discrepancies between these and
Tattersall’s findings reflect the differences in the assays used.

Administration and Dosage. Dactinomycin is administered
intravenously by slow IV push or, preferably, into the tubing of
a freely running IV solution. A 5- to 10-mL flush of 5% dex-
trose in water (D5W) or normal saline is recommended before
and after IV push administration to ensure vein patency and to
flush any remaining drug from the tubing.

Dactinomycin is commonly given intravenously in short
“pulse” doses of 500 µg/m2 daily for as long as 5 days in adults.
The dose for each 2-week cycle should not exceed 15 µg/kg/day
or 400 to 600 µg/m2/day for 5 days.

A wide variety of dosing regimens have been employed.
Several clinical studies have documented equal efficacy and
toxicity for single-dose dactinomycin regimens (141,142). In
nonmetastatic gestational trophoblastic cancer, a single IV
dose of 1.25 mg/m2 every 14 days produced a 99% remission

rate after four courses of therapy (142). Compared with five
divided doses of 500 µg/m2/day, the single-dose method pro-
duced slightly greater mild to moderate toxic effects.

Side Effects and Toxicities. Bone marrow depression is the
usual dose-limiting toxic effect of dactinomycin. It is usually
manifested 7 to 10 days after dosing. All blood elements are
affected, but primarily the platelets and leukocytes are
depressed. Combined with gastrointestinal reactions, myelo-
suppression appears to be dose limiting as well as dose depen-
dent (143). Immunosuppression is another well-known effect
of dactinomycin. Patients should not receive this drug during
viral infection because of the risk of developing disseminated
disease.

Severe gastrointestinal consequences, such as vomiting, can
occasionally represent the acute dose-limiting toxic effects of
dactinomycin. Vomiting can persist for 4 to 20 hours, but it
can be controlled by combination antiemetic regimens (144).
Mucositis can also be severe. It is characterized by severe oral
ulcerations and diarrhea in 30% of patients. Reversible alope-
cia may occur with dactinomycin. A variety of other skin
manifestations have been reported, including acneiform
changes, erythema, and hyperpigmentation.

Dactinomycin is toxicologically similar to the anthracy-
clines and characteristically interacts with radiation therapy,
producing delayed “radiation recall” skin damage. Previously
irradiated or even irritated skin may become reddened and
inflamed after drug administration. Frank necrosis is some-
times reported. Oral ulcers may also develop after radiation
therapy. These reactions may occur months after radiation
therapy. Experimentally, radiation therapy given after dactin-
omycin does not produce this effect.

Dactinomycin potentiates pulmonary radiation and decrea-
ses radiation tolerance by at least 20%. Reintroduction of
dactinomycin following pulmonary radiation has resulted in
fatal pulmonary fibrosis (145). As noted in the Special Precau-
tions section below, dactinomycin is highly ulcerogenic if
extravasated.

Special Precautions. Dactinomycin is extremely damaging
to soft tissue and every effort should be made to ensure vein
patency during administration. Extravasations characteristi-
cally result in immediate pain and swelling followed by indo-
lent, poorly healing necrotic ulcers (144).

Dactinomycin is highly potent and is typically dosed in
micrograms per kilogram. Doses must be calculated and pre-
pared carefully to prevent inadvertent overdosage of this drug.
No specific antidote to overdosage is known, although granu-
locyte colony-stimulating factors may be useful.

Dactinomycin is a potent immunosuppressant and can
inhibit the effectiveness of vaccinations given after drug
administration. The drug also produces radiation recall skin
and soft-tissue damage if given after ionizing radiation.

Docetaxel

Chemistry. Docetaxel (Taxotere) is a semisynthetic analog
of paclitaxel and has an FDA-approved indication for locally
advanced or metastatic breast cancer after failure of prior
chemotherapy. It is also FDA approved for locally advanced
or metastatic non–small cell lung cancer after failure of prior
platinum-based chemotherapy. It has also shown marked anti-
tumor activity against a variety of solid tumors, including
both platinum-sensitive and platinum-refractory epithelial
ovarian cancer (146,147). The natural component of doc-
etaxel is 10-deacetyl baccatin III, which is extracted from the
needles of the European yew tree (Taxus baccata L.) (147).
Docetaxel has a molecular weight of 861.9 and the empirical
formula C43H53NO14

. 3H2O. Unlike paclitaxel, which uses a
polyoxyl compound (Cremophor) as a diluent, docetaxel is
formulated in Tween 80 and alcohol.
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Mechanism of Action. In a manner similar to paclitaxel,
docetaxel promotes microtubule assembly and inhibits the
depolymerization of tubulin. However, compared with pacli-
taxel, the microtubules formed by docetaxel are more slowly
reversible and there are differential effects on tau binding sites
and on microtubule-associated proteins. Docetaxel-induced
stabilization of microtubules halts cellular division in M
phase, thereby preventing cell replication.

Drug Disposition. The pharmacokinetics of docetaxel
when administered as an IV infusion lasting from 1 to 24
hours have been investigated in a number of studies (148).
When administered as a typical 1-hour infusion at doses of 70
to 100 mg/m2, pharmacokinetics reveal triphasic elimination
with a plasma AUC of 3.13 to 4.83 mg/mL/hour, a peak
plasma concentration of 2.57 to 3.67 µg/mL, and a terminal-
phase plasma half-life of 13.6 hours. There is very limited
renal excretion of docetaxel; the 24-hour urinary excretion
was 1.4% of the dose administered. Plasma drug clearance
was determined to be 21.3 L/h (149).

Administration and Dosage. All patients receiving doc-
etaxel should be premedicated with oral corticosteroids such as
dexamethasone 16 mg/day (e.g., 8 mg bid) for 3 days begin-
ning 1 day prior to docetaxel administration in order to reduce
fluid retention and the risk of hypersensitivity reactions.

Docetaxel is commercially available in single-dose 20- and
80-mg vials with accompanying diluent vials. Both the doc-
etaxel vials and the diluent vials should stand at room temper-
ature for approximately 5 minutes prior to mixing. The entire
contents of the diluent vial should be aseptically transferred to
the docetaxel vial and the resulting contents should be gently
rotated for 15 seconds to promote complete mixture. The
resulting concentration of docetaxel is 10 mg/mL. Foam
may be present owing to the Tween 80; however, it should
largely dissipate within a few minutes. The infusion solution is
prepared by aseptically withdrawing the proper amount of
docetaxel with a calibrated syringe and adding it to a 250-mL
infusion bag or bottle containing either 0.9% sodium chloride
or 5% dextrose solution to produce a final concentration of
0.3 to 0.9 mg/mL. The infusion solution should be mixed by
manual rotation and inspected for particulate formation
and/or discoloration. Solutions that are cloudy or that contain
particulate matter should be discarded.

The recommended dose of docetaxel for salvage chemother-
apy of breast cancer is 60 to 100 mg/m2 IV as a continuous
1-hour infusion every 3 weeks. For non–small cell lung cancer,
the recommended dose is 75 mg/m2 IV as a continuous 1-hour
infusion every 3 weeks. The optimal dosing schedule for
docetaxel in gynecologic cancers is presently undefined. A
100-mg/m2 dose administered as a 1-hour infusion every
3 weeks has been used in phase 2 trials. Other tolerable doc-
etaxel dose schedules that have been identified in phase 1 stud-
ies are 50 mg/m2/day on days 1 and 8 every 3 weeks; 70 to
90 mg/m2 by 24-hour continuous IV infusion every 3 weeks;
80 to 100 mg/m2 by 6-hour infusion every 3 weeks; 14
mg/m2/day for 5 days by 1-hour infusion every 21 days (150);
and 30 to 35 mg/m2 weekly (151). Docetaxel has been adminis-
tered in combination with cisplatin using the following schedule:
docetaxel 85 to 100 mg/m2 as a 1-hour IV infusion followed
(3 hours after completion) by cisplatin 75 mg/m2 as a 3-hour IV
infusion, with cycles being repeated every 3 weeks (152).

The docetaxel dose should be reduced for patients with mod-
erate liver impairment (see Special Precautions section below).

Side Effects and Toxicities. The major dose-limiting toxic-
ity of docetaxel is neutropenia, which is noncumulative and
generally resolves within 7 to 8 days. The combined results
of early phase 2 studies of docetaxel (without steroid pre-
medication) in ovarian cancer revealed that at a dose level of
100 mg/m2 every 3 weeks, over 90% of patients developed

grades 3 to 4 neutropenia, with febrile neutropenia occurring
in 8% to 44% of patients (153). The incidence of other grade
3 to 4 toxicities were stomatitis 0% to 5%, diarrhea 6% to
20%, dermatitis 4% to 8%, acute hypersensitivity reactions
7% to 12%, and fluid retention 8% to 12%. Other docetaxel-
induced side effects include alopecia, anemia, neurosensory
effects (paresthesia, dysesthesia, pain), and asthenia (150).

In early phase 2 studies, slow-onset (i.e., after three to five
courses) cumulative fluid retention leading to peripheral or
generalized edema with possible development of pleural effu-
sion and/or ascites was a common dose-limiting toxicity.
However, a 5-day premedication regimen with corticosteroids,
starting the day before docetaxel administration, significantly
reduces this side effect. In a retrospective analysis, severe fluid
retention occurred in 20% of patients who received no pre-
medication compared with 5% of patients who received
steroid prophylaxis. Additionally, the percentage of patients
who discontinued treatment secondary to fluid retention was
reduced from 32% to 2% (p � 0.00001) with the use of a
5-day corticosteroid regimen (150). Steroid prophylaxis also
reduces the incidence and severity of dermatologic side effects
and hypersensitivity reactions.

The spectrum of docetaxel-induced hypersensitivity reac-
tions is less severe than that associated with paclitaxel. In the
absence of prophylactic medication, mild hypersensitivity reac-
tion as characterized by flushing, rash, and pruritus occurs in
approximately 5% of docetaxel administrations. Moderate
reactions with dyspnea and/or slight hypertension occur in 8%
of treatments, and severe reactions (with bronchospasm,
angioedema, and/or severe hypertension) occur in less than 2%
of docetaxel administrations (154). Initial symptoms of hyper-
sensitivity to docetaxel therapy generally occur within minutes
of the start of the first or second course of docetaxel and resolve
rapidly with interruption of the infusion. Patients can be suc-
cessfully rechallenged with docetaxel therapy following medica-
tion with corticosteroids, antihistamines, and H2-agonists.

Dermatologic toxicities typically appear as maculopapular
eruptions and desquamation generally localized to the extrem-
ities. Nail changes, including onycholysis, may also occur.
Skin changes are largely self-limiting and may be alleviated
with glycerin/chlorhexidine ointment or oral pyridoxine. This
side effect can often be prevented with prophylactic oral
steroids and H1- and H2-agonists (155). Recurrent skin toxic-
ity refractory to oral prophylactic medication and pyridoxine
therapy may respond to local hypothermia during docetaxel
administration (156).

Special Precautions. Patients with impaired liver function
have a significant reduction in docetaxel clearance and an
increased risk of life-threatening side effects. Analysis of the
overall safety database revealed that patients with moderately
impaired liver function (defined as transaminase levels more
than 1.5 times the upper limit of normal and alkaline phos-
phatase more than 2.5 times the upper limit of normal) have a
27% reduction in docetaxel clearance and a 38% increase in
the area under the concentration . time curve (150). When
compared with patients with normal liver function, patients
with at least moderately impaired liver function had a signifi-
cantly greater incidence of febrile neutropenia (40% vs. 16%)
and toxic death (20% vs. 1.4%). Grades 3 to 4 nausea/vomit-
ing, stomatitis, and thrombocytopenia were also increased in
patients with impaired liver function (150).

The recommended docetaxel dose level for a patient with
moderate hepatic impairment (defined as transaminases
between 1.5 and 3.5 times the upper limit of normal and an
alkaline phosphatase between 2.5 and 6.0 times the upper
limit of normal) is 75 mg/m2 over 1 hour. No safe docetaxel
dose can be recommended for patients with greater than mod-
erate liver impairment (157).
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Special Applications. Verschraegen et al. (158) have pub-
lished preliminary evidence that patients with ovarian cancer
may respond to docetaxel even though they have had progres-
sion of their disease on paclitaxel. They noted a partial response
rate of 37.5% in eight eligible patients. A phase 2 study con-
ducted by the GOG of 60 patients with paclitaxel-resistant
ovarian and peritoneal carcinoma observed responses in 22.4%
of patients, with 5.2% achieving complete response and 17.2%
achieving partial response (at a dose of 100 mg/m2 IV over
1 hour every 21 days) (159). However, the 75% incidence of
grade 4 neutropenia in this study suggests that further study is
needed to determine the appropriate dose and schedule. 

Doxorubicin

Chemistry. Doxorubicin (Adriamycin), a primary agent in
the treatment of metastatic endometrial cancer and advanced
ovarian cancer, is an anthracycline antibiotic obtained from
Streptomyces peucetius var. caesius. It has a molecular weight
of 580. The doxorubicin structure includes a water-soluble
basic reducing amino sugar, daunosamine, linked by a glyco-
sidic bond to carbon atom number 7 on the D-ring of the
water-insoluble chromophore aglycone, adrimycinone.

Structural changes in the side groups of doxorubicin alter
antitumor potency and pharmacokinetic properties. The agly-
cone is inactive, and modifications in the amino sugar sub-
stituents can also alter antitumor or toxic potency (160).

In DNA, the amino sugar projects into the minor groove
and can interact electrostatically with negatively charged
phosphate groups in the DNA strand to stabilize the aglycone
moiety. Doxorubicin can also form complexes with iron or
copper by means of the hydroquinone moieties (161). Metal-
iron doxorubicin complexes may contribute to cardiotoxicity
by enhancing redox cycling of the quinone moiety to produce
membrane-damaging oxygen free radicals (162). Doxorubicin
hydrochloride is freely soluble in water, slightly soluble in nor-
mal saline, and very slightly soluble in alcohol.

Doxorubicin also is commercially available in a polyethyl-
ene glycol (PEG)-coated (pegylated, Stealth) liposomal form
(see Liposomal Encapsulated Doxorubicin section below).

Mechanisms of Action
DNA Binding. The anthracyclines, including doxorubicin,

probably have several modes of action. The anthracycline por-
tion of the molecule appears to intercalate between stacked
nucleotide pairs in the DNA helix by means of P-P–type bonds
(163). The drug may also bind ionically around certain base
pairs of DNA (adlineation). The overall effect of this is inter-
ference with nucleic acid synthesis, specifically an inhibition of
DNA synthesis (164). However, preribosomal RNA synthesis
is also affected by the drug binding to DNA, preventing DNA-
directed RNA and DNA transcription (165).

Mechanisms other than intercalation may also contribute
to the antitumor effect of the doxorubicin molecule. The
contribution of alkylation to antitumor effects has not been
established.

Free-Radical Formation. Oxygen free-radical intermediates
containing an unpaired electron can be formed by doxorubicin.
This can react rapidly with oxygen to form superperoxide, and
with hydrogen peroxide, highly reactive hydroxyl radicals can
form. These radicals damage membrane lipids by peroxidation,
break DNA strands by attacking ribose-phosphate bonds, and
directly oxidize purine or pyrimidine bases, thiols, and amines.
Free-radical mechanisms have most often been associated with
cardiotoxicity.

Doxorubicin appears to be active in all phases of the cell
cycle, and although maximally cytotoxic in S phase, it is not
phase specific (166). Cells exposed to lethal doxorubicin
concentrations in G1 can proceed through S phase but are then

blocked and die in G2. Higher concentrations can also pro-
duce an S-phase blockade (167).

Inhibition of DNA Topoisomerase II. Topoisomerases are
enzymes capable of covalent binding to DNA, forming tran-
sient breaks in one strand (TOPO-I) or two strands (TOPO-II).
This activity is highly phase dependent for G2, and in the case
of TOPO-II, normally mediates strand passage to facilitate
DNA condensation or decondensation (168). Doxorubicin
and other DNA intercalators inhibit the strand-passing activ-
ity of TOPO-II by increasing and stabilizing the initial
enzyme-DNA (cleavable) complexes. This leads to protein-
linked DNA double-strand breaks that are roughly propor-
tional to the cytotoxic potency of the drug in vitro (169).

Drug Disposition. Doxorubicin pharmacokinetics are usu-
ally described using a two-compartment or three-compartment
open model. The drug is rapidly distributed in body tissues,
and about 75% of the drug is bound to plasma proteins, prin-
cipally albumin (170). In the blood, the free doxorubicin frac-
tion depends on the hematocrit, with more free drug being
available in patients with a reduced hematocrit (171). The
avid binding to DNA is believed to explain the prolonged ter-
minal elimination half-life of 30 to 40 hours, the large appar-
ent volume of distribution of up to 28 L/kg, and the incomplete
(50%) total recovery of drug in urine, bile, and feces (172).
Human tissues with high drug concentrations (in descending
order) include liver, lymph nodes, muscle, bone marrow, fat,
and skin (173). The drug does not distribute into the central
nervous system.

There is a significant distribution of doxorubicin into
human breast milk (174). Doxorubicin levels of 0.24 µM and
0.2 µM of doxorubicinol have been measured in human milk.
They produce cumulative AUCs in breast milk of 9.9 and 16.5
µM . hour, respectively. Both of these values were greater than
concurrent plasma AUC values. However, doxorubicin does
not appear consistently to pass the placenta. Except for one
study reporting low drug levels in placental blood of 0.78 to
1.19 nmol/g and no drug in cord blood plasma, several other
trials detected no drug in amniotic fluid after doxorubicin
administration to pregnant patients (175,176).

Doxorubicin is extensively metabolized and eliminated pri-
marily as glucuronide conjugates of the parent aglycone or its
hydroxylated congener doxorubicinol. The conjugated metabo-
lites are exclusively excreted in the bile and feces. Overall, bil-
iary excretion accounts for about 40% of an administered
dose (177). Approximately 42% of the biliary drug is parent
doxorubicin, 22% is doxorubicinol, and 36% is other metabo-
lites (177). Only 5% to 10% of the administered drug is excreted
in the urine as doxorubicin (40%), doxorubicinol (29%), and
other metabolites (31%).

In liver disease, patients with cholestasis have delayed dox-
orubicin clearance and experience exaggerated toxic reactions
from standard doses (178). However, hepatoma patients with
cirrhosis or simple hepatocellular enzyme elevation appear to
have normal doxorubicin clearance and toxic effects from
standard doses (179). Although obesity reduces clearance of
doxorubicin in adult cancer patients (180), there were no dif-
ferences in doxorubicin toxicity between normal, mildly
obese, and obese patients.

There is some evidence that repeated doxorubicin dosing
alters pharmacokinetics (181). In these reports, doxorubicin
levels were lower after repeated dosing, which suggests
increased drug clearance. However, because neither toxicity
nor response rates are altered, the clinical significance of these
observations has not been established. Age may also be a fac-
tor. In one trial, the highest clearances of doxorubicin were
observed in younger patients (182). These observations sug-
gest that higher peak doxorubicin levels may be achieved in
older patients.
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The hepatic extraction ratio for doxorubicin in humans is
0.45 to 0.50, and systemic drug levels are about 25% lower
with intra-arterial administration compared with IV dosing
(183). Several studies have shown that the pharmacokinetics
of intra-arterial drug are similar to those after IV doses (173).
The relatively low hepatic extraction rate and similar overall
disposition patterns provide little pharmacokinetic rationale
for intra-arterial administration as a means of localizing dox-
orubicin effects to the liver (184).

Administration and Dosage. Short IV push infusions and
IV bolus injections have been used with doxorubicin. A slow
IV push over several minutes with constant monitoring of the
patient and blood return can help minimize the chance of seri-
ous tissue damage occurring because of extravasation. A 5- to
10-mL flush of normal saline or D5W before and after admin-
istration is strongly recommended to test vein patency and
flush any remaining drug from the tubing. Alternatively, injec-
tion into the side port of a running IV infusion has also been
recommended. The patient should be asked to report immedi-
ately any change in sensation during the administration. Old
venipuncture sites or infusion sites previously used for admin-
istering blood, antibiotics, or other medications should not be
used to administer doxorubicin. Heparin locks (unless
recently inserted) are not recommended because the drug is
chemically incompatible with sodium heparin.

Prolonged infusions increase the incidence and severity of
stomatitis and dermatologic reactions. Administration through
tunneled central venous catheters or indwelling vascular access
ports is mandatory for all prolonged infusions. Careful patient
and site monitoring are required because doxorubicin extrava-
sation from central vascular access devices can occur.

Numerous dosing schedules have been reported. The indi-
vidual doxorubicin dose depends on clinical variables, includ-
ing the cumulative dose administered to date and the potential
for interaction with other drugs or radiation (Table 16.2). As
a single agent, doses of 60 to 75 mg/m2 as a single intravenous
injection have been used and repeated no more often than
every 3 weeks. An alternative scheme uses 20 to 30 mg/m2

given daily for 3 consecutive days and repeated in 3 weeks
(185). When used in combination therapy, the most com-
monly used dosage is 40 to 60 mg/m2 given as a single intra-
venous injection every 21 to 28 days.

Both the dose and rate of dosing (dose intensity) can have
therapeutic impacts for different agents and tumors (186). Clin-
ical studies with doxorubicin show that greater dose intensity is
associated with enhanced response rates in breast cancer (187).
The doses compared in this trial were 70 mg/m2 every 21 days
for eight cycles versus 35 mg/m2 every 21 days for 16 cycles.

Dose adjustments are required in a number of clinical settings
(Table 16.3), specifically in the case of hyperbilirubinemia.
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INTRAVENOUS DOSING GUIDELINES FOR DOXORUBICIN

TA B L E  1 6 . 2

Intravenous Average cumulative 
Dose (mg/m2)a method Schedule tolerable dose (mg/m2)b

60 to 75c Bolus Every 3 weeks 550
30 Bolus 3 successive days, 550

every 3 weeks
20 Bolus Weekly 750
60 96-h infusion Every 3 to 4 weeks 1,000

aLower doses should be administered to patients with hepatobiliary dysfunction and for poor bone mar-
row reserve or performance status.

bRepresents average total cumulative dose tolerated without clinical evidence of doxorubicin cardiotoxicity.
cAllows for greater dose intensity in breast cancer.

MODIFICATIONS OF DOXORUBICIN DOSESa

TA B L E  1 6 . 3

Condition Recommended dose modification

Prior doxorubicin Limit total cumulative lifetime dose (by IV bolus) 
to 550 mg/m2 (188) 

Prior chest radiation therapy Reduce total dose limit to 300 to 350 mg/m2

Obesity Base dose on ideal body weight (180)

Hepatobiliary dysfunction Reduce dose for elevated serum bilirubin (give 50% 
of dose for serum bilirubin of 1.2–1.9 µg/dL, and give 
25% of dose for serum bilirubin �3.0 mg/dL) (178)

Use indocyamine green disappearance rate as an indicator 
of doxorubicin clearance

Infusion method Greater cumulative (total) dose may be afforded by 
weekly bolus doses or continuous (96-hr) infusionsb (189)

aAverage safe cumulative doxorubicin dose is 750 mg/m2 using standard infusion schedules.
bAverage safe cumulative doxorubicin dose is 1,000 mg/m2 when administered with a 96-hr infusion
schedule.
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A 50% dose reduction is indicated if plasma bilirubin concen-
tration is 1.2 to 3.0 mg/dL, and the dose must be reduced by
75% if plasma bilirubin concentration reaches 3.1 to 5.0 mg/dL.

Side Effects and Toxicities. The single acute dose-limiting
toxicity for doxorubicin is bone marrow suppression. The
most commonly seen dose-limiting toxicity is leukopenia, with
a nadir at 10 to 14 days. Other hematologic toxicities, such as
anemia and thrombocytopenia, have been reported, but they
are rare and generally less severe. Recovery from myelosup-
pression is usually prompt, with resolution often within about
1 week after the nadir.

Doxorubicin is known to produce local skin and deep-
tissue damage at the site of inadvertent extravasations (190).
Ulcers may result after 33% of extravasations. The lesions
undergo a slow, indolent expansion and occasionally involve
tendons and other deep structures. They characteristically do
not heal and are associated with prolonged local drug reten-
tion (191). Reilly et al. (190) recommend early surgical
debridement, with skin grafting and tendon repair for serious
infiltrations. Numerous pharmacologic antidotes have been
evaluated, but few have demonstrated unequivocal clinical
efficacy. The application of cold, topical dimethylsulfoxide is
recommended (192).

Cardiac consequences from the drug have included acute
effects, such as a rare pericarditis-myocarditis syndrome or
electrophysiologic aberrations, and a total-dose–related car-
diomyopathy (193). Nonspecific electrocardiographic changes
during infusion or immediately afterward may be seen. These
include T-wave flattening, ST depression, supraventricular
tachyarrhythmias, and extra systolic contractions (194).
These conduction abnormalities are generally transient, not
associated with severe morbidity, and do not require dose
modification.

Cardiomyopathy from doxorubicin is dose related. It pre-
sents initially as a clinical syndrome identical to classic conges-
tive heart failure. It is usually irreversible, but symptoms can be
managed with standard medical therapy involving digitalis,
glycosides, and diuretics. Potential risk factors for doxorubicin
cardiotoxicity include cumulative doses greater than 550
mg/m2, prior mediastinal irradiation (�20 Gy), age greater
than 70 years, and preexisting cardiovascular diseases, such as
prior myocardial infarction or long-standing hypertension
(189). Anthracycline-induced cardiomyopathy can also occur
4 to 20 years after the drug is stopped at standard dose limits
(195). The administration of anthracyclines incorporated into
liposomes is one method that may significantly reduce the risk
of cardiac toxicity (see the Liposomal Encapsulated Doxoru-
bicin section below) (196).

At total doses under 500 mg/m2, the incidence of car-
diomyopathy is less than 1%; between 501 and 600 mg/m2,
11% are affected; and the incidence is 30% for doses above
600 mg/m2. In a retrospective cardiotoxicity study of 4,018
patient records, Von Hoff et al. (188) described an overall
incidence of 2.2% for doxorubicin-induced congestive heart
failure. In this analysis, there was no influence of performance
status, sex, race, and tumor type on the incidence of car-
diomyopathy. However, elderly patients were at greater risk
even after adjustment for the normally decreased cardiac func-
tion in this group. The major determinants were the dose, the
schedule of administration, and the age of the patient. A
weekly doxorubicin dosing schedule was associated with sig-
nificantly less congestive heart failure than an every-3-weeks
dosing schedule. Continuous IV infusions over 96 hours also
can significantly lessen doxorubicin cardiotoxicity (197).

Dexrazoxane (Zinecard) is a chemoprotective agent with an
FDA-approved indication for reducing doxorubicin-associated
cardiomyopathy in women with metastatic breast cancer who
have received a cumulative doxorubicin dose of �300 mg/m2

and who, in their physician’s opinion, would benefit from

further doxorubicin therapy (see the Modulating Agents sec-
tion below).

There is evidence that doxorubicin is a radiosensitizing or
“radiomimetic” agent and can cause reactivation of tissue
reactions in areas previously irradiated (198). Radiation recall
reactions have also been reported in areas of previous drug
infiltration. A particularly sensitive area for serious recall tox-
icity is the esophagus (199).

Other toxic effects are observed in rapidly proliferating
normal tissues. These include marked alopecia in all hairy
body areas. Stomatitis may occur at high doses and is more
pronounced when the drug is given on consecutive days. It
generally begins in the sublingual and lateral tongue regions as
a burning sensation with noticeable erythema. The initial
inflammation typically progresses to ulceration after a few
days. Anal fissures or proctitis have been rarely reported.
Nausea and vomiting are common but of moderate intensity.
Diarrhea is rare with consecutive daily dosing, and the emetic
effects are generally limited to the first day of treatment.
Hyperpigmentation of the skin, especially the nail beds, may
occur. Extravasations of doxorubicin are known to cause
severe ulceration and soft tissue necrosis (190). Vein patency
should be assured before injection and constantly monitored
during administration.

As discussed later in this chapter, pegylated liposomal
encapsulation dramatically alters the pharmacokinetic profile
of doxorubicin and, hence, the drug’s toxicity profile.

Drug Interactions. Doxorubicin is believed to interact with
numerous other drugs. Most of these effects have been
described only in experimental systems, and their clinical sig-
nificance is, therefore, unknown. However, several potentially
significant interactions have been described in cancer patients.
Altered doxorubicin disposition is postulated with �-inter-
feron, and substantial doxorubicin dose reductions are
required (200). The combination of doxorubicin with H2 anti-
histamines, such as ranitidine or cimetidine, may also increase
toxicities significantly and necessitate drug dose reduction.

Special Applications. Doxorubicin has been investigation-
ally administered intrapleurally to patients with malignant
pleural effusions (201). Doses of 30 mg were diluted in 20 mL
of saline and administered by paracentesis needle as a bolus.
Eight of 11 patients responded to doxorubicin, including one
complete response. This response rate was superior to nitro-
gen mustard or tetracycline. Toxicity included pain or fever in
20% of patients and nausea or vomiting in 45% of patients.
No alopecia or hematologic toxicity was reported. Markman
et al. (202) combined doxorubicin (3 mg) with cytarabine
(61 mg) and cisplatin (100 mg/m2) in the treatment of seven
cancer patients with malignant pleural effusions. Two ovarian
cancer patients responded, and no significant systemic toxici-
ties were reported. All injections were given in 250 mL of
saline, and aggressive hydration was given to counteract cis-
platin nephrotoxicity.

Etoposide

Chemistry. Intravenous etoposide (VP-16) is used commonly
in combination chemotherapy regimens for the treatment of
patients with germ cell tumors of the ovary (136). Oral etopo-
side has activity as a salvage agent for refractory or recurrent
ovarian cancer (203). It is a semisynthetic epipodophyllotoxin
derived from the root of Podophyllum (the May apple plant, or
mandrake). The chemical name is demethylepipodophyllotoxin
9-[4,6-O-(R)-ethylidene-�-D-glucopyranoside]. Etoposide has
the molecular formula of C29H32O13 and a molecular weight of
588.58. It is highly soluble in methanol and chloroform, slightly
soluble in ethanol, and sparingly soluble in water. Because of
poor water solubility, the commercial drug is dissolved in an
ethanol-based cosolvent system.
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Etoposide was originally synthesized from Podophyllum
embodi (204). Structure-activity studies show that the hydroxyl
group at the C-4� position is required for activity and that alter-
ations at this site can dramatically affect activity.

Mechanism of Action. There is marked schedule depen-
dence for etoposide cell killing, and cytotoxic effects are max-
imal in G2 phase (205). There is also some activity against
cells in late S phase, and the drug can halt cell cycle traverse at
the S-G2 interphase (206).

Etoposide produces protein-linked DNA strand breaks by
inhibiting DNA TOPO-II enzymes (207). This normal mam-
malian enzyme mediates double-strand–passing activities in
G2 phase to condense or decondense supercoiled DNA (208).
Drug-induced inhibition of TOPO-II is an energy-dependent
process that is influenced by dose and duration of exposure.

Etoposide does not bind directly to DNA, but rather stabi-
lizes a transition form of the DNA–TOPO-II complex (207).
The number of single and double DNA strand breaks reflects
the cytotoxic dose-response curve (209). Etoposide and inter-
calative drugs such as doxorubicin “poison” TOPO-II enzymes
by stabilizing an otherwise transient form of TOPO-II cova-
lently linked with DNA (169). Normal TOPO-II strand-passing
activity is thereby blocked, and cell progression out of G2 phase
is halted (168). The production of cytotoxicity by etoposide
may ultimately involve chromosomal breaks characterized as
sister chromatid exchanges (210).

Another postulated etoposide mechanism involves microso-
mal activation to reactive intermediates capable of generating
oxygen free radicals (209). Nucleoside transport is also inhib-
ited at high drug concentrations, but whether this makes a
major contribution to the antitumor effect is unknown (211).

Drug Disposition. A two-compartment open pharmacoki-
netic model appears to adequately describe etoposide disposi-
tion in cancer patients (212). The terminal half-life of the drug
appears to be about 7 hours and is independent of the dose,
route, or method of administration (213). Renal excretion
appears to account for about 30% of overall drug elimination.
Forty-two to 66% of radiolabeled drug is recovered in the
urine, of which less than half is parent etoposide.

With standard doses of etoposide, no drug is detectable in
the cerebrospinal fluid (CSF), and even after doses of 400 to
800 mg/m2, CSF levels were less than 2% of concurrent plasma
levels (214). Despite the low distribution of drug into the CSF,
mean levels of 1.4 µg/g (range undetectable to 5.9 µg/g) have
been measured in brain tumor tissue (215). The drug also dis-
tributes into myometrial carcinoma and normal myometrium,
achieving levels 50% of those in the blood (216).

Biliary secretion of parent drug accounts for 2% or less of the
dose, although fecal recovery of drug and metabolites is vari-
able, ranging from 1.5% to 16.3% (217). However, patients
with obstructive jaundice excrete a larger fraction of the dose in
urine (46%) than do unaffected patients (35%), which suggests
that there is a slight decrease in hepatic drug metabolism with a
commensurate increase in renal clearance (214).

The plasma protein binding of etoposide is normally high,
averaging 95% in typical patients (218). The free (unbound)
fraction of etoposide can vary from 6% to 37% among
patients. Patients with increased bilirubin or decreased albumin
may have an increase in the free fraction even though systemic
clearance is unaltered (218). Myelosuppression may also be
commensurately increased in these patients. Other conditions
that may decrease etoposide clearance include prior cisplatin
therapy, obesity, and elevated alkaline phosphatase levels (219).

The absolute oral bioavailability of etoposide gelatin cap-
sules ranges from 25% to 74%, with a mean of 48% (220).
Some patients experience a 30% change in overall bioavail-
ability (both increased and decreased) with repeat dosing. Nei-
ther food nor other chemotherapeutic agents appear to alter

etoposide absorption (221). Wide variations in peak levels and
AUC values were also described in this trial.

Administration and Dosage. Etoposide must be diluted
prior to use with either 0.5% dextrose or 0.9% sodium chlo-
ride to give a final concentration of 0.2 to 0.4 mg/mL. Etopo-
side should be given by IV infusion over a 30- to 60-minute
period. Severe hypotension may occur if the drug is given too
rapidly. Although not a vesicant, extravasation of the drug
should be avoided (222). Examine all solutions for fine pre-
cipitates; mix before use. Precipitation may occur if the solu-
tion is prepared 0.4 mg/mL. Continuous infusions of etoposide
have been used as a means of enhancing efficacy because of its
phase-specific mode of antitumor action. Most infusions have
used 5-day courses, although 72-hour infusions have also been
employed (223).

Oral administration of etoposide capsules may be useful if
patient compliance is high and low-emetogenic drug regimens
are used. The capsules may be taken all at once to achieve the
desired dose. Neither food nor other chemotherapeutic drugs
appear to alter oral absorption of the drug (221). The GOG
has investigated multiple trials of oral etoposide at various
dosing regimens. Based on a cumulative review of these trials
and schedules, it was found to be active in platinum-resistant
ovarian cancer patients (overall response rate 26.8%; 7.3%
clinical complete remission rate) and in platinum-sensitive
patients (overall response rate 34.1%; 14.6% clinical com-
plete remission rate) (223). One of these trials that demon-
strated activity used an oral etoposide dosing schedule of
50 mg/m2/day for 21 days every 28 days with dose escalation
to 60 mg/m2/day when feasible (224). Studies using similar
oral etoposide dosing schedules in patients with cervical can-
cer and endometrial cancer failed to show significant activity
in these tumor types (225,226).

The variety of doses and schedules that have been used with
etoposide are presented in Table 16.4. General principles of
dosing include more frequent administration to take advantage
of cell cycle–dependent cytotoxicity, an approximate doubling
of oral doses due to 50% bioavailability for the gelatin cap-
sules, and significant dose reductions for combinations of
etoposide with other myelosuppressive drugs or for patients
with poor bone marrow reserve or poor performance status. In
general, etoposide doses can be repeated every 3 to 4 weeks
depending on the leukocyte count. A pharmacokinetic study in
patients with obstructive jaundice showed that no significant
dose reductions are needed if renal function is normal (229).

Side Effects and Toxicities. Side effects and toxicities for
oral and intravenous administration of etoposide as a single
agent are similar. The principal toxicity of etoposide is dose-
related and dose-limiting bone marrow suppression. Leukope-
nia and thrombocytopenia occur, but leukopenia consistently
predominates, with a nadir at approximately 16 days and
with recovery usually beginning by days 20 to 22.

Gastrointestinal complaints of nausea, vomiting, or anorexia
are usually minor and are more frequent with the oral prepa-
rations (230). Other adverse effects include alopecia in 20%
to 90% of patients, headache, fever, and hypotension (231).
Severe hypotension can occur if the drug is infused too rapidly
(�30 minutes) (217). Stomatitis has been infrequently reported.
Rare instances of generalized allergic reactions and anaphy-
laxis have occurred (232). A few episodes of cardiotoxicity,
including myocardial infarction and congestive heart failure,
have been described (233). Immune suppression appears to
be minimal with this drug (231). Bronchospasm with severe
wheezing has been rarely observed and has usually been
responsive to antihistamines and glucocorticosteroids. Chem-
ical phlebitis also has been associated with etoposide,
although the reaction is most likely related to solubilizers in
the diluent. Diluted solutions of etoposide are not vesicants.
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For inadvertent extravasations of highly concentrated etopo-
side solution, hyaluronidase may be effective (234).

Neurotoxicity has been rarely reported with etoposide.
This has consisted of somnolence and fatigue in 3% of
patients and peripheral neuropathy in less than 1% of
patients. However, the drug may exacerbate preexisting neu-
ropathy caused by vincristine (235). Predisposing factors
included advanced age, impaired nutritional status, and poor
performance status. Degradation of myelin lamellae has been
observed in affected nerves.

Special Applications. Despite preclinical data showing
peritonitis with intraperitoneal injections, combinations of
etoposide and cisplatin have been administered safely by the
intraperitoneal route. Barakat et al. (236) performed a phase 2
study of three courses of intraperitoneal cisplatin 100 mg/m2

plus etoposide 200 mg/m2 as consolidation therapy in patients
with stages II to IV epithelial ovarian cancer with negative sec-
ond-look surgeries. When compared with a similar group of
contemporaneous patients who did not receive consolidation
therapy, the disease-free survival distribution between the two
groups (using the log-rank test) was found to be significant
(p � 0.03) in favor of consolidation therapy (236). European
researchers have used a combination of etoposide 350 mg/m2

IP, followed by cisplatin 200 mg/m2 IP with IV sodium thio-
sulfate (4 g/m2 bolus, followed by 12 g/m2 over 6 hours) pro-
tection every 4 weeks for four to six cycles in ovarian cancer
patients with either no residual disease or minimal residual
disease at second-look surgery. The regimen was fairly well
tolerated, although there was one study-related patient death
from a bowel perforation and resulting complications. Other
major clinical complications were nausea, vomiting, and the
formation of intraabdominal adhesions. Grade 3 to 4 leukope-
nia and thrombocytopenia occurred in 30% and 6% of cycles,
respectively (237).

Etoposide in combination with other chemotherapeutic
agents and autologous stem cell rescue is often used in salvage
therapy for germ cell tumors or metastatic trophoblastic dis-
ease. Two commonly used regimens are bleomycin, etoposide,
and cisplatin (BEP) and ifosfamide, carboplatin, and etoposide
(ICE) (238).

5-Fluorouracil and Floxuridine

Chemistry. 5-Fluorouracil (5-FU) is a fluorinated pyrimi-
dine differing from the normal DNA substrate, uracil, by a
fluorinated number 5 carbon (chemically, 5-fluoro-2,4(1H,
3H)-pyrimidinedione). 5-FU has activity as a second-line
agent in advanced ovarian and cervical cancers and, in com-
bination with cisplatin, is used as an adjunct to radiation
therapy in women with locally advanced cervical cancer. Flox-
uridine (FUDR) is highly similar to its prodrug, 5-FU. The dis-
cussion of FUDR in this chapter will be limited to its special
application as an intraperitoneally administered agent for sal-
vage therapy for ovarian cancer. 5-FU is light sensitive and
precipitates at low temperatures or, occasionally, with pro-
longed standing at room temperature. It has the molecular
formula of C4H3FN2O2 and a molecular weight of 130.08.

Mechanism of Action. 5-FU acts as a false pyrimidine or
antimetabolite ultimately to inhibit the formation of the DNA-
specific nucleoside base thymidine. There are at least three
mechanisms of action: inhibition of thymidylate synthase by
5-fluoro21-deoxyuridine-5�-monophosphate (FdUMP), the
active metabolite of 5-FU; incorporation of 5-fluorouridine
triphosphate (FUTP) into cellular RNA; and incorporation of
FUTP into cellular DNA (239). 5-FU is a cell cycle phase-
specific agent with cytotoxic effects seen maximally in S phase.

Drug Disposition. There is disagreement over whether 5-FU
is eliminated by a two-compartment or three-compartment
model (2,240). Fraile et al. (241) demonstrated that plasma
levels of 5-FU after oral administration are quite erratic.
Schaaf et al. (227) documented that the pharmacokinetic char-
acteristics of 5-FU are nonlinear. Doubling of the dose was
accompanied by a decrease in nonrenal clearance. The half-life
from the high dose was twice as long as that for the low dose
of 5-FU. Their data were compatible with a product-inhibition
model. Yoshida et al. (242) found positive correlations between
the dose and serum steady-state levels (CSS) and areas under
the concentration . time curves (AUCs). Patients who devel-
oped toxic reactions had greater CSSs and AUCs. However,
there were no correlations between serum levels and patient
response to therapy.
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INTRAVENOUS AND ORAL DOSING SCHEDULES FOR ETOPOSIDE

TA B L E  1 6 . 4

Dose

Repeat dosing 
Administration method mg/m2/day Days interval (wk) Clinical application

Short single-dose IV infusion 200–250 1 7 Single agent, small cell lung cancer
Short multiple-dose IV infusion 100 1–5 3–4 Testicular cancer

100 1,3,5 3–4 With other drugs
45 1–7 3 Phase 1

Continuous IV infusion 125 1–5 4 Phase 1, single agent
30 1–5 4 With cisplatin in advanced cancer
80 1–5 4 Phase 1, good-risk patients
50 1–5 4 Poor-risk patients
125 1–3 4 Adult patients with advanced cancer (227)
500 1 (24-hr) 3 Small cell lung cancer

Oral 160 1–5 3–4 Small cell lung cancer
50 1–21 4 Ovarian cancer (228)
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5-FU and FUDR are extensively metabolized in the liver
(hepatic metabolism can detoxify up to 80% of the total
dose). However, there is no absolute documentation that
patients with impaired liver function require dose reductions
of 5-FU (243); however, patients should be monitored as they
may be at increased risk of toxicity. As much as 15% of a dose
may be found intact in the urine by 6 hours, with 90% of this
excreted in the first hour. Depressed renal function does not
generally require dosage adjustment for 5-FU.

5-FU distributes to all areas of body water by simple diffu-
sion. Significant quantities of the drug may enter the central
nervous system, and after 15 mg/kg given IV, CSF levels of 6
to 8 � 10�6 M are obtained after 30 minutes. These levels per-
sist for several hours and slowly subside. Although distribu-
tion to brain tissue is less rapid, abnormal areas, such as those
with neoplasms, may more readily take up drug.

5-FU achieves high and persistent levels in effusions after
IV administration. Hepatic administration through the portal
vein or artery also achieves high concentrations in the liver
parenchyma and produces relatively low systemic levels.

Santini et al. (228) showed that therapeutic monitoring of
5-FU levels in patients with head and neck cancer can be used
to improve the therapeutic index of the drug (i.e., less toxicity
with maximal efficacy).

Administration and Dosage. Doses of 5-FU to be given by
the IV push route do not require further dilution from the
commercial solution. Vein patency should be assured before
giving a dose, with a 5- to 10-mL flush of normal saline or
D5W and another flush after the dose to rinse the remaining
drug from the tubing. For short infusion (less than 24 hours),
the rate of administration is not critical, and the dose should
be given at a rate compatible with the particular vein selected.
The patient should be continuously monitored to guard
against extravasation. Most doses can be conveniently given
over 1 to 2 minutes in this fashion.

Continuous infusions (over 4 to 5 days) may maximize effi-
cacy of this cycle-specific drug and lessen hematologic toxicity
(244). Infusions of the drug may be added to a convenient vol-
ume of D5W or normal saline, and each reconstituted daily dose
can be administered over 24 hours. Commonly, the daily dose
of the drug is added to 1 L, although volume is not critical.

Regimens reported for the use of 5-FU include the use of a
loading dose, weekly IV bolus, continuous infusions over 4 to
5 days or over 6 weeks, and oral dosing. 5-FU may be adminis-
tered intravenously as a bolus, rapid injection on a monthly
(425 to 450 mg/m2 IV on days 1 to 5 every 28 days) or a
weekly schedule (500 to 600 mg/m2 every week for 6 weeks
every 8 weeks), or continuous IV infusion (24-hour infusion
2,400 to 2,600 mg/m2 every week; 96-hour infusion 800 to
1,000 mg/m2/day; or 120-hour infusion 1,000 mg/m2/day on
days 1 to 5 every 21 to 28 days) (50). Oral doses of up to 15 to
20 mg/kg/day for 5 to 8 days have been used (245). However,
the efficacy of oral 5-FU has not been confirmed at this time
(see the Capecitabine section above for a discussion of the oral
prodrug of 5-FU).

The loading dose scheme calls for one course of 400 to 500
mg/m2 (12 mg/kg; maximum of 800 mg) daily for 5 days every
28 days given as a single daily bolus injection or as a 4-day con-
tinuous infusion. This is followed by a weekly maintenance reg-
imen. Horton et al. (246) and Jacobs et al. (247), however,
strongly associated the use of the loading dose with significant
morbidity and occasional fatalities, and suggested that it offers
no greater antitumor efficacy over a weekly bolus injection of
15 mg/kg given IV.

Maintenance 5-FU dosing regimens include the following:
200 to 250 mg/m2 (6 mg/kg) every other day for 4 days, repeated
in 4 weeks (if toxicity has resolved); or 500 to 600 mg/m2

(15 mg/kg), given IV weekly as a continuous infusion or bolus
injection (with and without the loading dose).

By continuous infusion, higher daily doses have been suc-
cessfully used, and many investigators have reported lessened
hematologic toxicity and enhanced efficacy. Most of a dose is
eliminated by the liver and the remainder by the kidney.
Therefore, marked dysfunction in either system probably
requires a dose reduction.

There are two commonly used dosing regimens for 5-FU com-
bined with leucovorin: 370 mg/m2/day of 5-FU for 5 days plus
leucovorin given as a continuous infusion of 500 mg/m2/day,
beginning 24 hours before the first dose of 5-FU and continuing
for 12 hours after completion of therapy; or 5-FU given at doses
of 500 to 1,000 mg/m2 every 2 weeks, preceded by calcium leu-
covorin at a dose of 20 mg/m2 given as a 10-minute infusion (248).

Phase 3 studies performed by the GOG, SWOG, and Radia-
tion Therapy Oncology Group have documented the efficacy of
cisplatin/5-FU chemotherapy as an adjunct to radiation therapy
in women with high-risk cervical cancer (22,124,249). The
regimen used in the SWOG study was cisplatin 70 mg/m2 by 
2-hour IV infusion on day 1 of radiation followed by 5-FU 1,000
mg/m2/day by 96-hour continuous infusion on days 1 to 4 every
3 weeks for four cycles, with the first and second cycles given
concurrently with radiation therapy (124). The addition of con-
current cisplatin-based therapy to radiation therapy significantly
improved progression-free and overall survival in this study;
however, no definitive study has compared cisplatin versus cis-
platin/5-FU as an adjunct to radiation therapy for cervical cancer,
and the relative importance of 5-FU remains to be addressed.

Side Effects and Toxicities. The most pronounced and
dose-limiting toxic effects of 5-FU are on the normal, rapidly
proliferating tissues of the bone marrow and the lining of the
gastrointestinal tract. Some nausea and vomiting can be
expected. These adverse effects may respond relatively well to
antiemetic treatment. Stomatitis, however, is usually an early
sign of impending severe toxicity that may become evident
after 5 to 8 days of therapy. Symptoms include soreness, ery-
thema, or ulceration of the oral cavity or dysphagia. Other
reported gastrointestinal symptoms are diarrhea, proctitis,
and esophagitis.

Leukopenia, primarily granulocytopenia, and thrombocy-
topenia occur with a nadir at 9 to 14 days for the granulocytes
and 7 to 14 days for platelets. Patients who are poor candi-
dates for 5-FU therapy are those with a total leukocyte count
of 2,000/mm3 or less or platelet count of 100,000/mm3 or less
or those with poor nutritional status at the outset of therapy.

Some degree of alopecia is expected, although hair regrowth
has occurred even when successive doses are given. Partial loss
of nails and hyperpigmentation of the nail beds and other body
areas (e.g., face, hands) have been reported. These may resem-
ble the hyperpigmentation seen in Addison’s disease. A macu-
lopapular rash may occur on the extremities and sometimes the
trunk. The rash is usually reversible. Sunlight may heighten or
initiate many dermatologic reactions to 5-FU.

Palmar-plantar erythrodysesthesia (PPE) or hand-foot 
syndrome PPEs have been reported with very long continuous
infusion 5-FU (over several weeks). This has been reported in
42% to 82% of patients in various series. The syndrome is
progressive and disrupts treatment (250). This has encour-
aged the development of prodrugs of 5-FU, such as 5�-deoxy-
5-fluorouridine, capecitabine, BOF-A2, ftorafur, UFT, and S-1
(251,252). Although there is no indicated treatment for PPE,
the incidence has been reduced to a few percentage points by
limiting 5-FU continuous infusion durations to 21 days with
at least 1 additional week off drug. Possible therapies that
have yet to be evaluated in clinical trials include DMSO, sys-
temic corticosteroids, and pyridoxine (vitamin B6) (251,253).

Hyperpigmentation over the veins used for 5-FU administra-
tion has been observed (254). In one the veins remained patent,
but there was marked darkening of the skin immediately over
the vein.

428 Section II: Therapeutic Modalities and Related Subjects

Barakat_CH16-409-462.qxd  2/27/09  9:08 PM  Page 428



5-FU may also cause an acute cerebellar syndrome that can
persist beyond the period of actual treatment (255). Neurotox-
icity may be evidenced by headache, minor visual disturbances,
cerebellar ataxia, or all three. This is a rare complication. The
neurotoxic metabolite is probably fluorocitrate.

Cardiotoxicity is a rare but potentially serious toxicity
attributable to 5-FU. The incidence of cardiotoxicity may vary
from 1.2% to 18.0% of patients (256), and includes cases of
myocardial infarction, angina, dysrhythmias, cardiogenic
shock, sudden death, and electrocardiographic changes. The
mechanism producing 5-FU–induced cardiotoxicity is
unknown.

Special Precautions. 5-FU should never be given to preg-
nant women. 5-FU may increase the cortisone requirement in
patients who have had an adrenalectomy (e.g., for breast can-
cer), and consideration should be given to increased doses of
cortisone for patients receiving 5-FU.

Because dihydropyrimidine dehydrogenase is the rate-
limiting enzyme in the metabolism of 5-FU, patients with a
familial deficiency of dihydropyrimidine dehydrogenase
(familial pyrimidinemia) should not receive 5-FU. The admin-
istration of 5-FU to patients with this enzyme deficiency has
led to severe toxicity and even death (257, 258).

Accidental splashing of 5-FU on the skin or eyes of person-
nel should be treated with immediate irrigation with saline
solution or water. There have been no long-term sequelae of
these accidents (259).

Because of the alkaline nature of the drug, admixture with
any acidic agents (amino acids, penicillin, multivitamins,
insulin, tetracycline) represents a theoretic incompatibility.

Special Applications. FUDR, a closely related analog of
5-FU, has efficacy as a salvage agent when administered as an
intraperitoneal agent to stage III ovarian cancer patients with
minimal residual disease (i.e., �1 cm) following second-look
surgery. A SWOG study utilized intraperitoneal FUDR
(3 g/day for 3 days every 3 weeks for six courses) as a salvage
regimen in this patient population and documented a median
overall survival of 38 months (260). Additionally, 69% of
study patients had not progressed 12 months after receiving
intraperitoneal FUDR. Because the majority of the intraperi-
toneal FUDR dose is extracted during “first pass,” it is rela-
tively well tolerated, although grade 4, uncomplicated
neutropenia was observed in 14% of patients (260). Because
of the favorable 1-year progression-free survival in this study,
a subsequent phase 1-2 trial was conducted by the SWOG
(261). The researchers recommend that the regimen of IP
FUDR 
 IP cisplatin (or IP FUDR with both platinums) be
tested in a phase 3 trial in comparison to IP cisplatin (261).

Speyer et al. (262) investigated intraperitoneal 5-FU in
patients with ovarian and colon carcinomas. Using a Tenck-
hoff catheter, patients received repeated 36-hour courses of
eight 2-L exchanges, each 4 hours long, or a 3- to 5-day course
of single, daily 2-L instillations. 5-FU concentrations ranged
from 10�6 M (130 µg/L) to 8 ( 10�3 M � 1 g/L).

The procedure was relatively well tolerated locally,
although there were two instances of catheter-related bacter-
ial peritonitis that were easily managed. Concentrations of
4 � 10�3 M for 36 hours caused mucositis, pancytopenia, and
alopecia. The systemic toxicities were quite severe with the
highest dose tested (8 � 10�3 M). Pharmacokinetic studies
revealed first-order drug elimination, with an intraperitoneal
half-life of 72 to 112 minutes. Intraperitoneal drug levels were
300-fold greater than simultaneous plasma levels. Intraperi-
toneal 5-FU administration appears to produce high drug
concentrations with minimal systemic toxicity. Objective
responses were documented in two of seven patients studied in
this phase 1 investigation. The investigators recommended
further intraperitoneal 5-FU investigation at initial drug con-
centrations of 4 � 10�3 M (500 mg/L) for 36 hours (262).

Suhrland and Weisberger (263) used intracavitary 5-FU to
manage malignant pleural effusions from carcinoma of the
breast and lung tumors and to control malignant ascites from
ovarian carcinoma. Approximately 38% of the patients
responded to a single intracavitary dose of 2 to 3 g. For peri-
cardial effusions, doses of 500 to 1,000 mg were used. Repeat
dosing was not necessary. Patients with pleural effusions also
tended to respond better than those with ascites. Although
side effects were minimal in this study, some systemic toxicity
was consistently produced.

Gemcitabine

Chemistry. Gemcitabine (Gemzar) is a relatively new
chemotherapeutic agent that was approved by the FDA in 1995
for treatment of patients with advanced pancreatic cancer based
on an increase in survival and clinical benefit (improvement in
pain and performance status). The combination of gemcitabine
plus cisplatin also is FDA approved and is considered standard
therapy for patients with advanced non–small cell lung cancer.
Gemcitabine has demonstrated significant activity in advanced
ovarian cancer patients and is active against refractory ovarian
cancer and cervical cancer, as well as other solid tumors
(264–266). Gemcitabine is a synthetic nucleoside analog with a
structure that is highly similar to deoxycytidine and cytosine
arabinoside (ara-C). Gemcitabine HCl is 2�-deoxy-2�,2�-difluo-
rocytidine monohydrochloride (� isomer). The empiric formula
for gemcitabine is C9H11F2N3O4 

. HCl and the agent has a mol-
ecular weight of 299.66.

Mechanism of Action. Gemcitabine is a prodrug and
undergoes multiple phosphorylations by deoxycytidine kinase
at the intracellular level to form the active diphosphate and
triphosphate metabolites. The triphosphate is incorporated
into DNA as a fraudulent base pair. Following the insertion of
gemcitabine, one additional deoxynucleotide is added to the
end of the DNA chain before replication is terminated. This
process is known as “masked chain termination” and prevents
exonucleases from excising off the fraudulent base pair
(267,268). The diphosphate inhibits ribonucleotide reductase
and thereby depletes the deoxynucleotide pools that are neces-
sary for DNA synthesis and repair (269). Inactivation of gem-
citabine occurs when the drug is metabolized by cytidine
deaminase (both intracellulary and extracellulary) to form
difluorodeoxyuridine (dFdU) (270).

Drug Disposition. Following administration of gemcitabine
1,000 mg/m2 by 30-minute IV infusion, the parent compound
undergoes rapid clearance in a diphasic manner. The plasma
half-life and clearance are dose, age, and gender dependent.
Gemcitabine pharmacokinetics were evaluted in 353 patients
with varied solid tumors using short infusions (�70 minutes)
and long infusions (70 to 285 minutes) at various total doses
(500 to 3,600 mg/m2) (271). There is a three- to fourfold
interpatient variability in pharmacokinetics. As noted above,
gemcitabine is metabolized intracellularly by deoxycytidine
kinase to form the active diphosphate and triphosphate
metabolites. The drug is inactivated both intracellularly and
extracellularly by cytidine deaminase to form dFdU. Of the
administered gemcitabine dose, 99% is excreted in the urine
either as the parent compound (�10%) or as dFdU (272).

Dutch researchers have performed a pharmacokinetic
schedule-finding study of gemcitabine plus cisplatin. Gem-
citabine 800 mg/m2 was administered as a 30-minute infusion
either 4 hours before, 24 hours before, 4 hours after, or 24
hours after administration of cisplatin 50 mg/m2 by 1-hour IV
infusion. Neither of the dosing schedules that used a 4-hour
interval between drug administrations resulted in significant
pharmacokinetic or pharmacologic differences. However,
when gemcitabine was administered 24 hours before cisplatin,
there was a twofold decrease in the plasma AUC of platinum.
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Furthermore, when the order of the drugs was reversed (i.e.,
cisplatin was administered 24 hours before gemcitabine), there
was a 1.5-fold increase in the concentration . time product of
the active triphosphate metabolite of gemcitabine within white
blood cells. On the basis of these results, the investigators are
conducting a phase 2 study of the cisplatin/gemcitabine combi-
nation wherein cisplatin is administered 24 hours prior to gem-
citabine (273).

Administration and Dosage. Gemcitabine should be diluted
in 0.9% sodium chloride to a concentration of no greater than
40 mg/mL (higher drug concentrations may result in incom-
plete dissolution). Gemcitabine is generally administered as a
30-minute IV infusion at a dose of 1,000 mg/m2; infusion
durations of greater than 60 minutes are associated with dose-
limiting flu-like symptoms (274).

The standard dosing schedule used for treatment of pancre-
atic cancer is 1,000 mg/m2 by 30-minute IV infusion once
weekly for 7 weeks for cycle 1 followed by a 1-week rest and
then 1,000 mg/m2 once weekly for 3 weeks followed by a
1-week rest for subsequent cycles (275).

Multiple phase 2 studies of single-agent gemcitabine in
refractory/recurrent ovarian cancer have used a dosing sched-
ule of 800 to 1,250 mg/m2 once weekly for 3 weeks followed
by a week of rest; however, doses above 1,000 mg/m2 may be
associated with higher toxicity (266).

In vitro studies have shown synergism between gem-
citabine and cisplatin in a variety of human cancer cell lines
(276). It is believed that this synergism is primarily the result
of increased platinum-DNA adduct formation (276). As noted
(see the Drug Disposition section above), the interval between
cisplatin and gemcitabine administration can affect both phar-
macokinetic and pharmacologic parameters (273). This com-
bination appears to be especially promising for patients with
advanced ovarian cancer. Several phase 2 studies have been
conducted in previously untreated ovarian cancer patients
using a dosing schedule of cisplatin (75 to 100 mg/m2) on day
1 followed by gemcitabine 1,250 mg/m2 days 1 and 8 (264,277).
Others have performed phase 2 studies of gemcitabine plus
cisplatin for patients with relapsed ovarian cancer after prior
platinum-based chemotherapy and have determined that cis-
platin 30 mg/m2 plus gemcitabine 600 to 750 mg/m2 on days 1
and 8 every 21 days is an active and tolerable regimen that
demonstrated activity in platinum-resistant patients (87,278).

Side Effects and Toxicities. Gemcitabine-induced toxicity
is highly schedule dependent; small daily doses are associated
with greater toxicity than large doses administered on a
weekly basis (279). The dose, schedule, and duration of infu-
sion of gemcitabine directly affects the toxicity profile (279).
Infusion durations of greater than 60 minutes are associated
with increased myelosuppression and hepatic toxicity,
whereas the administration of small daily doses results in
dose-limiting flu-like symptoms (270,274). When gemcitabine
is administered using the standard weekly dosing schedule,
therapy is generally well tolerated and bone marrow suppres-
sion is the major dose-limiting toxicity.

Analysis of safety data from 22 completed clinical trials in
which gemcitabine was administered on a weekly basis to 979
patients revealed that neutropenia was the most significant
hematologic side effect. Six percent of patients experienced
grade 4 neutropenia and an additional 20% experienced
grade 3 neutropenia. Grade 4 leukopenia was experienced by
less than 1% of patients. Decreases in white blood cell counts
were noncumulative, short-lived, and rarely resulted in com-
plications. Only 6 of 979 patients (1.1%) developed severe
infections, and no patient developed a life-threatening infec-
tion. Grades 3 and 4 anemia were experienced by 6.8% and
1.3% of patients, respectively, and only 2 of the 979 patients
discontinued gemcitabine secondary to anemia. Grades 3 and
4 thrombocytopenia occurred in 4.1% and 1.1% of patients,

respectively. Less than 1% of patients received platelet trans-
fusions and only four patients (0.4%) discontinued therapy on
account of thrombocytopenia (279).

Gemcitabine is associated with a low incidence of hepatic
toxicity. Grade 3 elevations in alkaline phosphatase, alanine
aminotransferase (ALT), or aspartate aminotransferase (AST)
occurred in less than 8% of patients. Grade 4 elevations in
these liver enzymes occurred in 2% or fewer of patients.
Grade 3 or 4 increases in bilirubin occurred in 1.8% and
0.8% of patients, respectively. It is noteworthy that one third
of patients in this study population had documented liver
metastases (279).

Clinically significant renal toxicity rarely occurs with gem-
citabine therapy. However, rare cases of hemolytic uremic syn-
drome have been reported with gemcitabine therapy. The
incidence is believed to be approximately 0.6% (279).

Other nonhematologic toxicities that were reported in more
than 5% of patients were nausea/vomiting (64.3% overall,
17.1% grade 3, 1.2% grade 4), fever (37.3% overall, 0.7%
severe), edema (greater than 20% of patients), flu-like symptoms
(18.9%, 0.9% severe), cutaneous reactions (24.8%, 0.2%
severe), alopecia (14.1%, 0.4% severe), diarrhea (12.1%, 0.7%
severe), somnolence (9.1%, 0.9% severe), infection (8.7%,
1.1% severe), mucositis (8.4%, 0.2% severe), constipation
(7.8%, 0.7% severe), and dyspnea (7.7%, 1.2% severe). Nausea
and vomiting rarely were dose limiting and only two (0.2%)
patients discontinued gemcitabine therapy because of nausea.
Fever was a fairly frequent toxicity and sometimes occurred in
the absence of flu-like symptoms or infection. Subcutaneous
edema, including peripheral edema and facial edema, occurred
in a significant number of patients. Edema was generally mild to
moderate in nature; few patients (0.6%) discontinued gem-
citabine because of this side effect, and the edema resolved after
drug discontinuation. Flu-like symptoms consisted of headache,
back pain, chills, myalgia, asthenia, and anorexia and were gen-
erally short lived. Paracetamol was reported to provide relief to
some patients. Cutaneous reactions consisted of erythema in
mild cases (15.5%) and dry desquamation, vesiculation, and/or
pruritus in moderate cases (9.1%). Only one patient developed
severe cutaneous toxicity that was characterized as moist
desquamation and ulceration. Dyspnea (with or without bron-
chospasm) occurs in less than 10% of patients following gem-
citabine administration. This toxicity generally occurs within a
few hours of treatment and resolves within 6 hours (279).

Fatal pulmonary toxicity (acute respiratory distress syn-
drome) has been reported as a rare side effect of gemcitabine
therapy (280). Symptoms include progressive dyspnea, tachyp-
nea, marked hypoxemia, and bilateral interstitial infiltrates con-
sistent with pulmonary edema. Some patients have responded
to the termination of gemcitabine therapy and treatment with
corticosteroids and diuretics. Prior radiation therapy to the
mediastinum may be a risk factor for gemcitabine-induced pul-
monary edema (280,281).

Possible incompatibilities between gemcitabine solutions
and other drug solutions have not been studied.

Ifosfamide

Chemistry. In combination with cisplatin, ifosfamide
(IFEX, Holoxan) is a commonly used drug for the first-line
treatment of patients with advanced cancer of the cervix, and
in combination chemotherapy, it is a second-line treatment for
patients with advanced cancer of the ovary (282,283). It also
has activity in advanced or recurrent endometrial cancer
(284). Chemically, ifosfamide is 3-(2-chloroethyl)-2-[(2-
chloroethyl)amino]-tetrahydro-2H-1,3,2-oxazaphosphorine-
2-oxide, and is chemically related to the nitrogen mustards
and a structural analog of cyclophosphamide. It differs only in
the position of one of the two chloroethyl groups, which is
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transposed to the endocyclic (ring) nitrogen in ifosfamide. The
molecular formula is C7H15Cl2N2O2P, and the compound has
a molecular weight of 261.1.

Mechanism of Action. Ifosfamide is a metabolically acti-
vated alkylating agent. Like cyclophosphamide, it must first
undergo hydroxylation by microsomal (mixed-function oxi-
dase) enzyme systems (285). The activation of ifosfamide
occurs more slowly than that of cyclophosphamide, and there
is quantitatively greater oxidation of the chloroethyl side
chains with ifosfamide. This leads to a greater production of
chloracetaldehyde, a possible neurotoxin.

The activation process generates highly reactive metabo-
lites, particularly 4-hydroxyifosfamide, which are capable
of cellular uptake and, ultimately, covalent binding to protein
and to DNA (286). Metabolites can spontaneously break
down to yield the bladder irritant acrolein and the active alky-
lating moiety ifosforamide mustard. Cross linking of DNA
strands proceeds from ifosforamide mustard, but acrolein
binds nonspecifically and covalently to bladder epithelium.
The DNA–cross-link distance is greater for ifosfamide (seven
atoms) compared with cyclophosphamide (five atoms). Fur-
thermore, the aziridine forms more slowly and is less reactive
since it lacks a positive charge (287). Chain scission of DNA
and inhibition of thymidine uptake also occur with ifosfamide.
The primary mechanism of alkylation is not cell cycle specific.

Drug Disposition. The pharmacokinetics of ifosfamide
appear to be qualitatively similar to those of cyclophos-
phamide. Creaven et al. (288) found a plasma half-life of radi-
olabeled ifosfamide (5,000 mg/m2) of 13.8 hours, with 82%
urinary (radioactivity) recovery.

The plasma decay pattern appears to be biexponential
(two-compartment model) for large bolus doses and monoex-
ponential (one-compartment model) with fractionated doses.
In contrast to single-dose pharmacokinetics studies, Allen et al.
(289) found that with sequential daily administration of
2,400 mg/m2/day for 3 days, there is monoexponential
plasma decay with a half-life of 6.9 hours and a metabolized
urinary recovery fraction of 72.8%, in contrast to the biexpo-
nential decay (plasma half-life 15.2 hours) of a single-bolus
dose of ifosfamide (5,000 mg/m2). This finding suggests that
the metabolic disposition of the drug may be dose dependent.
These half-lives are approximately twice those reported for
cyclophosphamide. Of note, a longer ifosfamide half-life may
be seen in obese patients who are more than 20% over ideal
body weight. The renal clearance rate of ifosfamide is about
twice that for cyclophosphamide: 21.3 versus 10.7 mL/min in
bolus dosing and 18.7 versus 10.7 mL/min with fractionated
doses. Only about half of an ifosfamide dose is metabolized
compared with about 90% for cyclophosphamide. This
reflects a substantial difference in the metabolic clearance
capacity for the two analogs. Although more intact (inactive)
ifosfamide than cyclophosphamide is renally excreted, urinary
alkylating activity persists longer with ifosfamide.

Creaven et al. (288) demonstrated that because unchanged
ifosfamide, but not metabolites, penetrates the blood-brain
barrier, alkylating activity in the CSF may occur but is proba-
bly negligible.

Administration and Dosage. Ifosfamide is reconstituted by
the addition of sterile water to the vial, which should be shaken
to dissolve. Ifosfamide may be further diluted to a concentra-
tion of 0.6 to 29.0 mg/mL in 5% dextrose or 0.9% sodium
chloride. It is administered intravenously, usually by a short
infusion. Ifosfamide may also be administered by slow IV push
in a 75-mL minimal volume of sterile saline solution but not
water and infused over at least 30 minutes or by continuous
infusion over 5 days. Large single doses of ifosfamide produce
much more toxicity than fractionated schedules, which are
therefore preferred in solid-tumor treatment regimens. Ade-
quate hydration of the patient before and for 72 hours after

ifosfamide therapy is recommended to reduce the incidence of
drug-induced hemorrhagic cystitis. The use of a concurrent
prophylactic agent for hemorrhagic cystitis, such as mesna
(Mesnex), is required to prevent severe hematuria from high-
dose ifosfamide. At least 2 L of fluid each day is recommended
to produce a copious urine output.

Continuous infusions of ifosfamide over 24 hours have
also been given every 3 weeks (290). Mesna can be given con-
currently in the same infusion container or as a 4-hour inter-
mittent IV bolus (291). However, renal toxicities may be
increased with the single, large infusions. Extravasation of the
drug should not cause tissue necrosis, but one case report has
been described (292).

The FDA-approved dose for testicular cancer is 1,200
mg/m2/day for 5 consecutive days every 21 days. Other dosage
schedules include 2,000 mg/m2 IV continuous infusion on days
1 to 3 every 21 days as part of the MAID regimen (mesna,
Adriamycin, ifosfamide, dacarbazine) for soft-tissue sarcoma;
1,000 mg/m2 on days 1 and 2 every 28 days as part of the ICE
regimen (ifosfamide, carboplatin, etoposide) for non-Hodgkin’s
lymphoma; and 1,000 mg/m2 on days 1 to 3 every 21 to
28 days as part of the TIC regimen (paclitaxel, ifosfamide,
carboplatin) for head and neck cancer (50).

A phase 2 study evaluated ifosfamide (1,500 mg/m2 IV
over 1 hour, days 1 to 3) with mesna in combination with
paclitaxel (175 mg/m2 IV over 3 hours on day 1) and cisplatin
(75 mg/m2 IV over 2 hours on day 2) as first-line therapy in
advanced, suboptimally debulked epithelial ovarian cancer
patients (293). This regimen was associated with an 85%
objective response rate and a median overall survival of 52.8
months in 22 patients with stage III or IV disease. A regimen
of paclitaxel (175 mg/m2), ifosfamide (5,000 mg/m2), and cis-
platin (75 mg/m2 or 50 mg/m2 in irradiated patients) every 21
days in 45 recurrent or persistent cervical cancer patients was
associated with a 67% objective response rate (294).

Morgan et al. (295) evaluated several IV push and infu-
sion dose schedules in non–small cell lung cancer: 700 to
900 mg/m2/day by IV push for 5 days repeated every 3 weeks;
700 to 1,000 mg/m2/day for 5 days repeated every 3 weeks
plus 1 g/day of oral ascorbic acid; 4 g/m2 slow infusion
repeated every 3 weeks; and 900 mg/m2 by IV push weekly.
There appeared to be less hematuria produced with the
sequential 5-day schedule with concomitant ascorbic acid.

Rodriguez et al. (296) described a 47% response rate in
leukemia patients with continuous infusions of ifosfamide at
1,200 mg/m2/day given for 5 days. Significant genitourinary
toxicity was not encountered, and myelosuppression predom-
inated as the dose-limiting toxicity. In combination with other
cytotoxic drugs, such as doxorubicin or lomustine (CCNU), a
single IV push dose of 1,000 mg/m2 (not to exceed 12,500 g
total) has been recommended.

Side Effects and Toxicities. Creaven et al. (288) reviewed
the clinical toxicity of ifosfamide given as a large bolus injec-
tion (200 to 10,000 mg/m2) and in a fractionated 3-day (2,400
mg/m2/day) schedule. Urinary tract toxicity is the dose-limiting
factor with both schedules. The clinical hallmark is hemor-
rhagic cystitis, which is caused by excretion of active alkylating
metabolites into the urinary bladder. Vigorous hydration with
oral and intravenous fluids and concomitant mesna are needed
to prevent serious ifosfamide-induced bladder damage. Hydra-
tion may also overcome the antidiuretic effects of this drug.
Nelson et al. (291) used IV furosemide (20 to 40 mg) to main-
tain adequate urine flow in a phase 1 study of ifosfamide.
Diuretic responses usually occurred within 1 hour.

Symptoms of dysuria and urinary frequency appear to paral-
lel those of hematuria. The onset of symptoms is 1 to 2 days
after injection, with an average duration of 9 days (range 1 to
41 days) (297). Dose-related ifosfamide-induced nephrotoxicity
was detected by elevation of the BUN, producing a subsequent
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dose-related uremia in 66% of patients receiving 150 mg/kg.
Other lesions seen at autopsy (four of seven patients) included
evidence of acute tubular necrosis and pyelonephritis. At low
daily doses, granular cylindruria was seen in all patients, denot-
ing marked tubular damage. The cylindruria cleared within
10 days of drug discontinuance (298). DeFronzo et al. (298) also
described glomerular dysfunction and a Fanconi-type picture in
a patient treated with ifosfamide. Prior cisplatin therapy may
also increase ifosfamide-induced nephrotoxicity (299,300).

Nausea and vomiting appear to be common and are more
severe after a rapid injection of large ifosfamide doses. Emesis
typically begins within a few hours of administration and per-
sists an average of 3 days (range 1 to 28 days) (297).

Hematologic toxicity from ifosfamide usually involves only
a mild to moderate degree of leukopenia in most patients. In a
review by Creaven et al. (288), significant thrombocytopenia
was not encountered for any of the dose schedules used.

Lethargy and confusion are seen with high doses of ifos-
famide and may be caused by the chloracetaldehyde metabo-
lite. Nelson et al. (291) observed that this lasted from 1 to 8
hours, was spontaneously reversible, and was related to the
passage of intact drug into the central nervous system (CNS).
Seizures, ataxia, stupor, and weakness have been reported
after ifosfamide. These effects may be increased by concomi-
tant neurotoxic drugs, such as certain antiemetics, tranquiliz-
ers, narcotics, and antihistamines. There is a single case report
of nonconvulsive status epilepticus associated with ifosfamide
therapy. The patient responded to discontinuation of the ifos-
famide and phenytoin therapy (301). Although alkylating
metabolites appear to penetrate the blood-brain barrier, the
levels achieved are too low to be useful in the treatment of
CNS tumors (288).

Alopecia is usually seen with ifosfamide, especially when
large bolus doses are used. In a study by Van Dyk et al. (297),
the average onset of maximal hair loss was 19 days (range 11
to 32 days) after the start of treatment.

Hepatic enzyme elevations have been described in some
patients. The elevations in alkaline phosphatase and serum
transaminase are transient and typically resolve rapidly with-
out sequelae.

Special Precautions. The patient must be kept well hydrated
during ifosfamide therapy to reduce the potential for hemor-
rhagic cystitis. The use of mesna given intravenously or orally is
required to prevent hemorrhagic cystitis. Table 16.5 outlines the
recommended mesna schedule for ifosfamide uroprotection.

Patients who have received previous or concurrent therapy
with radiation or cytotoxic drugs may require significant ifos-
famide dosage reductions. Dose reductions should also be
considered for patients with impaired renal function and/or
serum albumin concentrations below 3.5 g/dL.

Drug Interactions. Several drug interactions are possible
with ifosfamide. Because the compound undergoes hepatic
activation by microsomal enzymes, induction is potentially
possible by pretreatment with various enzyme-inducing drugs,
such as phenobarbital, phenytoin, and chloral hydrate.

Nephrotoxic drugs like cisplatin may significantly increase
ifosfamide renal damage (300). Other drug interactions reported
for cyclophosphamide that may also occur with ifosfamide
include reactions with metabolic alteration of H2 antihistamines,
such as cimetidine.

Irinotecan

Chemistry. Irinotecan (CPT-11, Camptosar), a TOPO-I
inhibitor, is a water-soluble semisynthetic derivative of camp-
tothecin, a natural product extracted from the stem wood of
the Camptotheca acuminata tree that has significant antitu-
mor activity. It was approved by the FDA in 1998 for treat-
ment of patients with progressive metastatic colon or rectal
cancer following 5-FU therapy. Early clinical development of
camptothecin was halted because of severe, unpredictable
hemorrhagic cystitis, vomiting, and myelosuppression. Subse-
quently, irinotecan was formulated as a prodrug to have
greater water solubility, increased antitumor activity, and less
toxicity than the parent compound. Its chemical name is (4S)-
4,11-diethyl4-hydroxy-9-[(4-piperidino-piperidino)carbony-
loxy]-1Hpyrano[3�,4�:6,7]indolizino[1,2-b] quinoline-3,14
(4H,12H) dione hydrochloride trihydrate. This drug has a
molecular weight of 677.19 and the empirical formula is
C33H38N4O6

. HCl . 3H2O.
Mechanism of Action. Irinotecan’s cytotoxicity is believed

to be related to the inhibition of TOPO-I, an enzyme neces-
sary for DNA replication (208). Irinotecan is activated to the
active metabolite, SN-38, by the liver (302). Irinotecan and
SN-38 bind to the transient TOPO-I–DNA complex, stabilize
the complex, and thereby promote DNA single-strand breaks.
These strand breaks prevent DNA replication and result in cell
death (208,302). Current research suggests that the cytotoxic-
ity of irinotecan is due to DNA damage produced during
DNA synthesis. Mammalian cells cannot repair these double-
strand breaks.

Drug Disposition. Pharmacokinetic studies performed by
Rothenberg et al. (303) have determined that when irinotecan
is administered as a 90-minute IV infusion at dose ranges of
50 to 180 mg/m2, the plasma terminal-phase half-life for
irinotecan (total) was 7.9  2.8 hours, 6.3  2.2 hours for
irinotecan (lactone), and 11.5  3.8 hours for SN-38 (the
active metabolite). The time of peak plasma concentration for
irinotecan was at infusion end, whereas the time of peak con-
centration for total SN-38 varied from 30 to 90 minutes after
completion of the infusion. Plasma clearance was unrelated to
dose, with a mean clearance of 15.3  3.5 L/h/m2 for the total
and 45.6  10.8 L/h/m2 for the lactone. At the 150-mg/m2

dose, the following pharmacokinetic parameters were
observed: peak plasma concentration—1.97 µg/mL for total
irinotecan, 0.83 µg/mL for the lactone form, and 36.7 ng/mL
for total SN-38; and concentration . time product (AUC) 8.44
µg . h/mL for total irinotecan, 2.81 µg . h/mL for the lactone
form, and 409.8 ng . h/mL for total SN-38. Renal excretion
was not a major route of drug elimination.

Abigerges et al. (304) determined in their pharmacokinetic
study of irinotecan (100 to 700 mg/m2 by 30-minute IV infu-
sion) that the plasma disposition of irinotecan was biphasic or
triphasic. The mean plasma terminal-phase half-life, volume of
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DOSING SCHEDULES FOR MESNA COMBINED 
WITH IFOSFAMIDE

TA B L E  1 6 . 5

Dose (mg/kg) as a percentage 
of ifosfamide dose at times 
before and after ifosfamide

Route of mesna 15 minutes 4 hours 8 hours 
administration before after after

Intravenous 20% 20% 20%
Orala Not recommended, 40%a 40%a

use IV route

aFor highly reliable patients with total emetic control, mesna solution
can be diluted 1:1 to 1:10 in carbonated cola drinks or in chilled
fruit juices (e.g., apple, grape, tomato, and orange juice) and 
administered orally.
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distribution, and total body clearance of irinotecan were 14.2
 0.9 hours, 157  8 L/m2, and 15  1 L/m2/h, respectively.
Both the irinotecan and SN-38 concentration . time product
(AUC) increased linearly with dose. At the 350-mg/m2 dose
level, the irinotecan and SN-38 AUCs were 34.0  4.1 µg .
h/mL and 451  100 ng . h/mL, respectively. The plasma
terminal-phase half-life of SN-38 was 13.8  1.4 hours.

Administration and Dosage. The appropriate dose of
irinotecan should be diluted with 500 mL of dextrose (5%) to
a final concentration of 0.12 to 1.1 mg/mL and administered
IV over 90 minutes (303). Alternatively, French investigators
have administered irinotecan by diluting the appropriate
amount of drug in 250 mL of 0.9% sodium chloride solution
and delivering the drug IV over 30 minutes (304).

In the United States, the recommended dose for irinotecan
therapy in colon cancer patients is 125 mg/m2 weekly by
90-minute infusion for 4 weeks followed by a 2-week rest.
In Europe, the recommended dose is 300 to 350 mg/m2 by
90-minute infusion every 21 days. The U.S. schedule has been
used in three phase 2 clinical trials, wherein irinotecan dis-
played modest activity in cervical cancer patients (305–307).
When administered as a single dose every 3 weeks, a 240-
mg/m2 dose is recommended (303,308). French investigators
have determined that a 600-mg/m2 30-minute IV infusion every
3 weeks can be administered if drug-induced diarrhea is
aggressively managed by high-dose loperamide (e.g., up to
16 mg/day); however, these investigators recommended a dose
level of 350 mg/m2 every 3 weeks until further experience is
gained with higher dose levels (304).

Side Effects and Toxicities. Diarrhea and neutropenia are
the major dose-limiting toxicities associated with irinotecan
(303,304,308). Other moderate to severe toxicities associated
with irinotecan therapy include anemia, dehydration (sec-
ondary to diarrhea), nausea, vomiting, anorexia, abdominal
cramping, cumulative asthenia, thrombocytopenia, renal
insufficiency, elevations in liver transaminases, and alopecia.

The diarrhea associated with irinotecan appears to be due
to two separate mechanisms. The diarrhea that may occur
during irinotecan infusion is highly responsive to atropine
therapy and, therefore, appears to be related to cholinergic
activity. However, the subacute diarrhea that develops 2 to
3 weeks after irinotecan therapy is refractory to anticholinergic
agents. The most effective treatment for the subacute diarrhea
is institution of therapy with antimotility agents (i.e., lop-
eramide or diphenoxylate hydrochloride with atropine sul-
fate) at the first signs of increased intestinal motility (e.g.,
loose bowels). If left untreated, subacute diarrhea can rapidly
progress to grade 4 toxicity. This life-threatening diarrhea is
refractory to antidiarrheal therapy and generally lasts for 5 to
7 days. Patients with grade 4 diarrhea should be hospitalized
and receive supportive care with IV fluids and electrolyte
replacement (303).

Special Precautions. As described above (see the Side Effects
and Toxicities section), irinotecan can induce grade 4 diarrhea
that is refractory to antidiarrheal medication. Patients who are
receiving irinotecan must be monitored carefully for early
symptoms of increased intestinal motility and should receive
antimotility therapy (e.g., up to 16 mg/day loperamide) as soon
as initial symptoms of diarrhea appear. A low level of glu-
curonidation in the biliary system has been associated with the
development of severe diarrhea in some patients (309).

Special Applications. The TOPO-I inhibitor irinotecan also
has been shown to have activity against advanced cervical can-
cer. Cottu et al. (310) reported response rates in patients with
relapsed cervical cancer ranging from 20% to 22%. The GOG
reported a response rate of 13.3% (6 of 45) in patients with
advanced cervical cancer with no prior chemotherapy (306).
No responses were reported in second-line (after resistance to
cisplatin) treatment in a phase 2 study of 16 patients (305).

However, Verschraegen et al. (307) reported a 21% response
rate in the same patient population (n � 42). Reviews by
Eisenhauer and Vermorken (311) and Verschraegen (312)
have reported response rates ranging from 13% to 24%. The
combination of irinotecan (60 mg/m2 90-min IV on days 1, 8,
and 15) followed by cisplatin (60 mg/m2 on day 8) adminis-
tered every 3 weeks has demonstrated activity in a phase 2
trial of first-line treatment of cervical cancer, with a 1-year
disease-free and overall survival of 26.7 and 65.1%, respec-
tively (313).

Liposomal Encapsulated Doxorubicin

Chemistry. Liposomal doxorubicin (Doxil, Caelyx) is
FDA approved for the treatment of patients with metastatic,
refractory ovarian cancer and AIDS-related Kaposi’s sarcoma.
Doxorubicin HCl, which is the established name for (8S,10S)-
10-[(3-amino-2,3,6-trideoxy-�-L-lyxo-hexopyranosyl)oxy]-8-
glycolyl-7,8,9,10-tetrahydro-6,8,11-trihydroxy-1-methoxy-5,
12-naphthacenedione hydrochloride, has a molecular weight
of 579.99 and the molecular formula C27 H29 NO11

. HCl. The
liposomal carriers are composed of N-(carbonyl-methoxy-
polyethylene glycol 2000)-1,2distearoyl-sn-glycero-3-phos-
phoethanolamine sodium salt (MPEG-DSPE), 3.19 mg/mL;
fully hydrogenated soy phosphatidylcholine (HSPC), 9.58
mg/mL; and cholesterol, 3.19 mg/mL. Greater than 90% of
the drug is encapsulated in the liposomes. The liposomal
encapsulation of doxorubicin dramatically alters the pharma-
cokinetic and toxicity profiles of the drug.

Mechanism of Action. The mechanism of action of doxoru-
bicin was discussed previously (see the Doxorubicin section).
Liposomes are microscopic vesicles composed of a phospho-
lipid bilayer that are capable of encapsulating active drugs.
The liposomes of the encapsulated form of doxorubicin are
formulated with surface-bound methoxypolyethylene glycol
(MPEG), a process often referred to as pegylation, to protect
liposomes from detection by the mononuclear phagocyte sys-
tem (MPS) and to increase blood circulation time (314).

Drug Disposition. Liposomal doxorubicin is associated
with a much longer plasma half-life, slower plasma clearance,
and reduced volume of distribution than free doxorubicin. In
a pharmacokinetics study performed in six patients with solid
tumors, the area under the plasma disappearance curve was
1.0 mg/L . hour versus 609 mg/L . hour when 25 mg/m2 of
doxorubicin was administered as free drug or as a pegylated
liposomal form, respectively. The initial half-life was 0.07 ver-
sus 3.2 hours, and the terminal half-life was 8.7 versus 45.2
hours for the free and liposomal forms of doxorubicin, respec-
tively. Additionally, the steady-state volume of distribution
was 254 L versus 4.1 L for the free and liposomal forms,
respectively (315). Liposomal encapsulation of doxorubicin
has also been shown to result in fourfold to 16-fold increases
in tumor-tissue drug concentrations relative to that achieved
following administration of the free form.

Administration and Dosage. Liposomal doxorubicin must
be diluted in 250 mL of 5% dextrose prior to administration.
Because liposomal doxorubicin contains no preservative
or bacteriostatic agent, aseptic technique must be strictly
observed. Liposomal doxorubicin may be administered as an
IV infusion over 30 to 60 minutes. In that liposomal doxoru-
bicin is not a vesicant, extravasation of the drug is not a critical
concern. For ovarian cancer patients, liposomal doxorubicin
should be administered at a dose of 50 mg/m2 (every 4 weeks)
at an initial rate of 1 mg/min to reduce the risk of infusion
reactions. The rate may be increased to a 60-minute infusion if
no adverse events are noted. The recommended dose in AIDS-
related Kaposi’s sarcoma patients is 20 mg/m2 over 30 minutes,
once every 3 weeks, for as long as patients respond and toler-
ate treatment.
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Side Effects and Toxicities. Unlike the parent drug, liposo-
mal doxorubicin is not a vesicant and is associated with mini-
mal cardiotoxicity, alopecia, and nausea/vomiting. However,
the liposomal encapsulation results in acute infusion reac-
tions, and an increased rate of PPE and stomatitis (316). PPE
is a dose-limiting toxicity that can occur in 26% of patients
who receive 50 mg/m2 every 4 weeks (317). Stomatitis is a sec-
ond dose-limiting toxicity associated with liposomal doxoru-
bicin. Current methods to prevent PPE and stomatitis include
dose reduction and discontinuation. (Grade 1—redose; if
patient has experienced previous grade 3 or 4 toxicity, delay
the treatment by 2 weeks until resolution to grades 0 to 1 and
reduce dose by 25% before returning to original dose level.
Grades 2 to 4—delay up to 2 weeks until resolved; if no reso-
lution to grades 0 to 1, discontinue. Grades 3 to 4—after delay
and resolution to grades 0 to 1, decrease dose by 25%; if no
resolution, discontinue.) To help relieve pain from PPE, topi-
cal wound care, elevation, and cold compresses may be used
as supportive care (253). Topical DMSO has been used to
treat skin extravasations (99% DMSO four times daily up to
14 days), but has yet to be evaluated in a randomized trial
(251). Other possible therapies that have yet to be evaluated
in clinical trials include systemic corticosteroids and pyridox-
ine (vitamin B6) (253).

Infusion-related reactions occur in fewer than 10% of
patients treated with liposomal doxorubicin and are most com-
mon during the first course of treatment. Symptoms may include
flushing, shortness of breath, facial swelling, headache, chills,
back pain, tightness in the chest and throat, and hypotension.
Alopecia has been observed in only 15% of ovarian cancer
patients treated with liposomal doxorubicin.

Melphalan

Chemistry. Melphalan (Alkeran, L-phenylalanine mustard,
L-PAM) is a phenylalanine derivative of nitrogen mustard that
acts as a bifunctional alkylating agent. Melphalan is FDA
approved for the chemotherapy of patients with multiple
myeloma. The agent’s molecular formula is C13H18Cl2N2O2
and its molecular weight is 305.2. It is known chemically
as 4-[bis(2-chloroethyl)amino]-L-phenylalanine. Melphalan is
water insoluble and previously was only commercially avail-
able in a 2-mg tablet form. However, a parenteral formulation
was approved by the FDA in 1993. Melphalan for injection is
supplied as a freeze-dried powder in single-use vials contain-
ing 50 mg melphalan and 20 mg povidone. A vial of sterile
diluent (10 mL) is also supplied.

Mechanism of Action. Melphalan is an alkylating agent of
the bischloroethylamine type. Its cytotoxicity appears to be
related to the extent of its interstrand cross linking with
tumor-cell DNA, probably by binding at the N7 position of
guanine (318). The cross-helical base pairing causes strain and
possible rupture of the double-stranded DNA backbone.

Melphalan is relatively stable in media containing high
concentrations of chloride ions and at acid pH (318). It has a
relatively short in vitro half-life in plasma of approximately
two hours owing to the rapid hydroxylation of the chloroethyl
groups of the molecule. Melphalan may form a reactive
immonium ion that can alkylate or hydroxylate the monohy-
droxy and dihydroxy metabolites. Monohydroxy melphalan
possesses only 2% of the cytotoxicity of the parent com-
pound, and the dihydroxy derivative is inactive (319).

Melphalan is usually transported into cells by two amino
acid–transporting systems: the sodium-independent system
that transfers leucine and a monovalent cation-dependent sys-
tem similar to that which transfers alanine, serine, or cysteine
(320). Melphalan efflux from cells appears to be sodium inde-
pendent, to be stimulated by amino acids in the extracellular
medium, and to occur by a simple diffusion mechanism.

Drug Disposition. Melphalan has extremely variable sys-
temic availability after oral administration. In the average
patient, approximately one third of an administered dose of
melphalan can be recovered from plasma after a bolus oral
dose. The range of systemic availability after oral dosing
varies from none to over 90%. The terminal-phase plasma
half-life of orally administered melphalan is approximately
90 minutes, and the 24-hour urinary excretion rate averages
11% (321). Melphalan penetration into cerebrospinal fluid is
low. Plasma protein binding ranges from 60% to 90%, and
approximately 30% is irreversibly bound to plasma proteins.

Studies of melphalan metabolism, using an isolated per-
fused rat liver model and in vitro rat microsomal enzyme
preparations, have documented insignificant hepatic biotrans-
formation (322).

Two groups of investigators have reported that the systemic
availability of melphalan is increased if the drug is adminis-
tered in the fasting state. The presence of a large meal appears
to enhance melphalan degradation at the alkaline pH found in
the upper small bowel before systemic absorption (323).

Patients with multiple myeloma receiving intravenously
administered melphalan achieved longer durations of survival
than those receiving the oral formulation. Furthermore, a sig-
nificantly lower dose of intravenously administered drug was
associated with life-threatening leukopenia and infectious
complications compared with the oral formulation (323).

Administration and Dosage. The usual IV dose is 16 mg/m2

(15- to 20-minute infusion) administered at 2-week intervals
for four doses, then at 4-week intervals. The oral agent dose is
6 mg/day for 2 to 3 weeks, followed by up to 4 weeks without
treatment. As a single agent, one-time IV doses of 1 mg/kg
repeated at 4- to 6-week intervals are generally well tolerated.
Although the manufacturer reports equal effects from intra-
venous or oral doses, bioavailability differences and the poten-
tial for lessened hepatic clearance of IV doses suggest IV
dosing at reduced levels. In a surgical adjuvant setting for
ovarian carcinoma, melphalan has been used in large cyclic
doses of 1 mg/kg given IV over 8 hours and repeated in 
4 weeks (324). The apparently equivalent therapeutic results
with intravenous and oral dosing are surprising in light of the
reported poor oral absorption of the compound.

Side Effects and Toxicities. Compared with other standard
alkylating agents, melphalan is relatively well tolerated after
oral administration. Except for dose-limiting bone marrow
suppression (i.e., neutropenia, thrombocytopenia, anemia),
other acute side effects are uncommon and include infrequent
nausea and vomiting and, rarely, skin rash and pulmonary
toxicity (325). Melphalan is characterized by its potential to
cause cumulative bone marrow damage, as expressed by pro-
found and prolonged depression of neutrophils and platelets.
There is a slow reduction in peripheral leukocyte and platelet
counts to their nadirs at 28 to 35 days after drug administra-
tion followed by a 14- to 21-day recovery period.

Acute nonlymphocytic leukemia has been reported in
patients with multiple myeloma and ovarian cancer after pro-
longed melphalan therapy. In one Swedish study of 474
patients with ovarian carcinoma, there were four cases of
acute nonlymphocytic leukemia among 12 patients who
received 800 mg or more of melphalan (326). An evaluation
of the relationship between alkylating agents and leukemic
disorders in 3,363 one-year survivors of ovarian cancer
revealed that the 10-year cumulative risk of acquiring
leukemia was 11.2% after treatment with melphalan and
5.4% after cyclophosphamide treatment (327). The risk of
developing leukemia after melphalan and cyclophosphamide
treatment was significantly higher than in matched patient
groups who received no chemotherapy. These data suggest
that, to reduce the leukemia risk, the total dose of melphalan
should not exceed 600 mg.
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Special Applications. One major impediment to the success
of cancer chemotherapy is the rapid development of drug
resistance as manifested clinically by short objective responses
and subsequent, progressive tumor growth despite aggressive
chemotherapy. Several mechanisms have been postulated to
explain this relatively universal phenomenon.

Melphalan therapy has been used in autologous bone mar-
row transplantation. A series of studies has been reported for
high-dose (120 to 225 mg/m2) IV administered melphalan
against adult melanoma, breast, and colon cancers (328).
Although the resulting high response rates appear to be
promising, most have been partial, and survival advantages
have not yet been established. In general, these high doses of
melphalan have been tolerated relatively well, with diarrhea
and stomatitis becoming severe and dose-limiting at doses
greater than 200 mg/m2.

Because ovarian cancer remains confined to the intraperi-
toneal space for most of its natural history, there has been
increasing interest in the intraperitoneal administration of
cytotoxic drugs to patients with minimal residual intraperi-
toneal disease (i.e., plaques �1 cm in diameter) after aggressive
cytoreductive surgery or primary chemotherapy. Melphalan
exhibits a high degree of in vitro cytotoxicity as compared with
other standard chemotherapeutic agents when tested against
fresh human ovarian cancer tumors at drug concentrations
achievable by intraperitoneal administration (329). In addition
to its high degree of cytotoxicity, melphalan’s high molecular
weight ensures a relatively low clearance from the peritoneal
space.

In a phase 1 dose-finding study, Howell et al. (330)
showed that an intraperitoneal melphalan dose of 70 mg/kg
was tolerated, with only moderate leukopenia (median
nadir 2,000 cells/µL) and thrombocytopenia (median nadir
69,000 platelets/µL) and no evidence of peritoneal irrita-
tion. The peak peritoneal concentration averaged 93-fold
greater than the plasma concentration, and total drug expo-
sure for the peritoneal cavity averaged 63-fold greater than
that for the plasma.

Methotrexate

Chemistry. Methotrexate is an active drug in the first-line
treatment of gestational choriocarcinoma, chorioadenoma
destruens, and hydatidiform mole. It is used in the prophy-
laxis and treatment of meningeal leukemia, and is used in
combination with other agents for the treatment of breast can-
cer, epidermoid cancers of the head and neck, advanced myco-
sis fungoides, advanced non-Hodgkin’s lymphoma, lung
cancer, and metastatic squamous cell cancer of the cervix.
Methotrexate is a cell cycle–specific antifolate analog, which
differs from folic acid in two substitutions: an amino group
for a hydroxyl in the pteridine portion of the molecule and a
methyl group on the amino nitrogen between the pteridine
nucleus and the benzoyl group of 4-amino-10-methyl folic
acid. Chemically, methotrexate is N-[4-[[(2,4-diamino-6-
pteridinyl)methyl]benzoyl]-L-glutamic acid. It is a weak acid
with a molecular weight of 454.45 and a molecular formula of
C20H22N8O5. It is only slightly soluble in water and alcohol.
Sodium methotrexate is water soluble and is used in injectable
preparations.

Mechanism of Action. Free intracellular methotrexate
tightly binds to dihydrofolate reductase, blocking the reduc-
tion of dihydrofolate to tetrahydrofolic acid, the active form
of folic acid. As a result, thymidylate synthetase and various
steps in de novo purine synthesis that require 1-carbon trans-
fer reactions are halted. This in turn arrests DNA, RNA, and
protein synthesis.

Amino acid syntheses blocked by methotrexate include those
requiring 1-carbon transfer, such as the conversion of glycine to

serine and homocysteine to methionine. Experimental studies
have shown that thymidylate synthetase is inhibited at methotrex-
ate concentrations of 10�8 M or less, but inhibition of purine syn-
thesis requires concentrations of 10�7 M or greater (331).

Methotrexate undergoes a variable degree of polyglutama-
tion intracellularly. The polyglutamated forms of the drug are
positively charged and do not readily pass through cell mem-
branes. Methotrexate polyglutamates form an intracellular
pool of active drug that is retained for long periods, some-
times months, after a single dose (332). The ability of tumor
cells to add t-glutamyl residues to methotrexate may be a key
determinant of antitumor activity.

The effects of methotrexate are rapidly reversible as free
methotrexate leaves the cells. The normal intracellular levels
of dihydrofolate are very low (10�8 M) but increase greatly
after methotrexate administration.

Resistance to methotrexate may develop as a result of ele-
vated dihydrofolate reductase activity or defective transport of
methotrexate into malignant cells. Increased dihydrofolate
reductase enzyme levels may also result from amplification of
the dihydrofolate reductase gene, a process associated with
homogeneously staining regions of chromosomes and an
unstable inheritance mediated by double minutes or extra
chromosomal DNA fragments (333). Certain quinazolines
have been shown to be effective inhibitors of thymidylate syn-
thetase and may be useful clinically in overcoming this type of
resistance (334). In vitro studies and clinical experimentation
with high-dose therapy indicate that a major mechanism of
resistance is probably secondary to decreased cellular uptake.

Methotrexate is classified as a cell cycle phase–specific
antimetabolite with activity mostly in S phase. Experimentally,
methotrexate synchronizes tumor cells in S phase about 36 to
72 hours after administration (335).

The enhanced toxic effect on tumors compared with normal
tissue from high-dose methotrexate with leucovorin rescue
may be a result of bypassing normal carrier-mediated cell
membrane transport of methotrexate. Leucovorin and its
metabolite, 5-methyltetrahydrofolate, share a common influx
transport site with methotrexate. There appear to be at least
two active transport carrier systems involved in the influx and
efflux of methotrexate and folates (336). If normal cells are
rescued with calcium leucovorin, methotrexate can then exert
a relatively greater toxic effect on the tumor cells. Selective res-
cue of normal cells may be mediated by a slower rate of DNA
synthesis relative to the tumor cell or to tissue-specific differ-
ences in transmembrane transport.

Drug Disposition. Orally administered methotrexate is
rapidly but incompletely absorbed from the gastrointestinal
tract. It reaches peak blood levels in approximately 1 hour.
Approximately 50% to 60% of the drug in the blood is bound
to plasma proteins. Methotrexate is widely distributed to
body tissues. In conventional doses, methotrexate is excreted
unchanged in the urine. In high doses, it is partially metabo-
lized to 7-hydromethotrexate, which is only slightly soluble in
acidic solutions. About 1% to 11% of a dose is excreted as the
7-hydroxy metabolite, and this may comprise as much as 35%
of the drug level in the terminal elimination phase. Only about
one third of an oral dose is absorbed, but intramuscular
absorption is almost 100% (337).

The hepatic extraction coefficient for methotrexate appears
to be very low and intra-arterial hepatic doses show metabolism
and pharmacokinetics similar to IV doses (338). Methotrexate
is both filtered at the glomerulus and actively secreted by the renal
tubule. Drugs that interfere with renal excretion of weak acids,
such as probenecid, sulfinpyrazone, and salicylates, may be
expected to reduce the rate of methotrexate excretion. Probenecid
has been used successfully in one study to produce a prolonged
elevation of plasma methotrexate levels from otherwise low doses
of methotrexate (339).
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Plasma decay of methotrexate levels has been reported to
be biphasic and possibly triphasic. Huffman et al. (340)
reported half-lives after a 30 mg/m2 dose to be triphasic: 0.750
 0.11, 3.49  0.55, and 26.99  4.44 hours, respectively.
Stoller et al. (341) reported a biphasic plasma decay for high-
dose therapy of 2.06  0.16 and 10.4  1.8 hours. Wang et al.
(342) reported age-dependent biphasic elimination of high-
dose methotrexate.

Patients with pleural effusions may accumulate methotrex-
ate that slowly distributes from this compartment back into
the plasma to increase systemic exposure and the risk of toxi-
city (343). Effusions should be drained before administration
of methotrexate.

Administration and Dosage. Methotrexate may be given
by the oral, intramuscular, intravenous (intravenous infusion
or push), intra-arterial, or intrathecal routes. For treatment of
neoplastic disease, oral administration of low-dose methotrex-
ate is preferred owing to the rapid absorption of the tablet
form of the agent. Methotrexate has been given by numerous
dosing schedules. The usual starting doses are adjusted based
on clinical response and hematologic monitoring. In general,
methotrexate is administered orally or intramuscularly in
doses of 15 to 30 mg daily for a 5-day course. Courses are
usually repeated for three to five times as required, with rest
periods of 1 or more weeks between courses until toxicities
subside (344). Leucovorin is indicated following treatment
with higher doses of methotrexate to diminish toxicity.

If the IV formulation is administered, the dose should be
reduced by 50% for patients with renal insufficiency (BUN
�30 mg/L). Similar dose reductions should be made for the oral
form, although no specific guidelines are available. Methotrex-
ate administration is contraindicated in patients with a creati-
nine clearance less than 40 mL/min and/or a serum creatinine
greater than 2 mg/dL.

Side Effects and Toxicities. Hematologic effects of methotrex-
ate include leukopenia, thrombocytopenia, and anemia. They
occur rapidly and depend on the dose and schedule used. The
nadir of hemoglobin depression occurs after 6 to 13 days and of
reticulocyte at 2 to 7 days, with rebound between 9 and 19 days.
Leukocyte nadir occurs within 4 to 7 days, followed by partial
recovery and then, in rare instances, a second decrease in the
leukocyte counts occurs during days 12 to 21. The platelet nadir
is reached in 5 to 12 days. Hypogammaglobulinemia may also
occur after methotrexate administration.

Nausea, vomiting, and anorexia are usually the earliest
gastrointestinal symptoms. Gingivitis, glossitis, pharyngitis,
stomatitis, and ulcerations with bleeding of the mucosal mem-
branes of the mouth or other portions of the gastrointestinal
tract may occur. If ulcerative stomatitis or diarrhea occurs,
methotrexate therapy must be interrupted to prevent severe
hemorrhagic enteritis or intestinal perforation.

Hepatotoxicity is more common in patients receiving high-
dose therapy and in those receiving frequent small doses.
Hepatocellular injury is indicated in liver function tests by a
rise in serum glutamic oxaloacetic transaminase (SGOT) and
serum glutamic pyruvic transaminase (SGPT), usually within
the first 12 hours. Prothrombin times may rise with a decrease
in plasma factor VII activity, and indirect hyperbilirubinemia
may develop. All of these usually return to normal within
1 week. Hepatocytes appear to be protected by fractionated
high-dose methotrexate treatments with leucovorin rescue if
treatments are administered at intervals of less than 1 week.
This may be due to leucovorin activity remaining from prior
doses. Various pathologic hepatic changes can occur, includ-
ing atrophy, necrosis, fatty changes, fibrosis, and cirrhosis.
Liver biopsy is the only reliable means of assessing the degree
of methotrexate hepatotoxicity.

Dermatologic side effects include erythematous rashes,
pruritus, urticaria, folliculitis, vasculitis, photosensitivity,

depigmentation, or hyperpigmentation. Alopecia may occur,
with several months being required for regrowth. CNS effects
include dizziness, malaise, and blurred vision. Encephalopathy
also has been reported. Intrathecal administration has been
followed by increased CSF pressure, convulsions, paresis, and
a syndrome resembling the Guillain-Barré syndrome (342).
Deaths have been reported after intrathecal therapy. Renal
failure may occur in patients receiving methotrexate, espe-
cially in high doses. This risk may be decreased by alkaliniza-
tion of the urine to increase methotrexate solubility and by
giving large quantities of fluid. Other reactions rarely reported
include chills and fever, osteoporosis, and pulmonary reac-
tions, mainly fibrosis (345).

Drug Interactions. Potential drug interactions have been
postulated to occur with other protein-bound drugs, such as
salicylates, sulfonamides, phenytoin, and p-aminobenzoic
acid. These drugs displace methotrexate from its protein-
binding site in the blood, causing an increase in the levels of
the free drug. However, the overall degree of binding is proba-
bly not high enough for major displacement interactions.

Antibiotics used in gut sterilization may also alter
methotrexate pharmacokinetics in humans, eliminating the
slow phase of excretion (346). Salicylates and probenecid may
also compete with methotrexate for renal tubular secretion
and increase its serum half-life.

Ethyl alcohol may increase the possibility of methotrexate-
induced hepatotoxicity. Oral anticoagulants, such as warfarin,
may be greatly potentiated by methotrexate. Methotrexate
may alter the liver metabolism of these drugs.

There are several drug interactions described for methotrexate
with other chemotherapeutic agents. For example, a clinically
significant interaction between methotrexate and L-asparaginase
involves the administration of methotrexate 3 to 24 hours before
L-asparaginase. The methotrexate treatment is believed to block
protein synthesis and reduce asparaginase toxicities, allowing
larger doses to be given. Some sequential methotrexate combina-
tions may produce enhanced therapeutic activity. For example,
methotrexate given 4 to 9 hours before 5-FU may produce
enhanced antitumor activity in breast cancer, but with a com-
mensurate increase in toxic effects (132,347). The mechanism
of this interaction involves a significant increase in 5-FU for at
least 3 hours (347). The reverse sequence decreases therapeutic
activity (348).

Methotrexate activity is enhanced, and thus toxicity
increased, when it is used with aspirin, penicillins, nonsteroidal
anti-inflammatory agents, cephalosporins, or phenytoin. These
agents inhibit the renal excretion of methotrexate (50).

Special Applications. Very high doses of methotrexate have
been administered for a variety of tumors. Although leucovorin
rescue reduces toxicity, it is still not certain that high-dose ther-
apy is superior to more conventional dosing without rescue.
Specific dosing schemes vary, but a high dose of methotrexate is
usually administered intravenously and followed by calcium
leucovorin 24 to 36 hours after initiation of therapy to prevent
toxicity. Table 16.6 presents specific dosing recommendations.

The dose range of methotrexate with leucovorin rescue is
100 mg/m2 to 10 g/m2 given every 1 to 3 weeks. The lower end
of this dosing spectrum has been administered in four divided
oral doses over a 24-hour period. Most frequently, the dose is
given by IV infusion in 1 to 2 L of fluid as a rapid infusion or
over 6 to 24 hours. Higher peak methotrexate levels occur
with more rapid IV infusions, and this may be theoretically
more efficacious. There does not appear to be a clinical differ-
ence in toxicity between rapid and prolonged infusions. Only
the 500- and 1,000-mg vials with no preservative should be
used for this purpose. Further dilution of methotrexate is nec-
essary and can be accomplished with normal saline or D5W.

High-dose methotrexate has been associated with reversible
nephrotoxicity. At high concentrations, methotrexate may
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precipitate in the renal tubule, causing tubular dilatation and
damage. The pKa of methotrexate is 5.4. When the urine pH is
near this value, methotrexate exists predominantly in its insol-
uble form and is likely to precipitate. Renal toxicity may be
prevented by increasing urine alkalinity and flow. Sodium
bicarbonate (3 g every 3 hours for 12 hours before therapy) is
usually sufficient to induce an alkaline urine in adults. The
sodium bicarbonate should be continued with frequent urine
pH checks during the therapy and for 48 hours after the dose
has been delivered. Methotrexate serum levels are useful in
predicting toxic reactions and appropriately adjusting rescue
doses of leucovorin (349). High-dose methotrexate with rescue
is complicated and potentially extremely toxic. Only experi-
enced teams using carefully designed protocols should attempt
this treatment. Immediate methotrexate levels should be readily
available. Fatal renal or hematologic reactions have occurred at
major treatment centers despite the prophylactic precautions
described (350).

Mitomycin

Chemistry. Mitomycin (Mutamycin, mitomycin C) is a
purple antibiotic isolated from Streptomyces caespitosus that
is indicated for disseminated adenocarcinoma of the stomach
or pancreas in combination with other agents and as palliative
treatment. It has also has been proven to be useful in combi-
nation chemotherapy as a third-line agent in the treatment of
advanced cervical cancer. Its chemical name is [1aR]6-amino-
8-[[(aminocarbonyl)oxy]methyl]-1,1a,2,8,8a,8b-hexahydro-
8a-methoxy-5-methylazirino[2�,3�:3,4]-pyrrolo[1,2-a]indole-4,
7-dione, and it has a molecular weight of 334. Mitomycin is
heat stable, is soluble in water and other organic solvents, and
has a unique absorption peak at 365 nM (351). In solution, it
is slowly inactivated by visible but not ultraviolet light. It is
very unstable in acidic and highly basic conditions. The aziri-
dine and carbamate groups on mitomycin are necessary for
alkylating activity but not for antibacterial activity. The com-
pound is activated by reduction of the quinone moiety, which
releases a methanol residue from the molecule. This allows the
aziridine ring to open, exposing an electrophilic carbon at C1
(alkylating site). The second (cross-linking) site for alkylation
is exposed at C10 after an enzymatic or chemically mediated
loss of the carbamate side chain.

Mechanism of Action. Mitomycin is activated in vivo to an
alkylating agent that cross links complementary DNA strands,
halting DNA synthesis. DNA is the major site of mitomycin
activity, although at extremely high concentrations, RNA syn-
thesis may also be affected. The active metabolites of mito-
mycin resulting from reduction of the quinone moiety yield
an opened aziridine ring exposing the primary alkylating site
at C1. A second alkylating site at C10 is exposed with the enzy-
matic loss of the carbamate side chain (352). The molecular
site of DNA binding has been identified at the N2 and O6 posi-
tions of adjacent guanines in the minor groove of DNA (353).

Activation of the drug can be mediated by chemical reduc-
ing agents, by microsomal enzymes, or even by brief exposure
to an acidic pH. The extent of DNA binding appears to be
related to the guanine and cytosine content of the particular
DNA. Cytotoxicity probably results directly from DNA syn-
thesis inhibition secondary to alkylation.

Oxygen free radicals may also contribute to the cytotoxic-
ity of mitomycin by producing DNA strand breaks (354).
Oxygen free radicals are produced by cyclic redox reactions of
the quinone moiety. Mitomycin’s cytotoxic action is not cell
cycle phase–specific, but cytotoxic effects are maximized if
cells are treated in late G1 and early S phase. In addition to the
direct cytotoxic effects of the drug, mitomycin also causes
chromosomal aberrations (mutagenic activity), and in experi-
mental systems, it is a potent carcinogen and teratogen.

Kennedy et al. (355) described selective activation of mit-
omycin by hypoxic cells, suggesting some drug selectivity
for hypoxic tumors. Resistance to mitomycin involves an
increase in specific cytosolic proteins (possibly a glutathione
transferase) and collateral resistance with anthracyclines
and dactinomycin (356). The latter type of multidrug resis-
tance is mediated by P-glycoprotein expression, with resultant
enhanced drug efflux, as observed in mitomycin C–resistant
L-1210 cells (357).

Drug Disposition. Mitomycin is cleared rapidly from the vas-
cular compartment. Peak serum concentrations of about
1 µg/mL are typically achieved after IV bolus doses of 10 mg/m2.
Less than 10% of the dose is excreted into the urine, and this is
complete within a few hours after administration. Mitomycin
also has been detected in the bile and feces, although animal
studies demonstrate that the highest drug levels occur in the kid-
neys. Detectable levels were also found in muscle, lung, intestine,
stomach, and eye, but not in the brain, spleen, or liver (351).

The primary means of mitomycin elimination is by liver
metabolism, but the specific enzymes responsible are unknown.
However, the enzymes responsible for metabolism do not
appear to involve the P450 mixed-function oxide family.
In vitro studies demonstrate drug inactivation on contact with
tissue preparations from the spleen, liver, kidney, brain, and
heart. This inactivation is further augmented by anaerobic con-
ditions (357).

There is no detectable change in mitomycin pharmacokinet-
ics in patients with altered hepatic function nor when other
drugs, including furosemide, are given concurrently (358).
Schilcher et al. (359) showed that the pharmacokinetics of mit-
omycin do not change after the administration of high doses.

Mitomycin distribution into bile and ascites fluids has been
quantitated in patients receiving standard IV doses. The max-
imum biliary level of 0.5 µg/mL was achieved after 2 hours
and was five- to eightfold higher than simultaneous plasma
levels during the elimination phase (360). Mitomycin also
rapidly penetrates into ascites fluid and reaches maximal con-
centrations of 0.05 µg/mL 1 hour after administration. This
distribution represents about 40% of the total plasma expo-
sure. The drug also appears to slightly concentrate in cervical
tissues after IV administration (361).

With intra-arterial administration, the hepatic extraction of
mitomycin averages only 23% (362). The calculated relative
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DETERMINATION OF LEUCOVORIN DOSE FOR
HIGH-DOSE METHOTREXATE (50 TO 250 MG/KG
OVER 6 HOURS) REGIMENSa

TA B L E  1 6 . 6

Leucovorin administration

Plasma methotrexate mg/m2 of No. of 
concentration at leucovorin doses of 
48 hours (M) every 8 hours leucovorin

�5 � 10�7 15 7
5 � 10�7 15 8
1 � 10�6 100 8
2 � 10�6 200 8

aPlasma methotrexate concentration at 96 hours should be deter-
mined also. If the plasma concentration at 96 hours is �5 � 10�6 M,
the previously used leucovorin regimen should be continued until
the plasma methotrexate concentration is �5 � 10�7 M. All patients
should also be prehydrated for 12 hours to establish an alkaline
diuresis using 1.5 L/m2 of fluid containing 10 mEq of bicarbonate
and 20 mEq of KCl (pH of urine should be 7.0). 
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advantage for hepatic arterial infusions is only 2.5- to 3.6-fold
greater than for other methods.

Administration and Dosage. Sterile water (10 mL) should
be added to each 5-mg vial of mitomycin and shaken gently to
dissolve. Mitomycin should be administered intravenously to
avoid extravasation of the drug. If extravasation occurs,
severe local tissue necrosis may occur (363). The drug is usu-
ally given by a slow IV push, with continuous patient moni-
toring to lessen the chance of extravasation. Short infusions in
100 to 150 mL of D5W or normal saline have also been used.
Vein patency should be checked before the administration of
any dose, using 5 to 10 mL of fluid that does not contain the
drug. The same procedure should follow the dose. This flushes
any remaining drug from the tubing and the venipuncture site.

The recommended dose of mitomycin used as a single
agent is 20 mg/m2 given IV every 6 to 8 weeks. In combination
with other myelosuppressive drugs, mitomycin doses are typi-
cally limited to 10 mg/m2 every 6 to 8 weeks. Bolus doses
greater than 20 mg/m2 produce severe toxicity without greatly
enhancing efficacy.

Repeat dosing of mitomycin should be based on adequate
marrow recovery, including leukocytes, platelets, and erythro-
cytes. Leukocyte count should return to 4,000/mm3 and
platelet count to 100,000/mm3.

An ambulatory continuous infusion of mitomycin has been
administered at 0.75 mg/m2/day for consecutive 50-day dos-
ing (364). A dosing regimen of 3 mg/m2/day for 5 days every
4 to 6 weeks has also been used (364). These regimens are
believed to deliver greater dose intensity by reducing myelo-
suppression. Intra-arterial perfusion doses of 20 mg/m2 have
been given every 6 to 8 weeks (365).

Side Effects and Toxicities. Bone marrow suppression
involving platelets, leukocytes, and erythrocytes is the most
serious toxicity, and it can continue for 3 to 8 weeks after drug
administration is halted (351). Myelosuppression, particularly
anemia, can be cumulative. This has been minimized by keep-
ing total lifetime doses under 50 to 60 mg/m2.

Gastrointestinal disturbances in the form of nausea, vomit-
ing, and anorexia occasionally develop. These reactions are
usually not severe and have an onset within 1 to 2 hours after
administration. They may persist for several hours. Stomatitis
may also occur, but it is generally not severe.

Renal toxicity detected by increasing serum BUN and crea-
tinine levels with glomerular dysfunction is occasionally seen.
This does not appear to be dose- or treatment-duration
related, and it is usually not severe. However, mitomycin can
also induce a microangiopathic hemolytic anemia with pro-
gressive renal failure (hemolytic-uremic syndrome) and car-
diopulmonary decompensation. This disease is fatal within
3 to 4 weeks of diagnosis, although the onset is typically delayed
for months after mitomycin administration (366). The inci-
dence of this toxic effect may approach 10% among patients
given large cumulative doses (366). In one series, renal com-
plications from mitomycin developed in 1.6% of 63 patients
receiving a total dose of 50 mg/m2 or less, 11% of 37 patients
receiving 50 to 69 mg/m2, and 28% of 18 patients receiving
total doses greater than 70 mg/m2 (367). This suggests that a
threshold for inducing microangiopathic hemolytic anemia
may be a cumulative dose of about 50 mg/m2 of mitomycin.
Signs of the disease include thrombocytopenia, circulating
schistocytes, and acute renal failure. Histopathologic exami-
nations of the kidneys reveal fibrin thrombi in arterioles,
tubular atrophy, and widespread glomerular necrosis. 

Veno-occlusive disease of the liver has been reported after
high-dose mitomycin therapy and autologous bone marrow
transplantation (368). Signs include progressive hepatic dys-
function, abdominal pain, and ascites. Although this rarely
has been observed with low-dose therapy, it appears to be
much more frequent after high-dose regimens.

Alopecia may occur after mitomycin therapy, but it is usu-
ally not severe. Rarely, purple bands in the nail beds corre-
spond to sequential doses of the drug. Lethargy or weakness
may occur and can last from several days to 3 weeks. Fatigue
and some drowsiness or confusion have also been observed.
Dose-related skin reactions and fever with drug administra-
tion are occasionally seen.

Severe soft-tissue ulcers may also be expected if the drug
escapes the vein during administration. Mitomycin extravasa-
tion injuries can result in chronic ulcers that can expand over
months (363). Particularly distressing aspects of some mito-
mycin extravasations include the delayed (3 to 4 months) and
sometimes distal occurrence of soft-tissue ulceration after
uneventful injections in a peripheral vein (369). In animals,
the only effective antidote to mitomycin skin reactions was
topical DMSO (99% DMSO). Mitomycin extravasations may
be empirically treated with topical application of 1.5 mL of
DMSO every 6 hours for 14 days (370).

Interstitial pneumonia thought to be secondary to mito-
mycin has been reported for a small number of patients. These
patients showed rapid improvement after treatment with cor-
ticosteroids (371).

Special Precautions. Myelosuppression may be cumulative
with successive doses of mitomycin and may necessitate dose
reductions. Careful monitoring of blood counts is critical.
Serious local ulceration may occur if the drug is delivered out-
side the vein. Extravasation of mitomycin must be avoided.

Clinically significant antitumor drug synergy in humans
has yet to be described for mitomycin, although it is probably
at least additive in several drug combinations, including the
FAM regimen (5-FU, doxorubicin, mitomycin) used in gas-
trointestinal cancer, the MOB regimen (mitomycin, vincristine
[Oncovin], bleomycin) used in carcinoma of the uterine
cervix, and megestrol acetate in patients with advanced breast
cancer.

Special Applications. Mitomycin and intraperitoneal hyper-
thermia were combined to prophylactically treat patients with
gastric cancer (372). Mitomycin (8 to 100 µg/mL) was admin-
istered continuously in bags containing 2,000 mL of heated
(40�C to 45�C) saline solution. The total perfusion was 8 to 12
L over 50 to 60 minutes, comprising a mitomycin C dose of 64
to 100 mg. Low peak plasma levels (0.1 µg/mL) were pro-
duced, and approximately 39% of the administered dose was
retained intraperitoneally. The half-lives of mitomycin C in the
perfusate are 10 to 17 minutes (�) and 70 to 120 minutes (�)
(373). Serum protein levels decreased significantly during and
after the procedure, indicating that serum protein reaccumu-
lates in the peritoneal space.

Mitomycin (5 to 10 mg) has also been given every 28 days
combined with cisplatin (100 mg/m2) using the intraperitoneal
route. Mitomycin was always given 1 week after cisplatin, and
the dose was diluted in 2 L of normal saline. In 11 patients
with malignant peritoneal mesothelioma, five of eight previ-
ously untreated patients had reduced fluid reaccumulation
lasting from 2 to 32 months (median 5 months) (202). The
major toxic reaction was pain, and catheter failure was related
to the intraperitoneal mitomycin.

Oxaliplatin

Chemistry. Oxaliplatin (Eloxatin, diaminocyclohexane
platinum, DACH platinum) is a third-generation platinum
with the molecular formula C8H14N2O4Pt and the chemical
name of cis-[(1R,2R)-1,2-cyclohexanediamine-N,N�][oxalato
(2-)O, O�]platinum, and it has a molecular weight of 397.3.
Oxaliplatin is an organoplatinum complex in which the plat-
inum atom is complexed with 1,2-diaminocyclohexane
(DACH) and with an oxalate ligand as a leaving group. Oxali-
platin is slightly soluble in water (6 mg/mL), slightly soluble in
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methanol, and practically insoluble in ethanol and acetone.
It is FDA approved for second-line treatment in metastatic
colorectal cancer in combination with fluoropyrimidines.

Mechanism of Action. Oxaliplatin binds to DNA in a
manner similar to cisplatin, in that it binds to repeating
deoxyguanosines d(GpG) in a single DNA strand. It reacts with
DNA to produce intrastrand cross links (	90%) at adenine-
guanine d(ApC) sites and to produce intrastrand cross links
(�5%) with guanosines of opposing DNA strands (dG)2
(50,128). This results in inhibition of DNA synthesis, function,
and transcription. Oxaliplatin reacts more rapidly with DNA to
form these interlinks and intralinks (e.g., within 15 minutes)
than the other platinum agents (12 hours for cisplatin and over
24 hours for carboplatin) (128). Furthermore, unlike the other
platinum-DNA adducts, mismatch repair enzymes are unable to
recognize the adducts formed by oxaliplatin because of their
bulkier size (50).

Drug Disposition. In a summary of pharmacokinetic stud-
ies, plasma platinum Cmax values have been shown to be in the
range of 2.59 to 3.22 µg/mL, and mean AUC0-48h in the range
of 50.4 to 71.5 µg/ mL . hour after an oxaliplatin dose of 130
mg/m2 (2-hour infusion) (373). Intrapatient and interpatient
variability was moderate to low (23% and 6%, respectively)
(374). In 1-hour infusion studies, mean plasma platinum Cmax
and AUC0-24h increased in a dose-dependent fashion up to 180
mg/m2. The pharmacokinetics of platinum in ultrafiltrate after
administration of oxaliplatin are triphasic and characterized
by short � (0.28 hour) and � (16.3 hours) distribution phases,
which are followed by a long terminal � phase (273 hours)
(375). Oxaliplatin is primarily cleared from plasma by renal
excretion (53.8%) and covalent tissue binding. Clearance is
not affected by age, gender, or hepatic impairment (375).

Administration and Dosage. Reconstitute oxaliplatin by
adding 10 mL sterile water for each 50-mg vial, or dextrose
(5%). The solution must be further diluted in 250 to 500 mL
of 5% dextrose prior to administration. The infusion line
should be flushed with D5W prior to administration of any
concomitant medication (375). Premedication with antiemet-
ics is recommended.

The recommended dose for metastatic colorectal cancer is as
follows: on day 1 of every 2-week cycle, oxaliplatin (85 mg/m2)
is generally administered intravenously with leucovorin
(200 mg/m2) over 120 minutes at the same time in two sepa-
rate bags using a Y-line, followed by 5-FU (400 mg/m2 IV
bolus), followed by 5-FU (600 mg/m2) in 500 mL D5W as a
22-hour continuous infusion. On day 2, the patient should
receive leucovorin (200 mg/m2) over 120 minutes at the same
time in two separate bags using a Y-line, followed by 5-FU
(400 mg/m2 IV bolus), followed by 5-FU (600 mg/m2) in 500
mL D5W as a 22-hour continuous infusion.

In phase 2 trials for gynecologic cancers, the recommended
dose of oxaliplatin is 130 mg/m2 intravenously over 2 hours
every 21 days (376,377).

Side Effects and Toxicities. Oxaliplatin produces dose-limiting
peripheral neuropathy and gastrointestinal and hematologic
adverse events. Neurotoxic symptoms usually resolve within a
week of stopping therapy; however, symptom intensity is cumu-
lative with repeated courses of oxaliplatin (28,374,378). Other
common adverse events include mild leukopenia and mild to
moderate thrombocytopenia. Nausea and vomiting are com-
mon, and antiemetic prophylaxis is required with oxaliplatin
therapy.

Unlike other platinum-containing agents, oxaliplatin is not
associated with nephrotoxicity. Alopecia has not been
reported with oxaliplatin.

Special Applications. Oxaliplatin is an agent with substan-
tial activity in platinum-sensitive ovarian cancer patients pre-
viously treated with cisplatin. Bougnoux et al. (379) noted
two complete and eight partial responses in 24 patients who

were platinum sensitive (41.7% response rate). Similar find-
ings were seen in a phase 2 study, which also saw a 42%
response rate in platinum-sensitive patients. Chollet et al.
(380) studied similar populations of patients and noted six
responses in 13 platinum-sensitive patients (46%) and a 17%
response rate (3 of 18 patients) in platinum-resistant patients.
Phase 2 studies have seen only minimal activity in platinum-
resistant patients (less than 6% response rate) (377).

Paclitaxel

Chemistry. Paclitaxel (Taxol) is one of the most commonly
used drugs in oncology, with FDA approval for primary or sal-
vage therapy for epithelial ovarian cancer, as salvage therapy
for metastatic breast cancer, in second-line treatment of AIDS-
related Kaposi’s sarcoma, and in the treatment of non–small cell
lung cancer. It is also active against a variety of other solid
tumors, including cervical and endometrial cancer (380,381). It
is a diterpene plant product derived from the bark of the Pacific
yew, Taxus baccata. It has a molecular weight of 853.9, is insol-
uble in water, and has an empiric formula of C47H51NO14. Its
chemical name is 5�,20-epoxy-1,2�,4,7�,10�,13�-hexahy-
droxytax-11-en-9-one4,10-diacetate 2-benzoate 13-ester with
(2R,3S)-N-benzoyl-3-phenylisoserine.

Mechanism of Action. Paclitaxel acts as a mitotic spindle poi-
son. In a manner contrary to known mitotic spindle inhibitors,
such as colchicine and podophyllotoxin, paclitaxel promotes
assembly of microtubules and stabilizes them, preventing
depolymerization. This inability to depolymerize microtubules
prevents cellular replication (118).

Drug Disposition. Early pharmacokinetic studies using stan-
dard doses and a 24-hour infusion suggested that paclitaxel
pharmacokinetics were linear; however, with short infusions
and/or high dose levels, paclitaxel’s nonlinear pharmacokinet-
ics become readily apparent (157). The nonlinearity is due to
saturable distribution, metabolism, and elimination. Terminal
elimination half-life is largely dependent on the dose and
administration schedule. At a dose level of 175 mg/m2 with a
3-hour infusion, mean pharmacokinetic parameters of pacli-
taxel include the following: plasma t1/2�

, 16 minutes; plasma
t1/2�

, 140 minutes; plasma t1/2�
, 18.75 hours; plasma clearance,

12.69 L/h/m2; plasma AUC, 16.81 µmol/L . hour; 48-hour uri-
nary excretion, �10% of dose; and 48-hour fecal excretion,
70% of dose (157).

Clearance is rapid and not due to urinary excretion; the
major route of paclitaxel elimination is believed to be via
hepatic metabolism and subsequent biliary excretion (381).
About 70% to 80% of the drug is eliminated by fecal excretion.

Administration and Dosage. All patients undergoing pacli-
taxel therapy should receive premedication to prevent severe
hypersensitivity reactions. A recommended regimen is dexa-
methasone (either 20 mg orally the night before treatment and
the morning of treatment or 20 mg IV 30 minutes before pacli-
taxel delivery) plus diphenhydramine (50 mg) and famotidine
(20 mg) IV 30 minutes before chemotherapy (382). For the
majority of patients, administration of dexamethasone 20 mg
IV 30 to 60 minutes before paclitaxel is sufficient and has been
proven to be effective in preventing hypersensitivity reactions.

Paclitaxel is commercially available as an injection con-
centrate in 30-mg (5 mL), 100-mg (16.7 mL), and 300-mg
(50 mL) multidose vials. Before infusion, paclitaxel must be
diluted with 0.9% sodium chloride, 5% dextrose, 5% dex-
trose and 0.9% sodium chloride injection, or 5% dextrose in
Ringer’s injection to a final concentration of 0.3 to 1.2 mg/mL.
The solution is stable for up to 27 hours at room temperature.
Paclitaxel should be administered through an in-line filter
with a microporous membrane not greater than 0.22 µ to
remove particulates that are present in paclitaxel solutions.
Although particulate formation does not indicate loss of drug
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potency, solutions exhibiting excess particulate matter forma-
tion should be discarded. Because of the possibility of leaching
of phthalate plasticizers with paclitaxel solutions, only non-
polyvinylchloride (such as polyethylene or polyolefin) IV
administration sets should be used.

As a result of an unacceptable level of severe hypersensitiv-
ity reactions in early phase 1 studies (most likely related to the
Cremophor EL vehicle), a 24-hour infusion schedule and a
premedication regimen with corticosteroids and histamine H1-
and H2-antagonists were used in all phase 2 and 3 clinical tri-
als conducted in the United States from 1987 to 1992. Later
clinical studies established that a 3-hour paclitaxel infusion
schedule can be administered safely without a significant
increase in major hypersensitivity reactions and that the short-
ened infusion schedule is associated with significantly less
grade 4 neutropenia than the 24-hour infusion (i.e., 71% vs.
18% for the 24- and 3-hour infusions, respectively) (383).
Follow-up studies have determined that a 1-hour infusion
schedule also is feasible; however, infusion durations less than
1 hour are associated with a prohibitively high rate of hyper-
sensitivity reactions (384).

There were early concerns that the shorter infusion sched-
ules might be associated with a decline in efficacy. However,
results from GOG-158, a phase 3, randomized study in
women with optimal disease, advanced ovarian cancer,
revealed that paclitaxel 175 mg/m2 by 3-hour infusion com-
bined with carboplatin (targeted AUC of 7.5) (arm II) had
similar activity with less toxicity than paclitaxel 135 mg/m2

by 24-hour infusion plus cisplatin 75 mg/m2 (arm I) (385).
Median progression-free survival and overall survival were
19.4 and 48.7 months, respectively, for arm I (paclitaxel-
cisplatin) compared with 20.7 and 57.4 months, respectively,
for arm II (paclitaxel-carboplatin). Because of its ease of
administration and lower toxicity profile (cisplatin plus short-
infusion paclitaxel is associated with dose-limiting neurotoxi-
city), the recommended primary chemotherapy regimen for
advanced ovarian cancer is paclitaxel 175 mg/m2 by 3-hour
infusion plus carboplatin (targeted AUC of 6.0 to 7.5) every
21 days for six cycles (385). Although this generally is a well-
tolerated regimen, neurosensory toxicity and prolonged
thrombocytopenia can prove to be dose limiting. The FDA-
approved regimen for first-line treatment of ovarian cancer is
paclitaxel 135 mg/m2 over 24 hours plus cisplatin 75 mg/m2

every 21 days for six cycles or paclitaxel 175 mg/m2 over
3 hours plus cisplatin 75 mg/m2.

The FDA-approved recommended regimen for salvage
therapy for patients with platinum-refractory ovarian cancer
is paclitaxel 135 or 175 mg/m2 administered IV over 3 hours
every 3 weeks, but the optimal regimen has not been clearly
established. Paclitaxel has been administered by various other
schedules during investigational studies in patients with solid
tumors, including 135 to 250 mg/m2 as a 24-hour continuous
infusion every 3 weeks; 212 to 225 mg/m2 as a 6-hour infu-
sion every 3 weeks; 30 mg/m2 as a 1-hour infusion daily for
5 days every 3 weeks; 30 mg/m2 as a 6-hour infusion daily for
5 days every 3 weeks; 120 to 140 mg/m2 as a 96-hour infusion
every 3 weeks; and 150 mg/m2 as a 120-hour infusion every
3 weeks (118). Most recently, IP therapy for optimally
debulked advanced ovarian cancer has demonstrated a signifi-
cant survival advantage with a regimen of intravenous pacli-
taxel on day 1, intraperitoneal cisplatin on day 2, and
intraperitoneal paclitaxel on day 8 (see the Intraperitoneal
Drug Pharmacokinetics and Cisplatin sections of this chapter
for more details on this IP regimen) (4,96,97). 

Special Precautions. Before the institution of standard pro-
phylactic medications, the incidence of major hypersensitivity
reactions associated with paclitaxel therapy approached 25% to
30%. With premedication, the incidence of severe hypersensitiv-
ity reactions has decreased to less than 2%. The majority of

paclitaxel-induced hypersensitivity reactions can be categorized
as grade 1, with symptoms of dyspnea with bronchospasm,
urticaria, and hypotension. Major sensitivity reactions usually
occur within the first 10 minutes after the first or second dose
of paclitaxel (118). Minor symptoms of flushing and rashes are
not predictive of the future development of severe manifesta-
tions (118,383). According to National Cancer Institute guide-
lines for paclitaxel administration, emergency equipment must
be available and medical personnel should be in attendance
during paclitaxel infusion, especially during the first 15 minutes
of the first and second courses. Vital signs should be periodi-
cally monitored during the first several hours of drug infusion.
The paclitaxel infusion should be discontinued immediately if
symptoms of a major hypersensitivity reaction occur (including
respiratory distress, hypotension, generalized urticaria, and
angioedema). Severe hypersensitivity reactions may be treated
with IV epinephrine, IV diphenhydramine, IV fluids, and nebu-
lized beta-agonists. Steroid therapy may be helpful in the reso-
lution of recurrent symptoms (386). There is strong evidence
that patients who develop major hypersensitivity reactions may
be successfully retreated with slow, low-dose infusions of pacli-
taxel after premedication with multiple high doses of corticos-
teroids and antihistamines (387).

Drug Interactions. Paclitaxel therapy appears to modify
the hematologic toxicity associated with platinum agents.
Rowinsky et al. (388) conducted a phase 1 study of sequential
escalating doses of paclitaxel and cisplatin therapy and deter-
mined that myelosuppression was more severe when pacli-
taxel was administered immediately after cisplatin therapy
than when given prior to cisplatin.

Concomitant medications that contain substrates or
inhibitors of hepatic enzymes, principally cytochrome P450
isoenzymes CYP2C8 and CYP3A4, may increase paclitaxel clear-
ance, and caution should be exercised when administering
paclitaxel. In a study by Chang et al. (389), the pharmacokinet-
ics of paclitaxel were significantly altered by the concomitant
use of anticonvulsants (i.e., phenytoin, carbamazepine, and
phenobarbital), and the maximum tolerated doses of paclitaxel
in malignant glioma patients were 360 mg/m2 for those on anti-
convulsant therapy versus 240 mg/m2 for those not receiving
anticonvulsants. There was also a significant difference in pacli-
taxel metabolite and toxicity profiles between the two groups.
Central neurotoxicity, rather than neutropenia, was the dose-
limiting toxicity in patients on anticonvulsant therapy who
received paclitaxel at a dose greater than 350 mg/m2.

Special Applications. Paclitaxel is a particularly promising
agent for intraperitoneal administration, in that this route of
drug delivery results in a more than 3-log increased exposure
of the peritoneal cavity relative to systemic circulation. Addi-
tionally, potentially cytotoxic levels of paclitaxel remain in the
peritoneal cavity for 5 to 7 days following intraperitoneal (IP)
administration, and thus weekly intraperitoneal treatment
results in continuous drug exposure (390). A phase 2 study in
women with ovarian, fallopian, or peritoneal cancer and
small-volume residual disease following primary chemother-
apy has shown that IP paclitaxel has significant activity as evi-
denced by a 61% surgically defined complete response rate
(391). Three large phase 3 trials in the GOG and the South-
west Oncology Group (GOG-104/SWOG-8501, GOG-114,
and GOG-172) comparing various combination chemothera-
peutic regimens administered IV or IP have documented sig-
nificant survival advantages for the intraperitoneal treatment
arms (3–5). Most recently, in GOG-172, an intraperitoneal
regimen (intravenous paclitaxel, 135 mg/m2 over 24 hours on
day 1, intraperitoneal cisplatin 100 mg/m2 on day 2, and
intraperitoneal paclitaxel 60 mg/m2 on day 8, every 21 days)
was associated with a 25% reduction in the risk of death as
compared to the intravenously administered regimen (intra-
venous paclitaxel plus cisplatin) (p � 0.03) (4). The day 1
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paclitaxel may alternatively be given over 3 hours to reduce
the myelosuppressive activity of paclitaxel and to eliminate
the need for a hospital stay (96).

Paclitaxel has demonstrated activity against both endome-
trial and cervical cancers (392). Woo et al. (393) reported a
43% response rate to paclitaxel (95% CI, 6% to 80%) in
seven patients with advanced, progressive, or recurrent
endometrial cancer following platinum analog treatment. A
GOG study noted a 14.3% complete and 21.4% partial
response rate in 28 evaluable patients with endometrial cancer
not previously treated with chemotherapy (394). Leukopenia
was the most prominent side effect noted. A response rate of
37% (95% CI, 16% to 62%) was reported in 19 patients pre-
treated with cisplatin, doxorubicin, and cyclophosphamide
(395). A GOG phase 2 trial of paclitaxel (3-hour infusion of
200 mg/m2 every 21 days or 175 mg/m2 for patients with prior
pelvic radiation therapy) found a 27.3% response rate (95%
CI, 15% to 42.8%) in 44 persistent or recurrent endometrial
cancer patients who failed prior chemotherapy (396).

A GOG phase 2 trial of single-agent paclitaxel in advanced
cervix cancer has demonstrated a response rate of 31% (380).
Trials of combination cisplatin-paclitaxel (IV paclitaxel 175
mg/m2 by 3-hour infusion followed by cisplatin 75 mg/m2) in
metastatic and recurrent cervical cancer show moderate activ-
ity (47% response rate; 95% CI, 30% to 65%) (397). A simi-
lar response rate (45%) was seen in another phase 2 trial of
first-line therapy of advanced cervical cancer (IV paclitaxel
135 mg/m2 by 24-hour infusion followed by cisplatin 75 mg/m2

every 28 days) (398).

Pemetrexed

Chemistry. Pemetrexed (Alimta) is an antifolate antineo-
plastic agent with the chemical name of L-glutamic acid, N-[4-
[2-(2-amino-4,7-dihydro-4-oxo-1H-pyrrolo[2,3-d]pyrimidin-
5-yl)ethyl]benzoyl]-, disodium salt, heptahydrate. It has a
molecular weight of 597.49 and the molecular formula
C20H19N5Na2O6 

. 7H2O. Pemetrexed is FDA approved for
combination therapy with cisplatin for malignant pleural
mesothelioma, and for single-agent therapy for non–small cell
lung cancer.

Mechanism of Action. Pemetrexed inhibits the folate-
dependent enzymes thymidylate synthase (TS), dihydrofolate
reductase (DHFR), and glycinamide ribonucleotide formyl-
transferase (GARFT). The inhibition of GARFT, for example,
is directly associated with a decrease in the rate of tumor cells
(399). Although methotrexate was an early but potent
inhibitor of DHFR, the antifolate activity of pemetrexed is
quite different. The Km for pemetrexed is one hundredth that
of methotrexate for folylpolyglutamate synthetase (FPGS),
making it possible to rapidly and completely block TS activity,
whereas methotrexate acts in a more gradual and cumulative
process, only impacting cellular proliferation at the point
where more than 95% of the enzyme is inhibited (399). Addi-
tional details regarding the unique mechanism of action of
pemetrexed, including features of membrane transport, its
maintained activity in loss of transport activity, and its com-
parison with other antifolates (e.g., 5-FU, methotrexate,
raltitrexed) are discussed in more detail elsewhere (399).

Drug Disposition. Pemetrexed is primarily excreted in the
urine and is only minimally metabolized. The elimination half-
life is approximately 3.5 hours among patients with normal
renal function. Pemetrexed exposure increases with decreasing
renal function. Pemetrexed is 81% bound to plasma proteins,
and binding is not affected by renal function. 

Administration and Dosage. Pemetrexed is administered
IV at 500 mg/m2 over 10 minutes on day 1 of every 21-day
cycle. When used in combination therapy, cisplatin (75 mg/m2

over 2 hours) should begin 30 minutes after the pemetrexed

administration. The premedication regimen with pemetrexid
includes corticosteroids (dexamethasone) to reduce skin rash
reactions, and folate-containing vitamin supplementation
(daily for at least 7 days prior to pemetrexed administration) to
reduce some toxcities. 

Side Effects and Toxicities. The most commonly occurring
side effects associated with pemetrexed treatment include hema-
tologic toxicity, fever and infection, stomatitis, pharyngitis, and
rash. Although many toxicities appeared significantly lower
among patients receiving folate supplementation (e.g., neutrope-
nia, nausea, vomiting, fever, infection), hypertension (11%
vs. 3%), chest pain (8%, vs. 6%), and thrombosis/embolism
(6% vs. 3%) were higher among those receiving supplementa-
tion. Rare cases of colitis have been reported in post-marketing
studies.

Topotecan

Chemistry. Topotecan (Hycamtin, topotecan hydrochlo-
ride) was approved by the FDA in 1996 for treatment of ovar-
ian cancer patients after failure of primary chemotherapy. It is
also indicated in the treatment of small cell lung cancer after
failure of first-line chemotherapy. Topotecan is a semisynthetic
analog of camptothecin. The parent compound is derived from
the bark of an ornamental tree native to Asia, Camptotheca
acuminata. Sodium camptothecin was studied in clinical trials
in the late 1960s through the early 1970s. However, clinical
development of this agent was halted despite evidence of a
variety of tumor responses because of severe and unpredictable
toxicities (e.g., myelosuppression and hemorrhagic cystitis)
(400). Topotecan and other camptothecin analogs (e.g.,
irinotecan) have been formulated in an effort to overcome
unacceptable toxicities and to increase cytotoxicity and water
solubility. Topotecan incorporates a stable basic side chain at
the 9-position of the A-ring of 10-hydroxycamptothecin,
which increases aqueous solubility. The molecular weight is
457.9 (the HCl salt) and the formula is C23H23N3O5 

. HCl (the
free base has a molecular weight of 421.5). The chemical name
of topotecan is (S)-10-[(dimethylamino)methyl]-4-ethyl-4,
9-dihydroxy-1H-pyrano[3�,4�:6,7] indolizino [1,2-b]quino-
line-3,14-(4H,12H)-dione monohydrochloride.

Mechanism of Action. In a manner similar to camptothecin,
topotecan’s cytotoxicity results from the inhibition of TOPO-I,
an enzyme that induces reversible single-strand breaks during
DNA replication. Camptothecin analogs bind with and stabilize
the transient TOPO-I–DNA complex, preventing religation of
the single-strand breakage. The interaction of the ternary
topotecan–TOPO-I–DNA complex with replication enzymes
results in double-strand DNA breaks and cellular death. Topote-
can exists in a pH-dependent equilibrium as both a closed lac-
tone ring and a hydroxy acid; the hydroxy acid is formed by
hydrolysis of the lactone ring. The active lactone form predomi-
nates at a pH below 7.0, and at a pH of 6.0, over 80% of
topotecan exists in the lactone form. Slow reaction kinetics stud-
ies have shown that the hydroxy acid is inactive and only the
closed lactone bonds with the TOPO-I–DNA complex (302).

Drug Disposition. After IV administration, plasma phar-
macokinetics show that the lactone form, which is active as an
inhibitor of TOPO-I, is rapidly converted to the hydroxy acid
form. At the end of a brief infusion, approximately half of the
dose administered exits as hydroxy acid (308). One hour after
administration, less than 30% of the dose remains in the lac-
tone form. Topotecan does not inhibit TOPO-II.

Both forms of topotecan are subject to rapid biphasic elim-
ination. In a summary of pharmacokinetics studies, the mean
half-life of topotecan lactone was only 3.0 hours (range 1.2 to
4.9 hours) (302). Binding to plasma proteins is approximately
35%. Renal excretion appears to account for 40% to 70% of
drug clearance (50,128).
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When topotecan was administered as a weekly 24-hour IV
infusion of 1 to 2 mg/m2, the plasma steady-state concentration
and the AUC increased linearly with dose. The lactone to total-
drug-concentration ratio was constant, which suggests that the
total drug concentration may be used as a measure of active lac-
tone exposure with weekly, long infusions (401). Additionally,
comparison of day 1 pharmacokinetics values with blood
counts showed that both the topotecan AUC and lactone AUC
were predictive of the level of neutrophil reduction on days 15,
22, and 29 using the sigmoid Emax model (401). This led the
investigators to suggest that topotecan-induced myelosuppres-
sion is noncumulative and that elimination probably remains
unchanged with repeat dosing in individual patients. Other
studies have also found a correlation between the topotecan
AUC and level of neutropenia (308,402).

Limited sampling models for topotecan pharmacokinetics
have been proposed that may facilitate tailoring of topotecan
drug doses in individual patients and large pharmacodynamic
studies of topotecan (403). Plasma concentrations of the lac-
tone and hydroxy acid forms of topotecan at 2 hours, after a
30-minute infusion, reliably predicted the lactone form AUC,
the hydroxy acid AUC, the total topotecan AUC, and the
clearance rate.

Administration and Dosage. Each 4-mg vial of topotecan
should be reconstituted with 4 mL of sterile water. The result-
ing solution can be further diluted with either 0.9% sodium
chloride or 5% dextrose. Because the active lactone form of
topotecan is subject to a pH-dependent hydrolysis to the inac-
tive hydroxy acid, consideration should be given to mainte-
nance of an acidic pH during drug infusion. When the
topotecan lactone is dissolved in 5% dextrose, only approxi-
mately 10% is converted to the hydroxy acid (308). Because
the product does not contain an antibacterial preservative, it
should be used immediately once constituted.

Parenteral topotecan has been administered by IV infusions
varying in length from 30 minutes to 21 days (302). As dis-
cussed below, the dosing schedule has a profound effect on the
maximum tolerated dose (MTD).

An oral formulation has been evaluated in murine tumor
models and in phase 1-2 trials. It has been associated with
excellent bioavailability and similar efficacy as compared with
parenteral topotecan in four of the five murine tumor models
tested (404). In early-phase human trials, oral topotecan is
well tolerated and active in second-line therapy of ovarian
cancer and small cell lung cancer, and is associated with less
neutropenia than the intravenous formulation (405,406).

The standard FDA-approved dosing regimen is 1.5 mg/m2/day
� 5 days by 30-minute IV infusion every 21 days, for a mini-
mum of four courses owing to delayed tumor response, as tol-
erated (in the absence of tumor progression). However, this
dosing schedule is associated with a more than 80% incidence
of grade IV neutropenia. Many oncologists, therefore, use a
dose of 1.25 mg/m2/day for 5 days and/or administer prophy-
lactic granulocyte colony-stimulating factor (G-CSF).

In phase 1 studies, the MTD of topotecan was highly depen-
dent on the length of infusion schedules; longer infusions
were generally associated with lower MTDs. The estimated
MTD of topotecan when administered as a 30-minute, 72-hour,
and 120-hour continuous infusion is 22.5 mg/m2, 1.6 mg/m2/day
(4.8 mg/m2 total), and 0.68 mg/m2/day (3.4 mg/m2 total), respec-
tively. As a continuous 21-day infusion administered every
28 days, the MTD of topotecan appears to be 0.5 mg/m2/day
(10.5 mg/m2/cycle) (302,407). A weekly dosing schedule has
been developed that appears to maintain antitumor activity
without causing severe myelosuppression (408,409).

Side Effects and Toxicities. Toxicity data are available from
a phase 3, randomized study of topotecan 1.5 mg/m2/day for
5 days every 21 days versus paclitaxel 175 mg/m2 IV over
3 hours every 21 days in ovarian cancer patients with progressive

or recurrent disease following primary platinum-based chemother-
apy (410). Neutropenia was the predominant toxicity in this
study: 79% of patients experienced grade 4 neutropenia, 25% of
patients experienced febrile neutropenia, and 5% of patients
developed sepsis (two patients [2%] died of sepsis). The onset of
grade 4 neutropenia was on days 9 through 15 of a chemotherapy
cycle and it did respond to G-CSF therapy. Thrombocytopenia
also occurred frequently: 50% of patients experienced grades 3 to
4 thrombocytopenia (25% experienced grade 4). Grade 4 anemia
occurred in 3.6% of patients.

The most common nonhematologic toxicities were cumu-
lative, dose-related alopecia (76%) and nausea/vomiting
(10%, grades 3 to 4), which was amenable to antiemetic ther-
apy. Other frequent toxicities were fatigue (41%), constipa-
tion (43%), diarrhea (40%), abdominal pain (27%), fever in
the absence of neutropenia (29%), stomatitis (24%), dyspnea
(24%), and asthenia (22%) (410).

Although the results of the study described in the above
paragraphs led to an FDA approval of topotecan as salvage
therapy for patients with ovarian cancer with a recommended
dose level of 1.5 mg/m2/day for 5 days, it is important to note
that the patients in this European study had only received one
prior platinum-based chemotherapeutic regimen, and that
most had received cisplatin (not carboplatin) and none had
received prior paclitaxel. In general, topotecan-induced
myelosuppression is more severe in patients who have previ-
ously received carboplatin and/or multiple prior chemothera-
peutic regimens. For this reason, many clinicians use an initial
topotecan dose of 1.25 mg/m2/day and/or administer prophy-
lactic G-CSF.

Special Precautions. Because topotecan has a high rate of
renal excretion and a modest hepatic clearance, a clinical study
was conducted to evaluate the impact of renal and hepatic dys-
function on toxicity in patients undergoing treatment with
topotecan on a daily � 5 dosing schedule (411). Pharmacoki-
netic analyses showed clear correlations between creatinine
clearance and plasma clearance of both topotecan and topote-
can lactone (r2 � 0.65, p � 0.0001). Although the standard
dose for patients with good renal function is 1.5 mg/m2/day
� 5 days, this study determined that the recommended start-
ing dose for patients with moderate hepatic dysfunction (cre-
atinine clearance of 20 to 39 mL/min) was 0.75 mg/m2. The
investigators urged extreme caution with topotecan adminis-
tration in patients with more profound renal insufficiency
and recommend further dose reductions for heavily pre-
treated patients (411). Hepatic insufficiency did not appear to
exacerbate hematologic toxicity (411). Nonhematologic toxi-
city appeared to be unaffected by either renal or hepatic
insufficiency.

Drug Interactions. Drug sequence of the paclitaxel/topote-
can combination had no apparent impact on hematologic tox-
icities or pharmacologic behavior (412). However, drug
sequence of the cisplatin/topotecan combination did have a
significant impact on toxicity and topotecan pharmacokinet-
ics. Prior administration of cisplatin significantly reduced the
clearance of topotecan (possibly as a result of subclinical
nephrotoxicity) and increased hematologic toxicity (388). In
GOG-182, carboplatin was administered on day 3 of a daily
� 3 topotecan administration schedule, because administra-
tion of carboplatin on day 1 was associated with excessive
neutropenia and thrombocytopenia (413).

There has been interest in sequential administration of
topotecan (TOPO-I inhibitor) with TOPO-II inhibitors (e.g.,
doxorubicin, etoposide). The rationale is that administration of
a TOPO-I inhibitor would induce up-regulation of TOPO-II in
tumor cells and thus enhance cytotoxicity. One clinical/transla-
tional study of topotecan (0.17 to 1.05 mg/m2/day as a 72-hour
continuous infusion on days 1 to 3) followed by etoposide (75
or 100 mg/m2/day as a 2-hour infusion daily on days 8 to 10)
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failed to show reliable down-regulation of TOPO-I and up-
regulation of TOPO-II following administration of topotecan
(414). Although significant clinical activity was observed in this
phase 1 study in patients with various solid tumors, the investi-
gators concluded that the toxicity and translational research
results did not support a significant synergistic advantage of
this combination. Another study of the TOPO-I and TOPO-II
inhibitor combination therapy (IV topotecan 0.5 mg/m2/day for
5 days and oral etoposide 50 mg twice daily for 7 days of every
21-day cycle, with dose escalation of topotecan 0.75 and
1.0 mg/m2) found the combination to be safe and effective in
small cell lung cancer patients; however, the incidence of grades
3 to 4 neutropenia was 25%, and two patients died from neu-
tropenic sepsis (415).

TOPO-I is a biochemical mediator of radiosensitization in
cultured mammalian cells by camptothecin derivatives (416).
There are in vitro and in vivo data suggesting that topotecan
may have activity as a radiation-sensitizing agent (417). How-
ever, this apparent synergistic relationship remains to be
explored in clinical trials.

Special Applications. Phase 1 trials of IP topotecan have
demonstrated the feasibility of IP administration and the favor-
able toxicity profile (418,419). Pharmacokinetic studies
revealed that the pharmacologic advantage associated with IP
administration of topotecan (expressed as the ratio of the peri-
toneal to plasma AUC) was 31.2 (419). In a Netherlands study,
patients were treated with escalating doses (5 to 30 mg/m2

every 21 days). The dose-limiting toxicity was acute hypoten-
sion, chills, and fever at the 30 mg/m2 dose level (418). The
University of California, San Diego, study treated patients
with escalating doses from 2 to 4 mg/m2 every 21 days. The
MTD of IP topotecan was determined to be 4 mg/m2 every
21 days and the recommended dose for further phase 2 study
was 3 mg/m2. The dose-limiting toxicity was neutropenia.
Other toxicities included anemia, vomiting, fever, and abdom-
inal pain (419).

Vinblastine Sulfate

Chemistry. Vinblastine (Velban) is used in the treatment of
germ cell tumors of the ovary (420) and has demonstrated
activity in early clinical trials of cervical, endometrial, and
ovarian cancers (420). In combination with other agents, it
has also demonstrated activity in early trials of ovarian cancer
(421). Vinblastine is the sulfate salt of an alkaloid isolated
from Vinca rosea (periwinkle). It is structurally related to vin-
cristine, another alkaloid isolated from the same plant. Vin-
blastine sulfate is a white to off-white crystalline powder that
is freely soluble in water, soluble in methane, and slightly sol-
uble in ethanol. Its empiric formula is C46H58N4O9 

. H2SO4,
and it has a molecular weight of 909.07.

Mechanism of Action. Vinblastine binds to tubulin and
inhibits microtubule assembly. This inhibition prevents mitotic
spindle formation and results in an accumulation of cells in
metaphase (422).

Vinblastine is considered cell cycle phase specific for mito-
sis; however, the cytotoxic effect probably occurs in S phase
and is expressed only in M phase. At high doses, direct effects
may be expressed in S and G1 phases. Vinblastine may be
assumed to have stathmokinetic (cell cycle arrest) effects simi-
lar to vincristine.

Drug Disposition. After IV administration, vinblastine is
rapidly cleared from the plasma and concentrated in various tis-
sues. The apparent volume of distribution for the central com-
partment is quite large (three to four times the blood volume).
Vincristine and vindesine approximate total body water in their
distributions. There is a triphasic vinblastine elimination pat-
tern, with average half-lives of 3.7 minutes, 1.6 hours, and 24.8
hours, respectively (423). The drug also localizes in platelet and

leukocyte fractions of whole blood (424). A radiolabeled drug
study has shown that urinary elimination accounts for approxi-
mately 33% of the total vinblastine radioactivity, with 21%
appearing in the stool, both after 72 hours (424). A large por-
tion of the radiolabel was retained in the body: 73% remained
at 6 days after dosing. Apparently, insufficient amounts of the
drug pass the blood-brain barrier to produce an effective con-
centration in the central nervous system. Vinblastine is partially
metabolized in the liver. Most of the drug is, therefore, ulti-
mately excreted intact in the bile or the urine. Toxicity may be
increased if there is obstructive liver disease, and doses should
be greatly reduced.

Administration and Dosage. The solution for administra-
tion is usually prepared by adding 10 mL of sodium chloride
solution (which may be preserved with phenols or benzyl alco-
hol) to the 10-mg vial. The use of other solutions is not gener-
ally recommended. The resultant solution has a concentration
of 1 mg/mL and a pH of 3.5 to 5.0. Solutions prepared with
preserved sodium chloride injection may be stored in the
refrigerator (protected from light) for 28 days without signifi-
cant loss of potency.

Vinblastine is usually given by the IV push technique, with
the total dose being delivered over approximately 1 minute. This
is usually accomplished by slowly pushing the dose through
the injection site of a running IV infusion. Alternatively, the
drug may be given directly into the vein. If this method is fol-
lowed, the double-needle technique should be used: Do not
use the same needle to withdraw the dose from the vial that
is used for the direct injection into the vein. Vinblastine is
very irritating and should not be given intramuscularly or
subcutaneously. Vein patency should be checked before drug
administration by flushing with a small quantity of normal
saline or D5W. After the dose has been given, the site should
be flushed again to ensure that all of the drug has been deliv-
ered into the vein.

Vinblastine has been given by several dosing schemes. The
dose depends on the protocol being followed, condition of the
patient, other drugs or irradiation being used, and individual
patient response. Usually, the drug is given no more frequently
than once every week. In general, the dosage range is 3.8 to
18.5 mg/m2 when used in combination with other agents.
Patients are customarily started at a low dose and worked up in
1.8- to 1.9-mg/m2 increments, depending on the degree of result-
ing leukopenia (e.g., the dose should not be increased beyond
the dose at which the white cell count reaches 3,000 cells/mm3)
(423). The dosage ranges for the indicated use of vinblastine are
6 mg/m2 IV on days 1 and 15 as part of the doxorubicin-
bleomycin-vinblastine-dacarbazine regimen (Hodgkin’s disease)
and 0.15 mg/kg IV on days 1 and 2 as part of the cisplatin-
vinblastine-bleomycin regimen (testicular cancer) (50). In gyne-
cologic malignancies, vinblastine is only rarely used for ovarian
and trophoblastic disease.

Side Effects and Toxicities. The major toxic effect of vin-
blastine is a dose-related bone marrow depression. This is
more frequent and severe than with the close structural analog,
vincristine. Dose-related leukopenia occurs with a nadir of 4 to
10 days and with recovery occurring over another 7 to
14 days. Because of the relatively predictable nadir, it may be
possible to administer vinblastine cautiously as often as every
7 to 10 days. Thrombocytopenia typically occurs; however,
with standard dosing regimens, serious platelet depressions are
infrequent. Erythrocytes are usually only slightly depressed.

Nausea and vomiting occur rarely with vinblastine therapy
and are at least partially responsive to antiemetics. Severe
stomatitis is occasionally observed. Gastrointestinal symp-
toms, which may be related to neurotoxicity, include constipa-
tion, adynamic ileus, and abdominal pain, especially if high
doses (	20 mg) are used. These side effects are rarely seen
with doses of less than 10 mg. Prophylactic stool softeners
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may prevent constipation. Generalized muscle and tumor pain
are commonly experienced by patients receiving vinblastine,
especially in high doses (425).

Neurotoxicity associated with vinblastine occurs less fre-
quently than with vincristine and usually occurs in patients on
prolonged therapy or in those receiving high individual doses.
Symptoms include paresthesias, peripheral neuropathy, depres-
sion, headache, malaise, jaw pain, urinary retention, tachycar-
dia, orthostatic hypotension, or convulsions. Extravasations of
vinblastine may result in local soft-tissue necrosis. Treatment
with subcutaneously administered hyaluronidase is recom-
mended (192). Other side effects include a reversible and mild
alopecia, rashes, and photosensitivity reactions. Transient
hepatitis has also been reported on the continuous-infusion
regimen.

There have been several reports of a Raynaud’s phenome-
non associated with vinblastine or bleomycin in treating testic-
ular cancer. The reaction consists of a delayed presentation of
a cold feeling in the hands with physical evidence of cyanosis
(426). Ginsberg et al. (427) demonstrated a case of vinblastine-
associated syndrome of inappropriate antidiuretic hormone
(ADH) secretion, which was previously thought to occur only
with vincristine.

The drug is well documented as a teratogen in humans, and
as with most anticancer drugs, usage in pregnancy is strongly
contraindicated (428).

Special Precautions. Avoid extravasation of vinblastine.
If extravasation occurs, stop the administration of the
remaining drug immediately. Dorr and Alberts (429) favor
injection of a corticosteroid into the infiltration site with
sodium chloride to dilute the drug. Only minor tissue dam-
age has occurred when vinblastine extravasation was treated
with 50 to 500 mg of hydrocortisone sodium succinate. This
is followed by cold compresses to minimize spread of the
reaction.

Liver disease may alter the elimination of vinblastine and
necessitate a dosage reduction. Neurotoxicity may be more
frequent in patients with underlying neurologic problems or
those who are weak or cachectic at the start of treatment.

Vinblastine solution is topically irritating and has caused
corneal irritation when inadvertently splashed in the eyes. Pro-
tective precautions should be used by all persons working
with the drug.

Vinorelbine

Chemistry. Vinorelbine (Navelbine) is a third-generation
semisynthetic Vinca alkaloid that has been commercially
available in the United States since 1994 for treatment of
non–small cell lung cancer. Vinorelbine also appears to have
significant activity in breast cancer patients (430) and moder-
ate activity in patients with cervical or ovarian cancer
(431,432), as well as other tumor types (433). It has a molec-
ular formula of C45H54N4O8 

. 2C4H6O6 and a molecular
weight of 1079.12. Vinorelbine’s structure differs from that of
the parent compounds, vincristine and vinblastine, in that it
contains a nine-member (rather than eight-member) catharan-
thine ring (434). Its chemical name is 3�,4�-didehydro-4�-
deoxy-C�-norvincaleukoblastine[R-(R*,R*)-2,3-dihydroxybut
anedioate-(1:2)(salt)].

Mechanism of Action. Like other Vinca alkaloids, vinorel-
bine is classified as a “spindle poison” since it interacts with
tubulin with resulting inhibition of microtubule assembly and
cellular division during mitosis (435). Vinorelbine blocks cell
cycle progression specifically in G2 and M phases (128).

Drug Disposition. The pharmacokinetics of vinorelbine
show large interpatient variability and are best described by a
triphasic model. Following IV administration of a 30-mg/m2

dose, a peak plasma level of 1,000 ng/mL is achieved, but the
plasma level declines to 100 ng/mL within 2 hours. Vinorelbine
rapidly binds to platelets (78% of total dose) and plasma pro-
teins (13.5%), and only 1.7% is available as free drug (435).
The drug readily diffuses into other tissues, and has a large vol-
ume of distribution (75.61 L/kg). The terminal half-life is
approximately 45 hours (436).

The primary means of vinorelbine clearance appears to be
hepatic metabolism. Approximately 18% and 46% is recov-
ered in the urine and feces, respectively; however, recovery
was incomplete in pharmacokinetic studies (437).

Administration and Dosage. Vinorelbine is a vesicant and
requires careful administration. The drug should be diluted in
a syringe or IV bag to a concentration of 1.5 to 3.0 mg/mL
(syringe) or 0.5 to 2 mg/mL (IV bag). When using a syringe or
IV bag, vinorelbine should be diluted with dextrose (5%) or
sodium chloride (0.9%). When using an IV bag, it may also
be diluted with sodium chloride (0.45%), Ringer’s injection,
or lactated Ringer’s injection. Diluted vinorelbine should be
administered over 6 to 10 minutes into a side port of a free-
flowing IV line closest to the IV bag. Following vinorelbine
administration, the vein should be flushed with at least 75 to
125 mL of IV solution. Longer IV infusions (e.g., 20 minutes)
are associated with a higher incidence of phlebitis (438).

Vinorelbine solution is incompatible with fluorouracil, mito-
mycin, and thiotepa. It is also incompatible with several antibi-
otics (including a number of cephalosporins, amphotericin B,
ampicillin, piperacillin, and trimethoprim-sulfamethoxazole),
acyclovir, furosemide, ganciclovir, methylprednisolone, and
sodium bicarbonate (439).

Vinorelbine is generally administered at a dose of 30
mg/m2 every week. This dosing schedule has been used in
combination chemotherapeutic regimens; however, the recom-
mended dosing schedule in combination with cisplatin (100
mg/m2 every 4 weeks) is weekly administration of vinorelbine
at a dose of 25 mg/m2. Attempts to increase vinorelbine dose
intensity using a daily � 3 every 21 days dosing schedule with
or without G-CSF have not been successful (440). However,
Weiss et al. (441) have reported that continuous infusion of
vinorelbine at doses of 8 to 10 mg/m2/day with concurrent
administration of G-CSF results in a twofold increase in
vinorelbine dose intensity without increasing toxicity.

Side Effects and Toxicities. The primary dose-limiting toxi-
city of vinorelbine is myelosuppression, chiefly granulocytope-
nia (36% of patients, �500 cells/mm3). A safety summary of
data from North American clinical trials reported that when
vinorelbine was administered at a dose of 30 mg/m2/week to
patients with breast cancer and non–small cell lung cancer,
64% of patients experienced grades 3 to 4 granulocytopenia,
50% experienced grades 3 to 4 leukopenia, and 9% developed
grades 3 to 4 anemia. Despite the high incidence of granulocy-
topenia, most events were uncomplicated and only 7% of
patients required hospitalization for fever and/or infection.
The death rate due to sepsis was 1% to 2%. Myelosuppres-
sion was noncumulative, and the incidence of grades 3 and
4 granulocytopenia declined during later cycles of vinorelbine
therapy. The granulocyte nadir typically occurred on day
14 of treatment, with recovery of the granulocyte count
within 7 days (442).

Vinorelbine therapy is frequently associated with transient
increases in liver enzymes, especially alkaline phosphatase.
Virtually all patients experience a rise in alkaline phosphatase,
with approximately 25% developing grade 3 toxicity and an
additional 2% experiencing grade 4 elevations. Increases in
AST and ALT also occur in more than half of all patients.
However, most patients with liver enzyme increases remain
asymptomatic and do not require dose modification of
vinorelbine. Total bilirubin also can be elevated: 10% of
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patients experience some degree of increased bilirubin, with
2% experiencing grade 4 elevation. Because of the high inci-
dence of liver and bone metastases in the study population
(breast cancer and non–small cell lung cancer patients), the
proportion of these toxicities that is directly attributable to
vinorelbine therapy is unknown (442).

Other common toxicities associated with vinorelbine when
administered as a single agent at a dose of 30 mg/m2/week by
a 20-minute IV infusion include nausea (38% overall, 2%
severe), vomiting (17% overall, 2% severe), constipation
(31%, 3% severe), asthenia (29%, 5% severe), injection-site
reactions (26%, 2% severe), anorexia (15%, 1% severe), diar-
rhea (15%, 1% severe), stomatitis (14%, 0% severe), pain
(13%, 2% severe), paresthesia (13%, �1% severe), fever
(11%, 1% severe), and alopecia (10%, �1% severe) (442).
Vinorelbine-induced nausea and vomiting are generally mild
and are readily controlled with standard antiemetic medica-
tion (442). Injection-site reactions include erythema, warmth,
pain, and phlebitis. Repeated administration of vinorelbine
can result in discoloration of the vein. As discussed above,
shortening the injection duration to 6 to 10 minutes signifi-
cantly reduces the incidence of injection-site reactions (438).

Injection-site pain and pain of unspecified etiology have
been reported with administration of vinorelbine as a single
agent (442). Additionally, acute tumor pain has been reported
in several cancer patients who received treatment with vinorel-
bine plus a platinum-containing agent (either carboplatin or
cisplatin) (443).

Pulmonary toxicity is an infrequent side effect of vinorel-
bine. Approximately 5% of patients experience dyspnea.
Some cases of dyspnea are characterized by rapid onset during
administration and resolve with bronchodilator therapy.
Other cases occur usually within 1 hour of vinorelbine infu-
sion and are characterized by life-threatening progressive dysp-
nea and the development of interstitial infiltrates (442,444).
The coadministration of mitomycin may increase the pul-
monary toxicity of vinorelbine (444).

Rare side effects of vinorelbine include pancreatitis, PPE
(with prolonged infusions), paralytic ileus, and syndrome of
inappropriate ADH secretion (445–448).

Special Precautions. Vinorelbine extravasation can result in
severe local irritation, tissue necrosis, and phlebitis. If extrava-
sation occurs, the injection should be halted immediately and
any remaining portion of the dose should be injected into a dif-
ferent vein. Specific antidotes for vinorelbine extravasation
have not been studied; however, vinblastine extravasation reac-
tions may be ameliorated with the use of corticosteroid injec-
tions followed by cold compresses (429).

Drug Interactions. In that Vinca alkaloids are metabolized
by the cytochrome P450 3A system, coadministration of strong
P450 inhibitors, such as erythromycin and ketoconazole, could
potentially reduce vinorelbine clearance and increase toxicity
(449). Doxorubicin and etoposide also are metabolized by the
P450 system, and coadministration of these drugs with vinorel-
bine could potentially affect vinorelbine metabolism (449).

Mitomycin is known to exacerbate Vinca alkaloid–induced
pulmonary toxicity (450), and the combination of high-dose
vinorelbine (50 mg/m2 on days 1 and 21) plus mitomycin (15
mg/m2 on day 1) has been associated with life-threatening
acute pulmonary toxicity characterized by rapid onset of
severe, progressive dyspnea and the development of bilateral
interstitial infiltrates (444).

The combination of paclitaxel and vinorelbine has been
associated with severe neurotoxicity including grade 4 motor
neuropathy, irreversible ototoxicity, and vocal cord paresis
(451). In one report of clinical experience in five patients with
preexisting, mild to moderate, paclitaxel-induced sensory
neuropathy, the combination of vinorelbine 25 to 30 mg/m2

followed by paclitaxel 150 mg/m2 by 3-hour infusion every
2 weeks resulted in severe, slowly reversing motor neuropathy
in all five patients. Four of the five patients required the use of
a wheelchair (451).

Special Applications. On a well-tolerated weekly dose
schedule for vinorelbine, Bajetta et al. (452) noted four partial
responses and one complete response in 31 patients (24 plat-
inum resistant, 4 platinum sensitive, 5 with undetermined sen-
sitivity) for an overall response rate of 15% (95% CI of 5.1,
37.9%). A phase 2 trial (vinorelbine 30 mg/m2 weekly infu-
sion) in persistent or recurrent ovarian cancer found a 29%
objective response rate; granulocytopenia was a dose-limiting
but manageable toxicity (431). This is consistent with previ-
ous findings of a 21% response rate in the population of
heavily pretreated and platinum-resistant ovarian cancer
patients (452).

Molecularly Targeted Agents

Erlotinib

Chemistry. Erlotinib (OSI-774, Tarceva) is an oral tyrosine
kinase inhibitor (specifically, HER1/EGFR) that has the
potential for inhibiting tumor-cell growth of a variety of
tumors. Erlotinib has the molecular formula C22H23N3O4 ·
HCl and a molecular weight of 429.90. Erlotinib is FDA
approved for the treatment of advanced or metastatic
non–small cell lung cancer after failure or prior chemotherapy,
and is approved for use in combination with gemcitabine for
the first-line treatment of unresectable or metastatic pancre-
atic cancer. Phase 1 and 2 studies have demonstrated some
activity in ovarian cancer and head and neck squamous cell
cancer (453,454). There is also ongoing exploration of the use
of erlotinib for maintenance of patients with ovarian cancer
following front-line treatment (455).

Drug Disposition. Erlotinib is rapidly absorbed after
administration, with peak plasma levels occurring at 4 hours.
Plasma levels increase with dose, but daily administration does
not cause unexpected drug accumulation (456). More than
90% of erlotinib is bound to plasma proteins. It is primarily
metabolized by CYP3A4, which suggests that concomitant
treatment with potent CYP3A4 inhibitors (e.g., ketoconazole,
systemic antifungals, clarithromycin) may affect the metabo-
lism of erlotinib (456).

Administration and Dosage. Erlotinib is administered
orally. As a single agent, erlotinib is to be administered at 150
mg/day. Dosage should be reduced to 100 mg/day in combina-
tion therapy regimens. Food substantially increases the
bioavailability of erlotinib; therefore, it should be taken at
least 1 to 2 hours prior to the ingestion of food. When admin-
istered at 200 mg/day, diarrhea is dose limiting.

Side Effects and Toxicities. The dose-limiting toxicities
associated with erlotinib include diarrhea and rash; however,
at a dose of 150 mg/day, diarrhea can be effectively managed
with loperamide. Other less common toxicities include
headache, nausea and vomiting, and mucositis (453). It can be
administered as a single agent, and has an additive effect on
antitumor activity when combined with cisplatin, doxoru-
bicin, gemcitabine, or low-dose paclitaxel without an associ-
ated increase in toxicity (457).

Sunitinib

Chemistry. Sunitinib (SU11248, Sutent), a multi-kinase
inhibitor (e.g., VEGFR, PDGFR, FLT3, KIT, and RET
inhibitor), was granted accelerated approval by the FDA in
2006 for the treatment of advanced renal cell carcinoma and

Chapter 16: Pharmacology and Therapeutics in Gynecologic Cancer 445

Barakat_CH16-409-462.qxd  2/27/09  9:08 PM  Page 445



for the treatment of gastrointestinal stromal tumor (GIST)
after disease progression on or intolerance to imatinib
(Gleevec) (458). Clinical trials are planned and ongoing to
evaluate the efficacy of sunitinib in the treatment of uterine
and ovarian cancers and sunitinib is also being evaluated for
potential efficacy against hematologic malignancies (459).
Chemically, it is a butanedioic acid, hydroxy-, (2S)-, com-
pound with N-[2-(diethylamino)ethyl]-5-[(Z)-(5-fluoro-1,
2-dihydro-2-oxo-3H-indol-3-ylidine)methyl]-2,4-dimethyl-
1H-pyrrole-3-carboxamide (1:1). The molecular formula
of sunitinib is C22H27FN4O2

. C4H6O5 and the molecular
weight is 532.6. 

Drug Disposition. Maximum plasma concentration occurs
within 6 to 12 hours following administration (458). The ter-
minal half-life of sunitinib is approximately 40 to 60 hours,
and the terminal half-life of its primary metabolite is 80 to
110 hours. Steady-state concentrations are achieved within 10
to 14 days. Concomitant treatment with CYP3A4 inducers
(e.g., rifampin, St. John’s Wort, dexamethasone) may decrease
the concentration of sunitinib, whereas concomitant treat-
ment with CYP3A4 inhibitors (e.g., ketoconazole, systemic
antifungals) and grapefruit may increase the plasma concen-
tration of sunitinib (458). 

Administration and Dosage. Sunitinib is administered 50
mg/day for 4 weeks, followed by 2 weeks off medication.
Sunitinib may be taken with or without food, as the pharma-
cokinetics are unaffected by food intake (460).

Side Effects and Toxicities. The most common side effects
of sunitinib monotherapy include gastrointestinal (e.g.,
AST/ALT, lipase, amylase, bilirubin), rare cardiac (decreased
left ventricular ejection fraction), renal/metabolic (e.g., creati-
nine, hypokalemia, hypernatremia, uric acid) and hematologic
(e.g., neutrophils, platelets, hemoglobin) toxicities (458). 

Lapatinib

Chemistry. The dual kinase inhibitor lapatinib (Tykerb) is
FDA approved for combination therapy with capecitabine for
the treatment of HER2-overexpressing breast cancers, as a
post–first-line regimen. Lapatinib inhibits both HER2 and epi-
dermal growth factor receptor (EGFR) kinases (461). It has
the chemical name N-(3-chloro-4-{[(3-fluorophenyl)methyl]
oxy}phenyl)-6-[5-({[2-(methylsulfonyl)ethyl]amino}methyl)-
2-furanyl]-4-quinazolinamine bis(4-methylbenzenesulfonate)
monohydrate, the molecular formula C29H26ClFN4O4S
(C7H8O3S)2 H2O, and a molecular weight of 943.5. 

Drug Disposition. Peak plasma concentration occurs
approximately 4 hours after administration. The half-life of
lapatinib is estimated to be between 7 and 24 hours, and
steady-state concentrations are achieved within 6 to 7 days
(462). Divided dosing (versus the same dose given once per
day) results in nearly double the exposure (steady-state serum
AUC). Systemic exposure is also increased with food (three- to
fourfold higher AUC). Similar to other kinase inhibitors, con-
comitant treatment with CYP3A4 inducers may decrease the
concentration of lapatinib, whereas concomitant treatment
with CYP3A4 inhibitors may increase the plasma concentra-
tion of lapatinib.

Administration and Dosage. The FDA-approved dosage of
lapatinib is 1,250 mg given orally daily (days 1 to 21), 1 hour
before or at least 1 hour after a meal, in combination with
capecitabine 2,000 mg/m2/day (administered orally in two
doses approximately 12 hours apart) which is given on days
1 to 14 of the 21-day cycle. 

Side Effects and Toxicities. Rash, nausea, and vomiting
(grades 1 to 2) are the most common side effects associated
with lapatinib (462). Lapatinib may decrease left ventricular
ejection fraction. Serious adverse events have been rarely
reported in clinical trials (462).

Estrogen Receptor/Progesterone
Receptor–Targeted Agents

Anastrozole

Chemistry. Anastrozole (Arimidex) is FDA approved for
the adjuvant treatment of postmenopausal patients with estro-
gen receptor positive (ER
) breast cancers following tamox-
ifen therapy, and is also indicated for postmenopausal women
for the first-line treatment of ER
/ER-unknown breast cancer
that is locally advanced or metastatic. Anastrozole is rarely
associated with response in ER-negative disease. Anastrozole
has been shown to have fewer side effects and a significant
survival advantage as compared to megestrol acetate in the
treatment of postmenopausal patients with breast cancer
(463). Chemically, it is 1,3-benzenediacetonitrile, �,�,��,��-
tetramethyl-5-(1H-1,2,4-triazol-1-ylmethyl). It has a molecu-
lar formula of C17H19N5 and a molecular weight of 293.4.

Mechanism of Action. Anastrozole is a nonsteroidal aro-
matase inhibitor that prevents the peripheral conversion of
androgens (androstenedione and testosterone) to estrogens
(estrone, estrone sulfate, and estradiol) (50). Anastrozole has a
significant effect on serum estradiol; as low as 1 mg/day has
caused estradiol levels to be undetectable (464). In patients
receiving 5 and 10 mg of anastrozole, there was no effect on
adrenal corticosteroids or aldosterone.

Drug Disposition. Following oral administration, anastro-
zole is well absorbed into the systemic circulation and not
affected by food ingestion. Pharmacokinetics are linear and
not affected by repeated dosing. Steady-state concentration
levels are achieved after approximately 7 days of treatment. 

Administration and Dosage. Anastrozole is administered
orally at a dose of 1 mg/day. For advanced disease, treatment
should continue until disease progression.

Side Effects and Toxicities. When compared in a controlled
clinical study to megestrol acetate, the principal side effect of
anastrozole was diarrhea (occurred in 8.4% vs. 2.8% of
patients treated with megestrol acetate). In general, it is very
well tolerated, with the most frequent side effects (any grade)
being asthenia (18%), nausea (18%), headache (14%), hot
flushes (13.2%), and pain (10%).

Special Applications. It is hypothesized that anastrozole
may play a role on a molecular level in the endometrium.
Most endometrial carcinomas are associated with endometrial
hyperplasia and are estrogen receptor (ER) and progesterone
receptor (PR) positive. In addition to ER/PR status, there is a
progressive increase in the expression of the protein pS2 from
normal to hyperplastic to well-differentiated carcinoma (465).
Aromatase inhibition may be able to alter the course of dis-
ease by preventing the endometrium from being exposed to
estrogen. This may in turn alter the expression of the pS2 pro-
tein as there is a strong association between ER/PR expression
and expression of pS2 protein (465). Aromatase activity has
been demonstrated in both ER/PR–positive and ER/PR–negative
endometrial carcinomas (466). Although much research has
yet to be done, phase 1 and 2 trials have demonstrated safety
and minimal activity in an unselected population of recurrent
endometrial carcinoma patients (467). There is some evidence
that it may have benefit in the treatment of endometrial hyper-
plasia (468).

Letrozole

Chemistry. Letrozole (Femara) is a nonsteroidal aromatase
inhibitor that is FDA approved for the first-line treatment of
postmenopausal women with locally advanced or metastatic
breast cancer (hormone receptor positive or hormone receptor
unknown). Letrozole is also used for the treatment of advanced
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breast cancer in postmenopausal women whose disease has
progressed following antiestrogen therapy. Letrozole has also
demonstrated some activity in palliative care for recurrent
ovarian cancer (469,470). The chemical name of letrozole
is 4,4�-(1H- 91,2,4-Triazol-1-ylmethylene) dibenzonitrile, and
the empirical formula is C17H11N5.

Mechanism of Action. Similar to other aromatase inhibitors,
letrozole inhibits the conversion of androgens to estrogens via
the aromatase enzyme. Letrozole treatment does not increase
serum follicle stimulating hormone (FSH), and as a selective
gonadal steroidogenesis inhibitor, does not impact adrenal min-
eralocorticoid or glucocorticoid synthesis.

Drug Disposition. Letrozole is not affected by food intake,
and is rapidly and completely absorbed through the gastroin-
testinal tract. The terminal elimination half-life is 2 days. The
major excretion route is via the kidneys. Steady-state plasma
concentration is reached in 2 to 6 weeks of daily 2.5-mg dos-
ing. These concentrations are up to two times higher than
after a single dose. Steady-state levels can be maintained for
long periods of time without continuous accumulation of
letrozole.

Administration and Dosage. Letrozole is administered orally,
at 2.5 mg per day. Letrozole can be taken at any time during the
day regardless of food intake. Treatment is indicated until dis-
ease progression.

Side Effects and Toxicities. Letrozole has a more favorable
toxicity profile as compared to tamoxifen, with greater or equiv-
alent efficacy in breast cancer patients (471). The most common
side effects include bone pain, hot flushes, back pain, nausea,
arthralgia, and dyspnea, each occurring in no more than 20% of
patients.

Medroxyprogesterone

Chemistry. The chemical name of the progestational agent
medroxyprogesterone acetate (Provera) is pregn-4-ene-3,20-
dione,17-(acetyloxy)-6-methyl-,(6�)-. Its empirical formula is
C24H34O4, with a molecular weight of 386.53. Medroxyprog-
esterone acetate (MPA) therapy is indicated with estrogen
therapy for therapeutic use in women to reduce the incidence
of atypical endometrial hyperplasia. There is some evidence
that MPA may be used for endometrial hyperplasia or stage 1
endometrial cancer as an alternative to surgery to preserve fer-
tility with some success (472,473). MPA has demonstrated
activity when used with other agents in advanced or recurrent
endometrial cancer (474). 

Drug Disposition. MPA is absorbed through the gastroin-
testinal tract, and is primarily metabolized by the liver. Maxi-
mum concentrations are reached within 2 to 4 hours after oral
administration. Food intake enhances the bioavailability of
MPA (Cmax by up to 70% and AUC up to 33% increase), but
does not affect its half-life (12 to 16 hours).

Administration and Dosage. MPA is administered at 5 or
10 mg/day for endometrial hyperplasia for 12 to 14 consecu-
tive days every month. For abnormal uterine bleeding or
amenorrhea, MPA is generally administered for a shorter
duration (e.g., 5 to 10 consecutive days). Patients experience
withdrawal bleeding for 3 to 5 days following the treatment
cycle. MPA is recommended to be used with 0.625 mg conju-
gated estrogens in women with a uterus to avoid the risk of
endometrial cancer. Women without a uterus may receive
estrogen without a progestin. In addition to the tablet form
for oral intake, there is an intramuscular (IM) depot formula-
tion that may permit alternative treatment regimens. The IM
formulation of MPA was compared to oral megestrol acetate
for the treatment of menopausal symptoms in breast cancer
patients. In this short-term study, the IM formulation pro-
vided superior benefit to patients and may be an alternative to
long-term oral progestin therapy (475).

Side Effects and Toxicities. MPA, similar to other prog-
estins (e.g., megestrol acetate), may cause abnormal uterine
bleeding, breast tenderness, or nausea. A Women’s Health Ini-
tiative (WHI) study found that estrogen plus progesterone was
associated with an increased risk of myocardial infarction,
stroke, invasive breast cancer, pulmonary emboli, and deep
vein thrombosis in postmenopausal women (476). A memory
study embedded within the WHI study found that this combi-
nation may also be associated with an increased risk of devel-
oping dementia in women over the age of 65 (477). A black
box warning now included on the MPA package insert recom-
mends that estrogen/progesterone be used at the lowest possi-
ble dose for the shortest duration possible for the specific
treatment goals of the patient.

Megestrol

Chemistry. The chemical name of megestrol acetate
(Megace) is 17 �-acetyloxy-6-methylpregna-4,6-diene-3,20-
dione. Similar to MPA, it has the empirical formula C24H34O4,
and has a molecular weight of 384.51. Megestrol acetate is an
FDA-approved progestin that is used for the palliative treat-
ment of advanced carcinoma of the breast or endometrium
(i.e., recurrent, inoperable, or metastatic disease). In general,
progestational agents are currently used in the treatment of
endometrial hyperplasia at a variety of doses and schedules.
The GOG is currently investigating megestrol acetate in trial
GOG-0224 (A Randomized, Controlled Phase II Evaluation
Of Megestrol [Megace®] in Different Dose and Sequence in
the Treatment of Endometrial Intraepithelial Neoplasia [EIN]
from a Referred Cohort of Atypical Endometrial Hyperplasia
[AEH] or EIN). GOG-0224 is designed to provide objective
data toward a standard treatment regimen for the care of
women with EIN or AEH in addition to understanding the
actual mechanism of action of progestational agents in the
endometrium. 

Drug Disposition. Megestrol acetate is primarily excreted in
the urine, and oral absorption rates are variable. Time to peak
concentration ranges from 1.0 to 3.0 hours, and the plasma
elimination half-life ranges from 13.0 to 104.9 hours. Steady-
state plasma concentrations have not yet been established.

Administration and Dosage. Megestrol acetate is supplied
in 20- and 40-mg tablets for oral intake. Although the recom-
mended dosage for breast cancer is 160 mg/day (40 mg qid),
and for endometrial carcinoma it is 40 to 320 mg/day in
divided doses, there are a wide variety of dose and schedules
implemented therapeutically for precancerous conditions
(e.g., AEH).

Side Effects and Toxicities. The side effect profile of the
progestational agents megestrol acetate and MPA is similar.
However, weight gain is a common side effect with megestrol
acetate. Thrombophlebitis and pulmonary embolism have
been reported with megestrol acetate. Other toxicities include
nausea and vomiting, edema, breakthrough menstrual bleed-
ing, and dyspnea. In general, there are only rare severe toxici-
ties reported with progestational agents.

Tamoxifen

Chemistry. Tamoxifen citrate (Nolvadex) is a non-
steroidal agent with antiestrogenic properties. It is indicated
for the treatment of metastatic breast cancer and as adjuvant
treatment in node-positive breast cancer in postmenopausal
patients. Tamoxifen competes with estrogen for binding
sites, which explains its increased effectiveness in ER

tumors. Chemically, tamoxifen is (Z)2-[4-(1,2-diphenyl-1-
butenyl) phenoxy]-N,N-dimethylethanamine 2-hydroxy-
1,2,3-propanetricarboxylate (1:1), and has a molecular weight
of 563.62.
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Mechanism of Action. Tamoxifen is a nonsteroidal agent
that has antiestrogenic properties in the breast and ovary, but
acts like an estrogen agonist in the endometrium and bone
(478). It may exert its antitumor effects by binding the estro-
gen receptors. Because of this mechanism, it is most beneficial
in the treatment of ER
 tumors.

Drug Disposition. Peak plasma concentrations (average
40 ng/mL) take place approximately 5 hours after dosing. The
decline in plasma concentrations is biphasic with a terminal
elimination half-life of about 6 days. Steady-state concentra-
tions for tamoxifen are achieved in about 4 weeks after initia-
tion of therapy. Tamoxifen is extensively metabolized, with
N-desmethyl tamoxifen being the major metabolite. Approxi-
mately 65% of the administered dose is eliminated in the feces
within 2 weeks (479).

Administration and Dosage. Tamoxifen is available in
10- and 20-mg tablets for oral administration. The recom-
mended dosage is 20 to 40 mg/day; when the higher daily dose
is prescribed, it should be divided into two doses of 20 mg
(morning and evening).

Side Effects and Toxicities. Tamoxifen causes estrogenic
changes of the vaginal and cervical squamous epithelium and
increases the incidence of cervical and endometrial polyps
(480). It is associated with an increased risk of uterine malig-
nancies (endometrial adenocarcinoma and uterine sarcoma).
Other serious adverse events associated with tamoxifen treat-
ment include stroke, deep vein thrombosis, and pulmonary
embolism. A discussion weighing the benefits versus the risks
should take place prior to treatment with tamoxifen; however,
the benefits have been determined to outweigh the risks in
women who take tamoxifen to reduce the risk of breast cancer
recurrence. The National Adjuvant Breast and Bowel Project
(NSABP P-1) found a higher incidence of the following side
effects for tamoxifen versus placebo, respectively: vaginal dis-
charge (54.7% vs. 34%); cold sweats (21.4% vs. 14.8%); hot
flashes (77.7% vs. 65.1%); night sweats (66.8% vs. 54.9%);
and genital itching (47.1% vs. 38.3%) (481). Serious adverse
events reported more frequently among women taking tamox-
ifen as compared to placebo in the NSABP P-1 trial included
uterine malignancy, uterine sarcoma, stroke, and pulmonary
embolism.

Special Applications. Some ovarian cancers express hor-
monal receptors, a factor supporting the investigation of
tamoxifen in the treatment of ovarian malignancies (482). It
has demonstrated activity in patients with platinum-refractory
ovarian cancer, with response rates ranging from 13% to 17%
(with some complete responses), and with durations ranging
from 4.4 months to more than 5 years (482–484). In the series
by Hatch et al. (482), patients with ovarian cancer who had
complete or partial responses on tamoxifen were more likely
to have an ER
 tumor (89% ER
) than those who had stable
disease or progression on tamoxifen (59% had elevated ER).
The favorable toxicity profile of tamoxifen makes it an ideal
agent to consider in patients with refractory ovarian cancer.

Antiangiogenesis Agents

Angiogenesis is the process by which new blood vessels are
sprouted from preexisting ones. Endothelial cells must
migrate, proliferate, and assemble into tubes during this
process. In normal tissues, blood vessel growth is tightly con-
trolled by numerous angiogenesis-stimulating factors and
angiogenesis-inhibiting factors. Vascular endothelial growth
factor (VEGF) and platelet-derived endothelial-cell growth
factor (PD-ECGF) are two of the most extensively studied
growth factors that appear to function primarily as angiogen-
esis-stimulating factors. Other growth factors and cytokines,
such as basic fibroblast growth factor (bFGF), have multiple

functions in addition to angiogenesis stimulation (485).
Naturally occurring factors that suppress angiogenesis
include angiostatin, endostatin, interferon-�, interferon-�,
interferon-�, interleukin-1, interleukin-12, platelet factor-4,
thrombospondin-1, 1,2-methoxyestradiol, tissue inhibitor
metalloproteinases (TIMPs), and, at high concentrations,
tumor necrosis factor-� (486).

In the early 1970s, Folkman (487) pioneered the study of
tumor angiogenesis with his observation that the growth of
tumor nodules to a diameter of greater than 1 to 2 mm
required neovascularization of the tumor. He hypothesized
that pharmacologic suppression of tumor angiogenesis could
induce tumor dormancy. Further research has shown that for-
mation of new blood vessels within tumor nodules results in
an exponential increase in tumor cell growth; the transition
from hyperplasia to malignancy parallels the induction of neo-
vascularization; and tumor angiogenesis is a prerequisite for
metastatic spread (485,488). Additionally, blood vessel den-
sity of tumors has been shown to be a potentially important
prognostic factor in multiple human neoplasms, including
cancers of the ovary, cervix, and endometrium (489,490).

Obviously, this is a very brief discussion of tumor angiogen-
esis. The reader is referred to several reviews on angiogenesis
inhibition and its potential for cancer treatment (486,491).
Several angiogenetic agents that have FDA approval for vari-
ous indications that may have potential for the treatment of
gynecologic cancers are briefly discussed below.

Bevacizumab

Chemistry. Bevacizumab (Avastin) is recombinant human-
ized monoclonal IgG1 antibody that is designed to inhibit
angiogenesis through targeting the human VEGF. Bevacizumab
is FDA approved for treatment for first-line metastatic col-
orectal cancer in combination with 5-FU–based chemother-
apy. Ovarian, endometrial, and cervical cancers have been
shown to express VEGF-A (492). Early trials show promising
results in refractory ovarian cancer and heavily pretreated cer-
vical cancer patients (494–496); however, larger randomized
trials are needed to demonstrate efficacy in gynecologic cancer
populations.

Administration and Dosage. Bevacizumab is administered
5 mg/kg IV once every 14 days until disease progression.

Side Effects and Toxicities. The most common serious
(grade 3 to 4) side effects of bevacizumab treatment include
asthenia, pain, hypertension, diarrhea, and leukopenia. Beva-
cizumab has been associated with gastrointestinal perforation,
wound healing complications, and hemorrhage. Hemorrhage
was specifically pronounced among patients with recent
hemoptysis; therefore, these patients should not receive beva-
cizumab. Patients receiving bevacizumab therapy have also
demonstrated an increase in hypertension, proteinuria, and
congestive heart failure. It is recommended that bevacizumab
therapy be delayed at least 28 days following any major surgi-
cal procedure. The safety of bevacizumab in patients with car-
diovascular disease is unknown.

Thalidomide

Chemistry. Thalidomide (Thalomid) is an antiangiogenic
agent that is indicated for the treatment of cutaneous manifes-
tations of erythema nodosum leprosum (ENL). However,
thalidomide has been used in the treatment of various
advanced malignancies and has demonstrated possible activity
in ovarian and papillary-serous peritoneal carcinoma (497).
Thalidomide has the chemical name �-(N-phthalimido)glu-
tarimide. The molecular structure is C13H10N2O4, and it has a
molecular weight of 258.2.

Mechanism of Action. Although the exact mechanism of
action is not fully characterized, the immunologic effects of
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thalidomide may be related to suppression of excessive tumor
necrosis factor-� (TNF-�) production and down-modulation
of selected cell surface adhesion molecules involved in leuko-
cyte migration (498).

Dosage and Administration. Thalidomide is an oral agent,
which is supplied in 50-, 100-, and 200-mg gelatin capsules.
When used in chemotherapeutic regimens, the dose of thalido-
mide is generally titrated up to 400 mg/day as an evening dose
(50). When used in a pilot study of ovarian and peritoneal car-
cinoma, daily thalidomide was initiated at 200 mg, with doses
increasing by 100 mg per day every 2 weeks until response or
tolerance (493).

Side Effects and Toxicities. Thalidomide is teratogenic and
should not be used at any time during pregnancy. Latex con-
doms should be used by sexually active males using the drug
because thalidomide is present in semen. The most common
side effects include somnolence, peripheral neuropathy, dizzi-
ness, neutropenia, rash, and HIV viral load increase.

MODULATING AGENTS/
SUPPORTIVE CARE DRUGS 
USED IN THE TREATMENT 

OF GYNECOLOGIC CANCERS
Defining approaches to improve the therapeutic index of can-
cer chemotherapy, such that tumor-cell kill is enhanced while
toxicity to normal cells is minimized, remains a fundamental
goal of cancer treatment. A major limiting factor in successful
cancer therapy is the ability of the tumor to develop resistance
to the drugs used for treatment. A second fundamental prob-
lem faced by the oncologist treating patients with chemother-
apy is the acute and chronic toxic effects of the drugs to the
normal tissues. One approach that holds promise for the
improvement of the therapeutic index is the concept of modu-
lation, or the use of drugs with little or no cytotoxic activity to
modulate the efficacy of standard anticancer drugs. Modulat-
ing agents can be divided into three main classes based on
their ability to (a) protect host tissue from the toxic effects of
the cancer drugs; (b) potentiate anticancer drugs; and (c)
reverse acquired drug resistance. In this section, we discuss
agents with chemoprotective abilities used with chemotherapy
in the treatment of gynecologic cancers. The drugs outlined
are not meant to be fully inclusive and the reader is referred to
Tew et al. (499) for a complete review on the subject of mod-
ulation of anticancer drug activities.

Chemoprotective Agents

Amifostine

Chemistry. Amifostine (Ethyol) is, to date, the most exten-
sively developed broad-spectrum cytoprotective agent. Origi-
nally developed as a radioprotective compound, amifostine was
selected from a series of over 4,400 synthetic thiol derivatives
developed by the U.S. Army as having the most effective radio-
protective effects and best safety profile (500). Subsequently, an
extensive number of studies have demonstrated that amifostine
selectively protects normal, but not tumor, tissue from the toxi-
cities induced by radiation therapy and chemotherapy
(499,501). Amifostine is FDA approved and indicated to reduce
the cumulative renal toxicity associated with repeat cisplatin
administration in patients with advanced ovarian cancer or
non–small cell lung cancer. It is also approved for chronic, three
times weekly dosing, 15 to 20 minutes prior to daily radiation
therapy in patients with head and neck cancer. Chemically, it is
2-[(3-aminopropyl) amino]ethanethiol dihydrogen phosphate

(ester), its empiric formula is C5H15N2O3PS, and it has a molec-
ular weight of 214.22.

Mechanism of Action. Amifostine is an inactive prodrug
that is dephosphorylated to the active, free thiol species,
WR1065, at the tissue site by cell membrane–bound and cap-
illary alkaline phosphatase. The higher specific activity of the
membrane-bound enzyme in normal tissue versus tumor tissue
promotes rapid transport of the active thiol metabolite into
the normal cell, with negligible transport into the cancer cells.
The higher pH and higher activity of capillary alkaline phos-
phatase in normal tissue also contribute to the preferential
uptake of WR1065 by normal cells (502). A number of mech-
anisms of protection by WR1065 have been reported, includ-
ing scavenging of oxygen free radicals, direct intracellular
binding to and subsequent detoxification of the active species
of alkylating and platinum compounds, prevention or reversal
of cisplatin-DNA adduct formation, induction of hypoxia, and
alterations in intracellular glutathione and polyamine levels.

In addition to protecting normal cells from the cytotoxic
effects of chemotherapy, amifostine has been shown to stimu-
late bone marrow progenitor cells (503) and sensitize tumor
cells both in vitro and in vivo to the cytotoxic effects of anti-
cancer agents, including nitrogen mustard, paclitaxel, melpha-
lan, and carboplatin (80,504,505). Thus, amifostine is unique
in that it is the only known modulating agent that may
improve the therapeutic index for antitumor agents by dual
mechanisms, that is, decreasing toxicity to normal tissue and
potentiating tumor-specific cytotoxicity.

Drug Disposition. Pharmacokinetic studies in humans
have shown that following IV administration at a dose of 740
or 910 mg/m2, amifostine is rapidly cleared from the plasma
and taken up into normal tissues with an � half-life of less
than 1 minute and a � half-life of less than 10 minutes (506).
Within 5 to 10 minutes after completion of a 15-minute infu-
sion, greater than 90% of the parent drug is cleared from the
plasma. A terminal elimination phase with a half-life of 48
minutes has also been reported (507). However, the plasma
levels were very low during the elimination phase, and repeat
dosing with amifostine at 2-hour intervals did not lead to
increasing peak values at the end of each infusion.

Analyses of the human pharmacokinetics of WR1065 and
the symmetric disulfide WR33278 following a single dose or
three doses of amifostine (740 or 910 mg/m2) 15 minutes
before and 2 and 4 hours after chemotherapy have also been
reported (507). WR1065 is rapidly cleared from the plasma
by fast uptake into the tissues and conversion to disulfides.
The initial half-life of 0.18 hour is followed by a slower, sec-
ond phase with a half-life of 7.3 hours, where only low plasma
levels are present. The final half-life of the disulfides ranged
from 8.4 to 13.4 hours, and these metabolites were detectable
24 hours after treatment. As such, the disulfides may serve as
an exchangeable pool of WR1065. After repeat dosing with
amifostine, peak levels of WR1065 were increased, but peak
levels of the disulfides were slightly decreased. This may sug-
gest a change in the uptake or elimination of WR1065 or a
saturation of the disulfide formation.

Amifostine changes the pharmacokinetics of carboplatin in
humans, resulting in a longer, final half-life of ultrafiltrable
platinum species in patients with a normal creatinine clear-
ance, and a small increase in the AUC value (80). One can
speculate that amifostine’s effect on carboplatin pharmacoki-
netics may increase the efficacy of carboplatin in patients, sim-
ilar to what has been observed in tumor-bearing mice. The
effect of amifostine on the pharmacokinetics of cisplatin is
minor, resulting in an increase of the final half-life of ultrafil-
trable platinum but not unchanged cisplatin (508).

Administration and Dosage. The originally recommended
schedule of amifostine was as a 15-minute IV infusion admin-
istered 15 to 30 minutes before chemotherapy; however, a
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markedly lower incidence of both hypotension and emesis has
been documented when amifostine is administered by rapid IV
bolus (509). Although an optimal dose has not been defined,
amifostine is generally given at the MTD ranging from 740 to
910 mg/m2. The rapid IV bolus administration of these
amifostine doses can be achieved in increments of 500 mg
with 5 minutes separating each dose, up to three IV injections,
markedly minimizing nausea and hypotension.

Special Applications. Amifostine has been shown in a
number of clinical trials to protect against cisplatin-induced
nephrotoxicity and neurotoxicity and cyclophosphamide-
induced hematotoxicity (501). Results of a randomized, multi-
center phase 3 trial of cyclophosphamide (1,000 mg/m2) and
cisplatin (100 mg/m2) with or without amifostine (910 mg/m2)
every 3 weeks for six cycles in advanced epithelial ovarian
cancer patients confirmed that pretreatment with amifostine
reduces the cumulative renal, hematologic, and neurologic
toxicities of the chemotherapy regimen (120). Final analysis of
242 patients (122 received amifostine) revealed that amifos-
tine pretreatment yielded significant protection against the
toxic effects of cisplatin. Twenty-six percent of patients (31 of
120) on the chemotherapy-alone arm compared with 10% of
patients (12 of 122) pretreated with amifostine had treatment-
limiting renal, neurologic, or ototoxicity requiring discontinu-
ation of cisplatin treatment (p � 0.001). No patients on the
amifostine arm discontinued therapy because of nephrotoxic-
ity compared with seven patients on the chemotherapy-alone
arm (p � 0.008). Significant hematoprotection also was
observed, including a 53% reduction in the percentage of
patients experiencing neutropenia-associated events (p � 0.019)
and a 62% reduction in the total incidence of neutropenia-
associated events (p � 0.005). The latter resulted in a 61%
reduction in the number of days in the hospital (p � 0.019)
and a 61% reduction in days on antibiotics (p � 0.031). No
difference in survival was observed at a 41-month median fol-
low-up period between patients on either arm of the study, sug-
gesting that amifostine does not reduce the antitumor efficacy
of chemotherapeutic treatment.

Results from a study in breast cancer patients receiving
high-dose chemotherapy with autologous bone marrow sup-
port showed that amifostine treatment of bone marrow cells
prior to ex vivo purging with 4-hydroxycyclophosphamide
(4-HC) resulted in a significant decrease in time to leukocyte
engraftment from 36 days (4-HC alone) to 26 days (p � 0.032)
(510). Additionally, those patients treated with amifostine
required significantly fewer platelet transfusions and days of
antibiotic therapy. Results of a randomized phase 2 trial of car-
boplatin plus amifostine versus carboplatin alone in patients
with advanced solid tumors indicated that amifostine can
reduce the cumulative thrombocytopenia resulting from carbo-
platin treatment (79).

There have been several small, randomized studies of ami-
fostine in combination with carboplatin plus paclitaxel in the

management of advanced ovarian cancer (511–513). In each of
these trials, amifostine demonstrated some activity against the
development of grade 2 and/or grade 3 neurotoxicity. Within
the randomized trial publication, De Vos et al. present a pooled
analysis of three selected trials of amifostine with similar dos-
ing schedules of carboplatin plus paclitaxel (511). There was
statistically significant evidence in this analysis that IV amifos-
tine pretreatment reduced the risk of grade 2/3 neurotoxicity.

Side Effects and Toxicities. The dose-limiting toxicities of
amifostine include nausea, vomiting, and arterial hypotension.
However, the emesis and hypotension can be reduced to rela-
tively mild toxicities through rapid IV bolus administration
together with the preadministration of IV fluids, dexametha-
sone (20 mg IV in adults), and ondansetron (0.15 mg/kg IV)
within 1 hour prior to chemotherapy (514). Amifostine admin-
istered on a daily � 5 schedule at 825 mg/m2, with cisplatin
and radiation therapy, can result in hypocalcemic effects; how-
ever, these doses are no longer used in clinical trials. Wadler et al.
(515) reported that amifostine in extremely high doses can lead
to a cumulative effect on decreased serum ionized calcium lev-
els, which is mediated by direct inhibition of parathyroid hor-
mone (PTH) activity. Administration of oral calcium with
vitamin D supplements and frequent monitoring of serum ion-
ized calcium levels are recommended for patients treated with
the higher doses of amifostine, cisplatin, and radiation therapy.

Special Applications. The complications associated with IV
administration have led to the ongoing development of ami-
fostine for subcutaneous (SC) administration at 200 mg/m2

three times weekly. The SC administration of amifostine has
been evaluated in a number of preclinical and clinical studies;
safety and efficacy studies have been conducted and are ongo-
ing (516). Amifostine by either the IV bolus or SC routes in
low (i.e., 200 to 340 mg/m2) daily to three times weekly dos-
ing schedules reduces both the acute and chronic cystitis and
enteritis associated with pelvic irradiation in gastrointestinal,
gynecologic, and urologic cancers, as shown in Table 16.7.

Dexrazoxane

Dexrazoxane (Zinecard), a metal-chelating agent, belongs to
the bis-dioxopiperazine family, and was originally designed as
a potential antitumor agent. Although early clinical trials
failed to provide significant evidence of cytotoxic activity
(517), an observation was made that the drug caused a
marked increase in the urine clearance of iron and zinc (518).
These findings, coupled with preclinical studies that showed
that dexrazoxane and other chelating agents could prevent the
acute myocardial damage induced by anthracyclines (519)
without reducing the antitumor effect of the drugs (520), led
to the use of dexrazoxane as a cardioprotective agent. Animal
studies have shown that dexrazoxane can offer significant
protection against anthracycline-induced cardiotoxicity, and
dexrazoxane was most effective when given from 30 minutes
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AMIFOSTINE EFFICACY IN COLORECTAL/PELVIC CANCERS: PHASE 2/3 TRIALS

TABLE 16.7

Study Phase; study population Treatment outcomes

Anthanassiou, 2003 (537) Phase 3; pelvic carcinomas with Amifostine reduced radiation-induced bladder 
radiation therapy and lower gastrointestinal toxicity

Koukourakis, 2000 (516) Phase 2 subcutaneous amifostine; pelvic Subcutaneous amifostine reduced radiation-induced  
carcinomas with radiation therapy mucosal toxicity and treatment interruptions

Antonadau, 2004 (538) Phase 3; advanced colorectal cancer Amifostine reduced grade 2 gastrointestinal 
radiation plus chemotherapy toxicity
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before to 15 minutes after doxorubicin (521). Subsequent
studies demonstrated that the degree of cardioprotection
elicited by dexrazoxane is dependent on the dose of the
anthracycline and the severity of the cardiomyopathy (522).
Results from the initial clinical study of dexrazoxane in
patients with metastatic breast cancer were encouraging and
confirmed those of the preclinical studies. Speyer et al. (523)
conducted a randomized trial of FAC (fluorouracil 500 mg/m2,
doxorubicin 50 mg/m2, cyclophosphamide 500 mg/m2) versus
FAC plus dexrazoxane 1,000 mg/m2, administered as an IV
bolus injection 30 minutes before FAC therapy. Pretreatment
with dexrazoxane offered significant protection against dox-
orubicin-induced cardiotoxicity as assessed by clinical exami-
nation, radionuclide scan of left ventricular ejection fraction,
and endomyocardial biopsy. Patients receiving dexrazoxane
received higher cumulative doses of doxorubicin, and signifi-
cantly fewer of these patients were removed from the study
because of cardiotoxicity.

Chemistry. Dexrazoxane is an FDA-approved chemopro-
tective agent that reduces the severity and incidence of car-
diomyopathy in women with metastatic breast cancer
undergoing doxorubicin therapy. It is chemically known as
(S)-4,4�-(1-methyl-1,2-ethanediyl)bis-2,6-piperazinedione, has
the molecular formula C11H16N4O4, and has a molecular
weight of 268.28.

Mechanism of Action. The proposed mechanism by which
dexrazoxane reduces cardiotoxicity is through chelation of
free or loosely bound iron by the hydrolyzed form of the drug
(524). This prevents the binding of anthracyclines to intracel-
lular iron and subsequent formation of toxic free radicals.

Administration and Dosage. Dexrazoxane is specifically
indicated for women who have received a cumulative dose of
300 mg/m2 or greater of doxorubicin and who, in the physi-
cian’s opinion, would benefit from further doxorubicin ther-
apy. Dexrazoxane must be reconstituted with 0.167 molar
(M/6) sodium lactate to give a concentration of 10 mg dexra-
zoxane for each milliliter of sodium lactate. It may be further
diluted with either 0.9% sodium chloride or 5.0% dextrose to
a concentration range of 1.3 to 5.0 mg/mL in intravenous
infusion bags. It should be given slow IV push or rapid drip IV
infusion. Dexrazoxane should be administered no less than
30 minutes before doxorubicin, and the recommended dose
ratio of dexrazoxane to doxorubicin is 10:1 (i.e., dexrazoxane
500 mg/m2:doxorubicin 50 mg/m2).

Side Effects and Toxicities. Although randomized studies
have shown that myelosuppression was slightly greater in
patients pretreated with dexrazoxane, this does not appear to
be clinically significant. In addition to dose-limiting granulo-
cytopenia, other toxicities associated with the drug include
mild nausea/vomiting and alopecia.

A number of studies in patients with advanced breast can-
cer have confirmed the protective effects of dexrazoxane
against anthracycline-induced cardiotoxicity (525). Addition-
ally, dexrazoxane was shown to have a significant cardiopro-
tective effect in pediatric patients treated up to a cumulative
doxorubicin dose of 410 mg/m2 (526).

Special Applications. In addition to the cardioprotection
indication for dexrazoxane, there are a number of other
potential applications for this agent (527). Of particular inter-
est, relative to the treatment of gynecologic malignancies, is
the finding that dexrazoxane can enhance the effects of cis-
platin in both drug-sensitive and drug-resistant human ovar-
ian cancer cell lines.

Leucovorin

Leucovorin, a chemically reduced derivative of folic acid,
is also known as citrovorum factor or folinic acid and was
the original chemoprotective agent employed to overcome

high-dose methotrexate-induced bone marrow toxicity (528).
Leucovorin can serve as a substitute for the endogenous
reduced-folate cofactor (N5,N10-methylene tetrahydrofolate)
that is diminished by methotrexate. Thus, leucovorin can “res-
cue” cells by replenishing intracellular reduced-folate pools
and preventing methotrexate toxicity via blockade of thymi-
dine synthesis. Leucovorin acts in a dose- and time-dependent
fashion and must be given within 48 hours of methotrexate in
order to elicit its rescue effects.

Leucovorin is also a successful modulatory agent used clini-
cally to potentiate the antitumor activity of 5-FU (499). Leu-
covorin can enhance the DNA toxicity induced by 5-FU
through the formation of a stable tertiary complex of 5,
10-methylene tetrahydrofolate, thymidylate synthase, and flu-
orodeoxyuridine monophosphate. Compared with 5-FU alone,
this combination has been shown to produce higher response
rates and, in some cases, longer survival for patients with
metastatic gastrointestinal malignancies (529). The combina-
tion of 5-FU and leucovorin currently is being tested exten-
sively in other malignancies, including metastatic breast cancer
(530). A complete review of leucovorin as a modulating agent
is beyond the scope of this chapter and the reader is referred to
a number of excellent reviews on this topic (499,531).

Mesna

Mesna (Mesnex) is used clinically as a specific chemoprotec-
tive agent against bladder toxicity resulting from oxazophos-
phorine-based alkylating agents, such as cyclophosphamide
and ifosfamide. It is sodium-2-mercaptoethane sulfonate, with
the molecular formula C2H5NaO3S2 and a molecular weight
of 164.18.

Mechanism of Action. Mesna inactivates the protein-
reactive aldehyde, acrolein metabolite of ifosfamide and
cyclophosphamide, which accumulates in the urinary bladder
and results in dose-limiting urotoxicity (234). Plasma conver-
sion of mesna to its inactive disulfide metabolite, dimesna,
allows for the pretreatment and simultaneous administration
of mesna as a urinary protector for ifosfamide and cyclophos-
phamide (high dose). Following renal filtration and secretion,
dimesna is converted back to the active parent compound by
glutathione reductase, which is subsequently delivered to the
bladder. The mesna-free sulfhydryl groups in the urinary blad-
der can directly complex to and thus neutralize acrolein, in
addition to potentially blocking acrolein formation in the uri-
nary tract (532). The metabolic characteristic of mesna should
preclude any potential protection to tumors. Indeed, there is
no clinical evidence that mesna coadministration with ifos-
famide results in decreased antitumor activity. However,
mesna has been shown to prevent the cytotoxicity of platinum
agents when given simultaneously with them in in vitro mod-
els. As such, careful scheduling of mesna is warranted for clin-
ical trials using ifosfamide in combination with platinum
compounds. Additionally, mesna should not be given simulta-
neously with cisplatin.

Drug Disposition. Proper scheduling of mesna has been
based on pharmacokinetic analysis, which showed that mesna
and dimesna have relatively short half-lives of approximately
1 hour and that peak urinary thiol accumulation following IV
or oral mesna occurs at 1 and 3 hours, respectively (533).
Because the half-life of mesna is much shorter than that of
acrolein, it must be administered beyond the completion of
ifosfamide.

Administration and Dosage. Mesna is available for IV bolus
injection (100 mg/mL) or for oral use, available as 400-mg
tablets. For IV administration, it should be diluted to obtain
a final concentration of 20 mg/mL. The diluted solution is sta-
ble for 24 hours at room temperature. The approved schedule
for IV administration of mesna is as a bolus dose (20% of the
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ifosfamide dose) prior to ifosfamide and two additional doses
4 and 8 hours after ifosfamide treatment (283). A combination
of IV and oral mesna has been used to simplify outpatient ifos-
famide therapy. The oral dose of mesna is given equal to 40%
of the ifosfamide dosage in two doses at 2 and 6 hours after
ifosfamide administration, based on a 50% urinary bioavail-
ability of oral mesna. Oral doses of 3 g/m2 have been well tol-
erated in patients; however, nausea was observed in healthy
volunteers receiving oral doses greater than 2 g/m2. Goren et al.
(534) reviewed the dosing schedules and incidence of hema-
turia in 47 clinical studies in which oral mesna was adminis-
tered to 1,986 patients who received greater than 6,475
courses of ifosfamide. Compilation of the data showed that a
variety of doses and schedules of oral and IV mesna were effec-
tive at preventing hemorrhagic cystitis in patients treated with
a number of different ifosfamide regimens. Although an opti-
mal dose and schedule of mesna has not been established, ade-
quate protection against ifosfamide-induced cystitis can be
achieved using an initial IV dose of mesna that is equal to 20%
of the ifosfamide dose, followed by two oral doses of mesna,
each equal to 40% of the ifosfamide dose.

Side Effects and Toxicities. The most common side effects
of mesna include headache, injection site reactions, flushing,
dizziness, nausea, vomiting, flu-like symptoms, and coughing.
Patients may develop hematuria (up to 6%) when adminis-
tered ifosfamide plus mesna; a urine sample should be evalu-
ated for hematuria each day prior to ifosfamide therapy.

Special Applications. The superiority of mesna as a chemo-
protectant against ifosfamide- and cyclophosphamide-induced
bladder toxicity has been demonstrated in a number of clinical
trials (283). In a comparative study of patients treated with
ifosfamide at a dose of 2 g/m2/day for 5 days, only 20% of the
patients treated with mesna (400 mg/m2) exhibited hematuria
compared with 60% of those treated with N-acetylcysteine
(NAC, 1.5 g/m2) (534). Similar results were reported by Munshi
et al. (535), wherein 4.2% of patients treated with mesna
developed hematuria compared with 27.9% of NAC patients.
In a phase 2 trial of ifosfamide and mesna in patients with
platinum/paclitaxel–refractory ovarian cancer, there were no
documented episodes of hemorrhagic cystitis, but one patient
experienced treatment-related microscopic hematuria (282).

Subcutaneous administration of mesna is also being
explored as an alternative to IV and oral dosing (536).
Patients with gynecologic cancers receiving ifosfamide were
treated with an initial IV dose of mesna at 20% of the ifos-
famide dose. A subcutaneous infusion of mesna was given
approximately 30 minutes after the completion of the ifos-
famide infusion. A total dose of mesna equal to 40% of the
ifosfamide dose was infused at a rate of 4 mL/hr over 8 hours.
The subcutaneous infusion of mesna was well tolerated, and
no episodes of gross hematuria were observed.

Oprelvekin

Chemistry. Oprelvekin (Neumega) is FDA approved for the
prevention of severe thrombocytopenia and to reduce the need
for platelet transfusions in patients with nonmyeloid malig-
nancies. The active ingredient is produced Escherichia coli by
recombinant DNA technology. This protein has a molecular
mass of 19,000 daltons and is similar to native interleukin 11
(IL-11) with the exception of its lack of the amino-terminal
praline residue.

Mechanism of Action. IL-11 is a thrombopoietic growth
factor that induces megakaryocyte maturation resulting in
increased platelet production. Platelets that develop as a result
of oprelvekin therapy are morphologically and functionally
similar to those produced normally.

Dosage and Administration. Oprelvekin is administered
subcutaneously (to the abdomen, thigh, hip, or upper arm) at

a dose of 50 µg/kg daily. Patients with renal impairment (crea-
tinine clearance less than 30 mL/min) should receive half the
normal dose (e.g., 25 µg/kg daily). Oprelvekin should be initi-
ated within 24 hours of the completion of chemotherapy until
the patient’s platelet count is at least 50,000/µL. Treatment
generally lasts between 10 and 21 days, and is not recom-
mended beyond 21 days.

Side Effects and Toxicities. Allergic reactions may occur
with oprelvekin, and patients should be counseled to be aware
of potential allergic symptoms. Treatment with oprelvekin
may also cause severe fluid retention. Fluid balance should be
monitored during treatment. Other serious adverse effects
associated with oprelvekin treatment include cardiovascular
events and anemia.

Palifermin

Chemistry. Palifermin (Kepivance) is a human keratinocyte
growth factor (KGF) that is FDA approved to reduce the inci-
dence and duration of severe oral mucositis in patients with
hematologic malignancies who are receiving myelotoxic ther-
apy requiring hematopoietic stem cell support. The active ingre-
dient is produced in E. coli by recombinant DNA technology.

Mechanism of Action. The KGF receptor is present on
many epithelial cells in the digestive system (e.g., tongue, buc-
cal mucosa, stomach, esophagus, intestine, salivary glands),
and other organs (e.g., lung, liver, pancreas, bladder, skin, and
eye). Palifermin enhances the proliferation of KGF-expressing
epithelial cells, and has demonstrated the ability to thicken the
tongue, buccal mucosa, and gastrointestinal tract.

Administration and Dosage. Palifermin is administered as
an IV bolus at a dose of 60 mcg/kg/day for 3 days prior (with
dose three to be administered within 24 to 48 hours of ther-
apy) to and 3 days following myelotoxic therapy (with the
fourth dose to be administered following but on the same day
as hematopoietic stem cell infusion), for a total of six doses.
Additional palifermin therapy should not be initiated within
4 days since the most recent administration of palifermin.
Palifermin should be reconstituted in 1.2 mL of sterile water
for a final concentration of 5 mg/mL. Reconstitution should
be performed aseptically and contents should be gently
swirled during dissolution. Palifermin should be used immedi-
ately; the reconstituted solution should be discarded if left for
over 1 hour. Reconstituted medication may be refrigerated for
up to 24 hours and must be protected from light.

Side Effects and Toxicities. The most common toxicity
reported with palifermin is skin rash. Severe toxicities reported
with palifermin include fever, gastrointestinal events, and respi-
ratory events, although these were reported at a similar rate as
patients receiving placebo.
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(Fig. 17.1) to highlight targets of therapeutic interven-
tion. The rate-limiting and irreversible reaction in steroid 
synthesis is the conversion of cholesterol to pregnenolone
by the P450-linked side chain-cleaving enzyme (P450 ssc) 
(5). In the ovary this reaction is regulated by follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
via cAMP and protein kinase A (PKA) signaling (6). This
leads to increased production of androgen intermediates,
androstenedione and testosterone, that are then converted
by the P450-aromatase enzyme to estrone and estradiol
(E2), respectively. The expression of P450-aromatase enzyme
is not limited to the ovaries; its expression and action in a
variety of tissues lead to local E2 production in these tissues
(7). This local E2 biosynthesis may be especially significant
in men and postmenopausal women, where ovarian hor-
mone production is lacking. Furthermore, high levels of
locally synthesized E2 have been implicated in breast car-
cinogenesis (8). 

Examination of the transcription patterns of the gene
encoding aromatase CYP19 has revealed tissue-specific pro-
moter usage. Promoter I.1 is used in the placenta; I.4 in adi-
pose tissue, bone, and skin; and promoter II in breast cancer
(CA), endometriosis, and ovary (9). The transcripts generated
from these promoters are translated into the same protein.
However, the presence of tissue-specific promoters has raised
the possibility of developing tissue-selective aromatase
inhibitors. Such agents would be able to block E2 in breast
CA, for example, without affecting estrogenic pathways in
bones (7,10). 

Steroid Hormone Receptor Structure

Steroid receptors are comprised of six functional domains
(Fig. 17.2) (11). The A/B domain is highly variable among the
different members of this family and contains within it the
hormone-independent activating 1, or AF-1, domain. The C
region consists of the DNA-binding domain (DBD) and is rel-
atively conserved. Within the central DBD two zinc fingers
target the receptors to their corresponding hormone response
elements. The DBD binds as a dimer with each monomer rec-
ognizing half of the palindromic DNA sequence of the
response element. The D domain is a peptide linker that con-
nects the DBD to the ligand-binding domain (LBD). The E
region is a multifunctional domain and contains amino acids
involved in ligand binding, receptor dimerization, nuclear
localization, coactivator/corepressor interaction, and ligand-
dependent activating function (AF-2). The F region is a vari-
able extension of the E region.

INTRODUCTION
Hormones have been linked to several of the most commonly
occurring human malignancies, including breast, endometrium,
ovary, and colon. The ability of hormones to stimulate cellular
proliferation, leading to random genetic errors, is postulated as
the basis by which these peptides promote the development of
human neoplasia. The laboratory investigation of the pathways
and mechanisms by which hormones affect their biologic
responses is an exploding area of research, largely as a result of
the tremendous potential for translational research and
improved patient care. This chapter reviews the relationship
between hormones and human malignancies, specifically as
they relate to risk, prevention, and treatment.

HORMONE RECEPTOR PATHWAYS
AND MECHANISMS

Overview

Steroid hormones are involved in a variety of growth and
developmental processes and exert their physiologic effects by
binding to their respective receptors. Steroid hormone recep-
tors are part of the ligand-activated nuclear transcription fac-
tor superfamily whose members also include glucocorticoid,
mineralocorticoid, androgen, thyroid, retinoid, progesterone
(PR), and estrogen (ER) receptors (1). In the inactive state
these receptors are bound to repressor/chaperone complexes
within the cytoplasm. Upon binding to their respective lig-
ands, the receptor-ligand complex undergoes dimerization fol-
lowed by nuclear localization (leading to the name “nuclear
receptor”). Inside the nucleus the steroid hormone-receptor
complex binds to specific DNA sequences called response ele-
ments (2). Also participating in this interaction are nuclear
receptor coactivators and corepressors, as well as the general
transcription machinery (3). The net result of these interac-
tions is the transcriptional activation or repression of hor-
mone responsive genes. More recently, nongenomic actions of
ER and other nuclear receptors have been documented. These
effects result from protein-protein interactions and mem-
brane-associated nuclear receptor action (4).

Steroid Hormone Biosynthesis

Although a detailed description of steroid biosynthesis is
beyond the scope of this chapter, a brief overview is presented
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Estrogen Receptors

The two main isoforms of the human ER are ER-� and ER-�.
ER-� is encoded by the ESR1 gene, which maps to the 6q25.1
locus. This isoform was the only known ER until 1996 when a
second isoform, now known as ER-�, was discovered. Estro-
gen receptor-� is encoded by the ESR2 gene located on chro-
mosome 14q23 (12). The human ERs exhibit 96% and 58%
homology in their DBD and LBD, respectively, while the other
domains show relatively little similarity. These structural dif-
ferences result in distinct ligand affinities and physiological
properties. For example, raloxifene has a significantly higher
affinity for ER-� and genistein, a naturally occurring phyto-E2
that has a 30-fold higher affinity for ER-� compared to ER-�
in vitro. Furthermore, tamoxifen and raloxifene exhibit par-
tial agonist activities after binding to ER-�, while they act as
pure antagonists when bound to ER-� (13). This is thought to
result from distinct conformational changes induced by ligand
binding in the two receptors (14).

ER-� is the predominant ER isoform in some tissues includ-
ing breast, uterus, and pituitary gland, while ER-� has notably
higher expression in ovarian granulosa cells, prostate gland,
gastrointestinal tract, endothelial cells, and parts of the nervous
system (15,16). However, in many tissues some expression of
both receptors is observed. As noted above, ER-� and ER-� have

been shown to have unique physiologic properties. In addition,
they are capable of forming ER-�/ER-� heterodimers and thus
influencing each other’s function (17). In this context, ER-� has
been shown to function as a dominant inhibitor of ER-� (18).
Therefore, it is likely that normal physiologic function in E2
responsive tissues relies on the relative expression ratio of ER-�
and ER-� in those tissues. There is evidence to suggest that per-
turbations of the normal ER-�-to-ER-� ratio correlate with
neoplastic states. Cancers of the ovary, colon, and endometrium
are all characterized by a relative loss of the normally predomi-
nant ER subtype when compared to normal tissue (19–22).
Whether these changes predispose to or are a result of carcino-
genesis remains to be elucidated. The development of ER-�,
ER-�, and double knockout mice (ERKO, �ERKO, and
��ERKO, respectively) has helped with the identification of
each receptor’s physiologic role in their target organs (23).
These findings are summarized in Table 17.1. 

Both ER-� and ER-� have several isoforms resulting from
exon deletions due to alternative splicing (24,25). Several of
these ER-� and ER-� “splice variants” have been demonstrated
to possess altered hormone binding and/or transcriptional prop-
erties. Some can act in a dominant negative fashion by dimeriz-
ing with the wild-type receptors and interfering with their
function in vitro (26). The in vivo physiologic or pathophysio-
logic significance of these variants awaits further clarification.
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FIGURE 17.1. Steroid hormone biosynthesis. Notice the important role of aromatase in the conversion 
of androgens to E2s.

FIGURE 17.2. Functional domains common
to steroid receptors. The A/B domain is
highly variable among the different members
of this family and contains the hormone-
independent activating 1, or AF-1, domain.
The C region consists of the DNA-binding
domain (DBD). The D domain is a peptide
linker that connects the DBD to the ligand-
binding domain (LBD). The E region is a
multifunctional domain and contains the
LBD as well as amino acids involved in
receptor dimerization, nuclear localization,
coactivator/corepressor interaction, and lig-
and-dependent activating function (AF-2).
The F region is a variable extension of the E
region.
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As mentioned above, ER-� and ER-� have been shown to
regulate transcription by interacting with other transcription
factors and signal mediators (27–29). This mechanism
involves protein-protein interaction and does not require
DNA binding. One example of this type of interaction is the
influence of ERs on the transcriptional activity mediated by
the components of the activating protein 1 (AP-1) pathway
jun and fos (30). In the presence of ER-�, E2 stimulates, while
tamoxifen and raloxifene inhibit AP-1–dependent transcrip-
tion. In contrast ER-� produces the opposite effect, with estra-
diol inhibiting, and tamoxifen and raloxifene stimulating
AP-1–mediated transcription. An additional mechanism of ER
action involves “cross talk” with growth factors including
insulin-like growth factor 1 (IGF-1), epidermal growth factor
(EGF), and transforming growth factor � (TGF-�) (31,32).
Epidermal growth factor can mimic the effects of E2 on the
reproductive tract. This effect is dependent on ER-� since it
can be blocked by ER antagonists and is absent in ERKO mice
despite an intact EGF signaling cascade (32). Mechanisms for
this cross talk involve signal transduction from growth factor
receptors via the ras/raf/MAPK, as well as the AKT/PI3K cas-
cade intermediaries culminating in the phosphorylation and
activation of ER’s AF-1 domain (33). AKT activation results
in cell survival and inhibition of apoptosis. In normal tissue
this pathway is kept in check by a phosphatase called PTEN.
PTEN is a tumor suppressor that negatively regulates the
PI3K/AKT pathway by dephosphorylating PIP3. The activa-
tion of the PI3K/AKT pathway is particularly relevant in
endometrial adenocarcinoma where up to 80% of malignan-
cies and 55% of premalignant lesions have been shown to har-
bor PTEN mutations (34,35). Most investigations of the
growth factor–ER cross talk have involved ER-�. However,
recently positive regulation of AKT over ER-� was reported
via phosphorylation of glucocorticoid receptor-interacting
protein 1 (GRIP1) transcriptional coactivator (36).

Finally, for decades it has been observed that exposure to
estrogens can lead to immediate physiologic sequelae indepen-
dent of transcriptional effects. These observations supported
the presence of ERs outside the nucleus as the mediators of
these nongenomic steroid hormone effects (37). While the
details of this nongenomic effect of estrogens are still under
investigation, there appear to be at least two major mecha-
nisms involved. The first consists of interactions of ER-� and
its splice variants with components of the growth factor sig-
naling cascades including MAPK and PI3K pathways (38,39).

The second mechanism involves a G protein coupled receptor,
GPR30, an intracellular transmembrane receptor that local-
izes mainly to the endoplasmic reticulum. In this pathway
estrogens diffuse through the plasma membrane and bind
GPR30 at the endoplasmic reticulum. This results in intracel-
lular calcium mobilization and synthesis of phosphatidylinosi-
tol 3,4,5-trisphosphate in the nucleus. Activation of this
pathway has been demonstrated in cells that lack ER-� and
ER-� expression (40).

Progesterone Receptors 

The effects of progesterone are mediated by two PR proteins,
PRA and PRB. The two PR proteins are products of the same
gene, PGR, which has been mapped to chromosome 11q22-
q23. These isoforms result from transcription from alternative
promoters (41). The two PR forms are identical except that PRB
has an additional 164 amino acids contained at its N-terminus
compared to PRA. This unique region of PRB contains a tran-
scription-activating functional domain, AF-3, in addition to
AF-1 and AF-2, which are common to PRA (42). The two PRs
exhibit differences in function that are cell context and promoter
dependent. For example, PRB uniformly exhibits progestin-
dependent transactivation in various cell types examined. How-
ever, PRA’s transcriptional activity is cell and response element
specific. When tested on simple progestin response elements
(PRE), PRA and PRB display similar transactivational activity.
However, PRA’s activity is reduced or abolished on more com-
plex response elements (43). In addition, PRA has been shown
to act in a dominant negative fashion, antagonizing the tran-
scriptional activity of not only PRB, but also other nuclear
receptors such as the glucocorticoid, mineralocorticoid, andro-
gen, and estrogen receptors (44). 

In general, most tissues express equal levels of the two PR
isoforms. However, differential expression can be observed as
each promoter is regulated independently. For example, in the
endometrium, stromal cells express predominantly PRA
throughout the menstrual cycle, whereas the epithelial cells
switch from PRA to PRB during the early secretory phase
(45). It has been hypothesized that dysregulation of the nor-
mal PRA-to-PRB ratio may lead to disordered proliferation or
neoplasia. In support of this hypothesis, PRA knockout mice
(PRAKO) exhibit endometrial hyperplasia mediated by PRB
following exposure to progestins (46). Similar studies using
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SUMMARY OF FINDINGS FROM ESTROGEN-RECEPTOR KNOCKOUT MICE EXPERIMENTS

TA B L E  1 7 . 1

Phenotype

Organ αERKO βERKO αβERKO

Pituitary gland High LH None High LH
Ovary Hemorrhagic cysts, high Reduced Anovulatory, “sex-reversed”

estrogen and testosterone ovulation follicles with 
due to high LH, Sertoli-like cells
anovulatory

Endometrium Estrogen insensitive, Normal growth Estrogen insensitive, 
no growth or induction and response no growth or induction 
of estrogen-responsive to estrogen of estrogen-responsive 
genes genes

Breast No pubertal development Normal development No pubertal development
and lactation

LH, luteinizing hormone.
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PRB knockout mice (PRBKO) have shown that PRA is suffi-
cient for eliciting progesterone’s reproductive responses in the
ovary and the uterus. In contrast, PRB is required to elicit nor-
mal proliferative responses of the mammary gland to proges-
terone (46). Finally, changes in PR isoform relative or overall
expression have been described in endometrial, ovarian, and
breast cancers (21,22,47). The significance of these alterations
awaits further investigation. 

Like estrogen receptors, progesterone receptors also possess
nongenomic functions that are mediated through two general
mechanisms. The first involves interaction with the Src/Ras/
MAPK pathway (48), while the second pathway is mediated by
plasma membrane–associated G protein–coupled receptors dis-
tinct from the classical PRs (49). Clinical significance and poten-
tial therapeutic implications of the two different pathways are
active areas of steroid hormone research at this time.

HORMONES AS RISK FACTORS
FOR HUMAN MALIGNANCIES

Endogenous Hormones and Modulation 
of CA Risk

Obesity

The prevalence of obesity, defined as a body mass index (BMI)
�30, has become an epidemic health care issue, affecting 20%
of Americans and approximately 35% of eastern Europeans.
When overweight patients (BMI �25) are included, the preva-
lence of this problem in the United States approaches 56%
(50). In women with endometrial CA, obesity is a comorbid
condition in up to 40% of cases (50,51). Obesity has been
associated with a two- to fivefold increase in endometrial CA
risk in both pre- and postmenopausal women (50,52). A
recent case-control study performed by the American Cancer
Society reported that the cancer death rates were 62% higher
for morbidly obese women compared to normal sized
women. Specifically, the relative risk of CA-related mortality
was significantly increased among obese women with breast
CA (relative risk [RR] 1.63; 95% CI, 1.44 to 1.85) and colon
CA (RR 1.33; 95% CI, 1.17 to 1.51). In patients with cervix
and ovarian CA, a moderate (RR �2) yet significantly
increased risk was observed. Uterine CA was most strongly
associated with death: women with BMI �40 had an RR of
CA-related mortality of 6.25 (95% CI, 3.75 to 10.42) (50,53).
The results of recent epidemiologic studies have prompted the
International Agency for Research on Cancer (IARC) to rec-
ommend avoidance of weight gain in order to minimize the
risk of cancers of the colon, breast, and endometrium (50,54).

The relationship between obesity and endometrial carci-
noma has been the most clearly elucidated. Progesterone defi-
ciency, related to oligo- or anovulation, is one of the major
risk factors for endometrial cancer in obese premenopausal
women. The endometrium is chronically stimulated by unop-
posed E2, inducing neoplastic changes.

In both pre- and postmenopausal women, excess weight fre-
quently results in increased androgen production, which
decreases hepatic production of sex hormone binding protein
(SHBG). Reducing SHBG increases bioavailable estrogens,
including estrane. Obesity is also associated with greater
bioavailability of estradiol (E2), but this effect is noted only
among postmenopausal women. In premenopausal women,
negative feedback of estradiol on FSH, a stimulator of ovarian
estradiol synthesis and aromatase activity, helps maintain con-
stant estradiol levels throughout the menstrual cycle. Periph-
eral conversion of androgens in premenopausal women is
subsequently limited by decreased FSH and aromatase activity.

Endometrial CA risk, therefore, does not appear to be directly
related to plasma E2 levels prior to menopause. 

Obesity may also induce insulin resistance, which can lead to
elevated levels of IGF-1. Progestin deficiency, frequently accom-
panying obesity, can also lower levels of IGF binding protein
(IGF-BP1), resulting in increased levels of IGF-1. The unregu-
lated increase in serum IGF-1 provides a stimulus for continuous
growth of the endometrium. Hyperinsulinemia can also lead to a
reduction in SHBG. Hyperinsulinemia induces LH-mediated
hypersecretion of ovarian androgens leading to oligoovulation
and the polycystic ovary syndrome (PCOS), a disease process
highly correlated with risk of endometrial cancer. 

In postmenopausal obese women, peripheral conversion of
androgens is an important source of serum estrogens. Elevated
FSH levels typically present in postmenopausal women also con-
tribute to the estrogenic state by the stimulation of aromatase
activity. The increase in endogenous unopposed estrogens
among obese postmenopausal women leads to the observed
increased risk of developing endometrial carcinoma (50,55). 

Perinatal E2 Levels 

An association between perinatal exogenous estrogen exposure
and an increased risk of CA in the offspring suggests that CA
risk may be modulated in utero. The synthetic nonsteroidal
estrogen diethylstilbestrol (DES) was administered during preg-
nancy to over two million women in the 1940s through the
1960s. Subsequently, DES was banned by the Food and Drug
Administration (FDA) due to its teratogenic effects on limb bud
development. Epidemiologic studies later revealed that there
was a higher incidence of clear cell adenocarcinoma of the
vagina and cervix in seemingly normal offspring of mothers
who ingested DES prenatally (50,56,57). In a laboratory set-
ting, DES has been found to induce gynecologic carcinomas in
developmentally exposed rodents (50,58). Mice treated neona-
tally with DES on days 1 to 5 have a 90% to 95% incidence of
endometrial carcinoma at 18 months of life (59). These data
strongly implicate a direct role of estrogen exposure, even early
in development, in gynecologic carcinogenesis. 

The increased incidence of gynecologic CA associated with
antenatal DES exposure would suggest that the developing
fetus or neonate is particularly susceptible to the epigenetic
effects of estrogen. Investigators recently evaluated the car-
cinogenic potential of neonatal exposure for another E2 com-
pound, genistein, a naturally occurring phytoestrogen found
in many soy products. In this study, treated mice received
equivalent estrogenic doses of DES, genistein, or placebo on
days 1 to 5. At 18 months, the incidence of uterine adenocar-
cinomas was 31% for DES and 35% for genistein, suggesting
that estrogenic compounds other than DES may be carcino-
genic if exposure occurs early during development (50,60). 

A growing body of evidence suggests that elevated perinatal
levels of endogenous estrogen also may lead to an increased risk
of CA in the offspring (50,61). High birth weight, which is
an indirect measurement of perinatal endogenous estrogen (50),
is associated with an increased risk of breast CA in the new-
born’s adulthood (62). This increased breast CA risk is even
more dramatic in twins, where the levels of perinatal estrogen
are more pronounced compared to singleton pregnancies
(50,63). Neonatal conditions, such as neonatal jaundice or pre-
maturity, which are associated with increased estrogen, are also
associated with a significantly increased risk of breast CA. In
contrast, preeclampsia, a condition characterized by low E2 lev-
els during pregnancy, is associated with a decreased risk of
breast CA in the newborn’s adulthood. Similar studies have
been undertaken in evaluating possible associations between
perinatal exposures and endometrial cancer later in adulthood.
Using a Swedish population cohort of 11,000 singletons with
obstetric and long-term medical follow-up, investigators found
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that women with higher birth weight had a 24% lower rate of
endometrial cancer (64). Other investigators using similar
Swedish cohorts and the data from the Nurses’ Health Study
have not found similar associations (65). Other studies have
been undertaken in evaluating possible associations between
perinatal exposures and endometrial cancer later in adulthood.

Exogenous Hormones and Modulation 
of CA Risk

Breast 

Hormone Replacement Therapy 
Women With No History of Breast CA. Multiple epidemi-

ologic investigations have evaluated the relationship between
hormone replacement therapy (HRT) and breast CA. In a
meta-analysis of 51 studies of 52,705 women with breast CA
and 108,411 women without breast CA, the Collaborative
Group on Hormonal Factors in Breast Cancer (CGHFBC)
determined that the risk of developing breast CA is increased
in women using HRT, especially among women with �5 years
of use (RR 1.3; 95% CI, 1.21 to 1.49). The cumulative inci-
dence of breast CA was 45 per 1,000 women between the ages
of 50 and 70, and use of HRT for �5 years was associated
with an estimated cumulative excess of two breast CAs for
every 1,000 users. The increased risk of breast CA risk associ-
ated with prolonged HRT was greater for women with low
weight or BMI. Breast CAs diagnosed in women who had a
history of HRT tended to be less advanced clinically compared
to women with a negative history of use (66). The Breast Cancer
Detection Demonstration Project, a cohort study with 46,355
postmenopausal women, 2,082 of whom were diagnosed with
incident cases of breast CA, reported that women who had
taken unopposed E2 had a 1.2-fold (95% CI, 1.0 to 1.4)
increase in breast CA risk, while women taking combination
E2 and progestin regimens had a 1.4-fold (95% CI, 1.1 to 1.8)
increased risk. Breast CA risk was significantly elevated only
in recent users with a BMI less than 24 (67). Finally, a recently
reported case-control study involving 1,897 women with
breast CA revealed that women using combination HRT had a
statistically higher risk of breast CA (odds ratio [OR] 1.24;
95% CI, 1.07 to 1.45) than women taking unopposed E2 (OR
1.06; 95% CI, 0.97 to 1.15) (68). 

The Women’s Health Initiative (WHI), a randomized, dou-
ble-blind, placebo-controlled trial, recently reported the
interim analysis of 8,506 women who received continuous
combination HRT (0.625 mg of conjugated equine estrogen
plus 2.5 mg of medroxyprogesterone acetate) versus 8,102
women prescribed placebo. The Data and Safety Monitoring
Board for the trial recommended early cessation of this trial
arm secondary to the observed adverse effects. Interim results
from the WHI study revealed that the risk of coronary heart
disease (hazard ratio [HR] 1.29; 95% CI, 1.02 to 1.63), stroke
(HR 1.41; 95% CI, 1.07 to 1.85), and pulmonary embolism
(HR 2.13; 95% CI, 1.39 to 3.25) were all significantly ele-
vated in patients receiving continuous combination HRT. The
observed increased risk of breast CA (HR 1.26; 95% CI, 1.0
to 1.59) was similar to results from the aforementioned obser-
vational studies (69). A more detailed evaluation of the WHI
data used a weighted Cox proportion hazards analysis in an
effort to account for the lag in time required to achieve the full
effects of the hormone on breast CA incidence. In this analy-
sis, the rate of invasive breast CA was increased in patients
receiving progestin plus estrogen (HR 1.24, weighted p
�0.003). In addition, patients on HRT were diagnosed with
larger tumors and at a more advanced stage when compared
to patients who received placebo (70). 

In the WHI trial, 10,739 postmenopausal women with prior
hysterectomy were randomized to received 0.625 mg of conju-
gated equine estrogen (n � 5,310) versus placebo (n � 5,429).
In the initial manuscript the WHI investigators reported that
there was a possible reduction in breast CA incidence but the
results did not reach statistical significance (HR 0.77; 95% CI,
0.59 to 1.01) (71). Further analysis of the data revealed that
treatment with conjugated equine estrogen for 7 years does not
appear to increase the incidence of breast CA (72). 

Women With a History of Breast CA. There is apprehen-
sion among physicians to prescribe HRT to women with a
positive personal history of breast CA. The theoretical con-
cern has been that exogenous hormones may stimulate the
growth of dormant microscopic disease and ultimately lead to
a decreased disease-free interval and survival. 

Several case-control studies have reported that the rates of
breast CA recurrence among survivors taking HRT vary from
3% to 7% (73–75) and don’t appear to significantly diverge
from stage-specific population rates of recurrence. In a case-
control study by DiSaia et al. (76), 41 sporadic breast CA
patients taking HRT were matched to controls according to
age, stage, and socioeconomic status. A majority of the patients
had early-stage disease. Recurrences were detected in 12
patients with stage I disease, one with stage II, and two with
stage III. No evidence of increased disease recurrence was noted
among the patients receiving HRT. In a subsequent analysis by
the same authors, 125 sporadic breast CA survivors receiving
HRT were compared to 363 control subjects matched accord-
ing to age at diagnosis, stage of breast CA, and year of diagno-
sis. The analysis revealed that the risk of death was lower
among the breast CA patients receiving HRT (OR 0.28; 95%
CI, 0.11 to 0.71) According to the American College of Obste-
tricians and Gynecologists, the projected absolute lifetime risk
for non-HRT users is approximately 10 cases of breast CA per
100 women. This risk would increase to 12 cases per 100
women using unopposed E2 and 14 cases per 100 women using
combined E2 and progestin (77). Data from a prospective, ran-
domized trial is not available to answer this question. 

Oral Contraceptives. Since their introduction in the 1960s,
over 200 million women throughout the world have taken
oral contraceptives (OCPs). The CGHFBC performed a meta-
analysis of 54 epidemiologic studies on 53,297 women with
breast CA and 100,239 women without breast CA. Women
who were current users or had used OCPs in the previous 10
years were at an increased risk of breast CA (RR 1.24; 95%
CI, 1.15 to 1.33). In women taking OCPs, the breast CAs that
developed were less advanced than those diagnosed in women
with no history of OCP use (78). Because the results from this
meta-analysis reflected data from studies completed over the
prior 25 years, the Women’s Contraceptive and Reproductive
Experiences (Women’s CARE) study was initiated in an effort
to provide a more contemporary analysis of the relationship
between OCPs and breast CA risk (79). In this case-control
study, a total of 4,574 women with breast CA and 4,682 con-
trols were compared. The RR was 1.0 (95% CI, 0.8 to 1.3) for
current OCP use and 0.9 (95% CI, 0.8 to 1.0) for previous
use, suggesting that among women aged 35 to 64 years of age,
current or former OCP use is not associated with a signifi-
cantly increased risk of breast CA. 

Women With BRCA Mutations. In the meta-analysis by the
CGHFBC, the increased risk of breast CA associated with OCP
use was not influenced by a family history of breast CA (78).
However, a threefold increased risk of breast CA was observed
among women taking OCPs who had a positive family history
of breast CA. This increased risk was observed only in women
using high estrogen potency formulations before 1975 (80). A
subsequent matched case-control study by Narod et al.
revealed that among BRCA1 carriers, an increased risk of
early-onset breast CA was evident in women who used OCPs
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prior to 1975 (OR 1.42; 95% CI, 1.17 to 1.75), used OCPs
prior to age 30 (OR 1.29; 95% CI, 1.09 to 1.52), or who used
OCPs for 5 or more years. Despite the increased risk associated
with OCP usage among BRCA1 carriers, an increased risk of
breast CA was not observed among women with a BRCA2
carrier status (81). In BRCA1 carriers, the protective effects of
OCPs against ovarian CA must be weighed against the possible
increased risk of OCP use and breast CA.

Ovary

HRT
Women With No History of Ovarian CA. Recently, several

well-designed case-control and cohort studies have evaluated
the relationship between HRT and ovarian carcinoma. The
American Cancer Society’s Cancer Prevention Study II found
that after accounting for OCP use and parity, postmenopausal
women using HRT had higher rates of ovarian CA–related
deaths compared to nonusers (RR 1.51; 95% CI, 1.16 to
1.96). The increased mortality risk was most notable for
women using HRT for 10 or more years and persisted for up to
29 years after HRT cessation (82). This study is limited by the
lack of information regarding estrogen and progestin potency.
Another cohort study of 44,241 former participants in the
Breast Cancer Detection Demonstration Project identified 329
women who developed ovarian CA during follow-up. Multi-
variant analysis revealed an increased association of estrogen-
only HRT with ovarian CA (RR 1.6; 95% CI, 1.2 to 2.0) after
accounting for age, menopause type, and OCP use (83). In
contrast, an increased risk of ovarian CA was not noted among
women who used estrogen and progestin. A Swedish case-
controlled trial evaluated 655 case subjects with ovarian CA
and 3,819 control subjects. An increased risk of ovarian CA
was noted among women with a history of either estrogen (OR
1.43; 95% CI, 1.02 to 2.00) or estrogen with sequentially
added progestins (OR 1.54; 95% CI, 1.15 to 2.05), particu-
larly with hormone use exceeding 10 years. However, use of
estrogen with continuously added progestin was not associated
with an increased risk of ovarian CA when compared to
nonusers (84). The latter two studies suggest that HRT regi-
mens containing both E2 and progestin may not have the
increased risk of ovarian CA observed with E2 therapy alone.
However, the WHI recently identified, in women taking con-
tinuous combined HRT, an HR of 1.58 (95% CI, 0.77 to 3.24)
for developing invasive ovarian carcinoma (85). The impor-
tance of the presence or absence of progesterone in HRT, as
well as the type and potency, remains to be clearly elucidated. 

Women With a History of Ovarian CA. Only one random-
ized, controlled clinical trial exists evaluating the risk of ovar-
ian CA recurrence in patients receiving HRT. This study was
designed to detect a 20% difference in survival between the
two treatment groups. In this study, 130 patients less than
59 years of age with invasive ovarian CA were randomized to
continuous E2 HRT or no supplementation. The median dis-
ease-free interval for women receiving HRT versus not
was 34 months and 27 months, respectively, not reaching sta-
tistical significance (86).

OCPs. Multiple epidemiologic studies have revealed that
OCPs are not a risk factor for ovarian CA, but rather a means
of prevention. See below. 

Endometrium

HRT
Women With No History of Endometrial CA. Multiple

case-control and cohort studies also have suggested that the
risk of endometrial CA is elevated among patients receiving
unopposed estrogen. A meta-analysis of 30 studies indicated
that the summary RR of endometrial CA was 2.7 for patients

receiving unopposed estrogen (87). The use of unopposed
estrogen has also been shown to be associated with the devel-
opment of endometrial hyperplasia. In the Postmenopausal
E2/Progestin Intervention (PEPI) trial, 875 patients were ran-
domized to receive one of five regimens: (a) placebo; (b) conju-
gated equine E2 (CEE), 0.625 mg/day; (c) CEE, 0.625 mg/day
plus continuous medroxyprogesterone (MPA), 2.5 mg/day; (d)
CEE, 0.625 mg/day plus MPA, 10 mg for 12 days each month;
or (e) CEE, 0.625 mg/day plus micronized progesterone (MP),
200 mg/day for 12 days per month. Patients receiving unop-
posed estrogen had a significantly increased risk of atypical
adenomatous endometrial hyperplasia (34% vs 1%) (88). 

The addition of progestin to HRT has been shown to elimi-
nate the increased risk of hyperplasia associated with unop-
posed E2. Although progestins have been associated with the
effective treatment of endometrial hyperplasia, the data sup-
porting the protective effects of progestins in HRT are limited.
Many of the initial HRT regimens combining progestin and
estrogens utilized the progestin for 7 days a month (89). Subse-
quent studies have recommended prolongation of the progestin
component to at least 10 days each month. A case-control
study of 832 endometrial CA patients and 1,114 controls in
Washington State revealed that patients using a combined regi-
men of estrogen combined with progestin (0.625 mg/day CEE,
2.5 mg/day MPA) had a significantly lower relative risk (RR
1.4; 95% CI, 1.0 to 1.9) of endometrial CA compared to
patients who had taken unopposed estrogen (RR 4.0; 95% CI,
3.2 to 5.1). However, patients receiving less than 10 days of
cyclic progestin had an RR that was much higher (RR 3.1;
95% CI, 1.7 to 5.7) than patients receiving 10 to 21 days of
cyclic progestin (RR 1.3; 95% CI, 0.8 to 2.2). Patients using
either regimen of cyclic combination HRT had an increased
risk of endometrial CA when these regimens were taken for a
duration exceeding 5 years (cyclic progestin �10 days per
month; RR 3.7; 95% CI, 1.7 to 8.2; cyclic progestin 10 to
21 days each month, RR 2.5; 95% CI, 1.1 to 5.5) (90). Subse-
quent data from the same investigators suggested that use of a
continuous progestin HRT regimen may actually be protective
against endometrial CA (91). The largest case-control study of
continuous HRT involved 79 case subjects and 88 control sub-
jects and revealed that the relative risk of patients receiving
continuous HRT was 1.07 (95% CI, 0.80 to 1.43) (92). Data
from the WHI indicated that the HR for endometrioid
endometrial cancer (EEC) was 0.81 (95% CI, 0.48 to 1.36) in
patients receiving continuous HRT with average follow-up of
5.6 years (85). 

There has recently been some suggestion that the degree of
endometrial CA risk reduction may be dependent on the type
of progestin used in the continuous HRT regimen. A Swedish
case-control study found that patients with a continuous HRT
involving testosterone-derived progestins (i.e., norhisterone,
norhisterone acetate, levonorgestrel, lynestrenol) were associ-
ated with a lower RR of endometrial CA than those patients
whose regimens involved progesterone-derived progestins (i.e.,
medroxyprogesterone) (93). Data from the Continuous Hor-
mones as Replacement Therapy (CHART) study found no evi-
dence of endometrial hyperplasia in participants who received
norethindrone acetate (a testosterone derived progestin). In
this clinical trial, 1,265 patients were randomized to placebo
versus one of eight treatment groups involving either various
doses of unopposed ethinyl estradiol or various combinations
of ethinyl estradiol plus norethindrone. Approximately 1,134
endometrial biopsies were performed over a 2-year follow-up
period among women who received the combination HRT reg-
imen; 1,232 biopsies were performed in the women given
unopposed E2. As the dose of unopposed ethinyl estradiol was
increased, there were increased percentages of subjects with
endometrial hyperplasia. There were no cases of hyperplasia
noted among the subjects who received different doses of the
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testosterone-derived progestin norethindrone. The protective
effect was noted even among patients randomized to receive
doses of norethindrone as low as 0.2 mg (88). In contrast,
the PEPI trial identified hyperplasia on a surveillance endome-
trial biopsy in 3 out of 339 patients who received E2 with a
progesterone-derived progestin. Further studies are needed to
determine the degree of endometrial CA risk influenced by the
progestational activity of the progestin. 

Women With a History of Endometrial CA. The use of E2
among patients with endometrial CA is controversial. In vitro
treatment of Ishikawa endometrial CA cells with estrogen up-
regulates ER expression and augments growth in endometrial
CA cells (94,95). However, in vivo growth of residual micro-
scopic endometrial CA in patients has not been proven to
date. Four retrospective cohort studies have evaluated patients
with early-stage endometrial CA receiving E2 postoperatively.
Creasman et al. evaluated 221 patients with stage I disease, of
whom 47 received postoperative HRT and 174 did not (96).
Patients receiving HRT were followed for a median of 26
months. Regression analysis revealed that there was no
increased risk of recurrent disease associated with HRT use,
even when adjusting for age, tumor grade, myometrial lymph
node status, and peritoneal cytology. A subsequent study by
Lee et al. (97) compared the outcomes of 44 low-risk
endometrial CA patients (stage IA/IB G1/G2 disease) who
received HRT following treatment to 62 patients who received
no HRT. There were no recurrences observed among the
endometrial CA patients receiving HRT for a median duration
of 64 months. Investigators from the University of California,
Irvine, have also failed to demonstrate an increased risk of
recurrent disease associated with postoperative HRT (98). In
the first study, investigators evaluated 123 women with surgi-
cal stage I and II endometrial CA. Sixty-one women received
postoperative estrogen and the mean duration of follow-up
was 40 months. The disease-free interval was not significantly
shortened among the patients receiving E2 (98). The second
study was a retrospective cohort study that involved 75
patients with stage I-III disease who received HRT (51% E2
only, 49% E2 with added progestin) postoperatively. This
group of patients was then matched according to decade of
age at diagnosis and stage of disease to a group of endometrial
CA patients in the study cohort not receiving HRT. Both
groups were comparable in terms of parity, tumor grade,
depth of myometrial invasion, histology, lymph node status,
surgical treatment, concurrent morbidities, and postoperative
radiation. The patients receiving HRT were followed for a
mean interval of 83 months and patients not receiving HRT
were followed for a comparable interval of 69 months.
Patients using HRT had a longer disease-free interval com-
pared to non–hormone users. Among the 150 patients, only 
8 patients had stage III disease (99). 

In a Committee Opinion by the American College of
Obstetricians and Gynecologists Committee of Gynecologic
Practice, the members announced that “the decision to use
HRT in these women [endometrial CA patients] should be
individualized on the basis of potential benefit and risk to the
patient” (100). The Gynecologic Oncology Group (GOG) ini-
tiated a multicenter randomized, controlled trial aimed at an
enrollment of 2,100 patients with stage I and II endometrial
CA. The study was closed after enrollment of 1,200 patients
because the majority of the patients were low-risk with stage
IA and G1 disease. In the absence of adequate enrollment of
more intermediate-high risk early-stage endometrial CA
patients, the number of recurrences used in the ad hoc sample
size determination would be underestimated leading to subop-
timal power for the clinical trial. With the closure of this GOG
protocol, the safety of exogenous estrogen use in women who
have undergone surgical management of endometrial CA may
never be fully ascertained.

OCPs. Multiple epidemiologic studies have revealed that
OCPs are not a risk factor for endometrial CA, but rather a
means of prevention. See below. 

Selective Estrogen Receptor Modulators. The anti-estrogen
tamoxifen has been used in the adjuvant therapy of advanced
breast CA for years and has recently been evaluated as a
chemopreventive agent in patients at a high risk for develop-
ing this malignancy. Tamoxifen increases the risk of second
primary malignancies at other sites. A randomized, con-
trolled trial involving 2,729 women performed by the Stock-
holm Breast Cancer Study Group revealed that patients given
tamoxifen (40 mg/d) had a nearly sixfold increased risk of
endometrial CA and a threefold increased risk of gastroin-
testinal CA (50,101). These findings were confirmed in the
National Surgical Adjuvant Breast and Bowel Project
(NSABP). In this study, 2,843 patients with node negative
invasive breast CA were randomized to receive tamoxifen
(40 mg/d) or placebo. The RR of endometrial CA in patients
receiving tamoxifen was 7.5 (CI, 1.7 to 32.7) (102) compared
to placebo (50). When the population-based rates of endome-
trial CA from another NSABP trial (B-06), and data from the
Surveillance, Epidemiology, and End Results (SEER) Program
were used in the calculation of risk, the RR of endometrial
CA associated with tamoxifen use was 2.3 and 2.2, respec-
tively. In addition, the average annual HR during follow-up
was only 1.6 out of 1,000 in the group receiving tamoxifen
(50,102), suggesting that routine screening would not be
cost-effective. 

Other selective estrogen receptor modulators (SERMs)
are being evaluated as adjuvant treatment for breast CA in
an attempt to avoid the increased risk of secondary malig-
nancies, while maintaining the same or greater effective-
ness. Results from the Multiple Outcomes of Raloxifene
Evaluation (MORE) study indicate that patients receiving
raloxifene had a lower incidence of breast CA without any
increase in endometrial CA risk (50,103). However, the pri-
mary endpoint in this investigation was risk reduction of
fracture in postmenopausal women with osteoporosis. In
the National Surgical Adjuvant Breast and Bowel Project
Study of Tamoxifen and Raloxifene (STAR) P-2 trial, inves-
tigators found that raloxifene is as effective as tamoxifen in
reducing the risk of invasive breast cancer. Although the
overall risk of developing endometrial cancer was similar in
patients on raloxifene versus tamoxifen (RR 0.62; 95% CI,
0.35 to 1.08), the incidence of hyperplasia was less often
found in the raloxifene group (RR 0.16; 95% CI, 0.09 to
0.29) (104). 

Several other SERMs are under investigation. The results
of ongoing clinical trials will confirm these preliminary find-
ings and establish the applicability of this contemporary gen-
eration of SERMs. 

Colon 

HRT. Multiple epidemiologic studies have revealed that
HRT is not a risk factor for colon CA, but rather protects
against this malignancy. See below. 

OCPs. Multiple epidemiologic studies have revealed that
OCPs are not a risk factor for colon CA, but rather protect
against this malignancy. See below. 

SERMs. In vitro evidence has revealed that both tamoxifen
and raloxifene are effective in reducing cell proliferation and via-
bility of colon CA cell lines, suggesting a possible application in
the prevention of colon CA (105). Unfortunately, the available
epidemiologic evidence is limited and controversial regarding
the issue of tamoxifen’s effects on colorectal CA risk. A meta-
analysis by the Stockholm Breast Cancer Study Group analyzed
4,914 postmenopausal women participating in one of three
Scandinavian clinical trials evaluating adjuvant tamoxifen: the
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Stockholm Trial, the Danish Breast Cancer Group Trial, and the
South-Swedish Trial (101). The joint analysis of these three trials
revealed that adjuvant tamoxifen therapy in breast CA patients
increased the risk of colorectal CAs (RR 1.9; 95% CI, 1.1 to 1.3)
(101). In contrast, findings from the NSABP B-14 and the SEER
Program (106) have failed to confirm an increased risk of col-
orectal CA among patients receiving adjuvant tamoxifen ther-
apy. Additional epidemiologic trials are needed to resolve the
issue of adjuvant tamoxifen therapy and the risk of secondary
sporadic colorectal CAs. 

Although some epidemiologic evidence suggests that
tamoxifen may be associated with an increased risk of sporadic
colorectal CA, SERMs have been used in the treatment of
desmoid tumors associated with hereditary colorectal CA.
Colorectal CA includes two main mechanisms of inheritance:
familial adenomatous polyposis (FAP) and hereditary non-
polyposis colorectal CA (HNPCC). Desmoid tumors are
fibroaponeurotic tumors that occur rarely in the general popu-
lation but can be found in 12% to 17% of patients with FAP
(107). Tamoxifen has been shown to have growth inhibition in
desmoid tumor cell lines in an E2-independent mechanism
(108). According to the practice guidelines of the Standard
Task Force of Colon and Rectal Surgeons, high-dose tamoxifen
(120 mg/day) and other SERMs may be used in the treatment
of aggressive desmoid tumors. This recommendation is weak
(level III) and based on limited descriptive European case series
(109,110). The use of tamoxifen in the prevention or treatment
of primary colorectal CA is not advocated. 

Phytoestrogens. Increased rates of breast, colon, ovarian,
and endometrial CA are found in Western societies. Phyto-E2s
are possible dietary mediators of increased CA risk that are
subdivided into two groups: isoflavonoids and lignans.
Isoflavonoids are compounds with inherent E2-ic activity that
can lead to low IGF expression and inhibition of aromatase
and growth factors resulting in a possible chemoprotective
effective in the breast. Lignans are compounds formed from
plant lignan precursors by intestinal microflora. Both
isoflavonoids and lignans are found in foods such as whole
grain rye bread, soybeans, and red clover. Studies suggest that
the development period during which the isoflavonoid is
ingested is important in modulation of future CA risk. Inges-
tion of soy before or during adolescence may decrease the risk
of future breast CA. However, there is no convincing evidence
indicating that soy or other isoflavonoids are protective
against breast CA or colon CA if ingested during adulthood
(50,111). There is a paucity of data regarding the association
between isoflavonoids and other CAs affecting women. A
case-control study using a Hawaiian group revealed that the
high consumption of soy products in adults significantly
decreased the risk of endometrial CA even after accounting
for confounding influences (50,112). Large, population-based
studies are needed to determine the effects of isoflavonoids on
specific CA risk, particularly since they are becoming a more
common component of the American diet.

Consumption of whole grain products, berries, fruits, and
vegetables can stimulate production of lignans, which can be
indirectly measured via urinary enterolactone. Although
women with breast CA have significantly lower levels of uri-
nary enterolactone, it is unknown whether higher levels of
enterolactone are protective against breast CA or whether
they are a marker for an unknown chemoprotective com-
pound associated with a healthier diet. High enterolactone
production has been associated with inhibition of colon CA in
animal models, but elevated levels have not been confirmed to
be protective against colon CA in humans (50,111). In con-
trast, obesity as well as increased dietary fat intake is associ-
ated with decreased levels of urinary lignans, suggesting that
the increased risk of CA associated with obesity may be in
part related to lignan production. 

HORMONES AND THE 
PREVENTION OF HUMAN 

CANCERS
Chemoprevention can be defined as the use of specific natural
or synthetic chemical agents to reverse, suppress, or prevent
the progression toward malignancies. Human carcinogenesis
proceeds through multiple discernible stages of molecular and
cellular alterations, thus providing the scientific rationale for
clinical CA chemoprevention. The necessary requirements for
evaluation of chemoprevention include (a) identification of
high-risk individuals based on family history and/or genetic
mutations; (b) identification of putative surrogate endpoints
or biomarkers for CA; and (c) the possibility that relatively
nontoxic agents may decrease the risk of a given malignancy.
Prospective clinical trials are mandatory for evaluating poten-
tial strategies for preventing human malignancies.

Breast Cancer Chemoprevention

SERMs

Reducing the incidence of breast CA has the potential to pro-
vide a major impact on the morbidity of the disease and its
treatment, cost to the individual and to society, and overall CA
mortality. Epidemiologic studies indicate that E2-mediated
events play a role in the development of breast CA. Tamoxifen,
a SERM, has been utilized as a chemopreventive agent for
breast CA in four randomized, prospective, placebo-controlled
clinical trials. Raloxifene, a second-generation SERM, was
investigated in the MORE trial, in which the primary endpoint
was risk reduction of fracture in postmenopausal women with
osteoporosis; the incidence of breast CA was a secondary
endpoint. These five studies are reviewed and summarized
below.

Breast Cancer Prevention Trial. In 1992, the National
Cancer Institute in collaboration with the NSABP initiated
the Breast Cancer Prevention Trial (BCPT, P-1) (113). The
primary goal was to determine whether tamoxifen adminis-
tered for 5 years prevented breast CA in women at high risk,
including women 60 years or older, women 35 to 59 with a
5-year predicted risk of breast CA of at least 1.66%, or
women who had a history of lobular carcinoma in situ
(LCIS). Risk was estimated using the Gail model (114). Each
of the 13,388 women enrolled was randomly assigned to
receive tamoxifen 20 mg/day or placebo. The median follow-
up time was 54.6 months, with 175 cases of invasive breast
CA in the placebo group compared with 89 in the tamoxifen
group (RR 0.51; 95% CI, 0.39 to 0.66; P � 0.00001).
Tamoxifen reduced the incidence of ER� tumors by 69%,
but there was no difference in the incidence of ER� tumors. 

Italian Tamoxifen Prevention Study. This double-blind,
placebo-controlled, randomized trial began recruitment in
October 1992 and ended in July 1997, and included healthy
women aged 35 to 70 years of age (115). The trialist and data-
monitoring committee ended recruitment because 26% of
women dropped out of this study; 5,408 women were ran-
domized to receive tamoxifen 20 mg/day or placebo for
5 years. Women were allowed to take HRT. The primary end-
points were reduction in the frequency and mortality of breast
CA. At a median follow-up of 46 months, 19 CAs were diag-
nosed in the tamoxifen arm and 22 among women in the
placebo arm (P � 0.6). An update was reported in 2002 (116).
At 81.2 months of follow-up, 45 of 2,708 women receiving
placebo and 34 of 2,700 women receiving tamoxifen devel-
oped breast CA (OR 0.76; 95% CI, 0.47 to 1.60). The differ-
ence was not statistically significant (P � 0.215). Among
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women who used HRT either at baseline or during the study,
breast CA was diagnosed in 17 of 791 receiving placebo and
six of 793 receiving tamoxifen (P � 0.022). 

Royal Marsden Hospital Chemoprevention Trial. This trial
was initiated in 1986 as a preliminary pilot study for the Inter-
national Breast Cancer Intervention Study (IBIS-I) (117). The
aim of this study was to assess whether tamoxifen would pre-
vent breast CA in healthy women at increased risk for the dis-
ease based on family history only. Each participant had at
least one first-degree relative under the age of 50 with breast
CA, one first-degree relative with bilateral breast CA, or one
affected first-degree relative of any age and another affected
first-degree or second-degree relative. Women were allowed to
take HRT during this study. Randomization of 2,494 women
between the ages of 30 and 70 to tamoxifen 20 mg/day or
placebo occurred. The median follow-up was 70 months and
2,471 of the women were analyzed. The frequency of breast
CA was the same for women receiving tamoxifen and placebo
(tamoxifen � 34, placebo � 36; RR 1.06; 95% CI, 0.7 to
1.7), and there appeared to be no interaction between the use
of HRT and the effect of tamoxifen on breast CA occurrence.
An update of this trial reported 75 cases of breast CA in the
placebo group compared with 62 in the tamoxifen group (OR
0.83; 95% CI, 0.58 to 1.16) (118,119). 

International Breast Cancer Intervention Study. Random-
ization occurred to tamoxifen 20 mg/day or placebo for 7,152
women, aged 35 to 70 years and at high risk for breast
CA (120). Eligible women had risk factors for breast CA indi-
cating at least a twofold relative risk among those aged 45
to 70 years, a fourfold relative risk among those aged 40 to
44 years, and a tenfold relative risk among those aged 35 to
39 years. The women enrolled in this study were at moderately
increased risk of developing breast CA, with 60% of the study
cohort having a 10-year risk ranging from 5% to 10%. The
IBIS-I investigators used a model to predict the absolute
10-year risk of developing breast CA, but the details of their
model have not been published. Use of HRT was permitted,
and approximately 40% of women used such therapy at some
point during the trial. The primary endpoint was the incidence
of breast CA, including ductal carcinoma in situ (DCIS). At a
median follow-up of 50 months (7,139 women analyzed), 69
women in the tamoxifen group compared to 101 women in
the placebo group developed breast CA (overall 32% reduc-
tion in breast CA rate; 95% CI, 8 to 50; P � 0.01). The risk of
developing ER� invasive tumors was reduced by 31%, but
there was no reduction in the risk of ER� tumors. There was
no difference in the incidence of breast carcinoma among
women taking HRT during the study. However, among
women who received HRT before the trial, 21 cases of breast
CA developed in the placebo group and nine in the tamoxifen
group (OR 0.43; 95% CI, 0.80 to 6.06). 

Multiple Outcome of Raloxifene Evaluation. The MORE
study was a multicenter, randomized, double-blind trial, ralox-
ifene 60 or 120 mg/day or placebo for 3 years, with the pri-
mary endpoint of rate of fracture in postmenopausal women
with osteoporosis (121). Breast CA incidence was a secondary
endpoint. A total of 7,705 women, at least 2 years post-
menopausal and no older than 80 years of age, were enrolled.
Women who were taking E2 during the previous 6 months
were excluded, and 12.3% of women reported a family history
of breast CA. There were 27 cases of invasive breast CA in the
placebo group compared to 13 in the raloxifene group (RR
0.24; 95% CI, 0.13 to 0.44; P � 0.001). There was no differ-
ence in breast CA incidence between the two doses of ralox-
ifene. Raloxifene reduced the risk of invasive ER� breast CA
by 90% (RR 0.10; 95% CI, 0.04 to 0.24), but did not reduce
the risk of ER� breast CA. Four-year results from this study
have now been reported (122). These results, with extension to
4 years after initiation of the trial, are consistent with the

results based on the 3-year follow-up. The MORE trial was
not designed to evaluate invasive breast CA as a primary end-
point. In addition, women in this trial were at lower risk of
breast CA compared with women in the BCPT. Further study
of raloxifene is indicated, and at this time this SERM cannot be
recommended for chemoprevention outside of a clinical trial.

Summary of the Tamoxifen Chemoprevention Trials. The
Royal Marsden and Italian studies failed to confirm the results
of the BCPT, a reduction in the incidence of ER� breast carci-
noma in women taking tamoxifen. An updated report from
the Italian Tamoxifen Prevention Study found a reduction in
the incidence of ER� breast CA among a subgroup of women.
The results of the IBIS-I study confirmed that tamoxifen
reduces the risk of breast CA. Numerous methodologic differ-
ences exist between the BCPT and European trials in trial
design, trial implementation, and characteristics of the women
studied. It is probable that both the Royal Marsden and Ital-
ian trials would fail to detect an overall effect for tamoxifen
among the populations studied. Both of these trials were sta-
tistically less powerful and smaller than the BCPT, with fewer
person-years of follow-up and fewer reported events. As well,
the risk of breast CA among women in these trials was lower
than the BCPT. The U.S. FDA approved the use of tamoxifen
for breast CA risk reduction in women aged 35 years or older,
with a 5-year risk of 1.66% or greater. 

In January 2003, Cuzick et al. (119) published an overview
of the above breast CA chemoprevention trials. The results are
summarized in Figure 17.3. Tamoxifen reduced the incidence
of ER� breast CAs by 48% (95% CI, 36 to 58; P � 0.0001),
with no reduction in the incidence of ER� breast CAs. Age
had no effect on the degree of breast CA reduction. The rates
of endometrial CA increased in all the tamoxifen prevention
trials (consensus RR 2.4; 95% CI, 1.5 to 4; P � 0.0005); no
increase in endometrial CA was observed with the use of
raloxifene. Venous thromboembolic events were increased in
all the tamoxifen prevention studies (RR 1.9; 95% CI, 1.4 to
2.6; P � 0.0001), with similar results seen in the MORE study.
Overall, there was no effect on all-cause mortality in the
tamoxifen prevention trials (HR 0.90; 95% CI, 0.70 to 1.17;
P � 0.44). The authors concluded that the evidence clearly
shows that tamoxifen can reduce the risk of ER� breast CA.

The STAR trial (Study of Tamoxifen and Raloxifene), pow-
ered to demonstrate superior efficacy or equivalence of either
tamoxifen (20 mg/day) or raloxifene (60 mg/day) in reducing
the incidence of primary breast CA, was opened to accrual on
July 1, 1999. The trial enrolled 19,747 women and data are
available for 19,471 of them; 9,726 women in the tamoxifen
arm and 9,745 women in the raloxifene arm. All women had
a projected 5-year risk of developing breast CA of 1.66% or
higher as determined by the Gail model. Eligible women
included postmenopausal women 35 years or older with no
prior history of invasive breast CA or DCIS. Postmenopausal
women with a history of LCIS who are aged 35 years or older
were also eligible. The number of invasive breast cancers was
statistically equivalent (167 in the raloxifene group and 163 in
the tamoxifen group). Both drugs reduced the risk of invasive
breast cancer by around 50 percent.

Aromatase Inhibitors 

Aromatase inhibitors (AIs) are being considered for use in
breast CA chemoprevention. In contrast to SERMs, which are
competitive inhibitors of E2 at its receptor, AIs suppress
plasma E2 levels by inhibiting or inactivating aromatase, the
enzyme responsible for the synthesis of E2s from androgenic
substrates. This class of compounds has effectively challenged
tamoxifen for use as adjuvant therapy in postmenopausal
women with ER� breast CAs, who constitute the majority of
patients with breast CA. Evaluating women with early-stage
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breast CA, the ATAC (Arimidex, Tamoxifen Alone or in Com-
bination) Trialists’ Group found that the incidence of con-
tralateral invasive breast CA was lower in those receiving the
third-generation AI (anastrozole [Arimidex]), when compared
to tamoxifen, after a median of 33 months of follow-up (see
below). By extrapolation, Arimidex might reduce the early
incidence of breast CA to an even greater extent than tamox-
ifen and thus have potential in breast CA chemoprevention
(116,123). The long-term effects of profound E2 suppression
in postmenopausal women are unknown, and careful monitor-
ing for bone demineralization and other potential problems is
essential as the role of AIs evolves. 

Prophylactic Oophorectomy

The potential role for oophorectomy as chemoprevention
(decreased E2 levels) for breast CA in premenopausal women
is an area of active investigation. In genetically uncharacterized

premenopausal women, oophorectomy is associated with a
50% reduction in breast CA incidence, but also incurs the
associated negative effects of a surgically induced early
menopause (124,125). In this patient population, where the
overall incidence of breast CA is one in eight, it is not standard
practice to offer oophorectomy for breast CA prevention.
However, in premenopausal women with germ-line BRCA1
and BRCA2 mutations, the cumulative lifetime risk (to
70 years of age) of invasive breast CA is 60% to 85%, allow-
ing for more serious consideration for prophylactic oophorec-
tomy as a chemoprevention. The prevalence of germ-line
BRCA1 or BRCA2 in the general population is 0.1% to
0.2%, contributing to a small fraction of all cases of breast
CA, but as many as 10% of cases diagnosed in women
younger than 40 years of age and approximately 75% of
familial cases. Two recent publications support the practice of
recommending prophylactic oophorectomy after the comple-
tion of childbearing in premenopausal women (126,127).
Kauff  et al., in a prospective study, reported on 170 carriers
of BRCA mutations with a mean follow-up of 24.2 months,
98 of whom underwent prophylactic salpingo-oophorectomy
(126). A 70% risk reduction in breast CA incidence was iden-
tified. Rebbeck et al., in a multicenter retrospective analysis,
reported on 551 carriers of BRCA mutations with 11 years of
follow-up, 259 of whom underwent a prophylactic salpingo-
oophorectomy. A 53% risk reduction in breast CA incidence
was identified (127). The reduced risk of a subsequent diagno-
sis of breast CA in women with BRCA mutations, after
salpingo-oophorectomy, confirms an earlier report of a 47%
reduction in this patient population (128).

Phytochemicals

Phytochemicals with potential anti-CA properties span a
wide range of chemical types and activities. Their presence,
concentration, and bioavailability in any of thousands of
plant species used by humans is variably and incompletely
documented. Several studies have specifically examined the
effects of vegetable and fruit intake on breast CA risk. These
studies suggest a protective effect of vegetable intake, particu-
larly those rich in carotenoids. Beta-carotene intake has been
associated with lower breast CA risk in several studies
(129–131). High dietary fiber intake has also been associated
with a lower risk of breast CA (132). The multiplicity of phy-
tochemical actions at different sites in the process of tumori-
genesis complicates the investigative effort needed for the
development of chemopreventive agents from this class of
compounds. 

Endometrial Cancer Chemoprevention

Chemoprevention strategies for endometroid endometrial can-
cer (EEC) have been based on the observation that exposure to
E2 with insufficient progestational stimulation predisposes
women to EEC and its precursor lesion, atypical endometrial
hyperplasia. While marked obesity, use of exogenous E2, early
menarche, and diabetes have been identified as risk factors for
the development of EEC, only early menarche has been associ-
ated with serous carcinoma, as well as its precursor lesion,
endometrial intraepithelial carcinoma (EIC) (133). This obser-
vation, as well as other investigational work, supports the exis-
tence of a dualistic model for endometrial carcinogenesis,
where atypical endometrial hyperplasia and EEC are E2
related and EIC and serous carcinoma are E2 unrelated. Fur-
ther delineation of E2-independent pathways of endometrial
carcinogenesis will be necessary to develop chemoprevention
strategies for serous carcinoma, which accounts for a minority
of endometrial carcinomas, but a disproportionate number of
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All cases (including ductal carcinoma in situ)

ER-positive invasive breast cancer

ER-negative invasive breast cancer

FIGURE 17.3. Incidence of breast CA. Note that the scale for the
hazard ratio on the horizontal axis is different for each section of the
figure. Source: Reprinted with permission from Cuzick J, Powles T,
Veronesi U, et al. Overview of the main outcomes in breast-cancer
prevention trials. Lancet 2003;361:296–300.
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endometrial CA deaths. Chemoprevention strategies for EEC,
because of its clear association with E2, have been more easily
identified, and are described below.

Continuous Combined HRT

Premature termination of one comparison (continuous com-
bined HRT: daily conjugated equine E2 0.625 mg and
medroxyprogesterone acetate 2.5 mg) in the WHI primary
prevention trial occurred because cardiovascular disease and
breast CA were increased, recognizing that colorectal CA,
endometrial CA, and osteoporotic fractures were reduced
(134). The reduction seen in the incidence of EEC with contin-
uous HRT is in agreement with case-control studies that have
documented a reduction in incidence of this malignancy in
women taking continuous combined HRT (90,91,93). 

OCPs

There is substantial evidence that ever-use of OCPs reduces
the risk of EEC by approximately 50% (135). Numerous epi-
demiologic studies demonstrate that the reduced risk depends
on the duration of OCP use. The risk is reduced by 20% with 1
year of use, 40% with 2 years of use, and 60% with 4 or more
years of use (136). 

A preliminary analysis of the Centers for Disease Control
and Prevention (CDC) Cancer and Steroid Hormone (CASH)
study attempted to characterize the protective effect of specific
OCP formulations on EEC risk by comparing 187 endome-
trial CA cases with 1,320 controls (137). The CASH study
determined that continuous OCP formulations provided pro-
tective effects (RR 0.4; 95% CI, 0.2 to 0.9) while sequential
OCPs did not (RR 2.1; 95% CI, 0.8 to 5.8). Similarly, in the
World Health Organization (WHO) Collaborative Study of
Neoplasia and Steroid Contraceptives, 132 cases of EEC and
835 matched controls were evaluated to determine the protec-
tive effects of OCPs on endometrial CA. Investigators found
that the risk of EEC was decreased among women who had a
history of combination OCP use (OR 0.53; 95% CI, 0.29 to
0.97) (138). In both the CASH and the initial WHO study,
combination OCP formulations were not categorized accord-
ing to the potency of estrogen and progestin, thereby prevent-
ing an assessment of the effects on EEC risk according to the
potency of the hormonal components. 

In order to better understand the protective effects of com-
bination OCPs, two case-control studies have attempted to
evaluate progestin and estrogen potency of OCP formulations
in relation to EEC risk. Following further enrollment of
patients in the WHO Collaborative Study of Neoplasia and
Steroid Contraceptives, investigators reported an analysis of
220 cases of EEC and 1,537 controls (139). In this study, a
lower risk of EEC was observed with high progestin potency
OCP formulations compared with low progestin potency.
Although the number of patients using high potency progestin
was very small in this study, the results suggested that high
progestin potency OCP formulations could be more protective
against EEC. A second case-control study evaluated 316 cases
and 501 controls from women in the King or Pierce counties
of Washington. Among these women, the relative risk for
women who had used a high progestin potency OCP (RR 0.3;
95% CI, 0.1 to 0.9) was as low as the relative risk for women
using a low potency progestin (RR 0.2; 95% CI, 0.1 to 0.8)
(50). These results did not find a potency-dependent protec-
tive effect and suggested that the progestin potency was ade-
quate to achieve a protective effect against endometrial CA in
most combination OCP formulations. The methods of classi-
fying progestin potency were the same in both the WHO study
and the Washington State study, thereby eliminating differ-
ences in classification as a reason for the different findings
from these two studies. Details regarding the specific OCPs

taken by case and control subjects were not reported in the
Washington State study. The OCP formulations used in the
second WHO study contained progestins that are no longer
used in OCPs marketed in the United States. A third case-
control study using data from the CASH study included 434
endometrial CA cases and 2,557 control subjects. Overall, high
potency OCPs did not confer more protection than low
potency OCPs. However, among women with a BMI �22.1
kg/m2, those who used high potency progestin potency OCPs
had a lower risk of endometrial cancer than those who used
low potency OCPs (OR 0.31; 95% CI, 0.11 to 0.92) while
those with a BMI �22.1 kg/m2 did not (OR, 1.36; 95% CI,
0.39 to 4.70) (140). The small number of cases that were over-
weight (BMI �25 kg/m2) or obese (BMI �30 kg/m2) pre-
vented an analysis with sufficient power to detect a
statistically significant modifying effect of overweight status
or obesity on the relationship between progestin potency and
endometrial CA risk. However, these findings suggest that
high potency OCPs may be associated with a greater protec-
tive effect than low potency OCPs among women with a
larger BMI who are at the greatest risk of endometrial CA. 

Intrauterine Devices

Seven studies have reported the relationship between previous
copper or nonmedicated intrauterine device (IUD) use and
endometrial CA (141–147). In all but one study, previous IUD
use was associated with a decreased risk of EEC. The one
study where this relationship was not validated was based on
research in China, where the steel ring IUD was utilized, sug-
gesting that this type of IUD is not protective against this
malignancy (146). The landmark CASH study of the CDC
was one of the studies to report significant protection against
EEC (141). The majority of the articles reported subgroup
analyses regarding factors such as type of IUD and duration/
timing of use. In general, no consistent pattern emerged from
the articles to suggest that length or timing of use, or type of
IUD was associated with an increase or decrease in the risk
of EEC (148).

The levonorgestrel-releasing IUD was investigated by
Gardner et al. in women taking tamoxifen as adjuvant therapy
for breast CA (149). This preliminary investigation, which
included 122 women, randomized 64 patients to the IUD
group and 58 patients to the no-IUD group. The authors did
an outpatient hysteroscopic assessment with endometrial sam-
pling at entry and after 12 months. A uniform decidual
response was seen in all women with the IUD in place. Similar
histologic patterns were identified in both groups at baseline
and after 12 months. A statement on the effect of this device
on the incidence of EEC in women taking tamoxifen cannot
be made, but warrants further prospective evaluation.

Phytochemicals

The effect of dietary phytochemical consumption on endome-
trial CA risk is not clearly delineated. Levi et al. found a
strong negative association between beta-carotene and vita-
min C intake and endometrial carcinoma among Swiss
women, but no clear effect was seen in similar studies in China
and the United States (150–152). Barbone et al. demonstrated
a protective effect of carotene intake on endometrial CA
(153). Zheng et al. found a weak negative correlation between
endometrial CA and plant food intake in the Iowa Women’s
Health Study (154). In an analysis of phytoestrogen (i.e.,
isoflavones, coumestans, and lignans) consumption and
endometrial CA risk, investigators found that a lower risk
was associated with increased intake. Obese postmenopausal
women consuming relatively low amounts of phytoestrogens
had the highest risk of endometrial cancer (OR 6.9; 95% CI,
3.3 to 14.5) compared with nonobese postmenopausal women
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consuming high amounts of isoflavones (155). As is the case
with breast CA, further investigative efforts are necessary to
establish the role of phytochemicals in the prevention of
endometrial CA. 

Ovarian Cancer Chemoprevention

Although efforts to improve the survival of ovarian CA
patients continue to focus on the development of more effec-
tive systemic therapies, the prevention of ovarian CA is an
area of increasing interest. As is the case with breast CA,
assessment of prevention efforts must be analyzed by genetic
predisposition. In genetically uncharacterized U.S. women, the
lifetime risk of developing ovarian CA is approximately 1.5%.
BRCA1 mutations increase the risk to 30% to 60%, while
women who harbor a mutant BRCA2 gene have an estimated
risk of 10% to 30% (156). Precancerous lesions have not been
well defined for ovarian CA, although phenotypic changes
have recently been described (157). Future chemoprevention
trials in ovarian CA have the potential to utilize biochemical
markers of transformation, including cell cycle progression
and apoptosis, as surrogate endpoint markers (158,159).
Although hysterectomy alone, as well as tubal ligation, has
been associated with a decreased risk of developing ovarian
CA, this review will focus on chemoprevention.

OCPs

The ability of OCPs to reduce the risk of ovarian CA has been
extensively studied and it is estimated that there is an overall
reduction in risk approximating 40% (135). The adjusted
odds ratio for ever-use of OCPs has consistently been shown
to be between 0.6 and 0.7 (160–162). The degree of protec-
tion and the length of protection appear to be associated with
the duration of OCP usage. Prolonged risk reduction has been
reported when OCPs are used longer than 4 to 6 years, and
minimal benefit has been observed if utilization is restricted to
a period of 6 months to 2 years (163–166). One of the largest
case-control studies to date is the CDC CASH study. In this
study, 546 women with ovarian CA and 4,228 control sub-
jects from eight population-based CA registries were com-
pared. Women with a history of OCP use had a 40% reduced
risk of epithelial ovarian CA (RR 0.6; 95% CI, 0.5 to 0.7)
when compared to women with no history of OCP use. This
protective effect was evident with as little as 3 months of OCP
use and continued for up to 15 years following discontinua-
tion of OCP use. OCP-mediated risk reduction was indepen-
dent of the histologic type of ovarian CA (167). 

It has been estimated that more than half of all ovarian
CAs in the United States could be prevented by OCP usage for
at least 4 to 5 years (161,162,168). The protective effect of
OCPs appears to be consistent across races as John et al.
demonstrated a reduction in risk of 0.6 in African American
women with OCP use of 6 years or more (169). The estrogen/
progestin content of any particular OCP and how it relates to
protection against ovarian carcinoma needs further investiga-
tion. Ness et al. demonstrated identical risk reduction for
OCPs with high-estrogen/high-progesterone content when
compared with low-estrogen/low-progesterone content pills
(170). Schildkraut et al., in an observational study, recently
reported that low-progesterone OCP formulations were associ-
ated with a significantly higher risk of ovarian CA when com-
pared with high-progesterone potency OCP formulations (171). 

The lifetime risk of ovarian CA is approximately 45% in
BRCA1 carriers and 25% among BRCA2 carriers (172).
In women carrying BRCA1 or -2 mutations, Modan et al.
concluded that OCPs did not protect against ovarian CA in
Israeli Jewish women. However, Narod et al. showed that the

use of OCPs in Jewish and non-Jewish women with BRCA
mutations was strongly protective against this malignancy,
with an odds ratio of 0.44 (95% CI, 0.28 to 0.68) (173,174).
Important differences exist between the two studies, most
notably that the controls in the Narod et al. study were all
mutation carriers, while in the Modan et al. study only 1.7%
of the controls carried the mutation. The use of OCP as a
chemopreventive agent against ovarian CA should be consid-
ered in BRCA carriers. 

Little is known about the mechanism of the protective effect
of OCPs against ovarian CA, although it has been postulated
that a major mechanism of OCP protection relates to a
decrease in ovulatory cycles. There is data to suggest that an
increased rate of apoptosis in aberrant epithelial cells sec-
ondary to the progestational component may also play an
important role. Recently, Rodriguez et al. examined the effect
on ovarian epithelium of levonorgesterol in 130 ovulatory
macaque monkeys (175). These authors demonstrated signifi-
cantly increased apoptotic cell counts in the ovarian epithelium
of animals exposed to progesterone, leading to the hypothesis
that progestin-induced apoptosis of the ovarian epithelium is
responsible for the chemopreventive effect of OCPs.

Colon Cancer Chemoprevention 

Colorectal CA is the fourth most common incident CA and
the second most common cause of CA death in the United
States. In 2000, there were an estimated 50,400 new cases of
colon CA and 16,200 cases of rectal CA diagnosed in U.S.
women; approximately 24,600 and 3,900 women died from
these disorders, respectively (176). 

HRT 

Two recent meta-analyses have calculated an approximate
one-third reduction in risk of colon CA among current or
recent users of HRT, compared with about a 10% to 20%
reduction among ever-users versus never-users of HRT
(177,178). Although Nanda et al. determined that rectal CA
was not related to HRT usage, Grodstein et al. determined a
reduction in risk for ever-users versus never-users (RR 0.81;
95% CI, 0.72 to 0.92). Both meta-analyses are limited by lack
of consistent and accurate reporting on type of HRT, as well
as lack of control for potential confounders, such as diet, site
of CA, family history, or screening. Adenomatous polyps pre-
cede colorectal CAs by a decade or more; thus any association
between their presence and HRT is of obvious interest. Two
case-control studies have found a protective effect of HRT on
the development of adenomatous polyps (179,180). The
prospective Nurses’ Health Study reported a decreased risk of
large adenomatous polyps for current users (RR 0.74; 95%
CI, 0.55 to 0.99), whereas there was no association between
small adenomatous polyps and HRT (181).

The WHI, a randomized, controlled primary prevention
trial in which 16,608 postmenopausal women aged 50 to
79 years with an intact uterus at baseline were recruited by
40 U.S. clinical centers in 1993 to 1998, confirmed what other
observational studies have suggested: a reduction in the inci-
dence of colorectal CA in those women taking combined estro-
gen and progesterone therapy. In 8,506 women prescribed
estrogen and progesterone, with a placebo control group of
8,102 women, a hazard ratio of 0.63 with a nominal 95% CI
of 0.43 to 0.92 was observed. Colorectal CA rates were
reduced by 37% (10 vs 16 per 10,000 person-years) (134,181). 

There are several hypotheses regarding a protective effect
of HRT on the risk of colorectal CA, including alteration of
the predominant ER isoform, as well as E2’s ability to
decrease production of secondary bile acids. 
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OCPs

The relationship between OCPs and colorectal CA has not
been clearly delineated. Recently, a large case-control study
was conducted in northern Italy between the years 1985 and
1992, with 709 cases of colorectal CA and 992 control sub-
jects (182). Ever-use of OCPs versus never-use through use of
a multiple logistic regression was associated with a reduced
risk of colorectal CA (RR 0.58; 95% CI, 0.36 to 0.92). Fur-
ther, there was a suggestion that duration of use (i.e., more
than 2 years) was associated with increased protection. More
recently, the Nurses’ Health Study cohort identified 502 cases
of colorectal CA among participants between 1980 and 1992
(183). Among women using OCPs, use for 6 or greater years
was associated with a 40% reduction in risk of colorectal CA
(RR 0.60; 95% CI, 0.40 to 0.89). The trend for the duration
effect was statistically significant (P � 0.02). Several smaller
studies, all with serious limitations in study design and/or exe-
cution, have reported varying results regarding the relation-
ship between OCPs and colorectal CA.

HORMONES AND THE 
TREATMENT OF HUMAN 

CANCERS
Whereas the role of hormones in the treatment of human
malignancies has been most extensively examined in the
management of breast carcinoma, the potential to exploit
hormone-signaling pathways in the management of other
malignancies, affecting both men and women, is rapidly
becoming a reality. As our understanding both of the molec-
ular biology of CA and of the human genome expands, tar-
geted therapeutics, including hormonal manipulation, will
undoubtedly assume a more critical role in the management
of human malignancies.

Breast

Overview

When considering hormonal treatment (HT) of breast CA, it
is important to distinguish between premenopausal women, in
whom the primary source of estrogen is the ovaries, and post-
menopausal women, in whom aromatization of androgens in
the peripheral tissue is the major source of estrogen produc-
tion. In premenopausal women, removal of the ovaries via
surgical or radiologic ablation, or inhibition of ovarian estro-
gen production with a gonadotropin-releasing hormone
(GnRH) analog, results in marked decrease in estrogen levels.
SERMs, most notably tamoxifen, are a treatment option for

both premenopausal and postmenopausal women with ER-
positive disease; they reduce tumor cell proliferation by bind-
ing to and blocking the activation of ERs. In premenopausal
women, treatment with tamoxifen plus ovarian ablation may
provide added benefit by decreasing estrogen levels through
two complementary mechanisms (184). Aromatase inhibitors
(AIs) interfere with estrogen production by targeting the
peripheral aromatization of androgens. In postmenopausal
women, in whom peripheral tissue production of estrogen is
responsible for the majority of circulating estrogen, AIs are a
likely choice in the selection of HT. The role of AIs in pre-
menopausal women is less clear owing to the high level of
ovarian estrogen in this patient population. 

Adjuvant Hormonal Therapy for Early-Stage Breast
Cancer—Postmenopausal Women

Tamoxifen prescribed for approximately 5 years after surgery
to patients with early, ER-positive breast CA is the current
standard of adjuvant therapy worldwide. The Early Breast
Cancer Trialists’ Collaborative Group (EBCTCG) conducted a
meta-analysis to assess recurrence and mortality rates among
randomized trials of women with primary breast CA who
received adjuvant tamoxifen therapy or placebo. Table 17.2
details the reduction in recurrence and mortality, stratified by
ER and PR status, revealing that women with hormone
receptor–positive tumors experience a more significant
improvement in both endpoints. Conversely, women with
hormone receptor–negative tumors received little, if any,
benefit from HT (184). Furthermore, the EBCTCG estab-
lished that hormone receptor–positive women receiving
tamoxifen demonstrated a 21%, 28%, and 50% reduction in
recurrence and a 14%, 18%, and 28% reduction in mortality
in the treatment groups of 1 year, 2 years, and approximately
5 years, respectively, with consistent benefits across various
tamoxifen dosing regimens (20 to 40 mg/day) (184). Although
the efficacy of tamoxifen in the adjuvant setting has been
established, the toxicity profile of this agent, including an
increased risk of EEC and thromboembolic events, has
prompted investigative efforts into alternative therapies.

In 2002, anastrozole alone was approved as adjuvant treat-
ment for early breast CA. The ATAC trial included 9,366
postmenopausal women with operable, early, invasive breast
CA who had completed primary treatment and were candi-
dates for adjuvant HT. The data demonstrated superior effi-
cacy of anastrozole when compared to tamoxifen in
improving disease-free survival in postmenopausal women
with hormone receptor–positive or unknown early-stage
breast CA. Disease-free survival was significantly longer for
patients on anastrozole alone than for those who received
tamoxifen alone (HR 0.83; 95% CI, 0.71 to 0.96; P � 0.013)
or the combination of both (HR 0.81; 95% CI, 0.70 to 0.94;
P � 0.006). The combination was not significantly different
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TA B L E  1 7 . 2

Reduction in Reduction in 
Receptor status N recurrence % (95% Cl) mortality % (95% Cl)

ER�, PgR� 7,000 37 (�6) 16 (�8)
ER�, PgR� 2,000 32 (�12) 18 (�14)
ER�, PgR� 602 23 (�24) 9 (�28)
ER�, PgR� 2,000 1 (�14) 1 (�14)

Note: All patients were treated with tamoxifen.
Source: Early Breast Cancer Trialists’ Collaborative Group. Lancet 1998;351:1451–1467.
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from tamoxifen alone (HR 1.02; 95% CI, 0.89 to 1.18; P � 0.8)
(123). The disease-free survival estimates at 3 years were
89.4%, 87.4%, and 87.2% on anastrozole, tamoxifen, and
the combination, respectively. Incidence of contralateral
breast CA was significantly lower with anastrozole than with
tamoxifen (OR 0.42 [0.22–0.79]; P � 0.007). After publica-
tion of the ATAC data, the American Society of Clinical
Oncology (ASCO) Health Services Research Committee sug-
gested that a 5-year course of tamoxifen remain the standard
adjuvant HT pending updated data from the ATAC trial and
other trials of third-generation AIs in the adjuvant setting
(185). The panel further suggested that it would be reasonable
for a patient to be treated with anastrozole if there was a his-
tory of cardiovascular disease or thromboembolic events, or if
the patient developed complications or intolerable side effects
attributable to tamoxifen. The ATAC data was recently
updated, with 68 months of follow-up, and the benefit of
anastrozole over tamoxifen was maintained (186). 

Goss et al. conducted a double-blind, placebo-controlled
trial evaluating the effectiveness of 5 years of letrozole in
5,187 postmenopausal women with early-stage breast CA
who had completed 5 years of tamoxifen therapy (187). The
estimated 4-year disease-free survival rates were 93% for the
letrozole group and 87% for the control group (P � 0.001),
suggesting that in this subset of breast CA patients, AI therapy
after tamoxifen provides a survival advantage. An analysis of
the post-unblinding data was recently presented. Among the
2,594 women initially randomized to placebo, 1,655 women
chose to receive open-label letrozole. At 54 months, a statisti-
cally significant benefit in disease-free survival favored the
crossover patients (HR 0.31; P � 0.0001) (188). The Breast
International Group (BIG) 1-98 study, a randomized, phase 3,
double-blind trial, compared 5 years of treatment with various
adjuvant endocrine therapy regimens in postmenopausal
women with hormone receptor–positive breast CA: letrozole,
letrozole followed by tamoxifen, tamoxifen, and tamoxifen
followed by letrozole. A total of 8,010 women with data that
could be assessed were enrolled: 4,003 in the letrozole group
and 4,007 in the tamoxifen group. After a median follow-up
of 25.8 months, 351 events had occurred in the letrozole
group and 428 events in the tamoxifen group, with 5-year dis-
ease-free survival estimates of 84.0% and 81.4%, respectively.
As compared with tamoxifen, letrozole significantly reduced
the risk of an event ending a period of disease-free survival
(HR 0.81; 95% CI, 0.70 to 0.93; p � 0.003), especially the
risk of distant recurrence (HR 0.73; 95% CI, 0.60 to 0.88;
P � 0.001). In postmenopausal women with endocrine-
responsive breast CA, adjuvant treatment with letrozole, as
compared with tamoxifen, reduced the risk of recurrent dis-
ease, especially at distant sites (189). Multiple other studies
investigating the role of AIs in the adjuvant treatment of
ER-positive breast CA, including the investigation of exemes-
tane, have shown survival benefit (190). Many issues regard-
ing the adjuvant use of AIs remain unsettled, including the
optimal duration of treatment, the optimal sequencing with
tamoxifen, and the optimal AI. The ASCO concluded in 2004
that optimal adjuvant endocrine therapy for postmenopausal
women with hormone receptor–positive breast CA should
include an AI either as initial therapy or after a period of treat-
ment with tamoxifen (185). 

Adjuvant Hormonal Therapy for Early-Stage Breast
Cancer—Premenopausal Women

The EBCTCG overview analysis has confirmed that adjuvant
tamoxifen confers a survival benefit for ER-positive patients
regardless of menopausal status. Accumulated clinical trial
data as well as the EBCTCG overview analyses have confirmed
that ablation of functioning ovaries significantly improves

survival in breast CA patients younger than age 50, at least in
the absence of chemotherapy (191). In premenopausal women
with ER-positive, early-stage breast CA, significant investiga-
tion is ongoing regarding the role of AIs. Several investigations
have suggested that young premenopausal women with hor-
mone receptor–positive disease who fail to develop complete
ovarian failure after chemotherapy may potentially benefit
from ovarian suppression/ablation (OS/OA) (192). Several
ongoing trials are expected to definitively address the vari-
ous roles of combining chemotherapy, OS/OA, tamoxifen,
and AIs in premenopausal patients with early-stage hor-
mone receptor–positive breast CA. These trials include the
Suppression of Ovarian Function Trial (SOFT), Tamoxifen
and Exemestane Trial (TEXT), Premenopausal Endocrine
Responsive Chemotherapy (PERCHE), and Austrian Breast
and Colorectal Cancer Study Group (ABCSG).

Hormonal Therapy for Metastatic Breast Cancer

Regression of advanced breast CA as a result of prophylactic
oophorectomy in premenopausal women was first described
in 1896 (193). In unselected series of premenopausal women
with metastatic breast CA, a 30% to 40% response with
oophorectomy has been identified, whereas in ER-positive
tumors, a 50% to 60% response has been noted. 

Endocrine therapy for postmenopausal women with
advanced hormonally responsive breast CA is based on the
observation that greater than three fourths of these patients
respond to HT, whereas only 11% of patients with hormone
receptor–negative tumors show a response. Tamoxifen was
the gold standard of first-line HT for metastatic breast CA
until approximately 8 years ago. However, third-generation
AIs have eclipsed tamoxifen in the treatment of post-
menopausal women with metastatic estrogen-dependent
breast cancer (194). Anastrozole and letrozole are both non-
steroidal AIs that compete with the substrate for binding to
the enzyme active site. Mouridsen et al. compared tamoxifen
to letrozole in 907 women with a median follow-up of 
18 months. Letrozole was associated with a longer time to
disease progression than tamoxifen (9.4 vs. 6.0 months; 
P � 0.0001) (195). Two trials compared tamoxifen to anas-
trozole, with conflicting results. Nabholtz et al. found that
anastrozole provided longer time to disease progression com-
pared to tamoxifen (11.1 vs 5.6 months; P � 0.005) (196).
Bonneterre et al., in a similarly designed study, failed to con-
firm these findings; anastrozole was as effective as tamoxifen,
but not superior (197). Exemestane, another third-generation
AI, is a mechanism-based steroidal inhibitor that mimics the
substrate, resulting in inactivation of aromatase and has been
proven to be effective in the treatment of metastatic breast
cancer, particularly when used sequentially with anastrozole
or letrozole (198). In summary, the third-generation–specific
AIs, which include anastrozole (Arimidex), letrozole (Femara),
and exemestane (Aromasin), are now available in the United
States and are approved as first-line therapy for the treatment
of metastatic breast CA. 

Endometrium

Hormonal Treatment of Endometrioid 
Endometrial Cancer

The median survival of women with advanced or recurrent
endometrioid endometrial CA (EEC) is less than 1 year. Utilizing
the best chemotherapeutic regimen available, the complete
response rate in those patients with advanced-stage EEC is
only 22%. Histologic grade is known to be a predictor of
stage and survival, with grade 3, poorly differentiated CAs
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portending a higher risk of extrauterine disease and thus
poorer survival. Estimates from the SEER data registry for 2003
for both incidence and mortality are provided in Table 17.3.
Carcangiu et al. evaluated 183 patients with EEC, establishing
a correlation between the International Federation of Gyne-
cology and Obstetrics (FIGO) grade and hormone receptor
expression (199). The recognized association of higher grade
with lower ER/PR expression carries implications for the use
of HT in advanced EEC. A majority of advanced cases of
EEC are grade 3 lesions, limiting the use of HT in this patient
population.

Advanced or Recurrent Endometrioid 
Endometrial Cancer

Progestational Agents. The use of progestational agents in
women with advanced or recurrent EEC has been under
investigation for several decades. Several different types of
progestational agents have been investigated, including
hydroxyprogesterone caproate (Delalutin), medroxyproges-
terone acetate (MPA, Provera), and megestrol acetate (Megace).
A majority of studies evaluating this treatment modality
have included small numbers of patients with no stratifica-
tion for well-recognized predictors of response. In the last
decade, several studies with larger patient sample size,
clearer eligibility criteria, and clearer definition of response
and toxicity have evaluated the effectiveness of progesta-
tional agents in the treatment of advanced or recurrent EEC.
The GOG, in GOG protocol 48, evaluated unselected patients
with advanced or recurrent EEC. An overall response rate
(MPA 50 mg three times daily) of 18% (32 complete and 26
partial responses among 331 patients with measurable dis-
ease) and median progression-free and overall survival times
of 4.0 and 10.5 months, respectively, were identified (200). In
another GOG protocol, 299 eligible women with advanced or
recurrent EEC were randomized to receive either oral MPA
200 mg/day or oral MPA 1,000 mg/day until unacceptable
toxicity or disease progression (201). Among the 145 patients
receiving the low-dose regimen, there were 25 (17%) complete
responses and 11 (8%) partial responses; 109 patients (75%)
demonstrated no response. Among the 154 patients receiving
the high-dose regimen, there were 14 (9%) complete responses
and 10 (6%) partial responses; 130 patients (84%) had no
response. The overall response rates (complete plus partial;
25% and 16% for low- and high-dose regimens, respectively)
favored the low-dose regimen. The median progression-free
survival time was 3.2 months for the low-dose regimen and
2.5 months for the high-dose regimen. There was an association,
including patients receiving both dosing regimens of MPA,
between response and histologic grade, with well-differentiated
tumors responding more frequently than poorly differentiated
lesions. The response rates were 37% (22 of 59 patients),
23% (26 of 113 patients), and 9% (12 of 127 patients) for

those with grade 1, 2, or 3, respectively. As well, there was a
noteworthy correlation between response and receptor con-
tent. The response rate was 8% (7 of 86 patients) for patients
who were PR negative and 37% (17 of 46) for patients who
were PR positive (P � 0.001). The response rate was 7% (4 of
55) for patients who were ER negative and 26% (20 of 77) for
patients who were ER positive (P � 0.005). An association
between receptor status and tumor grade was established as
well. After tumor grade was adjusted for, PR concentration
remained an important predictor of survival. In summary, the
overall response rate for the progestational agents in women
with advanced or recurrent EEC is relatively low. However,
progestational agents remain a therapeutic alternative for this
patient population, where significant comorbid conditions fre-
quently exist, particularly in those women who can pre-
dictably expect a higher response based on grade and receptor
content.

Combination Chemotherapy and Progestational Agents.
Combining chemotherapy with hormonal therapy is an area of
active research. Pinelli et al. prospectively treated 13 advanced
EEC patients with carboplatinum 300 mg/mm2 every 4 weeks
for six cycles. Subsequently, Megace 80 mg/day for 3 weeks
alternating with tamoxifen 40 mg/day for 3 weeks was pre-
scribed. A complete response was obtained in 30% of patients,
a partial response in 46%, stable disease in one patient, and
disease progression in two patients (202). Work is ongoing
investigating the role of combination cytotoxic chemotherapy
and HT in the treatment of advanced or recurrent EEC.

Selective Estrogen Receptor Modulators. SERMs have been
and continue to be investigated for HT of EEC. Tamoxifen
was studied by the GOG in a phase 2 study of patients with
advanced or recurrent EEC. At a dose of 20 mg twice daily,
only 10% of 68 patients demonstrated objective response, but
response occurred more commonly in grades 1 and 2 tumors
(23% and 14%, respectively) compared to grade 3 tumors
(3%) (203). From pooled reports of eight other studies includ-
ing 257 patients, 22% of patients with advanced EEC
responded to tamoxifen, but the range was wide in that it was
from 0 to 53% (204). Tamoxifen can increase PgR content in
endometrial CA tissues, which theoretically would enhance
the activity of progestins, which frequently down-regulate
PgR within the target tissue, prompting a relatively short
duration of response. Clinical studies on alternating treatment
with tamoxifen and progestin have provided conflicting
results (Table 17.4) (201,203,205–208). 

Other SERMs are also under investigation, including ralox-
ifene and its metabolite, LY353381.HCl (arzoxifene). First-
generation SERMs, such as tamoxifen, have mixed estrogenic
agonist and antagonist activity, whereas second-generation
SERMs, such as raloxifene, have more selective E2 antago-
nism. Arzoxifene (LY353381), a third-generation SERM, is a
potent E2 antagonist in mammary and uterine tissues, with
enhanced bioavailability and antiestrogenic activity compared
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ENDOMETRIOID ENDOMETRIAL CARCINOMA CLINICAL ESTIMATES

TA B L E  1 7 . 3

Grade 1 Grade 2 Grade 3 Total

Estimated new cases, 2003 (SEER) 12,030 17,243 10,827 40,100
Estimated deaths, 2003 2,040 2,924 1,836 6,800
% of cases with deep myometrial invasion 10% 20% 42% 22%
Extrauterine spread at diagnosis 10.40% 26.00% 59.60% 21.80%
5-year survival (all stages) 87% 75% 58% 68%

Note: SEER, Surveillance, Epidemiology, and End Results.
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with raloxifene. This SERM elicited a complete response in one
and a partial response in eight of 29 patients with advanced
EEC, with an overall response rate of 31%, a median duration
of response of 13.9 months, and minimal toxicity. All
responses occurred in progestin-sensitive patients. The rela-
tively high response rate and the favorable toxicity profile
make this agent worthy of further investigation (209,210). 

Aromatase Inhibitors. Anastrozole and letrozole are active,
highly selective nonsteroidal competitive inhibitors of the
enzyme aromatase. It has been shown that significant amounts
of aromatase are found in endometrial CA, with low amounts
being present in the surrounding normal endometrial tissue.
Rose et al. recently found in 23 patients that anastrozole at
1 mg a day for 28 days has minimal activity, with only a 9%
partial response rate and a progression-free interval of 1 to
6 months in women with advanced EEC (211). The National
Cancer Institute of Canada completed a multicenter phase 2
trial evaluating letrozole in postmenopausal women with
recurrent or advanced endometrial carcinoma. Thirty-two eli-
gible patients were treated with letrozole at 2.5 mg daily con-
tinuously. Of the 28 patients evaluated for response, one
complete and two partial responses were noted; overall
response was 9.4% (95% CI, 2 to 25). Eleven patients had
stable disease for a median duration of 6.7 months (range 3.7
to 19.3 months). In conclusion, letrozole is well tolerated but
has little overall activity in this cohort of women with
endometrial cancer (212).

Antigonadotropins. Antigonadotropins, such as danazol,
antagonize pituitary gonadotropin release and limit adrenal
and estrogen production. Danazol has yet to be clinically
tested in patients with endometrial CA. However, in vitro
studies have shown it to inhibit endometrial tumor cell migra-
tion (similar to MPA) and inhibit invasive activity (not
demonstrated by MPA) (213,214). The clinical effects of
danazol on endometrial hyperplasia have been evaluated
(215). Of 15 patients with pathologically proven hyperplasia,
all were successfully converted to atrophic endometriums by
day 90 of danazol 400 mg/day. Given the perceived low toxic-
ity of danazol in comparison to conventional chemotherapy,
the lack of effective agents in this disease, and a theoretical
rationale for its activity in endometrial CA, a phase 2 trial has
been initiated by the GOG (GOG-0180).

Adjuvant Therapy for Endometrioid 
Endometrial Cancer

The use of progestational agents as adjuvant therapy for
stages I and II EEC has been investigated by von Minckwitz
et al. (216). They conducted a randomized trial of 388 patients
with early-stage EEC who received either MPA (n � 133) or

tamoxifen (n � 121) orally for 2 years or were observed only
(n � 134) after surgical therapy. After 56 months of follow-
up, no benefit was observed from adjuvant progestin or
tamoxifen therapy after surgical treatment in early-stage EEC.
However, given the low frequency of recurrence in this patient
population, larger randomized studies are needed to fully eval-
uate the role of progestational agents as adjuvant therapy in
early EEC.

Progestational Agents as Primary Therapy 
for Endometrioid Endometrial Cancer

Several small series have retrospectively reported on the use of
progestational agents alone, not preceded by hysterectomy, in
the treatment of patients with EEC, either because of the desire
to maintain fertility or because of comorbid conditions. No
randomized, controlled studies exist evaluating progestational
agents in either clinical scenario. Montz et al., in a prospective
pilot study, reported on the use of the progesterone IUD in
women with presumed stage IA, grade 1 EEC, who were at sig-
nificant risk for perioperative morbidity (217). Follow-up
endometrial biopsies were negative in 7 of 11 patients at 
6 months and in 6 of 8 patients at 12 months. Recently,
Ramirez et al. searched MEDLINE and other databases for
English-language articles describing patients with grade 1 EEC
who were treated with hormonal therapy. Ultimately, 81
patients in 27 articles were included in the study. Sixty-two
patients (76%) responded to treatment. The median time to
response was 12 weeks (range, 4 to 60 weeks). Fifteen patients
(24%) who initially responded to treatment recurred. The
median time to recurrence was 19 months (range, 6 to 44
months). Ten (67%) of the patients with recurrence ultimately
underwent total abdominal hysterectomy. Residual endome-
trial carcinoma was found in six patients (60%). Nineteen
patients never responded. Twenty patients were able to become
pregnant at least once after completing treatment. The median
follow-up was 36 weeks (range, 0 weeks to 30 years). No
patients died of their disease. Further investigation is needed
into this approach to the primary management of EEC (218). 

Ovary

The ovary is an endocrine and end organ. Hormones and their
receptors have been associated with ovarian CA and may be
related to its causation. Some data suggest that hormonal thera-
pies may have an effect on ovarian CA in palliative settings
(219). Several investigators have established that hormone
receptors are expressed in epithelial ovarian CA, and that sig-
nificant alterations occur with malignant transformation (20).
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HORMONAL THERAPY WITH PROGESTINS AND TAMOXIFEN IN ADVANCED OR RECURRENT
ENDOMETRIAL CANCER

TA B L E  1 7 . 4

Reference Hormonal agent Patients CR (%) PR (%) OR (%)

(201) MPA (200 mg/day) 145 17 8 25
MPA (1,000 mg/day) 154 9 6 15

(203) TAM 68 4 6 10
(206) MA 20 5 15 20

TAM/MA 42 2 17 19
(207) TAM/MPA 58 10 23 33
(205) TAM/MA 56 21 5 26

Note: CR, complete response, MA, megestrole acetate; MPA, medroxyprogesterone acetate; OR, overall response; PR, partial response; 
TAM, tamoxifen.
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Rao and Slotman reviewed 45 series, including 2,508 ovarian
CA patients, and reported that 67% of tumors expressed ER
and 47% expressed PR (220). Recently, one investigation
found that the expression of the ERs and PRs correlated with
long-term survival in invasive ovarian CA; the ER�PR� phe-
notype predicted a more favorable tumor biology and long-
term survival (221). Interestingly, many studies have
demonstrated that ER-� is highly represented in normal
epithelial cells or benign tumors (222), whereas ER-� is the
main form expressed in malignant tumors. ER-� mRNA
decreases in an inversely correlated way with tumor progres-
sion as compared with ER-� mRNA. The ER-�/ER-� mRNA
ratio is markedly increased in ovarian CA (223). An increased
ER-�/ER-� ratio has also been observed in different CAs,
such as breast CA, prostatic CA, lung CA, and colorectal car-
cinoma. These data suggest that ER-� might play a protec-
tive role against ER-� mitogenic activity or that the loss of
ER-� is a marker of cell dedifferentiation. However, multiple
studies investigating the relationship between hormone
receptor status in ovarian CA and prognostic factors, includ-
ing disease-free interval and survival, have not produced
consistent results. The ambiguous results in studies evaluat-
ing receptor status and survival in ovarian CA patients are
due to several factors, including small numbers with hetero-
geneous groups of patients, different receptor assay methods,

and heterogeneity in the receptor content within one tumor
population.

A large number of hormonal agents have been evaluated
in the treatment of ovarian CA, including SERMs, E2,
progestogens, androgens, AIs, and GnRH agonists. Progestin
therapy in patients with advanced ovarian CA has a global
response rate of 8% to 15% (220,224). One of the most
widely studied compounds in this clinical setting is tamox-
ifen. Preclinical studies have confirmed that tamoxifen
inhibits ovarian cell growth in vitro, providing rationale for
the use of this agent in the treatment of ovarian CA. Several
studies have evaluated the activity of single-agent tamoxifen
in the treatment of advanced ovarian CA (Table 17.5)
(225–242). Perez-Garcia and Carrasco reviewed the literature
evaluating single-agent tamoxifen in the treatment of patients
with advanced ovarian CA, most of whom were heavily pre-
treated and refractory to chemotherapy (243). A total of 648
patients were included with an overall response rate (ORR)
of 13% (95% CI, 10.4 to 15.6, range 0 to 56), including a
4% complete response rate and a 9% partial response rate. In
38% of patients, stable disease was noted. These results are
not entirely dissimilar from those seen with progestins. The
role of GnRH agonists in the management of refractory ovar-
ian CA has been evaluated in multiple studies and has been
summarized by Paskeviciute et al. (244). In this study, GnRH
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TAMOXIFEN THERAPY FOR ADVANCED OVARIAN CANCER

TA B L E  1 7 . 5

No. of Median no. No. of patients responding (%)
evaluable of lines prior Dose 

Study (reference) patients CT (%) (mg/n) OR CR SD PR

Hatch et al. (228) 105 1 (100) 20/12 18 (17) 10 (10) 8 (8) 40 (38)
Marth et al. (231) 65a 1 (24) 30–40/24 4 (6) 2 (3) 2 (3) 50 (77)

	2 (74)

Landoni et al. (230) 55 NS 40/24 0 0 0 19 (35)
Osborne et al. (232) 51 0 (2) 20/12b 1 (2) 0 (0) 1 (2) 5 (9)

1 (41)
2 (57)

Gennatas et al. (226) 50 0 (50) 20/12 28 (56) 2 (4) 26 (52) NS
1–2 (50)

Rolski et al. (235) 47 1–4 40/24 3 (6) 1 (2) 2 (4) 22 (47)
Quinn (234) 40 1 20/12 9 (23) 5 (13) 4 (10) 12 (30)
Jager et al. (229) 33 NS (	1) 30/24 0 (0) 0 (0) 0 (0) 2 (6)
Weiner et al. (242) 31 3 10/12b 3 (10) 1 (3) 2 (6) 6 (19)
Van der Velden et al. (240) 16 1 20/12 2 (13) 2 (13) 0 (0) 6 (38)

14 2 or 3 20/12 0 (0) 0 (0) 0 (0) 4 (29)

Ahlgren et al. (225) 29 1 (50) 20/12b 5 (17) 2 (7) 3 (10) 18 (62)
	2 (50)

Shirey et al. (238) 23 NS(	1) 20–40/24 0 (0) 0 (0) 0 (0) 19 (83)
Slevin et al. (239) 22 2 20/12 0 (0) 0 (0) 0 (0) 1 (5)
Pagel et al. (233) 21 NS NS 8 (38) 1 (5) 7 (3) 12 (57)
Hamerlynck et al. (227) 18 NS 20/12 1 (6) 0 (0) 1 (6) 2 (11)
Schwartz et al. (237) 13 	2 10/12 1 (8) 0 (0) 1 (8) 4 (31)
Rowland et al. (236) 9 1–3 20/24 0 (0) 0 (0) 0 (0) NS
Van der Vange et al. (241) 6 2 20/12 1 (17) 0 (0) 1 (17) 1 (17)
Total 648 84 (13.0) 26 (4.0) 58 (9.0) 223 (37.9)c

Note: CR, complete response; CT, chemotherapy; NS, not stated; OR, overall response; PR, partial response; SD, stable disease.
aOnly evaluable patients are included (but prior CT lines refer to the whole population).
bWith a loading dose of 100 mg/24 hours during 1 day (Osborne et al. [232]), 40 mg/24 hours during 7 days (Weiner et al. [242]), 
and 40 mg/24 hours during 30 days (Ahlgren et al. [225]).

cCalculated over the number of patients included in trials that report these data.
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agonists induced an overall objective response in 8.5% of
refractory ovarian CA patients with disease stabilization in
23% of these women.

Comparing chemotherapy alone to chemotherapy and
hormonal therapy primarily in patients with advanced ovar-
ian CA has been carried out by several investigators. How-
ever, these studies had small patient sample size and were
not randomized, controlled studies. Schwartz et al. evalu-
ated cisplatinum and doxorubicin, with or without tamox-
ifen after initial surgery, without finding significant overall
survival (OS) or progression-free survival (PFS) differences
between both groups (237). Emons et al. randomized 135
patients with advanced ovarian CA to receive the GnRH
triptorelin, or placebo, following surgery and chemotherapy,
until the patient’s death or termination of the trial. There
were no significant differences in OS or PFS between the
groups, with documented gonadotropin suppression (245).
At least four randomized studies comparing chemotherapy
and MPA or a GnRH versus chemotherapy alone in ovarian
CA patients have been reported. These studies contain many
of the same flaws as noted throughout this discussion,
namely, small sample size and no stratification for optimal
versus suboptimal surgical status, menopausal status, and
histologic status. 

Combining cytotoxic chemotherapy and tamoxifen or
other hormonal agents as salvage therapy for patients with
advanced ovarian CA is an area of investigation that warrants
further study (246).

As previously stated, in patients with ovarian CA, receptor
status does not reproducibly correlate with prognostic factors,
including survival or disease-free interval. However, receptor
status may be useful in predicting response to hormonal agents.
Although several investigators have approached this question,
results are not conclusive. The ascertainment of receptor status
as a predictor of hormonal activity in ovarian CA will require a
randomized clinical trial comparing hormonal activity in
patients expressing hormone receptors versus those with no
receptor expression, controlling for the many variables recog-
nized as important prognosticators in ovarian CA.

Colon

The clinical data available evaluating the relationship between
hormones and colon CA relate primarily to hormones as risk
factors for the development of this common human malig-
nancy. There is a plethora of data in colon CA cell lines
regarding the effect of hormonal agents on cell growth, as well
as cell death. To date, there are no clinical studies evaluating
the treatment of colon CA, either in the adjuvant setting or
otherwise, with hormonal agents.
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Proliferative Signal Transduction Elements 
as Therapeutic Targets

The broad term “signal transduction” refers to the means by
which regulatory molecules, which govern the fundamental
processes of cell growth, differentiation, and survival (e.g.,
extracellular hormones, growth factors, cytokines, specialized
proteins), communicate and induce responses within cells,
resulting in the coordination of proliferative and other essen-
tial processes among various tissues. Cell signaling is complex,
with a wide array of components interacting through cascades
of chemical signals arranged in overlapping networks (5,6).
These networks, consisting of parallel tracks and intricate
interconnections, enhance the robustness and diversity of sig-
naling, and permit fine tuning, and amplification and diminu-
tion of outputs, which may not be accomplished as efficiently
by simpler linear cascades. However, the inherent redundancy
and complexity of networks also confer protection against
toxins, thereby decreasing the likelihood that any therapeutic
manipulation against a single element will be highly success-
ful, unless the element significantly contributes to the tumor’s
proliferative advantage.

Targeting aberrant and/or overactive proliferative cell sig-
naling elements is perhaps the most important of ongoing
developmental therapeutic endeavors against cancer, since
aberrations in signal transduction processes enhance tumor
cell proliferation, invasiveness, metastasis, and angiogenesis,
and resist programmed cell death (apoptosis) despite insults
caused by anticancer therapeutics (5–8). Furthermore, the
development of therapeutics against such processes is pro-
jected to yield broadly generalizable results since most malig-
nancies, including gynecologic cancers, possess at least one
aberrant signaling element that confers a proliferative or sur-
vival advantage (5–7). The most common aberrations are
those involving “loss of protein function,” but others result in
“gain of function” or unchecked, autonomous, or constitutive
activity of elements that normally regulate cell signaling
(2,5,6,8). In contrast to the situations represented by chronic
myelogenous leukemia, gastrointestinal stromal cell tumors,
and a small proportion of breast and lung carcinomas, in
which a single aberration, such as a bcr-abl translocation, and
a mutation in c-kit, ErbB1, or ErbB2, respectively, is the prin-
cipal driver of tumor proliferation, and successful targeting
results in profound antitumor effects, most malignancies pos-
sess many aberrations, several of which confer proliferative
advantages (2,9–12). However, targeting any one specific
“driver” in a tumor that has multiple relevant aberrations
may result in therapeutic efficacy, the magnitude of which
relates to the importance of the driver itself and its contribution

The convergence of a plethora of recently acquired informa-
tion about specific molecular abnormalities that “drive” the
malignant phenotype with profound advances in biomedical
technology has ushered in a wide range of novel therapeutic
options to treat patients with gynecologic malignancies. It has
also brought about many challenges for clinical investigators.
As novel anticancer therapeutics are developed, prioritization
of these therapies for efficient allotment of clinical trial
resources, identification of patients whose malignancies most
likely express the molecular constituents resembling the true
target, and derivation of relevant endpoints for both screen-
ing and assessment will be critical to their successful incorpo-
ration into our therapeutic armamentarium (1). In this
chapter, many promising novel systemic therapeutics, as well as
advances in the delivery of radiotherapy, particularly intensity-
modulated radiation therapy (IMRT), that are likely to make
incremental improvements in outcome and therapeutic
indices for patients with gynecologic malignancies are dis-
cussed. The section on novel systemic therapeutics does not
include information on agents targeting malignant angiogen-
esis, which are reviewed in Chapter 16.

SYSTEMIC THERAPIES: ADVANCES
IN THE 21st CENTURY

The number of rationally designed, target-based systemic
therapeutics undergoing development is unprecedented. The
cellular processes that are specifically being targeted for ther-
apeutic development are those that principally confer auton-
omy, which is the hallmark of the malignant phenotype.
Novel targets, many of which are listed in Table 18.1, include
those that are involved in aberrant growth signal transduc-
tion, cell cycle dysregulation, evasion of apoptosis, sustained
angiogenesis, tissue invasion, metastasis, and immune toler-
ance (2–4). Based on the results of preclinical studies and
early clinical trials to date, more selective therapeutics are
likely to result in less cytotoxicity to normal tissues, and
hence more “breathing room” to maximize the therapeutic
indices of multiagent regimens. Therefore, it is expected that
the development of therapeutics that differentially affect
malignant and normal tissues will more readily achieve high
therapeutic indices. However, most new targets for antiprolif-
erative therapies have not yet been validated in clinical prac-
tice, and prioritizing the long list of rationally designed,
target-based therapeutics entering clinical evaluations, so that
those with a high potential for improving clinical outcome
are accurately identified for further study, is a formidable
challenge. 
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to the tumor’s proliferative and/or survival advantage.
Nevertheless, even if the overall efficacy achieved by targeting
only one of many drivers may be somewhat limited, the
importance of many types of signaling elements, several of
which are shown in Figure 18.1, as well as the selectivity of
their cognate therapeutic, may impart minimal toxicity and
favorable therapeutic indices, rendering the agent an attractive
addition to our therapeutic armamentarium. Furthermore, the
development of genomic profiling to assess aberrant expres-
sion of genes that govern signaling pathways or critical cellu-
lar elements, as well as pathway mapping, may facilitate
achieving the aforementioned goals (13,14).

Rationale for Targeting the ErbB 
Receptor Family 

Most current development efforts directed against signal
transduction processes involve either membrane receptors or
elements that comprise downstream signaling cascades. With
regard to signal transduction receptors, development efforts
are predominantly being directed against receptor tyrosine
kinases (RTKs) and G-protein receptors (GPCRs), which have
secondary relay systems that permit signal amplification,
diversification, and cross talk (1,5–9). The complexity of sig-
nal transduction networks and the challenges related to the
development of therapeutics against these intricate systems are

exemplified by the complex structural and functional aspects
of the ErbB receptor family and related downstream processes,
as well as the multifactoral determinants of each specific signal.
The overexpression and/or constitutive activation of ErbB
receptors favor cell proliferation, invasiveness, angiogenesis, and
resistance to both chemotherapy and radiotherapy (3,5,6,8).
Members of the ErbB receptor family include ErbB1 (also
called EGFR or HER1), ErbB2 (HER2 or neu), ErbB3 (HER3),
and ErbB4 (HER4), which are commonly overexpressed,
overactive, or constitutively active in ovarian and other epi-
dermoid gynecologic malignancies (5,6,8,15–22). In addition
to the extracellular domain of ErbB, which binds to growth
factors and serves as a target for therapeutic antibodies, the
ErbB receptor is comprised of a transmembrane domain and
intracellular portions that consist of an RTK domain and a
domain that regulates RTK activity (Fig. 18.2) (5,6,8,15,16).
Ligand binding induces conformational changes in the recep-
tor, which in turn activates the RTK, thereby facilitating
dimerization with other ErbB receptors (5,6,8,15–21).
Following dimerization, conformational changes result in
phosphorylation or “activation” of specific tyrosine residues.
Activated ErbB receptors, in turn, activate specific downstream
signaling elements, thereby transducing mitogenic and other
types of signals in the cell. 

The specificity and potency and, in essence, the diversity
of intracellular signals are determined, in part, by the effectors
of ErbB, as well as by the identity of the ligand, dimer, and
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NOVEL TARGETS AND THERAPEUTICS UNDER DEVELOPMENT AS ANTICANCER APPROACHES

TA B L E  1 8 . 1

General target Specific target Therapeutic

Growth signal transduction Growth factor receptors Anti-receptor antibodies
ErbB family receptors Small-molecule inhibitors of receptor 
Insulin growth factor–like receptor tyrosine kinases 
Platelet-derived growth factor receptor Anti-ligand antibodies 
C-met family receptors

Ras Small molecule inhibitors of farnesyltransferase
ASON (K-Ras, H-Ras, N-Ras)

Raf ASONs
MAPK Small molecule inhibitors
Rapamycin-sensitive and Small molecule inhibitors

PI3K/Akt/PTEN pathways Rapamycin analogs
Small molecule inhibitors against mTOR, 

PI3K, akt, p70s6k

Death-survival equilibrium Bcl-2 ASONs
Small-molecule inhibitors

TRAIL and other death receptors TRAIL agonist ligands
TRAIL agonist antibodies

Survival proteins Therapeutics targeting survivin, 
clusterin, others

Epigenetic mechanisms Histone deacetylation HDAC inhibitors
Histone methylation Methyltransferase inhibitors and ASONs

Cell cycle control Cyclin-dependent kinases (cdk) Small molecule kinase inhibitors 
Checkpoint kinases 1 and 2

Protein degradation Heat shock protein (Hsp-90) Geldanamycin derivatives and other small 
molecules

Ubiquitin-proteasome degradation Proteasome inhibitors
pathway Ubiquitin ligase inhibitors

Immune tolerance Targeting CTLA4 Monoclonal antibodies

Note: ASONs, antisense oligonucleotides; CTLA4, cytotoxic T-lymphocyte–associated antigen 4; HDAC, histone deacetylase; MAPK, mitogen-acti-
vated protein kinase; mTOR, molecular target of rapamycin; PI3K, phosphatidylinositol 3-kinase; TRAIL, tumor necrosis factor–related apoptosis-
inducing ligand.
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specific structural determinants of the receptors. However, the
principal determinant is the vast array of phosphotyrosine-
binding (PTB) proteins that associate with the C-terminal
“downstream docking” tail of each ErbB receptor after
engagement into dimeric complexes (5,6,8,15–21). Whether a
specific site is autophosphorylated, and hence which PTB sig-
naling proteins are engaged, are determined by many factors,
including the identity of the ligand and the specific heterodimer
partner. 

The diversity of signals generated through the ErbB receptor
family is largely determined by the amino acid sequences of
their C-terminal domains (8,16–21). These critical sequences,
which contain tyrosine residues that undergo phosphoryla-
tion, represent docking sites for proteins that are involved in
signal transduction. Docking sites are provided for proteins
that recognize specific PTB residues in the context of their sur-
rounding amino acids. Each ErbB receptor displays a distinct
pattern of C-terminal autophosphorylation sites. At least for
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FIGURE 18.1. Schematic representation of critical signal transduction pathways and pathway elements
that are being targeted with therapeutic strategies consisting of small molecules, antibodies, ASONs, and
other novel approaches. The ErbB family of receptors, the insulin growth factor–like receptor (IGF-IR),
the platelet-derived growth factor (PDGFR), and the c-met receptor family are examples of relevant
upstream receptor targets for strategic therapeutic development. 

FIGURE 18.2. Structures of ErbB family receptor tyrosine kinase receptors and their cognate ligands.
The receptor consists of three domains: a ligand-binding extracellular domain containing two cysteine-
rich regions (CR1 and CR2), a transmembrane domain, and an intracellular domain containing a tyro-
sine kinase region. 
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ErbB2, which does not have a direct activating ligand, PTB
sites are essential for the transforming properties of the recep-
tor. There is also a great deal of overlap in the signaling path-
ways activated by the four ErbB receptors. For example, the
mitogen-activated protein kinase (MAPK) signaling pathway
is an invariable activation target of all ErbB family members.
There are also many examples of preferential modulation of
specific pathways such as the presence of multiple binding
sites for the regulatory subunit of phosphatidylinositol 3-kinase
(PI3K) on ErbB3 and ErbB4 render these receptors the most
efficient activators of the PI3K/Akt/PTEN “cell survival path-
way” (8,17–19). Signals arising from the simultaneous activation
of linear cascades, including the MAPK, stress-activated protein
kinase cascade (SAPK), protein kinase C, and PI3K/Akt/PTEN
pathways, are integrated in the nucleus into distinct transcrip-
tional programs, the culmination of which is the net cellular
response. 

The principal process by which ErbB signaling is turned off
is ligand-mediated receptor endocytosis, and the impact of the
kinetics of this process on the overall magnitude of signaling is
often understated (5,6,15,22). The kinetics of signal degrada-
tion are determined in part by the composition of the recep-
tors. ErbB1 receptors are more likely to be degraded via
endosome formation and lysomsomal degradation, whereas
the other ErbB receptors are relatively endocytosis impaired
and are more often recycled (5,6,8,22). The rapid endocytosis
and degradation of the activated ErbB receptor attenuate the
signal generated at the cell surface in response to growth fac-
tor stimulation. The specific mode and site of degradation are
also determined in part by the composition of the dimer. For
example, ErbB1 homodimers are processed primarily by the
lysosome; ErbB3 molecules are constitutively recycled; and
heterodimerization with ErbB2 decreases the rate of endocyto-
sis and increases recycling of its partners (5,6,8,22). ErbB2
homodimers, which are stable in the environment of the endo-
somal vacuole, are rapidly tagged with ubiquitin and
processed for digestion, resulting in relatively weak signals,
whereas ErbB2 heterodimers are unstable in the endosome,
resulting in a lower rate of degradation and a higher rate of
receptor recirculation. Networks also integrate heterologous
signals from other networks and systems. In the case of ErbB,
heterologous signals, including those induced by hormones,
neurotransmitters, lymphokines, and stress inducers, are inte-
grated into downstream messages (6,8). These interactions are
mediated by protein kinases that directly phosphorylate the
ErbB receptors, thereby affecting their kinase activity or endo-
cytic transport. One type of trans-regulatory mechanism
involves the activation of GPCRs, such as those for lysophos-
phatidic acid, thrombin, and endothelin. Agonists of GPCRs
may result in a net increase of tyrosine phosphorylation of
ErbB1 and ErbB2 by increasing the intrinsic kinase activity or
inhibiting the phosphatase activity of the receptor. By a poorly
defined mechanism, these agonists can also activate matrix
metalloproteinases, which can then cleave membrane-tethered
ErbB ligands (such as heparin-binding epidermal growth factor
[EGF]), thereby freeing them to bind to the ErbBs. Activation
of GPCRs may also activate Src family kinases, which leads to
the phosphorylation of tyrosine residues on the intracellular
domains of ErbB. These activities trigger events downstream
of ErbB, contributing to the mitogenic potential of heterolo-
gous agonists. Interconnections between other signaling path-
ways help to integrate and coordinate cellular responses to
extracellular stimuli.

The ErbB receptor family and related signaling networks
provide enormous signaling diversity at many levels, including
ligand specificity, receptor partnering, providing scaffolding
sites for effector signaling proteins and substrate specificity for
their kinase activities, receptor degradation, and integration of
heterologous signals (5,6,8,16–24). Diversity between various

types of cells and tissues also exists, depending on the expres-
sion levels and the preferred stoichiometry for interactions of
the receptors and ligands. Taken together, it is clear that ErbB
receptors couple to specific downstream pathways with differ-
ing efficiencies, thus affording an astonishing range of signal-
ing possibilities. The particular cellular response to ErbB
stimulation is a function of the cellular context, as well as the
specific ligand and ErbB dimer. This has been shown best for
mitogenic and transforming responses; homodimeric receptor
combinations are less mitogenic and transforming than the
corresponding heterodimeric combinations, and ErbB2-
containing heterodimers are the most potent. For example,
neither ErbB2 nor ErbB3 alone can be activated by ligand; the
ErbB2-ErbB3 heterodimer is the most transforming and mito-
genic receptor complex. 

Current Therapeutic Efforts Targeting 
the ErbB Receptor Family

Perhaps the best example of both the therapeutic implications
and limitations of targeting signal transduction elements is the
situation represented by trastuzumab (Genentech, South San
Francisco, California, USA) in targeting ErbB2 (HER2/neu) in
patients with breast cancer (6,11,23–25). Targeting ErbB2 with
trastuzumab results in impressive clinical activity, albeit limited
to women with breast cancer whose tumors have amplified
ErbB2, which drives proliferation (6,11,23–25). In contrast to
the situation in breast cancer, trastuzumab treatment results in
negligible antitumor activity in patients with advanced ovarian
carcinoma, which commonly expresses ErbB2 (25–29). The
lack of relevant activity despite receptor expression is due to the
fact that HER2/neu gene amplification, which is a prominent
driver of proliferation in breast cancer, is uncommon in gyneco-
logic and most other malignancies. The same can be said about
the profound responsiveness of only a small proportion of
non–small cell lung cancers with mutations of ErbB1 following
treatment with small molecule RTK inhibitors and other thera-
peutics target ErbB1 (12). Although these signal transduction
inhibitors confer clinical benefit in patients with various cancers
that do not have ErbB1 RTK mutations, much less impressive
activity is generally noted. 

In addition to therapeutic antibody approaches designed to
target ErbB2, several small-molecule RTK inhibitors of ErbB2
are undergoing clinical development. They encompass agents
that specifically inhibit the ErbB2 RTK, including CP724,714
(Pfizer, Groton, Connecticut, USA) and ARRY-380 (Array,
Boulder, Colorado, USA); agents that inhibit both ErbB1 and
ErbB2 RTKs, including lapatinib (Glaxo SmithKline, Philadelphia,
Pennsylvania, USA), ARRY-543 (Array); and pan-ErbB RTK
inhibitors, including CI-1033 (Pfizer) and EKB-569 (Wyeth Ayerst,
Collegeville, Pennsylvania, USA) (26–28). To date, these agents
have not been thoroughly evaluated in patients with ovarian
cancer and other gynecologic malignancies, but impressive
antitumor activity has not been observed with single-agent
treatment in early studies (29–33). 

Pertuzumab (2C4; Genentech), a recombinant humanized
monoclonal antibody that binds to the extracellular domain of
ErbB2 and blocks its ability to dimerize with other ErbB fam-
ily members, represents a new class of targeted therapeutics
known as ErbB dimerization inhibitors (34,35). In a phase 2
trial of pertuzumab in patients with recurrent or refractory
advanced ovarian cancer, proof of principle was demon-
strated, with 5 (4.3%) of 117 patients experiencing partial
responses; 8 (6.8%) additional patients had stable disease last-
ing at least 6 months (35).

Still other approaches to targeting ErbB involve monoclonal
antibodies and small-molecule inhibitors of ErbB1. Monoclonal
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antibodies, such as cetuximab (Imclone Systems, New York,
New York, USA) and panitumumab (Amgen, Thousand Oaks,
California, USA), bind to the extracellular domain of the ErbB1
subfamily and preferentially block binding of ErbB1 stimula-
tory ligands (36,37). However, monoclonal antibodies directed
against ErbB1 have not yet demonstrated impressive antitumor
activity following single-agent treatment in patients with refrac-
tory or recurrent ovarian cancer (38). Nevertheless, intriguing
preliminary activity has been observed with cetuximab plus
platinum-taxane–based chemotherapy in the first-line treat-
ment of women with advanced ovarian cancer (39). Similar to
the situation with ErbB2 targeting, approaches that target
ErbB1 with small molecules include developing agents that
competitively and reversibly inhibit the ErbB1 RTK activity.
Small-molecule inhibitors targeting ErbB1 include those with
specificity for ErbB1 RTK, including gefitinib (AstraZeneca
London, UK) and erlotinib (OSI Pharmaceuticals, Mellville,
New York, USA), and those targeting the RTKs of both ErbB1
and ErbB2 receptor subfamilies (e.g., lapatinib, ARRY-543)
(23,36). Still others, as previously discussed, form irreversible
covalent linkages with the cysteine residues in the RTK domains
of several types of ErbB receptors. CI-1033 is an example of an
irreversible inhibitor of all four ErbB family member RTKs,
whereas EKB-569 irreversibly inhibits the RTK activity of both
ErbB1 and ErbB2 (26–28,32,33). The relative therapeutic mer-
its of antibodies versus small molecules, inhibitors of a single
ErbB RTK versus multiple RTKs, and reversible versus irre-
versible receptor binding are not known, but antibodies, in con-
trast to small molecules, induce rapid receptor internalization
and degradation (40). In clinical evaluations of small-molecule
inhibitors of ErbB1 RTK in patients with advanced non–small
cell lung, colorectal, renal, head and neck, and ovarian carcino-
mas, largely not prescreened for mutations and/or expression of
ErbB1, low rates of tumor regression have been observed
(36,41–44). Few studies have been performed to date in gyne-
cologic malignancies; however, epidermoid carcinomas of gyne-
cologic origin commonly express all ErbB receptor targets, but
the ErbB family members do not appear to be major drivers of
proliferation. Although ErbB1 mutations have been reported in
some ovarian epithelial carcinomas, mutation rates are much
lower compared to non–small cell lung cancer (43). In an early
phase 2 study of erlotinib in previously treated patients with
ErbB-expressing ovarian carcinoma, 3 (10%) of 30 heavily pre-
treated subjects had partial responses and 15 (50%) had stable
disease as their best response (44). Thus far, negligible anti-
cancer activity has also been observed with erlotinib and gefi-
tinib administered as single agents in other studies, as well as
with small-molecule inhibitors of ErbB1 (44). However, most
clinical evaluations of signal transduction inhibitors in gyne-
cologic malignancies to date have not been randomized and
therefore have not been adequately designed to assess the
degree to which these agents affect tumor growth rates, time
to tumor progression, and overall survival. Another important
challenge is to discern which patients have the highest likeli-
hood of benefiting from treatment with ErbB-targeted thera-
pies based on the biologic features of their tumors, as well as
determining the optimal means to combine these novel thera-
pies with other anticancer agents. 

Targeting the MAPK Pathway
(Ras/Raf/Mitogen-Activated ERK Kinase)

Following activation of membrane-bound members of the Ras
family of small GPCRs, proliferative signals are relayed to
downstream intracellular signaling elements along the MAPK
pathway, most prominently to the Raf family kinases, which in
turn trigger mitogen-activated ERK kinase (MEK)/extracellular

signal–regulated kinase (ERK1/ERK2) (45–52). Likewise, Ras
can directly relay survival signals by activating the PI3K/Akt/
PTEN “cell survival” pathway (45–52). Ras activation through
the MAPK pathway modulates the activity of nuclear transcrip-
tion factors, including Fos, Jun, and AP-1, which regulate the
transcription of genes required for proliferation (45,49–52). 

MAPK represents the convergence of a broad array of sig-
nals from membrane receptors, and the network of phospho-
rylation-mediated signals emanating from MAPK is equally
expansive. Functionally, MAPK circuits are three-tiered kinase
modules (45–47,49–52). The Raf-1-MEK-ERK module is
employed ubiquitously in the transduction of cell-type specific
growth and differentiation signals from RTKs and GPCRs
(45–47). Signaling through MAPK also mediates inflamma-
tory and stress response to stimuli such as cytokines, FasL,
and tumor necrosis factor (TNF). Additionally, the MAPK
pathway does not function in isolation, but instead is inte-
grated into other cellular signaling networks that impact
upon MAPK signaling. Since cells are almost always receiving
many types of stimuli, response outputs represent the inte-
gration of many signaling pathways, and slight modifica-
tions in the quality and quantity of stimuli can vastly alter
transcriptional profiles, cell cycle commitment, and the equi-
librium between cell survival and apoptosis. Corresponding
to the prominence of MAPKs in numerous signaling events,
perturbations in the MAPK signaling pathway can pro-
foundly influence cellular integrity. Developmental therapeu-
tic efforts are currently being directed at several components
of the MAPK pathway, particularly the Raf-1-MEK-ERK
module (45–47).

Targeting Raf

Since the Raf family of signaling elements is immediately
downstream of Ras, which has not been successfully inhibited
by targeting Ras maturation (i.e., Ras farnesylation), Ras
expression (e.g., antisense oligonucleotides [ASONs]), and
structural elements, and because Raf mutations result in
autonomous growth and transformation, Raf has become an
important target for therapeutic development (45–48,53). The
Raf family is composed of three related serine-threonine pro-
tein kinases, Raf-1, A-Raf, and B-Raf, which act, in part, as
downstream effectors of Ras signaling. Raf-1 is ubiquitous,
whereas B-Raf is found mainly in neural tissue, and A-Raf is
most abundant in urogenital organs, including the ovary, kid-
ney, testes, and prostate. B-Raf and A-Raf, like Raf-1, are Ras
effectors, but the specificity of their activities is not well
understood. Raf mutations have also recently described and
mutated B-Raf, which results in elevated kinase activity and
transforming properties, which is found in 66% of malignant
melanomas and at a lower frequency in many other cancers
(45). Furthermore, Raf appears to play a role in tumorigene-
sis, as it can be activated independently of Ras by protein
kinase C-α and promotes the expression of the multidrug resis-
tance gene (53–55). Activated Ras interacts directly with the
amino-terminal regulatory domain of the Raf kinase, resulting
in a cascade of reactions that include direct activation of MEK
(45–47,53–55). The serine-threonine kinase Raf-1, a well-
characterized downstream effector of Ras, is activated in a
stepwise sequence of events that include phosphorylation,
recruitment to the plasma membrane, and binding to activated
Ras (49–52). Following activation, Raf-1 in turn activates
MEK through phosphorylation of two separate serines. Raf-1
is the protein product of the c-raf proto-oncogene. 

Since Raf kinase is the first committed step in the MAPK
pathway, it is an attractive target for therapeutic development
since successful targeting may block growth signaling from a
diverse array of stimuli (45–48,53). Furthermore, there is a
large body of experimental evidence indicating that inhibition

Chapter 18: Innovative 21st Century Therapies 489

Barakat_CH18-485-522.qxd  2/27/09  2:10 PM  Page 489



of Raf kinase can reverse the phenotype of Ras-transformed
cells and block tumor growth (53). 

Several approaches to targeting Raf, including ASONs and
small molecules, are being evaluated. ISIS 5132 (CGP
69846A; ISIS, Carlsbad, California, USA) is a 20-base phos-
phorothioate ASON designed to hybridize to the 3´ untrans-
lated sequences of the c-raf-1 gene (56–58). Binding of ISIS
5132 to Raf-1 mRNA promotes RNAaseH-mediated mRNA
degradation and reduced Raf-1 protein synthesis in a
nucleotide sequence–specific and concentration-dependent
fashion. ISIS 5132 inhibits expression of c-Raf mRNA, as well
as the proliferation of ovarian, lung, colon, cervical, prostate,
and colon carcinoma cell lines (53,56,57). Acute toxicities,
including fever; fatigue; transient, asymptomatic prolongation
of activated partial thromboplastin time; and activation of
alternate complement activation, have been attributed to the
phosphorothioate backbone (53,58). Another approach
involves the development of small-molecule inhibitors of Raf
kinase, such as sorafenib (Bayer Corporation Pharmaceutical
Division, West Haven, Connecticut, USA), a bis-aryl urea
designed to specifically inhibit the ATP-binding site of Raf
kinase (53,59,60). The importance of therapeutics that effec-
tively target cells driven by ras mutations cannot be overstated
since ras mutations occur in 30% of human malignancies.
Additionally, tumor cells with the predominant ras mutation
K-ras are not effectively targeted by farnesyltransferase
inhibitors due to alternative prenylation pathways that can
take the place of farnesyltransferase, thereby conferring resis-
tance. Ras mutations drive growth signals downstream
through Raf and other MAPK signaling elements (45–47,53).
Sorafenib is active in tumors that overexpress growth factor
receptors, as well as in those with K-ras mutations, and the
agent has shown robust activity against human colon, pan-
creatic, lung, and ovarian cancers in preclinical studies
(53,59,60). However, sorafenib is promiscuous, inhibiting
tyrosine kinase activity of vascular endothelial growth fac-
tor receptor (VEGFR) 1 and VEGFR2, and it is not known if
Raf inhibition is responsible for the agent’s anticancer activ-
ity in vivo. In fact, sorafenib has received regulatory approval
in the United States and many other countries for treatment
of advanced renal cancer, most likely due to its VEGFR2
inhibitory actions, and it has demonstrated clinical activity
in liver, lung, breast, ovarian, and other solid malignancies in
both early- and late-stage clinical trials (53). Toxicities
include stomatitis, vomiting, diarrhea, fatigue, skin rash,
hand-foot syndrome, lymphopenia, and anemia (53). Other
small-molecule inhibitors of Raf kinase are also under
development.

Targeting MEK

MEK (also called MAPK kinase [MAPKK]) is a dual-specificity
kinase in that it activates ERK by phosphorylating both tyro-
sine and threonine residues. Two related genes code for MEK1
and MEK2 (45–47,49–52). Both MEK proteins play critical
roles in Ras signaling. However, MEK1 and MEK2 differ in
ERK binding affinities and, possibly, in their abilities to activate
ERK. In the mitogen-activated Ras/Raf/MEK/ERK cascade,
Raf generally activates the dual-specific serine-threonine and
tyrosine kinases MEK1 and MEK2, which then activate ERK1
and ERK2. MEK has not been identified as an oncogene prod-
uct in human malignancies; however, it is a critical point of
integration of input from many other protein kinases. In addi-
tion, Ras is restricted in its substrate specificity, with the
MAPKs being the only important substrates. Therefore, MEK
is a target of great interest for cancer therapeutic development,
and several small-molecule MEK inhibitors (ARRY-886, Array

BioPharma; PD325901, Pfizer), which have been associated
with impressive preclinical activity, are in clinical development
(61–65). 

Targeting ERK

In mammalian cells, there are two closely related genes that
code for ERK1 and ERK2. Following activation, ERKs enter
the nucleus of cells where they are phosphorylated and, in
turn, activate transcription factors, which leads to the expres-
sion of genes involved in growth and differentiation (45–47,
49–52). Although no direct inhibitors of ERK are currently in
clinical development, ERK is actively being pursued as a
strategic target for therapeutic development.

Targeting the PI3K/
Akt/PTEN Pathway

Cellular survival involves an active “decision” that is monitored
continuously and determined by a balance of signals that pro-
mote either survival or apoptosis. These signals relay informa-
tion about the availability of growth and survival factors,
supply of nutrients and oxygen, cellular stress, and genomic
integrity, and activate death receptors. Sufficient survival sig-
naling enables cellular repair under conditions of limited cellu-
lar and genomic damage, whereas insufficient survival and/or
heightened oppositional signaling can trigger cell death via the
PI3K/Akt/PTEN pathway. On the other hand, irreparable
DNA damage may lead to diminished survival signaling,
resulting in apoptosis to prevent the propagation of deleteri-
ous mutations. Also, many types of amplified, overexpressed,
and aberrant signaling elements in the PI3K/Akt/PTEN path-
way increase survival signaling (66–72). For example, PI3K
and the serine-threonine protein kinase Akt (also known as
protein kinase B) are amplified or overexpressed in many
ovarian, endometrial, and cervical cancers, and may even play
a causal role in the development of several types of gyneco-
logic cancer (66–76). 

PI3K, a nonreceptor kinase, can be activated by numerous
signals generated by growth factor receptors, including the
ErbB family, platelet-derived growth factor receptor (PDGFR),
insulin-like growth factor receptor (IGF-IR), VEGFRs, inte-
grins, and GCPRs. The main effector of the PI3K/Akt/PTEN
pathway, Akt, phosphorylates phosphoinositides, which in
turn generate 3-phosphorylated phospholipids (PI3Ps) that act
as membrane tethers for proteins with pleckstrin homology
(PH) regions, including Akt and phosphoinositide-dependent
kinase 1 (PDK1). Binding of Akt to membrane PI3Ps results in
the translocation of Akt to the plasma membrane, bringing
Akt in contact with PDK1, which is responsible for phospho-
rylation events required to activate Akt. Akt is the focal point
for survival signals emanating from growth and survival
receptors (66–72). In its activated state, Akt inhibits apoptosis
by phosphorylating antiapoptotic substrates, including Bcl-2,
BclXL-antagonist causing cell death (BAD), forehead homolog
1, glycogen synthase-3, IκB kinase, and caspase-9. The PI3Ks,
Akt, and PDK1 regulate many cellular processes, including
proliferation, survival following antiapoptotic signaling, car-
bohydrate metabolism, and motility, and there is emerging
evidence that these kinases are important components of the
molecular mechanisms of disease such as cancer, diabetes, and
chronic inflammation (66–68). 

The dominant influence of Akt on cellular survival is sug-
gested by the causal role of activating mutations of several ele-
ments of the Akt pathway in the development of many cancers
(66,67). Growth factor RTKs, integrin-dependent cell adhesion
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elements, and GCPRs activate PI3K, both directly and indi-
rectly, through adaptor molecules. The tumor suppressor
oncogene PTEN is a negative regulator of Akt activation, and
deletions or mutations of PTEN, in many types of cancer, par-
ticularly endometrial, ovarian (especially the endometrioid
variant), and breast cancers, and high-grade astrocytomas,
permit genomically compromised cells to survive and accumu-
late further DNA damage, which in turn leads to neoplastic
transformation (66,77). Conversely, PTEN mutations are
uncommon in cervical cancer, but loss of PTEN expression
through epigenetic mechanisms is common in cervical cancer
and appears to be associated with poor survival (78,79). In
addition to the influence of PI3K/Akt hyperactivity on
enhanced survival signaling in many types of cancer, including
gynecologic malignancies, hyperactive signaling through the
PI3K/Akt/PTEN pathway is associated with resistance to
inhibitors of ErbB1 and ErbB2, as well as many other classes
of molecular targeting and cytotoxic agents (66–76,80–82).
Although efforts are being directed at developing specific
small-molecule inhibitors of PI3K, PDK1, and Akt, they have
largely resulted in nonspecific kinase inhibitors such as wort-
mannin and LY294002 (Eli Lilly, Indianapolis, Indiana, USA).
Nevertheless, more specific inhibitor candidates, including
PX-866 (ProlX, Tucson, Arizona, USA), SF1126 (Semafore,
Indianapolis, Indiana, USA), a prodrug of LY294002, and
p110alpha subunit inhibitors (Piramed; Slough, UK), are in
preclinical or early clinical development. Therapeutics target-
ing signaling elements upstream of PI3K, such as inhibitors of
the IGF-IR, and downstream of PI3K and Akt, such as molec-
ular target of rapamycin (mTOR) and the antiapoptotic pro-
tein Bcl-2, are in more advanced stages of development.

Targeting mTOR-Dependent and 
Rapamycin-Sensitive Pathways 

mTOR (also called FRAP, RAFT1, and RAPT1) is a member
of the PI3K related kinase (PIKK) family of protein kinases,
which link proliferative stimuli to cell cycle progression and
nutrient utilization (7,83–88). mTOR, which plays a critical
role in transducing proliferative signals mediated through the
PI3K/Akt/PTEN signaling pathway, and vice versa, regulates
protein translation by altering the phosphorylation state of the
translational regulator eukaryotic initiation factor 4E-binding
protein (4E-BP1) and a 70-kDa S6 kinase known as p70s6k

(Fig. 18.3). In addition to its central role in modulating pro-
tein synthesis, mTOR plays a fundamental role in other criti-
cal cellular functions that affect cell growth and proliferation,
such as angiogenesis and cytoskeletal organization (7,83–88).
The regulation of mTOR is complex, involving several associ-
ated proteins and pathways. mTOR is repressed by tuberin,
which is a product of the tuberous sclerosis complex-2 (TSC2)
(7,83–88). Following Akt activation, TSC2 is inactivated by
phosphorylation, which in turn results in mTOR activation.
Effectors of mTOR include p70s6k and 4E-BP1. Phosphorylation
of 4E-BP1 results in the dissociation of 4E-BP1 from eIF4E,
thereby relieving the inhibition of 4E-BP1 on eIF4E-dependent
translation initiation (7). eIF4E overexpression enhances cell
growth and transforms cells by increasing the translation of
key growth-promoting proteins, including cyclin D1, c-Myc,
and the VEGF ligands. Deregulation of upstream growth-
promoting pathways that converge on mTOR induce aberrant
mTOR activity and relay unchecked growth signals that
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FIGURE 18.3. Rapamycin-sensitive signal transduction pathway. Growth factors and nutrients induce
signaling along several pathways including the PI3K cell survival pathway, which relay proapoptotic sig-
nals downstream, as well as growth stimulatory signals downstream through mTOR. Rapamycin (RAP)
and RAP analogs bind to the immunophilin FK506 binding protein-12 (FKBP-12). The RAP-FKBP-12
complex blocks the kinase activity of mTOR, which, in turn, inhibits 4E-BP1, p70s6k, and other transla-
tional regulators. The inhibition of 4E-BP1 and p70s6k decreases ribosomal biosynthesis and the transla-
tional of mRNA of specific proteins essential for cell-cycle progression from G1 to S phase.
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result in cellular growth, proliferation, and carcinogenesis.
Dysregulation of mTOR signaling occurs in many types of
human cancer, and activation of the mTOR pathway occurs
frequently in gynecologic malignancies, particularly ovarian
and endometrial cancers (7,83–90). In fact, aberrant phospho-
rylation of mTOR has been detected in more than 70% of pri-
mary endometrial cancers, most likely through PTEN
mutations and activation of other PI3K/Akt/PTEN pathway
elements (7,83–90). 

Targeting mTOR

In preclinical studies, inhibition of mTOR function abolishes
the proliferative and nutrient utilization signals mediated
through the PI3K/Akt/PTEN signaling pathway, resulting in
cell cycle arrest and tumor growth inhibition (7,83–90). The
prototypic mTOR inhibitor, rapamycin, a macrolide fungicide
isolated from Streptomyces hygroscopicus, exerts potent
antimicrobial, immunosuppressant, and antineoplastic actions
(7,83–90). Because of its profound immunosuppressive actions,
rapamycin was initially developed and received regulatory
approval for prevention of allograft rejection following organ
transplantation. However, rapamycin confers impressive
antiproliferative activity in a diverse range of experimental
cancers. Malignant tumors with aberrations of signaling ele-
ments that activate the PI3K pathway, particularly PTEN
deletions and hyperactivation of PI3K and Akt, are especially
sensitive to inhibition of mTOR following rapamycin treatment
(7,84,85,87,89–94). Rapamycin strongly inhibits the growth
of cervical, ovarian, and endometrial cancers in vitro, which is
associated with reduced phosphorylation of downstream tar-
gets, as well as the reversal of resistance to chemotherapeutic
agents (7,84,85,87,89–94). 

The antiproliferative actions of rapamycin and rapamycin
analogs appear to be principally due to their ability to bind to
the intracellular immunophilin FKBP-12, thereby forming a
complex that binds to and inhibits the activity of mTOR
(7,83–88). The inhibition of mTOR blocks the activation of 4E-
BP1, p70s6k, and other translational modulators (Fig. 18.4),
which in turn inhibits the synthesis of proteins required for G1

to S phase traverse and ribosomal biosynthesis. However, the
poor solubility and chemical instability of rapamycin preclude
its administration on a variety of dose schedules, and several
rapamycin analogs are more amenable to parenteral adminis-
tration such as temsirolimus (CCI-779; Wyeth Ayerst), which
has undergone regulatory approval for the treatment of renal
cancer in the United States, and both everolimus (RAD001;
Novartis, Basel, Switzerland) and AP23573 (Ariad, Cambridge,
Massachusetts, USA), which are undergoing clinical develop-
ment (7,84,85,93–96). The toxicities of these rapamycin
analogs are similar to those of rapamycin (e.g., mild cytope-
nias, fatigue, elevations of serum triglycerides and liver func-
tions), but infectious complications due to protracted
immunosuppression have not been noted to date. In clinical
studies, regression of several types of advanced cancer, includ-
ing breast, renal, and lung carcinomas, lymphoma, and soft-
tissue sarcoma, has been reported. In addition to conferring
clinical benefit in renal cancer, robust activity in mantle cell
lymphoma has also been noted with temsirolimus. Clinical
evaluations in patients with endometrial and ovarian carcino-
mas are ongoing (7,84,85,93–96). Preliminary results of a
phase 2 study of temsirolimus in patients with recurrent or
metastatic endometrial cancer indicate modest activity, with
confirmed partial responses in 5 (26%) of 19 evaluable
patients, and stable disease as best response in 12 (63%) other
patients. Responses have been observed irrespective of PTEN
status (95).

Targeting Insulin-Like Growth Factor 
and Related Elements

The critical roles of IGF-IR and its related signaling elements
in the growth and development of both normal and cancer
cells are increasingly being recognized (96–100). These signal-
ing elements are highly conserved and may have evolved to
regulate cellular proliferation in response to nutrient availability.
In addition to their roles in balancing cellular proliferation
and apoptosis, the IGF-IR and its close counterpart, the insulin
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FIGURE 18.4. Schematic representation
of the intrinsic and extrinsic pathways of
apoptosis. The intrinsic pathway is medi-
ated by Bcl-2 family members at the mito-
chondria that releases cytochrome-c and
activates the proapoptotic protein apop-
totic protease activating factor-1 (Apaf-1)
and the cascade of caspases. The extrinsic
pathway is mediated by the TNF family of
receptors at the cellular membrane. Note:
TNF, tumor necrosis family; FADD, Fas
associated death domain.
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receptor (IR), play key roles in regulating energy metabolism,
body size, longevity, and various organ-specific functions
(96–100). Experimental studies in animal model systems have
provided evidence that the proliferative and metastatic poten-
tials of cancer cells are enhanced by IGF-IR activation either
due to higher levels of circulating IGF-1 or autocrine pro-
duction of ligands by cancer cells (101). The critical role of
IGF-IR signaling in controlling cellular renewal has led to
interest in targeting the IGF-IR as a therapeutic strategy
against cancer (96,98,101,102).

The IGF-IR and its ligands, IGF-1 and IGF-2, play key
roles in the development, maintenance, and progression of
cancer (98,101–108). IGF-IR activation stimulates cellular
proliferation and differentiation and protects cells from
undergoing apoptosis in the face of robust proapoptotic
stimuli. Overexpression of the IGF-IR in cancer cells, often
in concert with overexpression of IGF ligands, results in
enhanced cancer cell proliferation and survival. In contrast,
the IGF-2R does not transduce signals, but instead acts as a
“sink” for IGF-2, which exerts its biologic effects through
the IGF-IR (98,108). 

IGF-1 and -2 are potent mitogens in a broad range of can-
cers, including those derived from human prostate, breast,
colon, ovary, and lung cancers, melanoma, and multiple
myeloma, and their growth stimulatory effects are mediated
through the IGF-IR (98,101,109). Furthermore, high circulat-
ing levels of IGF-1 have been associated with an increased risk
of developing many types of cancer (104). In experimental
systems, the growth of cancers that express the IGF-IR is
influenced by circulating IGF-1, which is produced by tissues
remote from the cancer. However, some cancers appear to be
controlled, at least to some extent, by locally synthesized IGF-1
and/or IGF-2, which act in an autocrine or paracrine manner.
It has also been proposed that cancers may be highly depen-
dent on the host for the ligand during early stages of cancer
progression, but later acquire the capacity to produce ligands
in an autocrine fashion, which relates to genotypic and pheno-
typic changes suggestive of a more aggressive behavior. IGF-IR
signaling can also become exaggerated or aberrant due to mole-
cular abnormalities involving downstream signaling elements.
One example is the loss of function of the tumor-suppressor
gene PTEN, which encodes a phosphatase that typically atten-
uates proliferative signals originating from the IGF-IR and
other RTKs (98,110,111). 

Signaling through the IGF-IR protects cancer cells from
many types of insults, including those due to cytotoxic
chemotherapeutic agents, ionizing radiation, and therapeutics
targeting steroid and peptide-hormone receptors, and effective
strategies against IGF-IR may thwart these protective effects
(96,98,109,112). The hypothesis that targeting the IGF-1R
will increase the efficacy of other anticancer therapeutics is
largely based on evidence that survival signals originating at
the receptor limit the efficacy of agents that may otherwise
induce apoptosis. Furthermore, resistance to the anti-ErbB2
antibody trastuzumab is associated with activation of IGF-IR
signaling, and IGF-1R blockade can restore sensitivity (112).
These observations, together with other examples, such as
synergistic induction of apoptosis when small cell lung cancer
is targeted using inhibitors of c-KIT or IGF-IR, suggest that
IGF-IR blockade sensitizes certain cancers to other kinase
inhibitors (113). Consequently, inhibition of IGF-IR signaling
has been shown to increase the susceptibility of tumor cells to
chemotherapeutic agents and ionizing radiation, indicating
that it is an attractive target for therapeutic development
(114). Furthermore, IGF signaling can induce secretion of
VEGF, which is central to the promotion of deregulated malig-
nant angiogenesis, implying that there is an angiogenic com-
ponent to the biologic activity of the IGF-IR signaling cascade
(109). It would therefore follow that strategies designed to

inhibit the IGF-IR would suppress VEGF secretion, potentially
slowing vascular expansion in proliferating tumors. Indeed,
therapeutics targeting IGF-IR may enhance the activity of
anti-VEGF treatment by potentially suppressing secretion of
tumor-associated VEGF.

Several therapeutic strategies, including small-molecule
RTK inhibitors and monoclonal antibodies directed against
the human IGF-IR, have been shown to inhibit the prolifera-
tion of a broad range of cancers both in vitro and in vivo
(96,98,109). In response, there has been considerable interest
to develop effective targeted agents to inhibit the IGF-IR sig-
naling pathway. Antibody strategies targeting the extracellular
domain of the IGF-IR may be more advantageous than small-
molecule kinase inhibitors by being highly selective against the
IGF-IR, given its close homology to the IR kinase domain. 

Various fully human IgG1 monoclonal antibodies, includ-
ing IMC-A12 (ImClone Systems), AMG-479 (Amgen), R-1507
(Roche, Nutley, New Jersey, USA), M-0646 (Merck, Whitehouse
Station, New Jersey, USA), and AVE-1642 (Sanofi-Aventis,
Paris, France) and an IgG2 fully human monoclonal antibody
(CP-751,871, Pfizer), have been engineered to selectively bind
to the IGF-IR, thereby antagonizing ligand binding and signal-
ing through downstream MAPK and PI3K/Akt/PTEN path-
ways (115). Early clinical evaluations of these antibodies are
ongoing (109,116–118). In addition, several small-molecule
inhibitors of IGF-IR, including OSI-906 (OSI Pharmaceuticals)
and BMS-536924 (Bristol-Myers Squibb, Princeton, New
Jersey, USA), are also being evaluated. There is also extensive
preclinical evidence that therapies directed against IGF-IR are
effective against a wide range of cancers, but their antitumor
activities appear to be enhanced when they are combined with
cytotoxic chemotherapeutics and/or other types of targeted
therapies. IgG1 monoclonal antibodies also have the capacity
to engage host immune effectors, thereby inducing antibody-
dependent cellular cytotoxicity and complement-mediated cel-
lular cytotoxicity as supplemental anticancer mechanisms;
however, the contributions of various immune effectors in
conferring anticancer activity is not known. 

Favorable cytotoxic interactions between inhibitors of
IGF-IR and many types of chemotherapeutic agents, including
alkylating agents, platinating agents, Vinca alkaloids, taxanes,
antimetabolites, and inhibitors of topoisomerase I and II, 
in vitro and in xenograft and orthotopic models of human
cancer have been noted (109,119,120). For example, impressive
antitumor activity has been noted following treatment of well-
established human tumor xenografts with the anti–IGF-IR
antibody IMC-A12 combined with the anti-ErbB1 antibody
cetuximab (109,121). Additionally, IGF-IR and related signal-
ing elements have been demonstrated to be activated in
trastuzumab-resistant HER2/neu-amplified breast cancer, and
experimental results suggest that IGF-1R blockade can restore
trastuzumab sensitivity (109,122,123). In addition, the anti-
angiogenic effects noted when the IGF-IR pathway is blocked
in preclinical studies suggest that combinations of therapeutics
targeting both IGF-IR and malignant angiogenesis may pro-
duce favorable antitumor interactions (109). Lastly, favorable
interactions between inhibitors of IGF-IR and therapeutics
targeting Raf/MEK/ERK and PI3K/Akt/mTOR pathways have
been reported (109). Perhaps the most impressive interactions
to date have been demonstrated between inhibitors of mTOR
(rapamycin analogs) and IGF-IR (110). There is experimental
evidence that treatment of cancer cells with mTOR inhibitors
induces expression and activation of IGF-IR and downstream
signaling elements, especially Akt, which may ultimately
impede the effectiveness of mTOR inhibitors (110). Interestingly,
IGF-IR targeting sensitizes cancer cells to mTOR inhibitors,
whereas treatment with IGF-1 reverses the antiproliferative
effects of mTOR inhibitors. These observations suggest that
feedback up-regulation of IGF-IR and downstream signaling
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in response to inhibiting mTOR may be thwarted by combined
treatment with inhibitors of both mTOR and IGF-IR.

Targeting the Platelet-Derived 
Growth Factor Receptor

The platelet-derived growth factor (PDGF) family consists of
four different polypeptide chains (PDGF-A, PDGF-B, PDGF-C,
and PDGF-D) that exert cellular effects through two types of
protein kinase receptors (PDGFRs), PDGF-α and PDGF-β
(124–127). Ligand binding to the PDGFR induces receptor
dimerization and phosphorylation of the RTK domain, which
results in activation of several downstream signal transduction
pathways, including MAPK, PI3K/Akt/PTEN, Src-family
kinase, signal tranducers, and activators of transcription fac-
tors (Stat) and phospholipase C (124–126). Overexpression of
PDGF and the PDGFR has been shown to play a role in the
development of cancer through autocrine stimulation of can-
cer cells, development of angiogenesis, and modulation of
tumor interstitial pressure (124–126). Overexpression of
PDGFR seems to result principally from deregulated expres-
sion, but genetic abnormalities, including PDGFR-α amplifi-
cation and a constitutive activating mutation characterized by
a deletion in exons 8 and 9, have also been identified. In situ
hybridization studies have shown that both PDGF-α and PDGF
are expressed mainly in tumors, whereas endothelial cells
appear to principally express PDGFR-β (127,128). These
results suggest that the paracrine effects of PDGF and PDGFR
may also be relevant. In many cancers, including ovarian car-
cinoma and malignant glioma, PDGFR-α overexpression is
common and associated with a poor prognosis (129–131).
Experimental studies of gliomagenesis have suggested that
PDGFR pathways not only play a key role in cell prolifera-
tion, but modulate differentiation by de-differentiating mature
cells, thereby preventing glial differentiation, and even pro-
mote expansion of cancer stem cells (132,133). 

Targeting PDGFR

The utility of the PDGFR as a potential target for cancer
treatment is suggested by the results of experimental studies
evaluating both small molecules and antibodies designed to
inhibit the PDGFR (124–127,134). Inhibition of PDGFR is
associated with decreased phosphorylation of the down-
stream effectors ERK and Akt, principal signaling elements of
the MAPK and PI3K/Akt/PTEN pathways, respectively. The
PDGF ligand/PDGFR axis is also crucial for malignant angio-
genesis. Several small-molecule inhibitors of RTK, including
imatinib and sunitinib, block PDGFR signaling, but these and
other known small-molecule RTK inhibitors are promiscuous,
as they inhibit other kinases as well (128). However, phase 2
results with imatinib in PDGFR-expressing malignancies,
including ovarian cancer and glioma, have demonstrated that
these agents have limited activity in unselected patients (135).
Nevertheless, the lack of clinical activity observed with these
promiscuous small-molecule therapeutics may be explained by
poor tumor penetration and/or preclusive toxicities due to off-
target effects. Later generation small-molecule inhibitors of
PDGFR, which are much more selective for the PDGFR, such
as CP-868,596 (Pfizer), are in early clinical development
(136). Furthermore, a neutralizing, fully human IgG1 mono-
clonal antibody to human PDGFR-α, IMC-3G3 (ImClone
Systems), which does not cross-react with the PDGFR-β, is
also under clinical evaluation (137). The Kd of IMC-3G3 is
40 pmol/L and it blocks both PDGF-AA and PDGF-BB ligands
from binding to PDGFR-α. In addition to blocking ligand-
induced cell mitogenesis and receptor autophosphorylation,

IMC-3G3 inhibits phosphorylation of the downstream signal-
ing in both the MAPK and PI3K/Akt/PTEN pathways in both
transfected and tumor cell lines expressing PDGFR-α.
Furthermore, IMC-3G3 significantly inhibits the growth of
xenografts derived from PDGFR-α–expressing human glioma
and sarcoma, indicating that the antibody may be useful in
treating PDGFR-α expressing cancers.

Regulators of Apoptosis 
as Anticancer Targets

Enhancing or restoring apoptotic mechanisms to improve the
effectiveness of chemotherapy, therapeutic radiation, and hor-
mone therapy, particularly in malignancies with deficient apop-
totic triggering mechanisms, is the principal goal of therapeutic
strategies targeting apoptosis. Rationally derived therapeutics
directed at the regulation of the Bcl-2 family members that are
the main components of the intrinsic pathway of apoptosis are
in late clinical trials, whereas therapeutics aimed at targeting
the TNF receptor (TNFR) family, a main component of the
extrinsic pathway of apoptosis, are in earlier clinical develop-
mental stages. 

There is a hierarchical organization to the pathways of cel-
lular apoptosis, as shown in Figure 18.4. The intrinsic and
extrinsic pathways of apoptosis converge on a final common
biochemical pathway that executes apoptotic cell death and
requires the activation of a family of tightly regulated intracel-
lular cysteine proteases called caspases (138–141). These
pathways utilize different downstream caspase family members
to activate a series of common downstream caspases, including
caspase-3, -6, -7, -8, and -9. These downstream caspases induce
enzymatic activation of many other proteins involved in apop-
tosis, leading to a cascade of proteolysis of other caspases and
cellular proteins. Caspase activation and downstream proteol-
ysis either destroy or damage many cellular “housekeeping”
elements such as protein kinases, signal transduction proteins,
cytoskeletal proteins, chromatin-modifying proteins, repair
proteins, and inhibitory subunits of endonucleases. 

Targeting the Intrinsic Pathway 
of Apoptosis

The intrinsic pathway of apoptosis is a mitochondrial-
membrane–dependent pathway mediated by the Bcl-2 family
of proteins (138–143). The bcl-2 gene was originally identified
as the chromosomal breakpoint of the translocation of a protein
of chromosome 18 to 14 in follicular B-cell non-Hodgkin’s
lymphoma, and its translated protein belongs to a superfamily
of apoptosis regulatory gene products, including antagonists
of apoptosis (Bcl-2, Bcl-XL, Bcl-2, Bfl-1, and Mcl-1) and agonists
(Bax, Bak, Bcl-Xs, Bad, Bid, Bik, Bim, and Hrk) (138–143).
The interactions of death antagonist with agonist proteins, as
well as their relative ratios, determine how cells respond to
apoptotic signals. This death/life balance is mediated, at least
in part, by the selective and competitive dimerization of both
antagonists and agonists (138–143). Many of the pro- and anti-
apoptotic members of this regulatory family, such as Bax, act
at the level of the outer mitochondrial membrane (138–143).
Following mitochondrial membrane disruption, cytochrome 
c and other protease activators, including caspases -2, -3, and -9,
and apoptosis-inducing factors, particularly apoptosis protease
activating factor-1 (Apaf-1), are released. Cytochrome c, along
with deoxyadenosine triphosphate, binds to and modifies the
conformation of the Apaf-1 complex, which results in the acti-
vation of caspase-9. Many novel therapeutic agents that perturb
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the dynamic equilibrium between pro- and antiapoptotic pro-
teins enhance the effectiveness of chemotherapy, radiation,
and hormonal therapy.

Targeting Bcl-2

Targeting the Bcl-2 antiapoptotic protein, which is over-
expressed in gynecologic and many common human malig-
nancies and impedes apoptosis following apoptotic stimuli,
makes Bcl-2 an attractive target for therapeutic intervention
(138,140,142–150). Oblimersen sodium (Genta, Berkeley
Heights, New Jersey, USA) is an 18-mer phosphorothioate
ASON directed at the first six codons of the human Bcl-2
open reading frame (138,140,143,147). ASONs hybridize to
the complementary sequence present on the target mRNA,
followed by RNaseH-mediated degradation of mRNA.
Modifying the phosphate backbone of the ASON, such as
with phosphorothioate substitutions, enables resistance to
protein degradation and enhances stability in the plasma and
intracellular environments. Experimental studies have sug-
gested that oblimersen sodium treatment leads to sequence-
specific and dose-dependent degradation of Bcl-2 mRNA
with subsequent inhibition of Bcl-2 protein expression
(138,140, 142,143,147). Furthermore, several lines of evi-
dence suggest that oblimersen sodium treatment enhances the
effectiveness of other anticancer therapeutics, particularly
cytotoxics. Normal and aberrant Bcl-2 expression mediates
cellular resistance to apoptosis produced following treatment
with many types of chemotherapeutics, including alkylating
agents, antimetabolites, mitomycin, irinotecan, Vinca alka-
loids, and taxanes, and Bcl-2 ASON treatment has been
shown to markedly enhance the antitumor activity of many
of these agents, especially the taxanes and alkylating agents
(138,140, 142,143,147,151,152). In fact, antimicrotubule
agents like the taxanes and Vinca alkaloids induce Bcl-2,
thereby reducing its ability to heterodimerize with Bax and
ultimately inducing apoptosis. These actions are enhanced
when oblimersen sodium is combined with antimicrotubule
agents (138,140,151,152). 

Many studies have examined the feasibility of administer-
ing oblimersen sodium alone or in combination with various
chemotherapeutic agents (138,140,142,143,147). Its principal
toxicities when administered as either a protracted intra-
venous infusion or subcutaneously include hyperglycemia,
transient hepatic transaminase elevations, fever, fatigue,
thrombocytopenia, leukopenia, and local inflammation at the
injection site. The early observations of clinical activity against
lymphomas and leukemias, particularly chronic lymphocytic
leukemia, with oblimersen sodium administered as a single
agent may be due to the pivotal role of Bcl-2 expression in the
etiology of these disorders and provide “proof of principle”
that Bcl-2 inhibition may restore normal apoptotic processes
in tumors with Bcl-2 regulation (138,140,142,143,148). In
many other malignancies, however, Bcl-2 expression may not
be as critically important to cell survival, except in the pres-
ence of external apoptotic stimuli such as chemotherapy and
irradiation. Other therapeutics under evaluation designed to
decrease Bcl-2 expression include the RNA antagonist
SPC2996 (Santaris, Copenhagen, Denmark), which is a 16-mer
oligonucleotide that binds to Bcl-2 mRNA with high affinity and
resists digestion by nucleases (153). 

Small-molecule and peptide inhibitors of Bcl-2, which
essentially inhibit Bcl-2-Bax heterodimer formation, are under-
going early clinical development (140,143,149,150,154–157).
One small-molecule inhibitor, HA14-1, which was discovered
using a computer screening strategy based on the predicted
structure of the Bcl-2 protein surface, binds to a surface pocket
of Bcl-2. Another small molecule, AT-101 (Ascenta Therapeutics,
San Diego, California, USA), an orally bioavailable pan-Bcl-2

inhibitor that triggers apoptosis of cancer cells by directly
inhibiting the activity of Bcl-2, Bcl-XL, and Mcl-1, is also under-
going evaluations in both solid and hematologic malignancies
(156). Other small-molecule inhibitors of Bcl-2 structure and
function in early clinical evaluations include ABT-263 and
ABT-737 (Abbott Laboratories, Abbott Park, Illinois, USA),
and GX15-070MS (Gemin X Biotechnologies, Montreal,
Canada) (157).

Several agents targeting other components of the intrinsic
pathway of apoptosis in preclinical or early clinical develop-
ment include small molecules and ASONs that target Bcl-XL
and antiapoptotic regulatory proteins, including clusterin, sur-
vivin, and TRPM-2. Still other efforts are being directed at
the antiapoptotic protein Bax by perturbing the proteosome
and/or ubiquitin protein degradation pathways or Bax gene
transfection (138,140,142,143,157–161; see section on
Targeting Regulators of Protein Trafficking). Another class of
promising targets for therapeutic development is the apoptosis
interfering proteins, such as survivin and clusterin, which
inhibit downstream apoptotic processes (140–143,158–161).
Survivin is highly expressed in most cancers, including ovarian
cancer, and has been associated with resistance to chemother-
apeutic agents and poor clinical outcome. In experimental
models, therapies targeting survivin often produce antitumor
activity without overt toxicity; however, the consequences of
prolonged survivin inhibition in normal cells have not been
evaluated thoroughly. Promising therapeutic approaches
include those that are aimed at suppressing survivin expres-
sion using ASON, ribozyme, siRNA, and shRNA technolo-
gies, as well as antagonizing survivin function by inhibiting
specific cyclin-dependent kinases. Alternatively, small mole-
cule suppressants of survivin, such as YM-155 (Astellas
Pharma US, Inc., Deerfield, Illinois, USA), which has demon-
strated preliminary clinical activity in both hematopoietic and
solid malignancies, are in clinical development (161). Similar
strategies that target clusterin, represented by the ASON
OGX-011 (OncoGenex; Vancouver, Canada) (162), are also
undergoing clinical evaluation. 

Targeting the Extrinsic Pathway 
of Apoptosis

The extrinsic pathway of apoptosis refers to the activation of
caspase-8 as a result of apoptosis-inducing ligands that bind
to the TNFR family. The TNFR family consists of the receptors
TNFR1, Fas (Apo1), DR3 (Apo2), DR4 (TNF-related apoptosis-
inducing ligand [TRAIL] R1), DR5 (TRAILR2), and DR6 (71).
Critical adaptor proteins, particularly TNF-α receptor associ-
ated death domain (TRADD) or Fas associated death domain
(FADD) protein, mediate intracytoplasmic signals from the
receptor using death domain proteins to interact with the
receptor and death effector domains to interact with procas-
pase-8 (138,140,142,163–167). The proteins engage pro-
teases and cleave the N-terminal of caspase-8, thereby
activating the caspase cascade.

Targeting TRAIL Receptors

There are several homeostatic mechanisms that regulate cell
death in the extrinsic pathway. Decoy receptors for Fas ligands
and TRAIL (TRAIL R3/DcR1 and TRAIL R-4/DcR2) compete
for ligand and modulate apoptotic signals. Moreover, several
intracellular proteins interact with death domain proteins to
inhibit the signal transduction of apoptosis. These proteins
include the protein silencer of death domains and FAP1, which
may represent a mechanism of resistance to Fas-inducing
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apoptosis (166). In addition, members of the death effect
domain family (e.g., FLIP) compete with procaspase-8 for the
binding with FADD and inhibit apoptosis (167). Deregulation
of these mediators may lead to malignant transformation.
Mutations or deletions in the FAS gene have been found in
cells from patients with many types of malignancies. It is also
likely that the intrinsic and extrinsic apoptotic pathways are
linked at many critical juncture points. For example, abroga-
tion of TRAIL-mediated apoptosis occurs in some cancer cell
lines secondary to overexpression of Bcl-2 family proteins,
whereas TNF-α mediated expression of nuclear factor (NF)-κB
activates several Bcl-2 family genes that have antiapoptotic
functions (168).

TNF, which has the potential to induce apoptosis in tumor
cells and mediates inflammatory processes, is the prototypic
ligand for the TNFR family (169). TNF-α and Fas ligands are
not candidates for drug therapy due to their nonspecific acti-
vation of multiple TNFRs and their causality of septic shock
and fulminant hepatic failure in animals (170). However,
recombinant soluble human TRAIL has entered clinical devel-
opment since it is capable of inducing apoptosis in a broad
spectrum of human cancers in vitro, but not in normal cells
(138,140,142,164–167). Moreover, antitumor activity with-
out toxicity has been observed in xenograft models. The selec-
tivity of TRAIL in mediating apoptosis in tumor cells and not
normal cells has not been elucidated, but the overexpression
of death receptors and/or a relative absence of decoy recep-
tors in tumor cells have been proposed as explanations.
However, preclinical studies demonstrating apoptosis in
human hepatic cells in vitro have raised concerns about the
clinical development of TRAIL, but recent evidence indicates
that different versions of recombinant soluble human TRAIL
may confer varying propensities for hepatocyte toxicity (171).
In early clinical evaluations, recombinant soluble human
TRAIL ligands against DR4 and DR5 (rhApo2L/TRAIL;
Genentech and Amgen) have been well tolerated without rele-
vant hepatotoxicity (172). 

Monoclonal antibodies with agonist-like properties at the
DR4 and DR5 sites may represent alternate strategies for the
induction of apoptosis via the extrinsic pathway. Following
antibody-antigen complex formation, caspase activation and
apoptosis induction occur, resulting in tumor regression of
human tumor xenograft (138,140,142,164–167,173,174).
The affinity for DR4 binding appears to be less important for
agonist activity than the specific binding site on the receptor
(173). This implies that the specific agonist site exists within
the receptor and suggests that widely divergent results may be
achieved with different antibodies directed to the same target
DR4 (174). Clinical investigations of humanized and fully
human antibodies directed against DR4 (HGS-ETR1; Human
Genome Sciences, Rockville, Maryland, USA) and DR5 (HGS-
ETR2; lexatumumab; Human Genome Sciences; AMG-655;
Amgen) have been ongoing (175–177). 

Targeting Regulators of Protein Trafficking 

Targeting the Heat-Shock Protein Complex

Since the structure and function of proteins are highly depen-
dent on their precise three-dimensional structures, targeting
chaperone proteins, which are responsible for protein folding,
is a logical therapeutic strategy against cancer (178–180).
Geldanamycin analogs target the adenosine triphosphate
(ATP) binding site of Hsp-90, an abundant and highly con-
served chaperone protein that plays an important role in gen-
erating, regulating, and degrading signaling elements and
other critical proteins (181–183). Proteins that are folded by

Hsp-90 include the cyclin-dependent kinases (cdks) 4 and 6,
focal adhesion kinases that are involved in integrin signaling,
components of the MAPK and PI3K/Akt/PTEN pathways, and
the proangiogenic hypoxia-inducible factor-1α (178–180,184).
During malignant transformation, the essential chaperoning
functions of heat-shock proteins (HSPs) are subverted to
facilitate rapid somatic evolution. Functioning as biochemical
buffers for the numerous genetic lesions that are present
within tumors, chaperones, especially Hsp-90, allow mutant
proteins to retain or even gain function while permitting can-
cer cells to tolerate the imbalanced signaling that oncopro-
teins create. The first Hsp-90 inhibitor to enter clinical trials,
17-allylamino-17-demethoxygeldanamycin (17-AAG), is a
less toxic derivative of geldanamycin, whose administration is
precluded by hepatotoxicity and suboptimal pharmaceutical
properties. However, more potent, water soluble geldanamycin
analogs and unrelated agents, including 17-(demethyoxy), 
17-dimethylaminoethylamino geldanamycin (17-DMAG),
CNF1010 (Biogen IDEC, San Diego, California, USA), KOS-
953 (Kosan Biosciences, Hayward, California, USA), IPI-504
(Infinity, Cambridge, Massachusetts, USA), and the totally syn-
thetic, orally bioavailable Hsp-90 inhibitor CNF2024 (Biogen
IDEC), are undergoing early clinical evaluations (181–188).
Although objective antitumor activity has been reported with
17-AAG as a single agent, inhibitors of Hsp-90 are much more
likely to confer relevant activity in combination with therapeu-
tics that induce apoptosis since disruption of antiapoptotic sig-
naling occurs following treatment with Hsp-90 inhibitors,
which can enhance the proapoptotic effects of cytotoxic agents
(181–184). 

Targeting the Ubiquitin-Proteasome 
Protein Degradation Pathway

The principal mechanism that is responsible for intracellular
protein degradation is the ubiquitin-proteasome pathway
(183, 189–192). This pathway “tags” protein substrates with
polyubiquitin chains, marking them for degradation into pep-
tides and free ubiquitin. The process is modulated by the pro-
teasome, which is a large multimeric protease that is found in
all eukaryotic cells. Many important proteins, such as the
cyclins, cyclin-dependent kinase inhibitors, and transcription
factors (e.g., NF-κB) are tagged by the ubiquitin-proteasome
pathway, and therefore the pathway plays a critical role in
neoplastic growth and metastasis. Inhibiting the proteasome
perturbs the cyclical degradation of these critical proteins,
thereby resulting in the accumulation of cyclin-dependent
kinase inhibitors and ultimately cell-cycle arrest and apoptosis.
Several small-molecule inhibitors of the proteasome pathway
have recently been identified, particularly the dipeptide
boronate derivatives (189–192). Bortezomib (Millennium
Pharmaceuticals, Cambridge, Massachusetts, USA), a peptidyl
boronic acid and highly selective inhibitor of the chymotryptic
site within the 20S proteasome, has recently received regula-
tory approval for treating patients with drug-refractory multi-
ple myeloma (92,93). Bortezomib is capable of permeating the
membrane of tumor cells, reversibly inhibiting the protea-
some, and blocking cell division in the G2/M phase of the cell
cycle, which in turn leads to apoptosis. The agent also inhibits
the degradation of wild-type p53 and stabilizes p21, which
induces G1 arrest by inhibiting cyclin D-, E-, and A-dependent
kinases and activating NF-κB. In preclinical studies, bortezomib
demonstrates broad anticancer activity, with mechanism-
based toxicities related to the degree of proteasomal inhibi-
tion. These studies predicted that severe toxicity would occur
when proteasome activity is inhibited by at least 70% to 80%,
and therefore the achievement of this magnitude of proteasome
inhibition was a pharmacologic goal in early clinical studies.
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Based on impressive activity in preclinical studies when
bortezomib is combined with a wide variety of cytotoxic
agents, clinical evaluations of bortezomib and other protea-
some pathway inhibitors, as well as relevant combination
regimens, are being performed in patients with gynecologic
and other malignancies. 

Targeting Epigenetic DNA Modifications

Targeting processes that result in post-translational or epigenetic
modifications in histone proteins associated with DNA is a
rational approach to anticancer therapeutic development
(193–195). To date, therapeutic targeting has focused on cova-
lently modifying the amino-terminal tails of histones, which
package eukaryotic DNA into units that are folded into chro-
matin fibers. Highly conserved histone proteins (H1, H2A,
H2B, H3, and H4) and the nucleosomes they form with DNA
are the basic blocks of eukaryotic chromatin, the organization
of which determines gene expression (193–195). 

Nucleosomes form the basic repeating unit of chromatin
and consist of DNA wrapped around a histone octomer that
is in turn formed by four histone partners including an H3-
H4 tetramer and two H2A-H2B dimers. Extending out from
the nucleosome are the charged amino-terminal tails of the
histones. The tail of histone H4 appears to extend into the
adjacent nucleosome to interact with the H2A-H2B complex,
indicating that the histone tails might regulate higher order
chromatin structure. As depicted in Figure 18.5, the amino
acid histone tail domains are targets for various post-transla-
tional modifications, including acetylation, methylation,
phosphorylation, ADP-ribosylation, and ubiquitination.
How the code is established and maintained remains to be
determined, but many modification sites are close enough to
each other that modification of a histone tail by any one
enzyme might influence the rate and efficiency at which sub-
sequent enzymes use the newly modified tails as substrates.
In essence, interfering with these modifications modulates
histone-associated proteins and gene expression. Covalent
modifications of core histone tails by histone acetyltrans-
ferases (HATs), histone methyltransferases (HMTs), kinases,
and especially histone deacetylases (HDACs) regulate gene
expression (193–195). 

Targeting Histone Deacetylase

HATs catalyze the acetylation of the ε-NH2 group on lysine
residues with histone tails leading to transcriptional activa-
tion, whereas HDACs function in opposition by deacetylating
lysine residues and inducing transcriptional repression
through chromatin condensation (196). Transcriptional aber-
rations may be among the leading contributors to conferring
the neoplastic phenotype, which is the case in acute promyelo-
cytic leukemia, in which aberrant transcriptional repression
mediated by HDACs is a common mechanism utilized by
oncoproteins. Alterations in chromatin structure can impact
on normal cell differentiation and lead to malignant tumor
formation. Furthermore, the fact that HDAC inhibitors are
active against a wide variety of cancers in vitro and in human
tumor xenograft models, and that defects in the acetylation
machinery are found in most epithelial and hematologic
malignancies, including ovarian cancer, suggest that the phar-
macologic inhibition of HDAC may have broad therapeutic
ramifications (197). In preclinical investigations, many struc-
turally diverse compounds have been shown to bind to
HDAC; promote histone acetylation; induce cell cycle arrest,
differentiation, or apoptosis; and possess prominent antitu-
mor activity. HDAC inhibitors that are currently approved for
the treatment of underdevelopment as anticancer therapeutics
include (a) short-chain fatty acids (e.g., butyrates); (b) hydrox-
amic acids (e.g., suberoylanilide hydroxamic acid [vorinostat;
Merck], oxamflatin, LAH-824 [Novartis], LBH-589 [Novartis],
PXD-101 [CuraGen, Branford, Connecticut, USA]), (c) benza-
mides (e.g., MS-275 [Mitsui, Chiba, Japan], MGCD0103
[MethylGene, Montreal, Canada]); and (d) cyclic peptides
(e.g., depsipeptide [Gloucester, Cambridge, Massachusetts,
USA], trapoxin A, apicidin) (195,196). The results of phase 1
studies, particularly of hydroxamic acid derivatives, demon-
strated antitumor activity at doses below the maximum toler-
ated dose (MTD). The first evidence of robust antitumor
activity with the HDAC inhibitors occurred in patients with
persistent or recurrent cutaneous T-cell lymphoma, resulting
in vorinostat receiving regulatory approval. Synergy has also
been observed between the HDAC inhibitors and various
classes of anticancer agents, and the spectrum of anticancer
activity demonstrated in preclinical studies has been broad
(195,196). 
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FIGURE 18.5. Covalent post-translational
modifications on the histone amino tail
domain. Pictured are the enzymes HAT,
HDAC, HMT, and kinases that covalently
modify histones. Note: HAT, histone
acetyltransferase; HDAC, histone deaceyl-
transferase; HMT, histone methyltrans-
ferase; A, acetyl group; M, methyl group;
and P, phosphate. 

Barakat_CH18-485-522.qxd  2/27/09  2:11 PM  Page 497



At a more fundamental level, it will be important to under-
stand the nature of the molecular basis of the selectivity of
HDAC inhibitors in altering gene transcription, and whether
there are differences in the biologic function of different
HDACs. Furthermore, it will be helpful to understand why
normal cells are apparently more resistant to the apoptotic
effects of HDAC inhibitors, as well as the role of non-histone
substrates of HDACs, such as transcription factors, in the sup-
pression of cell growth. Most importantly, the reasons for the
differential sensitivity of the HDAC inhibitors must be under-
stood. This knowledge will undoubtedly contribute to both the
further understanding of the process of transformation and the
development of effective agents to treat many types of cancer. 

Targeting DNA Methylation

The most extensively characterized epigenetic alteration is
DNA methylation (193–195,197). Cytosine methylation of
the palindromic CpG dinucleotide sequence has been the most
widely known and studied epigenetic modification; however,
DNA methylation of non-CpG sequences has also been
reported. CpG islands are defined as DNA regions with
greater than 500 base pairs containing CG content of at least
55%. Hypermethylation of CpG islands near the promoter
region of genes usually silences their expression. The biologic
effects of the loss of gene function caused by promoter hyper-
methylation are analogous to those caused by genetic muta-
tions. The gene silencing effects of hypermethylation of
CpG islands have been explained by several mechanisms.
Perhaps the most plausible one is that methylated CpG
islands in the promoter region inhibit binding of transcrip-
tion factors to their CpG-containing recognition sites.
Another theory proposes the involvement of methylated
CpG-binding proteins. The list of hypermethylated genes in
all types of cancers, particularly hematologic malignancies,
has increased tremendously over the last several decades,
and more candidate tumor suppressor genes are expected to
be identified (193–195,197). In ovarian cancer, for example,
epigenetic silencing by hypermethylation of the connective
tissue growth factor gene promoter results in a loss of gene
function, which may be a factor in the carcinogenesis of ovarian
cancer in a stage-dependent and/or histologic subtype–dependent
manner (198). Aberrant DNA methylation that results in the
transcriptional silencing of proapoptotic genes appears to be
involved in conferring acquired resistance to many types of
chemotherapy agents (199–201). In a study of plasma DNA
from patients with ovarian cancer, methylation of the DNA
mismatch repair gene hMLH1 was demonstrated to be
increased at relapse (201). For this reason, the methylating
agent 2´-deoxy-5-azacytidine (decitabine; MGI Pharma,
Minneapolis, Minnesota, USA) in combination with carbo-
platin is being evaluated in women with recurrent ovarian
cancer in a phase 2 study (197,202). 

The concept of modifying DNA methylation as a therapeutic
strategy has been validated by the demonstration that demethy-
lating agents induce clinical benefit in patients with various
hematologic malignancies and premalignancies (197,198). The
nucleoside analogs decitabine and 5-azacytidine (azacytidine;
Pharmion, Boulder, Colorado, USA), both of which have
received regulatory approval for treatment of myelodysplastic
syndrome, do not directly inhibit DNA methyltransferases
(DNMTs). Instead, they incorporate into DNA as cytidine
analogs and form covalent intermediate complexes with DNMT,
which ultimately undergoes degradation. 5-Azacytidine also
incorporates into RNA, thereby interfering with protein transla-
tion, resulting in cell death. Development of more selective
demethylating agents that may target cancer cells preferentially
is under way (197,198). 

Novel Cytotoxic Targets and Agents

A number of novel cytotoxic agents with unique mechanisms
of action are being evaluated in patients with ovarian cancer
in an effort to identify therapeutics that would not be cross-
resistant with taxane and platinating compounds. 

Targeting the DNA Minor Groove

Trabectedin

Trabectedin (ecteinascidin-743 [ET-743], Pharmamar, Madrid,
Spain), a tetrahydroisoquinoline alkaloid isolated from the
marine ascidian Ecteinascidia turbinata, is a DNA minor-groove
interactive agent with specific affinity for guanine-cytosine–rich
sequences (203,204). Trabectedin-guanine adducts are formed
only in double-strand DNA and these adducts are reversible
upon DNA denaturation. Nuclear magnetic resonance and
x-ray crystallographic studies have demonstrated that two of
three subunits (A and B) bind to nucleic acids in the minor
groove of DNA, but subunit C, which lacks DNA binding
capabilities, acts as a molecular hinge that facilitates binding
of trabectedin to critical nuclear proteins (203–208). In
essence, trabectedin’s dual affinity for DNA and proteins pro-
duces DNA-trabectedin-protein cross links. Adducts induced
by trabectedin are unique because no DNA repair machinery
pathway examined to date is capable of removing them,
whereas cells deficient in nucleotide excision repair show
increased drug resistance (209). Because loss of repair proteins
is common in human tumors, expression levels of selected
repair factors may be useful in identifying patients who might
benefit from trabectedin treatment. Recent studies have also
indicated that trabectedin interacts with nuclear histones and
transcription factors, including E2F1, c-fos, NF-y, and SP-1.
Additionally, trabectedin perturbs cell cycle progression and
induces G1 arrest, delayed S-phase traverse, and G2/M arrest
(206,208). Cell cycle arrest induced by trabectedin has been
observed in p53 mutated cell lines, suggesting that this effect is
p53 independent. Trabectedin does not inhibit topoisomerase
I and II, but does perturb microtubules and intermediate fila-
ment bundles. 

Trabectedin is of particular interest for development in
gynecologic malignancies because it has been demonstrated to
enhance the cytotoxic effects of platinating agents (208). In
contrast to apoptosis mediated by platinating agents, trabectedin-
mediated apoptosis following the induction of DNA damage is
enhanced by the nucleotide excision repair pathway and
inhibited by the mismatch repair pathway (207). Tumor cells
that are resistant to platinating agents because of the up-regu-
lation of the nucleotide excision repair pathway are therefore
likely to be especially sensitive to trabectedin, and the combi-
nation of both agents may be more effective at inducing cyto-
toxicity than either agent alone (207,209). Trabectedin has
also demonstrated substantial antiproliferative activity against
many types of hematologic and solid cancers in vitro, with
IC50 values ranging from 1 pM to 10 nM. These investiga-
tions, as well as studies conducted in a human tumor-cloning
assay, indicate that the antiproliferative effects of trabectedin
are much greater with continuous treatment than short-term
exposure. Substantial antiproliferative effects in both murine
and human tumor xenografts, including those derived from
human melanoma, breast, ovarian, renal, lung, and prostate
cancers, have been noted. In addition, the antiproliferative
activity of trabectedin has been demonstrated to be similar to
that of cisplatin and paclitaxel against human ovarian tumor
xenografts (208). 
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In early clinical evaluations, trabectedin’s antitumor activity
has been especially notable in patients with soft-tissue sar-
coma, breast cancer refractory to the anthracyclines, and ovar-
ian cancer resistant to platinating agents and taxanes
(203,206,210,211). The principal toxicities include reversible
transaminitis, emesis, and myelosuppression; however, these
adverse effects appear less common on intermittent divided-
dose schedules. A pooled analysis of 294 ovarian cancer
patients who participated in three phase 2 trials of trabectedin
as second- or third-line treatment, including 108 and 186
patients who were either resistant or sensitive to their last plat-
inum treatment, respectively, demonstrated overall response
rates and median time to progression of 8% and 2.1 months,
respectively, in platinum-resistant patients, and respective val-
ues were 34% and 5.8 months in platinum-sensitive patients.
The median duration of response was 5.8 months, and patients
receiving the agent as a 3- or 24-hour infusion every 3 weeks
demonstrated significantly higher response rates (33% vs.
16%, p � �0.0001) and median time to tumor progression
(5.8 vs. 2.8 months, p � 0.0001) than those treated on a weekly
divided-dose schedule. The most common drug-related adverse
events were fatigue, noncumulative neutropenia, and transamini-
tis. Low incidences of febrile neutropenia, neurotoxicity, stom-
atitis, and alopecia were noted. The merits of trabectedin in
patients with relapsed ovarian cancer were evaluated in a
phase 3 trial in which 672 patients with advanced recurrent or
refractory cancers were randomized to treatment with either
liposomal doxorubicin plus trabectedin or liposomal doxoru-
bicin alone. Progression-free survival was significantly increased
in patients receiving the combination (7.3 versus 5.8 months;
hazard ratio, 0.79; P value � 0.019).

Targeting the Folate Receptor Type α

There has been cumulative evidence that suggests that the folate
receptor type α (FRA), which is a glycosylphosphatidylinositol-
linked transmembrane protein with high affinity for folates
and some antifolates, is overexpressed in mesothelioma and
ovarian, uterine, some brain, and other cancers, and may confer
the means by which selective tumor targeting can be achieved
(212–216). Furthermore, expression of the FRA is very low in
most adult normal tissues but is high in several types of cancer,
providing the rationale for developing antifolates that are
transported primarily by the FRA rather than by the reduced
folate carrier. Among the approaches that are being used to
target the FRA include the humanized monoclonal antibody
MORAb-003 (Morphotek; Exton, Pennsylvania, USA) and
the small-molecule thymidylate synthase inhibitor BGC945
(BTG, London, UK), which appears to be highly selective for
the FRA (216–221). Binding of MORAb-003 to FRA can pre-
vent phosphorylation of substrates specific for Lyn kinase,
suppress proliferation of cells that overexpress the FRA, medi-
ate tumoricidal effects via antibody-dependent cellular and
complement-dependent mechanisms, and suppress growth in
vivo of FRA-expressing tumor xenograft models. Toxicology
studies in nonhuman primates found no evidence of toxicity
with MORAb-003 at suprapharmacologic doses, which was
confirmed in phase 1 studies in patients with advanced solid
malignancies (218). A phase 2 study of MORAb-003 in
patients with advanced ovarian cancer in first relapse has
begun (219). 

Along the same lines, a novel series of cyclopenta[g]quina-
zoline analogs of folic acid that are potent thymidylate synthase
inhibitors (Ki ~0.2 to 1 nM) and at least 500-fold more selective
for human cancer cell lines with high expression of the FRA
compared to those with low expression, have been synthesized

(220,221). Pharmacokinetic studies in KB tumor-bearing mice
have demonstrated selective retention of BGC945, a lead
compound in this series in tumors relative to normal tissues.
Furthermore, pharmacodynamic measurements have demon-
strated inhibition of thymidylate synthase only in tumor tissue.
The agent is in late-stage preclinical development.

Targeting DNA Alkylation 

Canfosfamide 

Canfosfamide (TLK-286; Telik, Palo Alto, California, USA) is
a small-molecule prodrug that is metabolically activated by
glutathione S-transferase P1-1 (GST P1-1) to release a highly
reactive alkylating nitrogen mustard moiety (222–224). The
enzyme GST P1-1 is overexpressed in ovarian, breast, lung,
and many other human cancers, and its enzyme activity in
cancer appears to relate to resistance to commonly used
chemotherapeutic drugs, especially alkylating agents (222–224).
Following intratumoral uptake of canfosfamide, drug activa-
tion and DNA damage ensue, which is followed by apoptosis.
Myelosuppression is the principal toxicity of the agent
(224,225). In a phase 2 study of canfosfamide in recurrent
ovarian cancer, 5 (15%) of 34 evaluable patients had objective
responses, including one complete response lasting longer
than 3 years, and 12 (35%) patients had stable disease as their
best response (226). Sixty percent and 40% of patients were
alive at 12 and 18 months, respectively. However, a phase 3
study known as ASSIST-1, which enrolled 461 patients with
advanced ovarian cancer that had progressed following first-
line platinum-based therapy plus second-line treatment with
either liposomal doxorubicin or topotecan, did not meet its
primary endpoint of improving overall survival nor its sec-
ondary endpoint of improving progression-free survival (227).
Patients were randomized to treatment with canfosfamide or
either topotecan or liposomal doxorubicin, provided that they
had not received prior treatment with these agents (227).
Median survival on the canfosfamide arm was 8.5 months com-
pared with 13.6 months on the active control arm (p � 0.01).
Median progression-free survival was 2.3 months on the can-
fosfamide arm compared with 4.3 months on the active con-
trol arm. Based on more recent phase 2 study results, in which
the combination of carboplatin plus canfosfamide resulted in
an impressive rate of objective responses in heavily pretreated
ovarian cancer patients whose disease had either progressed
during or shortly after platinum-based treatment, the efficacy
of canfosfamide plus liposomal doxorubicin is being compared
to liposomal doxorubicin alone in second-line platinum-
refractory or -resistant ovarian cancer in a phase 3 trial known
as ASSIST-5 (228). In a preliminary analysis of the platinum-
resistant subset, response rates were 31.5% and 10.5% in
patients treated with canfosfamide plus liposomal doxoru-
bicin alone, respectively. Median progression-free survival
had not been reached for the combination, whereas it was
3.5 months for liposomal doxorubicin alone. 

Targeting Immune Tolerance 

Cytotoxic T-Lymphocyte–Associated Antigen 4

Many cancer-associated gene products that induce immune recog-
nition, and are potential targets for therapeutic development
against cancer but host immune reactions, rarely impact upon
the progression of most advanced human cancers. The weak
immunogenicity of nascent tumors contributes to this failure.
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Therapeutic vaccines that enhance dendritic cell presentation
of cancer antigens increase specific cellular and humoral
responses, resulting in tumor destruction in some cases. The
attenuation of T-cell activation by cytotoxic T-lymphocyte–
associated antigen 4 (CTLA4) further limits the therapeutic
impact of tumor immunity (229,230). CTLA4, a CD28-family
receptor expressed mainly on CD4+ T cells, binds the same lig-
ands as CD28 (CD80 and CD86 on B cells and dendritic cells),
but with higher affinity than CD28 (229–232). However, in
contrast to CD28, which enhances cell function when bound
at the same time as the T-cell receptor, CTLA4 inhibits T-cell
function. CTLA4 is also found intracellularly in regulatory
T cells, which may be of functional significance. In experi-
mental systems, the administration of antibodies that block
CTLA4 function inhibits the growth of moderately immuno-
genic tumors, and in combination with cancer vaccines, aug-
ments the rejection of poorly immunogenic tumors, albeit
with a loss of tolerance to normal differentiation antigens
(229–232). 

Various antibodies to CTLA4 are currently being evaluated in
late-stage clinical trials in patients with advanced melanoma,
and in phase 2 trials in patients with ovarian and other cancer
types (231). These fully human antibodies include the IgG1
construct ipilimumab (MDX-010; Medarex, Princeton, New
Jersey, USA, and Bristol-Myers Squibb) and the IgG2 construct
ticilimumab (CP675,206; Pfizer). Patients with advanced
malignant melanoma who received treatment with either of
these CTLA4 antibodies have experienced tumor regression
with prolonged time to progression, and objective anticancer
activity has also been observed in patients with advanced lym-
phoma and ovarian, prostate, and renal cancers (231–238).
Interestingly, antitumor activity is often characterized by
short-term tumor progression followed by delayed tumor
regression, and an important, possibly unique clinical observa-
tion is the protracted nature of both objective responses and
stable disease. Adverse effects, including rash, colitis, and
hepatitis, appear to be immune mediated and may represent
breaking of tolerance to self-antigens (239). Interestingly,
these toxicities have been directly related to time to tumor
progression in high-risk melanoma patients who have under-
gone resection of their primary tumor (239).

Targeting Mitosis 

Targeting Microtubules

Several natural products, which are structurally different
from the taxanes but share mechanisms of action and show
comparable activities, have been identified. The furthest
along from a clinical development standpoint are the
epothilones, which are 16-member macrolides derived from
myxobacterium (240–245). Similar to the taxanes, the
epothilones induce formation of microtubules that are long,
rigid, and resistant to destabilization by cold temperature and
calcium. The epothilones are at least as potent as the taxanes
and induce mitotic arrest and microtubule bundling.
Furthermore, these agents exert prominent cytotoxic activity
in tumors with multidrug resistance conferred by over-
expression of P-glycoprotein and other resistance proteins.
Experimental studies have also indicated that the epothilones
and taxanes differ in terms of resistance conferred by point
mutations in β-tubulin; however, the significance of tubulin
mutations in conferring clinical resistance to antimicrotubule
agents is not clear. Several members of the epothilone 
B family, including epothilone B itself (patupilone; EPO-0906,
Novartis) and the epothilone B analog ixabepilone (BMS-
247550; Bristol-Myers Squibb), that are furthest along in

clinical development have demonstrated impressive activity
against human xenografts derived from ovarian, breast, and
colorectal cancers, many of which are clearly resistant to the
taxanes (240–245). Objective antitumor activity has been
noted in patients with many types of advanced cancer; how-
ever, notable activity has largely been restricted to tumor
types that are known to be responsive to the taxanes. These
include breast, ovarian, and non–small cell lung cancers, but
activity has been noted in patients whose disease has failed to
respond to treatment with taxane analogs (246–252). The
most advanced studies of ixabepilone are in patients with
metastatic breast cancer, and an impressive degree of clinical
activity has been noted in breast cancer patients whose
tumors are clearly refractory to taxanes (248). A phase 2 trial
of patupilone in patients with ovarian cancer refractory to
platinating agents has recently been completed and prelimi-
nary data indicate a modest degree of activity (247). Similarly,
promising antitumor activity has been noted in ovarian can-
cer patients treated with other epothilone analogs, including
major responses in 4 (31%) of 13 eligible ovarian cancer
patients in first or second relapse and a platinum-free interval
of less than 6 months following treatment with the fully syn-
thetic epothilone B analog ZK-EPO (Scherring AG, Berlin,
Germany) (240,252).

Other natural products and semisynthetic antimicrotubule
agents that are in clinical development interact with tubulin in
the Vinca-alkaloid or colchicine-binding domains (240,243).
Among the best characterized are the dolastatins, which con-
sist of a series of oligopeptides isolated from the sea hare
Dolabella auricularia (253–255). Two of the most potent
dolastatins, dolastatin-10 and -15, noncompetitively inhibit
the binding of Vinca alkaloids to tubulin, inhibit tubulin poly-
merization and tubulin-dependent GTP hydrolysis, stabilize
the colchicine-binding activity of tubulin, and have cytotoxic
activity in the picomolar to low nanomolar range. Dolastatin-
10 and the semisynthetic dolastatin analogs depsipeptide tasi-
dotin (ILX651; Genzyme, Boston, Massachusetts, USA) and
TZT-1027 (Daiichi, Tokyo, Japan), which bind in the Vinca
domain, are undergoing clinical development (254–258).

Phomopsin A, halichondrin B, homohalichondrin B, and
spongistatin 1, which competitively inhibit Vinca alkaloid
binding to tubulin, are being evaluated in preclinical or early
clinical evaluations (240,243,259–262). Halichondrin B
(E7389; Eisai, Ridgefield Park, New Jersey, USA), a large
polyether macrolide originally isolated from the marine
sponge Halichondria okadai, and two less complex synthetic
macrocyclic ketone analogs, ER-076349 and ER-086526, are
in early clinical development (263,264). These compounds
bind to tubulin, inhibit tubulin polymerization, disrupt
mitotic spindle formation, induce mitotic arrest, and possess
growth inhibitory properties in the subnanomolar range and
show marked activity in preclinical studies. Experimental data
also suggest that tumors expressing higher levels of the βIII
tubulin isotype may be more responsive to treatment with
both E7389 and the hemiasterlin analog E7974 (Eisai). If con-
firmed clinically, such preclinical insights may lay the founda-
tion for preferentially treating patients whose tumors may be
particularly sensitive to these agents. E7389 has also demon-
strated clinical activity in patients with recurrent metastatic
breast cancer following treatment with taxanes, and clinical
evaluations are ongoing in ovarian cancer and other malig-
nancies. E7389 and HTI-286 (Wyeth), which are synthetic
forms of the natural product hemiasterlin derived from a
marine sponge (261,262), are also in clinical development
(265,266). Hemiasterlin and its analogs bind to the Vinca-
peptide site in tubulin, disrupt normal microtubule dynamics,
and depolymerize microtubules. HTI-286 also appears to be a
much weaker substrate for the P-glycoproteins than the Vinca
alkaloids and taxanes (240,243,261,262). 
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Targeting Established Tumor Vasculature

Most efforts targeting the tumor vasculature are aimed at
inhibiting tumor angiogenesis, but several antimicrotubule
agents disrupt existing tumor vasculature (267–270). Since
the late 1990s, the combretastatins and N-acetylcolchicinol-
O-phosphate, which bind to the colchicine-binding domain
on tubulin, have undergone clinical development as antivas-
cular agents. These agents include combretastatin-A-4 3-O-
phosphate, combretastatin A-1-phosphate (Oxigene, Waltham,
Massachusetts, USA), ZD6126 (AstraZeneca), and AVE8062A
(Sanofi-Aventis). Although several of these agents have exhib-
ited preliminary antitumor activity in early clinical evaluations,
cardiovascular toxicity has been problematic. Another experi-
mental agent, 5,6-dimethylxanthenone-4-acetic acid (DMXAA
or ASA404; Antisoma, London, UK, and Novartis), a small
molecule, has demonstrated robust antivascular and antitu-
mor activity in preclinical studies (270). DMXAA induces a
cascade of events leading to the release of vasoactive sub-
stances, including serotonin, TNF, and nitric oxide, from host
cells, as well as hemorrhagic necrosis in experimental tumor
models (270). Clinical evaluations of DMXAA plus chemother-
apy in patients with ovarian cancer and other cancer types are
in progress (271). 

Targeting Mitotic Kinesins

Although tubulin is the most abundant protein component of
the mitotic spindle apparatus, many other proteins, particu-
larly mitotic kinesins, play critical roles in the mechanics of
mitosis and in progression through the premitotic cell cycle
checkpoint. Kinesins are motor proteins that translate chemical
energy released by the hydrolysis of adenosine triphosphate
into mechanical force for movement along microtubules,
transport of many types of cargo, and the intracellular organi-
zation of the mitotic spindle and other microtubule-containing
structures (272–274). 

The mitotic kinesins are a subgroup of kinesin motor pro-
teins that function exclusively in mitosis in proliferating cells
(272). During mitosis, different, highly specialized mitotic
kinesins play critical roles in various aspects of mitotic spindle
assembly, including the establishment of spindle bipolarity,
spindle pole organization, chromosome alignment and segre-
gation, and regulation of microtubule dynamics. The estab-
lishment of mitotic spindle bipolarity is among the earliest
events in spindle assembly and it requires the kinesin motor
protein KSP (also known as Eg5), which has no known role
other than that played in mitosis (272). The low expression of
KSP mRNA in normal tissues is consistent with preferential
expression of KSP in proliferating cells relative to normal
adjacent tissues. As essential elements in mitotic spindle
assembly and function, KSP and mitotic kinesins provide
attractive targets for intervention to thwart the cell cycle. A
therapeutic targeting KSP may prove at least as effective as the
taxanes and Vinca alkaloids without the potential for neuro-
toxicity or other adverse effects associated with interfering
with tubulin function in nondividing cells. Furthermore, com-
binations of therapeutics targeting KSP and tubulin dynamics
may exhibit additive or synergistic cytotoxicity. Ispinesib (SB-
715992; Glaxo SmithKline, and Cytokinetics, South San
Francisco, California, USA), a polycyclic, nitrogen-containing
heterocycle, was the first KSP-targeting therapeutic to enter
clinical trials (273). The agent, which is 10,000-fold more
selective for KSP relative to other members of the kinesin
superfamily, blocks assembly of functional mitotic spindles,
thereby causing cell cycle arrest in mitosis and cell death
(273). Ispinesib has demonstrated objective antitumor activity
in patients with breast and ovarian cancers; however, activity

noted in ovarian cancer has been modest to date (275,276).
Other KSP inhibitors, some of which have increased potency
and/or specificity for KSP, including SB-743921 (Glaxo
SmithKline and Cytokinetics), MK-0731 (Merck), ARRY-649
(Array Biopharma, Boulder, Colorado, USA), are in early clinical
investigations (277–279).

Targeting Mitotic Kinases

Several mitotic kinases, particularly the aurora kinases, are
being assessed as strategic targets for anticancer therapeutic
development (274,280–284). The aurora kinases, which
encompass three known family members known as aurora-A, -
B, and -C, regulate chromosome segregation and cytokinesis
during mitosis. Aberrant expression and activity of these
kinases, which may lead to aneuploidy and tumorigenesis,
occur in many types of human cancer. Additionally, aurora-A
and -B kinases have distinct roles in mitosis. Aurora-A kinase,
which is typically found in the pericentrosomal region, recruits
several important components to the mitotic spindle, such as
γ-tubulin, while the mitotic spindle is forming from the daugh-
ter centrosomes (285). In addition, aurora-A kinase is over-
expressed in a large proportion of ovarian cancers and is
associated with centrosome amplification and poor survival,
rendering it a potential useful prognostic marker and therapeu-
tic target (286). Alternatively, aurora-B kinase is localized to the
interphase chromosomes proximal to the centromer, and as
chromosome condensation occurs at the start of mitosis, both
aurora-A and -B kinases share responsibility for phosphorylat-
ing histone H3 (274,280,281). In addition, both kinases have
distinct roles in the function of the contractile ring that partici-
pates in the formation of two daughter cells. Aurora-C kinase
appears to have a highly specialized, albeit as  yet undeter-
mined, role in mitosis. Recently, highly potent and selective
small-molecule inhibitors of aurora-A and -B kinases, including
VX-680 (also known as MK-0457, Cambridge, Massachusetts,
USA), MLN-8054 (Millennium, Cambridge, Massachusetts,
USA), AS703569 (R763) (Rigel Pharmaceuticals, South San
Francisco, California, USA), and AZD1152 (AstraZeneca),
which block cell cycle progression and induce apoptosis in
experimental models of human cancer, have entered clinical
development (287–290). Early results indicate that neutropenia
is their principal toxicity. 

Like the aurora family of kinases, the polo-like, Nek, and
other kinase families participate in the centrosome cycle and
modulate spindle function (274,280,282–284), while Bub1,
BubR1, and Mps1 kinases regulate the spindle assembly check-
point. Some members of these families, particularly the polo-like
kinases, are being evaluated as potential targets for therapeu-
tic intervention. Small-molecule inhibitors of polo-like kinase
that are in early clinical development include BI2536 (Boehringer
Ingelheim, Ingelheim, Germany) and ON01910.Na (Onconova,
Lawrenceville, New Jersey, USA), and have demonstrated
broad-spectrum antitumor activity against both solid and
hematologic malignancy in preclinical studies, as well as syn-
ergistic activity when combined with some types of cytotoxic
agents (291, 292).

RADIATION THERAPY: ADVANCES
IN THE 21st CENTURY

Radiation therapy (RT) has been used in the treatment of
gynecologic malignancies for more than a century (293).
Over the years, numerous technologic advancements have
been introduced, including high-energy (megavoltage) linear
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accelerators, high-dose-rate (HDR) brachytherapy, and com-
puted tomography (CT)-based treatment planning. These and
other important innovations have markedly improved the
quality and delivery of radiation in women with gynecologic
tumors.

Despite such advancements, the basic approach to the plan-
ning and delivery of radiation in these patients has remained
relatively unchanged. This is particularly the case with external
beam RT. After determining the site to be treated, a limited
number of treatment fields (typically two to four) are selected.
Select variables (e.g., beam energy, weighting) are then altered
iteratively, producing a treatment plan that irradiates the target
tissues while avoiding, as best as possible, the nearby normal
tissues. Finally, fields are shaped with customized blocks to further
reduce the dose to neighboring normal tissues. 

Intensity-Modulated Radiation Therapy

In recent years, a novel approach to the planning and delivery of
radiation has been introduced, known as intensity-modulated
RT (IMRT) (294,295). Unlike conventional RT approaches,
IMRT conforms the radiation dose to the shape of the target
tissues in three dimensions (3D), thereby sparing the nearby
normal tissues. While used predominantly in patients with
head and neck tumors and prostate cancer, increasing interest
has been focused recently on IMRT in gynecology patients. In
fact, in a recent practice survey of IMRT use in the United
States (296), gynecologic tumors were the fourth most com-
mon site treated with IMRT, with 35% of respondents report-
ing having treated a gynecology patient. 

The majority of the IMRT literature to date has focused on
head and neck tumors and prostate cancer (297–300). In these
sites, IMRT has been associated with lower rates of adverse
treatment sequelae due to reductions in the volume of normal
tissues irradiated. Reducing the irradiation of normal tissues
has also allowed the delivery of higher than conventional
doses, improving tumor control. The rationale underlying
IMRT in gynecology patients is similar. Standard approaches
result in the irradiation of considerable volumes of normal tis-
sues, exposing women to a wide range of untoward sequelae,
particularly related to the gastrointestinal tract (301,302).
Sparing of normal tissues also allows the use of higher doses,
an appealing approach in patients at high risk for locoregional
recurrence (303,304). IMRT may also provide a means of treat-
ing cervical cancer patients unable to undergo brachytherapy,
improving their chance of cure (305).

IMRT and Inverse Planning

IMRT is an advanced form of 3D conformal RT (3DCRT)
that utilizes computer-optimized intensity-modulated beams
to generate highly conformal dose distributions (306). Although
first used in the 1990s, the concepts underlying IMRT are not
new. In fact, IMRT was first proposed in the 1960s (307). Its
implementation in clinical practice, however, had to await the
development of sophisticated computerized optimization pro-
grams (308).

Unlike conventional approaches, IMRT planning is an
inverse process whereby the treatment planner delineates the
target and normal tissues on a planning CT scan (309).
Specific dose-volume constraints are then entered for the tar-
get and normal tissues and the optimization program gener-
ates a treatment plan that best satisfies these goals. This
approach is distinguished from the trial-and-error forward
conventional planning method. Inverse planning is a powerful
tool. Whereas conventional approaches result in an acceptable
plan, inverse planning generates the optimal one.

During the optimization process, each radiation beam is
divided by the computer into small “beamlets” whose inten-
sity is varied until the desired dose distribution is obtained.
The resultant intensity profile of each beam is often quite
complex and cannot be determined manually (Fig. 18.6).
When cast into a patient, these intensity-modulated beams
result in highly conformal dose distributions, which are nearly
always superior to those achieved with conventional planning,
particularly in patients with complex shaped targets (309).
Such plans are distinguished by rapid dose gradients outside
the target, resulting in considerable sparing of neighboring
normal tissues (306). An example IMRT plan in a gynecologic
patient is shown in Figure 18.7.

IMRT is typically delivered using a linear accelerator
equipped with a multileaf collimator whose “leaves” (typically
0.5 to 1.0 cm in width) move in and out of the beam’s path under
computer control (306,309). The longer the leaves remain
open at a particular position, the greater the intensity of radi-
ation. Other available approaches include helical Tomotherapy
and customized compensators. 
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FIGURE 18.6. Intensity profile of an intensity-modulated radiation
beam used in a patient with cervical cancer. Black regions represent
areas of high intensity, and white regions represent areas of low intensity.

FIGURE 18.7. Example IMRT in a patient with cervical cancer
undergoing posthysterectomy pelvic IMRT. Note that the high-dose
isodose lines conform to the laterally situated internal and external
iliac lymph nodes and the posteriorly situated presacral nodes. 
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IMRT Process
The IMRT process begins at simulation. Unlike in conven-
tional approaches, a contrast-enhanced planning CT scan is
performed, typically using a CT simulator. Attention is
focused on optimal patient immobilization, given the rapid
dose gradients in IMRT plans (306). At the University of
Chicago, an upper and lower body alpha cradle is fabricated
and indexed to the treatment table for gynecology patients
undergoing IMRT (310,311). Such an approach has improved
patient setup accuracy. Patients at most centers are simulated
and treated in the supine position. Others, however, favor
prone positioning (312). 

At simulation, bladder, rectal, oral, and intravenous con-
trast may be used to add in the visualization of the target and
normal tissues. Intravenous contrast is particularly useful
since the pelvic vessels serve as surrogates for the lymph
nodes. A vaginal marker is placed to identify the vaginal cuff.
Two targets are delineated on the planning CT: a gross target
(GTV) and a clinical target (CTV) volume (313). The GTV
consists of all visualizable tumor (primary and other sites
including enlarged lymph nodes). Unfortunately, the primary
tumor is often poorly visualized even when contrast is used.
Ongoing work is evaluating the incorporation of other imag-
ing modalities, for example, magnetic resonance imaging
(MRI) and positron emission tomography (PET) (314), into
the planning process to improve target delineation (Fig. 18.8). 

The CTV in an individual gynecology patient undergoing
IMRT is a function of the tumor site treated. In women receiv-
ing adjuvant intensity-modulated pelvic RT, the CTV consists
of the upper vagina, parametria, presacral region, and pelvic
lymph nodes (common, internal, and external iliacs)
(310,311). Contrast-enhanced vessels are included with a 0.5- to
1.0-cm margin to cover the pelvic lymph nodes. In patients
with an intact uterus, the entire uterus is often included. If
more comprehensive volumes are treated, the CTV may also
include the para-aortic (315) and/or inguinal (316) lymph
nodes. The CTV is uniformly expanded at most centers by 
1 cm in three dimensions, creating a planning target volume
(PTV) to account for setup uncertainty and organ motion.

Normal tissues contoured on the planning CT scan may
include the bladder, rectum, and small bowel. The bone marrow
within the iliac crests is often outlined, particularly when
chemotherapy is planned (317–320). Controversy exists whether
the iliac crests alone should be contoured or all the pelvic bone
marrow sites (317). Recent data have suggested that delineation
of the active (red) marrow sites is possible by incorporating a
technetium 99m scan in the planning process (Fig. 18.9) (321).
Depending on the site treated, other normal structures may
include the kidneys (315) and femoral heads (316).

IMRT planning continues with dose specification. In most
gynecology patients undergoing pelvic IMRT, 45 Gy is delivered
in 1.8-Gy daily fractions. Given the inherent inhomogeneities

of IMRT planning, larger fractions are not recommended.
More complicated dose prescriptions are used in women
undergoing a simultaneous integrated boost (SIB), where dif-
ferent parts of the target receive different daily (and total)
doses (317,322). If the whole abdomen is treated, 30 Gy in
150-cGy daily fractions is recommended (311).

A more challenging task is the specification of dose-volume
constraints for the PTV and normal tissues. Such constraints
serve as input parameters used in the inverse planning opti-
mization process and are entered in the form of dose-volume
histograms (DVH), a graphical representation of the volume of
an organ receiving a particular dose. Priority is given to PTV
coverage. However, in all IMRT plans, a small percentage of
the PTV may receive below the prescription dose. A common
approach is to cover �98% of the PTV with the prescription
dose. Input parameters for the normal tissues are less intuitive.
The parameters used in intensity-modulated whole pelvic radi-
ation therapy (IM-WPRT) patients treated at our center were
derived empirically over a number of years (Table 18.2). The
goal for most normal tissues is to minimize the volume receiv-
ing high doses (323). In other organs, however, the volume
receiving low doses may be equally or more important (319). 

Albeit many aspects of IMRT planning are automated, one
still selects the number of beams, and their angles and energy.
Typically, seven or nine equally spaced coplanar beams are
used (51.4- and 40.0-degree increments, respectively) deliv-
ered with 6- or 15-MV photons. Fewer beams result in poorer
conformity; more beams do not improve the overall quality of
the plan. At other centers, other beam configurations are used.
In the future, beam number and configuration may be incor-
porated in the optimization process (324). 

Using inverse planning, the treatment-planning computer
then generates a dose distribution that best satisfies the input
constraints. At most centers, a number of potential plans are
generated by varying the input parameters. Plan evaluation
and selection is a time-consuming process. Each plan is evalu-
ated qualitatively slice by slice for dose conformity and the
presence and magnitude of hot and cold spots. Each plan is
also evaluated quantitatively by assessing the PTV and normal
tissue DVHs. A reasonable approach is to ensure that �98%
of the PTV receives the prescription dose. Cold spots should
only be considered acceptable along the periphery of the PTV;
they are never acceptable within the CTV, particularly within
the GTV. Similarly, hot spots should be minimized, particu-
larly along the anterior rectal and posterior bladder walls in
patients subsequently undergoing brachytherapy. 

Both before and during IMRT, rigorous quality assurance
(QA) is essential. A full discussion of QA procedures used in
these patients is beyond the scope of this text and interested
readers are referred elsewhere (311). Several QA procedures
including independent monitor unit checks and verification of
calculated IMRT dose distributions using both phantom and
film dosimetry have been proposed.
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FIGURE 18.8. (See color plate section.)
Axial PET and CT images showing a posi-
tive para-aortic lymph node and the kidneys
in a patient with cervical cancer. Source:
Printed with permission from Mutic S,
Malyapa RS, Grigsby PW, et al. PET-guided
IMRT for cervical carcinoma with positive
para-aortic lymph nodes—a dose-escalation
treatment planning study. Int J Radiat Oncol
Biol Phys 2003;55:28–35.
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FIGURE 18.9. (See color plate section.) Overlay of
SPECT bone marrow images on planning CT images.
(A) Lumbar vertebrae; (B) lumbar vertebrae and iliac
crests; (C) sacrum and iliac crest; (D) mid-pelvis; (E) hip;
and (F) pubic symphysis. Source: Printed with permission
from Roeske JC, Lujan AE, Mundt AJ. Incorporation of
SPECT bone marrow imaging into IMRT planning in
gynecology patients undergoing IM-WPRT. Presented at
the 6th International Conference on Dose, Time and
Fractionation. Madison, WI, September 23–26, 2001.

INPUT PLANNING PARAMETERS FOR IM-WPRT PATIENTS, UNIVERSITY 
OF CHICAGO

TA B L E  1 8 . 2  

Volume below 
Goal (Gy) goal (%) Minimum (Gy) Maximum (Gy)

PTV 45 3 42.8 47.3

Volume above 
Organ Limit (Gy) limit (Gy) Minimum (Gy) Maximum (Gy)

Bladder 35.1 40 27.9 42.8
Rectum 35.8 54 27.5 42.8
Small bowel 38.1 0 8.2 42.8

Note: IM-WPRT, intensity-modulated whole pelvic radiation therapy; PTV, planning target volume.
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Preclinical Data

Numerous investigators have compared IMRT and conven-
tional planning in gynecologic patients, demonstrating the
benefits of IMRT planning. Of note, most have focused on
women undergoing pelvic irradiation in an attempt to reduce
the volume of small bowel irradiated. Representative studies
are summarized in Table 18.3.

Roeske et al. (310) compared conventional and intensity-
modulated pelvic RT plans in ten gynecologic patients.
Although PTV coverage was similar, the volume of small
bowel receiving the prescription dose in the IMRT plans was
decreased by a factor of two (17.4% vs. 33.8%; p � 0.0005)
compared with the conventional approach. The volumes of
rectum and bladder irradiated were also reduced by 23%.
Other investigators have reported reductions in small bowel
irradiation using IMRT planning ranging from 40% to 70%
(326–328). Marked reductions in the volume of bladder and
rectum irradiated have also been reported (328).

While most attention has been focused on small bowel
sparing, Lujan et al. (317) demonstrated that IMRT planning
could also minimize the volume of pelvic bone marrow irradi-
ated in gynecology patients undergoing pelvic RT (Fig. 18.10).
Bone marrow (within the iliac crests) was contoured in ten
women and added as a constraint in the planning process.
Although the volume receiving 10 Gy was slightly increased,
IMRT planning reduced the bone marrow volume treated at
all dose levels above 15 Gy, an important finding given the
exquisite radiosensitivity of bone marrow. Of note, the addi-
tion of bone marrow as a constraint did not compromise PTV
coverage or the sparing of other normal tissues.

Several investigators have evaluated IMRT planning in
gynecologic patients treated with more comprehensive fields.
In ten locally advanced cervical cancer patients undergoing
extended field (pelvic plus para-aortic) RT, Portelance et al.
(315) noted significant reductions in the small bowel, bladder,
and rectum using IMRT planning compared to conventional
two- or four-field approaches. Hong et al. (329) evaluated
IMRT planning in ten endometrial cancer patients undergoing
whole abdomen radiation therapy (WART). PTV coverage
was improved, particularly near the kidneys (under the con-
ventional blocks). Moreover, the volume of pelvic bones (and
thus bone marrow) receiving 21 Gy or higher was reduced by
60% (Fig. 18.11). Duthoy et al. similarly noted a benefit to
IMRT planning in gynecology patients undergoing WART (328). 

Several IMRT studies have focused on gynecologic patients
undergoing pelvic-inguinal RT. In vulvar cancer patients,
Beriwal et al. (330) noted improved sparing of the small bowel

and rectum using IMRT. Garofalo et al. (316) reported that
IMRT planning reduced the volume of all normal tissues irra-
diated, including the small bowel, bladder, rectum, and bone
marrow. Of particular note, the dose to the femoral heads was
also significantly reduced. In contrast, Gilroy et al. (331) noted
that higher doses to the pelvic tissues and greater setup com-
plexity were seen with IMRT. However, the sole goal of this
study was to reduce the dose to the femoral heads. No attempt
was made to spare the small bowel and other pelvic tissues.

IMRT has also been evaluated as a means to deliver higher
than conventional doses in gynecology patients. Lujan et al.
(320) found that dose escalation was feasible using an SIB
technique in patients with involved pelvic nodes, without
compromising normal tissue sparing. Mutic et al. (314) pro-
posed a PET-guided SIB approach to irradiate involved para-
aortic lymph nodes in advanced cervical cancer patients. In
their exploratory study, 59.4 Gy could be delivered to PET-
positive para-aortic nodes, while maintaining acceptable doses
to the normal tissues. Kavanagh et al. (322,332) presented an
SIB technique to treat the primary tumor and/or involved
lymph nodes to higher dose in cervical cancer patients. Others
have reported similar results using the SIB approach in
patients with involved para-aortic lymph nodes (333). 

IMRT as an alternative for brachytherapy has received
considerable attention (305,334). In cervical cancer patients
unable to receive brachytherapy, Roeske and Mundt (335)
found that a total dose of 75 Gy or higher was feasible with
IMRT. Select patients could receive doses as high as 81 Gy to
the residual tumor. Low et al. (336) proposed a technique
known as applicator-guided IMRT as a replacement for
brachytherapy. As envisioned, an applicator would be placed
in the cervix to localize the tumor and reproducibly position
the bladder and rectum during treatment. MRI and/or PET
imaging would be used to delineate the tumor with treatment
delivered using conventional HDR dose schedules.

Clinical Studies

Mundt et al. (337,338) have provided a series of detailed
analyses of acute gastrointestinal toxicity in gynecology
patients undergoing intensity-modulated pelvic RT. In their
most recent analysis (338), acute gastrointestinal sequelae
were compared in 40 IMRT and 35 conventional RT patients,
with the two groups well balanced in terms of tumor site,
stage, surgery, radiation dose, and chemotherapy. IMRT was
found to be associated with less grade 2 or higher acute gastroin-
testinal toxicity (60% vs. 91%; p � 0.002) than conventional
RT. Moreover, the percentage of IMRT and conventional pelvic
RT patients requiring no (or only infrequent) antidiarrheal
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DOSIMETRIC STUDIES COMPARING CONVENTIONAL AND INTENSITY-
MODULATED PELVIC RADIOTHERAPY IN GYNECOLOGIC TUMOR PATIENTS

TA B L E  1 8 . 3  

Reduction in volume receiving prescription dose using IMRT

Author Bowel Bladder Rectum

Roeske et al. (310) ↓50% ↓23% ↓23%
Ahamad et al. (327) ↓40% to 63%a NS NS
Chen et al. (325) ↓70% ↓b ↓b

Heron et al. (326) ↓51%c ↓31%c ↓66%c

Note: IMRT, intensity-modulated radiation therapy, NS, not stated.
aDependent on planning target volume expansion used.
bData not shown.
cReduction in percent volume receiving 30 Gy or higher.
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medications was 75% and 34%, respectively (p � 0.001).
Although less urinary toxicity (10% vs. 20%) was observed,
this difference failed to reach statistical significance (p � 0.22).

These investigators have recently evaluated chronic gastroin-
testinal toxicity in a cohort of 30 gynecology patients treated
with intensity-modulated pelvic RT with a median follow-up
of 19.6 months (339). Compared to conventional pelvic RT

patients, IMRT patients experienced less chronic gastrointesti-
nal sequelae (11.1% vs. 50.0%; p � 0.001). On multivariate
analysis controlling for age, stage, chemotherapy, surgery, and
length of follow-up, IMRT was correlated with less chronic
toxicity (p � 0.01; odds ratio [OR] 0.16; 95% CI, 0.04 to 0.67).

Others have similarly reported favorable acute and chronic
toxicity profiles in gynecology patients undergoing IMRT
(340), even those treated to more comprehensive volumes
(341,342). For example, Gerszten et al. treated 22 locally
advanced cervical cancer patients with a SIB IMRT technique
(341). PET-positive para-aortic lymph nodes received 55 Gy in
2.2-Gy fractions, while the remainder of the pelvis and para-
aortic regions received 45 Gy in 1.8-Gy fractions. All patients
received concomitant cisplatin. No patient developed grade 3 or
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FIGURE 18.10. (See color plate section.) Axial CT slices of a cervical
cancer patient undergoing postoperative IMRT: (A) bone marrow
sparing IMRT plan with isodose lines bending medially away from the
iliac crest bone marrow, (B) IMRT plan without bone marrow as a
constraint, and (C) conventional four-field box pelvic RT plan showing
bone marrow almost entirely enclosed by the 40% isodose line.
Source: Printed with permission from Lujan AE, Mundt AJ, Yamada
SD, et al. Intensity-modulated radiation therapy as a means of reduc-
ing dose to bone marrow in gynecologic patients receiving whole pelvic
radiation therapy. Int J Radiat Oncol Biol Phys 2003;57:516–521.
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FIGURE 18.11. (See color plate section.) IMRT and conventional
plan comparison in a gynecology patient treated with whole abdominal
irradiation. A: IMRT plan with five gantry angles. B: IMRT plan with
nine gantry angles. C: Conventional plan with kidney blocks. Source:
Printed with permission from Hong L, Alektiar K, Chui C, et al. IMRT
of large fields: whole abdomen irradiation. Int J Radiat Oncol Biol
Phys 2002;54:278–289.
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higher acute sequelae. Grade 2 or higher acute gastrointestinal
and genitourinary toxicity was noted in 10% and 10% of
patients, respectively. 

Brixey et al. (318) compared the acute hematologic toxicity
in women undergoing intensity-modulated versus conventional
pelvic RT. Whereas sequelae were infrequent in RT alone
patients, conventional RT patients treated with concomitant
chemotherapy developed more grade �2 leukopenia (60% vs.
31.2%; p � 0.08) and a lower white blood cell count nadir
(2.8 vs. 3.6; p � 0.05) than IMRT plus chemotherapy patients.
The conventional RT patients also developed a lower absolute
neutrophil count nadir (1,874 vs. 2,669; p � 0.04). Of note,
these benefits were realized even though bone marrow was not
entered as a constraint in the planning process, but was simply
spared owing to the highly conformal nature of the IMRT plans.

In a recent analysis, Mell et al. (319) reported the impor-
tance of sparing all pelvic bone marrow sites in gynecology
patients undergoing concomitant chemotherapy and pelvic
IMRT, not simply the bone marrow within the iliac crests.
Patients in whom the total pelvic bone marrow receiving 10
Gy or higher (V10) was �90% had a higher rate of grade �2
leukopenia (73.7% vs. 11.1%, p � 0.01) compared to those in
whom the pelvic bone marrow V10 was �90%. The correspond-
ing rates of having one or more chemotherapy cycles held
were 47.4% and 16.7%, respectively (p � 0.08). 

As gynecologic IMRT matures, an increasing number of
studies focused on tumor control have been published. Knab
et al. (343) treated 31 stage I-III endometrial cancer patients
with adjuvant intensity-modulated pelvic RT following hys-
terectomy. At a median follow-up of 24 months, no pelvic
recurrences were seen. Similarly, Beriwal et al. (340) noted no
pelvic failures in 47 endometrial cancer patients undergoing
adjuvant intensity-modulated pelvic RT at a median follow-up
of 20 months. 

Two series have reported the outcomes of intact cervical
cancer patients undergoing IMRT (344,345). Kochanski et al.
treated 44 stage IB-IIIB cervical cancer patients with intensity-
modulated pelvic RT (nearly all received concomitant
chemotherapy) followed by intracavitary brachytherapy
(344). At a median follow-up of 23 months, the 3-year actuar-
ial pelvic control in the stage I-IIA and stage IIB-IIIB patients
was 93% and 53%, respectively. Beriwal et al. (345) reported
an 80% pelvic control rate in 36 stage IB-IVA cervical cancer
patients at a median follow-up of 18 months. 

Excellent pelvic control rates have been reported in cervical
cancer patients undergoing IMRT following radical hysterec-
tomy. In a series of 18 clinical stage I-II patients (many with
positive pelvic lymph nodes) treated with adjuvant pelvic
IMRT, Kochanski et al. (344) reported a 3-year pelvic control
of 94%. Chen et al. (346) noted a 93% pelvic control in a sim-
ilar group of patients treated with intensity-modulated pelvic
RT, all of whom received concomitant chemotherapy. 

Based on these promising results, the Radiation Therapy
Oncology Group (RTOG) has launched a multi-institution
phase 2 trial (RTOG 0418) evaluating the tolerance and effi-
cacy of IMRT in gynecology patients following hysterectomy.
The results of this important trial will help establish the role of
IMRT in these women. 

Future Directions

Just as IMRT is becoming increasingly accepted in gyneco-
logic cancer patients, the next revolution has begun, namely,
image-guided RT (IGRT). IGRT involves the use of imaging to
improve target delineation and treatment delivery. 

In terms of its role in target delineation, as described earlier
in this chapter, promising approaches have been developed
incorporating PET (314,333) and SPECT (321) in the IMRT

planning process. PET may be extended to the planning of
brachytherapy in cervical cancer patients (347). MRI may also
prove beneficial (348), in particular, nanoparticle-enhanced
MRI techniques to improve the delineation of pelvic lymph
node regions (Fig. 18.12) (348). 

Numerous vendors have recently introduced in-room
imaging solutions allowing patients to be imaged daily in the
treatment room on the treatment table immediately prior to
treatment. Several vendors have developed on-board imaging
devices, consisting of x-ray imagers mounted to the linac
gantry providing the means to generate high-quality planar
and volumetric images (Fig. 18.13). Such techniques may sub-
stantially improve the ability to accurately align patients on
the table, reducing the need for large safety margins around
the target tissues. More importantly, daily imaging may
address concerns about internal organ motion, particularly in
patients with an intact uterus undergoing IMRT (349).

Perhaps the most exciting application of IGRT, however, is
the potential to adapt treatment to changes in the tumor during
treatment. It is well known that cervical cancers respond
rapidly during pelvic RT. Consequently, the highly conformal
IMRT plans generated prior to treatment may no longer be
optimal during therapy. Van de Bunt et al. illustrated this prob-
lem by performing MRI scans on 14 cervical cancer patients
undergoing definitive irradiation prior to treatment and after
30 Gy (349). On average, the cervical tumor decreased by 46%
in size (Fig. 18.14). Replanning significantly improved the
sparing of the rectum in these patients. Moreover, in patients
with bulky cervical tumor (�30 cc), replanning also improved
sparing of the small bowel. 

The clinical application of adaptive IGRT approaches is not
yet ready for prime time. Numerous hurdles need to be first
overcome. For example, rapid and accurate automated seg-
mentation programs are needed. Moreover, deformable image
registration programs are required to allow doses to be accu-
rately calculated as the anatomy changes. Finally, additional
computational power is also needed to allow segmentation,
deformable registration, and reoptimization to be performed in
a timely fashion, preferably while the patient is on the treat-
ment table. All of these topics are currently the subject of active
research. 

Conclusion

IMRT represents a true revolution in the treatment of gyneco-
logic tumors. Preclinical and clinical data have been extremely
promising to date, suggesting that IMRT can improve the plan-
ning and delivery of radiation in these patients. Nonetheless,
carefully designed prospective clinical trials are needed to fully
ascertain the potential benefits and risks of IMRT in gynecol-
ogy patients. Attention is now turning to IGRT approaches,
both to improve target delineation and treatment delivery, in
patients undergoing IMRT. It is hoped one day that true adap-
tive image-guided IMRT will be a reality in these patients. 

ADVANCES IN FERTILITY-SPARING
SURGERY

Minimally invasive and laparoscopic surgery for gynecologic
oncology are discussed in detail in other chapters. The utility
of advanced operative laparoscopy in gynecologic oncology
expanded following advancements in laparoscopic retroperi-
toneal surgery, particularly pelvic and aortic lymphadenec-
tomy. The performance of a laparoscopic retroperitoneal
dissection opened the door for more advanced laparoscopic
gynecologic cancer applications and operations, including the
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FIGURE 18.12. (See color plate section.)
Guidelines for CTV delineation for gynecologic
tumors to cover the common iliac (CI), subaortic
presacral (PS), internal iliac (II), obturator (Ob),
and medial (EIm) and anterior (EIa) external iliac
lymph nodes based on nanoparticle-directed MR
imaging. Source: Printed with permission from
Taylor A, Rockall AG, Reznek RH, et al. Mapping
pelvic lymph nodes: guidelines for delineation in
intensity-modulated radiotherapy. Int J Radiat Oncol
Biol Phys 2005;63:1604–1612.

revival of radical vaginal surgery (350) and the complete
laparoscopic management and staging of selected patients
with a variety of gynecologic malignancies. The potential
oncologic effects of laparoscopy and pneumoperitoneum will
continue to be debated (351); however, the results from
emerging clinical trials and published retrospective series are
reassuring.

Fertility-Sparing Radical Trachelectomy 
for Stage I Cervical Cancer

This operation is a major innovation in the surgical therapy of
early cervical cancer, and the laparoscopic/vaginal approach is
described well under the laparoscopy chapter in this book. 

Although the concept of a radical abdominal trachelectomy
was described and performed on women with cervical cancer
by Aburel in Rumania in the last century (352,353), the

abdominal procedure initially did not become popular, and
fertility-sparing surgery in cervical cancer remained limited to
conization for women with very early lesions and a strong
desire to retain reproductive function. The radical vaginal
approach to trachelectomy was developed by Professor Daniel
Dargent in 1987 in France (354). It is a modification of the
radical vaginal hysterectomy with two main purposes: treat
early cervical cancer, and preserve uterine morphology and
reproductive function. One of the main advantages in learning
the radical vaginal hysterectomy is that the experience gained
allows the surgeon to offer radical trachelectomy to selected
young women with early invasive cervical cancer who wish to
preserve their fertility (355). To date, several series are avail-
able in the English literature to document feasibility and
safety, and many healthy births have been documented in
women treated for early cervical cancer with this approach,
including a case of pregnancy after radical trachelectomy and
pelvic irradiation (356). The general eligibility criteria for
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radical vaginal trachelectomy vary but may include women
age less than 44 with a very strong desire to preserve fertility,
no clinical evidence of impaired fertility, lesion size less than 3
cm, FIGO stage IA-IB1 lesions, no involvement of the upper
endocervical canal, and negative regional lymph nodes (357).

In a series of 96 radical trachelectomies performed between
April 1987 and May 2002 at Hospital Edouard Herriot in Lyon,
France, one second cancer (bilateral suprarenal glands cancer)
and four recurrences were observed (358). The retrospective

unifactorial analysis demonstrated that the maximal tumoral
diameter (2 cm or more) and the depth of infiltration (1 cm or
more) were the only two significant factors of risk. Age less
than 30 years and the presence of lymphovascular space
involvement were likely to be risk factors, but the level of sta-
tistical significance was not reached. Histology other than
squamous, infiltration of the parametrium, and involvement of
the vaginal cuff had no prognosis impact. The chances for recur-
rence were 19% for patients affected by a tumor 2 cm or more
and 25% for the patients affected by a tumor 2 cm or more with
a depth of infiltration 1 cm or more (358). 

Technique of Radical Vaginal Trachelectomy

A laparoscopic pelvic with or without para-aortic node dissec-
tion is completed and multiple frozen sections are obtained
from selected nodal packages and any suspicious nodes. Once all
frozen sections are negative the vaginal component is started. 

Cystoscopy and the insertion of bilateral temporary retro-
grade ureteral catheters are at the surgeon’s discretion (359).
The catheters may help identify the ureters in difficult cases
and are removed at the end of the procedure. If there is con-
cern of ureteral injury, the catheter can be changed over a
guide wire to a double-J stent. The stent may be left in place
for 4 to 6 weeks.

The radical vaginal trachelectomy is begun by delineating
an adequate vaginal margin (usually 1 to 2 cm). Eight Kocher
clamps are placed circumferentially around the cervix on the
vaginal mucosa. A dilute solution of vasopressin is used to lib-
erally inject the vaginal mucosa between the Kocher clamps
(Fig. 18.15). This step helps separate the planes of dissection.

The assistants place two Brieski vaginal wall retractors at
the 2 and 10 o’clock positions. A scalpel is now used to circum-
ferentially incise the vaginal mucosa. The lateral incisions are
shallow and the anterior and posterior incisions are deep. The
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FIGURE 18.13. Varian Medical Systems on-board imaging (OBI)
system with the electronic portal imaging device (EPID) mounted at
right angles to the megavoltage beam. 
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FIGURE 18.14. (See color plate sec-
tion.) Delineation on magnetic reso-
nance images of a patient with
cervical cancer undergoing definitive
RT: (A) pretreatment sagittal, (B)
intratreatment sagittal, (C) pre-treat-
ment axial, and (D) intratreatment
axial. Note the significant decrease in
size of the bulky central cervical
tumor. Source: Reprinted with per-
mission from van de Bunt L, van der
Heide UA, Katelaars M, et al.
Conventional, conformal and inten-
sity-modulated radiation therapy
treatment planning of external beam
radiotherapy for cervical cancer: the
impact of tumor regression. Int J
Radiat Oncol Biol Phys 2006;64:
189–196.
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shallow lateral incisions allow traction to be put on the para-
metria and pulled downward.

The Kocher clamps can now be removed, and the anterior
and posterior vaginal mucosa can be folded over the ecto-
cervix. The Krobach clamps are aligned horizontally to keep
the ectocervix covered (Fig. 18.16).

The posterior cul de sac can now be sharply entered
(Fig. 18.17). This allows the uterosacral ligaments to be isolated
and the inferior portion of this ligament can be divided. By
releasing the posterior attachments there is greater uterine
descensus, which is helpful for the more difficult anterior
dissection.

The anterior portion of the dissection begins with sharply
developing the vesicouterine space. The posterior vaginal
retractor is removed, and the downward traction is placed on
the specimen with the Krobach clamps. During this portion
of the procedure, the surgeon should keep the axis of the scis-
sors perpendicular to the axis of the vagina. This maneuver
helps avoid tunneling into the bladder. Once the vesicouterine
space is developed, the paravesical spaces must be opened.
The left paravesical space is opened by placing two Kocher
clamps on the vaginal mucosa at the 1 and 3 o’clock posi-
tions. By doing such, a small dimple is noted in between the
two Kocher clamps. The Metzenbaum scissors are used to
gently spread this dimple, tunnel under the vaginal mucosa,
and enter the left paravesical space. The tissue between the
paravesical and vesicouterine space is the left bladder pillar.
The knee of the left ureter can now be palpated in the left
bladder pillar (Fig. 18.18).

The inferior aspect of the left bladder pillar can now be
transected. This frees the knee of the left ureter and allows it
to be pushed superiorly. After doing such, two curved Heaney
clamps can be placed across the parametrium to obtain an
adequate margin. The parametrium is now divided between
the two clamps, and the pedicle is secured with a suture liga-
ture. The cervicovaginal branch of the left uterine artery is
doubly clamped, divided, and secured with a suture ligature
(Fig. 18.19).

The procedures of opening the paravesicle space, dividing
the inferior aspect of the bladder pillar, and dividing the para-
metrium and cervicovaginal branch of the uterine artery are
repeated on the right side. Once the branches of the uterine
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FIGURE 18.15. Preparing the vaginal margin.

FIGURE 18.16. Incising the vaginal mucosa.

FIGURE 18.17. Posterior colpotomy.
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The vaginal mucosa can now be reapproximated to the cer-
vical stump to complete the vaginal portion of the procedure.
Laparoscopy is the final step in the procedure to ensure pelvic
hemostasis.

Fertility-Sparing Radical Abdominal
Trachelectomy for Cervical Carcinoma

Technique of Fertility-Sparing 
Radical Abdominal Trachelectomy

A laparotomy and a bilateral complete pelvic lymphadenec-
tomy are performed usually via a transverse lower abdominal
incision in a similar manner to patients undergoing a radical
abdominal hysterectomy. The limits of nodal dissection are
the deep circumflex iliac vein caudally and the proximal com-
mon iliac artery cephalad. Any suspicious lymph nodes are
sent for frozen-section analysis. A fertility-sparing approach
should be abandoned if positive lymph nodes are identified.
Sentinel lymph node identification is also a reasonable option
and may allow for pathologic ultrastaging of these sentinel
nodes. The removal of para-aortic nodes is also considered for
lesions of stage IB1 or greater.

The intent of the radical abdominal trachelectomy is to
resect the cervix, upper 1 to 2 cm of the vagina, parametrium,
and paracolpos in a similar manner to a type III radical
abdominal hysterectomy but sparing the uterine fundus or
corpus (Figs. 18.21 and 18.22). 

The procedure is begun by developing the paravesical and
pararectal spaces and dissecting the bladder caudal to the mid
vagina. The round ligaments are divided and large Kelly
clamps are placed on the medial round ligaments to manipu-
late the uterus. Care is taken not to destroy the cornu or the
utero-ovarian pedicles. The infundibulopelvic ligaments with
ovarian blood supply are kept intact. Care is also taken not to
injure the fallopian tubes or disrupt the utero-ovarian liga-
ment. The uterus is manipulated with clamps at the round lig-
aments or using a Collin-Buxton–type clamp (Fig. 18.23).

The uterine vessels are then ligated and divided at their
origin from the hypogastric vessels. The parametria and para-
colpos with uterine vessels are mobilized medially with the
specimen, and a complete ureterolysis is performed similar to
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FIGURE 18.18. Identifying the ureter.

FIGURE 18.19. Ligating the paracervical vessels.

FIGURE 18.20. Inserting permanent cerclage.

artery have been secured, the cervix can be amputated. An
endocervical and endometrial curettage is performed, and
frozen-section analysis is performed on the endocervical mar-
gin and endocervical/endometrial curettage. It is preferable to
leave one centimeter of cervical stump to place a cerclage with
permanent suture (Fig. 18.20).
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a type III radical abdominal hysterectomy. The posterior cul de
sac peritoneum is incised and the uterosacral ligament divided;
similarly, the parametria and paracolpos are divided. Using a
vaginal cylinder (Apple Medical Corporation, Marlborough,
Massachusetts, USA), the desired length of vaginectomy is
performed, and the specimen is completely separated from the
vagina (Fig. 18.24) and placed in the mid pelvis, keeping its
attachment to the utero-ovarian ligaments. Alternatively, a
Wertheim clamp can be placed at the desired length of the
vagina and the specimen separated (Fig. 18.25).
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FIGURE 18.22. The intent of the radical abdominal trachelectomy is
to resect the cervix and upper 1 to 2 cm of the vagina, parametrium,
and paracolpos in a similar manner to a type III radical abdominal
hysterectomy, but sparing the uterine corpus.

FIGURE 18.23. (See color plate section.) The uterus is manipulated
by clamps on the round ligaments, avoiding the utero-ovarian pedicles
or using a Collin-Buxton–type clamp.

FIGURE 18.24. (See color plate section.) After completely separating
the parametria, ligating the uterine vessels at their origins, and com-
pleting the ureterolysis, an anterior colotomy is performed, facilitated
by a vaginal cylinder (Apple Medical Corporation, Marlborough,
Massachusetts, USA).

FIGURE 18.25. (See color plate section.) Alternatively, a Wertheim
clamp can be used to determine the vaginal resection margin.

FIGURE 18.21. The intent of the radical abdominal trachelectomy is
to resect the cervix and upper 1 to 2 cm of the vagina.
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The lower uterine segment is then estimated (Fig. 18.26),
and clamps are placed at the level of the internal os. Using a
knife, the radical trachelectomy is completed by separating the
fundus from the isthmus or upper endocervix at approxi-
mately 5 mm below the level of the internal os, if possible
(Figs. 18.27 and 18.28). 

The uterine fundus with preserved attachments to the
utero-ovarian ligaments, placed in the superior part of the
pelvis, and the specimen, consisting of radical trachelectomy
and parametria with suture marking the vaginal cuff at 12
o’clock, is sent for frozen-section evaluation of its endocervi-
cal margin. The uterine fundus is inspected and curettage of
the endometrial cavity is performed as well as a shave disc
margin on the remaining cervical tissue, which is sent for
frozen-section analysis (Fig. 18.29A). This is performed to
ensure that the reconstructed uterus to vagina is disease free.
A frozen-section analysis is also obtained on the distal vaginal
margin, if clinically indicated (Fig. 18.29B–C). 
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FIGURE 18.26. Estimating the resection margin of abdominal trach-
electomy.

A

B

C

FIGURE 18.29. (See color plate section.) A: Endometrial and upper
endocervical curettage as well as a shave margin on the remaining tissue,
which is sent for frozen-section analysis prior to reconstruction. B: Frozen
section is obtained on the endocervical margin. C: Frozen section is
obtained circumferentially on the vaginal cuff, if needed.FIGURE 18.27. Clamps are placed at the level of the internal os.

FIGURE 18.28. (See color plate section.) Using a knife, the radical
trachelectomy is completed by separating the fundus from the isthmus
or upper endocervix at approximately 5 mm below the level of the
internal os, if possible.
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If all frozen sections tested are benign and at least a 5 mm
clear margin is obtained on the endocervical edge, a perma-
nent cerclage with #0 Ethibond on a free Ferguson needle
(knot tied posteriorly) may be placed prior to the reconstruc-
tion (Figs. 18.30 and 18.31). The uterus is reconstructed to
the upper vagina with six to eight #2-0 absorbable sutures
(Figs. 18.32–18.34). No drains are placed. Standard antibiotic
prophylaxis and routine postoperative care are prescribed.

An alternative approach would be to separate the fundus
from the cervix prior to the colpotomy, pack the fundus with
the intact utero-ovarian blood supply in the upper pelvis,

place retraction clamps on the cervix, and perform the radical
trachelectomy. The role of cystourethroscopy with bilateral
temporary ureteral catheterization is optional.

ROBOTICALLY ASSISTED
LAPAROSCOPIC SURGERY

The etymology of the word robot is from Czech (robota)
meaning compulsory labor. The word robot was first introduced
in Karel Capel’s play “Rossum’s Universal Robots” in Prague in
1921 (360). 
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FIGURE 18.30. A permanent cerclage with #0 Ethibond on a Ferguson
needle is placed.

FIGURE 18.31. Once the permanent cerclage is placed, the knot is
tied posteriorly.

FIGURE 18.32. Reconstruction of the uterine corpus to upper vagina
after the cerclage is placed.

FIGURE 18.33. (See color plate section.) The uterine fundus is reat-
tached to the vaginal apex with six to eight interrupted #2-0 absorbable
sutures.
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Industry has used mechanical robots successfully for fine,
delicate, repetitive tasks for decades. Recently, robots have
been introduced into clinical medicine and surgery. The initial
devices in the 1980s were used for stereotactic biopsies and
neurosurgery; however, currently more advanced systems are
routinely being used in cardiac, thoracic, orthopedic, urologic,
general, and gynecologic surgery.

Voice activation of some types of equipment in the operat-
ing room, such as the laparoscope or the light source, has also
become commonly available, and advances in computer soft-
ware have allowed a computer controller to translate a sur-
geon’s movements from the handles located in a console to the
robotic arms that hold the surgical instruments. This remote
console may be placed away from the surgical field.

Telerobotic surgery refers to the utilization of a surgical
system where the robot is manipulated by input devices under
the surgeon’s control and the surgeon may be remote from
the operating room. The approved telerobotic devices in the
United States that are used in gynecologic surgery are the
Intuitive Surgical daVinci System and the Computer Motion
AESOP (automated endoscopic system for optimal position-
ing) system. The ease of accomplishing difficult tasks and the
potential advantages over traditional laparoscopy are partly
due to the increased number of degrees of freedom, the vivid-
ness of the three-dimensional imaging, band filtration with
more precision, and less tremor. In addition, the sitting posi-
tion provides improved ergonomics and comfort by recreating
the eye-hand motor axis.

On the other hand, the potential disadvantages of the cur-
rent models are size and weight, limitation in surgical field,
cost, limited trocar and energy source options, and absence of
haptics (no sense of force feedback from the instruments).

Animal trials in telerobotic surgery have demonstrated
favorable results. Robotic technology has the potential to
make laparoscopic microsuturing easier. Robotics have been
used to perform uterine horn reanastomosis in a live porcine
model, and this application appeared safe in creating laparo-
scopic microsurgical anastomoses with adequate lumen
patency rates achieved during the acute phase and at 4-weeks
follow-up (361). In another pilot animal study, the feasibility
and safety of using a robotic device “Zeus” to perform com-
plex gynecologic surgery such as adnexectomy and hysterec-
tomy in ten female pigs was undertaken. After 1 week of
observation the animals were sacrificed and the surgical site

was explored. The procedures were uneventful and no compli-
cations were noted. The authors concluded that this technol-
ogy has the potential to be used for more complex gynecologic
procedures (362).

Clinical experience in gynecology is limited but increasing
as more surgeons are accepting minimally invasive approaches.
To date there are few published clinical trials. The initial trials
have focused on laparoscopic microsuturing such as that per-
formed during coronary bypass surgery or tubal anastomosis.
Preliminary results have demonstrated that laparoscopic coro-
nary bypass surgery with the internal mammary artery can be
achieved. 

In an initial study to compare robotic versus human
laparoscopic camera control, the AESOP was utilized in 50
patients undergoing routine gynecologic endoscopic surgical
procedures. The elimination of the camera holder allowed two
surgeons to perform complex laparoscopic surgery faster than
without the robotic arm (363).

Robotic surgery in gynecology appeared useful and applic-
able in performing laparoscopic microsurgical tubal reanasto-
mosis after tubal sterilization. Eight patients with previous
laparoscopic tubal sterilization who requested tubal reanasto-
mosis underwent laparoscopic tubal reanastomosis using a
remote-controlled robot. The robot, with three-dimensional
vision, allows the surgeon to perform ultra-precise manipula-
tions with intra-abdominal articulated instruments while pro-
viding the necessary degrees of freedom (364). Microsurgical
applications in gynecologic general surgery (robotic tubal
reanastomosis) appear to be acceptable indications for this
technology (365).

Recently, a case series of 11 patients reporting the use of
robotic surgery for performing hysterectomy and bilateral
salpingo-oophorectomy demonstrated feasibility and safety.
Four trocars were used: one for the camera, two for the robotic
arms controlled by the operating surgeon from the surgeon’s
console, and an additional port for use by the surgical assis-
tant. All patients tolerated the procedure and recovered satis-
factorily (366). The daVinci surgical system (Intuitive Surgical,
Mountainview, California, USA) has also been used to perform
endoscopic ovarian transposition. The ovaries were mobilized
on their respective infundibulopelvic ligaments and sutured to
the ipsilateral pericolic gutters (367). Trials and pilot investiga-
tions of telerobotic surgery in gynecologic oncology are ongo-
ing, and it appears that the utilization will continue to increase
to applications where the current device can be used in part of
the operation to perform a specific, highly precise objective
such as fine suturing or dissection.

In experienced hands, robotic operative times for simple
and radical hysterectomy appear shorter than those obtained
by conventional laparoscopy, and robotic technology may be
preferable to conventional laparoscopy for the surgical treat-
ment of selected gynecologic malignancies and complex oper-
ations for benign disease such as hysterectomy, myomectomy,
and extensive pelvic endometriosis (368).

In addition, robotic radical hysterectomy in early-stage cer-
vical carcinoma patients was also recently reported (369). No
conversions to laparotomy were observed in the robotic group.
Median operation time was 241 minutes and the authors
demonstrated technical feasibility of robotic-assisted laparo-
scopic radical hysterectomy in early-stage cervical carcinoma.

This technology will undoubtedly improve with full inte-
gration into new operating room systems, additional degrees
of freedom, small size devices, easier use, and improved optics
and surgical instrumentation. 

From investigations in nongynecologic applications, it
appears that the results of robotic-assisted surgery compare
favorably with those of conventional laparoscopy with respect
to mortality, complications, and length of stay. Robotic-
assisted surgery, in the pilot phase, appears safe and effective
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FIGURE 18.34. (See color plate section.) The reconstructed fundus
with remaining blood supply from the intact utero-ovarian ligaments—
uterine serosa without evidence of fundal ischemia. 
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and its role in surgery will likely expand as the technology
evolves; however, there are currently limited data to justify the
routine use of these systems over laparoscopy in terms of
patient outcomes or reduced complications (370). 
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DEFINITIONS AND
TERMINOLOGY OF PREINVASIVE

LESIONS OF THE LOWER
GENITAL TRACT

The terminology used to classify preinvasive lesions of the
lower genital tract has changed many times over the last 50
years and is continuing to do so. Unfortunately, these changes,
and the lack of a uniform terminology, have been an ongoing
source of confusion for the clinician. Despite recent attempts
to simplify the classification and make the terminology more
uniform, as much controversy exists today as existed 30 years
ago regarding the appropriate definitions of preinvasive
lesions of the lower genital tract.

Cervix—Squamous Lesions

For more than a century, it has been recognized that invasive
squamous cell carcinomas of the cervix are associated with
lesions histologically and cytologically identical to invasive
cervical carcinoma but that lack the capacity to invade the
subepithelial stroma. Because of their unique spatial and tem-
poral relationships with cervical cancer, these intraepithelial
lesions were referred to as carcinoma in situ. As cytology-based
cervical cancer screening programs were being introduced in
the 1950s it became clear that there were also squamous
epithelial abnormalities whose histologic and cytologic
features were less severe than carcinoma in situ. These lesions
were referred to as dysplasia and were often divided into three
grades (e.g., mild, moderate, or severe) based on the degree of
cytologic or histologic abnormality (5). Dysplastic lesions
were believed to represent lesions that were biologically less
ominous than carcinoma in situ. In the late 1960s a series of
descriptive studies that used a variety of techniques, including
electron microscopy, tissue culture, chromosome analysis,
DNA ploidy analysis, and radioautography, suggested that
dysplastic lesions, carcinoma in situ, and invasive carcinoma
formed a continuum rather than a series of discrete steps. In
1973, based on follow-up studies of patients with cervical
cancer precursor lesions and studies of the biology of these
lesions, Richart proposed that the term cervical intraepithelial
neoplasia (CIN) be used to encompass all forms of cervical
cancer precursor lesions, including dysplasia and carcinoma

INTRODUCTION
The high level of public and professional interest in various
aspects of preinvasive lesions of the lower genital tract is due
to many factors. Perhaps the most important is the marked
increase over the last four decades in the number of patients in
North America and Western Europe diagnosed with human
papillomavirus (HPV)-associated disease. This increase is due
partly to a heightened awareness of various clinical and
pathologic manifestations of HPV infections, the recent intro-
duction of prophylactic vaccines against specific high-risk
types of HPV, and to the increased use of highly sensitive
tests for the detection of HPV infections and cervical cancer
precursors. In addition, a real increase in the prevalence of
HPV infections appears to have taken place during this time.
HPV-associated genital tract disease is the most commonly
diagnosed sexually transmitted disease in the United States.
Over half of men and women who are sexually active will be
infected at some point in their lives. The Centers for Disease
Control and Prevention (CDC) estimates that approximately
20 million Americans 15 to 49 years of age are infected with
HPV (1). This represents approximately 15% of all individu-
als in this age group. About half of these are sexually active
adolescents and young adults 15 to 24 years of age. 

Cervical cancer precursors also appear to have increased
in prevalence over the last 2 decades in the United States
and Western Europe. According to the National Cancer
Institute’s Surveillance, Epidemiology, and End Results
(SEER) program, an increase in the incidence of high-grade
cervical cancer precursors began to be detected in the early
1980s in white women under the age of 50 in the United
States (2). In 1980 the incidence of carcinoma in situ of the
cervix in white women under the age of 50 years was 27 per
100,000; by 1995, it had increased to 41 per 100,000 women
(3). Currently, the median reporting rate for abnormal cervi-
cal cytology in the United States is approximately 9%, with
wide variations depending on the characteristics of the pop-
ulation screened and the particular cytology laboratory
being used (4). Based on rates of cytologic abnormalities
obtained by the College of American Pathologists, we can
estimate that approximately 1,548,000 women receive a
cytologic result of low-grade cervical cancer precursors each
year in the United States, and another 2,790,000 have
equivocal cytologic changes referred to as atypical squamous
cells (4).
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in situ (6). The CIN terminology divided cervical cancer pre-
cursor lesions into three groups or grades. CIN 1 corresponded
to mild dysplasia, and CIN 2 corresponded to moderate
dysplasia. Since studies had shown that pathologists could
not reproducibly distinguish between severe dysplasia and
carcinoma in situ, CIN 3 encompassed both of these lesions.
The CIN terminology stressed the concept that all cervical
cancer precursors formed a continuum and that lesions of all
grades of severity had the potential to progress to invasive
cancer if left untreated. Since the risk for progression of any
individual lesion is unknown (i.e., by light microscopy it is
impossible to categorize the lesions as to which will persist or
progress), the CIN terminology emphasized that all “precursor”
lesions should be treated. Inherent in this reasoning was the
acknowledgment that appropriate treatment and eradication
of precursors (irrespective of their histologic grade) greatly
reduces a patient’s risk for subsequently developing invasive
cervical cancer.

The CIN terminology provided information in a context
that made approaches to clinical management straightforward
and became the most widely used terminology for cervical can-
cer precursors. However, over the last 15 years, tremendous
advances in our understanding of the pathogenesis of cervical
cancer precursors have taken place. These advances have
changed both our pathologic nomenclature and our approach
to clinical management of cervical cancer precursor lesions. It
is now clear that the CIN (continuum) concept of cervical can-
cer precursors has certain limitations. For example, the spec-
trum of histologic changes grouped together as CIN is now rec-
ognized to represent two distinct biologic entities. One entity is
a productive HPV infection rather than a neoplasm or cancer
precursor. The characteristic histologic feature of a productive
HPV infection is the presence of HPV cytopathic effect (e.g.,
koilocytosis with multinucleation, perinuclear halos, nuclear
enlargement, and nuclear atypia). These productive HPV infec-
tions can be associated with any HPV type including “low-
risk” HPVs as well as “high-risk” or oncogenic HPV types.
The other HPV-associated biologic entity should be considered
to be an actual neoplasm or cancer precursor, rather than simply
a productive viral infection. These neoplasms or “true precur-
sors” are invariably monoclonal and are usually associated
with “high-risk” or oncogenic HPV types such as 16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73, or 82 (5,7). These
lesions are frequently aneuploid and often demonstrate specific
loss of heterozygosity (LOH) at chromosomal loci observed in
invasive cervical cancers (8,9).

These advances in our understanding of the biology of
preinvasive lesions of the cervix have led to suggestions that
the terminology used to refer to cervical cancer precursors be
modified (5). The proposed terminologies abolish the three-
tiered CIN 1, 2, and 3 classification and replace it with a two-
tiered classification. To allow histopathologic findings to be
easily correlated with cytologic findings, one of the proposed
classifications follows that of the Bethesda system for cyto-
logic diagnosis, which uses the terms “high-grade squamous
intraepithelial lesion” and “low-grade squamous intraepithe-
lial lesion” to report cytologic diagnoses (10). In this proposed
classification system, lesions previously classified as mild dys-
plasia, koilocytotic atypia, koilocytosis, flat condylomata, and
CIN 1 are grouped together into a single entity termed low-
grade squamous intraepithelial lesion (i.e., low-grade SIL or
LSIL), and lesions previously classified as CIN 2 and 3 are
grouped together into a single entity termed high-grade squa-
mous intraepithelial lesion (i.e., high-grade SIL or HSIL). A
similar modification of the CIN system of nomenclature was
also suggested. In this modified scheme CIN 1 was termed
low-grade CIN 1 and CIN 2 and 3 were combined under the
high-grade CIN 2,3 rubric. Table 19.1 compares the different
terminologies.

In this chapter we use a two-tiered terminology (e.g., CIN
1 and CIN 2,3) because it is the most widely used terminology
in the United States and was adopted for clinical guidelines at
the 2001 Consensus Conference, and a decision was made to
continue with this terminology for the 2006 Consensus
Guidelines (11,12). However, two points should be empha-
sized about the use of any terminology for cervical cancer pre-
cursors. First, it is important to remember that the histologic
appearance of a lesion does not unequivocally predict whether
it represents a simple productive viral infection or a neoplasm.
Although the majority of histologically high-grade lesions
contain “high-risk” or oncogenic HPV types, are monoclonal
proliferations, and are aneuploid, the converse is not true.
Lesions that are histologically low-grade are quite heteroge-
neous with respect to their associated HPV types, clonal status,
and ploidy. Some histologically low-grade lesions can be clas-
sified as productive viral infections; others contain “high-risk”
or oncogenic HPV types and have the biologic features of a
precursor lesion. Therefore, histologic appearance does not
necessarily predict the biologic behavior of an individual
lesion. Second, it must be emphasized that different terminolo-
gies are currently in use by different pathology laboratories.
Although most laboratories in the United States have switched
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COMPARISON OF DIFFERENT TERMINOLOGIES FOR CERVICAL SQUAMOUS
NONINVASIVE LESIONS

TA B L E  1 9 . 1  

CINa Modified CIN
Older terminology terminology The Bethesda system terminology

Flat condyloma CIN 1 Low-grade squamous CIN 1 
Koilocytosis intraepithelial lesion (LSIL) (low-grade CIN)
Koilocytotic atypia
Mild dysplasia

Moderate dysplasia CIN 2 High-grade squamous CIN 2,3 
intraepithelial lesion (HSIL) (high-grade CIN)

Severe dysplasia CIN 3
Carcinoma in situ

aCIN, cervical intraepithelial neoplasia.
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to the two-tiered or modified CIN terminology, some continue
to utilize the terms dysplasia and carcinoma in situ. This is
expected to change over the next several years since the World
Health Organization (WHO) recently switched to the CIN
terminology (13).

Cervix—Glandular Lesions 

Interest in glandular lesions of the cervix has been stimulated
by an apparent increase in the number of women, especially
those under the age of 35, who are being diagnosed with inva-
sive adenocarcinoma of the cervix and glandular precursor
lesions. Large series of women with invasive cervical cancers
as well as cancer registries have demonstrated that the relative
proportion of adenocarcinomas to squamous cell carcinomas
of the cervix has been increasing over the last 3 decades. Most
large series from the 1950s and 1960s reported that 95% of
invasive cervical cancers were squamous cell carcinomas and
only 5% were adenocarcinomas. However, beginning in the
1970s, case series began reporting that 75% to 80% of inva-
sive cervical cancers were squamous cell carcinomas and 
that 20% to 25% of cases were either adenocarcinomas,
adenosquamous cell carcinomas, or undifferentiated carcino-
mas. This relative increase is clearly demonstrated by the clin-
ical series of Shingleton et al. (14). During the 1974 to 1978
period, adenocarcinomas accounted for 7% of all cervical
cancers, whereas by 1979 to 1980 they accounted for 19%.
Similarly, cancer registries from the United States and Europe
have reported that the ratio of adenocarcinomas to squamous
cell carcinomas has increased over the same period (15–17).
During the 1996 to 2000 period adenocarcinomas accounted
for 25% of all invasive cervical cancers in whites in the U.S.
SEER database (3). In the Finnish Cancer Registry, 6% of cer-
vical cancers were classified as adenocarcinomas in 1953 to
1957, whereas by 1978 to 1982, 17% were classified as ade-
nocarcinomas (15). 

In the U.S. SEER registry, the incidence of invasive adeno-
carcinoma of the cervix has increased from 1.23 per 100,000
in 1976 to 1980 to 1.76 per 100,000 in 1996 to 2000 (3).
Much of this increase is due to young women 15 to 34 years
of age. Among white women in this age group the incidence
increased from 0.6 to 1.2 per 100,000. Cancer registries from
Norway and the United Kingdom have also reported increases
in the absolute incidence of invasive adenocarcinomas of the
cervix in women 35 years or younger (16,18). It is important
to note, however, that despite the increased incidence of inva-
sive adenocarcinoma in young women and the clear increase
in the relative proportions of adenocarcinomas to squamous
cell carcinomas over the last 3 decades, the absolute number
of invasive adenocarcinomas has not actually increased when
women of all age groups are combined. Instead, the number of
women with invasive squamous cell carcinomas has decreased,
producing a relative increase. 

The first indication that precursor lesions existed for inva-
sive adenocarcinomas of the cervix was the description by
Helper et al. in 1952 of highly atypical endocervical cells lin-
ing architecturally normal endocervical glands adjacent to
frankly invasive adenocarcinomas of the cervix (19). Friedell
and McKay subsequently described two additional patients
with similar histologic findings and coined the term adenocar-
cinoma in situ (AIS) to refer to these glandular lesions that
were histologically highly atypical, but noninvasive (20).
Inherent in the use of the term adenocarcinoma in situ to refer
to these lesions was the acknowledgment that these lesions
were precursors to invasive adenocarcinoma of the cervix. In
addition to the highly atypical glandular lesions referred to as
adenocarcinoma in situ, glandular lesions with a lesser degree
of histologic abnormality than adenocarcinoma in situ are

also found in the cervix. These low-grade glandular lesions
have been referred to by a variety of terms including endo-
cervical dysplasia, atypical hyperplasia, and more recently,
endocervical glandular atypia (5). By way of analogy to
squamous lesions, some authors have suggested that the
term cervical intraepithelial glandular neoplasia (CIGN) be
used to refer to all of these noninvasive glandular lesions.
Using the CIGN terminology, atypical hyperplasia is classi-
fied as either CIGN grade 1 or 2 depending on the degree of
cytologic atypia and mitotic activity present and adenocarci-
noma in situ is classified as CIGN grade 3. In the United
States between 1976 and 2000 the incidence of adenocarci-
noma in situ has increased steadily in women 15 to 74 years
of age. In 1976 to 1980 the incidence in white women was
0.21 per 100,000; this increased to 1.25 per 100,000 by
1991 to 1995 (3). Increases were greatest among young
women.

It is important to note that although there is considerable
evidence indicating that adenocarcinoma in situ is a precursor
for invasive adenocarcinoma of the cervix, there is little evi-
dence to support such a role for the lower-grade glandular
abnormalities. Because the terms endocervical dysplasia and
CIGN imply a relationship between the low-grade lesions and
invasive adenocarcinoma that is not documented, some prefer
the more noncommittal term endocervical glandular atypia to
refer to the low-grade lesions that lack the features of adeno-
carcinoma in situ (5). 

Vulva and Vagina

The nomenclature used for preinvasive lesions of the vulva
and vagina has tended to parallel that used for the cervix.
The original description of preinvasive lesions of the vulva
was made in 1912 by Bowen, who described a lesion of the
thigh and buttock that he termed “precancerous dermato-
sis.” These lesions were grossly red and scaly and were char-
acterized microscopically by significant cellular atypia.
Clinically, they either persisted or recurred. Bowen believed
that these lesions, which subsequently came to be called
Bowen’s disease, were precursors to invasive squamous cell
carcinomas of the vulva. Since this original description, a
number of other terms have been used for lesions with signif-
icant cellular atypia that lack invasion. These include ery-
throplasia of Queyrat, atypical hyperplasia, dysplasia,
atypia, carcinoma in situ, carcinoma in situ simplex, and
intraepithelial carcinoma.

In the 1980s many clinicians and pathologists began to
apply the intraepithelial neoplasia terminology widely used
for describing cervical cancer precursors to the vulva. Thus
the term vulvar intraepithelial neoplasia (VIN), together with
a grade of 1 to 3, was adopted (21). Similarly, the term vaginal
intraepithelial neoplasia (VAIN), together with a grade of 1 to
3, is widely used to describe preinvasive lesions of the vagina.
It should be pointed out, however, that data that suggest a
continuum between all grades of vulvar and vaginal preinva-
sive lesions and invasive squamous cell carcinoma at these
sites are significantly less compelling than that for the cervix.
In 2004 the International Society for the Study of Vulvar
Disease (ISSVD) proposed a new terminology for vulvar
lesions. In their new nomenclature, VIN 1 is eliminated and
the term VIN is used to apply only to high-grade lesions,
which are subdivided into VIN, usual type (which encom-
passes former VIN 2 or VIN 3 of the warty, basaloid, and
mixed types) and VIN, differentiated type (22). This proposed
nomenclature fails to take into account that a significant pro-
portion of VIN 1 lesions are actually associated with “high-
risk” types of HPV and this terminology has not been widely
adopted for use in the United States (23).
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NATURAL HISTORY OF
PREINVASIVE LESIONS OF THE

LOWER GENITAL TRACT

Cervix

A variety of epidemiologic and long-term follow-up studies
support the concept that certain epithelial lesions are precursors
of invasive squamous cell carcinoma of the cervix. Several dif-
ferent methods have been used to study the natural history of
different types of cervical cancer precursors. When cytologic
screening programs for cervical cancer were introduced to previ-
ously unscreened populations in the 1940s and 1950s, a large
difference in the mean age of patients with invasive cervical can-
cer and patients with “dysplasia” became apparent (Table 19.2).
In the study by Reagan et al., the mean age of patients with
“dysplasia” was 34 years, the mean age of patients with carci-
noma in situ was 42 years, and the mean age of patients with
invasive cancer was 48 years (24). Similar age distributions were
observed by Patten in his studies (25). These data were inter-
preted to imply that it takes over 10 years for a dysplastic lesion
to progress to carcinoma in situ and invasive cancer.

The most direct way to study the natural history of cervical
cancer precursors is to study cervical lesions prospectively
without therapeutic intervention. Before widespread accep-
tance of the fact that a high percentage of carcinoma in situ
lesions inevitably progress to invasive cancer, patients with
carcinoma in situ were followed prospectively in several studies.
These studies, with all their attendant methodologic problems
(including lack of standardized histologic criteria, small patient
numbers, inadequate and short patient follow-up, and wide
differences in results) form the basis of our estimates of the pre-
malignant potential of carcinoma in situ. Now that the prema-
lignant potential of carcinoma in situ is universally accepted,
it would obviously be unethical to repeat these prospective
follow-up studies of carcinoma in situ lesions using more
contemporary methods.

In 1961, Kottmeier reported on a group of 31 women with
carcinoma in situ who were followed for at least 12 years (26).
Twenty-two (72%) of these women subsequently developed
invasive cancer. Similarly, Koss et al. in 1963 reported a long-
term follow-up study of 67 women with biopsy-confirmed carci-
noma in situ (27). In this study, a lower frequency of progression
was detected than in the study by Kottmeier (Table 19.3). Sixty-
one percent of carcinoma in situ lesions persisted, and only
6% progressed to invasive cancer. However, the follow-up
time was only 3 years. A larger study of the natural history of
carcinoma in situ was that of Green and Donovan from New
Zealand (Table 19.3) (28). On the basis of a short-term follow-
up study of patients with carcinoma in situ, it was initially

proposed that carcinoma in situ either had a low malignant
potential or took much longer than 20 years to develop into
invasive cancer. However, on long-term follow-up of a group of
817 patients whose Pap smears reverted to normal, 12 patients
(1.5%) subsequently developed invasive carcinoma (29). Of the
group of 131 patients with persistently abnormal Pap smears
(followed for 4 to 23 years), 29 (22%) developed invasive carci-
noma of the cervix or vaginal vault, and 90 (69%) had persistent
carcinoma in situ. This and other follow-up studies clearly
demonstrate that, once established, carcinoma in situ has a sig-
nificant potential for progression to invasive cancer, and pro-
gression is a slow process, usually requiring a decade or more.

Whether carcinoma in situ, once established, can sponta-
neously regress in the absence of therapy is controversial. Based
on the studies of Kottmeier and Green it would appear that,
once established, carcinoma in situ only rarely regresses sponta-
neously (26,29). However, other follow-up studies have found
that about one third of carcinoma in situ lesions regress during
follow-up (30). Evaluation of data obtained from the British
Columbia population-based screening program suggests that
the cumulative incidence of carcinoma in situ is significantly
higher than the cumulative incidence of invasive cervical cancer
(31). Similar data has been obtained from cytologic screening
programs in Sweden. This cytologic data has been interpreted
as indicating that many cases of carcinoma in situ regress spon-
taneously (31,32). 

Many prospective studies have also followed the transi-
tions between different grades of CIN. These studies have
obtained quite different estimates of the frequency of mild
dysplasia, the likelihood of progression from low-grade to
high-grade precursors, and the time required for this progres-
sion. The major reasons for these differences include the use of
cervical biopsy rather than cytology to document the presence
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AGE DISTRIBUTION OF CERVICAL CANCER
PRECURSORS 

TA B L E  1 9 . 2

Mean age at diagnosis (yr)

Cytology Patten (25) Reagan et al. (24)

Dysplasia 34.7 34
Slight 32 —
Moderate 35.7 —
Marked 38.4 —
Carcinoma in situ 42.3 41.5
Invasive cancer 51.7 48.2

NATURAL HISTORY OF PATIENTS WITH CERVICAL CANCER PRECURSORS

TA B L E  1 9 . 3  

Diagnosis

Patients Method of Actual Follow-up
Reference (no.) diagnosis diagnosis Regression (%) Persistence (%) Progression (%) period (yr)

Kottmeier (26) 31 Biopsy CIS — — 72 �12
Koss et al. (27) 26 Biopsy CIN 1,2 39 15 46 0.5–7
Koss et al. (27) 67 Biopsy CIS 25 61 6 3
Green and Donovan (28) 576 Biopsy CIS — — 0.17 1–12
McIndoe et al. (29) 131 Biopsy CIS 8 69 22 1–28
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of an abnormality in some studies. Cervical biopsies can
remove small precursor lesions in their entirety and therefore
can alter natural history. In addition, prospective studies have
differed in study design and pathologic criteria used to grade
cervical lesions. 

The two most widely quoted follow-up studies are the
historical cohort study from Toronto published by Holowaty
et al. and the prospective clinical trials of Nasiell et al. The
Toronto study utilized a historical cohort of women whose
cervical cytology was evaluated at a single large laboratory
in an era (1962 to 1980) during which CIN lesions were
managed conservatively in Canada (33). Rates of regression
and progression were estimated using actuarial methods and
through linkage to the Ontario cancer registry. Both mild
and moderate dysplasias were found to be more likely to
regress than progress. The risk of mild dysplasia progressing
to severe dysplasia or worse was approximately 1% per year.
In contrast, the risk of moderate dysplasia progressing was
16% at 2 years and 25% at 5 years (Table 19.4). The major-
ity of both mild and moderate dysplasias showed sponta-
neous clearance and much of the clearance occurred within 2
years of diagnosis.

Nasiell et al. reported on 555 women with a single Pap
smear showing mild dysplasia who were followed colposcopi-
cally and cytologically without major treatment (34). Biopsies
were performed in only 14% of these patients. In this series,
62% of the patients with a mean follow-up time of 39 months
developed normal Pap smears, with apparent regression of

their mild dysplasia. Persistent dysplasia occurred in 22% of
the patients, with a mean follow-up of 52 months. Progression
to severe dysplasia, carcinoma in situ, and invasive carcinoma
occurred in 16% of the patients, with a mean follow-up of 48
months. Two patients who were lost to follow-up in this study
subsequently developed invasive carcinoma, which was
detected 79 months and 125 months, respectively, after a
diagnosis of mild dysplasia. A number of other studies have
investigated cohorts of women with moderate dysplasia. In a
study of identical design to that used to study the biologic
behavior of mild dysplasia, Nasiell et al. followed patients
originally diagnosed cytologically as having moderate dyspla-
sia. By life table analysis, progression to severe dysplasia, car-
cinoma in situ, and invasive carcinoma occurred in 33% of
the patients after 12 or more years of follow-up (35).

Melnikow et al. performed a comprehensive meta-analysis
of studies in which women with a cytologic result of SIL were
followed (36). The analysis included 13,226 women with 
a cytologic result of LSIL who were followed for at least 
6 months and had a median weighted follow-up of 29 months.
There were 10,026 women with HSIL who had a median
weighted follow-up of 25 months. The pooled estimates for
regression to normal were 47% for LSIL and 35% for HSIL
(Fig. 19.1). Rates of progression of LSIL were 7% at 6 months
and 21% at 24 months. For HSIL the 6- and 24-month pooled
progression rates were 7% and 24%. The pooled progression
rates for invasive cancer at 6 and 24 months for LSIL were
0.04% and 0.15%, respectively. For HSIL they were 0.15% at
6 months and 1.44% at 24 months. 

Mitchell et al. performed a systematic review of the differ-
ent studies investigating the natural history of untreated
biopsy-confirmed CIN, most of which were conducted in the
1970s and 1980s (Table 19.5) (37). Many of these studies are
older and used the carcinoma in situ terminology. The higher
the grade of lesion, the more likely it is to persist and the less
likely it is to regress. Overall, it appears that approximately
57% of CIN 1 spontaneously regresses in the absence of ther-
apy, 32% persist as CIN, and 11% progress to carcinoma
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NATURAL HISTORY OF DYSPLASIA—TORONTO
HISTORICAL COHORT STUDY

TA B L E  1 9 . 4

% Occurring at

2 yr 5 yr 10 yr

PROGRESSION
Mild to moderate or worse 11 20 29
Mild to severe or worse 2 6 9
Moderate to severe or worse 16 25 32

REGRESSION
Mild to normal (�1) 44 74 88
Mild to normal (�2) — 39 62
Moderate to normal (�1) 33 63 83
Moderate to normal (�2) — 29 54

Source: Holowaty P, Miller AB, Rohan T, To T. Natural history of
dysplasia of the uterine cervix. J Natl Cancer Inst 1999;91:252.

NATURAL HISTORY OF CIN IS DEPENDENT 
ON LESIONAL GRADE

TA B L E  1 9 . 5

% Regression % Persist Progress to CIS

CIN 1 57 32 11
CIN 2 43 35 22
CIN 3 32 56 12

Source: Mitchell MF, Tortolero-Luna G, Wright T, et al. Cervical
human papillomavirus infection and intraepithelial neoplasia: a
review. J Natl Cancer Inst Monogr 1996;21:17–25.

FIGURE 19.1. Pooled estimates of the rates
of spontaneous regression (left panel) of a
cytologic diagnosis of LSIL and HSIL
obtained from the literature. Pooled esti-
mates of the rates of spontaneous progre-
sion of LSIL and HSIL after 6 months (cir-
cles) and 12 months (squares) are shown
(right panel). Progression for HSIL is from
CIN 2 to CIN 3 or carcinoma in situ. Bars
represent 95% confidence intervals. Source:
Modified with permission from Melnikow
J, Nuovo J, Willan AR, et al. Natural his-
tory of cervical squamous intraepithelial
lesions: a meta-analysis. Obstet Gynecol
1998;92:727–735.
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in situ. The rates of persistence and progression are greater for
CIN 2,3. Forty-three percent of CIN 2 lesions regress, 35%
persist, and 22% progress to carcinoma in situ. The equiva-
lent rates for CIN 3 lesions were 32% regression, 56% persis-
tence, and 12% progression to carcinoma in situ. Overall, the
progression of all grades of CIN to invasive cancer in the pub-
lished observational studies is 1.7%. The rate at which CIN
progresses appears to be relatively slow.

Until recently it was generally believed that it took many
years for a low-grade lesion to progress to a high-grade lesion.
Mathematical modeling studies based on the prevalence of
cytologic abnormalities in an unscreened population sug-
gested that it takes on average almost 5 years for a mild dys-
plasia to progress to carcinoma in situ (5). More recent studies
indicate, however, that high-grade lesions can develop quite
rapidly after an incident HPV infection. A prospective study
of college students found that the median length of time from
first detection of an HPV infection to detection of CIN 2,3
was only 14.1 months (38). The finding that CIN 2,3 lesions
can develop quite rapidly after initial HPV infections has been
confirmed in the HPV vaccine trials (39).

Vulva

Studies on the natural history of VIN lesions are much fewer
than for CIN. Partly because of the paucity of studies, the
relationships between VIN and invasive squamous cell carci-
noma of the vulva appear to be less straightforward than those
documented between CIN and invasive squamous cell carci-
noma of the cervix. Unlike the cervix, in which the majority of
carcinomas are associated with a CIN lesion, only a third of
invasive vulvar squamous carcinomas have a coexisting VIN 3
lesion (40). A review of six published follow-up studies found
that only 16 of 330 patients (4.8%) with VIN progressed to
invasive cancer (41). Solitary lesions in postmenopausal women
had the highest risk of progression; multifocal lesions in women
of reproductive age rarely progressed, although well-docu-
mented cases of young patients with VIN 3 who have developed
cancer exist. In a series from Denmark, Hording et al. reported
that only 4% of 73 women with VIN 3 developed invasive can-
cer during follow-up (median follow-up was 5 years) (42).

What is generally not emphasized when this data is dis-
cussed is that most of the patients in these follow-up studies
were treated for their VIN or followed for relatively short peri-
ods of time. This fact explains, in part, the low incidence of pro-
gression. In one of the few long-term follow-up studies of
women with VIN, Jones and Rowan found that only 3% of 105
women with treated VIN developed invasive vulvar cancer. In
contrast, of eight women between the ages of 28 and 73 years
with biopsy-documented VIN 3 who were followed without
further treatment, seven developed invasive squamous cell car-
cinoma of the vulva within 8 years of diagnosis (43). 

RISK FACTORS FOR THE
DEVELOPMENT OF LOWER

GENITAL TRACT CANCERS AND
PREINVASIVE LESIONS OF THE

LOWER GENITAL TRACT

Cervix

Risk Factors

A large number of epidemiologic studies have analyzed risk fac-
tors for the development of cervical cancer and its precursors.

Although the risk factors are similar for both cervical cancer
and its precursors, the association with the risk factors is gen-
erally much stronger for cervical cancer than for precursor
lesions. The major risk factors found in most studies are
markers of sexual behavior such as number of sexual partners,
early age of first pregnancy and first intercourse, sexually
transmitted diseases, and parity. In addition, lower socioeco-
nomic class, cigarette smoking, oral contraceptive use, specific
HLA-DR haplotypes, and immunosuppression from any cause
are associated with both cervical cancer and its precursors
(Table 19.6).

It has been known for almost a century that cervical cancer
has many of the characteristics of a sexually transmitted dis-
ease. The observations that the disease is much more frequent
in married women than in celibate women, that it was more
common in prostitutes and incarcerated women than in the
general population, and that it was highly associated with a
woman’s lifetime number of male sexual partners all argue for
venereal transmission. The fact that a woman’s risk is
increased not only by the number of sexual partners that she
has had, but also by the number of sexual partners that her
male partner or partners has had, strengthens the epidemio-
logic evidence that cervical cancer behaves as a sexually
transmitted disease (44). With so much evidence favoring the
sexual transmission of cervical cancer, many investigators
have searched for an etiologic agent among the known sexually
transmitted diseases.

Virtually every known sexually transmitted infection has
been suggested as the etiologic agent for cervical cancer and,
in more recent times, for cervical cancer precursors. The list
includes Treponema pallidum, Trichomonas vaginalis,
Candida albicans, Chlamydia trachomatis, and the herpes
simplex viruses (HSV). There is now considerable evidence for
a role for both C. trachomatis and HSV as cofactors in the
pathogenesis of HPV-associated cervical neoplasia. One recent
case-control study found that among HPV-infected women
there was a two-fold risk for cervical cancer associated with
having antibodies to C. trachomatis (45). This risk is similar

528 Section II: Therapeutic Modalities and Related Subjects528 Section II: Therapeutic Modalities and Related Subjects

RISK FACTORS FOR CERVICAL CANCER 
AND ITS PRECURSOR LESIONS

TA B L E  1 9 . 6

DEMOGRAPHIC FACTORS
Older age
Race (e.g., black, Hispanic, American Indian)
Residence in selected parts of Africa, Asia, or Latin America
Low socioeconomic status
Low educational level

BEHAVIORAL AND SEXUAL FACTORS
Large number of sexual partners
Early age at first coitus
Cigarette smoking
Long-term contraceptive use
Diet low in folate, carotene 

MEDICAL/GYNECOLOGIC FACTORS
Multiparity
Early age at first pregnancy
History of sexually transmitted diseases (especially herpes 

genitalis or HPV-associated lesions)
Lack of routine cytologic screening
Immunosuppression (any cause)
Specific HLA-DR haplotypes
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to the 2.5-fold increased risk observed with seroconversion in
a prospective seroepidemiologic study (46). The prevalence of
antibodies to HSV is also increased among women with cervi-
cal cancer. Smith et al. performed a pooled analysis of clinical
samples from seven case-control studies of cervical cancer.
After adjusting for HPV status and sexual behavior, HSV
seropositivity was associated with an approximately twofold
increased risk of cervical cancer (45). It has been suggested
that both C. trachomatis and HSV act as cofactors in HPV-
associated neoplasia, possibly through the induction of cervi-
cal inflammation (47).

Human Papillomavirus

Over the last 15 years, considerable evidence has been accu-
mulating rapidly to implicate HPV in the pathogenesis of cer-
vical cancer and its preinvasive precursors. Epidemiologic
and molecular studies have found that there is a consistent
and strong relationship between HPV infection and cervical
neoplasia, that the temporal sequence between infection and
the development of cancer is correct, that the association
between HPV and cervical cancer is relatively specific, and
that the epidemiologic findings are consistent with the nat-
ural history and biologic behavior of HPV infections and cer-
vical cancer (48).

Studies that use sensitive molecular methods to detect
and type HPV in cervical lesions have found that almost all
cervical cancers and their precursors contain “high-risk”
HPV DNA. For example, in a large study that analyzed over
1,000 invasive cervical cancers from all over the world using
polymerase chain reaction (PCR), high-risk types of HPV were
identified in over 90% of the invasive cervical cancers (49).
Morevover, the same types of HPV were identified in cancers
from all different geographic locations. When cases that were
initially classified as HPV DNA negative were re-tested with
PCR methods, high-risk HPV types were identified in almost
all (50). This indicates that essentially all cervical cancers
are caused by specific high-risk types of HPV.

Large case-control studies have identified HPV infec-
tion as a risk factor in the development of CIN and cervi-
cal cancer. For example, a recent pooled analysis of data
from 11 case-control studies shows that HPV was detected
in 1,739 of 1,918 patients with cervical cancer (91%) com-
pared to 259 of 1,928 control women (13%). The pooled
odds ratio for cervical cancer associated with any HPV
type was 158 (51). Prospective studies indicate that the
temporal sequence between HPV infection and the devel-
opment of cancer is what would be expected for a causal
agent. HPV infection occurs first and high-grade cervical
cancer precursors or cancer occur subsequently. For exam-
ple, in a study of colposcopically negative women in New
York City, the incidence of CIN was significantly higher in
women who were HPV-16 or -18 DNA positive compared
to those who lacked “high-risk” HPV DNA (52).
Moreover, persistent infection with “high-risk” types of
HPV was much more closely linked with the subsequent
development of CIN 2,3 than was detection of high-risk
HPV DNA at a single visit. In a recent study of college stu-
dents it was found that over a 3-year period, 27% of those
with incident HPV-16 or -18 infections developed CIN 2,3
lesions, whereas no CIN 2,3 lesions developed in HPV
DNA negative women (38).

Taken together, these epidemiologic studies clearly
demonstrate that there is a strong and consistent association
between specific types of HPV DNA and invasive cervical
cancer and its precursor lesions, and that exposure to HPV
precedes the development of cervical disease. When com-
bined with the enormous body of molecular evidence
demonstrating a role for HPV in the development of cervical

cancer and CIN, these findings clearly indicate that HPV
infection, acquired through sexual contact, is a “necessary
cause” of both CIN and invasive cervical cancer (53,54).
Based on this data, the International Agency for Research
on Cancer (IARC) of the WHO has classified HPV-16 and 
-18 and all of the other “high-risk” types of HPV as car-
cinogens in humans (55).

Smoking, Diet, and Oral Contraceptives

In addition to risk factors associated with sexual behavior,
several other risk factors such as low socioeconomic class
and cigarette smoking have also been associated with the
development of cervical cancer (44). In a comprehensive
review of the literature, Szarewski and Cuzick concluded
that a positive association between cigarette smoking and the
development of cervical cancer had been reported by the
majority of studies designed to address this question (56).
Several mechanisms could account for the association
between cigarette smoking and cervical cancer. One is the
secretion of cigarette smoke by-products, including nicotine
and cotinine, in cervical mucous of tobacco users and
women passively exposed to cigarette smoke (57). DNA
adducts (e.g., structurally altered DNA sequences) are signif-
icantly more common in the cervical epithelium of smokers
than in nonsmokers, and it has been suggested that the secre-
tion of cigarette smoke by-products might have a direct
mutagenic effect on the cervical epithelium (58). Another
possible mechanism that could account for the association is
the effect of smoke by-products on the number of Langerhan’s
cells in the cervix (59). 

The use of combined oral contraceptives has also been
found to be a risk factor for the development of cervical can-
cer and its precursors in some studies. In a meta-analysis of 28
studies evaluating the risk of cervical cancer in women on oral
contraceptives, Smith et al. found that the relative risk of inva-
sive cervical cancer increased with increasing duration of con-
traceptive use. After 10 years of use, the summary relative
risks were 2.2 (95% CI, 1.9 to 2.2) for all women and 2.5
(95% CI, 1.6 to 3.9) for HPV-positive women (60). A recent
reanalysis of epidemiologic studies involving over 50,000
women confirmed an increased risk of cervical cancer in oral
contraceptive users (61). Associations between exogenous
hormones and cervical disease could be explained by a num-
ber of mechanisms including direct promoting effects of estro-
gens and progestins on the HPV genome, as well as by indirect
effects such as a reduction in blood folate levels, which is
occasionally observed in women on oral contraceptives.
Whether an association exists between endogenous hormone
levels and invasive cervical cancer is even more controversial.
There is no association between age at menarche or age at
menopause and the risk of invasive cervical squamous cell car-
cinoma. It has been suggested that the strong association
observed between early age of first parity and risk for cervical
cancer reflects risk of exposure to a sexually transmitted agent
at an early age, rather than an influence of endogenous
hormones (62). 

Only a few studies have focused on relationships between
cervical cancer and diet, but some evidence suggests that a
diet low in either vitamin A or C may be associated with an
increased risk. Other studies have not detected an association
between dietary intake of beta-carotene or retinol and CIN.
A recent review of the role of antioxidant nutrients on cervical
disease concluded that there are six studies that have properly
controlled for HPV (47). In all six, an inverse relationship
was observed between serum beta-carotene and cervical
carcinogenesis. In studies that measured carotenoids other
than beta-carotene, inverse associations between cervical
neoplasia and serum lycopene and alpha-carotene have been
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observed (47). Folate deficiency has also been considered to
be a risk factor. A recent case-control study reported that
folate deficiency enhances the effects of other risk factors
such as parity, HPV-16 infection, and cigarette smoking on
the development of CIN (63). 

Immunosuppression

Immunosuppression is another risk factor for the develop-
ment of both CIN and cervical cancer. In studies of patients
with renal transplants, transplant recipients have a relative
risk of 13.6 for the development of cervical carcinoma in
situ compared to women in the general population (64).
Over the last decade it has become widely accepted that
there is also an association between cervical disease and
infection with the human immunodeficiency virus (HIV)
(64). HPV infections are more prevalent and tend to be
more persistent in HIV-infected women (65). Numerous
studies have documented a higher prevalence of cervical
neoplasia among HIV-infected women compared to various
control groups of HIV-uninfected women (64). There also
appears to be an increase in invasive cervical cancer.
Among women in New York City, the standardized inci-
dence ratio for cervical cancer is 9.2 times higher in HIV-
infected compared to noninfected women (66). It is clear
that the invasive cervical cancers that do develop in HIV-
infected women act aggressively and respond poorly to
standard forms of therapy (67). Invasive cervical cancer
was designated in 1993 as an AIDS case-defining illness by
the CDC (68). 

HUMAN PAPILLOMAVIRUS

Classification

Papillomaviruses are a diverse group of viruses that are widely
distributed in mammals and birds. Papillomavirus isolates are
traditionally described as types. The characteristic features of
papillomaviruses are a double-stranded, circular DNA
genome of about 8,000 base pairs, a nonenveloped virion, and
an icosahedral capsid composed of 72 capsomers. The papillo-
maviruses are now classified as a separate family of viruses
termed Papillomavaviridae. To date 118 papillomavirus types
have been completely described. Papillomaviruses are highly
species specific and are classified based on their species of ori-
gin and the extent of DNA relatedness between viral isolates.
Human papillomaviruses are epitheliotropic. They infect
epithelial cells of the skin and mucous membranes, often pro-
ducing local epithelial proliferation or warts at the sites of
infection. There has been only limited success in propagating
HPV in either tissue or culture. 

Within a given species, many types and subtypes of papillo-
maviruses may exist. Since the capsid proteins of different
papillomaviruses are antigenically similar, papillomaviruses are
subdivided into genotypes and subtypes based on the extent of
DNA relatedness as determined by DNA hybridization under
stringent conditions, rather than into serotypes based on struc-
tural antigenic features. In order to be classified as a distinct
type, the E6, E7, and L1 gene sequences (about one third of the
genome) must differ by more than 10% from those of other,
known HPV types. In addition to types, there also are subtypes
or variants of specific types. In order to be considered a subtype
or variant, the different viruses must differ by 2% to 5% from
the original isolate. In humans, more than 100 types of papillo-
maviruses have been characterized. Although the different types
are structurally similar, they have significant specificity with
regard to the anatomic location of the epithelia that they infect

and the type of lesions that they produce at the site of infection
(69). For example, HPV types 1, 2, 4, 26, 27, 29, 41, and 57
are associated with common warts (verrucae vulgaris); types 1,
2, and 4 with deep plantar warts; and type 7 with common
warts on the hands of meat handlers (butcher’s warts). HPV
types 5, 8, 9, 12, 14, and others are associated with flat warts
and cancers in patients with epidermodysplasia verruciformis,
which is a rare, heritable, lifelong skin disease characterized by
the development of multiple flat warts throughout life. These
warts may progress to skin cancer.

Over 30 types of HPV that infect the anogenital tract
have been described (Table 19.7). These different types of
HPV tend to be associated with different types of lesions.
HPV-6 is the most common HPV type found in association
with exophytic condylomata of the male and female anogen-
ital tract in adults (70). Most exophytic condylomata that
are not associated with HPV-6 are associated with HPV-11.
Exophytic condylomata are occasionally associated with
HPV types 16 or 31, but are almost never found in associa-
tion with HPV-18. In adults, cutaneous HPV types such as
HPV-1 or -2 are seldom associated with exophytic condylo-
mata. However, a significant proportion of condylomata
acuminata in children are associated with HPV-2, which is a
common cutaneous HPV type (71). Small, raised, plaque-
type warts on the penis are also commonly associated with
“low-risk” HPV types (72). 

More than 80% of CIN lesions are found to be associated
with HPV when sensitive, molecular methods are used to
detect HPV DNA. CIN 1 is quite heterogeneous with regard
to associated HPV types (7,73). CIN 1 can be associated with
any of the anogenital HPV types that have been identified in
women in the general population. Although studies performed
in the mid-1980s indicated that HPV-6 and -11 were the pre-
dominant types of HPV associated with CIN 1, subsequent
studies have detected HPV-6 and -11 in less than 10% of CIN
1 lesions. HPV-16 and -18, combined, are detected in about
one third of all CIN 1 lesions. Multiple types of HPV are often
identified in women with CIN 1 (74).

In contrast to CIN 1, almost half of all CIN 2,3 lesions are
associated with HPV-16 (7,75). The prevalence of HPV-16 in
women with high-grade SIL (CIN 2,3) varies from 30% to
77% in different studies. A meta-analysis of the distribution of
HPV types in CIN 2,3 lesions recently concluded that HPV-16
is identified in 45.3%, HPV-18 in 6.9%, and HPV-31 in 8.6%
(Fig. 19.2) (75). Fifty-two percent of CIN 2,3 lesions are asso-
ciated with either HPV-16 or -18. HPV types 31, 33, 58, and
52 are the next most common types found in CIN 2,3.
Multiple types of HPV are uncommonly detected in women
with CIN 2,3 (74). The associations between specific types of
HPV and invasive cervical cancers are similar to those
observed in women with CIN 2,3 (Fig. 19.2) (7,75). HPV-16 is
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CLASSIFICATION OF ANOGENITAL HPV TYPES

TA B L E  1 9 . 7

“Low-risk” types 6, 11, 40, 42, 43, 44, 53a, 54, 
61, 72, 81

“High-risk” types 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 68, 82

Possible high-risk types 26, 66, 73

aClassified as “low-risk” based on other data.
Source: From Munoz N, Bosch FX, de Sanjose S, et al. Epidemiologic
classification of human papillomavirus types associated with cervical
cancer. N Engl J Med 2003;348:518–527.
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the most common HPV type found in association with invasive
cervical squamous cell carcinomas, and HPV-18 is the second
most common. All other types are much less commonly found. 

Based on their associations with benign epithelial prolifera-
tions, high-grade cancer precursors, or invasive cancers of the
vulva, vagina, anus, and cervix, human papillomaviruses have
been categorized into three groups: “high-risk” viruses that are
classified as “high risk” because infection with these HPV types
is associated with a high relative risk of cancer; “low-risk”
viruses that are associated with a relatively low risk of invasive
cervical cancer; and “possible high-risk” types that are occa-
sionally associated with cervical cancer (Table 19.7) (51). It is
important to recognize that all of the 30 different types of
anogenital HPV have been isolated from cervicovaginal secre-
tions of women lacking any colposcopic or cytologic evidence
of cervical disease. The most common HPV types detected in
women with no cytologic evidence of cervical disease include
high-risk types such as 16, 51, 52, 31, 58, and 56 (76–78). 

Genomic Organization

The overall genomic organization of all sequenced HPV types
is similar. The genome contains eight open reading frames
(ORFs) that are transcribed from a single DNA strand as a
polycistronic message (Fig. 19.3). ORFs are DNA segments
that are transcriptional units and have the capacity to encode
protein. The viral DNA can be divided into three regions. First,
there is an upstream regulatory region (URR) of about 400
base pairs that contains binding sites for transcriptional activa-
tors and repressors. This region plays a role in regulating the
production of viral proteins and infectious particles and possi-
bly plays a central role in determining the host range of specific
types of HPV (79,80). Transcriptional control appears to be
quite complex, involving multiple promoters and repressors
and binding sites for a number of transcriptional factors.

Downstream of the URR is the early region. The early region
encodes for proteins that play a fundamental role in viral infec-
tion and replication. Within the early region are six ORFs desig-
nated E1, E2, E4, E5, E6, and E7. The E6 and E7 ORFs are
important in the immortalizing and transforming functions of
HPV (81). E1 encodes the only virally encoded enzyme, an
adenosine 5´-triphosphate (ATP)-dependent helicase that is
required for extrachromosomal DNA replication (79,80). The
E2 protein has important transcriptional regulatory activities
(82). Together with E1, E2 is also required for extrachromosomal
DNA replication to occur—a fundamental role in viral infection
and replication. E2 also acts as a key regulator of transcription
of the E6 and E7 ORFs. The E4 protein has many characteristics
of a structural viral protein and is similar to the protein prod-
ucts of the late region (83). Like the L1 and L2 capsid proteins,

the E4 protein is expressed during the late stages of the viral life
cycle at a time when complete virions are being produced. The
E4 protein is thought to disrupt the normal intermediate fila-
ment matrix of infected epithelial cells and disrupt the cornified
cell envelope. This is thought to facilitate the release of assem-
bled virions from the infected epithelium and to produce the
characteristic cytopathic infection (e.g., “koilocytosis”) (79). E5
appears to play a role in the early course of infection. E5 is a
short transmembrane protein that stimulates cell growth by
forming complexes with epidermal growth factor receptor,
platelet-derived growth factor receptor, and colony stimulating
factor-1 receptor (80). Unlike E6 and E7, which are required for
the development of cervical cancer, E5 is often lost during the
development of cervical cancers.

The late region is downstream of the early region and
includes two ORFs: L1, which encodes for the major capsid
protein, and L2, which encodes for the minor capsid protein.
The L1 major capsid protein is highly conserved among papil-
lomaviruses of all species and serves as a convenient source of
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FIGURE 19.2. Distribution of HPV types deter-
mined by PCR in cases of invasive cervical cancer
and biopsy-confirmed CIN 2,3. Source: Modified
from Smith JS, Lindsay L, Hoots B, et al. Human
papillomavirus type distribution in invasive cervical
cancer and high-grade cervical lesions: a meta-
analysis update. Int J Cancer 2007;121:621–632.

FIGURE 19.3. Schematic of genomic organization of HPV. Source:
Reprinted with permission from Wright TC, Ferenczy AF, Kurman RJ.
Precancerous lesions of the cervix. In: Kurman RJ, ed. Balustein’s
Pathology of the Female Genital Tract. 4th ed. New York: Spring-
Verlag; 1994:229–241.
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antigen for the production of antibodies to the papillo-
mavirus. The minor capsid protein, L2, shows considerable
sequence variation between different types of HPV and has
been used as an antigen for the production of type-specific
antibodies to HPV. Expression of L1 and L2 capsid proteins
occurs late during the viral life cycle and coincides with the
production of complete virions (84). Expression of L1 and L2
capsid proteins is post-transcriptionally regulated by cell-
derived factors and occurs only in superficial and intermediate
squamous epithelial cells. This helps explain why virion pro-
duction and the resultant cytopathic effect of HPV infection
are pronounced in CIN 1 and in condyloma acuminatum, but
are less pronounced in CIN 2,3 and invasive cancer, which
contain fewer differentiated cells. The current generation of
prophylactic HPV vaccines is composed of L1 proteins that
have been induced to fold into viral-like particles (VLPs) (85).

HPV Life Cycle

The life cycle of HPV infections is tightly coupled with the dif-
ferentiation of the stratified epithelium that is the target of
infection. Unlike any other known virus families, infection
requires access to the actively proliferating basal cells of the
epithelium (Fig. 19.4) (86). This occurs usually at sites of micro-
trauma to the epithelium. Binding of HPV to the basal cells
appears to involve interactions with cell surface–associated
alpha 6 integrin that may act as the receptor for binding and
entry into the cells (87). After HPV has entered into the basal
cell, the viral genome undergoes limited replication. Within the
basal cells, replication of the HPV genome is tightly controlled
by cellular mechanisms and appears to be linked to cellular
replication so that the viral DNA co-replicates with the host’s
genome. Therefore, the HPV genome is maintained at a rela-
tively low copy number in the basal cell’s nucleus as a circular
or episomal form, and virally encoded proteins are expressed at
very low levels. As a result, HPV-infected basal cells show no
specific cytologic or histologic changes and cannot be distin-
guished from uninfected cells (81). 

As the infected basal cells proliferate, they migrate from the
basal/parabasal compartment to the suprabasal compartment.
Epithelial cells that are not infected with HPV exit the cell cycle
when leaving the basal/parabasal compartment. However, in

order to replicate in the differentiating epithelial cells, the virus
needs to reactivate the cellular DNA replication machinery.
Studies of cultured human keratinocytes have shown that the
viral E7 protein is capable of reactivating the cellular DNA
replication machinery in differentiated cells (88). The viral E6
protein also appears to play an important role by blocking the
apoptosis that would normally occur in the differentiated cells
(89). Together, these changes provide the S-phase environment
necessary for vegetative viral DNA replication and complete
virion formation. Coincident with the assembly of large num-
bers of infectious virions, the typical HPV-associated cyto-
pathic effects occur. The cytopathic effects are most prominent
in the upper layers of the epithelium and include multinucle-
ation, nuclear enlargement, hyperchromasia, and regions of
perinuclear clearing or halos (i.e., koilocytes). 

Transforming Functions of HPV

HPV E7 Oncoprotein

Characterization of the regions of the HPV genome responsi-
ble for the immortalizing and transforming functions of
“high-risk” HPV types indicates that both functions reside
predominantly in the E6/E7 ORFs. Phylogenetic compar-
isons of the E5 genes of different HPVs show a correlation
between DNA sequence and a type’s capacity to form
tumors, suggesting that E5 may play a role in carcinogenicity
(90). The E6/E7 ORFs of HPV-16 and -18 encode for several
distinct proteins. The E7 protein is the major transforming
and immortalizing activity of HPV (81,83). E7 is a small
zinc-binding protein composed of approximately 100 amino
acids that is phosphorylated in the native state and lacks
enzymatic activity. The HPV-16 E7 gene product can cooper-
ate with activated ras oncogenes for transformation and con-
tains a consensus sequence for casein kinase II–mediated
serine phosphorylation and a binding site for the product of
the retinoblastoma (Rb) gene, as well as the structurally
related “Rb-like pocket proteins,” p130 and p10 (88). These
proteins (Rb, p130, and p107) all play an important role in
regulating cell proliferation.

Although the exact mechanism of action of E7 within cells
has not been fully worked out, it is clear that the binding of
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FIGURE 19.4. Life cycle of HPV infections. HPV infects cells of the basal layer where it exists in a low
copy number in episomal form. It is thought that basal cells become exposed to HPV after microabra-
sions occur in the epithelium. Basal cells infected with HPV have a proliferative advantage and expand
laterally. As HPV-infected cells progress through the more differentiated layers of the epithelium, viral
replication is turned on and large numbers of copies of HPV DNA are produced. Late genes, including
the viral capsid, are produced in the most superficial layers of the epithelium and infectious virions are
assembled. This produces the characteristic cytopathic effects of HPV (e.g., koilocytosis).
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the E7 protein to either Rb or the other “Rb-like pocket pro-
teins” blocks the cell proliferation–inhibitory function of these
endogenous tumor suppressors (81,83). E7 also activates
cyclins E and A and blocks the cellular proliferation–inhibiting
activities of cyclin-dependent kinase inhibitors such as WAF1
(p21) and KIPI (p27). The end result of these activities is stim-
ulation of cell proliferation. Binding of E7 to Rb also results in
the increased expression of a cyclin-dependent kinase inhibitor
INK4A (p16). Increased expression of INK4A appears to be a
good marker of HPV-induced neoplasia (91).

HPV E6 Oncoprotein

Like the HPV E7 protein, the E6 protein is a small zinc-binding
protein (approximately 150 amino acids long) that lacks endoge-
nous enzymatic activity and exerts its effects through binding to
cell cycle regulatory proteins, especially p53 (88). The cellular
p53 protein is a transcriptional activator that has features of both
a tumor suppressor gene and an oncogene. Binding of HPV E6 to
p53 results in the rapid proteolytic degradation of the bound p53
through a ubiquitin-dependent pathway (81,83). This reduces
the amount of p53 present within the cell and causes a loss of the
p53 repair mechanism. The net effect of this is a blockage of
apoptosis and an increase in cellular proliferation.

Steps in Transformation

In some HPV-infected women the viral infection takes a differ-
ent course and, for poorly defined reasons, viral gene expres-
sion becomes unlinked to the state of differentiation of the
infected epithelial cells. This results in a change in the topogra-
phy of viral gene expression within the epithelium. One conse-
quence of deregulated expression of the E6 and E7 HPV pro-
teins is a dramatic increase in expression of E6/E7 in the lower
layers of the epithelium (92,93). The deregulated expression of
E6/E7 results in loss of normal cell cycle control of the epithe-
lium. In addition to disrupting normal cell cycle regulation and
abrogating apoptosis mechanisms, expression of the HPV E6
and E7 oncoproteins leads to genetic instability. Genetic insta-
bility is a characteristic feature of most malignant neoplasms
and occurs early in the development of precancers. It is impor-
tant because it allows the stepwise acquisition of multiple
mutations to occur. Genetic instability is produced by alter-
ations in the mitotic spindle apparatus. This allows aberrant
mitotic events that can produce a disequilibrium with respect
to the distribution of chromosomes, leading to changes in the
numbers and structures of the chromosomes. It can eventually
produce a change in the overall DNA content, referred to as
aneuploidy. Genetic instability is thought to play a critical role
in the development of cervical cancer (94). LOH studies of pri-
mary cervical tumors indicate a high frequency of allelic loss
on chromosomes 3p, 4p, 4q, and 11q (95). Nonrandom, cyto-
genetic deletions in the region of 3p14-p21 appear to be espe-
cially important and suggest that a tumor suppressor gene
important in cervical cancer may reside in this location (96). 

PREVALENCE OF HPV
INFECTIONS

HPV Detection Methods

The prevalence of genital tract HPV infections and the fre-
quency of exposure to HPV in the general population vary
widely in different studies. These variations are partly due to
the different sensitivities of the methods used for detecting HPV
infection and differences in the populations studied. Today,
PCR methods are generally considered the gold standard for
HPV DNA detection (97). PCR is extremely sensitive and has

the ability to detect and type all of the known anogenital HPV
types. Currently, two different approaches are used to detect
and type HPV DNA using PCR. One approach utilizes “type-
specific” primers and the other utilizes “consensus” primers
(97). Consensus primers amplify highly conserved regions of
the HPV genome and are capable of detecting all, or almost all,
of the anogenital HPV types. 

The commercially available, Food and Drug Administration
(FDA)-approved Hybrid Capture 2 HPV DNA assay has
become the most widely used HPV DNA assay for clinical use
(97). Hybrid Capture is a solution hybridization method that
detects HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, and 68 using a pooled set of probes. The sensitivity of
Hybrid Capture 2 is lower than the sensitivity of PCR, and
Hybrid Capture 2 is not able to identify the specific “high-
risk” type of HPV present in a sample. 

Prevalence of HPV in Women

In nonpregnant women with normal Pap smears, studies that
used either PCR or Hybrid Capture 2 have detected HPV DNA
in cervical samples in 4% to 43% of women (98–103). These
estimates appear to be an under-representation. When multiple
samples are taken over time, the cumulative prevalence in cyto-
logically negative women is generally considerably higher
(65,104,105). Based on these studies, it is clear that the preva-
lence of HPV infection in the general population is consistently
higher than the prevalence of CIN, by about one order of mag-
nitude. The majority of women who are infected with HPV
will never develop CIN 2,3 or cancer. As for cervical neoplasia,
the independent risk factors for HPV DNA positivity are
young age, high number of sexual partners, lower levels of edu-
cation and income, and immunosuppression (106). 

Several points need to be emphasized with regard to HPV
DNA prevalence studies. First, it is clear that the specific pop-
ulations that are studied greatly affect the results. Adolescent,
sexually active women have a higher prevalence of HPV DNA
positivity than do older women. Therefore, age is one of the
most important factors impacting the prevalence of HPV
DNA positivity (Fig. 19.5) (107). In addition, developmental
status of the country of residence appears to be important.
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FIGURE 19.5. Estimate of prevalence of HPV DNA positivity in
women with normal cervical cytology. The estimate is based on a
meta-analysis that included published studies from all regions of the
world. Source: Adapted from de Sanjose S, Diaz M, Casellsague X, 
et al. Worldwide prevalence and genotype distribution of cervical
human papillomavirus DNA in women with normal cytology: a meta-
analysis. Lancet Infect Dis 2007;7(7):453–459.
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The reasons for the increased HPV prevalence in less devel-
oped countries is unknown, but may relate to sexual practices
among both men and women and poor hygienic conditions
(107). Second, the method of cervical sampling may influence
the measured prevalence. A final point is that the detection of
HPV DNA is often episodic rather than constant. Several
studies have shown considerable variation in HPV DNA
detection in individual women on a day-to-day basis. This
variability appears to be due to episodic shedding of either
free virus or virally infected cells from the cervical epithelium.

The prevalence of HPV-related anogenital infections appears
to be increased during pregnancy and in immunosuppressed
women. One study showed that the prevalence of HPV DNA
positivity increased from the first to the third trimester, and that
there was a dramatic reduction in prevalence during the post-
partum period (108). Although few studies document differ-
ences in the prevalence of condylomata acuminata in pregnant
patients, it is frequently stated that pregnancy is associated with
an increase in the prevalence of genital warts and with an
increase in the size of genital warts. It has been suggested that
this is due to increased vascularity, perineal moisture, and hor-
monal stimulation. HPV infections appear to be particularly
prevalent among HIV-infected women (64).

TRANSMISSION OF HUMAN
PAPILLOMAVIRUS

Both genital and nongenital HPV appear to be transmitted
predominately through close “skin-to-skin” or “mucosa-to-
mucosa” contact and transmission is facilitated by minor
trauma at the site of inoculation. 

Sexual Transmission

The importance of sexual transmission is highlighted by stud-
ies of young women initiating sexual activity. In a study of
604 women attending a university, HPV DNA was detected by
PCR in only 3% of women reporting no prior vaginal inter-
course, 7% of women with one male sexual partner, 33% of
women with two to four partners, and 53% of women with
five or more male partners (109). In a prospective study that
included virginal young women, Kjaer et al. found that only
those women who initiated sexual activity became HPV DNA
positive, and that the number of new partners was the most
important determinant of HPV acquisition (110). More
recently, Winer et al. reported that the rate of incident HPV
infections was 25.3 per 100 years at risk among sexually
active women with no new partners and increased to 114.5
and 224.4 per 100 years at risk among those with one and
more than one new partners, respectively (111). Consistent
condom use reduced the rate of incident infections by more
than half (111). Males are frequently infected with several dif-
ferent types of HPV and therefore it is not unusual for a
woman to become infected with multiple types of HPV (103).

The probability that an individual will be infected per sex-
ual contact is unknown, but appears to be relatively high. The
best data on the transmissibility and incubation period of gen-
ital warts is that of Oriel, who found that 60% of the sexual
partners of patients with condylomata developed condylo-
mata themselves (112). The incubation period for HPV infection
ranged from 3 weeks to 8 months, with an average of 3 months.
Similarly, 60% of the male consorts of women with CIN have
flat, HPV-associated penile lesions (72). Age of the lesion
appears to influence the infectivity of condylomata acuminata.
Contact with a person whose genital warts have been present
only a short time is more likely to result in transmission of the
disease than contact with a person whose lesions have been

present for a long time. In some cases this incubation period
can be much longer.

Perinatal and Fomite Transmission

Based on studies of small babies with anogenital warts, older
children and adolescents who develop laryngeal papillomato-
sis, and from studies of squamous cell carcinomas of the con-
junctiva and nose, it is clear that nonsexual transmission of
genital HPV types can occur. Studies of young children with
genital condylomata acuminata have convincingly demon-
strated that nonvenereal transmission occurs since a signifi-
cant proportion of genital condylomata in this age group is
associated with nongenital HPV types (71). Whether nonvene-
real transmission in this setting occurs through contact with
fomites or through heteroinoculation is presently unclear.
HPV is relatively resistant to dessication and there are instances
in which it appears that anogenital HPV types have been
transferred through fomites (113,114). Another example 
of nonvenereal transmission is laryngeal papillomatosis.
Laryngeal papillomatosis is an uncommon disorder character-
ized by the development of recurrent laryngeal papillomas
that are associated with HPV types 6 or 11. The incidence of
this uncommon disorder ranges from 0.4 to 1.1 per 100,000
(115). This disorder develops in older children and young
adults and it has been suggested that the HPV infection is
acquired either in utero or during birth.

HPV DNA has been detected in nasal and oropharyngeal
swabs in neonates born to women who have genital HPV
infections. One recent study detected HPV DNA in the
oropharynx of 2.5% of children less than 1 year of age (116).
No risk factors were identified among the mothers for HPV
transmission to the infants. This and other studies suggest that
vertical transmission of HPV infections can occur, but it
appears that vertically acquired HPV plays little role in the
development of cervical neoplasia in adults. Similarly, trans-
mission via fomites appears to occur, although it is probably
an uncommon event and unlikely to account for a significant
proportion of anogenital HPV infections in adults.

OUTCOME AFTER EXPOSURE 
TO HPV

Infection with a high-risk anogenital HPV can result in several
outcomes (Fig. 19.6) (90,117). Most women develop a tran-
sient productive viral infection that lasts for a period of
months to years. During this transient infection, HPV DNA
can be detected in genital secretions and exfoliated epithelial
cells. Approximately one third of these women develop low-
grade cytologic or histologic changes (90). Nevertheless, the
vast majority of HPV-infected women spontaneously clear
their infections within 1 to 2 years. Clearance appears to be
mediated by cellular immune responses. Rates of clearance in
different studies vary depending on whether incident or preva-
lent infections are being studied, but prospective follow-up
studies report that less than 20% of women remain DNA pos-
itive after 24 months of follow-up (Table 19.8). 

It is currently unknown what proportion of women who
appear to spontaneously clear their HPV infections and
become HPV DNA negative truly clear the infection from the
anogenital tract and what proportion continue to have a latent,
undetectable HPV infection. Studies of immunosuppressed
women indicate that with increasing levels of immunosuppres-
sion, a considerable number will become HPV DNA positive
even in the absence of new sexual exposures (118,119). This
provides strong evidence for the presence of long-term viral
latency of anogenital HPV. Reactivation of latent infections
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could also explain the increase in prevalence of HPV among
cytologically negative older women (Fig. 19.5). The clinical
significance of reactivation of latent infections in older
women is probably minimal since the risk for CIN 2,3 or can-
cer among previously well-screened older women is quite low.

There is no accepted definition of what constitutes a clini-
cally significant, persistent infection. Although spontaneous
clearance can continue to occur even after 24 months, clinically
significant, persistent infections should probably be defined as
infections that last at least 2 years. Long-term, stable, persis-
tent infections appear to occur in only about 10% of infected
individuals (117). Since prevalence of infection in a popula-
tion is determined by both the rate of new infections in the
population and the rate of clearance of the infection, those
HPV types that are most likely to become persistent will also
tend to be the most commonly detected ones in the popula-
tion. Persistent infections are the only clinically significant
HPV infections since these are the only ones that can produce
high-grade precursors that can progress to invasive cancers.
Although newer studies suggest that CIN 2,3 lesions can
develop within a relatively short period of time after initial
infection, lesions that do not persist for at least 2 years are
unlikely to have clinical significance.

PATHOLOGY OF PREINVASIVE
LESIONS OF THE LOWER

GENITAL TRACT

Cervix

Localization of CIN

The use of colposcopy to identify CIN and careful micro-
scopic studies of the distribution of CIN in conization and
hysterectomy specimens have greatly increased our knowl-
edge of the clinical appearance and distribution of CIN.
Colposcopic and histologic mapping studies of the position of
CIN have shown that the vast majority of lesions develop in a
region of the cervix called the transformation zone. At the
time of menarche, most young women have some endocervical-
type columnar epithelium present on the portio (vaginal por-
tion) of the cervix. This endocervical-type epithelium appears
salmon red to the naked eye and has been referred to as cervi-
cal erosion, ectropion, cervical ectopy, or native columnar
epithelium. In response to a variety of stimuli including low
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FIGURE 19.6. Natural history of HPV infections. Source: Adapted from Wright TC Jr, Schiffman M.
Adding a test for human papillomavirus DNA to cervical-cancer screening. N Engl J Med
2003;348(6):489–490.

PREVALENCE AND CUMULATIVE DETECTION RATES OF HPV IN YOUNG WOMEN

TA B L E  1 9 . 8  

% Persistent at

Author No. of patients Mean age Type of infection 6 mo 12 mo 24 mo

Sun et al. 231 34 yr Incident and prevalent 50% 35% 18%
Ho et al. 608 20 yr Incident — 30% 8%
Moscicki et al. 618 20 yr Prevalent 50% 30% 10%
Woodman et al. 1,075 20 yr Incident 24% 4% �1%
Richardson et al. 635 23 yr Incident — 62% —

Sources: Adapted from Sun XW, Kuhn L, Ellerbrock TV, et al. Human papillomavirus infection in women infected with the human immunodefi-
ciency virus. N Engl J Med 1997;337:1343; Ho GY, Bierman R, Beardsley L, et al. Natural history of cervicovaginal papillomavirus infection in
young women. N Engl J Med 1998;338:423; Moscicki AB, Hills N, Shiboski S, et al. Risks for incident human papillomavirus infection and low-
grade squamous intraepithelial lesion development in young females. JAMA 2001;285:2995; Woodman CB, Collins S, Winter H, et al. Natural his-
tory of cervical human papillomavirus infection in young women: a longitudinal cohort study. Lancet 2001;357:1831; Richardson H, Kelsall G,
Tellier P, et al. The natural history of type-specific human papillomavirus infections in female university students. Cancer Epidemiol Biomarkers Prev
2003;12:485. 
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pH, trauma, hormonal factors, and cervicovaginal infections,
shortly after menarche the columnar epithelium gradually
becomes replaced by a stratified squamous epithelium (Fig.
19.7). The replacement of columnar epithelium by a stratified
squamous epithelium occurs by two different processes. One
is called squamous metaplasia and the other is the direct in-
growth of squamous epithelium from the periphery of the por-
tio, referred to as epidermidization. As these processes occur,
the histologic junction between stratified squamous epithe-
lium and endocervical-type columnar epithelium moves
inward toward the external cervical os. By the age of 40 in
most women the entire portio is covered by mature squamous
epithelium. 

The transformation zone is defined as the region of the cervix
that lies between the original squamocolumnar junction and the
current or anatomic squamocolumnar junction (Fig. 19.7). The
transformation zone is of critical importance in cervical pathol-
ogy and colposcopy because it is the site at which CIN usually
develops as well as the major locus for cervical carcinomas.
Although CIN often extends into the endocervical canal, it
rarely extends out onto the native squamous epithelium of the
portio. The mechanisms responsible for the restricted distribu-
tion of CIN on the cervix are unknown.

Origin of CIN

The majority of CIN arises in the transformation zone with one
margin adjacent to the current squamocolumnar junction.
Therefore, it would appear that the cell of origin of the majority
of CIN is the basal cell of squamous metaplasia. The recent
demonstration that alpha 6 integrin is a possible receptor for
HPV supports this model since alpha 6 integrin is only
expressed in basal cells and epidermal stem cells (87). Over the
years, there has been some controversy as to whether CIN
develops from a single focus or cell and then enlarges centrifu-
gally over the cervix, or whether it can develop as a field effect
from multiple foci. CIN 1 frequently develops from a latently-
infected cervical epithelium, is often associated with multiple
types of HPV, and has many of the features of a productive viral
infection rather than a neoplasm. Therefore, it might be pre-
dicted that these lesions would be polyclonal in origin. Using
more modern molecular techniques, Park et al. found that CIN
1 associated with “non-high-risk” HPV types are typically

polyclonal, whereas CIN 1 associated with “high-risk” HPV
types are typically monoclonal, as are almost all CIN 2,3 lesions
(120). This indicates that CIN 1 associated with low-risk types
of HPV are biologically different at their inception from lesions
that are histologically low grade but associated with “high-
risk” HPV types. There is now data to suggest that some CIN
2,3 lesions develop de novo without a preexisting CIN 1
(121,122). In a study of 54 cytologically negative women who
were HPV-16 DNA positive, 17 (31%) developed CIN on fol-
low-up and 41% of the incident cases were first identified as
CIN 3 (122). In the recent HPV vaccine trials, some CIN 3
lesions developed very quickly after initial infection with HPV-
16 and did not appear to go through a low-grade precursor
phase (39).

Microscopic Appearance of CIN

The two histologic hallmarks of CIN, regardless of grade, are
the presence of nuclear atypia and aberrant cytoplasmic differ-
entiation. Nuclear atypia in CIN can take many forms. In most
cases, the nuclei become enlarged and an increase in the
nuclear-cytoplasmic ratio occurs. The extent of nuclear
enlargement usually varies from cell to cell, leading to an irreg-
ular appearance of the epithelium. Multinucleation also often
occurs. The nuclei of cells in CIN are usually hyperchromatic,
and the chromatin is coarsely clumped. The nuclear outline is
sometimes irregular and angulated rather than round.

Aberrant cytoplasmic differentiation is also invariably
found in CIN, irrespective of grade. The normal, stratified,
squamous epithelium of the cervix can be divided into three
layers (Fig. 19.8). The basal layer is composed of a single
layer of cells that is in contact with the basement membrane.
The parabasal layer is the proliferative compartment and is
one to two cell layers thick. This is the site at which mitoses
are observed in the normal cervix. As cells leave the
parabasal layer, they become progressively more mature and
develop cytoplasmic flattening. Squamous intraepithelial
lesions have aberrant differentiation and deviate from this
normal pattern. The extent and type of aberrant differentia-
tion varies greatly from lesion to lesion. In the original CIN
terminology, lesions were graded 1 to 3 based on the extent
to which the epithelium was replaced by undifferentiated
basaloid cells. Lesions were classified as follows: CIN 1 if
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FIGURE 19.7. Impact of age on the location of the squamocolumnar junction. As females age, the loca-
tion of the squamocolumnar junction on the cervix moves. The movement of the squamocolumnar junc-
tion defines the transformation zone.
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the undifferentiated cells involved only the lower third of
the epithelium (Fig. 19.9A); CIN 2 if undifferentiated cells
and mitoses were present up to two thirds of the way
through the epithelium (Fig. 19.9B); and CIN 3 if they
extended through more than two thirds of the epithelium
(Fig. 19.9C). 

In CIN 1, HPV cytopathic effect is usually a prominent fea-
ture and immature basaloid cells and mitotic figures are
restricted to the lower third of the epithelium. The cytopathic
effect of HPV can best be described as the formation of a
region of perinuclear clearing or vacuolization (Fig. 19.10).
Cells with a combination of nuclear atypia and perinuclear
clearing are called koilocytes, a term derived from the Greek
word koilos, which means hollow or empty. Not all cells with
perinuclear clearing are HPV infected. The presence of perinu-
clear clearing, or halos, in cells without significant nuclear
atypia is seen in a variety of nonneoplastic disorders as well as
HPV infections. These disorders include infections with
Trichomonas organisms, Gardnerella vaginalis, and Candida
organisms. In addition, perinuclear clearing can occasionally
be a feature of the atrophic epithelial changes found in post-
menopausal patients or in immature squamous metaplasia.
Before the recognition that all CIN are associated with HPV
infections, cervical condylomata and CIN 1 were generally
classified as separate histopathologic entities. With the wide-
spread application of HPV typing to cervical lesions, it has
become evident that it is impossible to distinguish on histo-
logic grounds alone between flat cervical condylomata and
CIN 1 lesions associated with “low-risk” HPV types and
those associated with “high-risk” HPV types (5). Since clinical
and histologic criteria do not allow segregation of low-grade
lesions on the basis of oncogenic potential, distinctions
between flat cervical condylomata and low-grade CIN 1
lesions are no longer clinically meaningful and have been
dropped from the Bethesda terminology.

Although HPV-induced cytopathic effects are often pre-
sent, they are usually less prominent in CIN 2,3 than in CIN 1.
CIN 2,3 is characterized by immature basaloid cells and
mitotic figures that extend into the upper two thirds of the
epithelium. The immature basaloid cells usually have nuclear
crowding, pleomorphism, and loss of normal cell polarity.
Cytoplasm is usually minimal, which results in a high nuclear-
to-cytoplasmic ratio. Another feature found in most high-
grade lesions is abnormal mitotic figures (Fig. 19.11). Most
squamous cell carcinomas of the cervix have chromosomal
abnormalities, and many are aneuploid. This suggests that
aneuploid precursor lesions are highly significant and may

have the capacity to progress to an invasive carcinoma if left
untreated. Support for such a hypothesis comes from studies
that have documented that the percentage of aneuploid CIN
lesions increases as the grade of the lesion increases (9). The
best histologic predictor of an aneuploid lesion is the presence
of abnormal mitotic figures. 

Microscopic Appearance of Endocervical Glandular
Atypia and Adenocarcinoma In Situ

Both endocervical glandular atypia and adenocarcinoma 
in situ of the endocervix are characterized by endocervical
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FIGURE 19.8. Normal statified squamous epithelium of the cervix.
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FIGURE 19.9. Histology of (A) CIN 1, (B) CIN 2, (C) CIN 3.
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glands that are lined by atypical glandular cells and lack evi-
dence of stromal invasion (Fig. 19.12A). In both lesions, indi-
vidual endocervical cells have many of the histologic and
cytologic features of invasive adenocarcinoma. The atypical
endocervical cells are enlarged with hyperchromatic, elon-
gated nuclei (Fig. 19.12B). Characteristically, the chromatin
pattern is coarse and granular. There is a reduction in the
amount of cytoplasm and only minimal intracellular mucin is
present. A characteristic feature of both endocervical glandu-
lar atypia and adenocarcinoma in situ is crowding of the cells
and pseudostratification. Abrupt transitions between involved
and uninvolved epithelium are frequently observed.

Endocervical glandular atypia and adenocarcinoma in
situ are differentiated from each other by their relative
degrees of mitotic activity and pseudostratification. Mitotic
figures are quite common and atypical mitotic figures are
frequently observed in adenocarcinoma in situ. There is

marked pseudostratification of the endocervical cells that
form two or three cell layers. This results in cribriforming and
complex papillary infoldings of the epithelium into the gland
lumens. In contrast, mitotic figures are relatively uncommon
in endocervical glandular atypia, and the atypical endocervical
cells are not pseudostratified. Instead they form a single row
of cells. Cribriforming and papillary infoldings are also infre-
quent in endocervical glandular atypia.

Architectural features are used to distinguish between ade-
nocarcinoma in situ and invasive endocervical adenocarci-
noma. Invasion is diagnosed when atypical glands extend
beyond the depth of the normal, uninvolved endocervical
glands. This is usually approximately 5 to 6 mm from the
surface. Features suggestive of invasion include desmoplasia
or stromal reaction around the involved glands, exuberant
gland budding, back-to-back glands, and papillary projections
from the endocervical surface.
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FIGURE 19.10. A: CIN 1 lesions are charac-
terized by the presence of cells with perinu-
clear halos and nuclear atypia. B: In situ
hybridization of a CIN 1 lesion using probes
for HPV-16/18 defects HPV DNA appearing
as dark staining of the nuclei of the super-
ficial cells.

A B

FIGURE 19.11. Histology of (A) CIN 1 that
lacks abnormal mitotic figures and (B) CIN
2,3 that is classified as high-grade because it
contains abnormal mitotic figures.
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Vulva

Gross Appearance of Vulvar HPV-Associated Lesions

Anogenital warts can be categorized into three separate types
based on their gross appearances (123). One is a hyperplastic,
cauliflower-like lesion called condyloma acuminatum. These
raised exophytic lesions are pink to white and are found in
moist areas such as the labia, perianal region, glans penis,
inner aspect of the prepuce, and the urethral meatus. Another
is a small sessile plaque type of wart. These are most common
on the penile shaft. The final type is a keratotic, verruca vulgaris-
like wart.

Vulvar condylomata occur in women of all age groups but
have a peak incidence from ages 20 to 24. They vary in size from
small, easily treated lesions to large, inflamed masses that tend to
recur after treatment (Fig. 19.13). A key feature of HPV infection
of the lower female genital tract is that it often involves multiple
sites and is multifocal. For example, 22% to 32% of female
patients with vulvar condylomata will have concurrent cervical
lesions (124,125). Therefore, it is essential that the entire lower
genital tract be examined carefully in all patients with vulvar
condylomata. Vulvar lesions with a typical gross appearance of
condylomata are readily recognized and are rarely confused with
other lesions. However, when the appearance is atypical, the dif-
ferential diagnosis can include almost any raised vulvar lesion,
including condyloma latum, molluscum contagiosum, fibropapil-
loma, lymphoma, hidradenoma, and even verrucous carcinoma

if the lesion is large. In atypical cases, a biopsy of the lesion is
mandatory and usually diagnostic. The classic histologic features
of condylomata acuminata are papillomatosis, acanthosis with
hyperkeratosis, parakeratosis, and the presence of nuclear atypia
with multinucleation and koilocytosis (Fig. 19.14). As mentioned
previously, condylomata acuminata are usually associated with
HPV types 6 and 11. Human papillomavirus DNA can be
detected by in situ hybridization in more than 90% of cases of
condylomata acuminata (Fig. 19.14) (126). 

Many patients have small genital epithelial lesions that are
clinically suggestive of plaque-type anogenital warts and are
better visualized after the application of 4% acetic acid but
histologically lack characteristic HPV-associated cytopathic
effects. These lesions are particularly common in men and
occur on the corona glandis and along each side of the frenu-
lum of the penis. The term pearly penile papules has been used
for these lesions (127). In females, a common mimic of condy-
lomata acuminata is micropapillomatosis labialis (128).
Micropapillomatosis labialis occurs at the introitus and
appears as multiple, soft papillary projections that are charac-
teristically bilateral and symmetric (Fig. 19.15). Although
micropapillomatosis labialis can histologically be mistaken for
an HPV-related lesion, multiple studies have failed to detect
HPV DNA in a significant number of cases (128). Another
common entity that is often confused with condyloma acumi-
natum, especially by pathologists, is benign fibropapilloma of
the anogenital region.

Like CIN 2,3, vulvar intraepithelial neoplasia has been
increasing in incidence over the last two decades (129,130).
Vulvar intraepithelial neoplasia usually presents as a slightly
raised, sharply demarcated lesion that can be black, white,
gray, red, or brown, depending on the age, race, and complex-
ion of the patient (Fig. 19.16). These lesions tend to be unifo-
cal in older patients and multifocal in younger patients. The
margins are often irregular, and the lesions vary in size from
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FIGURE 19.12. Adenocarcinoma in situ of the cervix. A: Adenocarci-
noma in situ is characterized by glands lined by atypical endocervical
cells that frequently form papillary projections into the glandular
lumen. B: At higher magnification, the endocervical cells are pseudo-
stratified and there are numerous mitotic figures.

FIGURE 19.13. Gross features of vulvar condyloma acuminatum.
Source: Used with permission courtesy of Dr. D. Townsend, University
of California. From Wright TC, Richart RM. Pathology quiz: condy-
loma acuminatum. Contemp OB/GYN 1990;4:5.
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FIGURE 19.14. A, B: Histology of condyloma acuminatum. C: In situ hybridization of a vulvar condy-
loma using probes for HPV-6/11.

FIGURE 19.15. Characteristic gross features of micropapillomatosis
labialis. Source: Courtesy of Dr. Alex Ferenczy, Jewish General
Hospital, McGill University, Montreal, Quebec, Canada.

FIGURE 19.16. Gross features of vulvar intraepithelial neoplasia.
Source: Used with permission courtesy of Dr. D. Townsend, University
of California. From Wright TC, Richart RM. Pathology quiz: condy-
loma acuminatum. Contemp OB/GYN 1990;4:5.
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several millimeters to large, confluent lesions that involve the
entire vulva. The majority of lesions are 1 to 3 cm in diameter.
Most commonly, VIN develops on the labia minora, around
the anus, and at the introitus (131). The clitoris and urethra
are less commonly involved.

Bowenoid papulosis is considered by many to be a separate
entity. It is a disease characterized by multiple small papules
that are often violaceous and occasionally coalesce to form
large plaques. The lesions develop on the vulvar skin and
occasionally on the abdomen. Bowenoid papulosis is a disease
of young women, with a peak incidence in the third decade.
However, despite the relatively innocuous gross appearance of
bowenoid papulosis, this lesion is identical histologically to
VIN 3. Invasive vulvar carcinoma may arise in untreated cases
of bowenoid papulosis. 

Microscopic Appearance of Vulvar 
Intraepithelial Neoplasia

Microscopically, VIN lesions are similar to CIN lesions. The
four major histologic features are increased numbers of undiffer-
entiated cells with nuclear atypia, alterations in epidermal matu-
ration with disorganization, parakeratosis and hyperkeratosis,
and the presence of abnormal mitotic figures (Fig. 19.17).
Although the ISSVD has recommended that VIN lesions no
longer be graded and that VIN 1 lesions not be diagnosed, in
most centers VIN lesions continue to be histologically graded on
a scale of 1 to 3, using criteria identical to those used for the
original CIN terminology for cervical cancer precursors
(22,132). Nuclear atypia in VIN typically involves the basal and
parabasal cell layers as well as cells in the upper, more differenti-
ated cell layers. Nuclear size in VIN varies from small and
hyperchromatic to pleomorphic and large. 

VIN lesions tend to have three histopathologic appear-
ances termed warty, basaloid, and differentiated (133).
Separation into these three subtypes is based predominately

on nuclear size and the amount of cytoplasmic differentia-
tion. In general, invasive vulvar cancers that are HPV DNA
positive occur in younger women and are associated with
the warty and basaloid variants of VIN (134). In the ISSVD
terminology these histologic types of VIN are grouped
together as VIN, usual type (22). In contrast to the warty
and basaloid variants of VIN which are associated with
HPV DNA positive vulvar cancers in younger women, dif-
ferentiated VIN is found in older women and tends to be
associated with HPV DNA negative invasive vulvar cancers
(135). This type of VIN was originally referred to as carci-
noma in situ, simplex type. Differentiated VIN often occurs
adjacent to well-differentiated invasive vulvar cancers and is
often associated with either squamous hyperplasia or lichen
sclerosis of the vulva (133).

These histologic variants, especially the warty and basaloid
forms, are frequently found together in the same patient.
Moreover, there is no data to suggest that histopathologic type
has a significant impact on either rates of progression to inva-
sive vulvar cancer or response to standard therapies. One
additional point needs further clarification. Although the his-
tologic distinction between cervical condylomata and CIN 1 is
no longer thought to be possible, vulvar condylomata and
VIN are still distinguished from one another. The reason for
retaining this distinction for the vulva is that the vast majority
of vulvar condylomata are caused by HPV-6 or -11, which are
low-oncogenic-risk HPV types (70). The development of inva-
sive vulvar carcinoma from a preexisting condyloma acumina-
tum is an extremely rare event. Histologically, the distinction
between vulvar condylomata and VIN is made on the basis of
two features: the presence or absence of abnormal mitotic
figures and the presence or absence of nuclear atypia that
involve the basal and parabasal cell layers.

Vagina

Vaginal intraepithelial neoplasia lesions are generally white
with sharp borders. They are best evaluated with colposcopy
after the application of 4% acetic acid. In general, vascular
changes are not striking in VAIN lesions, although punctation
is occasionally seen. The histologic features of VAIN are iden-
tical to those of CIN and VIN.

CYTOLOGIC SCREENING FOR
CERVICAL CANCER AND ITS

PRECURSORS

Background

Cytology-based cervical cancer screening programs were first
introduced in the mid-20th century and are now widely recog-
nized as being able to reduce both the incidence of, and mor-
tality from, invasive cervical cancer. Strong evidence for their
effectiveness comes from comparison of incidence and mortal-
ity trends of invasive cervical cancer with screening activity in a
given country or region. The Nordic countries provide some of
the best evidence for a linkage between screening and reduc-
tions in both incidence and mortality from cervical cancer (54).
In order to be effective, these programs require good coverage
of the target population and appropriate management of
screen-positive women (54). The importance of coverage is
seen in the cervical cancer rates in the United Kingdom. Prior
to 1988 there was a recommendation by the National Health
Service (NHS) for routine cytologic screening, but coverage of
the population was relatively low and cervical cancer ratesFIGURE 19.17. Microscopic features of VIN 3.
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remained relatively high (Fig. 19.18) (136). In 1988 the NHS
introduced a national call-recall system, improved quality con-
trol in the laboratories, and provided financial incentives to
general practitioners to encourage high rates of screening in
their patients. As a result of this program, the incidence of
invasive cervical cancer began to quickly drop.

Accuracy of Cervical Cytology

Despite the proven effectiveness of cervical cytology in reduc-
ing the incidence of cervical cancer, over the last several years
the accuracy of cervical cytology has been questioned. Two
factors need to be considered when assessing the accuracy of
any diagnostic test including cervical cytology. One is whether
the test is specific in detecting a given condition; the other is the
sensitivity of the test for detecting a given condition. Several
meta-analyses have been conducted and have concluded that
both the sensitivity and specificity of cervical cytology is lower
than previously thought (137,138). The first analysis by Fahey
et al. estimated that the mean sensitivity of a conventional cer-
vical cytology was 58% and the mean specificity was 69%,
when used in a screening setting (Fig. 19.19) (137). The second
meta-analysis by Nanda et al. considered different cytologic
cut-offs and endpoints (138). When a cytologic cut-off of atyp-
ical squamous cells of undetermined significance (ASC-US) is
used and the endpoint is biopsy-confirmed CIN 1 or worse, the
average sensitivity of conventional cytology was 68% and the
average specificity was 75% (Fig. 19.19). When the cytologic
cut-off was LSIL and the endpoint was biopsy-confirmed CIN
2,3 or worse, the average sensitivity was 81% and the speci-
ficity was 77%. 

A number of factors influence the false-negative rate of
cervical cytology. Of key importance is the use of a proper
technique for sampling the cervix. Since the majority of CIN
and cancers involve the transformation zone, sampling
devices have been specifically designed to sample this area.
Sampling the endocervical canal also reduces the false-nega-
tive rate. This sample can be taken with an endocervical
brush (e.g., Cytobrush) or one of the newer collection
devices such as a cell broom. Saline-moistened cotton-tipped
applicators should not be used since the number of endocer-
vical cells that are obtained with a cotton-tipped applicator
is less than the number obtained with a Cytobrush and sev-
eral studies have reported a higher CIN detection rate when
Cytobrushes are used (139). Other important factors for
reducing the false-negative rate are the rapid fixation of cells
to prevent artifactual changes secondary to air-drying and
the use of a cytology laboratory with stringent quality con-
trol standards.

Although a false-negative rate of 20% to 40% for a cancer
screening test appears to be unacceptably high, the test has
been effective despite its limitations due to the natural history
of the disease, and the use of cervical cytology has reduced the
incidence of cervical cancer by almost 80% in the United
States over the last 3 decades (140). The effectiveness of cervi-
cal cytology is attributable to the fact that invasive cervical
cancer requires many years to develop from a CIN 2,3 lesion
(5). If cervical cytology is performed on a routine basis, it is
unlikely that a CIN 2,3 lesion will remain undetected,
although such cases do rarely occur. The current screening rec-
ommendation from the American Cancer Society and the
American College of Obstetricians and Gynecologists is that
cervical cancer screening should be initiated approximately 
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FIGURE 19.18. Impact of increasing screening
coverage on the age-standardized incidence of
invasive cervical cancer in the United Kingdom,
1971–1995. Source: Adapted from Quinn M,
Babb P, Jones J, Allen E. Effect of screening on
incidence of and mortality from cancer of cervix
in England: evaluation based on routinely col-
lected statistics. BMJ 1999;318;904.
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FIGURE 19.19. Estimates of the sensitivity (circles) and specificity
(squares) of conventional cervical cytology obtained from two meta-
analyses (those of Fahey et al. left side with bars showing 95% confi-
dence interals and Nanda et al. right side with bars representing range
of values in different studies). Source: Modified with permission from
Fahey MT, Irwig L, Macaskill P. Meta-analysis of Pap test accuracy.
Am J Epidemiol 1995;141:680, and Nanda K, McCrory DC, Myers
ER, et al. Accuracy of the Papanicolaou test in screening for and fol-
low-up of cervical cytologic abnormalities: a systematic review. Ann
Intern Med 2000;132:810.
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3 years after the initiation of sexual intercourse, but no later
than age 21 years (141,142). After 30 years of age, the interval
between cervical cytology examinations can be extended to 2
to 3 years in women who have had three consecutive negative
cervical cytology screening test results, who have no history of
CIN 2,3, and are neither immunocompromised nor exposed
to diethylstilbestrol (DES) (141,142). There is currently no
consensus as to when to stop screening. The American Cancer
Society recommends that screening can be discontinued in
women 70 years and older with three documented negative
screening tests within the preceding 10 years and no history of
cervical cancer, DES exposure, or immunosuppression (142).
The U.S. Preventative Services Task Force recommends dis-
continuing screening at age 65 years in women who have had
adequate recent screening and who are not otherwise at high
risk for cervical cancer (143). Routine screening is not recom-
mended for women who have undergone a hysterectomy for
benign indications and who have no prior history of CIN 2,3.

Obtaining an Optimal Cervical Cytology

To obtain an optimal cervical cytology, it is necessary to
observe several simple guidelines. The patient should be
instructed not to douche, wash her vagina, or have intercourse
for 24 hours before obtaining the specimen. Cervical cytology
should not be obtained during menses or within 1 week after
stopping intravaginal antibiotics or antifungal agents. Cervical
cytology should be taken before a bimanual exam, using a
minimal amount or no lubricant. It is preferable not to apply
acetic acid to the cervix before the cervical cytology is taken.
An Ayre-type spatula or cell broom type of device should be
used and rotated around the cervix several times with firm
pressure. A Cytobrush is immediately placed in the external os,
rotated 180° only, and withdrawn. The sample is immediately
fixed and labeled with the patient’s name and date of birth. 

Liquid-Based Cytology

Liquid-based cytology (LBC) is now widely used in the United
States for cervical cytology. Three liquid-based cytology meth-
ods are currently available in the United States. These are the
ThinPrep Pap Test marketed by Cytyc Corporation, SurePath
marketed by BD Diagnostics, and MonoPrep Pap Test mar-
keted by MonoGen, Inc. ThinPrep and MonoPrep use a filter
method to collect a monolayer of epithelial cells and separate
the epithelial cells from blood, mucus, and inflammatory
debris. SurePath uses a density centrifugation method to enrich
for epithelial cells and reduce blood and inflammatory cells.

A major reappraisal is underway in the screening community
of the performance of LBC. When it was first introduced, LBC
was believed to provide a significant advantage compared to
conventional cervical cytology with respect to sensitivity for the
identification of women with CIN 2,3 or cancer. However, most
of the studies that compared LBC with conventional cytology
had methodologic problems such as the use of historical con-
trols, and others simply reported increases in the number of
cases cytologically diagnosed as squamous intraepithelial lesions
(SIL). Very few studies measured histologic endpoints and the
few studies that actually utilized histologic endpoints did not
blind the pathologists evaluating the histology to the cytologic
findings. Only one small study was randomized. 

Recently two systematic reviews of the published literature
comparing the performance of LBC with conventional cytology
were published (144,145). One included a total of 56 studies,
52 of which provided enough information to evaluate differ-
ences between LBC and conventional cytology (144). These 52
included more than a 1.25 million slides. Of the studies that
were evaluated, none were of “ideal quality” and only five
were of “high quality.” When all of the studies were taken into

account and combined it was concluded that they saw no evi-
dence that LBC reduced the proportion of unsatisfactory slides
nor that it has better performance than conventional cytology
with respect to the identification of women with CIN 2,3. The
reviews concluded that large randomized trials were needed. 

Since the first systematic review was conducted, two large
randomized trials comparing LBC with conventional cytology
have been published. One was conducted in South Africa and
no significant difference was observed in the sensitivity of
LBC and conventional cytology in the detection of CIN 2,3 or
cancer (Table 19.9) (146). An Italian randomized study also
failed to find that LBC is more sensitive than conventional
cytology but did find a 43% reduction in positive predictive
value (PPV) with LBC due to an increase in the number of
abnormals (Table 19.9) (147). After the publication of these
two large trials, another systematic review and meta-analysis
of LBC found that there were only six other published studies
that were appropriately designed to allow a comparison of the
performance of LBC and conventional cytology (148). This
review concluded that there is no evidence that LBC is either
more sensitive or more specific than conventional cytology.

Having said this, it is important for clinicians to recognize
that there are other advantages of LBC. The greatest of these
appears to be the availability of residual fluid for “reflex”
HPV testing in women with ASC-US as well as testing for
other pathogens such as Chlamydia. Moreover, almost all
cytologists agree that it is easier to evaluate LBC specimens
than conventional cytology specimens and it is unlikely that
cytology laboratories will want to switch back to conventional
cytology now that the conversion to LBC has taken place.

Terminology of Cytologic Reports

The Bethesda system terminology is used for reporting cervical
cytology results in the United States. The Bethesda system
underwent significant modifications in 2001 (Table 19.10)
(10). The major features of the 2001 Bethesda system are that
it requires (a) an estimate of the adequacy of the specimen for
diagnostic evaluation; (b) a general categorization of the spec-
imen as being either “negative for intraepithelial lesion or
malignancy,” as having an “epithelial cell abnormality,” or as
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COMPARISON OF PERFORMANCE OF LIQUID-BASED
AND CONVENTIONAL CYTOLOGY IN LARGE, 
WELL-CONTROLLED CLINICAL TRIALS

TA B L E  1 9 . 9

Liquid-based 
Conventional cytology cytology

No. of 
women Sensitivitya PPV Sensitivitya PPV

Taylor 5,652 84% 11.4 71% 9.4
et al.

Ronco 33,364 70% 11.4 74% 6.5
et al.

PPV, positive predictive value.
aFor detection of CIN 2,3 or cancer. 
Source: Adapted from Taylor S, Kuhn L, Dupree W, et al. Direct com-
parison of liquid-based and conventional cytology in a South African
screening trial. Int J Cancer 2006;118:957; Ronco G, Segnan N,
Giorgi-Rossi P, et al. Human papillomavirus testing and liquid-based
cytology: results at recruitment from the new technologies for cervical
cancer randomized controlled trial. J Natl Cancer Inst 2006;98:765.
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separate epithelial changes secondary to inflammation or
repair from those associated with cervical cancer precursors
whenever possible. Nondiagnostic squamous cell abnormali-
ties are included in a category of atypical squamous cells
(ASC). ASC is used when a specimen has features suggestive,
but not diagnostic, of an SIL. This category is further subdi-
vided into two subcategories: atypical squamous cells of unde-
termined significance (ASC-US); and atypical squamous
cells—cannot exclude HSIL (ASC-H). The risk of a woman
with ASC-US having biopsy-confirmed CIN 2,3 is approxi-
mately 7% to 17% and the risk of a woman with ASC-H is
approximately 40% (11). Nondiagnostic glandular cell abnor-
malities are included in a category of atypical glandular cells
(AGC). This category is further subdivided into either not fur-
ther classified or atypical glandular cells, favor neoplasia. 

Cytologic Features of CIN

The features used to diagnose SIL cytologically are similar
to those used to diagnose CIN in histopathologic specimens.
These features include nuclear enlargement with an increase
in the nuclear-cytoplasmic ratio, nuclear hyperchromaticity,
irregular nuclear membranes, and multinucleation. Perinuclear
clearing, or halos, is also commonly present. An example of
normal superficial cells is shown in Figure 19.20A. In LSIL,
cytologic changes are seen predominantly in superficial cells
(i.e., more mature cell types, Fig. 19.20B). In HSIL, the cyto-
logic changes are seen in intermediate and parabasal cells (i.e.,
less mature cell types, Fig. 19.20C).

USE OF COLPOSCOPY 
Over the last 25 years, colposcopy combined with colposcopi-
cally directed cervical biopsies has become the primary modality
by which women with abnormal Pap smears are evaluated.
Colposcopic examination consists of viewing the cervix with a
long-focal-length, dissecting-type microscope at a magnification
of about 16� after a solution of dilute (4%) acetic acid has been
applied to the cervix. The acetic acid solution acts to remove and
dissolve the cervical mucus and causes CIN lesions to become
whiter than the surrounding epithelium (acetowhite). This col-
oration allows the colposcopist to identify and biopsy epithelial
lesions. In addition to allowing the detection of acetowhite
areas, colposcopy also allows for the detection of blood vessel
patterns that can indicate high-grade CIN lesions and the detec-
tion of invasive cancers. Colposcopy and appropriately directed
biopsy have greatly facilitated the management of patients with
preinvasive lesions of the cervix because they allow the clinician
to rule out invasive cancer and determine the limits of preinva-
sive disease. Conservative ablative treatment modalities such as
cryosurgery, laser ablation, and electrofulguration, as well as
excisional methods such as loop electrosurgical excision proce-
dure (LEEP) can then be used to treat preinvasive disease, with
success rates similar to those obtained with cone biopsies.

MANAGEMENT OF CYTOLOGIC
ABNORMALITIES AND CIN

Overview

In 2006 the American Society for Colposcopy and Cervical
Pathology sponsored a consensus workshop to update the 2001
Consensus Guidelines for the Management of Women with
Cytological Abnormalities and Cervical Cancer Precursors
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THE 2001 BETHESDA SYSTEM

TA B L E  1 9 . 1 0

SPECIMEN ADEQUACY
Satisfactory for evaluation (note presence/absence of endocer-

vical transformation zone component)
Unsatisfactory for evaluation (specify reason)
Specimen rejected/not processed (specify reason) 
Specimen processed and examined, but unsatisfactory for eval-

uation of epithelial abnormality because of (specify reason)

GENERAL CATEGORIZATION (OPTIONAL)
Negative for intraepithelial lesion or malignancy
Epithelial cell abnormality
Other

INTERPRETATION/RESULT
Negative for Intraepithelial Lesion or Malignancy
Organisms

Trichomonas vaginalis
Fungal organisms morphologically consistent with 

Candida species
Shift in flora suggestive of bacterial vaginosis
Bacteria morphologically consistent with Actinomyces

species
Cellular changes consistent with herpes simplex virus
Other nonneoplastic findings (optional to report; list not 

comprehensive)
Reactive cellular changes associated with inflammation 

(includes typical repair)
Radiation
Intrauterine contraceptive device
Glandular cells status posthysterectomy
Atrophy

Epithelial Cell Abnormalities
Squamous cell

Atypical squamous cell (ASC)
of undetermined significance (ASC-US);
cannot exclude HSIL (ASC-H)

Low-grade squamous intraepithelial lesion (LSIL) 
High-grade squamous intraepithelial lesion (HSIL)
Squamous cell carcinoma

Glandular cell
Atypical glandular cells (AGC) (specify endocervical, 

endometrial, or not otherwise specified)
Atypical glandular cells, favor neoplastic (specify endocer-

vical or not otherwise specified)
Endocervical adenocarcinoma in situ (AIS)
Adenocarcinoma

Other (list not comprehensive)
Endometrial cells in a woman �40 years of age

Source: Solomon D, Davey D, Kurman R, et al. The 2001 Bethesda
system: terminology for reporting results of cervical cytology. JAMA
2002;287:2114.

“other” (i.e., having endometrial cells in a woman 40 years of
age and older); and (c) a descriptive diagnosis that includes a
description of epithelial cell abnormalities. This system pro-
vides clear criteria for determining whether a specimen is
adequate for evaluation. In addition, the terminology closely
correlates with histopathologic terminology. The terms low-
grade squamous intraepithelial lesion (LSIL) and high-grade
squamous intraepithelial lesion (HSIL) are used to designate
cytologic changes that correlate with CIN 1 and CIN 2,3,
respectively. In addition, the Bethesda system attempts to
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(12,147). These guidelines are widely used in the United States
and are evidence-based with each recommendation accompa-
nied by a grading of both the strength of the recommendation
and the strength of the data supporting the recommendation.
The complete recommendations and management algorithms
are available at www.asccp.org.

Atypical Squamous Cells

A vexing group of patients for both clinicians and cytologists
are those whose cervical cytology is atypical (i.e., not normal)
but lack the characteristic features of SIL or cancer. In the past,
many cytology laboratories subdivided atypical smears into
two categories: atypical, reparative-inflammatory changes (i.e.,
benign atypia); and atypical smears, suggestive but not diag-
nostic of CIN. The 2001 Bethesda system classifies specimens
that have reparative-inflammatory changes as being “negative
for intraepithelial lesion or malignancy.” In the current termi-
nology only those specimens that have features suggestive of
SIL should be classified as ASC. Irrespective of the classifica-
tion system used, clinicians need to be aware that a cytologic
result of ASC is the least reproducible cytologic category (149).
The number of cytology specimens that are diagnosed as ASC
varies greatly among different cytology laboratories and
patient populations. The reported incidence of atypical Pap
smears that fall into this category varies greatly from 1% to
over 10% (4). These differences reflect the difficulties encoun-
tered by cytologists in determining the significance of minor
degrees of cytologic atypia and in reproducibly recognizing
these changes. In the most recent report from the College of
American Pathologists (CAP), the median ASC rate from
reporting laboratories from the United States was 5% (4). 

The clinical significance of an ASC result depends on a num-
ber of factors including the age of the patient, the patient’s
history, and the subclassification of the result (e.g., ASC-US or
ASC-H). The prevalence of biopsy-confirmed CIN 2,3 found in
women undergoing colposcopy for an ASC cytology is generally
reported as being 5% to 17% (12). A study of 46,009 women
undergoing routine cytologic screening in the Northern
California Kaiser Permanente Medical Group found that 3.5%
had a diagnosis of ASC-US (150). At colposcopy, 13% of these
women were diagnosed with CIN 1, 7% with CIN 2,3, and one
woman had invasive cervical cancer. In the large, multicenter
ASC-US/LSIL Triage Study (ALTS), 15% of the women referred
with ASC were found to have biopsy-confirmed CIN 2,3 at the
initial colposcopic examination and 20% had biopsy-confirmed
CIN 1 (151). Overall, it appears that between one third and one
half of all women diagnosed as having CIN 2,3 have ASC as
their initial abnormal cervical cytology result (152,153).
Although the risk that a woman with ASC has invasive cervical
cancer is quite low (about one per thousand) the very large num-
ber of women with this cytology interpretation (2.5 million
annually) guarantees that each year approximately 2,500 women
with invasive cervical cancer will have only equivocal results on
their cervical cytology. Therefore, women with ASC-US need to
receive some form of follow-up evaluation, but consideration
should be given to preventing unnecessary inconvenience, anxiety,
cost, and discomfort. 

Atypical Squamous Cells of Undetermined Significance

Three methods are in widespread use for the management of
women with ASC. These are immediate colposcopy, HPV
DNA testing, and a program of repeat cervical cytology. A
number of studies have directly compared the sensitivity and
specificity of repeat cervical cytology and HPV DNA testing
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FIGURE 19.20. Cervical cytology. A: Normal superficial cells. B: Low-grade SIL (CIN 1) in which the
cells are multinucleated with slightly enlarged hyperchromatic nuclei and perinuclear halos. C: High-
grade SIL (CIN 2,3) with cells with high nucleocytoplasmic ratios.
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Management of Women With Atypical Squamous Cells 
of Undetermined Significance (ASC-US)

Repeat Cytology
@ 12 mos

BOTH Tests Negative > ASC
(On either result)

Repeat Cytology
@  6 and 12 mos

Routine
Screening

HPV DNA Testing *

HPV Positive*
(managed in same manner as 

women with LSIL)

Colposcopy
Endocervical sampling preferred in women

with no lesions, and those with unsatisfactory
colposcopy

HPV Positive*

Cytology
@ 6 & 12 mos OR

HPV DNA testing 
@ 12 mos

CIN

Manage per
ASCCP Guideline

Preferred if liquid-based cytology
or co-collection available

Repeat Cytology
@ 12 mos

NO CIN

HPV Unknown

HPV Negative

> ASC or HPV (+)

Negative

Repeat Colposcopy

Routine Screening

*Test only for high-risk (oncogenic) types of HPV

FIGURE 19.21. 2006 Consensus Guidelines for the management of women with ASC-US. Source: Used
with permission from the American Society of Colposcopy and Cervical Pathology.

for identifying women with CIN 2,3 (154). In every single
study, HPV DNA testing identified more cases of CIN 2,3
than did a single repeat cervical cytology, but referred approxi-
mately equivalent numbers of women for colposcopy.
Moreover, cost-effectiveness modeling using mathematical
models has demonstrated that HPV DNA testing for women
with ASC-US is a highly attractive alternative to immediate col-
poscopy or a program of repeat cytology when the initial ASC-
US cytology was obtained from a liquid-based sample or when
a co-collected HPV test was taken at the time a conventional
cytology was obtained (155,156). Based on this evidence, the
2006 American Society for Colposcopy and Cervical Pathology
(ASCCP) Consensus Conference concluded that although all
three of the methods traditionally used to manage women with
ASC-US (i.e., colposcopy, repeat cytology, and HPV DNA test-
ing) are safe and effective, high-risk HPV DNA testing is the
preferred approach to managing women with ASC-US when-
ever liquid-based cytology is used for screening or co-collection
of a sample for HPV DNA testing can be performed (12).
Figure 19.21 provides the algorithm recommended for the man-
agement of women in the general population with ASC-US. This
algorithm is appropriate for women of all ages with ASC-US. 

The prevalence of HPV DNA positivity is much higher in
young women with ASC-US than in older women. For exam-
ple, in the ALTS study only 31% of women 29 years and older
with ASC were HPV DNA positive compared to 65% of those
under 29 years old (157). Rates are even higher in adolescents
with ASC-US (158). Therefore, the 2006 Consensus Guidelines
do not recommend the use of HPV DNA testing in adoles-
cents, defined as females 13 to 20 years of age (12). Instead,

adolescents should be managed using annual repeat cytologic
examinations and only referred to colposcopy if the repeat
Pap tests are diagnosed as HSIL or are persistently abnormal
for a period of 2 years (12).

Management options for pregnant patients with ASC-US
are identical to those for nonpregnant patients with the excep-
tion that it is acceptable to defer the colposcopic examination
until the patient is 6 to 8 weeks post-partum (12).

Atypical Squamous Cells—Cannot Exclude HSIL

The prevalence of biopsy-confirmed CIN 2,3 is considerably
higher among women referred for the evaluation of an ASC-H
cervical cytology than it is for women referred for the evaluation
of ASC-US. CIN 2,3 is identified in 24% to 94% of women with
ASC-H (11). Therefore, for the purposes of management, ASC-
H should be considered to be an equivocal HSIL result. Because
of this high risk, the 2006 Consensus Guidelines recommend
that all women with ASC-H be referred for a colposcopic evalu-
ation (12). If CIN is not identified, follow-up utilizing either
repeat cytology at 6 and 12 months or high-risk HPV DNA test-
ing at 12 months is acceptable (Fig. 19.22).

Low-Grade Squamous Intraepithelial Lesions

As with ASC-US, there is considerable variation between pop-
ulations and laboratories in the rate at which LSIL is reported.
In 2003 the median rate of LSIL reported from the College of
American Pathology survey was 2.6%, but rates as high as
7.0% were reported from 5% of the laboratories (4). In 1996
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CIN 2,3

Management of Women With Atypical Squamous Cells: Cannot Exclude
High-Grade SIL (ASC - H)

Manage per
ASCCP Guideline

NO  CIN 2,3

Cytology @ 6 & 12 mos OR

HPV DNA testing @ 12 mos

≥ ASC or HPV (+) Negative

Routine 
Screening

Colposcopy

FIGURE 19.22. 2006 Consensus Guidelines for the management of women with ASC-H. Source: Used
with permission from the American Society of Colposcopy and Cervical Pathology.

the median rate of LSIL in the United States was only 1.6%
(159). The increase appears to be due to the introduction of
liquid-based cytology (144). A cytologic result of LSIL is a
very specific indicator of the presence of high-risk types of
HPV. In ALTS, 83% of the women referred for the evaluation
of LSIL were high-risk HPV DNA positive (160). However, a
cytologic result of LSIL is a poor predictor of the grade of CIN
that will be identified at colposcopy. CIN 2,3 is identified at
colposcopy in 15% to 30% of women with LSIL on cervical
cytology (152,159,161). Therefore, the 2006 Consensus
Guidelines recommend that all women in the general popula-
tion with a cytologic result of LSIL be referred for a colpo-
scopic evaluation (Fig. 19.23) (12). This allows women with
significant disease to be rapidly identified and reduces the risk
of women being lost to follow-up. A diagnostic excisional
procedure is not required when a woman with LSIL cytology
is found to have an unsatisfactory colposcopic examination.

The risk of invasive cervical cancer is very low in adoles-
cents and prospective studies have shown that over 90% of
LSIL will spontaneously clear over a period of years in adoles-
cents (162,163). Therefore, adolescents with LSIL (�21 years
of age) are considered to be a “special population” and it is
now recommended that they should not receive colposcopy,
but instead should be followed using yearly Pap tests for a
period of 2 years (12). Another special population is post-
menopausal women with LSIL. In some studies, the prevalence
of HPV DNA in postmenopausal women with LSIL is lower
than in premenopausal women and the prevalence of CIN 2,3
also declines in postmenopausal women with LSIL (157,164).
Therefore, the 2006 Consensus Guidelines indicate that post-
menopausal women with LSIL can be managed in the same
manner as women with ASC-US. This allows the use of reflex
HPV DNA testing to determine which of these women require
colposcopy. 

High-Grade Squamous Intraepithelial Lesions

The cytologic result of HSIL is uncommon, accounting for
only about 0.7% of all cervical cytology results, but the

prevalence varies with age (4). In one U.S. study the preva-
lence of HSIL was 0.6% in women 20 to 29 years of age, but
only 0.1% in women 50 to 59 years of age (165). A diagnosis
of HSIL confers a significant risk for CIN 2,3 and invasive cer-
vical cancer (4,166). CIN 2,3 or cancer has been identified at
a single colposcopic examination in 53% to 66% of women
with HSIL and in 84% to 97% of those evaluated using a loop
electrosurgical excision procedure (LEEP) (12). Invasive cervi-
cal cancer is identified in approximately 2% of women with
HSIL (167). Therefore, women with a cytologic result of HSIL
should be referred for either a colposcopic evaluation or an
immediate LEEP (Fig. 19.24) (12). Subsequent management
depends on whether or not the patient is pregnant and
whether the colposcopic examination is satisfactory. If CIN
2,3 is not identified after colposcopy, the colposcopic exami-
nation is satisfactory, and endocervical sampling is negative,
either a diagnostic excisional procedure or follow-up using
colposcopy and cytology at 6-month intervals is acceptable for
1 year. If a repeat HSIL cytologic result is found at either the
6- or 12-month visit, a diagnostic excisional procedure is rec-
ommended. Nonpregnant women with HSIL who have an
unsatisfactory colposcopic examination also require a diag-
nostic excisional procedure.

Biopsy-Confirmed CIN 1

Women with a histologically confirmed CIN 1 lesion represent
a heterogeneous group. A number of studies have clearly
demonstrated a high level of variability in the histologic diag-
nosis of CIN 1. In the ALTS study, only 43% of biopsies that
were originally diagnosed as CIN 1 at the clinical centers were
subsequently classified as CIN 1 by the reference pathology
committee. Forty-one percent were downgraded to normal,
and 13% were upgraded to CIN 2,3 (149). It should also be
noted that there is a very high rate of spontaneous regression of
CIN 1 in the absence of treatment. One prospective Brazilian
study found that 90% of women with a cytologic diagnosis of
LSIL spontaneously regressed within 24 months (168). A
Dutch study found that over 4 years, 70% of women with
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Other
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FIGURE 19.23. 2006 Consensus Guidelines for the management of women with LSIL. Source: Used with
permission from the American Society of Colposcopy and Cervical Pathology.

FIGURE 19.24. 2006 Consensus Guidelines for the management of women with HSIL. Source: Used
with permission from the American Society of Colposcopy and Cervical Pathology.
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LSIL infected with high-risk types of HPV spontaneously
cleared their infections (169). Recent studies indicate that CIN
1 only rarely progresses to CIN 2,3. In the ALTS study most of
the CIN 2,3 lesions that were subsequently diagnosed in
women who had initially been diagnosed with CIN 1 appear to
represent lesions that were missed at the time of the initial col-
poscopic examination (170). Since the risk of an undetected
CIN 2,3 or glandular lesion is expected to be higher in women
referred for the evaluation of an HSIL or AGC on cytology,
women with CIN 1 preceded by HSIL or AGC cervical cytol-
ogy can be managed more aggressively than women with CIN
1 preceded by ASC-US, ASC-H, or LSIL cytology.

Because of the above considerations, the 2006 Consensus
Guidelines state that women with biopsy-confirmed CIN 1
preceded by ASC-US, ASC-H, or LSIL should have follow-up
with either HPV DNA testing every 12 months or repeat cer-
vical cytology every 6 to 12 months. If CIN 1 persists for at
least 2 years, either continued follow-up or treatment is
acceptable. For women with a satisfactory colposcopic exami-
nation, acceptable treatments include the use of ablative (e.g.,
cryotherapy, electrofulguration, or laser ablation) or exci-
sional modalities such as loop electrosurgical excision (148).
All treatment modalities are considered acceptable since ran-
domized, controlled clinical trials comparing cryotherapy,
laser ablation, and LEEP for treating biopsy-confirmed CIN
have reported no significant differences in either complication
rates or success rates and a comprehensive review of con-
trolled and randomized trials of various treatment modalities
found no significant differences in outcomes after treatment in
women with CIN with satisfactory colposcopic examinations
(171). Before treating any grade of CIN using an ablative
modality such as cryotherapy, it is important to perform an
endocervical sampling in order to ensure that an unsuspected
lesion is not present in the endocervical canal. For women
with biopsy-confirmed CIN 1 preceded by HSIL or AGC
cytology, either a diagnostic excisional procedure or follow-up
with colposcopy and cytology at 6-month intervals for 1 year
is acceptable, provided the colposcopic examination is satis-
factory and endocervical sampling is negative (148).

Biopsy-Confirmed CIN 2,3

Women with an untreated, histologically confirmed CIN 2,3
lesion are felt to have a significantly high risk of progressing to
invasive cervical cancer to warrant routine treatment. Provided
the colposcopic examination is satisfactory and there is no sug-
gestion of invasive disease (e.g., by either colposcopy, cytology,
or histology) both ablative and excisional treatment modalities
are considered acceptable forms of treatment (148). In patients
with recurrent CIN (either CIN 1 or CIN 2,3) it is preferred
that an excisional treatment modality be used. A diagnostic
excisional procedure is recommended for all women with
biopsy-confirmed CIN 2,3 and an unsatisfactory colposcopic
examination. 

The risk of recurrent CIN 2,3 or invasive cancer after treat-
ment remains elevated for many years after treatment. A large
follow-up study from the United Kingdom reported that the
cumulative risk of invasive cervical cancer was 5.8 per 1,000
after 8 years of follow-up, which is approximately 100 times
higher than in women in the general population (172). The
size of the original CIN 2,3 lesion appears to be an important
determinant of the rate of recurrence. Large lesions have a
higher failure rate than small lesions. The 2006 Consensus
Guidelines recommend that after treatment for CIN 2,3
women be followed up using either (a) HPV DNA testing at 6
to 12 months, (b) cytology alone at 6-month intervals, or (c) a
combination of cytology and colposcopy at 6-month intervals.
After two negative cytology results are obtained, routine

screening is recommended for at least 20 years (148). When
CIN is identified at the margins of a diagnostic excisional pro-
cedure, it is preferred that the 4- to 6-month follow-up visit
include endocervical sampling. 
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multiple modalities in an effort to achieve excellent disease
control with better cosmetic results and sexual function, is
now the norm. These and other topics pertinent to the princi-
ples of management of women with vulvar cancer are the sub-
jects of this chapter.

ANATOMY
The vulva consists of the external genital organs including the
mons pubis, labia minora and majora, clitoris, vaginal
vestibule, perineal body, and their supporting subcutaneous
tissues (3). The vulva is bordered superiorly by the anterior
abdominal wall, laterally by the labiocrural fold at the medial
thigh, and inferiorly by the anus. The vagina and urethra open
onto the vulva. The mons pubis is a prominent mound of hair-
bearing skin and subcutaneous adipose and connective tissue
that is located anterior to the pubic symphysis. After puberty
it is covered by coarse pubic hair. The labia majora are two
elongated skin folds that course posterior from the mons
pubis and blend into the perineal body. The skin of the labia
majora is pigmented and contains hair follicles and sebaceous
glands. The labia minora are a smaller pair of skin folds
medial and parallel to the labia majora that extend inferiorly
to form the margin of the vaginal vestibule. Superiorly, the
labia minora separate into two components that course above
and below the clitoris, fusing with those of the opposite side to
form the prepuce and frenulum, respectively. The skin of the
labia minora contains sebaceous glands, but is not hair-bearing
and has little or no underlying adipose tissue. The clitoris is
supported externally by the fusion of the labia minora (prepuce
and frenulum) and is approximately 2 to 3 cm anterior to the
urethral meatus. It is comprised of erectile tissue organized into
the glans, body, and two crura. The glans has a concentration
of nerve endings important for normal sexual response. Two
loosely fused corpora cavernosa form the body of the clitoris
and extend superiorly from the glans, ultimately dividing into
the two crura. The crura course laterally beneath the ischiocav-
ernosus muscles and attach to the ischial rami.

The vaginal vestibule is situated in the center of the vulva
and is demarcated circumferentially by the labia minora and
inferiorly by the perineal body. Both the vagina and urethra
open onto the vestibule. Anteriorly, numerous small vestibular
glands are located beneath the vestibular mucosa and open
onto its surface adjacent to the urethral meatus. The vestibular
bulbs, a loose collection of bilateral erectile tissue covered
superficially by the bulbocavernosus muscle, are located later-
ally. The Bartholin’s glands, two small, mucus-secreting glands
situated within the subcutaneous tissue of the posterior labia
majora, have ducts opening onto the posterolateral portion of
the vestibule. The perineal body is a 3- to 4-cm band of skin and

Malignant tumors of the vulva are rare and account for less
than 5% of all cancers of the female genital tract. In 2007 there
were an estimated 3,490 new cases of, and 880 deaths from,
invasive vulva carcinoma (1). Consequently, most physicians
who provide primary health care for women may never
encounter a patient with vulvar cancer. Although an occasional
patient will present without symptoms, the vast majority of
women with vulvar cancer initially present with complaints
such as irritation, pruritis, pain, or a mass lesion that does not
resolve. The time interval between the onset of symptoms and
the diagnosis of cancer is usually protracted by the patient,
who ignores her symptoms or attempts a number of self-
remedies, and the physician, who may prescribe empiric topi-
cal therapies without proper physical examination or tissue
biopsy confirmation. Jones and Joura evaluated the clinical
events preceding the diagnosis of squamous cell carcinoma of
the vulva and found that 88% of patients had experienced
symptoms for more than 6 months, 31% of women had three
or more medical consultations prior to the diagnosis of vulva
carcinoma, and 27% had applied topical estrogen or corticos-
teroids to the vulva (2).

The vulva is covered by keratinized squamous epithelium,
and expectedly the majority of malignant vulva tumors are
squamous cell carcinomas. Consequently, our current under-
standing of the epidemiology, spread patterns, prognostic fac-
tors, and survival data for vulvar cancer is derived almost
exclusively from retrospective observations and a few prospec-
tive studies of squamous cell carcinomas. Malignant melanoma
is the second most common cancer of the vulva. Although there
is some consensus regarding the behavior and treatment of vulva
melanoma, its rarity precludes the conduct of prospective clini-
cal trials. A number of other malignant tumors may also arise on
the vulva including basal cell carcinoma, adenocarcinomas
(derived from Bartholin’s glands, eccrine sweat glands, Paget’s
disease, or ectopic breast tissue), and a host of very rare soft-
tissue sarcomas, including leiomyosarcomas, malignant fibrous
histiocytomas, liposarcomas, angiosarcomas, rhabdomyosarco-
mas, epithelioid sarcomas, and Kaposi’s sarcomas. Finally, the
vulva may be secondarily involved with malignant disease origi-
nating in the bladder, anorectum, or other genital organs.

The traditional therapeutic approach to vulvar cancer has
been radical surgical excision of the primary tumor and
inguinal femoral lymph nodes. As our clinical understanding
of this disease evolved, it became evident that survival could
be improved with the administration of postoperative radia-
tion therapy to selected patients at high risk for local regional
failure. More recent developments have included the adminis-
tration of radiation therapy and concurrent chemotherapy in
the postoperative setting, and as primary therapy for locally
advanced tumors not amenable to radical surgery. An individu-
alized approach to vulvar cancer management, often employing
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subcutaneous tissue located between the posterior extension of
the labia majora, and separates the vaginal vestibule from the
anus and forms the posterior margin of the vulva.

The vulva has a rich blood supply derived primarily from
the internal pudendal artery, which arises from the anterior
division of the internal iliac (hypogastric) artery, and the super-
ficial and deep external pudendal arteries, which arise from the
femoral artery. The internal pudendal artery exits the pelvis
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and passes behind the ischial spine to reach the posterolateral
vulva, where it divides into several small branches to the
ischiocavernosus and bulbocavernosus muscles, the perineal
artery, artery of the bulb, urethral artery, and dorsal and deep
arteries of the clitoris. Both external pudendal arteries travel
medially to supply the labia majora and their deep structures.
These vessels anastomose freely with branches from the inter-
nal pudendal artery. Innervation of the vulva is derived from
multiple sources and spinal cord levels. The mons pubis and
upper labia majora are innervated by the ilioinguinal nerve
(L1) and the genital branch of the genitofemoral nerve (L1-2).
Either of these nerves may be easily injured during pelvic
lymph node dissection with resulting paresthesias. The puden-
dal nerve (S2-4) enters the vulva in parallel with the internal
pudendal artery and gives rise to several branches that inner-
vate the lower vagina, labia, clitoris, perineal body, and their
supporting structures.

The vulva lymphatics run anteriorly through the labia
majora, turn laterally at the mons pubis, and drain primar-
ily into the superficial inguinal lymph nodes. Elegant lym-
phatic dye studies by Parry-Jones demonstrated that vulva
lymphatic channels do not extend lateral to the labiocrural
folds and generally do not cross the midline, unless the site
of dye injection is at the clitoris or perineal body (4). Several
small lymphatics may drain from the clitoris under the
pubic symphysis directly into the pelvic nodes. Many of
these observations have been substantiated by surgical-
pathologic studies and sentinel lymph node mapping studies
that are discussed later.

The vulva lymphatics drain to the superficial inguinal
lymph nodes located within the femoral triangle formed by
the inguinal ligament superiorly, the border of the sartorius
muscle laterally, and the border of the adductor longus mus-
cle medially. About ten superficial inguinal lymph nodes lie
along the saphenous vein and its branches between Camper’s
fascia and the cribriform fascia overlying the femoral vessels
(Fig. 20.1). The superficial nodes are located within the trian-
gle formed by the inguinal ligament superiorly, the border of
the sartorius muscle laterally, and the border of the adductor
longus muscle medially (Fig. 20.2) (5). Lymphatic drainage
proceeds from the superficial to the deep inguinal (or
femoral) nodes, which are located beneath the cribriform fas-
cia and medial to the femoral vein. There are usually three to
five deep nodes, the most superior of which is Cloquet’s node

FIGURE 20.1. The superficial inguinal lymph
nodes comprise eight to ten subcutaneous
nodes located between Camper’s fascia and the
cribriform fascia. These nodes are immediately
adjacent to the saphenous vein and its branches.
Source: Reprinted from DiSaia PJ, Creasman
WT, Rich WM. An alternative approach to
early cancer of the vulva. Am J Obstet Gynecol
1979;133:825–832.

FIGURE 20.2. Anatomic diagram of the right groin with the superfi-
cial structures removed demonstrates the saphenous vein and the
boundaries of inguinal dissection—the sartorius muscle, inguinal liga-
ment, and adductor longus muscle. Source: Reprinted from Plentl AA,
Friedman EA, eds. Lymphatic System of the Female Genitalia.
Philadelphia: WB Saunders; 1971.
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located under the inguinal ligament. The deep inguinal nodes
drain superiorly into the medial portion of the external iliac
nodes and then upward through the pelvic and aortic lymph
node chains (Fig. 20.3).

EPIDEMIOLOGY
Most vulvar cancers occur in postmenopausal women, although
more recent reports suggest a trend toward younger age at diag-
nosis (6,7). Observational studies have suggested associations
between hypertension, diabetes mellitus, and obesity with vulva
carcinoma (8). However, it is not clear whether these represent
independent risk factors or merely coexisting medical conditions
common to the aging process. More recent analysis has not con-
firmed the prognostic significance of these diagnoses (9).

Several infectious agents have been proposed as possible
etiologic agents in vulvar carcinoma, including granulomatous
infections, herpes simplex virus, and human papillomavirus
(HPV). Reports associating vulvar cancer with granuloma
inguinale, lymphogranuloma venereum, or syphilis are largely
historical and anecdotal (8). The observed coexistence of vul-
var cancer with these granulomatous infections may only
reflect such patients’ risk for any sexually transmitted disease
(9). Kaufman et al. identified serologic evidence of infection
with herpes simplex virus type 2 and carcinoma in situ of the
vulva in a small group of women (10). However, they were
unable to isolate whole virus antigens, again suggesting an
association with a sexually transmitted infection but failing to
establish a direct causal link between the two.

Recent areas of investigation have focused on the neoplas-
tic potential of HPVs. Strong associations between vulvar
condylomata and the later development of vulvar cancer have

been identified (9). In addition, HPV DNA has been isolated
from both invasive and carcinoma in situ lesions (11,12). HPV
type 16 appears to be most common, but types 6 and 33 have
also been identified (13,14). HPV DNA can be identified in
approximately 70% to 80% of intraepithelial lesions, but is
seen in only 10% to 50% of invasive lesions. HPV-related can-
cers may exhibit distinguishing clinical and histologic features,
leading some to suggest a stratification scheme for vulvar can-
cers based on the presence or absence of an HPV association
(15). Although much of the information linking past or cur-
rent vulvar HPV infection with neoplastic transformation is
enticing, the evidence for a causative relationship is presently
inconclusive.

Brinton et al. conducted a case-control analysis and identi-
fied women with a history of genital condylomata, those with
a previous abnormal Papanicolaou smear, and those who
smoked as having an increased risk for vulvar cancer (9).
Those who both smoked and had a history of genital warts
had a 35-fold increase in risk when compared with women
without these factors (Table 20.1). Chronic immunosuppres-
sion has also been linked to invasive vulvar tumors (6). HPV
infection and nonspecific immune suppression may act as
cofactors in the development of some vulvar cancers.

Both chronic vulvar inflammatory lesions, such as vulvar
dystrophy or lichen sclerosus, and squamous intraepithelial
lesions, particularly carcinoma in situ, have been suggested as
precursors of invasive squamous cancers (Fig. 20.4). Carli et al.
suggested a possible role of lichen sclerosus as a precursor to
vulvar cancer based on their observation that 32% of vulvar
cancer cases not HPV related were associated with lichen scle-
rosis (16). However, Hart et al., in a large pathologic review,
were unable to identify transitions from lichen sclerosus to
vulvar cancer (17). In an observational study of women with
carcinoma in situ, seven of eight untreated cases progressed to
invasive carcinoma within 8 years, and four of 105 treated
women presented with invasive tumors from 7 to 18 years
later (18). In a subsequent study of 405 cases of vulvar intraep-
ithelial neoplasia (VIN) 2 to 3, Jones et al. found that 3.8% of
patients had developed invasive cancer despite therapy, and
ten untreated patients had developed invasive cancer in 1.1 to
7.3 years (mean 3.9 years) (19). Although some intraepithelial
lesions regress spontaneously, it appears that a significant
number persist or progress to invasive cancer. Recent inci-
dence analyses from the United States and Norway have iden-
tified a two- to threefold increase in carcinoma in situ lesions
from the 1970s to the 1990s (20,21). However, a concomi-
tant rise in the incidence of invasive vulvar cancers has not
yet been seen. This discrepancy leads to several alternative
hypotheses: (a) affected women have not reached the age at
which invasive lesions are seen; (b) aggressive treatment of
preinvasive disease has prevented the development of invasive
tumors; or (c) the causes of in situ and invasive lesions are not
strongly related (21).

Trimble et al. have postulated that squamous carcinoma of
the vulva may represent a final common endpoint of heteroge-
neous etiologic pathways (22). According to their studies, two
histologic subtypes—with basaloid or warty features—are
associated with HPV, whereas keratinizing squamous carcino-
mas are not. Furthermore, basaloid or warty carcinomas are
associated with classic risk factors for cervical carcinoma,
including age at first intercourse, lifetime number of sexual
partners, prior abnormal Papanicolaou smears, smoking, and
lower socioeconomic status. Keratinizing squamous carcino-
mas are weakly linked to these factors, and in some cases not
at all. Flowers et al. have reported that mutations in the p53
tumor suppressor gene are more frequently found in HPV nega-
tive vulvar carcinomas versus those associated with HPV (23).
The p53 tumor suppressor gene has several key regulatory func-
tions, including the control of cell growth and proliferation.
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FIGURE 20.3. The lymphatic drainage of the vulva initially flows to
the superficial inguinal nodes then to the deep femoral and iliac
groups. Drainage from midline structures may flow directly beneath
the symphysis to the pelvic nodes. Source: Reprinted from Plentl AA,
Friedman EA, eds. Lymphatic System of the Female Genitalia.
Philadelphia: WB Saunders; 1971.
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The common denominator in the development of vulvar carci-
noma appears to be functional inactivation of the p53 tumor
suppressor gene, either by genetic mutation in HPV negative
tumors or by inactivation through the expression of HPV gene
products (24).

Mitchell et al. evaluated 169 women with invasive vulvar
cancers and noted that second genital squamous neoplasms

occurred in 13% of cases (25). The risk of a second primary
tumor was significantly increased in cancer cases with HPV
DNA, intraepithelioid growth pattern, or adjacent dysplasia.
These observations support the concept that some squamous
lesions may be initiated by sexually transmitted viruses capa-
ble of producing neoplastic change within the entire field of
the lower genital tract. The obvious clinical implication is that
a patient with an established squamous lesion of the vulva,
vagina, or cervix needs to be evaluated and monitored for new
or coexistent lesions at other sites.

CLINICAL PRESENTATION
Most women with vulvar cancer present with pruritus and a
recognizable lesion. Selecting the most appropriate site for
biopsy in women with condylomata, chronic vulvar dystrophy,
multifocal dysplasia, or Paget’s disease can be difficult, and
multiple biopsies may be required. Optimal management for
any patient presenting with a suspicious lesion is to proceed
directly to biopsy under local analgesia. Tissue biopsies should
include the cutaneous lesion in question and contiguous under-
lying stroma, so that the presence and depth of invasion can be
accurately assessed.

Although other techniques to facilitate the assessment of
vulvar lesions (e.g., toluidine blue stain or exfoliative cytology)
have been described, they are less accurate than, and should
not be considered a substitute for, tissue biopsy. As noted pre-
viously, one of the greatest clinical pitfalls in the management
of women with vulvar cancer is delay in diagnosis. The goals of
immediate evaluation with outpatient biopsy are to provide an
accurate and definitive diagnosis and to avoid delay in the
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RELATIVE RISKS OF IN SITU AND INVASIVE VULVAR CANCERS BY SELECTED RISK FACTORS

TA B L E  2 0 . 1  

In situ series Invasive series

No. of cases RR 95% CI No. of cases RR 95% CI

NO. OF SEXUAL PARTNERS
0–1 17 1.00 48 1.00
2 11 2.78 0.9–8.3 17 1.22 0.6–2.5
3–4 23 2.33 0.9–6.0 28 3.32 1.6–7.1
5–9 23 5.08 1.7–14.8 11 1.50 0.6–3.9
�10 22 2.74 0.9–7.9 8 0.83 0.3–2.5
Trend test p � 0.03 p � 0.24

EVER HAD AN ABNORMAL PAP SMEAR
No 64 1.00 90 1.00
Yes 30 1.92 0.9–3.9 11 1.41 0.5–3.6
No previous Pap smear 2 0.37 0.1–1.9 10 2.46 0.9–6.7

EVER HAD GENITAL WARTS
No 73 1.00 105 1.00
Yes 23 18.50 5.5–62.5 8 14.55 1.71–25.6

CURRENT SMOKING STATUS
Nonsmoker 22 1.00 46 1.00
Current smoker 55 4.65 2.2–10.0 48 1.19 0.6–2.2
Ex-smoker 19 1.78 0.7–4.4 19 0.40 0.2–0.8

Note: CI, confidence interval; RR, relative risk. 
Source: Reprinted from Brinton LA, Nasca PC, Mallin K, et al. Case-control study of cancer of the vulva. Obstet Gynecol 1990;75:864.

FIGURE 20.4. This T1 lesion arose from a background of lichen scle-
rosus and demonstrates the typical irregular surface features and
superficial ulceration of a squamous-cell carcinoma. The biopsy site is
marked with a suture.
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planning of appropriate therapy. Unfortunately, some women
ignore or deny obvious symptoms and lesions for long periods
of time and present with advanced disease (Fig. 20.5). The
presentation in such cases is generally dominated by local
pain, bleeding, and surface drainage from the tumor.
Metastatic disease in the groin lymph nodes or at distant sites
may also be symptomatic.

DIAGNOSTIC EVALUATION
The evaluation of the patient with vulvar cancer must take
into consideration the clinical extent of disease, the antici-
pated treatment plan, and the presence of coexisting medical
illnesses. Initial evaluation should include a detailed physical
examination with measurements of the primary tumor, assess-
ment for extension to adjacent mucosal or bony structures,
and possible involvement of the inguinal lymph nodes.
Women with small cancers and clinically negative groin nodes
require few diagnostic studies other than those for preopera-
tive clearance. Additional radiographic and endoscopic stud-
ies should be considered for those with large primary tumors
or suspected metastases. Potentially useful studies include bar-
ium enema, proctosigmoidoscopy, cystourethroscopy, com-
puted tomography (CT) scan, and intravenous pyelography.
Fine needle aspiration biopsy from sites of suspected metas-
tases may eliminate the need for surgical exploration in some
patients with advanced tumors. Because neoplasia of the

female genital tract is often multifocal, evaluation of the
vagina and cervix—including cervical cytologic screening—
should always be performed in women with vulvar neoplasms.

STAGING SYSTEMS
The International Federation of Gynecology and Obstetrics
(FIGO) adopted a modified surgical staging system for vulvar
cancer in 1989, which remained relatively unchanged in their
1995 recommendations (Table 20.2) (26). The previous clinical
system provided reliable information regarding the primary
lesion but an inaccurate assessment of groin node involvement
in 20% to 30% of cases. The frequent discrepancy between clin-
ical staging and surgical-pathologic findings spurred the accep-
tance of the current surgical evaluation of the inguinal lymph
nodes. The American Joint Committee on Cancer has published
a tumor-node-metastasis (TNM) classification scheme that is
correlated with the FIGO staging system (Table 20.3) (27).
Tumor assessment is based on physical examination with
endoscopy in cases of bulky disease. Nodal status is determined
by the surgical evaluation of the groins. The presence or absence
of distant metastases is based on an unspecified diagnostic
workup tailored to the patient’s clinical presentation.

A microinvasive substage (IA) is defined as tumors �2 cm in
diameter and depth of invasion �1 mm. Prior attempts to define
a microinvasive substage were hindered by the lack of unifor-
mity in defining the techniques for measuring depth of invasion
and the cut-off level for a depth of invasion that provided a reli-
ably low risk of lymph node metastasis (28,29). The technique
recommended by the International Society for the Study of
Vulvar Disease and the International Society of Gynecologic
Pathologists to assess depth of stromal invasion is to measure
from the base of the epithelium at the nearest superficial dermal
papillae to the deepest point of tumor penetration (30).

PATTERNS OF SPREAD
Vulvar cancers metastasize in three ways: (a) local growth and
extension into adjacent organs; (b) lymphatic embolization to
regional lymph nodes in the groin; and (c) hematogenous
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FIGURE 20.5. This patient ignored symptoms and an obvious tumor
for more than a year. Although uncommon, such late presentations
occur. Therapy options are limited.

FIGO STAGING OF VULVAR CARCINOMA

TA B L E  2 0 . 2

Stage Clinical findings

Stage 0 Carcinoma in situ; intraepithelial carcinoma
Stage I Tumor confined to the vulva or perineum; 

2 cm or less in greatest dimension; no 
nodal metastasis

Stage IA: stromal invasion �1.0 mm
Stage IB: stromal invasion �1.0 mm

Stage II Tumor confined to the vulva or perineum; 
more than 2 cm in greatest dimension; 
no nodal metastasis

Stage III Tumor of any size with adjacent spread to 
the urethra, vagina, or the anus or with 
unilateral regional lymph node metastasis

Stage IVA Tumor invades upper urethra, bladder 
mucosa, rectal mucosa, pelvic bone, or 
bilateral regional node metastases

Stage IVB Any distant metastasis, including pelvic 
lymph nodes
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dissemination to distant sites. Objective clinical descriptions of
local growth have been categorized in the TNM staging system
(Table 20.3). These descriptive definitions are clinically useful
in that local surgical resection with a wide margin is almost
universally feasible in women with T1 or T2 tumors, occasion-
ally possible in those with T3 lesions, and impossible in those
with T4 tumors without resorting to an exenterative operation.

A more precise understanding of the lymphatic drainage of
the vulva has been key to developing an individualized surgical
approach to vulvar cancer. The lymphatic dye studies described
by Parry-Jones demonstrated that the dermal lymphatic net-
work of the vulva courses superiorly to the area of the mons
pubis and then turns laterally to drain into the superficial
lymph nodes of the ipsilateral groin (4). Lymphatic channels
from the superficial group then perforate the cribriform fascia
to the deep inguinal (femoral) nodes. Observations following
cutaneous dye injection showed that lymphatic drainage from
lateral sites was to the ipsilateral groin. No lymphatic channels
were located beyond the labiocrural fold, and crossover

drainage to the opposite groin was rare. Drainage from midline
injections could be bilateral (31). Some channels from the cli-
toral area appeared to drain beneath the symphysis directly to
the pelvic nodes. These anatomic descriptions confirmed the
clinical impressions originally outlined by Way (Fig. 20.6)
(32,33). More recent experience with intraoperative mapping
has demonstrated that lymphatic drainage from most vulvar
sites proceeds initially to a “sentinel” node located within the
superficial inguinal group (34). However, aberrant channels
coursing directly to deep inguinal, contralateral superficial
inguinal, and pelvic lymph nodes were observed in a few cases.
These infrequent anatomic variations may ultimately provide
the explanation for unanticipated lymph-node failure.

Inguinal node metastasis can be predicted by the presence of
certain parameters, including lesion diameter �2 cm, poor dif-
ferentiation, increasing depth of stromal invasion, and invasion
of lymphovascular spaces (35). Clinically important observa-
tions regarding nodal metastases include the following: (a) the
superficial inguinal nodes are the most frequent site of lymphatic
metastasis; (b) in-transit metastases within the vulvar skin are
exceedingly rare, suggesting that most initial lymphatic metas-
tases represent embolic phenomena; (c) metastasis to the con-
tralateral groin or deep pelvic nodes is unusual in the absence of
ipsilateral groin metastases; and (d) nodal involvement generally
proceeds in a stepwise fashion from the superficial inguinal to
the deep inguinal and then to the pelvic nodes.

Spread beyond the inguinal lymph nodes is considered dis-
tant metastasis. This may occur as secondary or tertiary level
lymphatic metastases to the pelvic/aortic nodes or as a result
of hematogenous dissemination to more distant sites, such as
bone, lung, or liver. Distant metastases are uncommon at ini-
tial presentation, and more often are seen in the context of
recurrent vulvar cancer.

PATHOLOGY
Most vulvar malignancies arise within squamous epithelium.
Although the vulva does not have an identifiable transforma-
tion zone, as in the cervix, squamous neoplasms arise most
commonly on the labia minora, clitoris, fourchette, perineal
body, or medial aspects of the labia majora areas in which ker-
atinized stratified squamous epithelial junction with the
nonkeratinized squamous mucosa of the vestibule (36).

Most vulvar squamous carcinomas arise within areas of
epithelium involved by some recognized epithelial cell abnor-
mality. Approximately 60% of cases have adjacent VIN. In
cases of superficially invasive squamous carcinoma of the
vulva, the frequency of adjacent VIN approaches 85%
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AMERICAN JOINT COMMITTEE ON CANCER
STAGING (1992)

TA B L E  2 0 . 3

PRIMARY TUMOR (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ (preinvasive carcinoma)
T1 Tumor confined to the vulva or to the vulva and 

perineum, 2 cm or less in greatest dimension
T2 Tumor confined to the vulva or to the vulva and 

perineum, more than 2 cm in greatest dimension
T3 Tumor invades any of the following: lower urethra,

vagina, or anus
T4 Tumor invades any of the following: bladder 

mucosa, upper urethral mucosa, or rectal 
mucosa, or is fixed to the bone

REGIONAL LYMPH NODES (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Unilateral regional lymph node metastasis
N2 Bilateral regional lymph node metastases

DISTANT METASTASIS (M)
MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis (pelvic lymph node metastasis 

is M1)

STAGE GROUPINGS
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1 N1 M0

T2 N1 M0
T3 N0 M0
T3 N1 M0

Stage IVA T1 N2 M0
T2 N2 M0
T3 N2 M0
T4 Any N M0

Stage IVB Any T Any N M1

Source: Reprinted from Beahrs OH, Henson DE, Hutter RVP, et al., eds.
Manual for Staging Cancer. 4th ed. Philadelphia: JB Lippincott; 1992.

FIGURE 20.6. Stanley Way’s schematic representation of the potential
routes of lymphatic spread from vulvar cancer based on his clinical
observations. Source: Reprinted from Way S. Malignant Disease of
the Female Genital Tract. New York: Churchill Livingstone; 1951.
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(29,37). Lichen sclerosus, usually with associated squamous
cell hyperplasia, and/or differentiated VIN, can be found adja-
cent to vulvar squamous cell carcinoma in 15% to 40% of the
cases (38,39). Granulomatous disease is also associated with
vulvar squamous cell carcinoma; however, this is not a com-
monly associated finding in the United States. Thus, vulvar
squamous cell carcinoma precursors can be considered in two
distinct groups: those associated with HPV, usually associated
VIN, and those that are not (e.g., those associated with lichen
sclerosus, chronic granulomatous disease).

Vulvar Carcinomas

Squamous Cell Carcinomas

The term microinvasive carcinoma is not recognized as mean-
ingful in reference to the vulva because there are no commonly
agreed on pathologic criteria established for this term. The
International Society for the Study of Vulvar Disease (ISSVD)
proposed a substage of FIGO stage I, stage IA, as a solitary squa-
mous carcinoma of the vulva measuring 2 cm or less in diameter
with clinically negative nodes, with depth of tumor invasion 
1 mm or less (40). The depth of invasion is defined as the mea-
surement from the epithelial dermal junction of the most super-
ficial adjacent dermal papillae to the deepest point of invasion
(41,42). Tumor thickness is measured from the overlying surface
epithelium, or the bottom of the granular layer if the surface is
keratinized, to the deepest point of invasion, as specified by the
International Society of Gynecologic Pathologists (ISGYP), the
World Health Organization, and FIGO (Fig. 20.7) (26,43).

Stage I squamous carcinomas of the vulva, with a reported
depth or thickness of 5 mm or more, have a lymph node metas-
tasis rate of 15% or higher. Tumors with a depth or thickness
of 3 mm have a lymph node metastasis rate averaging 12%.
Therefore, a 3- or 5-mm tumor thickness is not acceptable as
one considered superficial and of no or little risk of metastasis.
Tumors with a depth or thickness of 1 mm or less carry little or
no risk of lymph node metastasis (44,45).

The Gynecologic Oncology Group (GOG) correlated mor-
phologic features of vulvar carcinoma with tumor invasion.
Their findings were remarkably similar to those of the ISSVD
(46). Because the GOG study did not measure tumor depth by
the standards defined by the ISSVD, a reported case with 1-mm
invasion with lymph node metastasis cannot be considered as
an ISSVD stage IA tumor. The depth of invasion and thickness
of tumor are seperately defined, because considerable variations
can exist among measurements from various superficial points
in tumors of approximately 1 mm (Fig. 20.8) (45). There are
significant differences between tumor depth of invasion and
thickness when superficially invasive tumors are measured; vul-
var epithelium can be up to 0.77 mm thick, which can signifi-
cantly influence the difference between the depth of invasion
and the measurement of tumor thickness (47). Tumors with
invasion deeper than 1 mm can be readily measured by deter-
mining thickness, but tumors with surface ulceration may have
a thickness, as measured from the surface, significantly less than
the depth of invasion. With large tumors, thickness may be the
only reliable measurement because of the lack of identifiable
adjacent dermal papillae.

In addition to tumor stage and depth or thickness, other
pathologic features include vascular space invasion, growth
pattern of the tumor, grade of the tumor, and tumor type.
Vascular space involvement can be defined as tumor within an
endothelial lined vascular space. Strict pathologic criteria
require that the tumor be attached to the wall of the vessel,
but this is not observed in all cases. Vascular space involve-
ment by squamous cell carcinoma of the vulva is associated
with a higher frequency of lymph node metastasis and a lower
overall 5-year survival rate. No reliable methods unambigu-
ously predict lymph node metastasis by quantitation of vascu-
lar space involvement by tumor.

Tumor growth pattern influences the rate of lymph node
metastasis and survival in tumors exceeding 1 mm in depth of
invasion. In stage IA vulvar carcinomas, tumor growth pattern
does not influence the risk of node involvement (48). Three
factors describe tumor growth patterns: confluent; compact
(pushing pattern); and finger-like (or spray or diffuse), a pat-
tern also described as poorly differentiated. Confluent growth
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FIGURE 20.7. Methods for measurement for vulvar superficially inva-
sive carcinomas: (A) Depth of invasion: the measurement from the
epithelial stromal junction of the most superficial dermal papillae to the
deepest point of invasion. This measurement is defined as the depth of
invasion and is used to define stage IA vulvar carcinoma. The measure-
ment (B) is the thickness of the tumor: from the surface of the lesion to
the deepest point of invasion. Measurement (C) is from the bottom of
the granular layer to the deepest point of invasion. This is also defined
as thickness of the tumor in cases where there is a keratinized surface.
The International Society of Gynecologic Pathologists and the World
Health Organization recommend that both the depth of invasion and
thickness of tumor, as well as method of measurement, be defined in the
pathology reports. Source: Reprinted with permission by Edward J.
Wilkinson, MD.

FIGURE 20.8. Microinvasive carcinoma of the vulva. The lesion is
less than 2 cm across and the depth of invasion is less than 1 mm,
measured from the overlying surface epithelium.
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is defined as a tumor mass composed of interconnected tumor
exceeding 1 mm in dimension (Fig. 20.9). Tumors with conflu-
ent growth, by definition, have a depth of invasion exceeding 
1 mm. Confluent growth is characteristic of deeply invasive
squamous cell carcinomas that are associated with stromal
desmoplasia, resulting in fibrovascular stromal changes adja-
cent to the interconnected cords of tumor.

Compact (pushing; well differentiated) growth is squamous
tumor growth that maintains continuity with the overlying
epithelium and infiltrates as a well-defined and -circumscribed
tumor mass, without islands of infiltrating tumor remote from
the tumor mass. Tumors with compact growth typically have
thickness of 5 mm or less and rarely invade vascular space. They
are characteristically well differentiated, with the tumor cells
resembling the squamous cells of the adjacent and overlying
epithelium. There is usually minimal stromal desmoplasia,
although there may be a lymphocytic inflammatory cell infiltrate.

Finger-like (spray or diffuse; poorly differentiated) growth
is characterized by a trabecular appearance with small islands
of poorly differentiated tumor cells found within the dermis or
submucosa deeper than the bulk of the tumor mass. Tumors
with this growth pattern are typically associated with a desmo-
plastic stromal response (Fig. 20.10) and a lymphocytic inflam-
matory cell infiltrate. Vascular space involvement is more
commonly seen with this pattern of growth than with tumors
with a compact pattern of growth (49). In tumors with a depth
of invasion less than 5 mm, the finger-like pattern of growth is
associated with a higher frequency of inguino femoral lymph
node metastasis.

In some cases, a single tumor may have both compact and
finger-like growth patterns. Mixed patterns, in our experience,
are more commonly encountered in frankly invasive vulvar
carcinomas and are rarely seen in superficially invasive
tumors. The GOG has referred to tumors with a compact pat-
tern of growth as well differentiated, and to tumors with the
finger-like pattern of growth as poorly differentiated. Using
this terminology, the GOG proposed the following grading
system for vulvar squamous cell carcinoma:

■ Grade 1 tumors are composed of well-differentiated
tumor and contain no poorly differentiated element.

■ Grade 2 tumors contain both patterns, with the poorly
differentiated portions making up one third or less of the
tumor.

■ Grade 3 tumors also contain both components, with the
poorly differentiated portion comprising more than one
third but less than one half of the tumor.

■ Grade 4 tumors have one half or more of the tumor
composed of the poorly differentiated elements (50).

The GOG has reported that tumors with grade 1 histology
have little risk and that the risk of lymph node metastasis
increases with higher grades.

Tumors with a finger-like pattern of growth (poorly differ-
entiated) lack laminin production compared with those that
are well differentiated (51). Vulvar intraepithelial neoplasia
also has associated laminin. This suggests that areas of tumor
without laminin may be more active areas of tumor prolifera-
tion than areas with well-differentiated growth containing
laminin. The absence of laminin in a questionable focus of
invasion, as demonstrated by immunoperoxidase staining
techniques, may support the diagnosis of invasion.

In a study of tumor cell proliferation using MIB-1 immuno-
histochemistry, a monoclonal antibody related to the proliferation-
related protein KI-67, which is applicable in formation of fixed
paraffin-embedded tissue, Hendricks et al. demonstrated that, in
the well-differentiated tumors, the MIB-1 expression was detected
in the tumor cells near the dermal tumor interface, but not in the
tumor cells in the center of tumor foci or near the tumor epithelial
surface (52). Poorly differentiated tumors demonstrated MIB-1
expression throughout the tumor cell population. This difference
in pattern of expression in MIB-1 was statistically significant
when related to survival and appeared somewhat more reliable
than tumor growth pattern alone.

The ISGYP Committee of Terminology for Nonneoplastic
Epithelial Disorders and Tumors recommended that the fol-
lowing information be included in the pathology report of all
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FIGURE 20.9. Confluent pattern of invasion. The tumor has a trabec-
ular pattern of growth associated with a marked chronic inflamma-
tory stromal infiltrate. The tumor diameter exceeds 1 cm.

FIGURE 20.10. Finger-like growth. The tumor forms small nests sur-
rounded by a desmoplastic stroma.
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excised vulvar squamous cell carcinomas, information also
supported by the College of American Pathologists, and often
used by tumor registeries (53):

1. Depth of tumor invasion in millimeters
2. Thickness of the tumor in millimeters
3. Method of measurement of the depth of invasion and

thickness
4. Presence or absence of vascular space (lymphatic) involve-

ment by tumor
5. Diameter of the tumor, measured from the specimen in

the fresh or fixed state 
6. Clinical measurement of the tumor diameter, if available

In a multivariable retrospective analysis of 39 cases of vul-
var squamous carcinoma, in addition to clinical stage and
when corrected for treatment modality, pattern of tumor inva-
sion, depth of tumor invasion, and lymph node status were all
found to be significant prognostic factors. In addition, dermal
desmoplasia associated with tumor invasion also had a sug-
gestive association (54). Desmoplasia (a fibroblastic stromal
tumor response) has been correlated with a higher risk of
lymph node metastasis and poorer survival (55,56). Findings
that did not correlate with survival were squamous cell carci-
noma type, vascular space involvement by tumor, adjacent
VIN, tumor nuclear grade, or associated degree of inflamma-
tory response (54). DNA ploidy analysis (i.e., diploid versus
aneuploid) of vulvar carcinoma does not appear to have sig-
nificance in regard to survival (54).

Squamous cell carcinoma of the vulva, as well as VIN 3,
overexpress p53 in approximately one half of the cases and
have evidence of p16 methylation in approximately two thirds
of the cases (57). However, p16 methylation appears to be an
early event and a relatively frequent genetic change in vulvar
neoplasia, whereas loss of pRb expression appears to be a late
event being identified in invasive squamous carcinoma but not
in VIN (57).

Several histopathologic types of vulvar squamous cell carci-
noma are recognized. The usual types include squamous cell
carcinoma, keratinizing type; squamous cell carcinoma,
nonkeratinizing type; basaloid carcinoma; and warty (condylo-
matous) carcinoma (58). Less common types include acan-
tholytic squamous cell carcinoma, squamous cell carcinoma
with tumor giant cells and spindle cell squamous carcinoma,
squamous cell carcinoma with sarcoma-like stroma, sebaceous
carcinoma, verrucous carcinoma, and other rarer types (39,59).

Vulvar squamous cell carcinomas of the basaloid and
warty types, as well as VIN of all but the differentiated type,
are recognized to be associated with human papillomavirus,
primarily HPV-16. The HPV can be detected within the tumor
cells by a variety of techniques, including polymerase chain
reaction (PCR), hybrid capture, and in situ hybridization. In
addition, it is now recognized that approximately one quarter
(27% � 9%) of the women with vulvar squamous carcinoma
have anti–HPV-16 antibodies expressed serologically as IgG
antibodies to HPV-16 virus-like particles as measured by
enzyme-linked immunosorbent assay (ELISA) (60).

The term acantholytic squamous cell carcinoma (adenoid
squamous cell carcinoma; pseudoglandular squamous cell car-
cinoma) refers to squamous cell carcinomas with pseudoglan-
dular features. These tumors are characterized by small
gland-like spaces within a tumor that otherwise appears to be a
poorly differentiated squamous cell carcinoma. This tumor
should be differentiated from adenosquamous carcinomas that
contain an obvious adenocarcinoma component (61). Adenoid
squamous carcinoma does not contain sialomucin, but
adenosquamous carcinoma typically contains mucin within the
adenocarcinoma component. Although there are few reported
cases of adenoid squamous carcinoma of the vulva, these
tumors may have a more aggressive clinical behavior.

Squamous cell carcinoma with tumor giant cells has multi-
nucleated tumor giant cells intermixed within the squamous
carcinoma (62). This tumor may resemble amelanotic melanoma.
Squamous cell carcinoma with tumor giant cells, unlike melan-
oma, does not express S100 antigen, HMB45, or Melan-A on
immunoperoxidase studies. This tumor does express low-
molecular-weight keratin, similar to other squamous carcinomas.

Sebaceous carcinoma of the vulva may be associated with
VIN (63). These tumors have characteristics of squamous cell
carcinoma but also have intermixed sebaceous elements.

Spindle cell squamous cell carcinomas consist of poorly dif-
ferentiated neoplastic epithelial cells that have an elongated
spindle shape and may mimic a spindle cell melanoma or a
sarcoma (Fig. 20.11) (64). Squamous cell carcinoma with spin-
dle cell stroma is a squamous cell carcinoma asociated with a
sarcoma like stromal/dermal response that may mimic with a
primary sarcoma (65). Spindle cell squamous cell carcinomas
can be differentiated from sarcomas by immunoperoxidase
techniques. Like other squamous cell carcinomas, the spindle
cell variant contains keratin and lacks the antigens distinctive to
sarcomas of various origin. S100 antigen, HMB 45, and Melan-A
are usually immunoreactive in a spindle cell melanoma and
lacking in a spindle cell squamous carcinoma.

Verrucous Carcinoma

Verrucous carcinoma of the vulva typically presents as an
exophytic-appearing growth that can be locally destructive.
Clinically, it may resemble condyloma acuminatum. The so-
called Buschke-Lowenstein giant condyloma is classified as a
variant of verrucous carcinoma by the World Health
Organization.

Microscopically, verrucous carcinoma is characterized by
well-differentiated epithelial cells. The tumor growth pattern is
characterized by a “pushing” tumor-dermal interface with min-
imal stroma between the acanthotic epithelium (Fig. 20.12).
The surface is often hyperkeratotic, and there may be paraker-
atosis. Observed mitoses are characteristically normal. Within
the dermis, a mild lymphocytic inflammatory cell response is
usually seen. Vascular space involvement by tumor is charac-
teristically lacking. Because of its excellent prognosis, strict

Chapter 20: Vulva 563

FIGURE 20.11. Spindle-cell squamous carcinoma. The tumor cells
have a spindle shape and poorly defined cell junctions.
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histologic criteria should be used in the diagnosis of verrucous
carcinoma. Squamous carcinomas with focal verrucous features
should not be described or diagnosed as verrucous carcinoma.

Verrucous carcinomas are characteristically diploid, unlike
typical squamous cell carcinomas of the vulva, which are usu-
ally aneuploid by DNA analysis. Verrucous tumors may be
associated with HPV-6 or its variants (66).

The major differential diagnosis of squamous cell carcinoma
includes keratoacanthomas, pseudocarcinomatous (pseudoep-
itheliomatous) hyperplasia, epithelioid sarcoma, and malignant
rhabdoid tumor. 

Basal Cell Carcinoma

Basal cell carcinoma is a relatively rare tumor in the vulva,
comprising 2% to 4% of infiltrative neoplasms. These tumors
are most commonly found in elderly women. The surface of
the tumor appears granular and is well circumscribed; on pal-
pation, the tumor is characteristically very firm. Vulvar basal
cell carcinoma most commonly arises on the labia majora and
is typically 2 cm or less in diameter; however, giant basal cell
carcinomas have been described (67).

The epithelial cells comprising basal cell carcinoma are typ-
ically small and vary in form, with small hyperchromatic
nuclei that may exhibit some nuclear pleomorphism. These
tumors may have a variety of growth patterns (e.g., trabecular,
insular), although peripheral nuclear palisading is a relatively
consistent finding. Basal cell carcinomas often have an
intraepthelial component that is contiguous with the infiltra-
tive component, if present. 

Metatypical basal cell carcinoma is a variant of basal cell
carcinoma that usually occurs at mucocutaneous junctions.
The term basosquamous carcinoma is applied to these tumors
because of their microscopic features, which include basal cell
carcinoma intermixed with a squamous cell carcinoma com-
ponent. Nuclear pleomorphism is usually seen in metatypical
basal cell carcinoma and in the basal cell and squamous cell
components of the tumor. The deeper tumor cells, close to the
underlying stroma, have the greatest degree of nuclear pleo-
morphism and the more prominent squamous features. These

tumors have a more aggressive clinical behavior than typical
basal cell carcinoma. A variant of vulvar basal cell carcinoma,
adenoid basal cell carcinoma, has gland-like features (68).

The differential diagnosis of basal cell carcinoma includes
basaloid squamous cell carcinoma, Merkel cell tumor of the skin,
and metastatic small cell carcinoma. Basaloid squamous cell car-
cinoma can be distinguished by its lack of characteristic basal cell
growth pattern, and the presence of intracellular bridges. Nuclear
pleomorphism is typically much greater in basaloid squamous
cell carcinoma than in basal cell carcinoma. Basal cell carcinomas
express Ber EP4 on histochemical study, an antigen not expressed
by basaloid squamous cell carcinomas. Basaloid squamous cell
carcinomas are typically associated with HPV-16, which is not
typically associated with basal cell carcinoma. Merkel cell tumors
and other neuroendocrine tumors of the vulva are typically sub-
cutaneous or dermal nodules, and not intraepithelial lesions (see
the section on neuroendocrine tumors).

Neuroendocrine and Neuroectodermal Tumors:
Merkel Cell Tumors and Peripheral Neuroectodermal

Tumor/Extraosseous Ewing Sarcoma

Merkel Cell Tumor. Merkel cell tumors are neuroendocrine
tumors of the skin occurring usually within the dermis. The
tumor is composed of small, relatively uniform cells with little
cytoplasm and hyperchromatic nuclei with a punctate chro-
matin pattern and has a high mitotic count. The tumor is infil-
trative and often involves vascular spaces. Merkel cell tumors
have been associated with squamous cell carcinoma and vulvar
intraepithelial neoplasia (69). Merkel cell tumors are subclassi-
fied as carcinoid-like (trabecular), intermediate type, and small
cell (oat cell) type. These tumors typically express neuron-specific
enolase, synaptophysin, chromogranin, and low-molecular-
weight keratin. Keratin study, such as with cytokeratin 20,
demonstrates a distinct perinuclear cytoplasmic dot. Dense
core neurosecretory granules are seen by electron microscopy.
These features differentiate it from basal cell or squamous cell
carcinoma. Merkle cell tumors frequently have both regional
lymph node and distant metastases and are associated with a
poor prognosis.

Peripheral Neuroectodermal Tumor/Extraosseous Ewing
Sarcoma. Peripheral neuroectodermal tumor/extraosseous
Ewing sarcoma (PNET) is a rare neuroendocrine vulvar neo-
plasm that has been reported in childhood and women of
reproductive age. The tumor may present as a subcutaneous
or polypoid mass and clinically may resemble a cyst, or be
ulcerated (70,71). On microscopic examination the tumor is
circumscribed and multilobulated, without capsule but nonen-
capsulated, and contains small cells with little cytoplasm and
nuclei with hyperchromatic and finely granular nuclear chro-
matin. Some cells have small nucleoli, and mitotic figures are
usually common, with mitotic counts from 3 to exceeding 10
per 10 high power fields. Numerous patterns of growth may be
seen with highly cellular undifferentiated areas, areas with cyst
formation containing eosinophilic proteinous material, rosettes
with Homer-Wright rosettes, and follicle-like structures.

The cells of PNET have periodic-acid Schiff (PAS) staining
cytoplasm that digests with diastase, and typically express
CD99 and vimentin. Although, as in Merkle cell tumors, focal
reactivity for synaptophysin and neuron specific enolase may be
present; cytokeratin reactivity is not present but may be focally
immunoreactive in some cases.

Dense core neurosecretory granules, as seen in Merkle cell
tumor by electron microscopy, are not present. Cytogenetic
study of these PNET tumors demonstrates translocation
t(11;22)(q24;q12) in approximately 90% of cases. This translo-
cation can also be demonstrated with fluorescence in situ
hybridization, or reverse transcriptase polymerase chain reaction
(RT-PCR) (70,71).
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FIGURE 20.12. Verrucous carcinoma. The epithelial cells are well dif-
ferentiated, and the tumor has a “pushing border” with a delicate vas-
cular core between the epithelial elements.
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Urothelial/Transitional Cell Carcinoma

Urothelial carcinoma may be a primary tumor of the vulva,
usually arising within the Bartholin’s glands. More commonly,
urothelial carcinoma is metastatic to the vulva, having arisen
within the bladder or urethra (72). In rare instances the tumor
presents as a Paget-like lesion of the vulva (see section on
Paget’s disease) (73).

Microscopically, urothelial carcinomas are composed of
relatively uniform cells; nuclear pleomorphisms may be
marked in high grade urothelial neoplasms. The cytoplasm is
eosinophilic without apparent inclusions or keratin forma-
tions, although focal keratin formation may be seen. The
tumors may exhibit papillary-like growth.

Adenocarcinoma and Carcinoma of Bartholin’s Glands

Most primary adenocarcinomas of the vulva arise within
Bartholin’s glands. Adenocarcinoma may also arise from other
glands or skin appendages of the vulva, including sweat glands
and Skene’s glands (74,75). Clear cell adenocarcinoma arising in
endometriosis has been reported in the groin (76). Invasive vul-
var Paget’s disease has given rise to adenocarcinoma (Fig. 20.13).
Primary malignant tumors arising within Bartholin’s glands
include adenocarcinoma and squamous cell carcinoma, which
occur with approximately equal frequency and account for
approximately 80% of all primary malignant tumors in this site.
Adenoid cystic carcinomas comprise approximately 15% of all
primary carcinomas, with adenosquamous carcinomas and tran-
sitional cell carcinomas each comprising approximately 5% of
the primary Bartholin’s gland tumors (77).

Carcinoma of the Bartholin’s gland generally occurs in
older women and is rare in women younger than 50. In clin-
ical practice, it is generally advisable to excise an enlarged
Bartholin’s gland in a woman 50 years of age or older, espe-
cially if there is no known history of prior Bartholin’s cyst.
If a cyst is drained and a palpable mass persists, excision is
also indicated. Fine needle aspiration of a Bartholin’s mass
for cytologic evaluation may help to establish a positive
diagnosis.

Primary carcinomas within Bartholin’s glands are usually
solid tumors and are often deeply infiltrative. A variety of his-
tologic types of adenocarcinoma have been described within
Bartholin’s glands. Mucinous, papillary, and mucoepidermoid
carcinoma tumor types have been described in addition to
adenosquamous, squamous, and transitional cell carcinoma.
Adenocarcinoma of Bartholin’s gland is typically immunore-
active for carcinoembryonic antigen (78). Histopathologic
features that identify a carcinoma arising in Bartholin’s glands
include a recognizable transition from Bartholin’s gland to
tumor. The histopathologic tumor type must be consistent
with an origin from a Bartholin’s gland, and the tumor must
not be metastatic to a Bartholin’s gland.

These malignancies are characteristically deep and difficult
to detect in their early growth. Approximately 20% of women
with primary carcinoma of Bartholin’s glands have metastatic
tumor to the inguino femoral lymph nodes at the time of pri-
mary tumor diagnosis.

Adenocarcinoma Arising in Vulvar Skin Appendages 

The vulvar labia majora were once thought to be within the
milk line, but this has been significantly challenged by Van der
Putte, who observed that the milk line did not involve the vulva
in the human (79,80). The breast-like tumors found are
believed to arise from specialized anogenital glands that reside
in the intralabial sulci and may be the origin of papillary
hidradenoma. Both benign and malignant breast-like tumors
have been observed within the vulva (81). Fibroadenoma, intra-
ductal papilloma, and lactating adenoma have been observed.
Primary adenocarcinoma of the vulva may arise in specialized
anogenital glands, which reside in the intralabial sulcus, and are
believed to be the origin of papillary hidradenoma of the vulva
as well as the breast-like tumors seen within the vulva, and
these glands may resemble breast tissue (79,80,82).

Adenosquamous Carcinoma

Adenosquamous carcinomas are epithelial tumors composed
of both malignant squamous and gland-forming elements.
Adenosquamous carcinomas account for approximately 5%
of all tumors of Bartholin’s glands. These tumors may be
composed of a poorly differentiated squamous component
mixed with cells bearing small glandular lumens containing
mucin (29).

Adenoid Cystic Carcinoma

Adenoid cystic carcinoma arising within the vulva most com-
monly arises within the Bartholin’s glands and comprises
approximately 15% of all carcinomas of Bartholin’s glands.
Microscopically, adenoid cystic carcinomas are composed of rel-
atively uniform small cells with regular, round nuclei and mini-
mal cytoplasm. The cord-like or “nested” arrangement contains
gland-like lumens that include an acellular eosinophilic material
(77). Electron microscopy has documented that this material is
basement membrane–like material rather than a secretion. These
tumors are therefore more properly considered a variant of
squamous cell carcinoma than adenocarcinoma.

Carcinomas of Sweat Gland Origin

Primary carcinomas of sweat gland origin are relatively rare
within the vulva, comprising approximately 10% of all vulvar
malignant tumors. A variety of sweat gland carcinomas have
been described in this site, including eccrine adenocarcinoma,
eccrine porocarcinoma, and clear cell hidradenocarcinoma
(75). Primary adenocarcinomas of apocrine gland origin have
also been described arising within the vulva, and some of these
have been associated with vulvar Paget’s disease. These should
be distinguished from the benign papillary hidradenoma,
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FIGURE 20.13. Adenocarcinoma underlying Paget’s disease. The ade-
nocarcinoma is composed of small tumor clusters within the underly-
ing dermis.
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which typically arises in the intralabial papillary sulcus from
specialized anogenital glands and contains a myoepithelial cell
population, distinguishing it from adenocarcinoma (79,80,82).

Vulvar Paget’s Disease and Paget-Like Lesions

Vulvar Paget’s disease typically presents as an eczematoid, red,
weeping area on the vulva, often localized to the labia majora,
perineal body, clitoral area, or other sites. This disease typically
occurs in older, postmenopausal Caucasian women, although
it has been described in a premenopausal woman. Because of
its eczematoid appearance, it is not unusual for vulvar Paget’s
disease to be misdiagnosed as eczema or contact dermatitis.
Approximately 15% of women with vulvar Paget’s disease
have underlying primary adenocarcinoma, usually arising
within apocrine glands or the underlying Bartholin’s glands
(Fig. 20.13). The Wilkinson and Brown etiologic classification
of vulvar Paget’s disease divides Paget’s disease into two main
groups: those of cutaneous origin and those of non-cutaneous
origin (73). The two most common types of non-cutaneous
Paget’s disease are those associated with colorectal adenocar-
cinoma and those associated with bladder urothelial carci-
noma. Women with Paget’s disease of the colorectal type
usually present with a lesion that involves the perianal skin,
and this lesion is a manifestation of underlying colon or rectal
adenocarcinoma. Women with Paget-like disease (Pagetoid
urothelial intraepithelial neoplasia [PUIN]) typically present
with a lesion involving the perurethral area and vulvar
vestibule (73,82,83). In these cases there is associated bladder
and/or urethral urothelial carcinoma with the extension of the
neoplastic urothelial cells to the epithelium of the vulva (73,82).
In cases of PUIN, total deep vulvectomy is not indicated
because there is no associated underlying cutaneous adenocar-
cinoma. The tumor cells are from the bladder and/or urethra,
representing an intraepithelial transitional cell neoplasm
extending from the bladder and/or urethra (73). These cells
have been reported from a vaginal cytology specimen from a
woman with a PUIN lesion (84).

Cutaneous Paget’s disease is most commonly a primary
intraepithelial neoplasm. In such cases the intraepithelial
Paget’s disease may have an associated invasive Paget’s dis-
ease. In rare cases, cutaneous Paget’s disease may be a mani-
festation of an underlying cutaneous adenocarcinoma (73).
Cutaneous Paget’s disease is characterized by the presence of
Paget’s cells, which are found within the involved epithelium.
A Paget’s cell is relatively large, with a prominent nucleus that
typically has coarse chromatin and a prominent nucleolus. On
hematoxylin and eosin staining the cytoplasm is distinctly pale
compared with the surrounding keratinocytes. The cytoplasm
may be vacuolated or appear foamy and typically is somewhat
basophilic. The Paget’s cells are generally found in higher con-
centrations near the basement membrane, but are also seen
throughout the epithelium. These cells may be clustered
together and may have an acinar or gland-like arrangement
(Fig. 20.14).

Paget’s cells of cutaneous origin are rich in carcinoembry-
onic antigen (CEA), which can be identified with immunoper-
oxidase techniques (73). Paget’s cells also express cytokeratin
7 (CK-7) and gross-cystic-disease fluid protein-15 (GCDFP-15)
(73,85). More than one half of cases may also express c-erB2
(HER2/neu), but this was not found to influence metastasis
risk (86,87). Paget’s cells infrequently express CA-125, and
estrogen receptor is generally negative (87,88). In some cases,
Paget’s disease may be associated with a distinctive squamous
hyperplasia, or papillomatous hyperplasia, which must be dis-
tinguished from VIN. Immunohistochemical study for CK-7 is
useful in many cases to identify the Paget’s cells that are
strongly CK-7 positive, whereas the adjacent epithelial cells
are negative (89). Paget’s cells may be aneuploid or diploid

by DNA ploidy analysis; however, prognosis does not appear
to be influenced by DNA ploidy. Invasive Paget’s disease 
1 mm or less in depth of invasion has reportedly little risk for
recurrence (87).

The differential diagnosis of Paget’s disease of cutaneous
origin includes PUIN/Paget’s disease of urothelial origin,
Paget’s disease of colorectal origin/or other related adenocar-
cinoma, superficial spreading malignant melanoma, Pagetoid
reticulosis, and the Pagetoid variant of vulvar intraepithelial
neoplasia, which are keratinocytic cells resembling Paget’s
cells. These can all be differentiated by immunoperoxidase
techniques because melanomas do not express cytokeratin,
but usually express S100 protein, HMB-45, and Melan-A,
which are absent in Paget’s cells (90). The Paget-like cells in
PUIN express uroplakin-3, but do not express GCDFP-15.
CEA is expressed in approximately two thirds of urothelial
neoplasms, but is expressed in both Paget’s disease of cuta-
neous origin and Paget’s disease of gastrointestinal origin.
Adenocarcinoma cells of colonic, anal, or rectal origin express
CEA, as well as caudal homeobox (CDX), whereas Paget’s
disease of cutaneous origin does not express CDX. Pagetoid
reticulosis cells express leukocyte common antigen and some
other lymphoproliferative markers, but lack CEA or cytokeratin.
VIN of Pagetoid type may microscopically resemble Paget’s
disease or melanoma, but the cells of VIN do not express
CEA, S100, or melanoma antigen (68,82).

Vulvar Malignant Melanoma

Malignant melanoma of the vulva accounts for approximately
9% of all primary malignant neoplasms on the vulva, and
vulvar melanoma accounts for approximately 3% of all
melanomas in women. This tumor occurs predominantly in
Caucasian women, with approximately one third of the cases
occurring in women younger than 50, and the mean age at
diagnosis is 55 years of age (91). The peak frequency occurs
between the sixth and seventh decades and the highest inci-
dence is in women 75 years of age of older, where the age-
specific incidence is reported to be 1.28 per 100,000 (92). The
most common presenting symptom is bleeding; however,

566 Section III: Disease Sites

FIGURE 20.14. Paget’s disease. The large cells with prominent cyto-
plasm and large nuclei represent the intraepithelial Paget’s cells. A few
small gland-like intraepithelial structures are formed by the Paget’s cells.
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pruritus, pain, dysuria, and a palpable mass may all be symp-
toms (92). The tumor may arise from a preexisting pigmented
lesion or from normal-appearing skin. The primary site on the
vulva may be the clitoris, labia minora, and labia majora,
where melanomas occur with approximately equal frequency
(93). The tumor may be elevated, nodular, or ulcerated.
Although usually pigmented, approximately one fourth are
nonpigmented, amelanotic melanomas, a melanoma type that
clinically and pathologically may resemble squamous carci-
noma. In the clinical setting, the differential diagnosis includes
pigmented condyloma acuminatum, pigmented VIN, atypical
genital nevus, large vulvar nevi, melanosis of the vulva, or
other malignant tumors including malignant soft-tissue tumors
(82,94,95).

Vulvar malignant melanomas may be subclassified into three
specific categories: superficial spreading malignant melanoma,
nodular melanoma, and mucosal lentiginous melanoma, which is
also referred to as mucosal/acral lentiginous melanoma (96,97).
In the vulva some cases are mixed or cannot be specifically clas-
sified. Mucosal lentiginous melanomas are the type most com-
monly reported on the vulva, accounting for over one half the
cases in larger series (92,96). Nodular melanomas are second in
frequency, accounting for approximately one fifth of the cases,
and have the overall worst prognosis of the melanoma types,
usually related to the greater thickness and deeper invasion at
the time of presentation. Superficial spreading melanomas are
the least common type in the vulva. Some variation in the fre-
quency of these types in the vulva is present in the literature,
primarily related to some variations in pathologic classification
(91–93,96,98–101).

Histopathologic differentiation of melanoma type is based on
identification of a superficial spreading component. Mucosal
lentiginous melanomas have the neoplastic melanocytes clus-
tered in the dermal-epithelial junction and have both radial
growth and vertical growth. Superficial spreading melanomas
have radial growth involving four or more rete lateral to their
vertical or infiltrative growth (82). Nodular melanomas show
minimal or no radial growth. Superficial spreading malignant
melanoma characteristically shows junctional melanocytes with
radial growth, and a vertical growth pattern may be absent. The
tumor cells are highly variable in appearance but commonly are
relatively large, with nuclei showing minimal variation in size
and containing prominent nucleoli (Fig. 20.15). These cells may
or may not contain pigment. The form of the cells ranges from
epithelioid to spindle shaped; in some cases, the spindle cell type
may predominate. The spindle cells may be relatively small, with
oval nuclei and elongated cytoplasm. They may infiltrate the
adjacent dermis in cords and sheets.

Malignant melanomas typically express S100 antigen,
HMB-45, and Melan-A, and lack cytokeratin or CEA. The
microscopic differential diagnosis for superficial spreading
malignant melanoma is primarily vulvar Paget’s disease.
Immunohistochemical techniques are essential in discriminat-
ing superficial spreading melanoma from Paget’s disease (see
the section on vulvar Paget’s disease) (90). Nonpigmented
nodular melanomas may mimic squamous cell carcinoma or
spindle cell neoplasms of various types. In these circum-
stances, immunoperoxidase procedures are of great value,
because squamous cell carcinomas typically do not express
S100 protein, HMB-45, or Melan-A, and melanomas do not
express cytokeratin (82).

The level of invasion and tumor thickness are essential mea-
surements in evaluating malignant melanoma (91,98,102). The
Clark level definitions describe the extent of dermal and subcu-
tanous involvement by the melanoma (102). Measurements for
vulvar melanomas can be applied as for skin and mucous mem-
branes, as described by Breslow (103). Malignant melanomas
that have a thickness of less than 0.75 mm have little or no risk
for metastasis and tumors up to 1 mm in thickness are generally
considered of minimal risk of recurrence. Melanomas at Clark
level 2 or thickness of 1.49 mm or less, or tumor volume of 100
mm3 also correlate with good prognosis (104). A poor prognosis
is correlated with Clark level 5, thickness �2 mm, or mitotic
count exceeding 10/mm2. Other prognostic factors include a min-
imal or absent inflammatory reaction and surface ulceration (98).

Vulvar melanoma has been described associated with 
NRAS codon 12 mutation, as more commonly seen in sun
exposure–related melanomas; however, most mucosal non-
sun-exposure–related melanomas do not express Nras exon 
2 mutations (105).

Melanomas arising in the vulva may metastasize to other
sites within the lower female genital tract, including the
cervix, vagina, urethra, and rectum. Distant metastasis is com-
mon with disseminated disease. Survival after recurrence is
poor, approximately 5% (97).

Vulvar Sarcomas

Leiomyosarcoma. Leiomyosarcoma is the most frequent
primary vulvar sarcoma. It most commonly arises in the labia
majora or Bartholin’s gland area, although these tumors may
arise in the clitoris and labia minora. The tumors are generally
larger than 5 cm in diameter when first diagnosed and may be
deep within the subcutaneous tissue. 

On microscopic examination, these tumors are composed
of interlacing spindle shaped cells, sometimes with an epithe-
lioid appearance. Features of leiomyosarcoma include an infil-
trating border and metastasis. Microscopic criteria for
diagnosis require determination of the mitotic figure count. In
cases with minimal pleomorphism, it is generally accepted that
the diagnosis of leiomyosarcoma can be made with a mitotic
count of 10 or more per 10 high power fields. Tumors that
have an infiltrating border or nuclear atypia with pleomor-
phism and mitotic count of 5 or more per 10 high power fields
are classified as leiomyosarcoma. There are tumors that may
show no significant atypia, have a diameter exceeding 5 cm,
have an infiltrating margin, and have a low mitotic count, up
to 5 per 10 high power fields. It is preferable to classify them
as smooth muscle tumors of uncertain malignant potential,
because the risk of recurrence is uncertain (39,106–108).

Malignant Fibrous Histiocytoma. Malignant fibrous histi-
ocytoma arises from histiocytes with fibroblastic differentia-
tion. It is considered the second most common sarcoma of the
vulva and has its peak frequency in middle age. Malignant
fibrous histiocytoma typically presents as a solitary mass that
may appear somewhat brownish or pigmented, secondary to
areas of focal hemorrhage within the tumor. 
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FIGURE 20.15. Malignant melanoma. The tumor is within the dermis
and contains dark melanin pigment. Junctional growth is seen within
the overlying epithelial dermal junction.
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On microscopic examination, the tumor is characterized by
a complex interlacing cellular growth pattern with marked
nuclear pleomorphism, including multinucleated cells and
large bizarre cells. Abnormal mitotic figures may be apparent.
Microscopic variants of this tumor include inflammatory, giant
cell, myxoid, and angiomatoid types (82,109). On immunoper-
oxidase study, these tumors contain �1 antitrypsin and �1
antichymotrypsin. Malignant fibrous histiocytoma is typically
infiltrative, with infiltrative margins, and may involve the
underlying fascia. Involvement of the fascia is associated with a
higher risk of local spread and distant metastasis.

Epithelioid Sarcoma. Epithelioid sarcoma may arise within
the labia majora, subclitoral area, and clitoris (110). Its micro-
scopic features may resemble squamous carcinoma, malig-
nant melanoma, malignant rhabdoid tumor, or lymphoma.
Epithelioid sarcoma is usually relatively superficial, arising in
and involving the reticular dermis, but it may occur in deeper
structures.

On microscopic examination, the tumor is nodular and may
have areas of necrosis. The tumor cells have an epithelioid
appearance with eosinophilic cytoplasm, but there may be
metaplastic components, including cartilage and bone. On
immunohistochemical study, this tumor contains cytokeratin,
which does not distinguish it from epithelial tumors, but is of
value in differentiating it from malignant melanoma or other
types of soft-tissue tumors. Epithelioid sarcoma rarely metas-
tasizes, although local recurrence is a risk. Differential diag-
nosis for this tumor includes squamous cell carcinoma,
malignant melanoma, lymphoma, and malignant rhabdoid
tumor, all of which are capable of distant metastasis and
aggressive behavior (110). Immunoperoxidase studies are of
value in differentiation, but have not been of value in differen-
tiating epithelioid sarcoma from malignant rhabdoid tumor.
The distinction of these two tumors is based primarily on
microscopic features.

Malignant Rhabdoid Tumor. Malignant rhabdoid tumor
has been described in the vulva and, like epithelioid sarcoma,
may be relatively superficial and contain tumor cells with an
epithelioid appearance with eosinophilic cytoplasm. Unlike
epithelioid sarcoma, malignant rhabdoid tumors have rela-
tively pleomorphic nuclei. Metaplastic elements are usually
not present. Malignant rhabdoid tumor also has eosinophilic
cytoplasmic inclusions, which are not present in epithelioid
sarcoma. These inclusions give some of the cells the appear-
ance of signet ring cells. Electron microscopic evaluation of
the rhabdoid tumor reveals that the eosinophilic inclusions are
composed of intermediate filaments. Malignant rhabdoid
tumor has a lobulated architecture but lacks necrosis or gran-
ulomatous features, which are often found in epithelioid sar-
coma (107,108,110).

Malignant Schwannoma

Malignant schwannoma has been reported on the vulva, and
approximately half of the cases are associated with neurofibro-
matosis. Most malignant schwannomas occur in women of
reproductive age (111). This tumor is found primarily in the labia
majora or minora, but may arise in other sites within the vulva. 

On microscopic examination it is typically highly cellular
and is composed of spindle cells with nuclear palisading.
Metaplastic elements, such as cartilage, epithelial islands, and
striated muscle, may be seen in approximately 50% of the
cases. Malignant schwannoma is immunoreactive for S100
protein. In some cases, a nerve trunk can be identified adja-
cent to or within the tumor mass.

Yolk Sac Tumor

Yolk sac tumor (endodermal sinus tumor) is a rare germ cell
tumor of the vulva, primarily arising in the labia or clitoral

areas (39,112). The age range of patients is from just under 2
to 26 years. Distinctive microscopic features are similar to
endodermal sinus tumor in the ovary, including the Schiller-
Duval bodies, distinctive globules that are PAS positive, and
the presence of �-fetoprotein within the tumor, as demon-
strated by immunoperoxidase technique.

Other Sarcomas

A partial list of primary sarcomas of the vulva includes
angiosarcoma, Kaposi’s sarcoma, hemangiopericytoma, rhab-
domyosarcoma, alveolar soft part sarcoma, and liposarcoma
(39,107,108,113,114). Sarcoma botryoides is a variant of
rhabdomyosarcoma that may involve the vulva, but most
cases arise within the vagina or base of the bladder. Aggressive
angiomyxoma, a locally aggressive but rarely metastatic sar-
coma, has also been documented arising within the vulva
(50,107). Kaposi’s sarcoma and angiosarcoma should be dif-
ferentiated from bacillary angiomatosis, which is a benign
pseudoneoplastic infectious process (115). The reader is
referred to additonal texts on these and other soft-tissue
tumors of the vulva (39, 07,108).

Metastatic Tumors to the Vulva

Most metastatic tumors to the vulva involve the labia majora
or Bartholin’s glands. In the vulva they usually present as sin-
gle or multiple intradermal or subcutaneous nodules, but may
present as a Bartholin’s gland mass (77,116–119). Metastatic
tumors account for approximately 8% of all vulvar tumors,
and in approximately one half of the cases the primary tumor
was in the lower genital tract, including the cervix, vagina,
endometrium, and ovary. Cervical carcinoma is the most com-
mon origin of contiguous metastasis. Local metastasis sec-
ondary to contiguous involvement of the vulva from urothelial
carcinoma of the bladder or urethra, or ano-rectal carcinoma,
may involve the vulva and present as a Paget-like lesion (see
Paget’s disease and Paget-like lesions in this section) or a vul-
var or groin node mass (73,120). Contiguous involvement of
tumors from the genital tract or ano-rectal areas are com-
monly associated with metastasis to regional lymph nodes
and widespread metastases. Remote metastases have been
observed from tumors arising in breast, kidney, stomach, lung,
and other sites. Malignant melanoma and neuroblastoma can
also metastasize to the vulva, as can gestational choriocarci-
noma and malignant lymphomas. In approximately 10% of
the cases the primary site of the metastatic tumor cannot be
identified. Prognosis with metastatic tumor to the vulva is
generally guarded, but is influenced by the type of tumor and
the therapy available. 

PROGNOSTIC FACTORS
Prognosis has been most extensively evaluated in women
with squamous cell carcinomas. The major prognostic factors
in vulvar cancer—tumor diameter, depth of tumor invasion,
nodal spread, and distant metastasis—have been incorpo-
rated into the current FIGO staging system. These are clearly
the most important predictors of tumor recurrence and death
from disease (121–126). However, several additional features
may be useful in refining prognosis in smaller subsets of
patients.

Wharton et al. suggested the concept of “microinvasive”
carcinoma of the vulva in their 1975 report and proposed elim-
inating groin dissection for patients with small tumors that
invaded �5 mm (75). A number of later reports confirmed that
10% to 20% of patients meeting these criteria had occult groin
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metastases, making the elimination of inguinal lymph node
evaluation undesirable for these patients (127–130). Several
authors have further attempted to define a population of
microinvasive tumors whereby the risk of inguinal metastasis is
negligible (46,131–135). The consensus opinion is that only
tumors with less than 1 mm invasion fulfill this requirement
(18,46,65,136). This is reflected in the FIGO classification of
tumors invading �1 mm into stage IA (26).

Risk of local recurrence, although clearly associated with
tumor size and extent, is also related to the adequacy of the
surgical resection margins. Heaps et al., in their analysis of
formalin-fixed tissue specimens, were able to demonstrate a
sharp rise in the incidence of local recurrence for tumors with
microscopic margins less than 8 mm (59). They suggested that
this would correspond to a minimum margin of 1 cm in fresh,
unfixed tissue. These observations were confirmed in a retro-
spective multivariate analysis of clinical data by Chan et al.,
who showed that pathologic margin distance �8 mm is an
important predictor of local recurrence (137). De Hullu et al.
reported nine local recurrences among 40 patients with tumor-
free margins �8 mm compared to no local recurrences among
39 patients with margins �8 mm (138). To aid the surgeon in
planning surgical margins of resection, Hoffman et al. mea-
sured the radial occult microscopic spread of tumor in
patients with invasive squamous cell carcinoma of the vulva.
They found that the gross and microscopic periphery of most

cancers were approximately the same; however, ulcerative
tumors with an infiltrative pattern of invasion were more
likely to extend beyond what is grossly apparent (139).

The single most important prognostic factor in women
with vulvar cancer is metastasis to the inguinal lymph nodes,
and most recurrences will occur within 2 years of primary
treatment (140). The presence of inguinal node metastasis
portends a 50% reduction in long-term survival (141,142).
A number of noninvasive imaging modalities have been stud-
ied for the evaluation of inguinal femoral lymph node metas-
tasis, including magnetic resonance imaging, computed
tomography, positron emission tomography (PET), and
ultrasound. There currently is no imaging modality with a
sufficiently high negative predictive value to allow for exclu-
sion of surgical groin lymph node evaluation (143,144).
Because the clinical prediction of lymph node spread is inac-
curate, node status is best determined via surgical biopsy.
Prognostic issues that appear to be important in evaluating
lymphatic involvement are (a) whether nodal spread is bilat-
eral or unilateral, (b) the number of positive nodes, (c) the
volume of tumor in the metastasis, and (d) the level of the
metastatic disease. Multiple positive nodes, bilateral metas-
tases, involvement beyond the groin, and bulky disease are
associated with poor prognosis (44,145). Rutledge et al. pro-
vided the detailed analysis of prognostic factors outlined in
Table 20.4 (146).
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SUMMARY OF COX PROPORTIONAL HAZARDS MODEL FOR VULVA DATA:
PREDICTORS OF FAILURE TO SURVIVE

TA B L E  2 0 . 4  

Relative hazard 95% Confidence interval

TUMOR SIZE (cm) (p � 0.005)
0–2 1.0000
3–4 1.1312 (0.6364, 2.0108)
5–6 2.1833 (1.2116, 3.9342)
�6 2.3683 (1.2310, 4.5560)

TUMOR GRADE (p � 0.182)
1 1.0000
2 0.9556 (0.5716, 1.5974)
3 1.4748 (0.8653, 2.5136)

FIGO STAGE (p � 0.000)
I 1.0000
II 2.9842 (0.8694, 10.2431)
III 8.6452 (2.6973, 27.7087)
IV 40.9031 (12.2898, 136.1343)

THERAPY AIM (p � 0.000)
Curative 1.0000
Palliative 8.2821 (5.1064, 13.4328)

GROIN NODES (p � 0.000)
Bilaterally negative 1.0000
Unilaterally positive 6.8656 (3.5492, 13.2808)
Bilaterally positive 20.3212 (10.0935, 40.9127)

PELVIC NODES (p � 0.000)
Bilaterally negative 1.0000
Unilaterally positive 5.9230 (2.9335, 11.9590)
Bilaterally positive 10.9852 (2.4803, 48.6537)

(continued)
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SUMMARY OF COX PROPORTIONAL HAZARDS MODEL FOR VULVA DATA:
PREDICTORS OF FAILURE TO SURVIVE (CONTINUED)

TA B L E  2 0 . 4  

Relative hazard 95% Confidence interval

CLOQUET’S NODE (p � 0.631)
Negative 1.0000
Positive 1.4548 (0.3424, 6.1807)

DEEP SURGICAL MARGINS (p � 0.931)a

Negative 1.0000
Invasive 1.0914 (0.1523, 7.8227)

VAGINAL SURGICAL MARGINS (p � 0.906)b

Negative 1.0000
Invasive 0.9063 (0.2233, 3.6779)

LATERAL SURGICAL MARGINS (p � 0.010)c

Negative 1.0000
Invasive 5.2267 (1.8889, 14.4626)

AGE (p � 0.100)
�41 1.0000
41–60 1.8266 (0.6416, 5.2002)
61–80 2.5600 (0.9264, 7.0745)
�80 3.0251 (0.9068, 10.0917)

SITE OF LESION (p � 0.359)
Clitoris or mons 1.0000
Labia 2.3082 (0.3045, 17.4957)

GROSS TUMOR APPEARANCE (p � 0.668)
Nonulcerative 1.0000
Ulcerative 1.0905 (0.7338, 1.6205)

CLINICAL STAGE (TUMOR) (p � 0.000)
T1 1.0000
T2 2.3574 (1.0462, 5.3119)
T3 4.2916 (1.9420, 9.4837)
T4 35.1826 (10.0462, 123.2127)

CLINICAL STAGE (NODES) (p � 0.000)
N0 1.0000
N1 1.3209 (0.7026, 2.4834)
N2 3.0702 (1.8513, 5.0916)
N3 11.2343 (6.3559, 19.8571)

CLINICAL STAGE (METASTASIS) (p � 0.001)
M0 1.0000
M1A or M1B 14.5149 (5.6785, 37.1022)

MEDICAL STATUS (p � 0.289)
No illness 1.0000
Obesity 0.7925 (0.3355, 1.8723)
Diabetes 0.2702 (0.0374, 1.9509)
Hypertension 1.1532 (0.6884, 1.9318)
Cardiovascular 1.4235 (0.7582, 2.6725)

abnormalities

aOf the 133 patients with deep surgical margins, only 4 had invasive carcinoma.
bOf the 327 patients with vaginal surgical margins, only 8 had invasive carcinoma.
cOf the 331 patients with lateral surgical margins, only 6 had invasive carcinoma.
Source: Reprinted from Rutledge FN, Mitchell MF, Munsell MF, et al. Prognostic indicators for invasive
carcinoma of the vulva. Gynecol Oncol 1991;42:239–244.
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TREATMENT
Development of the radical vulvectomy with bilateral
inguinofemoral lymphadenectomy during the 1940s and 1950s
was a dramatic improvement over prior surgical options and
greatly enhanced survival, particularly for women with smaller
tumors and negative lymph nodes (147,148). The ability to suc-
cessfully resect vulvar tumors eliminated prolonged survival
marked by local and regional progression of disease and associ-
ated pain, drainage, and bleeding. Long-term survival of 85%
to 90% can now be routinely obtained with radical surgery.
However, radical surgery can be associated with postoperative
complications such as wound breakdown and lymphedema.

More recently, surgical emphasis has evolved to an individ-
ualized approach for tumors at either end of the spectrum.
Many gynecologists believe that smaller vulvar tumors can be
acceptably managed by less radical surgical approaches and
have proposed more limited resections for certain subsets con-
sidered to represent early or low-risk disease (65,149,150).
The obvious advantages of such an approach are retention of
a significant portion of the uninvolved vulva, less operative
morbidity, and fewer late complications. In contrast, radical
surgery is frequently ineffective in curing patients with bulky
tumors or positive groin nodes. Multimodality programs that
incorporate radiation, surgery, and chemotherapy are now
being investigated in women with these high-risk tumors
based upon success with similar approaches in women with
squamous cancers of the cervix (151–154). It seems fair to
state that “quality of life” issues predominate at the lower end
of the disease scale, whereas “survival” concerns are most
important at the upper end. At present, there are limited cura-
tive treatment options for women who present with dissemi-
nated disease.

Microinvasive Tumors

Tumors demonstrating early invasion of the vulvar stroma
(�1 mm) have minimal risk for lymphatic dissemination.
Excisional procedures that incorporate a 1-cm normal tissue
margin are likely to provide curative results (155). Patients in
this category represent the only subset for whom the status of
the groin lymph nodes can be ignored. These so-called micro-
carcinomas tend to arise in younger patients with multifocal
preinvasive disease and are commonly associated with HPV
infections. Occult invasion in lesions thought to be intraep-
ithelial is common (156,157). Consequently, the entire lower
genital tract and vulva should be carefully evaluated before
surgical resection of these lesions is attempted. The risk of vul-
var recurrence or development of a new lesion at another vul-
var site is significant. After primary therapy these patients
should undergo frequent follow-up examinations.

Stage I and II Cancers

Traditional management of stage I and II vulvar cancer has been
radical vulvectomy with bilateral inguinofemoral lymphadenec-
tomy. The operation removes the primary tumor with a wide
margin of normal skin, along with the remaining vulva, dermal
lymphatics, and regional nodes. This approach provides excel-
lent long-term survival and local control in approximately 90%
of patients (158,159). Disadvantages of radical surgery include
loss of normal vulvar tissue with alterations in appearance and
sexual function, a 50% incidence of wound breakdown, a 30%
incidence of groin complications (breakdown, lymphocyst, lym-
phangitis), and a 10% to 15% incidence of lower extremity
lymphedema (160,161). Additional postoperative therapy, pri-
marily irradiation, should be considered in the 10% to 20% of

patients with positive nodes with the understanding that this
will further increase the incidence of lymphedema (162).

In an effort to reduce morbidity and enhance psychosexual
recovery, several groups have espoused a more limited surgical
approach for women with small vulvar cancers (163,164).
Although some patients with T2 lesions have been treated in this
manner, most have limited the conservative approach to women
with T1 cancers. DiSaia et al. were the first to describe successful
conservative resection of tumors measuring 1 cm or less with
invasion of less than 5 mm (150). Additional reports have
expanded this experience to include more patients with larger
lesions and more significant invasion (Table 20.5) (65,165,166).
The most frequent recommendation is to resect the primary
lesion with a 1- to 2-cm margin of normal tissue and to carry the
dissection to the deep perineal fascia. These operations should
not be confused with the concept of excisional biopsy, which is
used primarily as a diagnostic procedure.

Limited resection of the primary tumor is combined with a
more conservative surgical approach to the groin, in which the
ipsilateral superficial groin nodes are used as the sentinel
group for lymphatic metastases (15,166,167). Bilateral super-
ficial dissections are performed in patients whose tumors
encroach on midline structures (clitoris or perineal body)
(165). In patients with negative inguinal nodes, no further dis-
section or postoperative therapy is used. In their series of 61
patients with non-midline T1 and T2 squamous cell carcino-
mas of the vulva, DeSimone et al. found no patient with
lymph node metastasis to the contralateral groin (168).
Similarly, Gonzalez et al. reported that contralateral groin
lymph node dissection was unnecessary for patients with non-
midline lesions �2 cm in size and/or with negative ipsilateral
groin lymph nodes (169). Patients with positive nodes can
undergo additional nodal dissection of the deep nodes and the
contralateral groin or be treated with postoperative irradia-
tion, or both. The risk of chronic groin complications and
lymphedema is related to the extent of groin dissection (149).
Patients with superficial and deep lymphadenectomy followed
by irradiation have the greatest likelihood of morbidity.

With limited resection, survival of 90% or better is attain-
able for patients with stage I vulva carcinoma with acceptable
anatomic appearance and function. Critics of conservative sur-
gical approaches cite several potential risks, including potential
recurrence in retained vulvar skin, inadequate assessment of
the groin nodes, inadequate surgical therapy in women with
nodal spread, and the potential for leaving in-transit skin
metastases. Examination of the published experience using a
selective approach to inguinal lymphadenectomy would sug-
gest that unanticipated ipsilateral groin failure occurs in �5%
of cases (Table 20.6) (65,165,166,170), whereas contralateral
groin failure is uncommon. Because randomized prospective
evaluations of surgical therapy have not been performed, a
critical comparison of radical vulvectomy and radical wide
excision is not possible.

Chapter 20: Vulva 571

PROPOSED CRITERIA FOR CONSERVATIVE 
SURGICAL RESECTION

TA B L E  2 0 . 5

Tumor Depth of Groin 
Investigator diameter invasion dissection

Wharton et al. (75) �2 cm �5 mm None
DiSaia et al. (150) �1 cm �5 mm Superficial
Berman et al. (65) �2 cm �5 mm Superficial
Burke et al. (149) Resectable Any Superficial
Stehman et al. (166) �2 cm �5 mm Superficial
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In an attempt to reduce treatment-related morbidity, yet
retain the essential components of radical excision of the pri-
mary tumor plus groin lymph node assessment, some have
introduced modifications of the classic radical operation.
These include the use of “triple incision” techniques that sep-
arate the vulvectomy incision from the groin incisions, as well
as techniques that use a more limited dissection of the deep
inguinal nodes as compared to “complete” groin lym-
phadenectomy (171). Le et al. have suggested that a total of at
least ten nodes from a bilateral groin dissection define an opti-
mal surgical evaluation (172). Using anatomical groin dissec-
tions from cadavers, Hudson et al. showed that the incision or
removal of deep fascia in the femoral triangle with “stripping”
of the femoral vessels was unnecessary; however, some nodes
of importance were present within fenestrations of the cribri-
form fascia covering the saphenous opening (173). Other sur-
gical refinements that may reduce postoperative morbidity
without compromising outcome include preservation of the
saphenous vein (174–176). A prospective, randomized trial
showed that sartorius transposition did not reduce the inci-
dence of postoperative wound infection or lymphedema (177).

Another surgical concept that is undergoing evaluation is
the potential for cutaneous lymphatic mapping to define and
target the true sentinel groin nodes (178). Preliminary experi-
ence with both intraoperative lymphatic dye and radioisotope
injections suggests that a sentinel node can often be identified
in the groin (34,179,180). This early experience supports the
concept that the assessment of lymphatic metastases may ulti-
mately be reduced to the biopsy of one or two identifiable
nodes (Fig. 20.16). Terada et al. performed sentinel lymph

node mapping and biopsy for 21 patients with T1 vulvar can-
cer using preoperative lymphoscintigraphy and intraoperative
isosulfan blue dye staining. Three patients proved to have pos-
itive sentinel lymph nodes. None of the patients with negative
sentinel lymph nodes had developed a groin or distant recur-
rence with median follow-up of 4.6 years (181).

In summary, therapy for women with stage I and II cancers
must be individualized to the patient and her tumor. Radical
vulvectomy provides excellent local control and long-term
survival, but has significant morbidity and sexual function
limitations. More conservative approaches appear safe in
most stage I settings and may be applicable in some stage II
patients. The surgical approach to the groin nodes is evolving.
The accuracy of the superficial inguinal nodes (or the “sen-
tinel” node identified by intraoperative mapping) as predic-
tors of nodal spread is currently being evaluated. If these
concepts prove suitably sensitive and specific, more extensive
inguinal lymphadenectomy might be abandoned.

Stage III and IV Cancers

By definition, stage III tumors extend to adjacent mucosal
structures or the inguinal lymph nodes. Many are bulky, but
some are of limited volume but considered high stage because
of proximity to critical central structures. Some of these pri-
mary tumors can be curatively resected by radical operations,
such as radical vulvectomy or some variation of pelvic exen-
teration and vulvectomy. Surgical resection of 1 to 1.5 cm of
the distal urethra in order to achieve a negative surgical mar-
gin does not appear to compromise bladder continence (182).
However, recent therapeutic efforts have focused on combined
modality treatment programs involving sequenced radiation
therapy or chemoradiation therapy and radical surgery. There
are now ample data from retrospective series, and a few
prospective trials, from which to conclude that vulvar cancers
are radioresponsive and that function-sparing operations are
feasible in selected patients with advanced disease who receive
combined modality treatment (183,184). A similar experience
has been reported for patients with stage IVA tumors. Ultra-
radical (exenteration) resection may also be considered for
selected patients. Although occasional cures have been described
with innovative combinations of surgery, irradiation, and
chemotherapy, treatment of patients with stage IVB vulvar can-
cer should be considered palliative.

Node Positive Cancers

An optimal management strategy for node positive patients is
yet to be defined. Two factors appear to be important in the
management of regional disease: radiation therapy can have a
significant impact on controlling or eradicating small volume
nodal disease, and surgical resection of bulky nodal disease also
improves regional control and probably enhances the curative
potential of irradiation. In multivariate analysis, Hyde et al.
found that, for patients with clinically positive groin nodes who
underwent surgery followed by radiation therapy, the method
of surgical groin node dissection (nodal “debulking” versus full
groin dissection) had no prognostic signficance (185).

Patients who undergo bilateral inguinofemoral lymphadenec-
tomy as initial therapy and are found to have positive nodes—
particularly more than one positive node—are likely to benefit
from postoperative irradiation to the groin and lower pelvis
(162). Radiation therapy is superior to surgery in the manage-
ment of patients with positive pelvic nodes. The morbidity of
combining superficial and deep inguinal lymphadenectomy with
irradiation is substantial. The highest incidences of chronic groin
and extremity complications, primarily lymphedema, are seen in
such cases.
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UNANTICIPATED GROIN FAILURE IN PATIENTS WITH
NEGATIVE SUPERFICIAL LYMPHADENECTOMY

TA B L E  2 0 . 6

Investigators No. %

Burke et al. (165) 4/76 5.2
Berman et al. (65) 0/50 0
Stehman et al. (166) 6/121 5.0
Gordinier et al. (170) 9/104 8.6
Total 19/351 5.4

FIGURE 20.16. Intraoperative lymphatic mapping is accomplished by
injecting the leading edge of the visible tumor with isosulfan blue dye.
The dye is taken up by the specific node that drains the tumor site.
This “sentinel” node can be visually identified and separated from
other nodes within the regional group. In concept, all tumors with
nodal metastases can be detected by biopsy of the sentinel node.

Barakat_CH20-553-590.qxd  3/2/09  12:56 PM  Page 572



Several management options are available for patients
found to have positive nodes during the course of superficial
lymphadenectomy when performed as a staging procedure: (a)
no further surgical therapy may be performed; (b) the lym-
phadenectomy can be extended to include the ipsilateral deep
nodes, the contralateral groin nodes, or both; or (c) postoper-
ative irradiation can be added to any of these surgical options.
Given the heterogeneity of vulvar cancer presentations, treatment
individualization is necessary. If postoperative radiotherapy to
the inguinal nodes is deemed necessary, it would be reasonable
to limit resection to grossly positive nodes, thereby minimizing
the likelihood of lymphedema following combined radical
surgery and radiation. Postoperative radiation requires careful
treatment planning, using CT imaging to evaluate for any
measurable residual tumor and to determine appropriate groin
node depth. Excellent local control and minimal morbidity have
been achieved when selective inguinal lymphadenectomy and
tailored postoperative adjuvant therapy were administered to
carefully selected patients (165).

Recurrent Cancer

Regardless of initial treatment, vulvar cancer recurrences can
be categorized into three clinical groups: local (vulva), groin,
and distant. The reported experience with local recurrence on
the vulva is surprisingly good. Recurrence-free survival can be
obtained in up to 75% of cases when the recurrence is limited
to the vulva and can be resected with a gross clinical margin
(186,187). The observation that many of these vulva recur-
rences occur at sites remote from the initial primary tumor or
that they occur years after apparently successful primary treat-
ment suggests that some recurrences probably represent new
primary tumors rather than the development of new disease.
Recurrences in the groin are almost universally fatal. A few
patients may be saved by resection of bulky disease and local
irradiation. Patients who develop distant metastases are candi-
dates for systemic cytotoxic therapy, which is largely palliative.

SURGICAL TECHNIQUES

Radical Vulvectomy and Bilateral
Inguinofemoral Lymphadenectomy

Although a number of modifications have been described, the
basic incisions for radical vulvectomy and bilateral lym-
phadenectomy can be described as based on either a “butterfly”
or “longhorn” approach. The butterfly incisions use convex
“wings” over the groin and around the anus to facilitate closure
of the defect (Fig. 20.17). The longhorn incisions were devel-
oped to limit skin resection over the groin in an attempt to
reduce wound breakdown (Fig. 20.18) (188). The arcing supe-
rior incision is placed from the lateral margins of the groin dis-
section across the mons pubis. The lateral vulvar incisions are
placed at the labiocrural folds, because these topographical
landmarks represent the most lateral location of the superficial
vulvar lymphatics. The perianal incision is placed to allow resec-
tion of the perineal body. These incisions are taken to the level of
the deep inguinal and perineal fascia and permit en bloc removal
of both superficial and deep groin nodes, the entire vulva, and
an intervening skin bridge.

After removal of the specimen, the skin and mucosal edges
are undermined to permit mobilization and primary closure
with delayed absorbable suture. Some degree of tension at the
suture lines is unavoidable, particularly in the perineal body
and periurethral areas. Closed suction drains are usually placed
in the groin sites to remove excess lymphatic- and serous-fluid

accumulations and are usually removed when drain output is
minimal (5 to 14 days).

Some degree of wound breakdown is seen in approximately
50% of patients (161). Local wound care results in satisfactory
secondary healing in most of these cases. Lymphocyst forma-
tion is relatively common and frequently presents as a tense but
nontender groin mass. Percutaneous needle drainage is usually
sufficient but occasionally replacement of a groin drain may be
required. Inguinal cellulitis, lower extremity lymphangitis, and
lymphedema are uncommon late sequelae. The incidence of
these complications is related to the extent of groin therapy
and is highest in patients treated with superficial and deep lym-
phadenectomy along with groin irradiation.
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FIGURE 20.17. “Butterfly” incisions for the superior portion of a
radical vulvectomy with bilateral inguinofemoral lymphadenectomy.
Source: Reprinted from Way S. Malignant Disease of the Female
Genital Tract. New York: Churchill Livingstone; 1951.

FIGURE 20.18. Modified skin-sparing “longhorn” incisions for en bloc
radical resection.
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Radical Wide Excision

Several names have been applied to the procedures used to
resect small vulvar cancers: radical wide excision, radical local
excision, wide local excision, modified radical vulvectomy, and
hemivulvectomy. Regardless of preferred nomenclature, the sur-
gical procedure should be adequately defined and described.
Surgical incisions are devised to allow for at least a 2-cm resec-
tion margin encompassing the primary lesion (Fig. 20.19).
Dissection is carried to the deep perineal fascia. Recent data
suggest that a 1-cm margin may be adequate for some tumors
(160). If this information is verified by other studies it will be
most useful when planning the resection of tumors in close
proximity to midline structures. Tumors that encroach on the
anus or anal sphincters can be managed by radical wide exci-
sion with sphincter or flap repair, or they can be treated with
combined modality therapy as outlined under the Radiation
Therapy section. Most radical wide excision sites can be closed
primarily. In some patients, rhomboid flaps can be used to
facilitate coverage of the vulvar defect (189). Some form of
inguinal lymphadenectomy, performed through a separate inci-
sion, is generally combined with radical wide excision. The
necessary extent of the groin dissection is an area of current
investigation.

Ambulation is begun on the day of surgery. Perineal irriga-
tion and air drying are started 24 hours after operation. The
average hospital stay for patients undergoing radical wide
excision is usually 3 days or less. Wound breakdown, usually

of minor degree, is reported in approximately 15% of cases
(65,149). The incidence and severity of groin complications is
proportional to the extent of the lymphadenectomy.

Triple Incision Techniques

As a radical operation, the three incision technique represents
an intermediate surgical procedure with radical vulvectomy
and en bloc inguinofemoral lymphadenectomy on one end of
the spectrum and radical wide excision on the other. For this
approach, radical vulvectomy is accomplished using two ellip-
tical incisions—an inner one circumscribing the vaginal introi-
tus and vulvar vestibule and an outer one placed at the
labiocrural folds and brought across the mons pubis and per-
ineal body. When carried to the deep perineal fascia, this resec-
tion allows complete removal of the vulvar skin in a manner
identical to that achieved with radical vulvectomy; however,
bilateral inguinofemoral lymphadenectomy is accomplished
via separate incisions parallel to the inguinal ligaments. The
three incision concept preserves the radicality of the vulvar
resection while retaining skin over the groin. Consequently, the
incidence of major wound breakdown is significantly reduced
to approximately 15% to 20% of cases (171,190,191). As
with other techniques, the incidence and severity of groin com-
plications such as infection, wound breakdown, or lymphocyst
formation are still high (192).

Inguinal Lymphadenectomy

Appropriate surgical management of the inguinal nodes is con-
troversial and evolving. Precise recommendations are not pos-
sible, because there is a wide range of treatment philosophies.
Nevertheless, the surgical approaches to the groin lymph nodes
can be readily defined and described.

Excisional Biopsy

Most preoperative diagnostic dilemmas related to enlarged groin
nodes can be resolved simply and accurately using fine needle
aspiration biopsy. However, surgical removal of one or two
lymph nodes may occasionally be considered in the management
of women with vulvar cancer. Selective excision of groin lymph
nodes may be considered when fine needle aspiration biopsy
results are negative or equivocal, or to remove bulky positive
nodes before beginning a course of combined modality therapy.
A small incision is made over the palpable node and dissection is
carried to the level of the lymph node mass. The involved node is
freed from the adjacent subcutaneous tissues and removed. The
incision is closed with skin staples or absorbable sutures. The
decision to electively place a closed suction drain depends upon
the extent of the dissection, the amount of subcutaneous free
space, and surgeon preference. Most lymph node biopsies can be
performed as outpatient procedures, and some can be accom-
plished under local anesthesia.

Superficial Inguinal Lymphadenectomy

Superficial inguinal lymphadenectomy involves the removal of
the eight to ten lymph nodes that lie superficial to the cribri-
form fascia and surround the branches of the saphenous vein.
This is a more meticulous and complete lymphatic dissection
than that described for excisional biopsy. The anatomic
boundaries of the superficial lymphatic dissection are the
inguinal ligament superiorly, the border of the sartorius mus-
cle laterally, and the border of the adductor longus muscle
medially. The anterior limit is the superficial subcutaneous
fascia (Camper’s fascia), and the posterior limit is the cribri-
form fascia overlying the femoral artery, vein, and deep nodes.
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FIGURE 20.19. Planned resection of a left labial squamous carcinoma
and adjacent carcinoma in situ by radical wide excision. A 2-cm mar-
gin is outlined. Rhomboid-flap repair using a V-incision is anticipated.
Source: Reprinted from Burke TW, Morris M, Levenback C, et al.
Closure of complex vulvar defects using local rhomboid flaps. Obstet
Gynecol 1994;84:1043–1047.
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The skin incision used to provide access to the groin is
made parallel to the inguinal ligament approximately from a
point overlying the adductor longus tendon laterally to a point
below the anterior superior iliac spine. The superficial subcu-
taneous fat is left attached to the skin to provide blood supply,
but is separated from the underlying nodal tissue by dissecting
inferiorly at the level of Camper’s fascia. The lymphadenec-
tomy specimen is developed by continuing the inferior dissec-
tion along the borders of the sartorius and adductor longus
muscles. As the dissection proceeds, the specimen is mobilized
off the cribriform fascia. Care should be taken to identify and
individually ligate the vessels that perforate this fascia. The
saphenous vein is encountered at the lower medial margin of
the dissection, and whenever possible should be preserved to
minimize the risk for postoperative lymphedema (Fig. 20.20).
The dissected specimen is forwarded for pathologic assess-
ment. The skin incision can be closed with either staples or
absorbable sutures. A closed-suction drain is placed and
removed when output is �25 mL per day.

Deep Inguinal (Femoral) Lymphadenectomy

The deep inguinal (femoral) lymph nodes lie medial to the
femoral vein beneath the cribriform fascia. This space con-
tains three to five nodes, the channels of which course beneath
the inguinal ligament and continue in the pelvis as the external
iliac nodal chain. The most superior deep inguinal node is
known as Cloquet’s node.

Surgical removal of the deep nodes is performed as an exten-
sion of a superficial lymphadenectomy rather than as an iso-
lated procedure. The usual approach is to open the cribriform
fascia along the sartorius muscle at the time of the superficial
lymphadenectomy. The cribriform fascia is then mobilized
medially as a part of the specimen. Once the superior aspect of
the femoral vein is identified and exposed, the deep nodes are
removed in continuity with the superficial nodes. Some sur-
geons then cover the exposed femoral vessels by removing the
sartorius muscle from its insertion onto the anterior iliac spine
and transposing the muscle over the femoral vessels by suturing
the free edge of the muscle to the inguinal ligament.

Because all of the deep nodes are consistently located medial
to the femoral vein, some surgeons have recommended elimi-
nating the removal of the entire cribriform plate (193). They
suggest opening the fascia medial to the vein and removing only
the adjacent nodes. This modified approach to the deep nodes

may help to reduce acute morbidity while providing a more
definitive lymphatic resection. In a retrospective review of 194
patients undergoing various modifications of inguinofemoral
lymphadenectomy, Rouzier et al. showed that techniques of
groin node dissection that preserved the cribriform fascia and
saphenous vein were associated with a decreased risk of post-
operative morbidity without jeopardizing outcomes (194).

Sentinel Lymph Node Mapping and Biopsy

The concept of a “sentinel lymph node” was first introduced
by Cabanas. Using lymphangiography for the clinical evalua-
tion of penile carcinoma, he suggested that the sentinel lymph
node was the first lymph node in the lymphatic pathway and
the main site of metastasis (195). DiSaia et al. described the
eight to ten superficial lymph nodes above the cribriform fascia
as “sentinel nodes.” When these lymph nodes proved negative,
the risk for metastasis to the deep inguinal or pelvic lymph
nodes was negligible (150). In 1992, Morton et al. introduced
the use of vital blue dye (isosulfan blue) to identify lymphatic
drainage from malignant melanoma (196). Levenback et al.
utilized this intraoperative blue dye staining technique for sen-
tinel lymph node identification in vulvar squamous cell carci-
noma (Fig. 20.21) (178). Further work has demonstrated that
blue dye staining alone has relatively low sensitivity in identify-
ing the sentinel lymph node, particularly among patients with
midline primary tumors. Lymphoscintigraphy using radioac-
tive 99mtechnetium administered shortly before surgery, com-
bined with the intraoperative use of a handheld gamma probe,
has significantly improved the sensitivity of sentinel lymph
node identification (197).

Several earlier studies suggested that sentinel lymph node
biopsy is a highly accurate procedure, with a negative predictive
value approaching 100% (198–201). De Hullu et al. performed
sentinel lymph node identification and biopsy in 59 women with
primary vulvar carcinoma using the combination of intraopera-
tive isosulfan blue dye staining plus preoperative lymphoscintig-
raphy (202). Only 60% of sentinel lymph nodes were visible
with blue staining alone. With the addition of the handheld
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FIGURE 20.20. The patient is undergoing superficial and deep dissec-
tion of the right groin nodes. At this point in the procedure the saphe-
nous vein, which is entering the surgical field from the right lower
aspect, has been identified and preserved.

FIGURE 20.21. Following isosulfan blue dye injection, sentinel lymph
node biopsy is performed. In this case the sentinel lymph node is eas-
ily identified by the visible presence of dye. Source: Photo courtesy of
Charles Levenback, MD, Houston, Texas, USA.
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gamma probe sentinel lymph nodes were identified in 89% of
groins dissected. Lymph node metastases were present in 27
groins and all were detected using sentinel lymph node identifi-
cation and biopsy. The negative predictive value of a negative
sentinel lymph node was 100%. Others have also reported a
negative predictive value of 100% with sentinel lymph node
biopsy (203,204). Because sentinel lymph nodes are subjected to
a more rigorous pathologic (ultra-staging) examination,
Robison et al. showed that sentinel lymph node biopsy allowed
for the detection of smaller tumor foci in patients undergoing the
procedure compared to patients who underwent complete groin
node dissection and traditional pathologic examination (205).
Others have reported that the detection of a sentinel lymph node
in one groin does not preclude the presence of lymph node
involvement in the contralateral groin (false negative) (206,207).
Factors that may contribute to failure of sentinel lymph node
identification include midline location for the primary tumor
(207), and stasis of lymph flow from a node completely replaced
by tumor (206,208). The prognosis associated with groin
relapse is poor, and sentinel lymph node identification and
biopsy should be confirmed by a prospective, randomized, con-
trolled trial before sentinel lymph node identification and biopsy
may be considered part of the standard of surgical care for vul-
var carcinoma.

Surgical Resection for Recurrent Disease

The site, extent, and volume of recurrent vulvar cancer have
important implications on both resectability and potential for
cure. Recurrences can be categorized as local (vulva), groin, or
distant (lung, bone, liver, brain). Surgical therapy plays a cura-
tive or palliative role in selected subsets of patients with recur-
rent disease (209).

Radical Wide Excision

As many as 75% of patients with recurrent disease limited to the
vulva can be salvaged by radical wide excision or re-excision of
the tumor (126,186,187). Surgical principles of recurrent vulvar
tumors are identical to those for primary tumors: wide excision
with a measured normal tissue margin of at least 2 cm.
Particular attention is also focused on obtaining a clear deep
margin. Because most patients have had prior operative therapy,
primary closure of the vulvar defect is frequently more difficult.
More complex reconstructive efforts may be needed to restore
tissue integrity.

Pelvic Exenteration

Curative resection may still be possible when vulvar recur-
rence extends to the vagina, proximal urethra, or anus.
Selected patients have achieved long-term survival after pelvic
exenteration for such recurrences (88,210–212). The surgical
approach in these cases should be individualized to the size
and location of the recurrent tumor, prior therapies, and the
age and overall health of the patient. Patients considered for
pelvic exenteration should have a thorough preoperative eval-
uation to exclude the presence of regional and/or distant
metastases. Frequently, anterior or posterior exenteration with
an extended vulvar phase will provide excellent resection mar-
gins while allowing preservation of one major excretory sys-
tem. The techniques used to perform the exenteration are
identical to those routinely used for the treatment of women
with recurrent cervical carcinoma. Unilateral gracilis flap
repair may be combined with tailored exenteration to provide
coverage for the surgical defect (213).

Resection of Groin Recurrence

Patients who develop groin recurrence are rarely curable.
Untreated groin recurrence follows a particularly morbid

course characterized by pain, bleeding, skin breakdown, and
infection. Palliative treatment should be considered for these
patients. Surgical resection should be viewed with caution in
the previously irradiated patient. Cure is unlikely with resec-
tion alone, and wound healing is impaired. The debility
caused by a combination of unresolved recurrence and surgi-
cal wound breakdown is worse than that of progressive recur-
rence alone. Patients who develop groin recurrence without a
history of prior irradiation should be considered for surgical
resection in combination with preoperative or postoperative
radiation therapy. The surgical approach is limited to the
removal of gross tumor to the extent feasible. The operative
goal is to resect or debulk the recurrence to a small volume in
the hope that subsequent irradiation will achieve regional con-
trol. Tumor reduction is especially difficult when the recur-
rence arises within the deep compartment or encases the
femoral vessels. Extended survival is possible for the few
patients who achieve control of recurrent disease in the groin
and do not later manifest distant metastasis. Isolated groin
recurrence is a rare event, so the data to support the efficacy of
this treatment are anecdotal.

Vulvar Reconstruction

With careful planning and adequate tissue mobilization, most
vulvar defects can be closed primarily with absorbable sutures.
When large portions of the vulva have been resected, when tis-
sue mobility is poor, or when radiation therapy has been admin-
istered previously, primary closure may not be feasible. Alternate
tissue sources must be considered for these difficult cases.

Rhomboid Flaps

The rhomboid flap is a local tissue advancement flap that draws
its blood supply from the subcutaneous vascular network.
These flaps can be developed at any level of the vulva. Single or
combination flaps can be designed to cover a wide variety of
defects. The maximal practical flap size is approximately 4 cm2.
Rhomboid flaps are particularly useful in providing closure of
large midline defects following the radical wide excision of peri-
clitoral or perineal body tumors (189,214,215).

The rhomboid flap is designed by marking a V-shaped inci-
sion adjacent to the tissue defect needing coverage (Fig. 20.22).
Flap size should correspond to the measured size of the defect.
The flap incision is carried approximately 1 to 1.5 cm into the
subcutaneous tissue. The flap is then developed by dissection
within the subcutaneous tissue. When the adjacent tissues have
been undermined, the flap can be rotated over the defect and
sutured in place. Rhomboid flap repairs provide full thickness
padded coverage without tension.

Myocutaneous Flaps

Several types of myocutaneous flaps—gracilis, gluteus, tensor
fascia lata, rectus abdominis—have been used to provide
repair and reconstruction of large vulvar and groin defects
(216–221). Myocutaneous flaps, unlike local advancement
flaps, include a segment of muscle and receive their blood sup-
ply and innervation through a clearly defined neurovascular
pedicle. These are large, thick tissue sources that are best
suited for the reconstruction of substantial defects. Although
each of the flaps listed has proponents and specific advan-
tages, the widest degree of experience has been reported for
gracilis flaps. A gracilis flap can be designed to cover virtually
any vulvar defect (Fig. 20.23).

The gracilis muscle is a broad flat muscle that courses
through the superficial portion of the medial thigh. It is a
weak adductor whose absence produces little perceptible
deficit. The flap design is initiated by drawing a line from the
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pubic tubercle to the medial femoral condyle. The gracilis mus-
cle lies directly beneath this line. Flap size should be limited to a
skin paddle of 6 to 8 cm � 10 to 12 cm. Smaller flaps have been
associated with a lower incidence of necrosis and wound sepa-
ration (213). The skin paddle incisions are carried to the gracilis
fascia. The distal muscle is identified and transected 2 to 3 cm
beyond the edge of the skin paddle. The myocutaneous unit is
then developed by continuing the dissection more proximally.
The main vascular bundle is usually encountered approximately
7 cm below the pubic tubercle. If possible, this pedicle should be

preserved; however, if additional mobility is required, this vas-
cular pedicle may be sacrificed. Flap viability is thought to be
retained through blood supply derived from the more proximal
obturator branches. Once developed, the flap is mobilized
through a subcutaneous tunnel to reach the perineum or groin.
The flap can be trimmed and sutured into position.

RADIATION THERAPY
Early reports of severe local reactions and poor survival rates
with primary radiation therapy of vulvar carcinomas led some
previous investigators to conclude that radiotherapy had a very
limited role in the curative management of these patients
(222–224). The use of high doses of radiation alone, delivered
with low energy photons and electrons, in patients who were
mostly poor surgical candidates, resulted in a suboptimal thera-
peutic window between tumor control probability and normal
tissue complications (225). However, more contemporary expe-
riences, emphasizing appropriate fractionation, attention to
treatment planning detail, and recognition of vulvar and low
pelvic radiation tolerance limits, have clearly demonstrated that
relatively high doses of irradiation can be delivered safely. In
selected patients, treatment of the vulva and/or regional lymph
nodes improves locoregional control rates, survival rates, and
may even reduce overall treatment morbidity. Radiation therapy
is now accepted as an important element in the multidisciplinary
management of patients with locoregionally advanced disease.

Treating Locally Advanced 
Disease in the Vulva

Following initial resection of a vulvar primary tumor, various
surgicopathologic features have been identified that are asso-
ciated with a higher risk of local recurrence. Podratz et al.
reported a 24% incidence of vulvar recurrence in 71 patients
with stage III carcinoma (126). Recurrence was correlated with
tumor size and nodal status. Heaps et al. reported that a close
surgical margin was the most powerful predictor of local
recurrence in their patients (59). They observed 21 vulvar
recurrences in 44 patients with tumor margins �8 mm (deep or
at the skin surface) compared with no local recurrences in 91
patients with margins �8 mm (after fixation). The importance
of a pathologic margin distance �8 mm in optimizing local
vulvar control and 5-year disease specific survival has also
been emphasized in a recent analysis by Chan et al. (137).
Lymphovascular space invasion and deep tumor penetration
are also associated with a greater and increased risk of recur-
rence (59,127,226). Although many local recurrences are con-
trolled with additional surgery or irradiation, salvage surgery is
often morbid, and local recurrences may provide additional
opportunity for regional and distant tumor spread. While no
prospective trials of postoperative vulvar site radiotherapy have
been completed, adjuvant radiation of the primary tumor bed
in selected patients with close margins or other high-risk fea-
tures does improve vulvar tumor control (227).

Alternatively, in patients who present with more advanced
primary tumors, radiation therapy may be delivered preopera-
tively. Advocates of this approach have listed several theoretical
advantages for patients with locally advanced vulvar carcinomas:

1. Less radical resection of the vulva may be adequate to
achieve local tumor control after preoperative treatment
of the vulva with irradiation.

2. Tumor regression during radiation therapy may allow
the surgeon to obtain adequate surgical margins with-
out sacrificing important structures such as urethra,
anus, and clitoris.
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FIGURE 20.22. Technique for a unilateral rhomboid-flap repair. A:
The flap is outlined. B: A 1-cm-thick flap of skin and subcutaneous
tissue is raised. The area is undermined. C: The flap is rotated, and
stay sutures are placed. D: Completed repair.

FIGURE 20.23. Diagrammatic representation of possible external
placements for a gracilis myocutaneous flap. These flaps can be used
to reconstruct large defects of the groin, labium majus, or perineal
body. Source: Reprinted from Burke TW, Morris M, Roh MS, et al.
Perineal reconstruction using single gracilis myocutaneous flaps.
Gynecol Oncol 1995;57:221–225.
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3. Radiation treatment alone may be sufficient to sterilize
microscopic regional disease when the inguinal nodes are
clinically normal and may mobilize fixed and matted
nodes, facilitating subsequent surgical excision. 

Although the published experiences with preoperative single-
modality radiation therapy are small, several investigators
have reported excellent responses and high local control rates
after treatment of advanced tumors with relatively modest
doses of radiation therapy followed by local resection
(228–232). These reports provided emerging evidence that
radiation could significantly debulk advanced local disease
and allow for more conservative, viscera-sparing surgery,
while preserving good local control.

More recently, a number of published series have suggested
the therapeutic benefit of concurrent chemoradiation, typi-
cally followed by limited surgical resection, in addressing
locally advanced disease (Table 20.7) (49,72,154,233–249).
These trials were initially prompted by extrapolation from
excellent results reported with chemoirradiation of carcinoma
of the anus (250,251). Typical regimens have included combi-
nations of irradiation with 5- fluorouracil (5-FU) and cisplatin
or mitomycin C. Most studies included small numbers of
patients with various disease presentations, including patients
with very advanced or recurrent lesions, and none of these
experiences can be compared meaningfully with results of
treatment with preoperative irradiation alone. However, most
investigators have observed impressive regressions of advanced
lesions with chemoradiation, suggesting that responses may be
better than would be expected with irradiation alone.
Randomized trials of the role of chemoirradiation have not
been done and are unlikely to be feasible given the small
number of patients, and heterogeneity of clinical presenta-
tion, with this disease. However, recent trials that demon-
strated improved local control and survival when concurrent
cisplatin-containing chemotherapy was added to radiation
treatment of cervical cancers (119,152,175) suggest that this

approach may also be useful for women with other locally
advanced lower genital tract neoplasms (151,152,252).

The most compelling data in support of concurrent
chemoradiation in the management of locally advanced dis-
ease comes from a large prospective phase 2 trial performed
by the Gynecologic Oncologic Group (GOG protocol 101). 
In this study, 71 evaluable patients with locally advanced T3
or T4 disease who were deemed not resectable by standard
radical vulvectomy underwent preoperative chemoradiation.
Chemotherapy consisted of two cycles of 5-FU and cisplatin.
Radiation was delivered to a dose of 47.6 Gy, using a planned
split-course regimen, with part of the radiation given twice
daily during the 5-FU infusion. Patients underwent planned
resection of the residual vulvar tumor, or incisional biopsy
of the original tumor site in the case of complete clinical
response, 4 to 8 weeks after chemoradiotherapy. A complete
clinical tumor response was noted in 33 of 71 (47%) patients.
Following vulvar excision or biopsy, 22 patients (31%) were
found to have no residual tumor in the pathologic specimen.
In all, only 2 of 71 patients (3%) had unresectable disease
after chemoradiation, and in only 3 patients was it impossible
to preserve urinary and/or gastrointestinal continuity follow-
ing complete resection of the primary tumor residuum. With a
median follow-up interval of 50 months, 11 patients (16%)
have developed locally recurrent disease in the vulva (154).
These results are all the more notable considering the rela-
tively low dose of radiation used in these typically bulky,
advanced tumors.

It is important to be cautious in designing aggressive treat-
ment protocols for this group of patients, who are often elderly,
with coexistent medical problems. Serious pulmonary toxicity
has been observed in patients treated with bleomycin (237,243).
In the largest published series of patients treated with mitomycin
C and 5-FU, hematologic tolerance was acceptable, but the
administered dose of mitomycin C was more conservative than
is usually used in the treatment of anal cancers (244). Other
investigators have confirmed the increased toxicity associated
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CONCURRENT CHEMOIRRADIATION IN THE MANAGEMENT OF LOCALLY ADVANCED 
OR RECURRENT CARCINOMA OF THE VULVA

TA B L E  2 0 . 7  

No. with recurrent or 
No. of persistent local disease Follow-up 

Investigators patients Chemotherapy RT dose (Gy) after RT � surgery (months)

Moore et al. (154) 73 5-FU 	 CDDP 47.6 15 (21%) 22–72
Mulayim et al. (248) 11 Mito 	/
 5-FU 45–62 6 (54%) 5–74
Gerszten et al. (249) 18 5-FU 	 CDDP 44.6 3 (17%) 1–55
Cunningham et al. (234) 14 5-FU 	 CDDP 45–50 4 (29%) 7–81
Landoni et al. (240) 58 5-FU 	 Mito 54 13 (22%) 4–48
Lupi et al. (241) 31 5-FU 	 Mito 54 7 (23%) 22–73
Whalen et al. (245) 19 5-FU 	 Mito 45–50 1 (5%) 3–70
Eifel et al. (235) 12 5-FU 	 CDDP 40–50 5 (42%) 17–30
Koh et al. (239) 20 5-FU � CDDP or Mito 30–54 9 (45%) 1–75
Akl et al. (246) 12 5-FU 	 Mito 30–36 0 8–125
Russell et al. (49) 25 5-FU � CDDP 47–72 6 (24%) 4–52
Han et al. (247) 14 5FU 	 CDDP or Mito 40–62 6 (43%) 4–273
Scheistroen and Trope (243) 42 Bleomycin 45 39 (93%) 7–60
Berek et al. (233) 12 5-FU 	 CDDP 44–54 0 7–60
Thomas et al. (244) 24 5-FU � Mito 44–60 10 (42%) 5–43
Evans et al. (236) 4 5-FU 	 Mito 25.7 2 (50%) 2–29
Levin et al. (72) 6 5-FU 	 Mito 18.6 0 125
Iversen (237) 15 Bleomycin 15.4 11 (83%)a 4

Note: 5-FU, 5-fluorouracil; CDDP, cisplatin; Mito, mitomycin C; RT, radiation therapy.
aMost patients had unresectable, stage IV lesions.
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with concurrent chemoradiation, especially with the use of mito-
mycin C–based regimens (248).

The use of concurrent weekly cisplatin with radiation has
been widely tested in patients with locally advanced cervical can-
cer, and found to be therapeutically beneficial and well tolerated
(151,153). In an attempt to further improve clinical and patho-
logic complete response, and ultimate local tumor control rates,
the GOG is conducting another prospective phase 2 trial (GOG
protocol 205), which combines weekly cisplatin with daily frac-
tionated radiotherapy, followed by resection of residual primary
tumor (or biopsy of the initial tumor bed if a clinical complete
response is achieved). Radiation will be given to a total dose of
57.6 Gy (representing a 20% dose escalation over that used in
GOG 101) to the gross tumor volume using careful treatment
planning and boost techniques, and the previously used 2-week
planned break has been eliminated. A stated objective of GOG
205 is to determine if the pathologic complete response can be
increased to 45%, compared with the 31% pCR rate seen in the
preceding GOG 101 study. Sufficient activity has been noted in
the preliminary first accrual stage of 25 patients that the larger
second stage of GOG 205 is now continuing active accrual.

Following chemoradiation for locally advanced disease, it
remains undefined if surgery is necessary in those who achieve
complete clinical response. In GOG 101, about 70% of
patients who achieved complete clinical response were found
to have no pathologic residual in the surgical specimen. At this
point, we continue to recommend biopsies of the original
tumor bed in patients who achieve complete clinical response.
In those with residual vulvar disease after chemoradiation,
surgical resection would be individualized and tailored to the
extent and location of residuum.

Treatment of Regional Disease

Although radical inguinal lymphadenectomy has historically
been considered the treatment of choice for regional manage-
ment of invasive vulvar carcinoma, a number of retrospective
studies have suggested that regional prophylactic radiation ther-
apy is an effective method of preventing groin recurrences with
minimal morbidity (253–257). In a review of 91 patients treated
electively for cancers with primary drainage to the inguinal
nodes, Henderson et al. observed only two failures after treat-
ment with 45 to 50 Gy in 5 weeks, and both of these were out-
side the radiation treatment fields. Complications were rare,
with only one case of mild leg edema, which may not have been
treatment related (253). In another review of patients treated for
vulvar carcinomas, Petereit et al. found no difference in the groin
recurrence rate for clinically negative inguinal nodes treated
with radical lymphadenectomy or radiation therapy, even
though the irradiated patients had more advanced primary
tumors (255). In a large single-institution retrospective analysis,
Katz et al. reported no differences in the inguinal relapse rates
for patients treated with prophylactic groin irradiation com-
pared with those undergoing lymph node dissection (256).
Leiserowitz et al. had no groin recurrences in 23 patients with
locally advanced, clinically N0 vulvar cancers after prophylactic
treatment of the groins with concurrent chemoirradiation (257).

The GOG tried to define the optimal approach to clinically
negative inguinal nodes in a trial that randomized patients
between inguinal node irradiation and radical lymphadenectomy
(followed by inguinopelvic irradiation in patients with positive
nodes) after resection of the primary tumor (258). This study
was closed after entry of only 58 patients when there appeared
to be a higher rate of groin recurrence in the radiation treatment
arm. However, this study has been criticized because the treat-
ment protocol was not CT-based, recommended combination
photon and electron dosing to a depth of 3 to 4 cm, and likely
delivered an inadequate dose to the inguinal nodes (259,260).

While the role of prophylactic radiotherapy in the undis-
sected but high-risk groin remains controversial, there is
strong evidence that adjunctive radiation therapy improves
regional tumor control and survival in patients who have doc-
umented nodal metastases following inguinal node dissection.
Retrospective studies suggested that patients with metastases to
multiple nodes or extranodal tumor extension had an increased
risk of groin recurrence after radical surgery and therefore may
benefit from radiation therapy (261,262). However, the critical
role of radiation therapy was not appreciated until 1986, when
Homesley et al. published results of a prospective GOG trial in
114 patients with inguinal metastases (162). In that study, all
patients underwent radical vulvectomy and inguinal lym-
phadenectomy. Patients who had positive inguinal nodes were
randomized intraoperatively to receive either pelvic node dissec-
tion or postoperative irradiation to the pelvis and inguinal
nodes. This trial was closed before the projected accrual goal
because an interim analysis revealed a statistically significant
overall survival advantage for the radiation treatment arm 
(p � 0.03). The differences between the 2-year survival rates of
patients treated with radiation therapy or pelvic dissection were
most marked for patients presenting with clinically positive
nodes (59% and 31%, respectively) and for those with two or
more positive groin nodes (63% and 37%, respectively). There
was no significant difference in survival between the treatment
groups for patients with only one microscopically positive node,
although the authors commented that the number of patients in
this subset was insufficient for reliable analysis. The most strik-
ing difference in the patterns of recurrence for the two treatment
groups was the much larger number of inguinal failures among
patients who were treated with surgery alone (Fig. 20.24). These
groin recurrences were rarely if ever salvageable. The vulva,
regardless of tumor pathologic risk factors, was not included in
the radiation treatment fields in this study, and approximately
9% of patients in both treatment arms had recurrences at the
primary site at the time of the analysis, raising the question of
whether selective radiation to the vulva may have decreased
local recurrences. It is important to recall that while subset
analysis showed the most dramatic benefit to adjuvant radio-
therapy for clinically positive adenopathy or �2 pathologically
involved nodes in the the Homesley study (162), the trial was
closed early because of an overall survival benefit before subset
analysis. The role of adjuvant radiation for patients with a single
positive groin node following inguinal node dissection remains
unresolved. A recent retrospective review of patients with only a
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FIGURE 20.24. Sites of disease recurrence in patients treated with
adjuvant radiation therapy to the pelvis and inguinal region or with
pelvic node dissection following radical vulvectomy and bilateral
inguinal lymphadenectomy. Source: Modified from Homesley HD,
Bundy BN, Sedlis A, et al. Radiation therapy versus pelvic node resec-
tion for carcinoma of the vulva with positive groin nodes. Obstet
Gynecol 1986;68:733–740.
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single positive inguinal nodal metastasis from vulvar cancer sug-
gests that adjuvant radiation may provide therapeutic benefit if
the groin node dissection was less extensive in scope (263).

Successful use of concurrent chemotherapy and radiation
therapy following radical hysterectomy in cervical cancer
patients with positive lymph nodes suggests that concurrent
chemoradiotherapy might be valuable for patients with node
positive vulvar cancer (152). Although a randomized trial was
initiated to address the role of adjuvant chemoradiation fol-
lowing resection of node positive tumors, the study was
deemed infeasible and closed due to the relative rarity of these
cancers and lack of patient accrual.

However, the role of preoperative chemoradiation has been
assessed in patients who present with bulky, unresectable
inguinal adenopathy. In the GOG 101 study of preoperative
chemoradiation for local regionally advanced vulvar cancer,
there was a cohort of 42 evaluable patients with N2 or N3 nodal
disease that were deemed initially unresectable. Patients received
47.6 Gy of radiotherapy in split-course fashion, with two con-
current cycles of 5-FU and cisplatin as described above. Three to
eight weeks later, planned inguino femoral lymph node dissec-
tion was performed. In only two patients (5%) did nodal disease
remain unresectable. The surgical specimen showed histologic
clearance of nodal disease in 15 patients (36%). At a median
follow-up of 78 months only one of 37 (3%) patients who com-
pleted the full prescribed regimen of preoperative chemoradia-
tion and bilateral inguino femoral node dissection relapsed
in the groin (264). This study, while nonrandomized, provides
further evidence of the efficacy of combined chemoradiotherapy
in the management of locally regionally advanced vulvar cancer
and in patients with significant regional adenopathy. Given the
high risk of distant relapse with node positive vulvar cancer,
especially in those with �2 involved nodes (265), it seems rea-
sonable to consider adjuvant chemoradiation for such high-risk
patients, provided that careful attention is paid to treatment
planning and amelioration of toxicity.

Radiation Therapy Technique

Techniques commonly used for treatment of vulvar carcinoma
reflect the need to encompass the lower pelvic and inguinal
nodes as well as the vulva, while minimizing the dose to the
femoral heads. One approach is to treat with an anterior field
that encompasses the inguinal regions, lower pelvic nodes, and
vulva, and a narrower posterior field that encompasses the
lower pelvic nodes and vulva but excludes the majority of the

femoral heads. If the fields are evenly weighted to the midplane
of the pelvis using 6 MV photons, the contribution of the ante-
rior field to the groin nodes (at 3 to 5 cm depth) will generally be
60% to 70% of the dose to the mid pelvis. The difference may
be made up by supplementing the dose to the lateral groins with
anterior electron fields of appropriate energy (Fig. 20.25).
Kalnicki et al. described another technique, using a partial trans-
mission block, that also reduces the dose to the femoral heads
(266). CT scans are used to determine the appropriate electron
energy and to detect enlarged nodes that may not be appreciated
on clinical exam. Gross disease in the groin or vulva may be
boosted with en face electron fields. In some cases, interstitial
implants or en face electron fields may be used to boost the dose
to the primary site (267,268). If radiation is directed to the
regional nodes only, with intentional sparing of the vulva, care
must be taken to avoid a large “midline” block, which may lead
to higher medial groin and vulvar failures (269).

The complex anatomy of the vulva and its regional lymphat-
ics, interwoven with adjacent critical normal tissues, has led
some investigators to propose the use of intensity modulated
radiation therapy (IMRT) in the management of vulvar cancer
(Fig. 20.26) (270). IMRT theoretically and dosimetrically
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FIGURE 20.25. The radiation dose to the femoral heads can be reduced
by delivering part of the dose to inguinal nodes with appropriate-energy
electron fields. In this example, a wide anterior 6 MV field encompasses
the primary site as well as the inguinal and pelvic nodes. Electron fields
are placed anteriorly to overlap slightly with the exit of a narrower pos-
terior 18 MV field that encompasses the primary and pelvic nodes.

Vulvar cancer – locally advanced T4N2

4 field conformal IMRT

FIGURE 20.26. Intensity modulated radiation therapy (IMRT) in the management of vulvar cancer
Source: From Beriwal S, Heron D, Kim H, et al. Intensity-modulated radiotherapy for the treatment of
vulvar carcinoma: a comparative dosimetric study with early clinical outcome. Int J Radiat Oncol Biol
Phys 2006;64:1395–1400.
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allows for greater sparing of the bladder, rectum, and small
bowel centrally, femoral necks laterally, and uninvolved but-
tock and perineal skin compared to traditional anteroposte-
rior or four-field techniques. However, issues regarding the
appropriate definition of target volumes at risk, including
altered lymphatic pathways secondary to advanced tumor pre-
sentations, as well as patient and organ motion, will need to
be carefully considered and assessed before IMRT can be
deemed a standard radiotherapeutic approach in patients with
vulvar cancer.

Acute Complications of Radiation Therapy

Acute radiation reactions are brisk, and doses of 35 to 45 Gy
routinely induce confluent moist desquamation. However,
with adequate local care, this acute reaction usually heals
within 3 to 4 weeks. Sitz baths, steroid cream, and treatment
of possible superimposed Candida infection all help to mini-
mize the discomfort. If the patient is sufficiently flexible, she
may be placed in a frog-leg position during treatment to mini-
mize the dose and ensuing skin reaction on the medial thighs;
care must then be taken, however, to deliver an adequate dose
to the vulvar skin. Although most patients will develop con-
fluent mucositis by the fourth week of treatment, this is usu-
ally tolerated if the patient is warned in advance and assured
that the discomfort will resolve after treatment is completed.
Although a treatment break is occasionally required, delays
should be minimized, because they may allow time for repop-
ulation of tumor cells.

Late Complications of Radiation Therapy

Many factors add to the late morbidity of radiation treatment
in patients with vulvar carcinoma. Patients with advanced vul-
var carcinomas often are treated with radiation therapy fol-
lowing radical surgery, which may include extensive dissection
of the inguinal and possibly pelvic nodes. Large ulcerative
cutaneous lesions frequently have superimposed infection.
Patients are often elderly and may have complicating medical
conditions, such as diabetes, multiple prior surgeries, and
osteoporosis. The contribution of concurrent chemotherapy
to local morbidity is not yet clearly defined, but may con-
tribute to bowel and bone complications (271,272).

The incidence of lower extremity edema after inguinal irra-
diation alone is negligible (253,255,256,262). Although radia-
tion therapy probably contributes to the incidence of peripheral
edema following radical node dissection, no difference was evi-
dent in the GOG randomized study (162). However, the investi-
gators admitted that evaluation of lymphedema was not a
major consideration of the study and that the complication may
have been underreported. Femoral head fractures have occa-
sionally been reported in patients treated with irradiation to the
inguinal nodes (231,244,253). Techniques that limit the dose to
the femoral heads to less than 35 Gy should minimize the risk

of this complication. It is not known whether severe osteoporo-
sis contributes to femoral head complications. In general, with
careful treatment planning techniques, the risk of major late
complications following regional nodal radiation, either elec-
tively or adjuvant to lymph node dissection, is low (256). It has
been suggested that concurrent chemotherapy may increase the
risk, but this remains to be adequately substantiated (271).

The effect of radiation therapy on the long-term cosmesis
and function of the vulva is poorly understood. Although
treatment with irradiation or chemoradiation and wide exci-
sion is becoming a more accepted alternative to extensive
surgery for selected patients, and major complication rates
appear to be acceptable, very little has been reported regard-
ing more subtle late effects of such treatment in the vulva. Late
effects are dose related. Although Frischbier and Thomsen
reported a 24% incidence of late ulceration in a large number
of patients treated primarily with electron beam radiation
therapy to the vulva, the relatively large dose per fraction 
(3 Gy/d) that was used probably contributed to this high inci-
dence (273). Better information will become available only as
treating physicians record and report the late cosmetic and
functional results of treatment (274).

CHEMOTHERAPY
Data on the use of chemotherapeutic agents for the treatment of
vulvar malignancies are limited; the incidence is low, the major-
ity of patients are cured with surgery with or without postoper-
ative radiation therapy, and thus chemotherapy has been used
primarily as a salvage therapy. Patients with advanced vulvar
cancers tend to be older, making them poor candidates for cyto-
toxic therapy because of concomitant diseases that increase the
likelihood for significant adverse effects. Furthermore, recur-
rent vulvar cancer often occurs in the setting of extensive prior
surgery and/or radiation therapy, making tolerance to cytotoxic
therapy poor. No single institution has a large enough patient
population to allow adequate phase 2 testing of cytotoxic
agents.

Squamous Cell Carcinoma

Squamous carcinoma is the only cell type for which repro-
ducible information exists on the value of cytotoxic therapy.
Several drugs have undergone phase 2 testing in squamous
vulvar cancer (Table 20.8) (111,275–278). Only doxorubicin
and bleomycin appear to have activity as single agents.
Although methotrexate has been claimed to have activity, data
are inadequate for confirmation. Cisplatin, a drug that has
demonstrated broad activity in most gynecologic tumors (e.g.,
epithelial ovary, endometrial adenocarcinoma, endometrial
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SINGLE-AGENT CYTOTOXICS IN SQUAMOUS VULVAR CANCER

TA B L E  2 0 . 8  

No. of patients Partial Investigators
Drug Dose and schedule Complete response response

Doxorubicin 45 mg/m2 IV q 3 weeks 4 0 3 Deppe et al. (275)
Bleomycin 15 mg IM twice weekly 11 2 3 Trope et al. (111)
Cisplatin 50 mg/m2 q 3 weeks 22 0 0 Thigpen et al. (276)
Piperazinedione 9 mg/m2 IV q 3 weeks 13 0 0 Thigpen et al. (276)
Mitoxantrone 12 mg/m2 IV q 3 weeks 19 0 0 Muss et al. (277)
Etoposide 100 mg/m2 IV days 1, 3, 5 18 0 0 Slayton et al. (278)
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mixed mesodermal tumors, and squamous carcinoma of the
cervix), has notably little activity in vulvar and vaginal squa-
mous tumors. This lack of activity, however, is based on treat-
ment of refractory patients only. No trials of this agent as a
presurgical cytoreductive regimen have been attempted. With
the recent dramatic results obtained with concurrent cisplatin-
based chemotherapy and radiation therapy in locally
advanced squamous cancer of the cervix, one must consider a
similar approach in the patient with locally advanced squa-
mous cancer of the vulva. 

Several drug combinations have also been used in squamous
vulvar cancer. These combinations consisted principally of
drugs without clear evidence of single-agent activity in phase 2
studies. Nevertheless, these combinations have been evaluated
as initial therapy for patients with inoperable disease.
Significant responses have allowed operative intervention in
some patients. Combinations used in vulvar squamous cancer
are inventoried in Table 20.9 (47,279,280). As noted above, the
significant response rates observed with primary chemotherapy
in inoperable disease presentations and the poor response rates
in refractory disease should lead investigators to the earlier con-
sideration of using cytotoxic therapy in stage III and IV vulvar
cancers. Toxicity with these regimens has been reported as tol-
erable, although some patient selection for good performance
status was probably operational. In the one well-reported trial,
64% of patients had mucositis (21% severe), and infections or
fever occurred in 35% (280). Bleomycin lung disease was
responsible for one death. Patients should be selected who are
at lowest risk for chemotherapy associated toxicity (i.e., no con-
comitant disease, normal organ function, younger age).

There are some increasing reports of the concomitant use of
cytotoxic therapy with irradiation, usually as primary therapy
in advanced and inoperable disease (Table 20.7). This approach
may have increased impetus based on recent reports from sev-
eral large randomized trials demonstrating superior outcome
for combined chemoirradiation over radiation therapy alone in
locally advanced squamous cancer of the cervix (151–153,252).
It is not possible from such study designs to specifically
comment on the effects of chemotherapy on the disease.
Nevertheless, these studies are cited because chemotherapy may
have played a role in the end result. The largest experience was
recently reported by the GOG, in which 73 patients with T3 or
T4 cancers were treated with split-course radiation therapy
with concomitant chemotherapy (cisplatin, 75 mg/m2 on day 1,

and 5-FU, 1,000 mg/m2/d on days 1–5). Irradiation of the
primary tumor in a split course was followed by resection of
residual primary tumor and inguinofemoral nodes. Those
patients with unresectable groin nodes received chemoirradia-
tion to both the primary tumor and involved nodes. Seven
patients never underwent surgery for various reasons. After
chemoirradiation, 46% of patients were grossly tumor free.
Of the 54% with gross residual disease, only five had positive
margins at resection. Only 3% of the patients completing
planned chemoirradiation and surgery had residual unre-
sectable disease, and in only three patients was it not possible
to preserve urinary and/or gastrointestinal continence.
Survival data from this study remain immature, but demon-
strated that this approach is feasible with acceptable toxicity
(primarily decreased wound healing and enhanced cutaneous
reactions) and with a possible decrease in the need for more
radical surgery (154). Landoni et al. treated 58 advanced pri-
mary and 17 recurrent disease patients with 5-FU (750
mg/m2/d on days 1–5) and mitomycin C (15 mg/m2 on day 1)
at the beginning of each of two courses of irradiation sepa-
rated by 2 weeks (total dose of 54 Gy). Primary chemoradia-
tion was followed by wide local excision and inguinal
lymphadenectomy. A total of 89% of patients completed
planned radiation therapy and chemotherapy, and 72%
underwent surgery. Response was noted in 80%, and patho-
logic complete response was observed in both primary and
nodes in 31%. Three treatment related deaths were also
recorded (240). Lupi et al. treated 31 patients with mitomycin
C and 5-FU using the same doses as in the previous study and
split-course irradiation to only 36 Gy. Response was noted in
29 of 31 (94%), but postoperative morbidity was noted in
65% and mortality in 14%. Of patients with positive inguinal
nodes, 55% (five of nine) were rendered pathologically disease
free at surgery. Recurrence was noted in 32%, and survival
was not reported (241). Whalen et al. treated 19 patients with
clinical stage III/IV vulva carcinoma and clinically negative
nodes with 45 to 50 Gy and 5-FU (1,000 mg/m2/d continuous
intravenous infusion over 96 hours at weeks 1 and 5) and mit-
omycin C (10 mg/m2 on day 1 only). A response rate of 90%
and a local control rate of 74% was observed. Survival was
not reported (245). Cunningham et al. treated 14 patients
who were not candidates for radical vulvectomy with cisplatin
(50 mg/m2) and 5-FU (1,000 mg/m2/d over 96 hours) in com-
bination with 50 to 65 Gy irradiation to vulva and bilateral
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COMBINATION CHEMOTHERAPY REGIMENS IN SQUAMOUS VULVAR CANCER

TA B L E  2 0 . 9  

No. of Complete Partial 
Regimen Dose and schedule patients entered response response Investigators

Bleomycin 15 mg/m2 cont. IV days 1–3 22a 2 4 Belinson et al. (279)
Vincristine 1.4 mg/m2 IV day 3
Mitomycin C 10 mg/m2 IV day 3
Cisplatin 60 mg/m2 IV day 3
Bleomycin 5 mg IM days 1–5 28b 3 15 Durrant et al. (280)
Methotrexate 15 mg PO days 1 and 4
CCNU 40 mg PO days 5–7
Bleomycin 5 mg IV days 1–6 1 1 0 Shimizu et al. (47)
Vincristine 1 mg IV day 6
Mitomycin C 10 mg IV day 6
Cisplatin 100 mg IV day 6

aFive of six responses with no prior therapy; one of 16 responses in refractory disease.
bNo patient with prior radiation therapy or chemotherapy; responses were the same for primary therapy and recurrences; eight patients had
resectable disease after chemotherapy.
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groins and 45 to 50 Gy to the pelvis. Surgery was not
performed in complete responders. There was a 64% com-
plete response rate and only one recurrence in that group,
with mean follow-up of 36 months. All partial responders
died of disease. Toxicity was moderate, with five patients
requiring treatment delay due to desquamative reactions
and one late bowel complication (234). Thomas et al. treated
33 patients with stage II, III, or IV disease: 9 with definitive
radiation therapy and chemotherapy as a preoperative adju-
vant, 9 with definitive radiation therapy and chemotherapy,
and 15 with radiation therapy and chemotherapy after local
recurrence following surgery. Chemotherapy consisted of
infusional 5-FU given at a dose of 1,000 mg/m2/d over 4 to
5 days; six patients also received low-dose mitomycin C.
Various doses and techniques of irradiation were used.
Seven of nine patients treated with neoadjuvant therapy
remained free of disease at 5 to 45 months, one after local
excision of a vulvar recurrence. Of the nine patients receiv-
ing curative intent radiation therapy and chemotherapy, six
were alive without evidence of disease at 5 to 43 months. Of
the 15 patients treated after recurrence, 7 were alive without
evidence of disease for 5 to 45 months. It is impossible to
determine the role of chemotherapy in these patients, but it
appears that combined modality therapy offers the potential
for long-term disease control without radical surgery (244).

RESULTS OF THERAPY
The overall results of therapy for women with squamous cancers
of the vulva are excellent. Approximately two thirds of patients
present with early-stage tumors. Five-year survival rates of 80%
to 90% are routinely reported for stage I and II disease (281). As
anticipated, survival rates for patients with advanced disease are
poor: 60% for stage III cases and 15% for stage IV (Fig. 20.27).

Several strategies to enhance survival for women with vul-
var cancer are evident. High-risk patients can be educated and
screened more consistently for the development of early can-
cer. Women with human papillomavirus infections, in situ vul-
var disease, long smoking history, and other genital neoplasms
are at risk for developing vulvar cancer. Careful screening tar-
geted at women with these high-risk factors may lead to
improvements in early diagnosis.

The survival rate for women with nodal spread is one half that
of women without nodal disease who have similarly sized pri-
mary tumors (Fig. 20.28). A more precise understanding of lym-
phatic flow and tumor spread might enable us to better identify
those patients with subclinical metastases who now present with
unanticipated groin or distant failure. Better treatment options for
node positive patients are needed, possibly multimodality therapy
that incorporates irradiation, chemotherapy, or both with surgery. 
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FIGURE 20.27. Invasive squamous vulvar
carcinoma. Survival by FIGO stage. Source:
Patients treated at M. D. Anderson Cancer
Center 1944–1990; data courtesy of F. N.
Rutledge.

FIGURE 20.28. Invasive squamous vulvar car-
cinoma. Survival of patients with positive nodes.
Source: Data courtesy of F. N. Rutledge.
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MANAGEMENT OF OTHER
VULVAR MALIGNANCIES

Because nonsquamous vulvar malignancies are exceedingly
rare, relatively little definitive information is available regard-
ing optimal treatment and long-term outcome. Most available
information is derived from isolated case reports or small
series spanning long periods of time. 

Malignant Melanoma

Malignant melanoma is the second most common vulvar malig-
nancy (97,282,283). Vulvar melanomas are most commonly
seen in postmenopausal Caucasian women. Typical presenta-
tions include an asymptomatic pigmented lesion or an identified
mass that may be painful or bleeding (Fig. 20.29). A definitive
diagnosis is established by biopsy. Immunohistochemical stain-
ing for melanoma-specific antigen and S100 may be helpful in
uncertain cases. Melanomas may arise from existing pigmented
vulvar lesions or as new isolated primary tumors. Consequently,
any pigmented vulvar lesion should be considered for biopsy.
Melanomas are staged according to one of the three available
microstaging systems, which base prognosis on either depth of
local invasion or tumor thickness (Table 20.10) (103,284,285).
Inguinal lymph node and distant metastases are frequent.

The primary treatment modality for vulvar melanoma is rad-
ical surgical excision. Radical vulvectomy with bilateral
inguinofemoral lymphadenectomy has been the historical treat-
ment of choice (282,283,286,287). Because most failures are
distant, ultra-radical local resection does not appear to enhance
survival. Furthermore, many patients with vulvar melanoma are
elderly with coexisting medical problems, and less radical
surgery may be a more realistic option without compromising
survival (288). More recent reviews recommend some form of
hemivulvectomy or radical wide excision, with or without
inguinal lymphadenectomy (286,287). Depth of invasion and
the presence of ulceration are significant prognostic factors, and
should be considered in treatment planning. Look et al. reported
that none of the patients with lesion depth of �1.75 mm experi-
enced a recurrence, and suggested that these patients could be

treated with wide local excision. In contrast, all patients with
lesion depth of �1.75 mm recurred despite radical tumor exci-
sion (99). Based on information derived from large series of
patients with cutaneous melanomas at nongenital sites, regional
lymphadenectomy should probably be considered a prognostic
rather than a therapeutic procedure (289). In a multivariate
analysis of 644 patients with vulvar melanoma, Sugiyama et al.
reported 5-year disease-specific survival rates of 68%, 29%, and
19% for patients with zero, one, and two or more positive
lymph nodes, respectively (290). Lymphadenectomy can be
avoided in patients with superficial melanomas (level III), for
whom the risk of metastatic disease is negligible. Sentinel lymph
node identification and biopsy have been increasingly applied to
the surgical management of cutaneous malignant melanomas;
however, data regarding sentinel lymph node biopsy for vulvar
melanomas are insufficient.

Radiation therapy may be useful in enhancing local and
regional control for some high-risk patients. Despite reported
complete clinical response rates and local tumor control rates
of 50% to 70% for patients with localized recurrences treated
with radiation therapy, alone or in combination with hyper-
thermia, these modalities have rarely been used in the primary
treatment of vulvar melanoma (291,292). Doses in the range
of 40 to 50 Gy, delivered in fractions of 4 to 8 Gy (one to three
weekly fractions), have been described as more effective (293).

Systemic chemotherapy, in either an adjuvant or salvage set-
ting, is considered palliative, but responses are truly rare and
adverse effects may be significant. Biologic and immunologic
approaches to the treatment of malignant melanoma are cur-
rently being evaluated. The Southwest Oncology Group reported
their results of a randomized trial of an adjuvant allogeneic
tumor vaccine in patients with intermediate thickness, node neg-
ative melanoma. There was no evidence of improved disease-free
survival among patients randomized to receive vaccine (294).

Overall survival rates in women with vulvar melanoma are
approximately 50% (97,282,287). Patients with superficial
lesions have an excellent chance for cure after surgical resec-
tion, but patients with deeper lesions or metastases at the time
of diagnosis have a more limited prognosis. These patients are
good candidates for investigational trials.

Verrucous Carcinoma

Verrucous carcinomas are locally invasive and rarely metasta-
size (295). Consequently, treatment by radical wide excision is
usually curative (296). Local recurrence can occur, especially
when the tumor has been inadequately resected. Although
radiation therapy has been reported to cause anaplastic trans-
formation in some cases of verrucous carcinoma, this finding
has not been observed by others (297,298).
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FIGURE 20.29. Nodular, darkly pigmented malignant melanoma of
the left labium majus.

MICROSTAGING SYSTEMS FOR VULVAR MELANOMAS

TA B L E  2 0 . 1 0

Clark et al. (284) Chung et al. (285) Breslow (103)

I Intraepithelial Intraepithelial �0.76 mm

II Into papillary 1 mm from 0.761.50 mm
dermis granular layer

III Filling dermal 12 mm from 1.512.25 mm
papillae granular layer

IV Into reticular �2 mm from 2.263.0 mm
dermis granular layer

V Into subcuta- Into subcuta- �3 mm
neous fat neous fat 
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Basal Cell Carcinoma

Basal cell carcinomas should be removed by excisional biopsy
using a minimum surgical margin of 1 cm (299). Lymphatic or
distant spread is exceedingly rare (300). Local recurrence may
occur, particularly in tumors removed with suboptimal resec-
tion margins.

Adenocarcinoma

Patients presenting with apparent vulva adenocarcinoma
should first undergo an extensive clinical evaluation to deter-
mine whether the lesion in question represents a primary ver-
sus metastatic tumor. Despite the paucity of data regarding the
evaluation and treatment of vulva adenocarcinoma, resection
of localized disease by radical wide excision, hemivulvectomy,
or radical vulvectomy seems appropriate (301). The incidence
of groin node metastases is approximately 30% (302). Some
form of inguinal lymphadenectomy should be included with
primary surgical resection. Radiation therapy may have a role
in enhancing local control for women with large primary
tumors or inguinal metastases. The effectiveness of chemother-
apy is unknown, although a single case report documents a
response with pegylated liposomal doxorubicin in adenocarci-
noma of the vulva (303).

Paget’s Disease

Paget’s disease is associated with an underlying invasive ade-
nocarcinoma component in approximately 15% of cases
(304,305). As many as 20% to 30% of patients will have or
will later develop an adenocarcinoma at another nonvulvar
location (306,307), although more recent series suggest a
lower incidence of secondary malignancies (308). Observed
sites of non-vulvar malignancies developing in patients with
extramammary Paget’s disease include breast, lung, colorec-
tum, gastric, pancreas, and upper female genital tract.
Screening and surveillance for tumors at these sites should be
considered in patients with Paget’s disease.

Paget’s disease should be resected with a wide margin. If
underlying invasion is suspected, the deep margins should be
extended to the perineal fascia. Some suggest careful assess-
ment of the surgical margins using multiple frozen sections to
ensure complete excision (309,310). This approach can be
cumbersome and may not influence the long-term incidence of
recurrence. Pierie et al. showed that patients with microscopic
positive margins had a significantly higher rate of recurrence;
however, with extended follow-up all patients eventually
recurred (311). Others have shown that despite surgical
efforts to the contrary, microscopically positive margins are
frequent, and disease recurrence is common regardless of mar-
gin status (312). Repeat local excision of recurrent disease is
usually effective in the absence of invasion (313).

Vulvar Sarcomas

The specific histologic types are described in the pathology
section of this chapter. All types of vulvar sarcoma are rare,
but leiomyosarcoma, malignant fibrous histiocytoma, and
rhabdomyosarcoma predominate (106,314). Cures have
occasionally been obtained with aggressive resection of either
primary or locally recurrent disease. The results of regional
and systemic therapy for leiomyosarcoma are disappointing.
These patients are excellent candidates for clinical trials.
Rhabdomyosarcoma seems to be more responsive to both

chemotherapy and radiation. The current treatment of choice
is to combine chemoradiation with limited surgical resection
of residual disease (314,315).

Metastatic Tumors to the Vulva

Treatment of secondary vulvar tumors should be directed
against the primary tumor. As with bulky vulvar cancers, a
multimodal approach seems to provide some opportunity for
long-term survival along with enhanced local tumor control
and organ preservation.

Cutaneous vulvar lymphatic metastases may occur as in
transit tumor emboli from anorectal tumors or as retrograde
flow metastases when bulky tumors of the cervix or uterus
obstruct the normal lymphatic drainage patterns (Fig. 20.30).
These metastases are multiple and are often bilateral. Their
histology reflects that of the primary tumor. Because this
metastatic pattern is associated with advanced tumors, the pri-
mary tumor should be readily detectable by examination.

FUTURE DIRECTIONS
Vulvar cancer is an uncommon neoplastic disease and its rela-
tive rarity is a major obstacle in designing prospective ran-
domized trials. Current trends in its management are focusing
on a more individualized approach that emphasizes conserva-
tive vulva surgical resection when feasible, the use of recon-
structive procedures to preserve or restore vulva function,
potential reduction in groin complications through sentinel
lymph node biopsy, and multimodality therapy for advanced
or disseminated disease. Most data supporting these concepts
are preliminary. Further investigation is likely to result in
ongoing refinement of the criteria used to select patients for
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FIGURE 20.30. Multiple in-transit lymphatic metastases from a
cloacogenic carcinoma of the rectum. A large constricting lesion was
evident on rectal examination.
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specific surgical procedures. The greatest gaps in our present
understanding of this disease and its treatment include (a) the
uncertain role of infectious and epidemiologic factors in the
development of the primary tumor; (b) the lack of consensus
regarding the extent of groin dissection required to accurately
assess lymphatic spread; (c) the lack of a well-defined manage-
ment plan for patients with lymph node metastases; (d) the
absence of proven systemic therapy for women with distant
spread or recurrence; (e) scant information to evaluate the
components and timing of combined modality treatment; and
(f) poor understanding of different forms of treatment on the
psychosexual adjustment of patients. These all represent areas
of current investigation. Additional clinical experience should
help to establish a rational approach to therapy that maxi-
mizes the potential for cure while minimizing morbidity.
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EPIDEMIOLOGY AND ETIOLOGIC
RISK FACTORS 

Primary vaginal cancer, defined as a lesion arising in the vagina
without involvement of the cervix or vulva, is a rare entity, rep-
resenting only 1% to 2% of all female genital neoplasias (3).
Most vaginal neoplasms, 80% to 90%, represent metastasis
from other primary gynecologic (cervix or vulva) and nongyne-
cologic sites, involving the vagina by direct extension or lym-
phatic or hematogenous routes. Creasman et al. (4) published
the National Cancer Data Base (NCDB) report in 1998, based
on 4,885 patients with primary diagnosis of vaginal cancer reg-
istered from 1985 to 1994. Approximately 92% of the patients
were diagnosed with in situ or invasive squamous cell carci-
noma (SCC) or adenocarcinomas, 4% with melanomas, 3%
with sarcomas, and 1% with other or unspecified types of can-
cer. In the NCDB report, invasive carcinomas accounted for
72% of the carcinoma cases, or 66% of all vaginal cancers. In
situ carcinomas accounted for 28%, SCC represented 79% of
invasive vaginal carcinomas, and adenocarcinomas represented
14%. Adenocarcinomas represent nearly all the carcinomas in
patients younger than 20 years of age and are seen less frequently
with advanced age (4). 

Carcinoma of the vagina is considered to be associated
with advanced age, with the peak incidence occurring in the
sixth and seventh decades of life. However, vaginal cancer is
increasingly being seen in younger women, possibly due to
human papillomavirus (HPV) infection or other sexually
transmitted diseases. Only about 10% of patients are 40 years
of age or younger (5). In the NCDB report, only 1% of the
carcinoma patients were less than 20 years old at the time of
diagnosis, and over 80% of those patients had in situ lesions.
As patient age increased, the number of invasive tumors
increased, reaching a peak in patients aged 70 to 79 years. The
percentage of in situ carcinomas decreased to only 11% in
patients over 80 years old (4). A decrease in the incidence of
primary vaginal tumors has been noted in recent years, possibly
because of early detection with cervical cytology or more rigid
diagnostic criteria, which have eliminated from this category
primary cancers arising from adjacent organs, such as the
cervix, vulva, or endometrium.

Vaginal Intraepithelial Neoplasia 
and Squamous Cell Carcinoma

Potential risk factors for SCC include prior history of HPV
infection, cervical intraepithelial neoplasia (CIN), vulvar intraep-
ithelial neoplasia (VIN), immunosuppression, and possibly
previous pelvic irradiation. HPV is the likely etiologic agent of

ANATOMY
The vagina is a muscular dilatable tubular structure averaging
7.5 cm in length that extends from the cervix to the vulva. It
lies dorsal to the bladder and urethra, and ventral to the rec-
tum. The upper portion of the posterior wall is separated from
the rectum by a reflection of peritoneum, the pouch of
Douglas. The vaginal wall is composed of three layers: the
mucosa, muscularis, and adventitia. The inner mucosal layer
is formed by a thick, nonkeratinizing, stratified squamous
epithelium overlying a basement membrane containing many
papillae. The epithelium normally contains no glands but is
lubricated by mucous secretions originating in the cervix.
Beneath the mucosa lies a submucosal layer of elastin and a
double muscularis layer, highly vascularized with a rich inner-
vation and lymphatic drainage. The muscularis layer is com-
posed of smooth muscle fibers, arranged circularly on the
inner portion and longitudinally in the outer portion. A vagi-
nal sphincter is formed by skeletal muscle at the introitus. The
adventitia is a thin, outer connective tissue layer that merges
with that of adjacent organs. 

The proximal vagina is supplied by the vaginal artery
branch from the uterine or cervical branch of the uterine
artery. It runs along the lateral wall of the vagina and anasta-
moses with the inferior vesical and middle rectal arteries from
the surrounding viscera (1). The accompanying venous plexus,
running parallel to the arteries, ultimately drains to the inter-
nal iliac vein. The lumbar plexus and pudendal nerve, with
branches from sacral roots 2 to 4, provide innervation to the
vaginal vault (Fig. 21.1). The lymphatic drainage of the vagina
is complex, consisting of an extensive intercommunicating
network. Fine lymphatic vessels coursing through the submu-
cosa and muscularis coalesce into small trunks running later-
ally along the walls of the vagina. The lymphatics in the upper
portion of the vagina drain primarily via the lymphatics of the
cervix; the upper anterior vagina drains along cervical chan-
nels to the interiliac and parametrial nodes; the posterior
vagina drains into the inferior gluteal, presacral, and anorectal
nodes. The distal vaginal lymphatics follow drainage patterns
of the vulva into the inguinal and femoral nodes and from
there to the pelvic nodes. Lymphatic flow from lesions in the
mid vagina may drain either way (2). However, because of the
presence of intercommunicating lymphatics along the terminal
branches of the vaginal artery and near the vaginal wall, the
external iliac nodes are at high risk even in lesions of the lower
third of the vagina. Such a complex lymphatic drainage pat-
tern has significant implications for therapeutic planning.
Therefore, bilateral pelvic nodes should be considered to be at
risk in any invasive vaginal carcinoma, and bilateral groin
nodes should be considered to be at risk in those lesions
involving the distal third of the vagina.
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SCC and its precursor lesion, vaginal intraepithelial neoplasia
(VAIN). HPV has been recovered from 80% of VAIN lesions
and 60% of invasive SCC of the vagina (6,7). In a case-control
study of VAIN and early-stage cancer of the vagina, Brinton 
et al. (8) reported a 2.9-fold increase in therapy for genital
warts and a 3.8-fold increase in prior abnormal Papanicolaou
(Pap) smears in patients with VAIN compared to controls.
This association likely represents the sequelae of infection
with high-risk HPV strains (HPV-16, -18, -31, and -33) (9).
The process most commonly occurs in the upper vagina, and it
is frequently multifocal. Approximately one half of the lesions
are associated with concomitant CIN or VIN (10).

In studies reporting on groups of women with VAIN and
SCC of the vagina, the following risk factors have been
identified: five or more sexual partners, sexual debut before
age 17 years, smoking, low socioeconomic status, a history of
genital warts, prior abnormal cytology, and prior hysterectomy
(6–8). Weiderpass et al., in a population-based study of 36,856
women, found that alcoholic women had an excess risk for
cancer of the vagina, probably related to higher incidence of
HPV infection associated with lifestyle factors such as promis-
cuity, smoking, use of contraceptive hormones, and dietary
deficiencies (11). 

Patients with previous cervical carcinoma have a substan-
tial risk of developing vaginal carcinoma, presumably because
these sites share exposure and/or susceptibility to endogenous
or exogenous carcinogenic stimuli. Ten percent to 50% of
patients with VAIN–carcinoma in situ (CIS) or invasive carci-
noma of the vagina have undergone prior hysterectomy or
radiotherapy (RT) for CIS or invasive carcinoma of the cervix
(12–23). The interval from therapy for cervical cancer or
preinvasive disease to the development of carcinoma of the
vagina averages nearly 14 years, but there have been cases

with the vaginal primary manifesting 50 years after therapy
for cervical cancer (15,24). 

It is controversial as to whether or not prior pelvic RT is a
risk factor. Boice et al. (25) reported a 14-fold increased risk of
cancer of the vagina in previously irradiated women before the
age of 45 years, and a dose-response relationship was found to
be significant. However, Lee et al. (26) did not find prior RT to
be associated with an increase in the incidence of pelvic second
neoplasms. It is biologically plausible that there could be an
apparent increase in risk given that prior pelvic RT would have
likely been given for HPV-associated cervical carcinoma, and
the antecedent HPV infection would increase the risk of SCC 
in the vagina. Such an association has led to the recommenda-
tion that patients treated for CIN or carcinoma of the cervix
continue to undergo lifelong surveillance with vaginal cyto-
logic evaluation even after hysterectomy (27). In addition,
there is evidence that in utero exposure to diethylstilbestrol
(DES) doubles the risk of development of VAIN. The putative
mechanism is an enlargment of the transformation zone at risk,
which is then at risk for infection with HPV (28).

Clear Cell Adenocarcinoma

An increased incidence of clear cell adenocarcinoma (CCA) of
the vagina in young women related to in utero exposure to DES
during the first 16 weeks of pregnancy was first reported in 1971
(29). Specific suggested mechanisms of carcinogenesis focus
on the retention of nests of abnormal cells of müllerian duct
origin, which, after stimulation by endogenous hormones during
puberty, are promoted into adenocarcinomas. The median age at
diagnosis in the DES-exposed patients is 19 years (29), whereas
prior to this report, most patients with CCA of the vagina were
elderly. The incidence of CCA in the exposed female population
from birth to 34 years is estimated to be between 0.14 and 1.4
per 1,000. Approximately 90% of the patients had stage I-II dis-
ease at diagnosis (30,31). Hicks and Piver noted that 60% of
CCA patients had been exposed to DES or similar agents in
utero, that most cases involved the anterior upper third of the
vaginal wall, and that DES-associated CCA cases had been
reported from ages 7 to 34 (median, 19 years) (32). Fortunately,
the incidence of this tumor has decreased in recent years, and
may decrease even more since the practice of prescribing DES
during pregnancy has been discontinued. Palmer et al. (33)
assessed the influence of postnatal factors on the development of
CCA in women exposed to DES in 244 cases compared with 244
age-matched non–DES-exposed women. Neither oral contracep-
tive use nor pregnancy was associated with risk of CCA (33). 

Melanoma

Malignant melanoma is the second most common cancer of
the vagina, accounting for 2.8% to 5% of all vaginal neoplasms
(34–36). The most common location is the lower third and
the anterior vaginal wall, although oftentimes it is multifocal
(34–36). Trimble’s examination of the Surveillance, Epidemiology,
and End Results (SEER) data on 30,295 melanomas found 51
vaginal melanomas (0.3% of all melanomas), with an annual
incidence of 0.026 per 100,000 and a median age at diagnosis
of 66.3 years (37). In the NCDB report by Creasman et al. (4),
vaginal melanomas represented 4% of primary vaginal cancers.

Sarcomas

Sarcomas represent 3% of primary vaginal cancers, and are
most common in adults, with leiomyosarcoma representing
50% to 65% of vaginal sarcomas (4). Malignant mixed mül-
lerian tumor (MMMT, carcinosarcoma), endometrial stromal
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FIGURE 21.1. Lymphatic drainage of the vagina. Source: Reprinted
from Plentl AA, Friedman EA. Lymphatic system of the female geni-
talia. In: Plentl AA, Friedman EA, eds. The Morphologic Basis of
Oncologic Diagnosis and Therapy. Philadelphia: WB Saunders;
1971:55, Fig. 5-2. Used with permission.
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sarcoma, and angiosarcoma are less common. Embryonal
rhabdomyosarcoma (RMS)/sarcoma botryoides is a rare pedi-
atric tumor. Prior pelvic RT is a risk factor, particularly for
mixed mesodermal tumors and vaginal angiosarcomas (38).
Unfortunately, most of the sarcomas are diagnosed at an
advanced stage. Histopathologic grade appears to be the most
important predictor of outcome (39).

NATURAL HISTORY
The majority (57% to 83%) of vaginal primaries occur in the
upper third or at the apex of the vault, most commonly in the
posterior wall; the lower third may be involved in as many as
31% of patients (15,21,40). Lesions confined to the middle
third of the vagina are uncommon. The location of the vaginal
carcinoma is an important consideration in planning therapy
and determining prognosis. Vaginal tumors may spread along
the vaginal walls to involve the cervix or the vulva. However,
if biopsies of the cervix or the vulva are positive at the time of
initial diagnosis, the tumor cannot be considered a primary
vaginal lesion. A lesion on the anterior wall may infiltrate the
vesicovaginal septum and/or the urethra; those on the poste-
rior wall may eventually involve the rectovaginal septum and
subsequently infiltrate the rectal mucosa. Lateral extension
toward the parametrium and paracolpal tissues is not uncom-
mon in more advanced stages of the disease. 

The issue of regional nodal metastasis, both the incidence of
occult nodal disease and the anatomic pathways of lymphatic
spread, are somewhat controversial. Because the lymphatic
system of the vagina is so complex, any of the nodal groups
may be involved, regardless of the location of the lesion (2).
Involvement of inguinal nodes is most common when the
lesion is located in the lower third of the vagina. There does
seem to be a significant risk of nodal metastasis for patients
with disease beyond stage I. Although data on staging lym-
phadenectomy are sparse, two studies reported a significant
incidence of nodal disease in early-stage vaginal carcinoma. In
Al-Kurdi and Monaghan’s series (41), the incidence of pelvic
nodal metastasis was 14% and 32% for stages I and II, respec-
tively, whereas in the Davis et al. series (24), the incidence was
6% and 26% for stages I and II, respectively. The incidence is
expected to be higher for stage III, although no substantial data
are available. Chyle et al. (14) noted a 10-year actuarial pelvic
nodal failure rate of 28% and a 16% inguinal failure rate in
patients who had local recurrence, in contrast to 4% and 2%,
respectively, in the group without local recurrence (P � 0.001).
The incidence of clinically positive inguinal nodes at diagnosis
reported by several authors ranges from 5.3% to 20% (19,42). 

Distant metastasis may occur, primarily in patients with
advanced disease at presentation, or those who recurred after
primary therapy. In the Perez et al. series (19), the incidence of
distant metastasis was 16% in stage I, 31% in stage IIA, 46%
in stage IIB, 62% in stage III, and 50% in stage IV. Robboy 
et al. reported that metastases to the lungs or supraclavicular
lymph nodes represented 35% of recurrences in young women
with CCA, a proportion much greater than found with squa-
mous cell carcinoma of the cervix or vagina (43).

CLINICAL PRESENTATION

Vaginal Intraepithelial 
Neoplasia—Carcinoma In Situ

VAIN most often is asymptomatic (17). In modern practice,
VAIN is usually detected by cytologic evaluation performed
following hysterectomy as part of a surveillance strategy in
patients with a history of CIN or invasive cervical carcinoma.

In these cases, VAIN has a predilection for involvement of the
upper vagina, likely secondary to a “field effect.” A discharge
may be present, but is likely secondary to superimposed vaginal
infections. It should be noted that evidence-based guidelines do
not support routine cytologic studies following hysterectomy
for noncervical pathology. The American Cancer Society
released guidelines in 2002 that said surveillance cytology in
such patients is not necessary. Rather, surveillance cytology
posthysterectomy should be limited to those patients with a
prior history of CIN or invasive cervix cancer (44).

Invasive Squamous Cell Carcinoma

In patients with invasive disease, irregular vaginal bleeding,
often postcoital, is the most common presenting symptom
followed by vaginal discharge and dysuria. Pelvic pain is a rel-
atively late symptom generally related to tumor extent beyond
the vagina (15,40). In a series of 84 patients with invasive car-
cinoma, including 55 with SCC, Tjalma et al. noted that 62%
of patients had vaginal discharge, 16% had positive cytology,
13% had a mass, 4% had pain, and 2% had dysuria. Forty-
seven percent of the lesions were located on the posterior wall
and 24% on the anterior wall; 29% had involvement of both
walls (45). In 10% to 20%, no symptoms were reported, and
the diagnosis was made by cytologic examination (45).

Other Histologies

The most common presenting symptom in patients with CCA
is vaginal bleeding (50% to 75%) or abnormal discharge.
More advanced cases may present with dysuria or pelvic pain
(29). Cytology is abnormal in only 33% of cases. Therefore,
in addition to four-quadrant cytology, Hanselaar et al. recom-
mended palpation of the entire vaginal vault to assess for sub-
mucosal irregularity (46). The majority of CCA lesions are
exophytic, superficially invasive in the upper third of the vault
near the cervix. Ninety-seven percent will be associated with
mucosal adenosis (47–49). 

Embryonal RMS, the most common malignant vaginal
tumor in children, presents as a protruding, edematous grape-
like mass. Ninety percent of these sarcomas present before the
age of 5 years. The average age at presentation was 23.5
months in the Maurer et al. series (50). In adults, symptoms
most commonly noted were pain accompanied by a mass.

DIAGNOSTIC WORKUP
In general, in patients with suspected vaginal malignancy, thor-
ough physical examination with detailed speculum inspection,
digital palpation, colposcopic and cytologic evaluation, and
biopsy constitute the most effective procedure for diagnosing
primary, metastatic, or recurrent carcinoma of the vagina. In
symptomatic patients, biopsy of any abnormal exophytic or
endophytic lesion noted at the time of the examination is indi-
cated. Examination under anesthesia is recommended for the
thoroughness of evaluation of all of the vaginal walls and
local extent of the disease, primarily if the patient is in great
discomfort because of advanced disease, in order to obtain a
biopsy. Biopsies of the cervix, if present, are recommended to
rule out a primary cervical tumor. The speculum must be rotated
as it is slowly withdrawn from the vaginal fornix, so that the
total vaginal mucosa may be visualized, and, in particular, pos-
terior wall lesions, which occur frequently, are not overlooked.

The patient with a history of preinvasive or invasive carci-
noma of the cervix found to have abnormal cytology following
prior hysterectomy or RT should be offered vaginoscopy with
application of acetic acid to the entire vault, followed by biopsies
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as indicated by areas of white epithelium, mosaicism, puncta-
tion, or atypical vascularity. It can be very helpful for the
menopausal patient or the patient previously irradiated to use
a short course of topically applied estrogen into the vaginal
vault once or twice a week for 1 month prior to the col-
poscopy in order to foster epithelial maturation. Another
method of identifying the area(s) most in need of biopsy
would be, after application of acetic acid, to apply half-
strength Schiller’s iodine to determine if the Schiller-positive
(non-staining) areas correspond with the involved areas iden-
tified following acetic acid application.

STAGING
At present, primary malignancies of the vagina are all staged
clinically. In addition to a complete history and physical
examination, routine laboratory evaluations including com-
plete blood cell count (CBC) with differential and platelets,
and assessment of renal and hepatic function should be
undertaken. In order to determine the extent of disease, the
following tests are allowed by International Federation of
Gynecology and Obstetrics (FIGO) criteria: chest radiograph,
a thorough bimanual and rectovaginal examination, cys-
toscopy, proctoscopy, and intravenous pyelogram. Cystoscopy
and/or proctosigmoidoscopy should be performed on patients
with symptoms suggestive of bladder and/or rectal infiltration,
respectively. If the patient is in significant discomfort the
examination should be conducted under anesthesia, preferably
by a radiation oncologist and gynecologic oncologist who will
be involved in her ongoing care. However, it can be difficult
even for the experienced examiner to differentiate between dis-
ease confined to the mucosa (stage I) and disease spread to the
submucosa (stage II) (13,40).

Pelvic computed tomography (CT) scan is generally per-
formed to evaluate inguinofemoral and/or pelvic lymph nodes,
as well as extent of local disease. In patients with vaginal
melanoma or sarcoma, chest, abdomen, and pelvic CT scans are
often part of the workup. Magnetic resonance imaging (MRI)
has emerged as a potentially important imaging modality in the
evaluation of vaginal cancers, predominantly the T1-weighted
with contrast and T2-weighted images (51). An additional role
of MRI is differentiation of tumor from fibrotic tissue in
patients with suspected recurrent vaginal carcinoma (51).
Positron emission tomography (PET) is evolving as a modality
of potential use in the evaluation of vaginal cancer that allows
detection of the extent of the primary as well as abnormal
lymph nodes more often than does CT scan (52). In modern
practice, for the majority of patients with disease volume and/or
location requiring definitive RT to achieve cure, therapeutic
planning will be guided by disease volume assessment utilizing
CT, MRI, and/or PET/CT, even though such radiologic modali-
ties are not “allowed” for purposes of staging. 

The two commonly used staging systems for carcinoma of
the vagina are the FIGO (Table 21.1A) (53) and the American
Joint Commission on Cancer (TNM) (Table 21.1B) (54)
classifications. According to FIGO guidelines, patients with
tumor involvement of the cervix or vulva should be classified
as primary cervical or vulvar cancers, respectively. Patients
with abnormal vaginal cytology are susceptible to a “field
effect,” that is, dysplasia of the urogenital epithelium, including
the cervix and vulva. Therefore, cervical cytology should be
obtained, and directed biopsies if indicated based on abnormal
cytology. If a cervical abnormality is visualized or palpated,
biopsy is recommended to rule out a primary cervical malig-
nancy. Similarly, the vulva should be carefully inspected,
including application of acetic acid, with directed biopsies of
abnormally staining epithelium. Perez et al. (55) proposed in
1973 that FIGO stage II vaginal cancer should be subdivided
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FIGO STAGING SYSTEM FOR CARCINOMA 
OF THE VAGINA 

TA B L E  2 1 . 1 A

Stage Description

Stage 0 Carcinoma in situ, intraepithelial neoplasia 
grade 3

Stage I Limited to the vaginal wall

Stage II Involvement of the subvaginal tissue but 
without extension to the pelvic side wall

Stage III Extension to the pelvic side wall

Stage IV Extension beyond the true pelvis 
or involvement of the bladder or rectal 
mucosa. Bullous edema as such does not 
permit a case to be allotted to stage IV

IVA Spread to adjacent organs and/or direct 
extension beyond the true pelvis

IVB Spread to distant organs

Source: From Pecorelli S, Beller U, Heintz AP, et al. FIGO annual report
on the results of treatment in gynecologic cancer. J Epidemiol Biostat
2000;24:56–60.

AMERICAN JOINT COMMISSION ON CANCER (AJCC)
STAGING OF VAGINAL CANCER

TA B L E  2 1 . 1 B

PRIMARY TUMOR (T)
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis/0 Carcinoma in situ
T1/I Tumor confined to the vagina
T2/II Tumor invades paravaginal tissues but not to 

the pelvic wall
T3/III Tumor extends to the pelvic wall
T4/IVA Tumor invades mucosa of the bladder 

or rectum and/or extends beyond the 
pelvis (bullous edema is not sufficient to 
classify a tumor as T4)

REGIONAL LYMPH NODES (N)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph nodes
N1/IVB Pelvic or inguinal lymph node metastasis

DISTANT METASTASIS (M)
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1/IVB Distant metastasis

AJCC STAGE GROUPINGS
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1-3 N1 M0, T3 N0 M0
Stage IVA T4, any N, M0
Stage IVB Any T, any N, M1

Source: American Joint Committee on Cancer (AJCC). Vagina. 
In: Greene FL, Page DL, Fleming ID, et al., eds. AJCC Cancer
Staging Manual. 6th ed. New York: Springer-Verlag; 2002:251–257. 
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HISTOLOGIC CLASSIFICATION OF MALIGNANCIES
OF THE VAGINA

TA B L E  2 1 . 2

SQUAMOUS TUMORS AND PRECURSORS
Squamous cell carcinoma
Vaginal intraepithelial neoplasia 3/squamous cell carcinoma 

in situ

GLANDULAR TUMORS
Clear cell adenocarcinoma
Endometrioid adenocarcinoma
Mucinous adenocarcinoma
Serous adenocarcinoma

OTHER EPITHELIAL TUMORS
Adenosquamous carcinoma
Adenoid cystic carcinoma
Neuroendocrine carcinoma

MESENCHYMAL TUMORS
Sarcoma botyroides (embryonal rhabdomyosarcoma)
Leiomyosarcoma
Endometrioid stromal sarcoma (low grade)
Undifferentiated vaginal sarcoma

MIXED EPITHELIAL AND MESENCHYMAL TUMORS
Carcinosarcoma (malignant müllerian mixed tumor, 

metaplastic carcinoma)
Adenosarcoma
Malignant mixed tumor
Mesonephric carcinosarcoma

MISCELLANEOUS TUMORS
Melanoma
Yolk sac tumor (endodermal sinus tumor)
Peripheral primitive neuroectodermal tumor/Ewing tumor

LYMPHOID AND HEMATOPOETIC TUMORS
Malignant lymphoma (specify type)
Leukemia (specify type)

FIGURE 21.2. Well-differentiated vaginal squamous cell carcinoma
with focal keratinization (center). Source: Courtesy of Dr. Deborah J.
Gersell, St. Louis, Missouri, USA.

into stage IIA (tumor infiltrating the subvaginal tissues but not
extending into the parametrium) and stage IIB (tumor infil-
trating the parametrium but not extending to pelvic side
walls). However, most investigators do not use this classifica-
tion, and there are few published data to support it (19,56).

PATHOLOGIC CLASSIFICATION
The most common malignant tumor of the vagina is squamous
cell carcinoma. Other epithelial neoplasms are uncommon
since glands are not normally present in the vaginal mucosa.
Melanoma is the second most frequent malignancy. A wide
variety of tumors of other types have been described. The clas-
sification of neoplasms of the vagina is shown in Table 21.2.

Squamous Cell Carcinoma

SCC represents about 80% to 90% of primary vaginal can-
cers. These tumors occur in older women and are most often
located in the upper, posterior wall of the vagina. According
to the FIGO recommendations, a tumor of the vagina that
involves the cervix or vulva should be classified as a primary

cervical or vulvar cancer, respectively. Additionally, for a neo-
plasm to be considered a vaginal primary, there must not have
been a cervical cancer for 5 years prior to the diagnosis (57). It
may be difficult or impossible histologically to distinguish a
primary vaginal SCC from recurrent cervical or vulvar disease.
Histologically, keratinizing, nonkeratinizing, basaloid, warty,
and verrucous variants have been described. Tumors may also
be graded as being well, moderately, or poorly differentiated,
based on a combination of cytologic and histologic features.
However, there is little correlation between tumor grade and
survival (3). Most cases are moderately differentiated and
nonkeratinizing. Well-differentiated tumors show prominent
keratin or squamous pearl formation and intercellular bridges
(Fig. 21.2). Rarely, poorly differentiated tumors have a spin-
dle-cell appearance. Warty SCC has a papillary appearance
with hyperkeratosis and koilocytosis. 

Verrucous carcinoma is a rare distinct variant of well-
differentiated SCC, usually with the appearance of a large, well-
circumscribed, soft, cauliflower-like mass. Microscopically, the
tumor exhibits a papillary growth pattern, pushing borders,
bulbous pegs of acanthotic epithelium with little or no atypia,
and surface maturation in the form of parakeratosis and hyper-
keratosis without koilocytosis. Because of its well-differentiated
character, the histologic diagnosis of verrucous carcinoma may
be difficult, especially if the biopsy is superficial (58). Verrucous
carcinoma may recur locally after surgery, but rarely, if ever,
metastasizes. This behavioral difference justifies separating ver-
rucous carcinoma as a distinct tumor entity. 

VAIN is a precursor of SCC and is graded from 1 to 3
depending upon the degree of nuclear atypia and crowding
and the proportion of the epithelium involved. VAIN 1 typically
involves the lower third to one half of the epithelium, VAIN 2
one half to two thirds the thickness of the epithelium, and
VAIN 3 more than three fourths of the thickness. Alternatively,
VAIN can be classified as low or high grade. High grade
lesions indicate involvement of the outer third of the mucosa,
and include CIS, which encompasses the entire thickness of
the epithelium. The true incidence of VAIN and its rate of
progression to invasive carcinoma are unknown, ranging in
several series from 9% to 28% (8,10,59). High-risk HPV was
found in 35% of VAIN 1 and 94% of VAIN 3 lesions (60).
Comparison of the distribution of HPV types in the vagina,
vulva, and cervix suggests that VAIN is more closely related
to CIN than to VIN. A large epidemiologic study showed a
two-fold relative risk for high-grade CIN and VAIN among
women exposed prenatally to DES when compared to an
unexposed control group (61).
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Clear Cell Adenocarcinoma 
and Vaginal Adenosis

DES-associated CCA has a predilection for the upper third of
the vagina and the exocervix. It is frequently located at or near
the lower margin of the zone of glandular tissue in the vagina
or cervix. Most CCAs are exophytic and superficially invasive
(47). Ninety-seven percent will be associated with mucosal
adenosis (47–49). CCA is arranged in tubulocystic, solid,
papillary, or mixed cell patterns, and is mainly composed of
clear and hobnail-shaped cells (Fig. 21.3A, B). The clear cells
are cuboidal or columnar with abundant glycogen-rich cytoplasm
and distinct cell membranes. The hobnail cells have large atypical
protruding nuclei rimmed by a small amount of cytoplasm (47).

Vaginal adenosis is a condition in which müllerian-type
glandular epithelium is present after vaginal development is
complete. Although adenosis is the most common histologic
abnormality in women exposed to DES in utero, it is not
strictly confined to this population. Adenosis is associated
with 97% of vaginal and 52% of cervical CCAs (62,63). The
glandular epithelium may replace the surface epithelium
and/or form glands in the superficial stroma. The glandular
epithelium undergoes progressive squamous metaplasia
(62–65) and ultimately only stromal nodules or pegs of imma-
ture squamous epithelium containing small mucin droplets
may remain (65). A few CCAs have been detected among
women under surveillance for adenosis (66). Atypical adenosis
of tuboendometrial type appears to be a precursor lesion of
CCA (49). Whether immature squamous metaplasia in adenosis
is associated with an increased risk of vaginal intraepithelial

neoplasia or SCC is controversial (66). Rarely, clear cell ade-
nocarcinoma of the vagina occurs in older women unrelated
to DES exposure in utero, but sometimes in association
with vaginal endometriosis (67,68). The major determinant of
outcome in CCA is stage, but some pathologic features are
statistically associated with better outcome, including a tubu-
locystic growth pattern, size less than 3 cm2, and less than 
3 mm of stromal invasion (47).

Other Adenocarcinomas

Primary adenocarcinoma of the vagina is rare and occurs pre-
dominantly in postmenopausal women. Reported histologic sub-
types have included endometrioid, mucinous, mesonephric, and
papillary serous adenocarcinomas. Only a few cases of mucinous
adenocarcinoma have been described (69). Histologically, the
tumors can resemble typical endocervical adenocarcinoma and
arise in endocervicosis (70,71). Cases of primary intestinal-type
adenocarcinoma can be mistaken for metastatic colonic carci-
noma and rarely arise from tubular adenoma (72,73). Some cases
may be related to DES exposure (74). A relationship to vaginal
adenosis has been described in a patient not exposed to DES (75).
Rare cases of mucinous adenocarcinoma have been described in
neovaginas (76). 

Endometrioid adenocarcinoma of the vagina usually arises
in endometriosis (77). Mesonephric adenocarcinoma is a rare
variant that may arise from mesonephric duct remnants that
are mostly situated deep in the lateral walls of the vagina (78).
Primary serous adenocarcinoma of the vagina has rarely been
reported (79). Vaginal metastases from adenocarcinoma of the
breast, other gynecologic primaries, or renal cell carcinomas
have been described (80). 

Melanoma

Melanoma is the second most common cancer of the vagina,
accounting for 2.8% to 5.0% of vaginal neoplasms. The most
common locations are the lower third and the anterior vaginal
wall (34–36,81). Grossly, these tumors are typically pigmented,
and show considerable variation in size, color, and growth pat-
terns, being polypoid or nodular in the majority of cases (35,36).
Histologically, melanoma is composed of epithelioid cells, spindle
cells, or nevus-like cells; melanin pigment is often observed.
Junctional activity is usually present. Premelanosomes may be
identified by electron microscopy. Immunohistochemical stains
are frequently positive for S100 protein. HMB-45, and melan-A
tyrosinase and MART-1 are useful markers when S100 is nega-
tive or only focally positive (81). Tumor thickness correlates with
prognosis, and may be measured by the method of Breslow (82).
Poorly differentiated melanomas may be difficult to distinguish
from sarcoma or SCC. Primary melanoma must also be distin-
guished from metastatic melanoma, which also presents as a
polypoid mass (83).

Mesenchymal Tumors

Embryonal rhabdomyosarcoma (RMS) is a rare pediatric
tumor. The botryoid variant, or sarcoma botryoides, is the
most common malignant vaginal tumor in infants and chil-
dren (84). Ninety percent of cases occur in children younger
than 5 years of age. Sarcoma botyroides has a characteristic
macroscopic appearance consisting of multiple gray-red,
translucent, edematous, grape-like masses that fill the vagina,
and may protrude from it. Microscopically, there is a zone of
condensed round or spindle cells (the cambium layer) immedi-
ately beneath the intact vaginal epithelium. Elsewhere, the
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FIGURE 21.3. Clear cell adenocarcinoma. A: Neoplasm shows a
solid growth pattern. Note the tumor cells with pleomorphic nuclei,
clear cytoplasm, and distinct cell borders. B: Tumor has tubulocystic
growth pattern with prominent hobnail cells lining the tubules.
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tumor is composed of small, dark, spindle-shaped cells sparsely
distributed in a myxoid stroma. Some cells may show skeletal
muscle differentiation, evidenced by intensely eosinophilic cyto-
plasm with cross striations (Fig.21.4A, B). Immunohistochemical
stains with antibodies directed against myogenic markers,
including actin, desmin, myoD1, or myogenin, facilitate the
recognition of muscle differentiation in these tumors.

Leiomyosarcoma is the most common vaginal sarcoma in
adults (85). The frequency and behavior are uncertain because
of the variable histologic criteria used to distinguish benign
and malignant smooth muscle tumors. Smooth muscle tumors
3 cm or greater in diameter have an increased risk of recur-
rence. It is currently recommended that neoplasms with five or
greater mitoses per ten high-power fields (HPFs), moderate or
marked cytologic atypia, and/or infiltrating margins be classi-
fied as leiomyosarcoma (86). Although they may originate in
any part of the vagina, most are submucosal. The macroscopic
appearance varies greatly depending on cellularity, type, and
extent of degenerative change and the amount of necrosis and
hemorrhage (86). On histologic examination, leiomyosarcoma
is typically composed of interlacing bundles of spindle-shaped
cells with blunt-ended nuclei and fibrillar cytoplasm. An
epithelioid pattern or extensive myxoid change occurs uncom-
monly (86,87). Because smooth muscle tumors vary from area
to area, adequate sampling (one block, 1 to 2 cm of tumor
diameter) is essential for accurate diagnosis. Rarely, cases of
extragastrointestinal stromal tumors present as a vulvovaginal
or rectovaginal septal mass (88). Histologically, they can be
confused with benign or malignant smooth muscle tumors.
Misdiagnosis can lead to inappropriate treatment, whereas
specific therapy is available. 

Other sarcomas that may occur in the vagina include
endometrioid stromal sarcoma, which may arise in endometriosis
(89–91); alveolar soft part sarcoma (92); malignant fibrous
histiocytoma (93), a biphasic tumor interpreted as resembling
synovial sarcoma (94) or malignant mixed tumor (95); angiosar-
coma (38); malignant peripheral nerve sheath tumor; and
hemangiopericytoma (96).

Malignant Lymphoma and Leukemia

Malignant lymphoma may be localized to the female genital
tract or occur there as part of a widespread disease process
(97,98). Approximately 6% of female genital tract lym-
phomas occur in the vagina and over 80% were primary in
one study (99). The majority of primary lymphomas involving
the vagina are of the diffuse large B-cell type, but lymphoplas-
macytic, Burkitt lymphoma, and mucosa-associated lymphoid
tissue (MALT) lymphoma also occur (100). The histologic
diagnosis depends on the identification of monomorphous,
cytologically atypical, mitotically active lymphoid cells deeply
penetrating the stroma. Characteristically, the mucosa is
intact. The tumors typically express CD20. Patients with vagi-
nal lymphomas characteristically present with vaginal bleed-
ing. Those with primary lymphomas also have a mass on
clinical examination. Leukemic infiltrates, especially granulo-
cytic sarcoma, can be histologically impossible to distinguish
from lymphoma. Chloracetate esterase or myeloperoxidase
stains may be helpful in some cases.

Uncommon Vaginal Tumors

Neuroendocrine small cell carcinoma may occur in the vagina
either in pure form or associated with squamous or glandular
elements (101,102). A high proportion of these tumors show
immunohistochemical or ultrastructural evidence of neuroen-
docrine differentiation (103). Rarely, primary neuroendocrine
carcinoma of the vagina has a Merkel cell carcinoma pheno-
type (104). 

Adenosquamous carcinoma is an uncommon neoplasm of
the vagina composed of an admixture of glandular and squa-
mous elements (105). Tumors diagnosed as carcinosarcoma
(malignant mixed müllerian tumor) of the female genital tract
appear to be metaplastic carcinomas, and should be treated as
epithelial neoplasms, although the prognosis is poor. This tumor
is rare in the vagina, and typically occurs in postmenopausal
women (106). Uncommonly, yolk sac tumor (endodermal sinus
tumor) has been reported in the vagina of infants and young
children (107,108). Rare cases of mesonephric adenocarcinoma
or malignant mixed mesonephric tumor have been described
(109). Rare cases of primary vaginal Ewing’s sarcoma–primitive
neuroectodermal tumor occur in younger women (110).

PROGNOSTIC FACTORS
INFLUENCING CHOICE 

OF TREATMENT

Invasive Squamous Cell Carcinoma

As with most primaries, stage of disease is the dominant prog-
nostic factor in terms of ultimate outcome (14,16,18,19,42,
111–118). In a report by Creasman et al., the 5-year survival
rate was 96% for patients with stage 0, 73% for stage I, 58%
for stage II, and 36% for those with stage III-IV disease,
respectively (4). In the Perez et al. series including 165 patients
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FIGURE 21.4. Embryonal rhabdomyosarcoma (sarcoma botyroides).
A: Note the subepithelial cambium layer. B: The tumor is composed of
strap cells with atypical, elongated, often tandem, nuclei and edematous
stroma. The eosinophilic cytoplasm shows prominent cross striations.
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with primary vaginal carcinomas treated with definitive RT,
the 10-year actuarial disease-free survival (DFS) was 94% for
stage 0, 75% for stage I, 55% for stage IIA, 43% for stage IIB,
32% for stage III, and 0% for those with stage IV disease (19). 

The impact of lesion location has been controversial.
Tarraza et al. (119) reported that upper-third lesions develop
local recurrences more frequently, and lower-third lesions
develop a disproportionate number of sidewall and distant
recurrences. Chyle et al. (14) observed a 17% rate of pelvic
relapse in patients with upper vaginal tumors, 36% in those
with middle or lower vaginal tumors, and 42% with whole-
vaginal involvement. However, a larger series failed to note any
difference in site of recurrence based on primary lesion loca-
tion (19). Several investigators (14,23,120,121) have shown
better survival and decreased recurrence rates for patients with
cancers involving the proximal half of the vagina when com-
pared with those in the distal half or those involving the entire
length of the vagina. In addition, lesions of the posterior wall
have a worse prognosis than those involving other vaginal
walls (10-year recurrence rates of 32% and 19%, respectively)
(14), which probably reflects the greater difficulty of perform-
ing adequate brachytherapy procedures in this location. 

The prognostic importance of lesion size has been controver-
sial, with an adverse impact being noted by Tjalma et al. (45)
and Chyle et al. (14) , which is contrary to the findings of Perez
et al. (42). In the Chyle et al. series (14), lesions measuring less
than 5 cm in maximum diameter had a 20% 10-year local
recurrence rate compared to 40% for those lesions larger than 
5 cm. Similarly, in the Princess Margaret Hospital experience,
tumors larger than 4 cm in diameter fared significantly worse
than smaller lesions (16). In the Perez et al. series (42), stage
was an important predictor of pelvic tumor control and 5-year
disease-free survival, but the size of the tumor in stage I patients
was not a significant prognostic factor. However, in stage IIA
disease, lower pelvic tumor control and survival were noted
with tumors larger than 4 cm. In stages IIB and III, tumor size
was not a significant prognostic factor, probably related to the
difficulty in assessing size and the fact that higher doses of RT
were delivered for larger tumors. Stock et al. (21) reported that
disease volume, a likely surrogate for stage or lesion size,
adversely impacted survival as well as local control.

Age was a significant prognostic factor in the Urbanski et al.
series (23), with 5-year survival of 63.2% for patients below
the age of 60 years compared with 25% for those over 60
years of age (p � 0.001). Similar findings were reported by
Eddy et al. (115). However, most of these series do not correct
for death secondary to intercurrent disease in the elderly pop-
ulation. No statistical significance of age to survival was
found in the series of Dixit et al. (116) and Perez et al. (42). 

With regard to the histologic type and grade, several series
(16,23,121) have shown the histologic grade to be an indepen-
dent, significant predictor of survival. Chyle et al. (14) noted a
higher incidence of local recurrence in patients with adenocarci-
noma compared with squamous cell carcinoma (52% and 20%,
respectively, at 10 years), as well as a higher incidence of distant
metastases (48% and 10%, respectively), and lower 10-year
survival rate (20% vs 50%). Overexpression of HER2/neu
oncogenes in squamous cancer of the lower genital tract is a rare
event that may be associated with aggressive biologic behavior
(122). Waggoner et al. (123), in a group of 21 women with CCA
of the vagina and cervix, observed a more favorable prognosis in
gynecologic tumors with an overexpression of wild-type p53
protein than in tumors containing mutated TP53 genes.

Other Histologies

An increased propensity for distant metastases to the lung and
supraclavicular nodes has been reported in patients with CCA

(43). Stage, tubulocystic pattern, size less than 3 cm, and
depth of invasion less than 3 mm were all noted to be associ-
ated with superior survival (47). 

Vaginal melanoma has a higher propensity for develop-
ment of distant metastases, and affected patients do more
poorly than patients with SCC. A review by Reid et al. of 115
vaginal melanoma patients noted that depth of invasion and
size of lesion (�3 cm) adversely impacted survival, but stage
did not, perhaps because it was known for only 42 of the 115
patients in the series (36). 

Patients with malignant mesenchymal tumors of the vagina
do less well than those with invasive SCC. Specific, adverse prog-
nostic factors for vaginal sarcoma identified by Tavassoli and
Norris (86) included infiltrative versus pushing borders, high
mitotic rate of five or more mitoses per ten HPFs, size �3 cm in
diameter, and cytologic atypia.

GENERAL MANAGEMENT:
TREATMENT OPTIONS AND
OUTCOME BY FIGO STAGES

Owing to its rarity, data concerning the natural history, prog-
nostic factors, and treatment of vaginal carcinoma derive from
small, retrospective studies. Most of the currently available lit-
erature in terms of radiotherapeutic and surgical techniques
refers to primary SCC of the vagina. It is important to recognize
the complexity of the management of patients with carcinoma
of the vagina and the need for an individualized approach after
careful assessment by the gynecologic oncologist and radiation
oncologist. In most patients, the primary treatment modality is
RT, as reported by the Society of Gynecologist Oncologists in
practice guidelines published in 1998 (4). RT provides excellent
tumor control in early and superficial lesions and with satisfac-
tory functional results. 

Local excision and partial and complete vaginectomy have
given way to a more individualized approach that takes into
consideration the patient’s age, the extent of the lesion, and
whether it is localized or multicentric. There is evidence that
patients with CIS-VAIN and early stage I, primarily with a lesion
located in the upper or distal third of the vagina, and highly
selected young women with stage II vaginal cancers can be suc-
cessfully treated with surgery alone (13,21,24,45,124,125). In
addition, surgery could be considered in younger patients with a
desire to preserve ovarian function (126) and/or a functional
vagina (21), patients with verrucous carcinoma (58), those with
nonepithelial tumors, and patients with localized pelvic failures
after radiation. For the most part, surgical resection often
requires a radical approach resulting in urinary and fecal diver-
sion in order to secure adequate margins. Given the potentially
devastating functional results often associated with radical
surgery, definitive RT has largely replaced surgery as primary
therapeutic modality in patients with vaginal cancer, in order to
maximize cure and improve quality of life. Furthermore, most
patients are elderly, and a radical surgical approach is often not
feasible. 

Despite the acceptance of RT as the treatment of choice for
this disease, the optimal therapy for each stage is not well
defined in the literature. A combination of limited surgery and
RT has been suggested to improve outcome, although the
complication rates my increase (127). Intracavitary and inter-
stitial irradiation is used in small superficial stage I disease.
External beam RT (EBRT) in combination with intracavitary
(ICB), and/or interstitial (ITB) brachytherapy is generally used
for more extensive stage I-II disease. Data regarding the use of
cytotoxic therapy in vaginal carcinomas are based on under-
powered phase II trials of various monotherapies or extrapo-
lated from SCC of the cervix, which has a similar biology.
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FIGO Stage 0: Vaginal Intraepithelial
Neoplasia–Carcinoma In Situ

VAIN has been approached both surgically and medically by
multiple investigators. Treatment options range from partial
or complete vaginectomy to more conservative approaches
such as local excision, electro-coagulation, laser vaporization,
topical 5% fluorouracil (5-FU) administration, or ICB. For
patients in whom invasive disease cannot be ruled out, as well
as for those who fail conservative therapy, surgical resection
remains the treatment of choice. Overall, the reported control
rates are very similar among the different approaches, ranging
from 48% to 100% for laser, 52% to 100% for colpectomy,
75% to 100% for topical 5-FU, and 83% to 100% for RT
(Table 21.3) (4,14,16,42,124,125,128–134). The degree of
VAIN and the age and general health of the patient are impor-
tant treatment considerations. A therapy appropriate for CIS
in a woman with good performance status and many antici-
pated years of life expectancy may not be appropriate for a
woman with multiple comorbid conditions who may succumb
to one of her other illnesses before the CIS would be expected
to progress to invasive carcinoma.

The anatomic constraints posed by the location of the
vagina with the close proximity of the bladder and rectum led
to the use of the CO2 laser as a relatively noninvasive surgical
approach (59,128). Data published by Hoffman et al. (124),
who performed upper colpectomy in 32 patients, of whom 31

had undergone prior hysterectomy and 14 prior therapy for
VAIN, and found a 28% risk of invasive disease, in addition
to reports of invasive disease in the laser failures, and in
patients who had undergone upper colpectomy for presumed
VAIN, prompted some to begin to use the laser to effect
colpectomy (128). Later series have used novel approaches
with the Cavitron ultrasonic aspirator (CUSA) (133) to effect
partial colpectomy with satisfactory results, at least in the
reporting investigator’s hands. In a series of 52 patients
reported by Diakomanolis et al., in which 28 underwent laser
and 24 had partial colpectomy, results were found to be oper-
ator dependent, but they favored partial colpectomy for unifo-
cal disease and laser ablation for multifocal disease (135).
Overall, the control rates following laser vaporization range
from 58% to 100%  (59,128). Patients most likely to fail after
vaporization are those with anatomic distortion caused by
scarring (124). In general, patient acceptance is high and scar-
ring minimal (136).

Even though partial colpectomy has many advocates for
focal VAIN without any prior history of pelvic RT, patients
who had received prior pelvic RT for other gynecologic malig-
nancies, wherein partial colpectomy would have high risk of
fistula formation, may benefit from a medical approach with
topical application of 5-FU. This acts by inciting a desquamation
of the vaginal squamous epithelium, which later re-epithelializes
with presumably normal cells. Multiple schedules have been
suggested since the first use of 5-FU, including monthly, daily,
twice a day, and weekly administrations, with control rates
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VAIN—CARCINOMA IN SITU: TREATMENT APPROACH AND RESULTS

TA B L E  2 1 . 3

Treatment modality, No. of Outcome—
author(s) patients Comments control

LASER THERAPY
Julian et al. (128) 10 Used to effect colpectomy 80%
Hoffman et al. (59) 26 3 of 11 failures had invasive disease 58%

Recommended excision. Not ideal

TOPICAL 5-FU
Woodruff et al. (129) 9 1% to 2% 5-FU q month 88%
Piver et al. (130) 8 20% 5-FU bid � 5 days 75%

Could use 5% or 10%
Petrilli et al. (131) 15 5% 5-FU bid � 5 days 80%

Repeat in 12 weeks
Krebbs (132) 31 One-third applicator 81%

q week � 10 weeks

SURGICAL EXCISION
Creasman et al. (NCDB) (4) 23 96%
Fanning et al. (125) 15 Used LEEP, 1 patient had cancer 100%
Robinson et al. (133) 46 CUSA—29 primaries 66%

CUSA—17 recurrent 52%
Hoffman et al. (124) 32 28% invasive cancer out 83%

of 23 with VAIN

IRRADIATION
Chyle et al. (14) 37 83%
Kirkbride et al. (16) 14 100%
Perez et al. (134) 20 94%

Note: 5-FU, 5-fluorouracil; bid, twice a day; CUSA, Cavitron ultrasonic aspirator; LEEP, loop electrosurgical
excision procedure; NCDB, National Cancer Data Base.
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ranging from 75% to 88% (129,130,132,137). However, we
prefer the schedule suggested by Krebs et al. of one-third
applicator weekly for 10 weeks (132). It is important that the
perineal skin be protected with a topical ointment such as zinc
oxide to prevent painful vulvar erosions regardless of which 
5-FU application schedule is chosen. More recently, investiga-
tors have demonstrated the feasibility and likely efficacy of
imiquimod in the treatment of VAIN, although large series
remain to be performed (138). In the study by Haidopoulos et al.,
six out of seven patients with high-grade dysplasia (VIN 2-3)
regressed to either no evidence of dysplasia or VIN 1 follow-
ing imiquimod treatment (138). Application of 0.25 g of
imiquimod 5% intravaginally once weekly for 3 weeks was
effective and well tolerated. Larger studies are required, but
this regimen appears to be promising, with a simpler dosing
regimen, and lower toxicity when compared to 5-FU (138). 

Partial or total vaginectomy has been considered by many
to be an acceptable treatment for VAIN (139). However, one
of its main drawbacks is shortening or stenosis of the vagina,
frequently with poor functional results. Hoffman et al. (124)
reported a 17% recurrence rate in a series of 32 patients with
CIS of the vagina who underwent upper vaginectomy. In this
series, 44% had received prior therapy, including laser vapor-
ization, or topical 5-FU and local excision. Nine patients
(28%) were found to have invasive cancer upon final patho-
logic examination. Four of nine patients with invasive carci-
noma showing more than 3.5-mm infiltration were treated
subsequently with RT, three of whom remained free of disease.
Of the five patients with less than 2 mm invasion, one received
RT for local recurrence, and the remaining four patients were
without disease after surgery alone. Overall, five of nine
patients with microinvasive carcinoma required RT in addi-
tion to surgery, and only 72% of all patients treated with
surgery remained free of disease at last follow-up. Of 23
patients with VAIN 3, 19 (83%) remained without evidence of
recurrence at a mean follow-up of 38 months. Hoffman et al.
(124) advocated upper vaginectomy with 1 cm margins when
there were concerns about possible invasion, and when the
lesion was confined to the upper one third or one half of the
vagina. To minimize postoperative stenosis, Hoffman et al.
(124) recommended not closing the mucosa, using a dilator
with estrogenic vaginal cream, and consideration of a skin
graft. Prior RT is probably a contraindication to vaginectomy
owing to significantly increased morbidity. Control rates of
66% to 100% following partial colpectomy effected either
with a traditional surgical approach (124,139), with CUSA
(133), or with the loop electrosurgical excision procedure
(LEEP) (125) have been achieved.

RT has a long history of documented efficacy with control
rates ranging between 80% and 100%, and a significantly
better therapeutic ratio than other modalities (14,16,42,56).
Using conventional low-dose-rate (LDR) ICB techniques, the
entire vaginal mucosa should receive between 50 and 60 Gy,
given the high incidence of multicentricity; the area of involve-
ment should receive 70 to 80 Gy, in one or two implants, pre-
scribed to the mucosal surface (134). Higher doses may cause
significant vaginal fibrosis and stenosis. Perez et al. reported
only one distal local failure in the 20 patients treated for CIS
(134). Pelvic recurrences or distant failures have not been
observed in the absence of invasive component, after ICB.

There have been some reports in the literature regarding
the use of high-dose-rate (HDR) ICB for patients with VAIN 3.
Ogino et al. (140) reported six patients treated with HDR to a
mean dose of 23.3 Gy (range, 15 to 30 Gy), none of whom
developed recurrent disease. Limited rectal bleeding and mod-
erate to severe vaginal mucosa reactions were noted in
patients treated to the entire length of the vagina. MacLeod 
et al. (141) reported on 14 patients with VAIN 3 treated with
HDR-ICB to a dose of 34 to 45 Gy in 4.5- to 8.5-Gy fractions.

With a median duration of follow-up of 46 months, one
patient had persistent tumor and another showed progression
of tumor with an overall local control of 78.5%; two patients
developed grade 3 vaginal toxicity. Mock et al. (142) reported
100% recurrence-free survival in six patients with CIS treated
with HDR-ICB. At the present time, no definite conclusions
can be drawn from the limited data published in the literature
regarding the use of HDR-ICB. Based on the excellent local
control and functional results obtained with LDR-ICB, this
remains, in our opinion, the treatment of choice when defini-
tive RT is used. 

Estrogen therapy should be considered in women who are
postmenopausal or have undergone RT, provided the possibil-
ity of invasive disease has been eliminated. The effect of irra-
diation on ovarian function, as well as occasional fibrosis of
the vaginal vault, makes this treatment currently unacceptable
except in cases resistant to conservative therapy.

Invasive Squamous Cell Carcinoma 

Surgical Approach and Outcomes

In general, SCC of the vagina has been treated with RT.
However, several surgical series have reported acceptable to
excellent outcomes in well-selected patients, with survival
rates after radical surgery for stage I disease ranging from
75% to 100% (4,13,21,24,40,45). Cases in which surgery
may be the preferred treatment include selected stage I-II
patients, with lesions at the apex and upper third of the poste-
rior or lateral vagina that could be approached with radical
hysterectomy, upper vaginectomy, and pelvic lymphadenec-
tomy providing adequate margins (13,15,21,24,40) and very
superficial lesions that may be removed with wide local exci-
sion. Lesions in the lower third of the vagina would require
vulvovaginectomy in addition to dissection of inguinofemoral
node exenteration to achieve negative margins (13,15,21,40).
If the margins are found to be close or positive after resection,
adjuvant RT is recommended. However, for lesions at other
sites, and those cases requiring more extensive resection, defini-
tive RT is the treatment of choice since it offers excellent results
(19), with isolated central failures post-radiation being offered
exenteration (40).

Creasman et al. noted superior survival in those undergoing
surgery (4). However, they and Tjalma et al. (45) recognized
that there may be bias in surgical series, such that younger,
healthier patients with better performance status are more
likely to be offered radical surgery, whereas older patients with
multiple comorbid medical conditions are offered RT. 

Ball and Berman’s series (13) included 58 patients: 27 stage
I and 18 stage II disease. Twenty-seven patients were managed
primarily with surgery, with an overall 78% 5-year survival
rate, 84% in patients with stage I, and a 63% rate in those
with stage II disease, which is comparable to the results
reported by Perez et al. in their RT series (19). Rubin et al.
(40) reported 75 cases of vaginal cancer: 14 patients with
stage I and 35 patients with stage II. RT was the primary
modality used in this series; however, eight patients (five with
stage I and three with stage II) underwent primary surgery
with curative intent. Six of these eight patients survived 
5 years, and the local control rate for stage I patients was
80%. However, only one patient with stage II was a long-term
survivor. This surgical outcome compares unfavorably with
the remaining patients in whom RT was the primary modality.
In general, patients with lesions that could be encompassed by
radical vulvovaginectomy with or without hysterectomy did
better than those requiring exenteration. Rubin et al. (40)
advocated that exenteration should be reserved for those with
central failure after RT, or as primary therapy in those with
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disease not fixed to the bone. Davis et al. (24) reported on 
52 patients with cancer of the vagina treated with surgery
alone in a series that included 89 cases. In this nonrandomized
series, an 85% 5-year survival rate was achieved in stage I
patients compared to 65% in those treated with RT (24). Of
45 patients with stage II disease, 49% survived after surgery,
50% after RT, and 69% after surgery and RT.

The Peters et al. series (112) included 86 vaginal carcino-
mas, with an overall survival rate of 56%. Most were treated
with RT. However, 12 highly selected patients had surgery,
with a 75% survival rate. The investigators suggested that
vaginectomy with radical hysterectomy, if the uterus was still
in place, should be limited to those with superficial disease
because the closeness of the bladder and rectum limited the true
radicality of surgical approaches. Gallup et al. (15) reported 
28 cases, of which 57% were stage I-II lesions (only three
patients had stage II), and of these, 83% survived. Most
patients in this series received RT; however, all three patients
with stage I disease who were treated with surgery survived.
Extent of surgery and median follow-up were not stated.

In the largest single-institution series reported to date by
Stock et al. (21), of 100 patients with carcinoma of the vagina
(including 85 with SCC), a 47% 5-year survival rate was
achieved. In this series, 40 patients were treated with surgery
alone, 47 with radiation alone, and 13 with combination ther-
apy. Overall, 5-year survival was 47%. Survival for stage I
patients was 56% when treated with surgery versus 80% for
those who recieved RT, whereas for stage II patients, a 68% sur-
vival was seen versus a 31% survival in those who underwent
RT (21). The investigators acknowledged that the apparent sur-
gical superiority for stage II patients may have been due to selec-
tion bias in that those treated with RT alone were more likely to
have had stage IIB disease with extensive paracolpos involve-
ment, and those with lesser involvement were preferentially
offered surgery. Stock advocated RT for stage II patients with
extensive paracolpos. Stock et al. concluded that for upper-third
vault lesions, radical hysterectomy and pelvic lymphadenectomy
with upper vaginectomy should be offered to those with stage I
lesions, with a consideration for wide local excisions, and post-
operative RT for patients with small lesions. If there was exten-
sion to the paracolpos, RT should be recommended; however, in
very well-selected patients, there might be a role for surgery (21).

Tjalma et al. reported on 55 cases of SCC of the vagina,
including 27 cases with stage I and 12 with stage II disease, with
a median follow-up of 45 months (45). Of the 27 cases with
stage I disease, 26 underwent surgery, and 4 of them received
some form of postoperative RT. A 91% 5-year survival rate was
achieved for stage I disease. Surgery was a part of the primary
management for 6 of the 12 patients with stage II disease. In the
multviariate analysis, age and lesion size were the only prognostic
factors. Tjalma et al. concluded that surgery should be considered
part of the therapeutic approach for stage I and minimal stage II
disease (45). However, as Stock et al. suggested (21), and later
Creasman et al. (4) and Tjalma et al. (45) concurred, such appar-
ent improvement in small surgical series may be secondary to a
selection bias such as patients with better performance status
and smaller lesions are selected for surgery, whereas older
patients with more comorbid medical conditions and larger
stage I-II lesions undergo RT.

While several series have reported on primary surgical
approaches, including exenterations for patients with advanced
stage III-IV SCC, achieving control rates as high as 50% for
highly selected patients (13,15,21,40), the number of patients
treated in any single series is so small that in modern practice,
primary exenteration for advanced disease would not be recom-
mended as the preferred approach (127). Therefore, advanced-
stage patients should receive definitive RT, probably in
combination with concurrent chemotherapy, although the role
of combined modality therapy is unknown.

With regard to the surgical technique, if a complete
vaginectomy is to be undertaken, most experts have suggested
a combined abdominoperineal approach, with the perineal
incision in the pubocervicovesical fascia made beneath the
urethra and above the rectum so as to avoid the hemorrhoidal
plexus. Some have suggested that the perineal incision can be
made before or after the abdominal incision to perform the
radical abdominal resection. However, we would favor per-
forming the abdominal incision, first mobilizing the bladder,
urethra, and rectum down to the perineum, and dividing the
paracolpos at the side wall, mobilizing the ureters, and har-
vesting the nodes such that if unresectable disease is found, the
patient would be spared a perineal incision. Given the large
defect that is left after surgical resection, placement of a gra-
cilis myocutaneous flap allows not only coverage of the defect,
but may serve as a neovagina in the sexually active woman
(143,144). Alternatively, two new techniques have been
described with excellent results. Vaginal reconstruction can be
performed with the use of vicryl mesh combined with a pedi-
cled omental graftor with a deep inferior epigastric perforator
flap. Both techniques have been shown to be effective, and
when performed at the time of pelvic exenteration, carry the
additional benefit of avoiding an additional surgical incision,
as required for creation of a gracilis flap. Long-term follow-up
has been favorable for the former, while only preliminary data
is available for the latter (145,146). 

Radiation Therapy Techniques and Outcome 

Stage I. In patients with stage I lesions, usually 0.5 to 1 cm
thick, that may involve one or more vaginal walls, it is impor-
tant to individualize radiation therapy techniques to obtain
optimal functional results. Most investigators emphasize that
brachytherapy alone is adequate for superficial stage I patients.
Superficial lesions can be adequately treated with ICB alone
using afterloading vaginal cylinders. The entire length of the
vagina is generally treated to a mucosal dose of 60 Gy, and an
additional mucosal dose of 20 to 30 Gy is delivered to the area
of tumor involvement (134). For lesions thicker than 0.5 cm at
the time of implantation, it is advisable to combine ICB and
ITB with a single-plane implant to increase the depth dose and
limit excessive irradiation to the vaginal mucosa. With LDR-
ICB a dose of 60 to 65 Gy is delivered to the entire vaginal
mucosa; the dose to 0.5 cm depth from the ICB should be cal-
culated; an additional 15 to 20 Gy at a depth of 0.5 cm beyond
the plane of the implant will be delivered with the ITB such that
the base of the tumor receives between 65 and 70 Gy, with the
involved vaginal mucosa receiving an estimated 80 to 100 Gy.
The proximal and distal vaginal mucosal doses should be limited
to 140 and 100 Gy, respectively (134).

There are no well-established criteria regarding the use of
external beam RT (EBRT) in patients with stage I disease. Perez
et al. (19,42) did not find a significant correlation between the
technique of irradiation used and the probability of local or
pelvic recurrence, probably since the treatment technique varied
based on tumor-related factors. There is general consensus that
EBRT is advisable for larger, more infiltrating or poorly differ-
entiated tumors that may have a higher risk of lymph node
metastasis. The whole pelvis is treated with 10 to 20 Gy; an
additional parametrial dose should be delivered with a midline
block (five half-value layer [HVL]) to give a total of 45 to 50 Gy
to the parametria and pelvic side walls. Chyle et al. (14) recom-
mended EBRT in addition to brachytherapy for stage I disease
to cover at least the paravaginal nodes, and, in larger lesions, to
cover the external and internal iliac nodes. Ninety-five percent
to 100% local control has been achieved with intracavitary and
interstitial techniques, with 5-year survival for patients with
stage I disease treated with RT alone ranging from 70% to 95%
(Table 21.4) (18,19,21,23,121,147). 
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Stage II. Patients with stage IIA tumors have more
advanced paravaginal disease without extensive parametrial
infiltration. These patients are uniformly treated with EBRT
followed by ICB and/or ITB. Generally, the whole pelvis
receives 20 Gy followed by an additional parametrial dose
with a midline 2- to 4-cm-wide (five HVL) block, depending
on the width of the implant, to deliver a total of 45 to 50 Gy
to the pelvic side walls. A combination of LDR-ICB or LDR-
ITB may be used to deliver a minimum of 50 to 60 Gy 0.5 cm
beyond the deep margin of the tumor (in addition to the whole
pelvis dose, to a total tumor dose of 70 to 80 Gy). Double-
plane or volume implants may be necessary for more extensive
disease. Perez et al. (42) showed that in stage IIA, the local
tumor control was 70% (37 of 53) in patients receiving
brachytherapy combined with EBRT, compared with 40% (4
of 10) in patients treated with either brachytherapy or EBRT
alone. The superiority of the combination of EBRT and
brachytherapy over EBRT or brachytherapy alone has been
shown as well in other series (14,21,120). 

Patients with stage IIB, with more extensive parametrial
infiltration, will receive 40 to 50 Gy whole pelvis and 55 to

60 Gy total parametrial dose (with midline shielding). An addi-
tional boost of 30 to 35 Gy will be given with LDR interstitial
and intracavitary brachytherapy, to deliver a total tumor dose
of 75 to 80 Gy to the vaginal tumor (14,20,42,120) and 65 Gy
to parametrial and paravaginal extensions. The pelvic side
wall dose should be kept below 60 Gy (including the contri-
butions of EBRT and brachytherapy). Patients with lesions
limited to the upper third of the vagina can be treated with an
intrauterine tandem and vaginal ovoids or cylinders. The
local-regional control in patients with stage IIB in the Perez et
al. series (42) was also superior with combined EBRT and
brachytherapy (61% vs 50%, respectively). 

The 5-year survival for patients with stage II disease treated
with RT alone ranges between 35% and 70% for stage IIA,
and 35% and 60% for stage IIB. The results of several series
published in the literature using different treatment approaches
for stage I and II vaginal cancer are shown in Table 21.4
(4,13,14,16,21,23,24,40,45,121,147).

Stage III-IVA. Generally, patients with stage III and IVA
disease will receive 45 to 50 Gy EBRT to the pelvis, and in
some cases, additional parametrial dose with midline shielding
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FIGO STAGE I-II VAGINAL CANCER: TREATMENT APPROACH AND RESULTS

TA B L E  2 1 . 4

Treatment modality, authors No. of patients Outcome—survival

IRRADIATION �/� SURGERY
Chyle et al. (14) 59 St I 10 years, 76%

104 St II 10 years, 69%
Creasman et al. (NCDB) (4) 169 St I 5-year survival: 73%; 79% S�RT (47),

175 St II 63% RT (122)
5-year survival: 58%; 58% S�RT (39),

57% RT (136)
Davis et al. (24) 19 St I 5-year survival: 100% S�RT (5), 65% 

18 St II RT (14)
5-year survival: 69% S�RT (9), 50% 

RT (9)
Kirkbride et al. (16) 40 St I 5 years, 72%

38 St II 5 years, 70%
Kucera and Vavra (121) 16 St I 5 years, 81%

23 St II 5 years, 43.5%
Perez et al. (42) 59 St I 10 years, 80%

63 St IIA 10 years, 55%
34 St IIB 10 years, 35%

Stock et al. (21) 8 St I 5 years: 100% S�RT, 80% RT
35 St II 5 years: 69% S�RT, 31% RT

Urbanski et al. (23) 33 St I 5 years, 73%
37 St II 5 years, 54%

Frank et al. (147) 50 St I 5-year DSS, 85%
97 St II 5-year DSS, 78%

5-year survival

RADICAL SURGERY
Ball and Berman (13) 19 St I 84%

8 St II 63%
Creasman et al. (NCDB) (4) 76 St I 90%

34 St II 70%
Davis et al. (24) 25 St I 85%

27 St II 49%
Rubin et al. (40) 5 St I 80%

3 St II 33%
Stock et al. (21) 17 St I 56%

23 St II 68%
Tjalma et al. (45) 26a 91%

Note: DSS, disease-specific survival; NCDB, National Cancer Data Base; RT, radiotherapy; S, surgery; St, stage. 
aFour patients received adjuvant irradiation.
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to deliver up to 60 Gy to the pelvic side walls. Ideally, ITB
brachytherapy boost is performed, if technically feasible, to
deliver a minimum tumor dose of 75 to 80 Gy. If brachytherapy
is not feasible, a shrinking-field technique can be used, with
fields defined using the three-dimensional treatment planning
capabilities to deliver a tumor dose around 65 to 70 Gy. An
alternative approach is intensity modulated RT (IMRT) using
multiple beams of varying intensity that conform the high-dose
region to the shape of the target tissues, with more adequate
sparing of the surrounding normal tissues, primarily the blad-
der, rectum, and small bowel (148,149). 

Boronow et al. (127) proposed an alternative to exentera-
tive procedure for locally advanced vulvovaginal carcinoma,
using RT to treat the pelvic disease and a radical vulvectomy
with bilateral inguinal node dissection to treat the vulvar
extension of the tumor. External irradiation to the pelvis and
inguinal nodes consisted of 45 to 50 Gy, combined with LDR
intracavitary insertions to deliver maximal doses of 80 to 85
Gy to the vaginal mucosa with both modalities.

The overall cure rate for patients with stage III disease is
30% to 50%. Stage IVA includes patients with rectal or blad-
der mucosa involvement, or in most series, positive inguinal
nodes. Although some patients with stage IVA disease are cur-
able, many patients are treated palliatively with EBRT only.
Pelvic exenteration can also be curative in highly selected stage
IV patients with small-volume central disease. Table 21.5
(4,13,14,16,21,23,40,42,121,147) shows the treatment results
with different therapeutic modalities, including four series
that reported the use of primary surgery in highly selected
patients with advanced disease. However, each of these series
reported a far greater number of patients with similar stage
disease treated with RT, which represents the preferred
approach in contemporary practice (19,56).

External Beam Radiotherapy

EBRT is advisable in patients with deeply infiltrating or
poorly differentiated stage I lesions and in all patients with

stages II to IVA disease. The treatment is generally delivered
using opposed anterior and posterior fields (AP/PA). The
pelvis receives between 20 and 45 Gy depending on the stage
of the disease. This will be followed, in some cases, by bilat-
eral pelvic sidewall boosts to 50 to 55 Gy. High-energy pho-
tons (�10 MV) are usually preferred. CT simulation is highly
encouraged since it allows a more accurate delineation of the
regional lymph node areas, rather than relying on pelvic bony
anatomy (150). Treatment portals cover at least the true pelvis
with 1.5- to 2.0-cm margin beyond the pelvic rim. Superiorly,
the field extends to either L4-5 or L5-S1 to cover the pelvic
lymph nodes up to the common iliacs, and extends distally to
the introitus to include the entire vagina. Lateral fields, if
used, should extend anteriorly to adequately include the exter-
nal iliac nodes, anterior to the pubic symphysis, and at least to
the junction of S2-3 posteriorly.

In patients with tumors involving the middle and lower vagina
with clinically negative groins, the bilateral inguinofemoral
lymph node regions should be treated electively to 45 to 50 Gy
(42). Planning CT is recommended to adequately determine the
depth of the inguinofemoral nodes. A number of techniques
have been used to treat the areas at risk without overtreating the
femoral necks. Some of the most commonly used techniques
include the use of unequal loading (2:1, AP/PA), a combination
of low- and high-energy photons (4 to 6 MV, AP; and 15 to 18
MV, PA), or equally weighted beams with a transmission block
in the central AP field, utilizing small AP photon or electron
beams to deliver a daily boost to the inguinofemoral nodes
(151). A technique has been developed and implemented at
Indiana University that uses a narrow PA field to treat the pelvis
and a wider AP field encompassing the pelvis and inguinofemoral
nodes, with daily AP photon boost to the inguinal nodes being
delivered using the asymmetric collimator jaws (152). Advantages
of this technique include simplicity of setup and treatment (single
isocenter, no need for transmission block), dose homogeneity,
reduced dose to the femoral necks, low potential risk of nodal
underdose, and elimination of dosimetric difficulties inherent in
electron boosts (Fig. 21.5).
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FIGO STAGE III-IV VAGINAL CANCER OUTCOME WITH RADIATION THERAPY
WITH/WITHOUT SURGERY

TA B L E  2 1 . 5

Treatment modality, authors No. of patients Outcome—survival

IRRADIATION �/� SURGERY
Chyle et al. (14) 55 St III 10 years, 47%

16 St IV 10 years, 27%
Creasman et al. (NCDB) (4) 180 St III-IV 5-year survival: 36%; 60% S�RT (36),

35% RT (144)
Kirkbride et al. (16) 42a St III-IV 5 years, 53%
Kucera and Vavra (121) 46 St III 5 years, 35%

19 St IVA 5 years, 32%
Perez et al. (42) 20 St III 10 years, 38%

15 St IV 0%
Stock et al. (21) 9 St III 5 years, 0%

8 St IV 0%
Urbanski et al. (23) 40 St III 5 years, 22.5%

15 St IVA 0%
Frank et al. (147) 46 St III-IVA 5-year DSS, 58%

RADICAL SURGERY 5-YEAR SURVIVAL
Ball and Berman (13) 2 St III 50%
Creasman et al. (NCDB) (4) 21 St III-IV 47%
Rubin et al. (40) 2 St III 50%

Note: DSS, disease-specific survival; NCDB, National Cancer Data Base; RT, radiotherapy; S, surgery; St, stage.
a
Twenty patients with St III-IV were treated with chemotherapy (5-FU �/� mitomycin C) and radiotherapy.
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B

FIGURE 21.5. (See color plate section.) Vaginal cancer with distal-third vaginal involvement—squamous
cell carcinoma. Technique for pelvic and inguinofemoral nodal irradiation. A: Digital reconstructed
radiographs (DRRs) AP/PA and daily right and left inquinofemoral photon boost. B: Axial, sagittal, and
coronal isodose distributions.
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For patients with positive pelvic nodes or those patients
with advanced disease not amenable to interstitial implant,
additional boost to the areas of gross disease, as defined by
CT scan, should be given using conformal therapy to deliver a
total dose between 65 and 70 Gy, when feasible, with high-
energy photons. Boost to the areas of gross nodal disease, as
defined by CT scan, should be given using small fields (similar
to the parametrial boost with midline shielding) to deliver a
total dose between 60 and 65 Gy with high-energy photons. In
patients with clinically palpable inguinal nodes, additional
doses of 15 to 20 Gy (calculated at a depth determined by CT
scan) are necessary with reduced portals. This is generally
achieved by using low-energy photons or electron beam (12 to
18 MeV). IMRT techniques are now available to deliver

higher doses to the gross disease while reducing the dose to the
bladder and rectum (Fig. 21.6) (148,149).

Overall treatment time (7 to 9 weeks) has been found to be a
significant treatment factor predicting tumor control (111,153),
although this has not been universally recognized (42).

Low-Dose-Rate Intracavitary Brachytherapy

VAIN and small T1 lesions with less than a 0.5-cm depth can
be adequately treated with intracavitary brachytherapy (ICB)
alone. Low-dose-rate (LDR)-ICB is performed using vaginal
cylinders such as Burnett, Bloedorn, Delclos (154), or MIRALVA
(Nucletron Veenendaal, the Netherlands) (155,156) loaded
with cesium 137 (137Cs) radioactive sources. Choo et al. (157)
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Axial Sagittal Coronal
A

B

FIGURE 21.6. (See color plate section.) Intensity modulated radiotherapy (IMRT) in vaginal cancer. 
A: Axial, sagittal, and coronal reconstructions of the gross tumor volume (GTV). B: Beam arrangement,
IMRT plan. (Continued.)
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evaluated the depth distribution of lymphatics lying beneath
the mucosal surface of the vagina in 31 patients who under-
went full-thickness vaginal biopsy or resection for benign or
malignant lesions. In their series, 95% of vaginal lymphatic
channels were located within a 3 mm depth from the vaginal
surface, confirming the adequacy of prescribing the dose to a
depth of 5 mm for superficially invasive lesions (157). 

It is recommended that the largest possible diameter that
can be comfortably accommodated by the patient should be
used to improve the ratio of mucosa to tumor dose, and elim-
inate vaginal rugations. In general, the vulva is sutured closed
for the duration of the implant in order to secure the position
of the applicators. Perez et al. (155,156) designed and con-
structed a vaginal applicator, MIRALVA, that incorporates two
ovoid sources and a central tandem that can be used to treat the
entire vagina (alone or in combination with the uterine cervix).

In patients with upper vagina lesions with less than a 0.5 cm
depth of invasion, vaginal colpostats alone (after hysterec-
tomy) or in combination with intrauterine tandem, loaded
with 137Cs sources similar to that used in treatment of cervical
cancer, can be used to treat the proximal vagina to a minimum
dose of 65 to 70 Gy, estimated to 0.5 cm depth, including the
contribution of EBRT if given. When indicated, the remainder
of the vagina can be treated by performing a subsequent
implant using vaginal cylinders (generally 50 to 60 Gy pre-
scribed to the vaginal surface). It is important to avoid the
placement of a protruding source over the vulva, with the sub-
sequent increased risk of complications. When appropriate
dose specification points are chosen, a very uniform dose dis-
tribution over the entire length of the vagina can be obtained.

The use of LDR remote control afterloading technology
allows the reduction of radiation exposure to hospital person-
nel and optimization of the isodose distribution.

High-Dose-Rate Intracavitary Brachytherapy

The International Commission of Radiation Units (ICRU)
defines HDR brachytherapy as exceeding 12 Gy/h (42). High-
dose-rate intracavitary brachytherapy (HDR-ICB) is typically
performed with a 10 Ci single iridium-192 (192Ir) source
(Micro-Selectron HDR, Nucletron). The applicators are similar
to those described for LDR. Little information regarding
HDR-ICB in the treatment of primary carcinoma of the
vagina is available (22,158). Fewer patients have been treated
compared with LDR-ICB, follow-up for most series is short,
publication bias is likely, and there is no agreement on treat-
ment regimen. Generally, the number of insertions ranges
from one to six (median three), with the dose per fraction
ranging from 300 to 800 cGy (median 700 cGy).

Nanavati et al. (158) reported 13 patients with primary
vaginal cancer treated with external beam RT (45 Gy) and
HDR-ICB. All 13 patients had a complete response, and local
control was achieved in 92% of the patients with a median
follow-up of only 2.6 years (range 0.7 to 5.2 years). The inves-
tigators did not observe any acute or chronic intestinal or
bladder grade 3 or 4 toxicity. However, moderate to severe
vaginal stenosis occurred in 46% of the patients. They recog-
nize that “late-occurring toxicity could be missed at a medium
follow-up of 2.6 years.” Kucera et al. (159) reported on 190
patients with invasive carcinoma of the vagina. Eighty were
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FIGURE 21.6. C: (See color plate section.) Isodose distribution, IMRT plan.
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treated with intracavitary HDR-ICB with or without EBRT.
These patients are compared with a historical group of 110
patients treated with intracavitary LDR brachytherapy with
or without EBRT. No significant differences were found for
stages, tumor grade, or location between the two groups. The
crude 5-year survival rates for all patients were 41% in the
LDR group, 81% in stage I, and 43% in stage II. Overall actu-
arial 3-year survival and disease-specific survival rates for all
patients in the HDR series were 51% and 66%, respectively.
Disease-specific 3-year survival rates were 83% in stage I and
66% in stage II. There were no significant differences in local
and distant recurrences between the treatment modalities.
Complications analysis showed no significant differences
between the HDR and LDR series. Similar results were pub-
lished by Mock et al. (142) in 86 patients treated with HDR-
ICB alone or in combination with EBRT with fairly good
toxicity profile. However, Kushner et al. (160) reported on 
19 patients with vaginal cancer treated with different combina-
tions of EBRT and intracavitary and interstitial HDR
brachytherapy, with a low 39.3% 2-year progression-free sur-
vival and 15.8% serious late complications including ureteral
stenosis, painful vaginal necrosis, and small bowel obstruction.

Many aspects remain unknown or not well understood in the
use of HDR-ICB in vaginal cancer treatment. These include the
radiobiologic equivalency of HDR to LDR, fractionation sched-
ule, total dose, specification of dose prescription, and how to
combine HDR with EBRT and/or LDR brachytherapy. In addi-
tion, optimization approaches and methods of dose calculation,
such as the inclusion of anisotropic corrections, are not well
described in the sparse literature available to date (161,162).
These factors could result in an increased incidence of severe
complications, such as vaginal necrosis and rectovaginal or vesi-
covaginal fistulas (160,163,164). In our opinion, until further
data are available with longer follow-up, as well as a better
understanding of the physical and radiobiologic principles
involved in HDR-ICB, its use should be cautiously considered in
the radiotherapeutic management of primary vaginal carcinoma. 

Interstitial Brachytherapy
Interstitial brachytherapy (ITB) is an important component in
the treatment of more advanced primary vaginal carcinomas,
typically in combination with EBRT and/or ICB. In the first
place, a careful definition of the “target volume,” which is the
gross tumor volume (based on clinical, radiologic, and opera-
tive findings) and a margin of adjoining normal tissue, is
required. Other considerations include whether a permanent
(198Au or 125I) or temporary implant (192Ir) is optimal, the geom-
etry of the implant (e.g., single or double plane or volume
implant), source distribution, dose rate, and total dose, based
upon tumor size, location, local extent, and proximity of nor-
mal structures (165). The principal advantages of temporary
implants are readily controlled distribution of the radioactive
sources and easier modification of the dose distribution. The
main advantages of a permanent seed implant include relative
safety/simplicity, easy applicability, cost-effectiveness, and abil-
ity, in most cases, to be performed using local anesthesia. As a
general rule, temporary implants are more commonly used in
the curative treatment of larger gynecologic malignancies,
whereas permanent implants are usually performed for smaller
volume disease. When performing an interstitial procedure,
freehand implants or template systems designed to assist in
preplanning and to guide and secure the position of the needles
in the target volume can be employed. Commercially available
templates include the Syed-Neblett device (SNIT) (Alpha
Omega Services, Bellflower, California, USA) (166), the modi-
fied Syed-Neblett (167), and the “MUPIT” (Martinez Universal
Perineal Interstitial Template) (168). These templates generally
consist of a perineal template, vaginal obturator, and 17-gauge

hollow guides of various lengths that can be afterloaded with
192Ir sources. The vaginal obturator is centrally drilled so that it
can allow the placement of a tandem to be loaded with 137Cs
sources. This makes it possible to combine an interstitial and
intracavitary application simultaneously (Fig. 21.7). The major
advantage of these systems is greater control of the placement
of the sources relative to tumor volume and critical structures
owing to the fixed geometry provided by the template. In addi-
tion, improved dose-rate distributions are obtained by means of
computer-assisted optimization of the source placement and
strength during the planning and loading phase.

Owing to the inaccuracies of pelvic examination and close
proximity of the rectum and bladder to the target volume,
there exists a serious risk of either underdosing the target vol-
ume or causing bladder and rectal morbidity. In order to
improve the accuracy of target localization and needle place-
ment, several investigators have explored performing ITB
under transrectal ultrasound (TRUS) (169), CT, MRI-planned
implants with endorectal coil (170), laparotomy, and laparo-
scopic guidance (167–173). An open retropubic approach
allows direct visualization of the bladder and urethra during
interstitial implantation of anterior vaginal malignancies and
facilitates negotiation of the pubic arch. Paley et al. (173)
described a technique using an open retropubic approach for
Syed template interstitial implants in anterior vaginal tumors
under direct visualization. 

Tewari et al. (174) described results in 71 patients who
underwent ITB with (61 patients) or without (10 patients)
EBRT. Patients included those with stage I (10 patients), Perez
modification stage IIA (14 patients), Perez modification stage IIB
(25 patients), stage III (15 patients), and stage IV (7 patients)
disease. Each implant delivered a total tumor dose reaching 
80 Gy integrated with EBRT. Local control was achieved in 
53 patients (75%). With a median follow-up of 66 months the
5- and 10-year actuarial disease-free survival rates were both
58%. By stage, 5-year disease-free survival rates included
stage I, 100%; stage IIA, 60%; stage IIB, 61%; stage III, 30%;
and stage IV, 0%. Stage and primary lesion size independently
influenced the survival rates. Significant complications
occurred in nine patients (13%) including necrosis (n � 4), fis-
tulas (n � 4), and small bowel obstruction (n � 1).

Stryker (175) treated 40 patients with vaginal carcinoma; 14
had a history of prior hysterectomy. There were four treatment
groups: EBRT and intracavitary brachytherapy (group WPIC, 
n � 15), EBRT and interstitial brachytherapy (group WPIS, n �
10), EBRT alone (group WP, n � 7), and brachytherapy alone
(group BA, n � 2).The 5-year disease-specific survival rates
were 68% for 28 patients with squamous cell carcinoma and
50% for six patients with adenocarcinoma. The 5-year survival
rates were 78% for stage I disease, 63% for stage II, 33% for
stage III, and 50% for stage IV (P � 0.2). Local failure occurred
in two patients (13%) in the WPIC group, two (20%) in WPIS,
three (43%) in WP, and one (50%) in BA. Nine patients (26%)
had late small/large intestine or bladder morbidity. Vaginal
morbidity occurred in 15 patients (44%). 

Role of Chemotherapy and Radiation

The control rate in the pelvis for stage III-IV patients is rela-
tively low, and about 70% to 80% of the patients have persis-
tent disease or recurrent disease in the pelvis in spite of high
doses of EBRT and brachytherapy. Failure in distant sites does
occur in about 25% to 30% of the patients with locally
advanced tumors, which is much less than pelvic recurrences.
Therefore, there is a need for better approaches to the man-
agement of advanced disease such as the use of concomitant
chemoradiotherapy. Agents such as 5-FU, mitomycin-C, and
cisplatin have shown promise when combined with RT, with
complete response rates as high as 60% to 85% (176,177),
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but long-term results of such therapy have been variable. In
these small studies, many of the patients had advanced (stage
III) disease at the initiation of combined-modality therapy,
perhaps explaining the lack of long-term disease control. 

Evans et al. (176) found no local recurrences, however,
among patients achieving a complete response with RT and 
5-FU plus mitomycin C (12 of 25 patients), with a median
follow-up period of 28 months, suggesting that local control
may be improved with combined-modality therapy since local
failure is common with radiation alone in large-volume pelvic
disease. The survival for the entire population was 56% (66%
for patients with primary vaginal cancer). Only two patients
had severe complications, although the investigators recognize
that longer follow-up is probably required to assess the true

incidence of late effects. More sobering are the data from
Roberts et al. (177), who reported 67 patients with advanced
cancers of the vagina, cervix, and vulva treated with concur-
rent 5-FU, cisplatin, and RT. Although 85% experienced a
complete response, 61% of the cancers recurred, with a
median time to recurrence of only 6 months and an overall
survival at 5 years of 22%. Further, 9 of 67 patients (13%)
developed severe late complications, of which 8 required
surgeries. 

Kersh et al. (178) reported that five of eight vaginal can-
cer patients achieved local control with combined modality
therapy. Dalrymple et al. (179) recently published a small
study including 14 patients, primarily stages I and II SCC of
the vagina, treated with reduced doses of RT (median 63 Gy)
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FIGURE 21.7. (See color plate section.) Interstitial plus endocavitary brachytherapy in a patient with
vaginal cancer. A. Applicators in place. B. Oblique implant films.
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FIGURE 21.7. C: (See color plate section.) Dose Distribution. 

concurrently with different 5-FU–based chemotherapeutic reg-
imens. They reported a 93% control rate (four patients died of
intercurrent disease with no evidence of tumor), probably
reflecting a more favorable stage distribution. Interestingly,
none of the patients required interstitial implants and no
patients developed fistulas. The authors indicate that this
approach, similar to the one used in the management of anal
and vulvar cancer, would allow reducing the RT dose with the
subsequent improvement in organ function and late toxicity. 

Studies of primary chemoradiation in primary vaginal can-
cer are small or heterogeneous populations including cervical
and vulvar cancers, making it difficult to truly assess the role of
combined-modality therapy in the management of locally
advanced disease. No randomized trials comparing radiation
with or without chemotherapy have been reported. Further
investigation is needed to determine the therapeutic efficacy of
the concurrent chemoradiotherapeutic and the optimal
chemotherapeutic regimen. Recently published data on locally
advanced cervical cancer have demonstrated an advantage in
locoregional control, overall survival, and disease-free survival
for patients receiving cisplatin-based chemotherapy concur-
rently with RT (180–183). The only drug common to all the
studies was cisplatin, suggesting it may be the only agent
needed to improve radiation sensitivity. Based on these data, as
well as data on locoregionally advanced vulvar cancer (184),
consideration should be given to a similar approach in patients
with advanced vaginal cancer. Randomized trials comparing
radiation therapy alone to chemoradiation therapy, however,
are unlikely because of small patient numbers.

PATTERNS OF FAILURE IN
SQUAMOUS CELL CARCINOMA 

At least 85% of patients who recur will have a component of
locoregional failure, and the vast majority of these recurrences
will be confined to the pelvis and vagina. The rate of locore-
gional recurrence in stage I is approximately 10% to 20% ver-
sus 30% to 40% in stage II. The pelvic control rate for
patients with stage III and stage IV is relatively low and about
50% to 70% of the patients have recurrences or persistence in
spite of well-designed RT. The median time to recurrence is 6
to 12 months. Tumor recurrence is associated with a dismal
prognosis, with only a few long-term survivors after salvage
therapy (185). Failure in distant sites alone or associated with
locoregional failure does occur in about 25% to 40% of
patients with locally advanced tumors (Table 21.6) (61,62,67,
68,91,101,147,185).

It is important to recognize that analysis of RT doses and
techniques and their impact on local/pelvic tumor control are
fraught with difficulty since the available data are retrospec-
tive and not the result of prospective randomized or dose esca-
lation studies. Andersen (12) has shown that the combination
of EBRT and brachytherapy and tumor dose over 70 Gy were
associated with improved local control. In the Stanford expe-
rience (20), earlier stage and higher RT dose had a positive
influence on survival. Nine of 16 patients receiving �75 Gy
had recurrent disease versus 3 of 22 receiving �75 Gy. Larger
series have not found a significant impact of the RT dose and
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recurrence rate, probably because larger tumors received
higher EBRT and brachytherapy doses (14,42). The M. D.
Anderson series (147) did not find dose lower than or greater
than 75 Gy to be associated with improved pelvic control or
disease-specific survival, the only two statistically significant
factors being the stage of the disease and the size of the tumor
over 4 cm. 

Perez et al. (19,42) observed increased tumor control in
patients with stages IIA to IVA with EBRT and brachytherapy
compared to patients receiving brachytherapy alone. In
patients with stage I disease, no correlation was found
between the technique of RT used and the incidence of local
or pelvic recurrences. In addition, they suggested that doses in
the range of 70 to 75 Gy to the primary tumor volume and 55
and 65 Gy to the medial parametria for patients with more
advanced disease are necessary to optimize tumor and pelvic
control. Furthermore, of 100 patients with primary tumors
involving the upper and middle third of the vagina who
received no elective irradiation to the groins, none developed
metastatic inguinofemoral lymph nodes, which is in contrast
to 3 of 29 (10%) patients with lower-third primaries and 1 of
20 patients with tumors involving the entire length of the
vagina. Of seven patients with initially palpable inguinal
lymph nodes treated with doses to around 60 Gy, only one
developed a nodal recurrence. The investigators recommended
that elective RT of the inguinal lymph nodes should be carried
out only in patients with primary tumors involving the lower
third of the vagina. Similar results were published by Stock et
al. (21) and Stryker (175). Lee et al. (111) identified overall
treatment time as the most significant treatment factor pre-
dicting pelvic tumor control in 65 patients with carcinomas of
the vagina treated with definitive RT. If the entire course of
RT, including EBRT and brachytherapy, was completed within
9 weeks, pelvic tumor control was 97% in contrast to only
57% when treatment time extended beyond 9 weeks (P � 0.01).
Conversely, Perez et al. (42) did not find a significant impact
of prolongation of treatment time on pelvic tumor control.
Nevertheless, these investigators advocate completion of treat-
ment within 7 to 9 weeks.

TREATMENT COMPLICATIONS
AND THEIR MANAGEMENT

The anatomic location of the vagina places the lower gastroin-
testinal and genitourinary tracts at greatest risk for complica-
tions after surgery or RT. Although in most of the retrospective
series, the investigators comment on the nature of the complica-
tions encountered, little information is typically given regarding
their prevention or manangement (13,15,21,40,112,124). In
modern oncology, survival rate is the primary endpoint in treat-
ment evaluation, but the analysis of treatment complications
and quality of life is of crucial importance. The knowledge of
common acute and late complications with standard RT and
consideration of risk factors may improve the therapeutic ratio
of RT for gynecologic malignancies in general, and for vaginal
cancer in particular (186).

The acute and chronic pathophysiology of vaginal RT has
been well described by Grigsby et al. (187). As an immediate
response to high-dose RT, there is loss of most or all of the vagi-
nal epithelium, especially in areas in proximity to brachyther-
apy sources. Clinically, the severity of the acute effects (edema,
erythema, moist desquamation, and confluent mucositis with or
without ulceration) varies in intensity and duration depending
upon patient age, hormonal status, tumor size, stage, RT dose,
and personal hygiene. These effects usually resolve within 2 to 3
months after completion of therapy. In some patients, there is
progressive vascular damage with subsequent ulcer formation
and mucosal necrosis, which may require up to 8 months for
healing. Chemotherapy concurrently with RT enhances the
acute mucosal response to both EBRT and brachytherapy. The
effects of chemotherapy on the incidence of late complications,
if any, are unclear. Over time, most patients will develop some
degree of vaginal atrophy, fibrosis, and stenosis. Telangiectasis
is commonly seen in the vagina. Vaginal narrowing or shortening,
paravaginal fibrosis, loss of elasticity, and reduced lubrication
often result in dyspareunia. More severe complications include
necrosis with ulceration that can progress to fistula formation
(rectovaginal, vesicovaginal, urethrovaginal).
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PATTERNS OF FAILURE-SCC VAGINA

TA B L E  2 1 . 6

No. of Percent of Local-regional Distant 
Authors patients recurrence recurrence recurrence Local � distant

Chyle et al. (14) 301 35% 21% 11% 3%
Davis et al. (24) 89 St I (23%) 18% 5% Not shown

St II (36%) 16% 20%
Kirkbride et al. (16) 153 42% 32% 7% 3%
Kucera and Vavra (121) 110 24.5% 21% 4% 0.5%
Perez et al. (42) 212 St 0 (5%) 5% 0 0

St I (22%) 8% 8% 5%
St IIA (47%) 17% 13% 17%
St IIB (71%) 15% 26% 29%
St III (55%) 5% 20% 30%
St IVA (73%) 27% 0 47%
Total: 42% 13% 12% 17%

Tabata et al. (185) 51 St 0-II (36%) 36% 0% Not shown
St III-IV (92%) 50% 42%

Urbanski et al. (23) 125 53% 41% 8% 4%
Frank et al. (147) 193 25% 12% 7% 13%

Note: St, stage.
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The RT tolerance limits of the entire vagina are ill defined
given the variety of techniques employed for the treatment of
vaginal cancers. An irradiation tolerance level of the proximal
vagina was suggested by Hintz et al. (188) based on a study of
16 patients whom received a maximum surface dose of 140 Gy,
none of who developed severe complications or necrosis of the
upper vagina. Based on their previous observation of a patient
who developed a vesicovaginal fistula after receiving a 150-Gy
mucosal dose to the anterior vaginal wall, they recommended
a tolerance dose level of 150 Gy (direct summation of EBRT
dose and ICB) to the anterior upper vaginal mucosa. They
advocated dose rates of �0.8 Gy/h. These authors cautioned
against placing radioactive needles on the surface of the vagi-
nal cylinder because this may increase the frequency of vaginal
necrosis. They also recommended keeping the total dose to the
distal vagina less than 98 Gy. In addition, it was also observed
that the posterior wall of the vagina is more prone to radiation
injury than the anterior or lateral walls, and that the dose
should be kept below 80 Gy in order to minimize the risk of
rectovaginal fistula. Rubin and Casarett (189) suggested that
the tolerance of the vaginal mucosa (Tolerance dose 5/5: 5%
necrosis within 5 years) is approximately 90 Gy for ulceration
and more than 100 Gy for fistula formation. This tolerance
limit has been specified as a direct summation of dosage given
by LDR-ICB and EBRT in the treatment of cervical cancer.
Within the low-dose-rate range, whether a correction for the
brachytherapy dose rate is necessary remains controversial. In
a more recent series from Washington University, the tradi-
tional LDR tolerance dose of 150 Gy to the mucosa of the
proximal vagina was shown to yield a nominal 11% and 4%
grades 1, 2, and 3 sequelae, respectively (190).

The incidence of grade 2 or higher complications has been
reported to be 15% to 25%, with the average of severe compli-
cations (those requiring surgery for correction or necessitating
hospitalization) being approximately 8% to 10%. Table 21.7
(56,61,62,67,79,91,92,101,147) shows the incidence of com-
plications greater than grade 2 in several large series of vaginal
cancer patients. Host factors that may increase the risk of
complications include prior pelvic surgery, pelvic inflamma-
tory disease, immunosuppression status, collagen vascular dis-
ease, low body weight, patient age, significant smoking
history, and comorbid illness (e.g., diabetes, hypertension, and
cardiovascular disease) (19,42,147).

Perez et al. (19) reported grade 2-3 complications in
approximately 5% of patients treated for stage 0 and I disease
and in approximately 15% of patients with stage II lesions. No

complications were reported in stage III and IV disease, proba-
bly because few patients lived long enough to manifest compli-
cations of treatment. The most common major complications
were proctitis (two), rectovesicovaginal fistula (three), and
vesicovaginal fistula (two). The most common minor compli-
cations were fibrosis of the vagina and small areas of mucosal
necrosis, which were noted in approximately 10% of patients.

Lee et al. (111) showed that the total dose to the primary
site was the most significant factor predicting the development
of a severe complication (9% in patients receiving �80 Gy as
compared with 25% in those receiving higher doses). Perez 
et al. (19) reported an increase in the rate of severe complica-
tions with higher clinical stage, probably reflecting the higher
doses delivered with EBRT and brachytherapy. 

Ball and Berman (13) reported on 58 patients with carci-
noma of the vagina, including 30 who underwent surgery.
There were four rectovaginal fistulae (one following RT and
three after exenterative surgery) and two vesicovaginal fistulae
(one following radical vaginectomy and the other following a
recurrence, being managed with cystectomy and diversion).
The single ureterovaginal fistula occurred after radical
vaginectomy and partial cystectomy and was managed with
ureteroneocystotomy. 

In the Peters et al. report (112) of 86 vaginal primaries,
there were two fistulae in the 57 patients who received pri-
mary RT. However, there was a 44% rate of fistula formation
in the nine patients who underwent re-irradiation after having
previously received RT for an earlier cancer. Rubin et al. (40)
reported a 23% incidence of complications after RT, including
a 13% rate of fistula formation and a 10% rate of cystitis/
proctitis. Although two patients developed fistulae following
combination therapy, the investigators did not think that the
rate of complications following combination therapy was
greater than that seen following RT alone.

In the Stock et al. series (21) of 100 patients with vaginal
carcinoma, there was a 16% actuarial complication rate at 10
years. All patients undergoing vaginectomies or exenterations
lost vaginal function. None of the patients was offered vaginal
reconstruction in this series. The investigators emphasized
that therapeutic options need to be individualized such that
surgery is offered only to those most likely to benefit and least
likely to suffer complications.

Chyle et al. (14) in 301 patients noted that 39 (13%) had
48 grade 2 or greater sequelae, including rectal ulceration or
proctitis in 10 (3 requiring colostomy), small bowel obstruc-
tion in 7, rectovaginal fistula in 6, vesicovaginal fistula in 4,
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COMPLICATIONS OF THERAPY (�GRADE 2) 

TA B L E  2 1 . 7

Authors No. of patients Percent of complications (�Grade 2)

Chyle et al. (14) 310 19% actuarial at 20 years
Kirkbrideet al. (16) 153 10%
Kucera and Vavra (121) 110 5.5%
Perez et al. (42) 212 13%
Peters et al. (112) 86 7 (8%)
Rubin et al. (40) 75 15 (23%)
Stock et al. (21) 100 16% actuarial at 10 years
Urbanski et al. (23) 125 13%
Frank et al. (147) 193 5 years, actuarial

St I, 4%
St II, 9%
III-IVA, 21%

Note: St, stage.
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vaginoperitoneal/cutaneous fistula in 2, and vaginal ulcera-
tion or necrosis in 8 patients. Fewer complications developed
in patients with stage 0 or I tumors (8% to 9%) than with
more advanced stages (14% to 40%). Vaginal ulceration
occurred in 8 of 206 patients (4%) treated with brachyther-
apy, but in none of 95 patients who received no brachyther-
apy (p � 0.06).

Frank et al. (147) reported 10% and 17% 5- and 10-year
cumulative rates of major (greater than grade 2) complications
in a series of 193 patients treated with definitive RT with or
without chemotherapy. They found FIGO stage and history of
smoking to be the two factors significantly correlated with
subsequent complications. Other clinical, dosimetric factors
or the addition of chemotherapy did not correlate with the
likelihood of complications. However, 73% of patients with
major complications had tumors involving the posterior
vaginal wall.

Treatment options for acute radiation vaginitis include daily
vaginal douching with a diluted hydrogen peroxide/water mix-
ture (187). This should continue for 2 to 3 months or until the
mucosal reactions have subsided. Patients are then advised to
continue douching once or twice per week for several months.
Regular vaginal dilation is recommended as a way for patients
to maintain vaginal health and good sexual function, although
the compliance rate is low. The lack of resolution of vaginal
ulceration or necrosis after several months of adequate therapy
must be appropriately evaluated, considering the possibility of
recurrent tumor. The use of topical estrogens following comple-
tion of RT appears to stimulate epithelial regeneration more
than systemic estrogens. Some patients with severe radiation
sequelae, such as fistula formation, will respond to conservative
treatment with antibiotics and periodic limited debridement of
necrotic tissue. More recently, Delanian et al. (191) published a
randomized trial demonstrating the effectiveness of the combi-
nation of pentoxifyllin and vitamin E in the regression of radia-
tion-induced fibrosis.

Patients with more severe gastrointestinal or urinary late
effects will require urinary or fecal diversion with possible
delayed re-anastomosis. Occasionally, repair of the fistula may
be attempted by employing a myocutaneous graft in which the
skin, subcutaneous fat, and muscle are mobilized using a vas-
cular pedicle to maintain the blood supply to the pedicled
graft (Martius flap), or by excision of the necrotic tissue with
re-establishment of organ continuity (such as in the treatment
of high rectovaginal fistula). A detailed review of the patho-
genesis and management of potential late effects of treatment
is not within the scope of this chapter, and may be found in
the chapter on management of complications of gynecologic
cancer treatment (see Chapter 31).

It is likely that improvements in modern practice such as
advancements in surgical techniques (such as more generous
use of myocutaneous flaps) (104,134), improved supportive
care during the immediate postoperative stay, the use of more
sophisticated RT field setting (three-dimensional conformal
therapy and IMRT) and treatment delivery, more accurate
brachytherapy techniques, and dose calculations have the
potential to lessen complication rates posttherapy, regardless
of which modality is used.

CLEAR CELL CARCINOMA 
OF THE VAGINA 

Since Herbst and Scully’s first report (192) of seven adenocarci-
nomas arising in the vagina of adolescent females after in utero
exposure to DES, there have been several reports limited to
DES-related vaginal CCA (28,29,47,193). In 1979, Herbst 
et al. (194) reported 142 cases of stage I CCA of the vagina.
An 8% risk of recurrence was seen after radical surgery (N � 117),

and an 87% survival was achieved. There was a 36% risk of
recurrence after RT for stage I lesions; however, the investiga-
tors acknowledged that, in general, RT was reserved for large
stage I lesions that involved more of the vault and were less
amenable to surgical resection. Surgery for stage I CCA may
have the advantage of ovarian preservation and, after skin
graft, better vaginal function. As the majority of CCAs occur
in the upper third of the vault, the largest series addressing the
surgical approach to these lesions have advocated radical hys-
terectomy, pelvic and paraaortic lymphadenectomy, and suffi-
cient colpectomy to achieve negative margins. Senekjian et al.
have also reported a series of exenterations done for CCA
(195). However, there have also been efforts to attempt fertility-
sparing radical resections (196) or more limited wide local
excisions followed by some form of RT (197). Wharton et al.
(198) advocate intracavitary or transvaginal irradiation for
the treatment of small tumors because this may yield excellent
tumor control with a functional vagina and preservation of
ovarian function. 

Senekjian et al. (197) reported a series of 219 stage I CCA
cases of which 176 had conventional therapy and 43 under-
went local therapy. The two groups appear to be similar with
respect to symptoms, stage, location of the lesion in the
vagina, greatest tumor diameter, depth of invasion, predomi-
nant histologic pattern, grade, and number of mitoses.
Actuarial survival rates at 5 and 10 years for the local therapy
group (92% and 88%, respectively) were essentially equiva-
lent to those for the conventional therapy group (92% and
90%, respectively). However, the recurrence experience after
local therapy was less favorable; at 10 years, the actuarial
recurrence rate for the local excision subgroup was 45%, in
comparison with only 13% for patients treated with more
radical surgery. Local therapy consisted of vaginectomy in 9
cases, local excision alone in 17 cases, and local irradiation
(with or without local excision) in 17 cases. The subgroup of
patients receiving local irradiation had a recurrence rate of
27%, similar to that of the conventional therapy group and
more favorable than that of either the subgroup treated with
vaginectomy or local excision alone. Recurrences were more
frequently noted in patients with tumors �2 cm, with inva-
sion of �3 mm, and with a predominant histologic pattern
other than tubulocystic. Pelvic lymph node metastases were
noted at death in 12% of patients. They advocated a combi-
nation of wide local excision and extraperitoneal node dissec-
tion followed by brachytherapy for patients desirous of
fertility preservation (197). 

In a subsequent report, Senekjian et al. (199) reviewed the
experience with 76 cases with stage II CCA from the Registry
for Research on Hormonal Transplacental Carcinogenesis.
The overall 5- and 10-year survival rates were 83% and 65%,
respectively. Of the 76 patients, 22 received surgery exclu-
sively (either radical hysterectomy with vaginectomy, 13
patients, or exenterative type procedure, 9 patients), 38
received RT alone, 12 received combination therapy, and 4
underwent other approaches. Patients treated with primary
RT achieved an 87% 5-year survival rate versus 80% for
those treated with surgery and 85% for those receiving both
treatments. The investigators concluded that most patients
with stage II vaginal CCA should be treated with combination
EBRT and brachytherapy; however, small, easily resectable
lesions in the upper fornix might undergo resection, allowing
better preservation of coital and ovarian function (199). 

In 1989, Senekjian et al. (195) reported their experience of
20 pelvic exenterations for CCA of the vagina, including 13
for primary lesions and 7 for recurrent disease. The 9 patients
with stage II disease treated with primary exenteration were
compared with the 67 who had other modalities of therapy;
no significant difference in the survival experience was noted
between the two groups. They reported a 72% success rate if
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the exenterations were done as part of primary therapy. They
advocated reserving exenterative approaches for those who
have failed RT in order to maximize quality of life for the
greatest number of patients (195). 

There are few published reports regarding the use of sys-
temic therapy for CCA. Fowler et al. (200) reported one com-
plete and one partial response after treatment with melphalan
(1 mg/kg qd � 5 days). Robboy et al. (43) reported responses
in recurrent disease to both 5-FU and vinblastine.

NONEPITHELIAL TUMORS 
OF THE VAGINA 

Melanoma of the Vagina

Vaginal melanoma is an exceedingly rare entity. It accounts for
2% to 3% of all primary tumors of the vagina and approxi-
mately 0.5% of all malignant melanomas in females.
Therefore, the number of patients with vaginal melanoma is
too small to permit prospective controlled trials. Melanoma of
the vagina, with its propensity to develop distant metastases
and its lack of a recognized precursor lesion, has presented
therapeutic challenges for surgeons. Investigators have
reported small series with generally disappointing results irre-
spective of treatment modality (34,201–206). Because of the
reputation of melanoma as a radioresistant tumor, it is not
surprising that radical surgery has been considered to be the
treatment of choice in operable patients. However, limited
data are available that validate its efficacy. Although 75% 
2-year survival has been achieved after radical excision in small
series (206), most series report 5-year survival rates of 5% to
30% regardless of radicality of surgery (34–36,201–206).

Morrow and DiSaia, in their review of all genital
melanomas, noted no long-term survivors after isolated wide
local excision for vaginal melanoma; however, 3 of 19 patients
survived following exenteration (35). In the Chung 
et al. series of 19 patients, 7 were treated with radical surgery,
including one exenteration and 6 radical vaginectomies, with
or without hysterectomy, with an overall survival of 21%. All
patients treated with wide local excision developed recur-
rences (34). On the other hand, Levitan et al. (205), in their
review of the literature, argued that although the 
2-year survival following radical surgery was better (20% to
40%) than with any other therapy, the 5-year survival rates
were equally poor (average 8%) regardless of type of therapy.
Furthermore, the incidence of distant recurrence was not
influenced by the extent of surgical resection. Geisler et al.
(203) published the Indiana University experience using pelvic
exenteration for malignant melanomas of the vagina or ure-
thra with more than 3 mm of invasion. None of the four
patients included in this study had recurrences, and three
patients remained alive with a minimum follow-up of 31
months. Conversely, Bonner et al. (201) reported nine cases of
vaginal melanoma: Three received wide local excisions and six
underwent radical surgery (including exenterations and radi-
cal vaginectomies with or without hysterectomies), with a
29% actuarial 5-year survival rate. All nine patients suffered
locoregional recurrence. The investigators advocated that
surgery alone was ineffective in obtaining local control, and
that preoperative RT should be considered (201). 

Reid et al. (36) reported an overall 17% 5-year survival
rate in a report of 15 patients, including 13 who underwent
surgery. In addition, they reviewed the literature, summarizing
the results achieved in 115 patients with vaginal melanoma,
and compared outcomes for the 55 patients who underwent
some form of surgery, including the 24 treated conservatively

with wide local excision or partial vaginectomy, to the 31
treated with more radical excisions. No difference in survival
or disease-free survival was found among the different surgical
procedures (36). In a meta-analysis of essentially the same
patient population (n � 119 patients), Van Nostrand et al.
(206), after adding eight of their own cases, reached different
conclusions. They stated that radical surgery is recommended
for patients with primary vaginal melanomas of less than 
10 cm2. In the Van Nostrand et al. series of their own eight
patients with vaginal melanoma, including four treated con-
servatively and four undergoing radical surgery, the only long-
term survivor was in the radical surgery group. In their review
of the literature, comprising a total of 119 patients, there was
48% 2-year survival rate if treated with radical surgery 
(50 patients) versus only 20% if treated conservatively 
(69 patients) (P � 0.005). Therefore, Van Nostrand et al.
advocated radical excision for those vaginal melanomas less
than 10 cm2 in area (206).

Not all authors support a radical resection approach.
Buchanan et al. (202) performed a literature review of 66
cases reported since the publication of Reid et al. (36).
Survival was influenced by tumor size, with a median survival
time of 41 months of those with lesions �3 cm and 21 months
in those with larger lesions. However, there was no statisti-
cally significant difference in median survival or 2- and 5-year
survival among the various surgical strategies. Hence, many
investigators have adopted the suggestion of Irvin et al. (204)
that if distant failure and death are expected, quality of life
should be optimized by wide excision followed by RT to affect
local control, while obviating the need for disfiguring radical
surgery (162). In the Irvin et al. series (204), all patients
treated with wide local excision or brachytherapy alone devel-
oped recurrent disease locally, whereas those patients treated
with radical surgical resection or with wide local excision fol-
lowed by high-dose-per-fraction EBRT maintained locoregional
control until death.

Recent retrospective data suggest that vaginal melanoma is
reasonably radioresponsive and possibly radiocurable
(204,207). Volumes and doses of irradiation are similar to
those used for epithelial tumors, ranging from 50 Gy for sub-
clinical disease to 75 Gy for gross tumors. Retrospective
analysis suggested a dose-response curve of melanoma to
external beam irradiation as the dose per fraction is increased
and fractions of 3.5 Gy three times weekly to 5 Gy twice
weekly have been used to treat melanoma because of a large
Dq observed in in vitro studies (208,209). However, the
Radiation Therapy Oncology Group conducted a prospective
randomized study (RTOG 83-05) (210) evaluating the effec-
tiveness of high-dose-per-fraction irradiation in the treatment
of melanoma. Patients with measurable lesions were random-
ized to 4 � 8.0 Gy in 21 days once weekly to 20 � 2.5 Gy in
26 to 28 days, 5 days a week. One hundred thirty-seven
patients were randomized and 126 patients were evaluable;
stratification was performed on lesions �5 cm or �5 cm.
There was no difference between the two arms in terms of
response rate (complete responses 24.2% and 23.4% in the 
4 � 8.0 Gy and in the 20 � 2.5 Gy arms, respectively) (210). 

Chung et al. (34) reported on 19 cases of primary vaginal
melanoma. Local tumor control was obtained by primary rad-
ical surgery in five of seven patients, three of whom later died
of disseminated disease. Six of eight patients treated primarily
with radiation therapy died with metastatic melanoma;
another died after pelvic exenteration for persistent local dis-
ease. The overall 5-year survival rate for these 16 patients was
21%. Harwood and Cummings (211) described a complete
response in four patients with vaginal melanoma treated with
irradiation, although two subsequently relapsed; complete
response to irradiation was seen in one patient who was alive
and well 10 months after treatment. Harrison et al. (212)
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reported that one of three patients with vaginal melanoma
treated with irradiation survived 7.5 years; the other two died
with distant metastases but had local tumor control. Rogo 
et al. (213) reported on 22 cases of vulvovaginal melanoma
treated with conservation surgery or irradiation, or both.
Eight patients (36%) were alive 5 years and four 10 years after
treatment. Inguinal lymph node recurrences and distant
metastases were the most common modes of failure. Results
were comparable with those obtained with radical surgery.

In the Petru et al. series (207) of 14 patients, the three long-
term survivors received either primary RT after biopsy only, or
adjuvantly after local excision. Tumor size was found to be
prognostically important, with 43% of patients with tumors
�3 cm surviving longer than 5 years, compared with 0% of
patients with tumors �3 cm. The median overall survival was
10 months, and the 5-year DFS and overall survival rates were
14% and 21%, respectively. The authors concluded that pro-
longed local control could be obtained with RT as an adjunct
to more limited surgery, or even with RT alone, primarily in
patients with lesions �3 cm in diameter. 

In summary, given that the high incidence of distant
metastasis remains a major factor in limiting curability, a
more conservative treatment approach might be more reason-
able in selected patients. Patients with vaginal melanoma
should probably be managed in a manner similar to that rec-
ommended for cutaneous lesions (214). Wide local excision
with 1- to 2-cm margins should be the surgical treatment of
choice for most primary vaginal melanomas since radical
surgery has failed to improve long-term survival. The role of
adjuvant RT is unclear, but it appears to improve survival in
some series. The use of systemic chemotherapy and/or
immunotherapy has been very disappointing in the limited
published data (215).

Sarcomas of the Vagina

Sarcomas represent 3% of vaginal primaries (4) with leiomyosar-
coma representing 50% to 65% of vaginal sarcomas. Unfor-
tunately, most of the sarcomas are diagnosed at an advanced
stage. Histopathologic grade appears to be the most important
predictor of outcome (39). Most vaginal leiomyosarcomas arise
from the posterior wall of the vagina. Radical surgical resection,
such as posterior pelvic exenteration, offers the best chance for
cure for vaginal leiomyosarcomas (4,216). The largest series on
vaginal sarcomas reported to date included 17 cases, of which
35% had received prior RT. This series, which included ten
leiomyosarcomas, four malignant mixed müllerian tumors
(MMMTs), and three other sarcoma types, noted that all were
resistant to chemotherapy, and all of the failures were first
noted as pelvic recurrences. There were only three survivors
seen, and all had undergone exenterative surgery. The 5-year
survival rate was 36% in patients with leiomyosarcoma and
17% in those with MMMT (85).

Vaginal MMMTs occur more commonly in postmenopausal
women. In approximately half of the cases there is a history of
prior pelvic RT (85,217). Despite surgery and adjuvant RT,
patients usually do poorly, with a high incidence of local and
distant recurrences. The treatment of choice is complete surgi-
cal resection, followed by EBRT and ICB in an attempt to
decrease the local recurrence rate.

The roles of adjuvant chemotherapy and RT in vaginal
sarcomas have not been clearly defined, primarily owing to
limited patient numbers and even fewer data where
chemotherapy was used as the primary treatment rather than
as salvage therapy at recurrence. Adjuvant RT seems to be
indicated in patients with high-grade tumors and locally recurrent

low-grade sarcomas. According to Peters et al. (85) the most
common site of failure is the pelvis. In 50% of patients with
recurrence, it is the only site of failure. Extrapolating data
from the Gynecologic Oncology Group (218) for uterine sar-
comas and considering patterns of failure, patients with local-
ized MMMTs would be appropriately treated with pelvic
exenteration, or with more limited surgical resection followed
by postoperative RT, unless the patient has received prior
pelvic RT. Since patterns of failure suggest that local therapies
only reduce the local recurrence rate and do not improve sur-
vival, consideration should be given to adjuvant treatments
with agents that are active in similar tumors arising in the
uterus. Agents found to be active in MMMT of the uterus
include ifosfamide, cisplatin, and paclitaxel, although it
remains unclear whether any combination of these agents is
better than ifosfamide alone, which has produced the highest
response rate among these agents (219,220). Doxorubicin
remains the standard therapy for leiomyosarcoma (221).

Embryonal rhabdomyosarcoma (RMS) of the vagina, the
most common pediatric vaginal tumor, is such a rare lesion
that no single institution has sufficient experience to identify
superior therapeutic strategies. Rather, cooperative efforts
through the Intergroup Rhabdomyosarcoma Study Group
(IRSG) through numerous clinical trials have demonstrated
that the use of of multimodality therapy with wide local exci-
sion and cytotoxic chemotherapy with or without RT makes it
possible to avoid exenterative surgery and optimize quality of
life for these young patients (50,222–224). Prior to the mod-
ern era of multimodality therapy, Hilgers reported that only
20% to 30% 5-year survival rates were achieved with the use
of exenterative-type surgery alone (225). Later, several small
series noted that 70% survival could be achieved if RT and
combination cytotoxic chemotherapy including vincristine,
actinomycin D, and cyclophosphamide (VAC) were given in
addition to radical surgery (84,225,226). After complete
resection, irradiation of the entire pelvis is not required, thus
avoiding its adverse effects. 

In a series of reports from the IRSG, survival rates in excess
of 85% have been achieved utilizing VAC chemotherapy and
wide excision with or without adjuvant RT, sparing the great
majority of patients from exenterative surgery (222–224,
227,228). In a subsequent report, Andrassy et al. (229) from
the IRSG summarized the outcome of 72 patients with embry-
onal RMS of the vagina treated on four IRSG trials. Over the
course of the four IRSG trials, the need for radical resection
decreased from 100% to 13%, with continued improvement
in disease-free survival (229). Andrassy et al. suggested that
after biopsy to document RMS, multiagent induction
chemotherapy with doxorubicin, cisplatin, vincristine, actino-
mycin D, and cyclophosphamide should be utilized, then local
resection undertaken, with radical resection being reserved for
those with persistent or recurrent disease (229). In addition,
several non-IRSG series have shown that combination
chemotherapy with or without RT leads to sufficient tumor
shrinkage, and that less radical resections can become feasible
(227,228), allowing preservation of anatomy and function. 

Flamant et al. (227) reported 11 cases of vaginal RMS 
(8 stage I, 2 stage II, 1 stage III) in whom 100% survival was
achieved with multimodality therapy. Eight patients received
neoadjuvant chemotherapy, generally a VAC regimen, and all
patients underwent brachytherapy (doses of 26 to 75 Gy), fol-
lowed by maintenance chemotherapy and VAC alternating
with VAD (vincristine, doxorubicin, dacarbazine). Seven
patients underwent ovarian transposition in an attempt to pre-
serve function. The investigators noted partial ovarian insuffi-
ciency in one patient without ovarian transposition. They
recommended brachytherapy at a total dose of approximately
50 to 60 Gy (227).

614 Section III: Disease Sites

Barakat_CH21-591-622.qxd  2/25/09  1:58 PM  Page 614



Lymphomas and the Vagina

Lymphomatous involvement of the vagina most often repre-
sents metastatic spread from another primary site. Although
surgery including radical hysterectomy, pelvic lymphadenec-
tomy, vaginectomy, and exenteration has been performed in
the past, more recent reports suggest that combination RT and
chemotherapy can achieve excellent results. Radical surgery in
such patients then should be avoided, as lymphoma represents a
systemic disease. Following biopsy, patients with lymphoma
should be managed with chemotherapy alone or combined
chemoradiation. Extrapolation from patients with similar
tumors arising in extranodal sites would suggest that RT has its
primary role in preventing local recurrence in patients who pre-
sent with bulky disease. In some patients who have a rapid and
complete response to multiagent chemotherapy, RT may not be
indicated since the combination of both modalities increases the
risk of second malignancies. Harris and Scully noted in a clinico-
pathologic series of 25 lower genital tract lymphomas, including
four vaginal lymphomas, that definitive local therapy prevented
relapse (98). Prevot et al. (230) and Perren et al. (231) also advo-
cated the use of less extensive surgery, with RT plus cytotoxic
multiagent chemotherapy such as CHOP (cyclophosphamide,
hydroxydaunomycin [doxorubicin], Oncovin [vincristine],
prednisone) or BACOP (bleomycin, Adriamycin [doxoru-
bicin], cyclophosphamide, Oncovin [vincristine], prednisone)
for four to six cycles to affect local control with better preser-
vation of fertility in patients with stage IE and nonbulky
tumors of low and intermediate grade.

Yolk Sac (Endodermal Sinus) 
Tumors of the Vagina

Prior to the use of multiagent cytotoxic chemotherapy, less than
25% of patients with yolk sac tumor (YST), or endodermal
sinus tumor (EST), of the vagina survived. However, Young and
Scully noted 100% survival in a small series of six patients who
had received chemotherapy (232). The VAC regimen in con-
junction with surgery or RT was advocated by Copeland et al.
(233). Collins et al. (234) reported on the use of combination
bleomycin, vinblastine, and platinum (BVP) for patients with
EST of the vagina. Aartsen et al. (235) reported a successful
pregnancy following surgery and chemotherapy. Most recently,
Hwang et al. have reported two cases, one of which did well
with partial vaginectomy followed by 2 years of VAC; however,
the second one developed a central persistence following wide
local excision and VAC, but was salvaged with bleomycin,
etoposide, and platinum (BEP) (236). Given the excellent results
that three to four cycles of BEP have achieved in malignant
germ-cell neoplasms of the ovary (237), it is likely that BEP will
become the preferred regimen for EST of the vagina used in
conjunction with parital vaginectomy, as it requires less pro-
longed administration and is less oophorotoxic than VAC. It
appears that routine use of combination chemotherapy in the
management of endodermal sinus tumor allows conservative
surgery with preservation of sexual function in young patients,
with excellent prospects for long-term survival.

The role of radiation in this disease is limited because of
the younger age at presentation, and preservation of ovarian
function is desired; in addition, RT would potentially increase
the risk for secondary malignancies (238,239), which may be
even more significant with the use of IMRT as the volume of
irradiation receiving lower doses is generally larger (240).
Brachytherapy may occasionally be used, and in one instance,
preservation of hormonal function and subsequent pregnancy
were reported (235).

OTHER UNCOMMON VAGINAL
CANCERS 

Squamous Cell Carcinoma of the Neovagina

In situ and invasive carcinomas arising in the neovagina are
rare, and this type of malignancy seems to be related to the
transplanted tissue. A few cases of squamous cell carcinoma
have been described after split-thickness skin graft vagino-
plasty in patients with vaginal agenesis (241–243), as well as
after radical vulvo-vaginal resection for known malignancy
(244). Mucinous adenocarcinoma has been described arising
in the sigmoid colon used for the reconstruction of the neo-
vagina (76). Neovaginal malignant melanoma following
surgery and radiation therapy for vulvo-vaginal malignancies,
although extremely rare, has been reported (245), suggesting
the potential role of radiation-induced melanoma in non–sun-
exposed areas such as the genital tract. 

Malignant transformation occurs in the neovaginal epithe-
lium, in relation with local carcinogenic environmental factors
as well as possible viral infection, with the subsequent risk of
malignancy. Therefore, it is important to emphasize the need
for regular follow-up visits with Pap smears. The elapsed time
between the construction of the neovagina and the develop-
ment of malignancy ranges between 10 and 30 years. The
optimal treatment is not well defined. Radical surgery resec-
tion when possible should be the treatment of choice, since
definitive RT seems to be associated with higher failure rates
(241). Adjuvant RT could be considered in patients with posi-
tive margins or positive nodes (76).

Carcinoma in Episiotomy Scar

Episiotomy scar tumor implantation from a cervical or vulvar
carcinoma is a very rare event. Van Dam et al. (246) reported
on three cases of primary or metastatic carcinoma in an epi-
siotomy scar. One patient had a primary squamous cell carci-
noma of the vulva in an episiotomy scar; a second patient was
diagnosed with cervical carcinoma 6 months postpartum and
was found to have a metastatic deposit in the episiotomy scar
during the staging of her disease; the third patient developed
adenocarcinoma metastatic from an endocervical primary in an
episiotomy scar that presented as a small nodule at the introi-
tus. These cases exemplify the need for careful inspection and
biopsy of any nodular lesions in episiotomy scars as part of the
initial assessment and follow-up of patients with premalignant
or malignant lesions of the lower genital tract. Early initial
stage, small size lesion, and early therapy appear to improve
prognosis. Treatment needs to be individualized given the rarity
of this entity. Patients with limited recurrent disease at the epi-
siotomy site without any other evidence of locoregional recur-
rence could be treated with surgical resection followed by
tailored radiation therapy. Patients with more advanced disease
may be offered radiation with or without chemotherapy fol-
lowed by surgical resection when feasible (247,248).

SALVAGE THERAPY
In general, the patient with recurrent cancer of the lower
female genital tract presents a difficult clinical dilemma.
Optimal therapy for patients with recurrent gynecologic cancer
after potentially curative therapy has not been completely
defined, partly owing to the difficulty of conducting prospec-
tive, randomized trials in this heterogeneous population. It must
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be determined if the disease is amenable to curative salvage
therapy, implying some reasonable chance of cure, or whether
palliation is the primary goal. Treatment selection factors
include primary therapy, extent of the disease at presentation,
site of recurrence, extent of the recurrence, disease-free inter-
val, evidence of metastatic disease, patient age, performance
status, and coexisting medical conditions. The presence of dis-
tant metastasis portends a poor prognosis, and although
chemotherapy may result in objective responses and improve-
ments in short-term survival, the current lack of curative sys-
temic treatments focuses therapeutic attempts on symptom
palliation and quality of life. In most cases, only patients with
small volume local recurrences and no metastatic disease are
curable. Therefore, careful workup to establish extent of dis-
ease is crucial. When salvage therapies are contemplated, local
recurrences should be confirmed by biopsy, and, when possi-
ble, parametrial recurrences should be documented pathologi-
cally. Pelvic sidewall involvement can almost always be
diagnosed in the presence of a symptom triad of sciatic pain,
leg edema, and hydronephrosis. It is important to evaluate for
regional and/or distant metastasis by physical examination
and imaging studies such as CT or MRI scans. More recently,
the positron emission tomography (PET) scan has been used
to document the extent of recurrent disease (249), but both
false-positive and false-negative results have been reported.

Generally, patients with isolated pelvic or regional recur-
rences after definitive surgery who have not received prior RT
are managed with EBRT, often in conjunction with brachyther-
apy. Concurrent cisplatin-based chemotherapy may also be rec-
ommended. Salvage options for patients with central recurrence
after definitive or adjuvant RT are limited to radical surgery,
usually exenterative, or, in selected patients with small volume
disease, reirradiation using interstitial radiation implants or
highly conformal three-dimensional EBRT. Response rates with
chemotherapy are low and the impact on survival is limited.
Further, response to chemotherapy in central pelvic recurrences
following RT tends to be less common than response at distant
sites. Additionally, prior high-dose radiation therapy compro-
mises bone marrow tolerance of many agents that are active in
this tumor (e.g., ifosfamide and doxorubicin). However,
chemotherapy-responsive patients can obtain meaningful palli-
ation in many cases.

Surgical Considerations

Despite thorough clinical evaluation of patients considered to
be excellent candidates for salvage surgery, this will be
aborted in over 25% of the cases because of advanced disease
found at the time of the exploratory laparotomy (250). Pelvic
exenteration results in long-term functional and psychologic
changes that have not been adequately studied (251). Surgical
refinements have done much to improve body image changes
associated with pelvic exenteration. The purposes of vaginal
and perineal reconstruction following radical pelvic surgery
for recurrent gynecologic cancer are primarily twofold: to
restore or create vulvovaginal function, and thereby minimize
the effects of surgical treatment on body image and normal
sexual activity, and to minimize postoperative complications
by transferring to the pelvic defect healthy tissue with a good
blood supply (143,144). A detailed review of urinary diver-
sion and pelvic reconstruction techniques is not within the
scope of this chapter.

Radiation Therapy Considerations

Those patients who have not received prior RT should receive
whole-pelvis EBRT followed, when feasible, by brachytherapy.

Generally, the whole pelvis receives a dose of 40 to 50 Gy.
Inguinofemoral lymph node regions should be included in
patients with involvement of the distal third of the vagina or
with vulvar recurrences. The gross tumor volume in the vagina,
paravaginal tissues, and/or parametrium should receive an
additional boost, preferably with an interstitial implant, to
bring the total tumor dose to 75 to 80 Gy. The role of com-
bined chemoradiotherapy in the management of patients with
recurrent disease is unknown. Given the rarity of vaginal carci-
noma and the heterogeneity within the population with recur-
rent disease, large randomized studies intended to answer this
question will probably never be conducted. However, by
extrapolation from the available data for locally advanced cer-
vical and vulvar cancer (181–184), it seems that a combined
modality approach may improve the locoregional control and
survival in patients with isolated pelvic recurrences.

Reirradiation in previously irradiated patients must be
undertaken with extreme caution. However, selected patients
who are medically inoperable, technically unresectable, or
refuse to undergo exenterative surgery are appropriately con-
sidered for reirradiation to limited volumes. A variety of tech-
niques is available, and the choice is based on patient and
tumor-related factors, as well as the experience of the radia-
tion oncologist. When using EBRT, multiple-beam arrange-
ments utilizing three-dimensional treatment planning are
favored. Only limited doses are possible, and the physician
might consider a hyperfractionated regimen in an attempt to
decrease the incidence of late toxicity. In patients with small,
well-defined vulvovaginal or pelvic recurrences, reirradiation
using primarily interstitial techniques has been attempted with
control rates between 50% and 75% and grade 3 or higher
complication rates between 7% and 15% (252–256). The
rationale, logistics, and selection of implant technique when
performing an interstitial implant (ITI) were reviewed earlier
in the chapter. Permanent radioactive seed implants (e.g., 198Au)
in patients with small vaginal recurrences often provide long-
lasting tumor control in elderly or medically debilitated patients
previously treated with definitive doses of RT (253).

Other potential treatment options include the use of
surgery and intraoperative RT (IORT) with intraoperative
electron beam (257,258), laparotomy, or laparoscopically
guided placement of HDR catheters (172,257,259,260),
which allows direct visualization of the target volume and dis-
placement and/or shielding of the surrounding normal tissues.
However, the published series are generally small, including a
wide spectrum of patients with different gynecologic malig-
nancies, varying amounts of residual disease, and disparate
initial therapies. The locoregional recurrence and distant
metastasis rates after IORT vary between 20% and 60% and
20% and 58%, respectively. The 3- to 5-year actuarial sur-
vival is poor, ranging from 8% to 25%. Grade 3 or higher
toxicity has been reported in about 35% of patients
(257,258). In the Memorial Sloan-Kettering Cancer Center
experience using radical surgical resection and HDR-IORT,
patients with complete gross resection had a 3-year local con-
trol rate of 83% compared to 25% in patients with gross
residual disease. Interestingly, most of the failures in the
microscopic group were distant, perhaps indicating a potential
role for adjuvant chemotherapy (259).

Hockel et al. (260) described a combined operative and
radiotherapeutic treatment (CORT) for the treatment of
recurrent gynecologic malignancies infiltrating the pelvic side
wall. The procedure involves gross complete resection of the
tumor and a single plane interstitial implant. In order to
improve the therapeutic index, well-vascularized tissue is
transposed to the pelvis to protect the hollow organs and
reduce the late effects of RT. Reconstruction of pelvic organs
is performed as with exenteration. The tumor bed is irradiated
postoperatively, days 10 to 14, using HDR brachytherapy. In a
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total of 48 patients treated with this technique, the overall
severe complication rate was 33% at 5 years. The 5-year sur-
vival rate was 44%, and the absolute local control rate was
60% for the first 20 patients and 85% for the last 28 treated
patients (260).

Stereotactic body radiotherapy (SBRT), also known as
extracranial stereotactic radioablation (ESR), is a novel treat-
ment paradigm that delivers a small number of high-dose frac-
tions to extracranial targets using a linear accelerator with
highly precise, accurate, and reproducible target localization
based on the same principle as that of gamma-knife therapy.
By means of better target localization and patient immobiliza-
tion, smaller margins of normal tissue surrounding the gross
tumor volume are required, which allows treatment complica-
tions to be minimized. Blomgren et al. (261) reported on 15
patients with 19 extrahepatic abdominal tumors who had a
mean survival of 17.7 months. The toxicity was more often
self-limited except for four patients with gastrointestinal
bleeding. They concluded that this treatment, which is nonin-
vasive, painless, rapid, and does not require hospitalization,
does not impair the quality of life of the patients when used
properly.

PALLIATIVE THERAPY

Radiation Therapy 

At the present time, there is no curative option for patients
who present with stage IVB disease. Many of these patients
suffer from severe pelvic pain or bleeding. If vaginal bleeding
is the main concern, ICB, if feasible, often offers good symp-
tom control with relatively low morbidity. For patients who
have received prior RT, intracavitary doses in the range of 35
to 40 Gy to point A should be prescribed. A short course of
EBRT using high-dose fractionation schedules has been used,
including single doses of 10 Gy per fraction, times three, with
an interval of 4 to 6 weeks between courses, combined with
misonidazole (RTOG clinical trial 79–05), resulting in signifi-
cant palliation in selected patients with advanced gynecologic
malignancies. The overall response rate was 41% for patients
completing the three courses; however, the actuarial 45% inci-
dence of grades 3 and 4 late gastrointestinal toxicity was
unacceptable (262).

Spanos et al. (263) reported on a phase 2 study (RTOG
85–02) of daily multifraction split-course EBRT in patients
with recurrent or metastatic disease. The regimen consisted of
3.7 Gy per fraction given twice daily for 2 consecutive days
and repeated at 3- to 6-week intervals for a total of three
courses (tumor dose 44.4 Gy). Occasionally, this regimen was
combined with an intracavitary implant (ICI) (4,500 mgh),
with a midline block in the last 14.4 Gy. Complete tumor
response was noted in 15 patients (10.5%) and partial
response in 32 (22.5%). In patients completing three courses
of irradiation (59%), the rate of complete or partial response
was 45%. Twenty-seven patients survived longer than 1 year.
Late complications were significantly fewer, with a projected
actuarial rate of 5% at 12 months. In a subsequent phase 3
study (210), 136 patients were randomized between rest inter-
vals of 2 versus 4 weeks between the split courses of RT.
Decreasing the interval between courses did not result in a sig-
nificant improvement in tumor response (34% vs 26%). More
patients in the 2-week rest group completed the three courses
of therapy, and not surprisingly, patients completing all three
courses had a higher overall response rate than patients com-
pleting less than three courses (42% vs 5%) and a higher
complete response rate (17% vs 1%). This schedule offers sig-
nificant logistic benefits, and has been shown to result in good

tumor regression and excellent palliation of symptoms (264).
Spanos et al. (265) reported a trend toward increased acute
toxicity in patients with shorter rest periods, but late toxicity
was not significantly different in the two groups.

Chemotherapy in Advanced 
and Recurrent Vaginal Cancer

Given its rarity, most chemotherapy reports for treatment of
metastatic disease in vaginal cancer are anecdotal or combined
with reports of treatment of advanced or recurrent cervical
cancer. Concurrent chemoradiation is frequently employed in
clinical practice in the treatment of unresectable, locoregion-
ally advanced disease. Various chemotherapeutic agents have
been used with limited success (176,177). Evans et al. (176)
reported on seven patients with vaginal cancers who were
treated with a combination of 5-FU 1,000 mg/m2/d for 4 days,
mitomycin C 10 mg/m2 day 1, and primary irradiation, receiv-
ing 2,000 to 6,500 cGy. All of the vaginal cancer patients
responded, and 66% were alive with a median follow-up of
28 months. Treatment of recurrent or metastatic disease is
confined to a handful of phase 2 clinical trials and anecdotal
reports. In general, regimens that are active in cervical cancer
are usually active in vaginal cancer. Thigpen et al. (220)
reported the results of a phase 2 trial of cisplatin 50 mg/m2

every 3 weeks in 26 patients with advanced or recurrent vagi-
nal cancer. There were 22 evaluable patients, 16 with SCC,
two adenosquamous carcinoma, one clear cell carcinoma
(CCC), one leiomyosarcoma, and two unspecified. Of the 16
SCC patients, there was one complete response (6.2%). It
should be noted that these patients, for the most part, had
received prior surgery and RT. Muss et al. (266) reported no
responses in 19 evaluable patients who were treated with
mitoxantrone 12 mg/m2 every 3 weeks. Median survival of
patients with vaginal cancer was 2.7 months. Other anecdotal
reports of responses in trials that included advanced cervical
cancer include a report by Long et al. (267) in which three
patients with advanced vaginal SCC received treatment with
methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC).
All three patients achieved a complete response of short dura-
tion. Patton et al. (268) reported the results of intra-arterial
chemotherapy with mitomycin C, bleomycin, cisplatin, and
vincristine, including six patients with primary vaginal cancer
and 40 patients with cervical cancer. Seventy-six percent
responded to intra-arterial chemotherapy and subsequently
received primary RT. The report did not give details as to site
of relapse, impact on disease-free survival, or overall survival.

At the present time, data on systemic treatment of advanced
vaginal cancer outside of a clinical trial is purely anecdotal,
although it might be reasonable to extrapolate from the experi-
ence reported with SCC of the cervix and vulva (180–184).
Although published response rates are low, standard therapy
should include cisplatin alone or in conjunction with RT in
patients with locoregionally advanced vaginal cancer.

SUMMARY AND CONCLUSIONS
The malignant histologies of the vagina are so rare that ran-
domized clinical trials have not been undertaken. It is difficult
to establish strong, evidence-based recommendations in such a
rare disease as cancer of the vagina. Therefore, future progress
will likely come from reports from single institutions. Most of
the available data refer to the treatment of primary invasive
SCC of the vagina, since this represents the most common his-
tology. The following management recommendations are
made based on the available data.
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Vaginal Intraepithelial Neoplasia

In patients with unifocal disease, partial colpectomy has come to
be favored over laser vaporization, since there is an approxi-
mately 25% risk that there can be underlying invasive disease,
and one quarter to one third of patients will require a second
laser vaporization to effect long-term control. However, for
patients who develop VAIN following radiation wherein colpec-
tomy would be associated with a higher risk of fistulae develop-
ment, there may be a role for laser vaporization and/or topical
5-FU application. Intracavitary brachytherapy alone has pro-
vided satisfactory functional and local control results as well.

Invasive Squamous Cell Carcinoma

Although RT can control many cases of vaginal cancer, local
control remains a problem. The treatment of invasive SCC
with RT should include the use of brachytherapy, with partic-
ular attention to technique that ensures that the treatment vol-
ume is adequately covered. In larger tumors, the dose that is
needed to achieve local control may well exceed the tolerance
of surrounding normal tissues. Although not specifically
proven for patients with vaginal primaries, the addition of
chemotherapy (i.e., weekly cisplatin) as a radiosensitizing
agent may help to improve these results if the strong evidence
in locally advanced cervical cancer can be extrapolated to
vaginal cancer. Although there are multiple series that demon-
strate excellent results with radical surgery for well-selected
early-stage patients, RT will continue to be the primary
modality even for early-stage disease and for those elderly
patients with multiple comorbid conditions.

Clear Cell Adenocarcinoma

It has been suggested that patients with early-stage disease may
be offered fertility-sparing combined modality local therapy
with extraperitoneal node dissection and wide local excision
followed by brachytherapy with acceptable local failure rates.
However, advanced-stage disease would require primary RT.
Patients who have completed childbearing would be best
served by radical hysterectomy, colpectomy, and lymphadenec-
tomy. Exenteration should be reserved for those patients who
have isolated central failures following definitive RT.

Melanoma

The risk of distant metastases is high enough that most mod-
ern investigators have suggested that ultra-radical surgery,
although it might improve 2-year survival rates, has not led to
an increase in long-term survival. Wide excision followed by
RT to effect local control may obviate the need of disfiguring
surgery in those likely destined to develop distant metastases.

Sarcoma

The trials conducted by the IRSG and others have demon-
strated that pediatric embryonal RMS of the vagina is best
approached with induction multiagent-combination therapy,
e.g., VAC, followed by local resection with or without
brachytherapy, with radical surgery being reserved for those
with persistent or recurrent disease. Patients with adult-onset
vaginal sarcoma do not respond as well to chemotherapy, and
the only long-term survivors are those who have been offered
exenterative surgery.
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HPV and over 70 nononcogenic strains of HPV have been
described to date (9,10). Oncogenic strains in order of
decreasing prevalence include HPV-16, -18, -45, -31, -33, -58,
-52, -35, -59, -56, -6, -51, -68, -39, -82, -73, -66, and -70. In
the United States, HPV-16 and -18 account for approximately
70% of cervix cancers. The HPV genomes code for six early
(E) and two late (L) open reading frame proteins (11). High-
risk HPV genotypes code for three early proteins (E5, E6, and
E7) with cellular growth–stimulating and transforming prop-
erties. The E5 protein is expressed during active HPV infec-
tion, and the open reading frame is often deleted in cervical
carcinoma (11). It has weak transforming activity and can
activate membrane-associated protein kinases. The E6 protein
binds to p53, results in chromosomal instability, activates
telomerase, inhibits apoptosis, and results in cellular immor-
talization (11). The E7 protein binds to retinoblastoma pro-
tein (Rb), inactivating the Rb protein-related pocket proteins,
activates cyclins E and A, inhibits cyclin-dependent kinase
inhibitors, and also results in cellular immortalization (11). In
cells with p53 mutations, E7 exerts an antiapoptotic effect
(11). HPV E6 and E7 have numerous other functions, and
together with those outlined above, lead to dysplasia and
malignant transformation of cervical epithelium. High-risk
HPV types are identified in a high percentage of patients with
adenocarcinoma of the cervix (12) and small cell carcinoma of
the cervix (13) in addition to the more common squamous
carcinoma of the cervix.

Cellular and humoral immune responses are likely to be
involved in the resolution of HPV infection, and deficiencies
may result in more rapid progression to dysplasia and carci-
noma. CD4� T-lymphocytes have been described with
increased prevalence in the stroma and epithelium of regressing
early cervical intraepithelial neoplasia (CIN) (14) compared to
progressed CIN, CIN 3, and squamous cell carcinoma (SCC).
Histologically determined CD4�/CD8� ratios declined as
HPV� patients progressed from CIN 1 to SCC. (8).

Almost 50% of women will be infected with the HPV
virus within 4 years after onset of sexual activity. Despite a
high prevalence of HPV, only 5% to 15% will develop cervi-
cal dysplasia (15,16). HPV attaches to basal epithelial cells
and remains elusive to the reticuloendothelial system. It 
can amplify to more than 1,000 genomes per cell without
cell lysis, enhancing its ability to escape a host immune
response. 

The age-specific HPV prevalence peaks between 25 to 
35 years of age when exposure is at its greatest. In a large
cohort study, Ho et al. evaluated over 600 female college stu-
dents and found a cumulative incidence of new HPV infec-
tion of 43%. The two-year clearance rate of HPV was over
90% and only 5% developed cytologic abnormality (15). 

EPIDEMIOLOGY 
Worldwide, cervical cancer is the third most common malig-
nancy, and the second most common cancer (after breast can-
cer) in women. Nearly one-half million new cases occur each
year (1). The majority of cases occur in developing countries
without availability of routine Papanicolaou (Pap) smear
screening. Cervical cancer is the leading cause of death of
women from cancer in developing countries (1). The highest
incidence of the disease is seen in Central and South America,
southern and eastern Africa, and the Caribbean (2). There is a
correlation between incidence and mortality in a given area,
but Africa appears to have a disproportionately higher mortal-
ity (2). The incidence and mortality of this disease in North
America have declined during the last half-century owing to
both increased availability of Pap smear screening and a
decrease in fertility rate. These declines in incidence have
slowed in recent years, and there is a trend toward increasing
incidence in some populations of white women in the United
States (2). Cervical carcinoma is the 12th most common
malignant tumor in women in the United States (3), but black
and Hispanic women are disproportionately affected (4).

RISK FACTORS AND ETIOLOGY
Cervical cancer is a sexually transmitted disease associated
with chronic infection by oncogenic types of human papillo-
mavirus (HPV). Therefore, risk factors for cervical cancer are
the same as those for sexually transmitted disease, including
early age at onset of sexual activity, multiple pregnancies, long
duration of oral contraceptive use, other sexually transmitted
infections including chlamydia and herpes simplex virus,
immunosuppressed states such as renal transplant, and multi-
ple sexual partners. Tobacco smoking is also a risk factor for
cervical cancer (5). Cigarette smoking may be a cofactor for
development of high-grade cervical dysplasia in women who
have chronic HPV infections (6). Patients infected with human
immunodeficiency virus (HIV) are often also infected with
HPV, and they have higher rates of cervical dysplasia and pro-
gression to invasive carcinoma than HIV-negative women (7). 

Human Papillomavirus 

Human papillomavirus is a double-stranded DNA virus of
approximately 8 kd, and contains eight open reading frames
and a non-coding region that contains transcriptional regula-
tory sequences (8). Over 30 recognized oncogenic strains of
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Concurrent Infection With HPV and HIV

HIV is a sexually transmitted virus that results in a decline in cir-
culating CD4� cells over time. It is not surprising, therefore,
that concurrent HIV and HPV infections are commonly seen in
sexually active patients, and that the HPV infection may more
rapidly progress from chronic infection to dysplasia and cancer.
Reports of abnormal cervical cytology as high as 78% have been
reported in HIV� patients compared to 38% of HIV– patients
who are also HPV� (17). HIV-infected women with low CD4�
lymphocyte counts (�200 cells/µL) were nearly twice as likely to
have squamous intraepithelial lesion (SIL) than women with
high CD4� counts. This was confirmed in another report that
noted no association with duration of HIV infection, antiretrovi-
ral therapy, or HIV viral load (18). HIV� patients with concur-
rent HPV infection must be followed closely and should be
aggressively treated for SIL. This combination is a particular
problem in Equatorial Africa where the combination of HIV and
HPV infections is prevalent. Antiretroviral therapy does not
affect HPV-related disease in HIV-infected patients (7).

ANATOMY
The uterus, situated in the center of the pelvis, is composed 
of a muscular layer (myometrium) and mucosal layer
(endometrium), which lines a hollow cavity extending from
the top of the uterus (fundus) through the lower uterine seg-
ment connecting to the endocervical canal. The endometrial
cavity is surrounded by the myometrium. The three segments
of the uterus include the fundus, body, and isthmus (lower
uterine segment). Anteriorly, the lower uterine segment is
attached to the bladder peritoneum (vesicouterine pouch),
which requires dissection and separation to expose the cervix.
This compartment between the bladder and uterus is the ante-
rior cul-de-sac. Posteriorly the peritoneum lines and separates
the lower uterine segment and cervix from the rectum, creat-
ing the posterior cul-de-sac (pouch of Douglas). The cervix is
an extension of the lower uterine segment and can be divided
into vaginal and supra-vaginal components. The cervix varies
in length, averaging 3 to 4 cm. Centrally in the vaginal portion
is the external cervical os, which connects to the endocervical
canal, the internal cervical os, and the endometrial canal. 

The cervix is a fibrous organ lined by squamous and
columnar cells. The transition from columnar cells to squa-
mous cells occurs in the region of the cervical os in the trans-
formation zone. Most cervical dysplasias and invasive cancers
arise from this area. The endocervix contains mostly muci-
nous glandular epithelium.

The uterus has five ligamentous attachments. Specifically
these include the round, broad, utero-ovarian, cardinal, and
uterosacral ligaments. The round ligaments run from both
sides of the fundus anterolaterally on top of the broad liga-
ments to the pelvic sidewall where they are closely related to
the inferior epigastric vessels and continue on their path to
leave the pelvis through the inguinal ring and canal. They con-
tain a vessel known as Sampson’s artery as well as other small
vessels and nerves. 

The broad ligaments attach to the lateral margin of the
uterus on either side and extend underneath the round liga-
ments from above the cervicouterine junction and to the pelvic
sidewall. These ligaments are covered by peritoneum anteri-
orly and posteriorly, and are relatively thinner above the cervi-
couterine junction. Within the leaves of the broad ligament are
extraperitoneal connective tissues known as the parametrium. 

The utero-ovarian ligaments originate just below the fallopian
tubes and directly connect to the ovaries. The cardinal ligaments,
also known as Mackenrodt’s ligaments, are thickened extensions
of the broad ligaments attaching laterally from the lower uterine

segment (isthmus) and the cervix. They course to the lateral vagi-
nal wall and rectal pillars and extend to the pelvic sidewalls. 

Each cardinal ligament helps create and define two impor-
tant anatomical spaces, the pararectal and paravesical spaces,
which are important in the surgical treatment of early cervical
cancer. The cardinal ligament covers a portion of the pelvic
ureter, which lies underneath the uterine artery and above the
uterine vein about 2 cm away from the isthmus. It contains
uterine, vaginal, middle rectal, and inferior vesical arteries and
veins as well as lymphatic tissue and channels. 

The uterosacral ligaments connect laterally to the cervix
and lower uterine segment medial to the ureters. They run
from the posteriolateral segment of the cervix over the top of
the anterolateral portion of the rectum and attach to the rectal
wall and the sacrum. The cardinal and uterosacral ligaments
provide the bulk of support for the uterus and cervix.

The blood supply of the uterus is mainly through the uterine
artery, originating from the anterior division of the hypogastric
artery. An important landmark during a radical hysterectomy,
the uterine artery spawns cervical and vaginal branches that
supply the cervix, and then extends superiorly to the fundus
where its tributaries supply the fundus and the body of the
uterus. The uterine artery also descends toward the vagina and
gives off a vaginal branch. The ovarian vessels originating from
the aorta also contribute to the blood supply of the uterus.
There is a rich anastomosis between the uterine and ovarian
arteries. Other potential collateral blood supply to the uterus
may be from the branches of the posterior division of the
hypogastric, the ilio-lumbar artery, or other vessels supplying
the pelvis such as middle sacral artery, and pudendal and obtu-
rator arteries. The venous drainage follows the arterial supply. 

The lymphatic drainage of the cervix is rich and complex.
Laterally from the cervix, the lymphatics drain into the para-
cervical and parametrial lymph nodes and to the internal,
external, and common iliac chains. The obturator lymph
nodes are the most medial portion of the external iliac nodal
region. Other lymphatic drainage routes include the inferior
and superior gluteal lymph nodes and the superior rectal, pre-
sacral, and para-aortic lymph nodes. The innervations of the
cervix are from the sacral roots (S2-4) crossing through the
hypogastric plexuses. 

Two important anatomical landmarks during radical hys-
terectomy for treatment of early cervical cancer are the para-
vesical and pararectal spaces. The paravesical space is lateral
to the bladder and can be opened by dissection underneath the
insertion of the round ligament into the pelvic wall. The ante-
rior wall is bounded by the superior pubic ramus, the medial
wall is the bladder and vagina, the lateral wall is composed of
the external iliac vessels and parts of the obturator fossa, and
the posterior wall is formed by the cardinal ligament, separat-
ing this space from the pararectal space. This space can be
continuous with the space between the bladder and the pubic
bone, known as the space of Retzius. 

The pararectal space is found between the ureter laterally
and the origin of the hypogastric artery medially and follows
the curve of the sacrum. Anteriorly it is bounded by the cardinal
ligament. The lateral wall is formed by the hypogastric vessels.
Medially it is bounded by the ureter, and the floor is composed
of the curve of the sacrum down to the levator muscles. 

NATURAL HISTORY

Preinvasive Disease

Cervical cancer is preceded by an interval of epithelial dysplas-
tic changes, typically in the transformation zone, known as cer-
vical intraepithelial neoplasia (CIN), which may progress to
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invasive cancer. Low-grade dysplasia (CIN 1) is confined to the
basal one third of the epithelium, whereas high-grade dysplasia
(CIN 2-3) involves two thirds or greater of the epithelial thick-
ness. Full thickness involvement is known as carcinoma in situ
(CIS). Cytologic screening has helped in decreasing the inci-
dence of cervical cancer in the United States and other devel-
oped nations by over 90%. Of approximately 50 million Pap
smears performed in the United States annually, 5% to 7% are
abnormal, and the majority of these are atypical squamous
cells of undetermined significance (ASCUS) (19,20). The
majority of the disease burden is in developing nations where
screening and treatment programs are scarce (21). 

Many studies have evaluated the natural history of cervical
dysplasia. Holowaty et al. evaluated cervical dysplasia in
about 17,000 women with mild, moderate, and severe dyspla-
sia (22). The reported risk of progression from mild to severe
dysplasia was 2% and 6% at years 2 and 5, respectively.
However, progression from moderate to severe dysplasia was
16% and 25% at 2 and 5 years, respectively. The relative risks
of progression from severe dysplasia to CIS and invasive can-
cer were 4.2 and 2.5, respectively, 2 years after diagnosis of
dysplasia. The majority of mild dysplasias (CIN 1) regressed
to normal within 2 years. 

In a meta-analysis of 15 studies of 27,929 women,
Melnikow et al. found 2-year progression rates to high-grade
dysplasia to be 7% and 21% from ASCUS and low-grade dys-
plasia, respectively (23). The rate of progression to invasive
cancer for ASCUS was 0.25%, as compared to low-grade dys-
plasia (0.15%) and high-grade dysplasia (1.4%). The regres-
sion rates to normal for ASCUS, low-grade, and high-grade
dysplasias were 68%, 47%, and 35%, respectively. 

The incidence of progression from CIS to invasive cancer in
patients with persistent abnormal cytology after initial treatment
was 24.8 times greater than in those who had normal cytology
after initial treatment (24). Overall the reported rate of progres-
sion of CIS to invasive cancer ranges from 12% to 22% (24).

Most low-grade dysplasia will regress to normal in about
24 months. Therefore, only careful follow-up is warranted.
However, women with high-grade disease or CIS should be
more closely evaluated and treated aggressively as the risk of
progression is higher (24).

Patterns of Spread

Cervical cancer can spread through direct extension to the
endocervix, lower uterine segment, parametrium, vagina, and,
less often, to the bladder and/or rectum. It can also spread
lymphatically to the parametrial, obturator, and internal,
external, and common iliac lymph nodes. Inferior and supe-
rior gluteal, superior rectal, presacral, and para-aortic lymph
nodes can also become involved. The pattern of spread is usu-
ally predictable and orderly as the rate of para-aortic lymph
node metastasis is very rare if the pelvic nodes were spared.
The overall risk of pelvic lymph node metastasis in stage IB is
about 17% (25,26). The risk of para-aortic nodal metastasis is
higher with advanced stage with rates of 16% and 25% for
stage II and III, respectively (27). Scalene nodal involvement is
reported to be between 10% and 23% (28). 

Girardi et al. reported data in 163 patients who had
undergone radical hysterectomy, finding that when the para-
metrial nodes were not involved, the rate of pelvic nodal
involvement was 26% (29). However, when the parametrial
nodes were involved, the incidence of pelvic lymphatic spread
was over 80%. 

The most common sites of hematogenous spread include
lung, mediastinum, bone, and liver. Other less common sites
are spleen, brain, and adrenal. Most recurrences occur in the
first 24 months with a median of 17 months (30).

CLINICAL PRESENTATION AND
DIAGNOSTIC EVALUATION

Preclinical Invasive Disease

Screening and Cytology

In 2007, 11,150 women were expected to be diagnosed with
invasive cervical cancer in the United States, and about 3,670 of
them were expected to succumb to the disease (31). These statis-
tics represent a dramatic reduction from statistics prior to intro-
duction of cervical cytology screening programs in the 1950s.
However, in developing nations it is one of the leading causes of
cancer death (32). This disparity is essentially due to availability
of cytologic screening programs in developed nations. 

The effectiveness of screening cytology is related to the ease
of obtaining specimens, the sensitivity of the test, and a long
dysplastic phase that can be detected via cytology and effec-
tively treated with high success rates. There are currently two
primary means of obtaining and diagnosing cervical dysplasia.
One is the conventional Pap smear and the other is liquid-
based thin layer preparation.

Using classification as low-grade squamous intraepithelial
lesion (LSIL) as the threshold, Nanda et al. reported a large
variation in the sensitivity of conventional smears with pub-
lished data ranging from 30% to 87%; specificity was much
higher at 86% to almost 100% (33). Cytologic screening is a
continuum in which sensitivity is increased through sequential
testing. The most common reasons for false-negative smears
are errors in sampling and preparation. In 1996, liquid-based
cytology was introduced in the United States. Cells are
obtained by a Cytobrush and transferred into a buffered alco-
hol medium. The suspended cells are then plated in a thin,
evenly distributed layer, improving the clarity of the slide for
evaluation. Another benefit is that the specimen can be tested
for HPV, gonorrhea, and chlamydia. Although the data is con-
flicting, it appears that liquid-based cytology may be superior
to conventional cytology in minimizing the number of unsatis-
factory smears and increasing detection rates of low- and
high-grade abnormalities (34). Sulik et al. reported no differ-
ence between the two methods in a large systematic review
(35). The American Cancer Society (ACS) and U.S. Preventive
Services Task Force (USPSTF) have concluded that, although
liquid-based technology may be more sensitive than conven-
tional cytology, there was insufficient evidence to recommend
universal adoption. The American College of Obstetricians
and Gynecologists (ACOG) does not support changing screen-
ing intervals based on the method of screening (36).

The current recommendation is to start cytologic screening
within 3 years after onset of sexual activity or when a woman
reaches the age of 21. The ACS recommends annual screening
until age 30 with conventional Pap smear or every other year
if liquid-based cytology is used. If a woman has two to three
normal smears, the screening interval can be lengthened to
every 2 to 3 years (37). The ACOG recommends annual test-
ing and does not specify any testing methodology until age 30.
Patients over 30 with no history of CIN 2 or 3, no immuno-
compromised state, and no diethylstilbestrol (DES) exposure
who have three negative cytologies may be screened every 2 to
3 years. In women over 30 years of age with negative testing
using both cytology and HPV screening, testing is recom-
mended every 3 years (36,38). The USPSTF recommends that
screening intervals be lengthened to every 3 years regardless of
age in patients who have had two negative smears. Liquid-
based cytologic screening and testing has not been adopted by
the USPSTF due to insufficient data. High-risk women should
be screened annually. 
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The upper age of screening is set at 65 by the USPSTF if
there are previous normal smears and the woman is not at
high risk. The ACS recommends stopping at age 70 if there have
been three consecutive negative smears in the prior 10 years. The
ACOG recommends individual assessment of risk factors and
examination (36). Women who have undergone hysterectomy
should be screened according to risk factors such as prior history
of CIN 2 and 3 and others. 

To provide a standard terminology when reporting cyto-
logic findings, the Bethesda system set forth guidelines in 1988
with revisions in 2001 (39). This system describes the ade-
quacy of the specimen, a general categorization of whether it
falls within normal limits or not, and a description of the dys-
plastic cytologic abnormalities detected in three categories:
ASCUS or atypical squamous cells—cannot rule out high-
grade squamous intraepithelial lesion (ASC-H), LSIL (the
same as CIN 1), and high-grade squamous intraepithelial
lesion (HSIL), which is the same as CIN 2 or 3. It can also
report squamous cell carcinoma directly. For glandular
lesions, categories include atypical glandular cells (AGS),
denoting origin if possible (endocervix, endometrial, or not
otherwise specified), AGS favoring neoplastic, adenocarci-
noma in situ (AIS), or frank adenocarcinoma. 

It is estimated that approximately 10% to 20% of
women with ASCUS or ASC-H have underlying CIN 2 or 3
and that 1 in 1,000 may have underlying invasive cancer.
ASC-H is expected to be diagnosed in about 5% to 10% of
all ASCUS readings. AGS is associated with a much higher
percentage of high-grade disease when compared to ASCUS—
as high as 39%. 

The ASCUS/LSIL Triage Study (ALTS), a multicenter ran-
domized trial of 3,488 women, compared immediate col-
poscopy versus triage to colposcopy based on HPV testing, and
liquid-based cytology with a threshold of HSIL versus conserv-
ative management with triage based on repeat cytology with a
threshold of HSIL (40,41). ASCUS was reproducible in repeat
liquid-based cytology in only 32% of cases with an overall
CIN 2 and 3 diagnosis of 15% when ASCUS cytology was fur-
ther investigated. HPV testing was able to identify 92% of
women who would ultimately have a diagnosis of CIN 3. Only
1.4% of women with negative HPV testing developed CIN 3
over 2 years. Repeat cytology for ASCUS would have referred
almost 67% of women to colposcopy as compared to HPV
testing, which referred about half the number of women for
colposcopy. The American Society of Colposcopy and Cervical
Pathology (ASCCP) endorsed HPV testing as the preferred
method of triage for ASCUS smears detected by liquid-based
cytology (42). 

HPV Testing

HPV testing has been gaining more popularity in recent years.
Methods of detecting HPV include hybrid capture II and poly-
merase chain reaction. Both tests have similar sensitivity and
specificity, but the former is easier to perform technically,
especially in a large screening program setting. Sherman et al.
studied over 20,000 women, evaluating the role of conven-
tional Pap smear and concurrent HPV testing to determine the
risk of developing CIN 3 (43). In this study, 72% of women
who developed CIN 3 had baseline abnormal cytology and
positive HPV testing with a cumulative incidence of develop-
ing CIN 3 or invasive cancer of 4.5% in approximately 
45 months of follow-up. This was compared with women
with negative smears and HPV testing whose cumulative inci-
dence of developing CIN 3 or invasive cancer was only
0.16%. The combination of negative cytology and HPV test-
ing carries a high negative predictive value of over 95%
regarding the development of CIN 3 or invasive cancer, pro-
viding great reassurance for low-risk women and lengthening

the interval of screening in that population. The ACS and
ACOG agreed that it would be reasonable to offer this com-
bined modality screening to low-risk women aged 30 or
greater and allow for screening intervals of 3 years (36). 

Clavel et al. studied the role of HPV testing as a primary
screening tool in almost 8,000 women (44). They reported
100% sensitivity of HPV testing in detecting histologically
proven high-grade dysplasia compared to conventional smear
(68%) and liquid-based cytology (87%). The specificity of
HPV testing was 93% in women over 30, compared to con-
ventional and liquid-based technologies with specificities of
86% and 95%, respectively. Overall it was found that HPV
testing is much more sensitive in detecting high-grade disease
compared to conventional smears but with a lower specificity
rate. This approach requires further study; screening women
younger than 30 may lead to unnecessary testing as many HPV
infections are transient, and most women will not develop dys-
plasia with HPV infection. In LSIL, more than 85% of cases
test positive for HPV. Therefore, HPV testing is not encour-
aged. CIN 2 and 3 require immediate referral for colposcopic
evaluation. The overall 2-year cumulative risk of developing
CIN 2 and 3 for LSIL and ASCUS with positive HPV testing
was essentially the same (27.6% and 26.7%). The authors sug-
gested that repeat HPV testing 12 months after diagnosis of
LSIL and ASCUS with positive HPV yielded the highest sensi-
tivity and lowest rate of referral for colposcopy. Repeat cytol-
ogy with HPV testing did not significantly increase sensitivity
and increased referral for colposcopy. HPV testing appears to
be useful in triage of ASCUS smears, possibly reducing colpo-
scopic referrals by almost 50% (40,41).

Colposcopy 

Colposcopy examines the lower genital tract including the
vulva, vagina, and epithelium of the cervix and opening of the
endocervix. The use of acetic acid and Lugol’s solution assists
in highlighting abnormal and dysplastic changes. Changes
such as aceto-white plaques and vascular abnormalities such
as punctations, mosaicism, and abnormal branching may sig-
nify high-grade disease. Indications for colposcopy include an
abnormal appearing cervix, persistent post-coital bleeding or
discharge, persistent CIN 1, 2, or 3 on cytology, in utero expo-
sure to DES, and ASCUS smears with positive high-risk HPV
testing. In order to have an adequate colposcopic examination
the entire transformation zone must be fully visualized.
Endocervical curettage is recommended in all colposcopic
evaluations. 

Conization Biopsy

Cervical conization refers to the surgical removal of the
squamo-columnar junction. This may be done in the operating
suite through a classical cold knife conization technique or as
an outpatient using thermal cautery with loop excision.
Indications for conization include inadequate colposcopy, posi-
tive endocervical curettage, persistent CIN 1 (usually �1 year),
CIN 2,3 or CIS, and discrepancy between cytologic, colpo-
scopic, or pathologic findings. 

Loop Electrosurgical Excision Procedure 

Loop diathermy, an alternative to cold knife conization, is
usually performed on an outpatient basis. Trials have demon-
strated loop electrosurgical excision procedure (LEEP) to be as
effective as cold knife conization with advantages in terms of
cost, anesthesia, and ease of use (45). A disadvantage is that
significant thermal artifact can hamper evaluation of margin
status, which can be minimized with careful technique avoid-
ing prolonged contact with the tissue. 
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Clinical Disease

Symptoms and Complaints

The most common presentations of invasive cervical cancer
are abnormal vaginal bleeding, post-coital bleeding, and vagi-
nal discharge. However, many women are asymptomatic and
are found to have disease upon pelvic examination or cyto-
logic evaluation. As the tumor enlarges it can cause local
symptoms such as pelvic pain and difficulty with urination or
defecation. As the disease metastasizes to regional lymph
nodes, back pain, leg swelling (especially unilateral), and neu-
ropathic pain may occur. 

Physical Findings

The most common finding on physical examination is an
abnormal lesion on the cervix, at times necrotic and friable.
Possible extension onto the vaginal wall should be assessed.
Determination of parametrial, sidewall, and uterosacral liga-
ment involvement must be done through a rectovaginal exam-
ination. Other areas of concern are the superficial groin and
femoral lymph nodes and the supraclavicular region. 

Diagnostic Biopsy

Suspicious lesions on the cervix and surrounding areas should
be biopsied with enough depth to assure adequate non-
necrotic tissue to render diagnosis. Biopsy on the margin tends
to yield better results. 

Staging

Clinical Staging Procedures

The most critical component of staging is a through pelvic
examination, including a rectovaginal exam. If necessary, an
exam under anesthesia allows for a careful visual and digital
examination as well as cystoscopy and proctoscopy. 

Laboratory Studies

A complete peripheral blood count is indicated to evaluate for
anemia, which might warrant correction. Thrombocytosis is
found in up to 30% of patients with locally advanced disease
and has been associated with larger tumor size, parametrial
involvement, and poorer survival. Serum chemistries with
attention to serum creatinine are essential to evaluate for renal
failure or assess renal function in patients who will receive cis-
platin-based chemoradiotherapy. Additional tests should
include liver function and urinanalysis.

Serum Tumor Markers

The most commonly studied markers are squamous cell
carcinoma antigen (SCCA), carcinoembryonic antigen (CEA),
CA-125, and CYFRA 21-1. Molina et al. evaluated SCCA,
CEA, and CYFRA 21-1 in 156 patients with invasive cervical
cancer. They found a sensitivity at diagnosis of 43%, 25%,
and 26%, respectively, and found that in squamous cell cancers
the latter two did not add to SCCA alone (46). Reesink-Peters
et al. studied preoperative SCCA levels in early-stage cervical
cancer and found that patients with elevated SCCA had a
higher chance of requiring postoperative radiation therapy
(RT) (57% vs. 16%) and a higher relapse rate in those with
elevated SCCA as compared to those with normal levels 
(15 % vs. 1.6%) (47). In any case, most clinicians will use
parameters for postoperative RT such as margin status, lymph
node and parametrial involvement, depth of invasion, size of

tumor, and lymph vascular involvement, irrespective of SCCA
levels, to assess the need for adjuvant RT. In one study CA-125
was a poor marker as only up to 21% of patients had elevated
levels (48). In general, tumor markers currently have no role
in management of advanced cervical cancer.

Radiographic Studies

Cervical cancer is clinically staged by physical examination and
limited radiographic evaluation. Computed tomography (CT)
and magnetic resonance imaging (MRI) are used extensively to
delineate disease extent and improve treatment planning but do
not change the assigned staging. Mitchell et al. compared CT
versus MRI for measurement of tumor diameter in early-stage
disease in 208 patients and found that MRI was superior to CT
in preoperative evaluation of tumor size and uterine body
involvement (49). Hirack et al. evaluated MRI in evaluating
extent of disease in correlation with surgical findings. They
reported an accuracy of 91% for detection of tumor location,
70% in determining tumor size, 93% for vaginal extension, and
88% for parametrial involvement (50). In a meta-analysis,
Bipat et al. reported sensitivity of 74% for parametrial involve-
ment with MRI as compared to 55% for CT; lymph node
involvement was 60% versus 43%, respectively, and MRI was
superior in detecting bladder and rectum invasion (51).

Narayan et al. studied International Federation of
Gynecology and Obstetrics (FIGO) staging, tumor volume,
and lymphatic metastasis using MRI and positron emission
tomography (PET) scanning (52). They found that tumor
invasion of the uterine body was a strong predictor of lym-
phatic invasion; uterine body invasion was present in 58%,
73%, 88%, and 100% of stages I, II, II, and IV, respectively.
Node positivity was noted in 11% of patients with PET scan-
ning without uterine body involvement on MRI versus 75%
of those with uterine body involvement.

Choi et al. reported a preoperative accuracy of MRI in
tumor staging of 77% and a sensitivity of 97% for pelvic node
metastasis (53). Park et al. evaluated 36 patients with MRI
and PET, reporting an accuracy of FIGO and MRI staging of
67% and 84%, respectively. PET was superior to MRI in
detecting pelvic nodal metastasis (78% vs. 67%) (54).

Hricak et al. reported a multicenter trial of 172 patients. They
found that surgico-pathologic findings correlated with FIGO
staging in 76% of cases in stages IA to IIA and in 21% in stage
IIB. Sensitivity for detecting advanced stage (�IIB) for FIGO
staging, CT, and MRI were 29%, 42%, and 53%, respectively,
with specificities of 99%, 82%, and 74%, respectively (55).

In comparing MRI to CT, Subak et al. reported that MRI
was superior to CT in evaluating stage of disease, with an accu-
racy of 90% versus 65%, respectively (56). MRI was superior
to CT in detecting parametrial invasion (94% vs. 76%). In eval-
uating pelvic adenopathy, both were equal. Contrast-enhanced
T1-weighted images are superior to nonenhanced T2-weighted
images. 

Modern imaging techniques such as CT and MRI have low
sensitivities for detecting disease in the para-aortic nodes less
than 1 cm (57). PET has emerged as a superior method of
imaging nodal disease in cervical cancer. The reported sensitiv-
ity is about 84% (58,59). Loft et al. completed a prospective
study of PET/CT scanning in 120 patients with cervical can-
cer. There were several false negatives, resulting in a positive
predictive value of only 63%. However, negative predictive
value, sensitivity, and specificity were 100%, 100%, and
94%, respectively (60).

FIGO and American Joint Committee 
on Cancer Staging

The staging system used for cervical cancer is based on the 1995
FIGO staging system (61,62). Stage IA1 is defined as stromal
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invasion to �3 mm in depth and no wider than 7 mm, stage
IA2 is defined as stromal invasion of 3 to 5 mm with width of
no �7 mm. The Society of Gynecologic Oncologists (SGO)
also considers negative lymphovascular space invasion (LVSI)
and margin status as criteria for microinvasive disease (MID).
The horizontal spread must be 7 mm or less to be considered
MID according to FIGO, but SGO does not include lateral
spread in defining MID. The diagnosis of MID must be made
on a conization or hysterectomy specimen. Punch biopsies are
not adequate. Stage IB is divided into IB1, which includes all
lesions greater than IA2 and no more than 4 cm in greatest
dimension, and stage IB2, a lesion limited to the cervix mea-
suring greater than 4 cm. 

Surgical findings and radiographically guided biopsies of
suspected lesions cannot be used to change or modify clinical
FIGO staging. Stage IVA requires biopsy confirmation of blad-
der or rectal mucosal involvement. For example, bullous edema
of bladder mucosa is not sufficient to render staging as FIGO
IVA. Stage IIIB indicates pelvic sidewall involvement or demon-
stration of a nonfunctioning kidney or hydronephrosis, irre-
spective of clinical detection of sidewall involvement, as long as
there is no alternative explanation for the kidney abnormality. 

A tumor-node-metastasis (TNM) staging system is pro-
posed by the American Joint Committee on Cancer (AJCC)
that corresponds well to the FIGO clinical staging. The cur-
rent criteria for the various stages are defined in Table 22.1.
TNM is mainly used in documenting findings on surgical and
pathologic evaluations as the pathologic stage of the disease,
and FIGO is used for clinical staging. All histologic types are
included. If there is ambiguity regarding the correct stage, the
lower stage is assigned. 

Pretreatment Nodal Staging

The presence of para-aortic lymph node metastases is known to
have a significant impact on progression-free and overall survival.
Pretreatment knowledge of para-aortic spread could potentially
direct treatment in a manner that could improve outcomes.
Given the limitations of imaging in reliably detecting para-aortic
micrometastases, surgical staging has been used. However, the
role of surgical staging for locally advanced cervical cancer
remains unclear. Leblanc et al. performed pretreatment laparo-
scopic nodal staging on 156 patients with stages IB2 to IVA with
negative preoperative CT scans (63). The average number of
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DEFINITION OF TNM

TA B L E  2 2 . 1

TNM categories FIGO stages

PRIMARY TUMOR (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis 0 Carcinoma in situ
T1 I Cervical carcinoma confined to uterus (extension to corpus should be disregarded)
T1aa IA Invasive carcinoma diagnosed only by microscopy. Stromal invasion with a maximum depth of  

5.0 mm measured from the base of the epithelium and a horizontal spread of 7.0 mm or less. 
Vascular space involvement, venous or lymphatic, does not affect classification

T1a1 IA1 Measured stromal invasion 3.0 mm or less in depth and 7.0 mm or less in horizontal spread
T1a2 IA2 Measured stromal invasion more than 3.0 mm and not more than 5.0 mm with a horizontal spread 

7.0 mm or less
T1b IB Clinically visible lesion confined to the cervix or microscopic lesion greater than T1a/IA2
T1b1 IB1 Clinically visible lesion 4.0 cm or less in greatest dimension
T1b2 IB2 Clinically visible lesion more than 4.0 cm in greatest dimension
T2 II Cervical carcinoma invades beyond uterus but not to pelvic wall or to lower third of vagina
T2a IIA Tumor without parametrial invasion
T2b IIB Tumor with parametrial invasion
T3 III Tumor extends to pelvic wall and/or involves lower third of vagina, and/or causes hydronephrosis 

or nonfunctioning kidney
T3a IIIA Tumor involves lower third of vagina, no extension to pelvic wall
T3b IIIB Tumor extends to pelvic wall and/or causes hydronephrosis or nonfunctioning kidney
T4 IVA Tumor invades mucosa of bladder or rectum, and/or extends beyond true pelvis (bullous edema is 

not sufficient to classify a tumor as T4)

REGIONAL LYMPH NODES (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

DISTANT METASTASIS (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 IVB Distant metastasis

Note: The definitions of the T categories correspond to the stages accepted by the Fédération Internationale de Gynécologie et d’Obstetrique (FIGO).
Both systems are included for comparison.
aAll macroscopically visible lesions—even with superficial invasion—are T1b/IB.
Source: American Joint Committee on Cancer (AJCC). Cervix uteri. In: Greene FL, Page DL, Fleming ID, et al. eds. AJCC Cancer Staging Manual.
6th ed. New York: Springer; 2002:260.
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nodes removed and length of stay were 21 and 1.4 days, respec-
tively. The rate of para-aortic metastasis was 25.4%. Nearly a
quarter of patients with stage IB2 required extended field RT
due to surgical findings. Survival was not different between
patients with microscopic versus resected macroscopic nodal
disease. 

Leblanc et al. evaluated 184 patients with stages IB2
through IVA with pretreatment extraperitoneal laparoscopic
staging of para-aortic nodes (64). They found a 24% incidence
of para-aortic nodal involvement and an operative complica-
tion rate of 2%. They had a 13% symptomatic lymphocyst
rate that decreased to about 3% with modification of tech-
niques. Findings of surgical staging changed the management
of 20% of patients who would have only received pelvic RT to
extended field RT. Data suggested a survival advantage in
patients with resected positive nodes. 

Lai et al. compared clinical staging versus surgical staging
(laparoscopic or extraperitoneal approach) in 61 patients
(65). Para-aortic nodal metastasis was detected in 25% of the
surgical group. The study was terminated early as the surgical
arm had a significantly worse progression-free and overall sur-
vival compared to the nonsurgical arm. The role of surgical
staging remains unclear, particularly in the era of metabolic
imaging. Gallup et al. described an extraperitoneal approach
to dissect and evaluate para-aortic lymph nodes, and Querleu
et al. have reported a laparoscopic staging technique (66,67).
These approaches can minimize treatment delays and compli-
cations compared to the open approach. 

Sentinel Lymphatic Mapping in Early Cervical Cancer

The standard surgical treatment for early cervical cancer (stages
IA2 to IIA) is radical hysterectomy and pelvic lymphadenec-
tomy (PL). The PL is complete and removes all nodal bearing
tissues on the external iliac artery and vein (up to the circumflex
iliac vein), internal iliac artery above the obturator nerve, and
common iliac artery up to the iliac bifurcation. The procedure
carries some risk of injury to vessels and nerves, can lead to
lymphedema, and can predispose to a higher complication rate
if postoperative RT is needed. Lymphatic mapping (LM) refers
to the concept of delineating the path of malignant cells through
the lymphatics, identifying the nodes primarily at risk for early
spread, and determining if this knowledge will safely allow a
limited rather than a complete regional lymphadenectomy.

Thompson and Uren described the sentinel node (SN) as
“any lymph node that receives lymphatic drainage directly from
primary tumor” (68). In cervical cancer, Medl et al. were the
first to report LM with blue dye (69). Dargent et al. reported
the laparoscopic identification of the SN (70). In a study of 
20 patients, O’Boyle et al. noted a low SN detection rate of
60%, which is lower with larger tumors (71). Levenback et al.
reported 39 patients with early cervix cancer who underwent
radical hysterectomy (RH) and PL. Preoperative lymphoscintig-
raphy was performed, revealing at least one SN in 85%. Most
SNs were iliac, obturator, and parametrial nodes; however,
approximately 20% were in the common iliac and aortic
chains. Eight (21%) had nodes involved with tumor, and five of
these eight had SN as the only positive node. Sensitivity was
87.5% and negative predictive value (NPV) was 97% (72).

Using a laparoscopic approach to SN identification and dis-
section, Lambaudie et al. reported a sensitivity of 66%, speci-
ficity of 100%, positive predictive value of 100%, and NPV of
90% (73). Plante et al. followed with a larger series of 
70 patients using laparoscopy. Bilateral SNs were found in 60%
of cases. Using both a gamma probe and blue dye, the SN detec-
tion rate was 93%. Eighty-eight percent of SNs were in the
external iliac, obturator, and the bifurcation area. Fifty-one per-
cent had two SNs, and 24% had � SNs. The NPV was 100%
and sensitivity was 93%. The rate of allergy to blue dye was

3% (74). Darai et al. also investigated laparascopic SN identifi-
cation and biopsy, finding an SN detection rate of 83%.
Consistent with other work, the detection rate was considerably
worse in patients with advanced tumors. The positive and neg-
ative predictive values were each 80%, and positive SNs tended
to be associated with parametrial involvement (75). Use of both
blue dye and technetium 99 enhances the detection rate of SN. 

Using preoperative lymphoscintigraphy, Frumovitz et al.
found that 71% of patients showing a solitary SN actually had
multiple SNs during laparotomy, and 52% who had unilateral
SNs had bilateral SNs noted during exploration. Given the poor
concordance between lymphoscintigraphy and laparotomy
findings, the authors questioned the utility of preoperative lym-
phoscintigraphy (76). Wydra et al. reported their findings on
100 patients and found that the detection rate of SN was 96%
in patients with tumors �2 cm compared to 54% in those with
tumors �2 cm. The false-negative rate was 3% (77). 

PATHOLOGY

Squamous Cell Carcinoma

Squamous carcinoma of the cervix includes both microinvasive
squamous carcinoma and more deeply invasive carcinoma.
Variants of invasive squamous carcinoma, which may be asso-
ciated with differences in biologic behavior, include verrucous
carcinoma, papillary squamous and transitional carcinoma,
warty carcinoma, and lymphoepithelioma-like carcinoma.

Preinvasive Disease

Squamous carcinoma in situ is a precursor lesion of invasive
squamous carcinoma. Squamous carcinoma in situ is charac-
terized by full-thickness atypia of the cervical epithelium.
Endocervical glands may also be involved. The normal matu-
ration of squamous epithelium is absent. The epithelium is
replaced by atypical cells that often have enlarged, oval nuclei
and increased nuclear-to-cytoplasmic ratios. Mitotic figures
are present. There is no breach of the underlying basement
membrane (Fig. 22.1). A recent study of cervical biopsies
found excellent interpathologist and intrapathologist agree-
ment in the diagnosis of cervical biopsy specimens (78).
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FIGURE 22.1. Squamous carcinoma in situ. The epithelium displays
full thickness atypia. Cells have enlarged, hyperchromatic nuclei, and
there is no evidence of maturation.
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Microinvasive Carcinoma

Microinvasive squamous carcinoma is associated with squa-
mous intraepithelial neoplasia, and may arise from either the
surface epithelium or from endocervical glands involved by dys-
plasia. It is characterized by small nests of cells that have escaped
the basement membrane of the surface or glandular epithelium.
Microinvasive carcinoma often displays cells that are larger,
with more abundant eosinophilic cytoplasm than cells in the
adjacent dysplasia (Fig. 22.2). A desmoplastic stromal reaction
is usually present. The nests of microinvasive tumor are irregular
and haphazardly arranged. These features are useful in distin-
guishing microinvasion from rounded, well-circumscribed endo-
cervical glands involved by squamous dysplasia.

Depth of invasion should be measured from the basement
membrane of the site of origin. If the tumor arises from sur-
face epithelium, depth is the distance from the basement mem-
brane of the surface epithelium to the deepest nest of invasive
neoplasm. If the tumor arises from an endocervical gland,
depth is measured from the basement membrane of the gland.
If the site of origin is not clear, depth is measured from the
basement membrane of the surface epithelium.

Nests of superficial invasion seen in small biopsies should
be reported as such, with dimensions of the tumor. A diagnosis
of microinvasive squamous carcinoma of the cervix requires a
LEEP or conization biopsy that encompasses the entire lesion
and has negative margins.

Invasive Squamous Cell Carcinoma

Invasive cervical carcinoma arises from high-grade dysplasia,
which may be detected up to 10 years before invasive carci-
noma develops. Untreated squamous carcinoma in situ results
in invasive carcinoma in about one third of cases over a period
of 10 years. Invasive carcinoma occurs most often after the age
of 40 years (15), although it may be seen in young women. It is
associated with human papillomavirus infection in more than
99% of cases. These tumors may consist of firm, indurated
masses, or they may be ulcerated or polypoid. Microscopic
examination reveals irregular, haphazardly infiltrating nests of
cells with eosinophilic cytoplasm and enlarged, atypical,
hyperchromatic nuclei (Fig. 22.3).

Mitoses may be numerous, and atypical forms may be pre-
sent. There is typically a desmoplastic stromal response around

the nests of invasive neoplasm. Lymphatic and vascular space
invasion may be present, especially in more deeply invasive
tumors. Invasive squamous carcinomas are classified as kera-
tinizing or nonkeratinizing, although this classification has no
prognostic significance. Keratinizing squamous carcinomas
display at least some keratin pearl formation. Nonkeratinizing
squamous carcinomas are composed of irregular nests of cells
that may display abundant eosinophilic cytoplasm and inter-
cellular bridges but do not contain keratin pearls. Some squa-
mous carcinomas are composed of smaller cells without evidence
of neuroendocrine differentiation; these neoplasms should be
classified as nonkeratinizing squamous carcinomas.

Invasive squamous carcinomas are also graded (79),
although treatment protocols do not depend on grade, and the
histologic grade may not correlate with prognosis. Grade 1
(well-differentiated) tumors are not very common in the cervix.
They display keratin pearls and large numbers of keratinized
cells. Nuclei display only mild to moderate atypia, and mitoses
are typically not numerous. Grade 2 (moderately differentiated)
tumors represent the majority of invasive squamous carcinomas
of the uterine cervix, and are usually nonkeratinizing squamous
carcinomas with nuclear pleomorphism, numerous mitoses, and
an infiltrative pattern. Grade 3 (poorly differentiated) tumors
either have smaller cells without neuroendocrine differentiation,
or are pleomorphic with anaplastic nuclei and sometimes a ten-
dency to form spindle cells that must be distinguished from sar-
coma by positive cytokeratin stains.

Variants of Squamous Cell Carcinoma

Basaloid Squamous Cell Carcinoma. Basaloid squamous car-
cinoma is an invasive, highly aggressive tumor composed of
basaloid cells resembling those seen in squamous carcinoma
in situ (80).

Verrucous Carcinoma

Verrucous carcinoma occurs rarely in the uterine cervix (81).
Examination of the cervix reveals a papillary excrescence that
may resemble condyloma acuminatum. In fact, lesions termed
“giant condyloma of Buschke and Lowenstein” in the past
probably represent verrucous carcinomas. Microscopic exami-
nation displays papillary fronds of squamous epithelium not
containing connective tissue cores. The fronds are often pointed
and have a “church spire” appearance. Underlying connective
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FIGURE 22.2. Microinvasive squamous carcinoma. There is an area
of squamous carcinoma in situ (lower left). A nest of invasive carci-
noma cells (center) has broken through the basement membrane. The
invasive cells are larger, with more abundant cytoplasm and larger,
more pleomorphic nuclei. A desmoplastic stroma response is present
(right).

FIGURE 22.3. Invasive squamous carcinoma. Small, irregular nests
of cells with markedly atypical nuclei are present. They are sur-
rounded by desmoplastic stroma, containing inflammatory cells.
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tissue displays bulbous nests of squamous epithelium that
invade the stroma with a pushing margin but display little cyto-
logic atypia. Any lesion displaying significantly atypical nuclei
does not represent verrucous carcinoma. The distinction
between verrucous carcinoma and regular squamous carcinoma
is important because verrucous carcinoma invades locally but
does not metastasize. In order to diagnose verrucous carci-
noma, it is necessary to see the invasive portion of the neo-
plasm. Superficial biopsies are usually not diagnostic.

Papillary Squamous and Transitional Carcinoma

Some cervical neoplasms are characterized by papillary super-
ficial architecture with substantial nuclear atypia not seen in
verrucous carcinomas (82,83). The most common presenting
symptoms are vaginal bleeding and abnormal Pap smears.
Papillary, polypoid, or granular lesions are often evident upon
examination of the cervix.

These tumors may have thin or thick papillae that contain
a connective tissue core (Fig. 22.4). The papillary processes
may be covered by highly atypical epithelium displaying kera-
tinization, or the epithelium may consist of multiple layers of
cells with oval, hyperchromatic nuclei that do not show kera-
tinization, and resemble transitional cell epithelium. Nuclear
grooves may be present. Some tumors display epithelium with
mixed features. Immunohistochemical studies have shown
that most of these tumors are cytokeratin 7 positive and
cytokeratin 20 negative; these results are consistent with squa-
mous differentiation (83). HPV-16 has been identified in these
neoplasms (82). A recent study demonstrated that these
tumors all have the same immunophenotype (uroplakin III
negative, p63 positive, and p16INK4a positive) regardless of
light microscopic features (84). The authors concluded that
these neoplasms lack true transitional cell differentiation and
share features with squamous carcinoma.

Many papillary squamous and transitional carcinomas are
associated with an underlying invasive carcinoma. The inva-
sive neoplasm is often typical squamous carcinoma, but some
cases of invasive transitional carcinoma have been described.
Superficial biopsies display only the papillary portion of the
neoplasm. LEEP or conization biopsy should be performed to
evaluate the possibility of underlying invasive carcinoma.

The invasive form of this neoplasm may be associated with
local recurrence and metastasis. These tumors must be distin-
guished from verrucous carcinomas, which display little
atypia and have a much more indolent clinical course. 

Warty Carcinoma

Warty carcinoma of the cervix is a rare papillary neoplasm
that displays marked condylomatous change but has features
typical of routine invasive squamous carcinoma at its deep
margin (85). These tumors are associated with HPV and may
behave less aggressively than the usual type of invasive squa-
mous carcinoma. Cellular change consistent with HPV infec-
tion (“koilocytotic atypia”) is shown in Figure 22.5.

Lymphoepithelioma-Like Carcinoma

Lymphoepithelioma-like carcinoma, more commonly seen in
the nasopharynx, also occurs in the uterine cervix. Some
patients may present with abnormal bleeding and have cervical
masses, whereas others may have abnormal Pap smears and no
visible cervical lesions. Lymphoepithelioma-like carcinoma of
the cervix is seen most often in Asian women, and it has been
associated with Epstein-Barr virus infection in those patients
(86). In contrast, studies from Europe have not demonstrated
Epstein-Barr virus DNA (87,88), but some have suggested a
role for HPV in the etiology of this neoplasm (88–90).

Microscopically, this tumor is characterized by nests of
cells with lightly eosinophilic cytoplasm and large vesicular
nuclei with prominent eosinophilic nucleoli. Cell borders are
indistinct, giving the tumor cell nests a syncytial appearance.
Aggregates of tumor cells are surrounded by a prominent
inflammatory infiltrate that includes lymphocytes, plasma
cells, and varying numbers of eosinophils. This neoplasm can
be distinguished from glassy cell carcinoma (which is also
accompanied by prominent inflammation) by the lack of
prominent cell borders and granular eosinophilic cytoplasm in
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FIGURE 22.4. Papillary squamous carcinoma. Papillary fronds of
tumor contain connective tissue cores, and are covered with multiple
layers of atypical epithelial cells.

FIGURE 22.5. Human papillomavirus changes. This squamous
epithelium displays cells with large halos surrounding atypical nuclei
(“koilocytotic atypia”).

Barakat_CH22-623-682.qxd  2/24/09  4:24 PM  Page 631



lymphoepithelioma-like carcinoma. The lymphocytic infiltrate
in lymphoepithelioma-like carcinoma of the uterine cervix is
predominantly T cell in nature, and most of the T cells are
suppressor/cytotoxic CD8 cells (87). 

Adenocarcinoma

While the incidence of squamous carcinoma of the cervix has
decreased in past decades owing to cytologic screening, the
number of cases of cervical adenocarcinoma has increased
(91–93). Adenocarcinoma of various types accounts for 20%
to 25% of cervical carcinomas (92).

Adenocarcinoma in situ is a precursor of invasive adeno-
carcinoma. It is found adjacent to many invasive adenocarci-
nomas, often accompanied by squamous dysplasia. Both ade-
nocarcinoma in situ and invasive adenocarcinoma of the
cervix are associated with HPV (usually type 18, but some-
times type 16).

Adenocarcinoma in situ is characterized by preservation of
the overall endocervical gland architecture. However, endocer-
vical glands and surface epithelium are replaced to varying
degrees by cells displaying atypia, including nuclear enlarge-
ment and stratification, nuclear hyperchromasia, and mitotic
figures (Fig. 22.6). Most adenocarcinomas in situ occur near the
transformation zone, and skip lesions are unusual (93). 

Early Invasive Adenocarcinoma

Early invasive adenocarcinoma of the uterine cervix displays an
alteration from the normal endocervical gland architecture. This
abnormality may take the form of solid or cribriform nests of
cells, architecturally irregular or incomplete glands lined by
malignant cells, or small buds of highly atypical cells arising
from glands involved by adenocarcinoma in situ. A desmoplastic
stroma may be present. Diagnosis of early invasive adenocarci-
noma may be difficult because endocervical glands normally
have a complex pattern. Wheeler and Kurman (94) have
reported that close proximity of glands to thick-walled blood
vessels is suggestive of an invasive neoplasm.

Technically, the definitions of microinvasive carcinoma,
according to both SGO and FIGO, apply to all types of carci-
noma. Application of this term to glandular lesions of the cervix
has not been generally accepted. Some gynecologic pathologists

believe that these lesions should be classified as early invasive
adenocarcinomas, with a best possible measurement of the
depth of invasion (91,93), because an increased incidence of
metastatic disease correlates with increasing depth of invasive
disease. One author has suggested that depth of invasion should
be measured from the luminal surface to the deepest invasive
tumor nest so that, as in malignant melanomas, tumor thick-
ness rather than depth of invasion is measured (93).

Mucinous Adenocarcinoma

There are several variants of mucinous adenocarcinoma of the
cervix, including endocervical, intestinal, signet ring cell, min-
imal deviation, and villoglandular variants. HPV DNA has
been detected in more than 90% of mucinous adenocarcino-
mas of the cervix, including endocervical, intestinal, and
endometrial subtypes (95).

Mucinous Adenocarcinoma, Endocervical Variant

The endocervical variant of mucinous adenocarcinoma is the
most common type of cervical adenocarcinoma. It is composed
of irregular, haphazardly arranged tubuloracemose glands
lined by cells resembling those seen in normal endocervical
glands, although they may sometimes have limited amounts of
cytoplasmic mucin. Nuclei are basally located, stratified, and
atypical (Fig. 22.7). Mitoses are present. Grade 1 (well-differen-
tiated) tumors have uniform nuclei with minimal stratification
and few mitotic figures. Grade 2 (moderately differentiated)
adenocarcinomas have more marked cytologic atypia with fre-
quent mitoses. They may also have solid areas accounting for
less than half of the neoplasm. Grade 3 (poorly differentiated)
adenocarcinomas contain more prominent solid areas, pleo-
morphic nuclei, and many mitoses. Desmoplastic stromal
response is variable in this type of cervical adenocarcinoma.

Mucinous Adenocarcinoma, Intestinal Type, Signet
Ring, and Colloid Variants

Rare endocervical adenocarcinomas have glands containing
goblet cells; these tumors display intestinal differentiation.
Signet ring cell carcinomas and colloid carcinomas are
extremely rare and must be distinguished from metastatic
tumors from the gastrointestinal tract.
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FIGURE 22.6. Adenocarcinoma in situ. Part of this endocervical
gland is normal (upper left corner). The remainder of the gland has
been replaced by stratified cells with atypical, large nuclei and mitotic
figures.

FIGURE 22.7. Invasive adenocarcinoma. There is a haphazard inva-
sion of the cervix by irregular glands lined by multiple layers of atypi-
cal cells.
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Mucinous Adenocarcinoma, Minimal Deviation
Variant (Adenoma Malignum)

The term adenoma malignum was originally proposed by
McKelvey and Goodlin (96) to describe a form of cervical ade-
nocarcinoma that is so well differentiated that it may be diffi-
cult to recognize as a malignant lesion. The term minimal
deviation adenocarcinoma is a more appropriate designation
for this lesion. There is also a tendency for benign lesions of
the uterine cervix to be overdiagnosed as minimal deviation
adenocarcinoma (97), further emphasizing the difficulty of
diagnosing this neoplasm.

This tumor is uncommon, and represents only about 1.3%
of cervical adenocarcinomas (98). Patients range in age from 25
to 72 years. They may present with abnormal bleeding or a
mucoid discharge. The cervix may appear normal, or it may
display a firm area or a mass. The neoplasm is very difficult to
diagnose on small biopsies because the infiltrative gland pattern
cannot be appreciated. Conization specimens are more con-
ducive to accurate diagnosis in this lesion, but some cases have
been diagnosed only after hysterectomy. In contrast to most
other types of cervical adenocarcinomas, minimal deviation
adenocarcinomas are not associated with HPV infection (99). 

Gross examination of hysterectomy specimens displays firm,
tan-yellow neoplasms. Most cases contain mucinous glands,
but some display endometrioid glands. Microscopically, glands
infiltrate the cervical stroma in a haphazard manner; they do
not conform to the normal endocervical gland pattern. They
may display budding contours, and they typically have angular,
sharply pointed outlines, in contrast to the rounded contours of
benign endocervical glands. The glands of minimal deviation
adenocarcinoma appear deceptively benign on low power. Lack
of substantial cytologic atypia is a prerequisite for this diagno-
sis. However, high-power examination reveals at least some
areas with mild to moderate atypia, in which some nuclear
enlargement, stratification, and rare mitotic figures may be
identified (Fig. 22.8). The infiltrating glands may be devoid of
any surrounding desmoplastic reaction. Some authors (97) have
described the utility of positive cytoplasmic staining for carci-
noembryonic antigen (CEA) in these neoplasms after the possi-
bility of squamous metaplasia has been excluded.

Minimal deviation adenocarcinoma may occur as a sporadic
neoplasm, although patients with Peutz-Jeghers syndrome are
at risk of developing this cervical tumor.

Mucinous Adenocarcinoma, Well-Differentiated
Villoglandular Variant

Well-differentiated villoglandular adenocarcinoma is a type of
low-grade adenocarcinoma that displays similarities to villous
adenomas of the intestine. Patients may present with polypoid
or papillary endocervical masses upon pelvic examination,
abnormal bleeding, or abnormal Pap smears. The age range
has been 23 to 57 years, with most cases occurring in patients
younger than 40 years of age (100,101).

Microscopic examination of these neoplasms reveals villous,
papillary structures that may be either long and slender, or short
and broad. These processes contain a connective tissue core that
often displays inflammatory cells. The covering epithelium is a
single layer of stratified cells with endocervical, endometrial, or
intestinal differentiation. Nuclei display only mild to moderate
atypia, and mitotic figures are infrequent (Fig. 22.9). Only
tumors with low-grade cytologic atypia should receive this
diagnosis, since other endocervical carcinomas may have papil-
lary features. Invasive adenocarcinoma may be seen deep to the
papillary areas, and is characterized by branching glands lined
by atypical cells and surrounded by desmoplastic stroma. These
neoplasms do not display the marked nuclear atypia and epithe-
lial tufting seen in the much more aggressive papillary serous
carcinoma of the cervix. They may be associated with typical
adenocarcinoma in situ of the cervix.

Some authors have found an association between well-
differentiated villoglandular adenocarcinoma of the cervix
and oral contraceptive use (100). More recently, these tumors
have been shown to contain high-risk types of HPV (types 16
and 18) (99,100). Neither oncogene amplification nor tumor
suppressor gene loss was identified (101).

Well-differentiated villoglandular carcinoma has not
metastasized unless it was associated with more aggressive
types of carcinoma. A few cases have recurred (100). Some
cases have been successfully treated by conization if the tumor
is completely excised and the patient wishes to retain fertility.
Generally, this diagnosis should not be suggested on the basis
of small biopsy specimens; definitive diagnosis should be
made only in tumors seen on conization or hysterectomy spec-
imens. Diagnosis of this type of neoplasm on the basis of only
a small biopsy specimen could result in undertreatment of a
potentially more aggressive neoplasm (92). Villoglandular
tumors associated with a high-grade cytologic component or
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FIGURE 22.8. Minimal deviation adenocarcinoma. This gland has
some very bland cytologic features (left side), but enlarged, atypical
nuclei are evident in other areas.

FIGURE 22.9. Well-differentiated villoglandular adenocarcinoma.
Long, slender villous processes are covered with epithelium, display-
ing mild atypia. Nuclei are crowded, but they retain an oval shape,
and are uniform in size.
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an underlying obvious invasive adenocarcinoma may be asso-
ciated with lymphovascular invasion, recurrences, and lymph
node metastases (102,103).

Endometrioid Adenocarcinoma

Endometrioid carcinomas of the uterine cervix are rare, and
have probably been overdiagnosed. These tumors make up
about 7% of all cervical adenocarcinomas. These neoplasms
display histologic features identical to endometrial carcinoma.
Therefore, the possibility of a primary endometrial adenocar-
cinoma with endocervical extension or drop metastasis must
be excluded before the diagnosis of a primary endocervical
endometrioid adenocarcinoma is established. A rare case has
arisen from endocervical endometriosis (104). In difficult
cases, immunohistochemical stains may be helpful since a
combination of CEA positivity, ER negativity, and vimentin
negativity is most often seen in endocervical primary tumors,
while the reverse is more often characteristic of endometrial
primary tumors. Evidence of association with HPV also sup-
ports an endocervical primary neoplasm.

Other Adenocarcinomas

Clear Cell Adenocarcinoma

Clear cell carcinoma of the cervix has been associated with
intrauterine diethylstilbestrol (DES) exposure; however, it also
occurs in the absence of DES exposure. Patients usually have a
cervical mass. The solid pattern of tumor displays sheets of
cells containing abundant glycogen-rich clear cytoplasm, atyp-
ical nuclei, and mitoses. The tubulocystic pattern contains
tubules and cystic spaces lined by oxyphilic, hobnail, or clear
cells. The papillary pattern is the least common variant and
often coexists with solid or tubulocystic areas. Clear cell carci-
nomas of the cervix are not associated with HPV DNA (99).

Serous Adenocarcinoma

Papillary serous carcinoma of the uterine cervix (105,106) has
a bimodal age distribution, occurring in patients younger than
40 years and patients older than 65 years. This age distribu-
tion has also been seen in well-differentiated villoglandular
carcinoma but differs from the typical mid-life age of patients
with cervical adenocarcinomas in general. Serous carcinomas
of the cervix are not associated with HPV DNA (99).

Gross examination may reveal a nodular mass, an indurated
cervix, or no visible abnormality. Microscopically, these tumors
are identical to serous tumors of the ovary, endometrium, and
primary peritoneal serous carcinomas. Considering the rarity
with which this type of neoplasm is seen in the cervix, the diag-
nosis of primary serous carcinoma of the uterine cervix should
be made only after excluding metastasis or extension of disease
from another site, especially the endometrium.

Histologic examination of serous carcinoma of the uterine
cervix reveals fibrous papillae lined by atypical epithelial cells;
secondary papillae and tufts of neoplastic epithelial cells are
often present (Fig. 22.10). Glandular structures have irregular
luminal borders due to tufting of tumor cells. Nuclei usually
show high-grade atypia, and numerous mitoses are present.

These are aggressive tumors (106) that may metastasize to
pelvic, periaortic, and inguinal lymph nodes. Larger tumors
(�2 cm diameter) and tumors invading more than 10 mm are
associated with a worse prognosis.

Mesonephric Adenocarcinoma

Remnants of the mesonephric ducts persist and can be seen in the
lateral aspects of the cervix. They are often not identified because
uteri are traditionally bivalved along their lateral aspects, and

most microscopic sections are taken from the anterior and poste-
rior portions of the cervix. Mesonephric duct remnants are seen
as lobules of small, round, glandular structures lined by flattened
cuboidal epithelium and containing intraluminal periodic acid-
Schiff stain (PAS)-positive material. The cells of mesonephric
duct remnants do not contain intracytoplasmic mucin, unlike the
cells lining endocervical glands. Mesonephric duct hyperplasia
may occur in the cervix. Mesonephric adenocarcinomas are
thought to arise from mesonephric duct remnants. Only about
two dozen cases have been documented (107,108). Early reports
of lesions termed mesonephric carcinoma are now known to
represent clear cell carcinoma, with no relationship to the
mesonephric duct remnants.

Patients have ranged in age from 52 to 55 years (98). Some
patients have not had grossly apparent lesions, but most pre-
sent with abnormal bleeding and have visible cervical masses.
These neoplasms occur deep in the lateral cervical wall.
Microscopically, most mesonephric carcinomas are adenocar-
cinomas (108), although some with a concomitant spindle cell
component have been termed “malignant mesonephric mixed
tumors” (107). Mesonephric carcinomas display a variety of
histologic appearances, including ductal, tubular, retiform,
solid, and sex cord–like patterns (107). Mesonephric hyperpla-
sia may be associated with the carcinoma. Like mesonephric
remnants, mesonephric carcinoma tumor cells contain no
intracytoplasmic mucin; however, glandular structures may
display luminal PAS-positive material. Recent studies suggest
that CD10 staining is useful in diagnosing mesonephric-type
adenocarcinomas (97,109).

Microcystic Endocervical Adenocarcinomas

Eight cases of this type of endocervical adenocarcinoma have
been described (110). Most patients presented with either
abnormal Pap smears or vaginal bleeding. Abnormalities of
the endocervix were visible in three patients. These tumors are
characterized by numerous cystically dilated glands simulating
the appearance of a benign lesion at low power. However,
higher power examination reveals areas of significant cyto-
logic atypia and mitotic activity. Areas of more typical muci-
nous or intestinal endocervical adenocarcinoma may also be
present. These lesions may be deeply invasive. Three patients
had significant follow-up data. One patient died after a
debulking procedure for a pelvic recurrence 2 years after her
initial diagnosis, and two other patients are alive without evi-
dence of tumor at 1 and 6.5 years after diagnosis.
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FIGURE 22.10. Papillary serous adenocarcinoma. The papillary
structures have a connective tissue core. There is marked tufting and
stratification, and the nuclei are markedly atypical.
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Other Epithelial Tumors

Adenosquamous Carcinoma

Adenosquamous carcinoma is a tumor composed of admixed
malignant glandular and squamous elements. This term should
not be used for poorly differentiated squamous carcinomas, in
which mucicarmine stains show only scattered mucin vacuoles.
Likewise, it is different from collision tumors, which display
adjacent adenocarcinoma and squamous carcinoma. A recent
multi-institutional study found that adenosquamous carcino-
mas are more commonly associated with higher tumor grade
(p � 0.001) and vascular invasion (p � 0.002) than are adeno-
carcinomas (111). Adenosquamous carcinomas appear to be
either histologically more aggressive or diagnosed at a later
stage than adenocarcinomas of the uterine cervix.

Glassy Cell Carcinoma

Glassy cell carcinoma is a rare form of poorly differentiated
adenosquamous carcinoma that displays cells with eosinophilic
cytoplasm, well-defined cell borders, prominent nucleoli,
and a prominent infiltrate of eosinophils and plasma cells.
Occasionally, this morphology may be seen in recurrences of
adenocarcinomas or adenosquamous carcinomas that have
been treated with radiation therapy (RT) (92).

Adenoid Cystic Carcinoma 

Adenoid cystic carcinoma of the cervix is a rare but aggressive
malignant neoplasm. These lesions are typically seen in elderly
patients, many of whom present with postmenopausal bleed-
ing. Examination of the cervix typically shows a lesion.

Microscopic examination of these tumors reveals a cribri-
form gland pattern. The glands may contain hyaline or muci-
nous material. Nuclei are larger and more pleomorphic than
those seen in adenoid basal epithelioma, and numerous mitoses
as well as areas of necrosis are present in adenoid cystic carci-
noma. Electron microscopy has shown basement membrane–
like material around the nests of tumor cells as well as in some
gland lumina. The tumor cells stain with cytokeratin. In contrast
to adenoid cystic carcinoma of the salivary glands, this neoplasm
in the cervix has not displayed unequivocal evidence of myoep-
ithelial cells, either by immunohistochemical staining for 
S100 protein or by electron microscopy.

Adenoid cystic carcinoma of the cervix often recurs, and
may metastasize. In the largest series reported, the only patients
who were free of tumor at last follow-up had stage IB tumor.
No patient with higher stage disease was alive and well.

Adenoid Basal Epithelioma (Carcinoma)

Adenoid basal epithelioma is a rare cervical neoplasm. It was
originally called adenoid basal carcinoma. The indolent
behavior of most of these neoplasms led to the term “adenoid
basal epithelioma.” More recently, Parwani et al. reported ten
tumors that had low-grade adenoid basal epitheliomas
admixed or associated with invasive carcinomas of various
types, including adenoid basal/squamous carcinoma, pure
squamous carcinoma, adenoid cystic carcinoma, or small cell
neuroendocrine carcinoma. Most adenoid basal epitheliomas
and associated invasive carcinomas contain HPV-16 DNA. It
now appears that adenoid basal epitheliomas may be precur-
sor lesions that may give rise to carcinomas of various types.
These tumors should now be subclassified as adenoid basal
epitheliomas and carcinomas (112).

The age of patients with adenoid basal epithelioma ranges
from 30 to 91 years (98,113). This neoplasm is often seen in
postmenopausal women who are asymptomatic, with normal
appearing cervices. These lesions are usually incidental findings

in specimens obtained for the purpose of evaluating squamous
intraepithelial neoplasia. A neoplastic squamous component is
often an associated feature (98).

Microscopically, adenoid basal epithelioma is character-
ized by nests of cells that have a basaloid appearance, and may
display peripheral palisading. Some gland lumina are present
in the basaloid cell nests, although the number of glands is
variable. Squamous metaplasia may also be seen. Mitotic fig-
ures are typically rare.

Adenoid basal epithelioma, in the absence of a coexisting
invasive carcinoma, is a benign lesion with no reported cases of
metastatic behavior (98). It must be distinguished from ade-
noid cystic carcinoma, which is an aggressive malignant neo-
plasm. Adenoid basal tumors with carcinomatous components
should be reported as carcinomas.

Neuroendocrine Tumors

The College of American Pathologists and the National
Cancer Institute (114) have proposed standard terminology
for neuroendocrine tumors of the uterine cervix. The previous
lack of uniform nomenclature and diagnostic criteria for these
neoplasms made it difficult to study their incidence and bio-
logic behavior. Immunohistochemical or electron microscopic
evidence of neuroendocrine differentiation is necessary for
diagnosis of all neuroendocrine tumors except small cell carci-
noma. Chromogranin or synaptophysin stains are recom-
mended for documentation of neuroendocrine differentiation.
Chromogranin works best when cells contain numerous neu-
roendocrine granules; synaptophysin stains cells with fewer
granules. Neuron-specific enolase is nonspecific by itself, but
may be useful in conjunction with one of the other stains.
Many cases of small cell carcinoma will also stain for these
markers. CD56 (neural cell adhesion molecule) has recently
been reported to be the most sensitive marker for the diagno-
sis of small cell carcinoma of the uterine cervix (115).
Neuroendocrine granules can also be seen by electron micro-
scopy if fresh tumor tissue is available. 

Neuroendocrine Tumors

Typical Carcinoid Tumors

Typical carcinoids of the cervix are rare neoplasms. This diag-
nosis should be made with caution, because most cervical neu-
roendocrine tumors are aggressive neoplasms. They display
organoid architecture without nuclear atypia, mitotic figures,
or necrosis. Immunohistochemical stains for chromogranin
and synaptophysin demonstrate neuroendocrine differentia-
tion. There are not enough documented cases of this neoplasm
to permit assessment of biologic behavior.

Atypical Carcinoid Tumors

Atypical carcinoid tumors also display organoid nests of cells,
but the cells display nuclear atypia and a mitotic rate of 5 to 10
MF/10 HPF. Necrosis may be present. These tumors are also
rare, precluding evaluation of biologic behavior. However, they
may metastasize. Immunohistochemical evidence of neuroen-
docrine differentiation is required for diagnosis (116).

Large Cell Neuroendocrine Carcinoma

Large cell neuroendocrine carcinomas (Fig. 22.11) display
organoid nests of cells with peripheral palisading of nuclei,
prominent nucleoli, variable amounts of necrosis, eosinophilic
cytoplasmic granules, and numerous mitotic figures (� 0 MF/
10 HPF). Vascular/lymphatic space involvement is often seen,
and many are associated with coexisting adenocarcinoma 
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in situ or adenocarcinoma of the cervix (117). These tumors
are highly aggressive neoplasms (118). Evidence of neuroen-
docrine differentiation is necessary for diagnosis and is most
easily obtained with immunohistochemical stains for chromo-
granin and synaptophysin.

Small Cell Carcinoma

Most neuroendocrine tumors seen in the uterine cervix represent
small cell carcinomas. A recent study found that 1.3% of cervi-
cal cancers contain a small cell carcinoma component, and that
even a small component of small cell carcinoma in a tumor of
mixed type is associated with adverse outcome (118). Small cell
carcinoma is characterized by cells with scant cytoplasm, incon-
spicuous nuclei with finely stippled chromatin, nuclear molding,
extensive necrosis, crush artifact, and numerous mitotic figures
(Fig. 22.12). Single cell infiltration of the stroma is common.
Vascular/lymphatic space invasion is often seen. These tumors
have morphology identical to that seen in small cell carcinoma
of the lung. They are aneuploid tumors that show a strong

association with type 18 HPV (116). Immunohistochemical
stains for neuroendocrine markers such as chromogranin and
synaptophysin may be helpful in the diagnosis (119). CD56
(neural cell adhesion molecule) is a sensitive marker for the diag-
nosis of small cell cancer in the cervix. A panel of antibodies
should be used when this diagnosis is a possibility (120). 

Mixed Epithelial and Mesenchymal Tumors

Müllerian adenosarcomas occur in the cervix (121). Patients
range in age from 13 to 67 years, with a mean age of 37 years.
They may present with abnormal bleeding. These neoplasms
consist of polypoid or papillary masses. Microscopically, they
display benign glands and sarcomatous stroma with a
periglandular cuff of condensed stroma. The sarcomatous
component contains variable numbers of mitotic figures, and
some cases display heterologous elements including cartilage
and striated muscle. These tumors generally have a favorable
prognosis, but deep invasion and sarcomatous overgrowth are
adverse prognostic factors (121).

Malignant mixed müllerian tumors may involve the cervix,
although only about 40 cases have been reported (122,123).
Patients have ranged in age from 23 to 87 years; the mean age
is 65 years. Patients have presented with abnormal bleeding or
abnormal Pap smears, and all have had cervical masses.
Various types of carcinoma can be seen in these tumors, includ-
ing squamous carcinoma, basaloid carcinoma, adenocarci-
noma, or adenoid cystic carcinoma (122). The sarcomatous
component may be homologous or heterologous. Some have
suggested that malignant mixed müllerian tumors arising in the
cervix have a better prognosis than those arising in the uterine
corpus (122). HPV DNA was detected by polymerase chain
reaction in all cases of cervical malignant mixed müllerian
tumors reported in one study (124).

Other Malignant Tumors

Various sarcomas have been reported in the uterine cervix,
although they are uncommon. A recent review of 1,583 cervical
malignant tumors revealed eight cervical sarcomas (125). Five
were carcinosarcomas, and the remainder were unclassified sar-
comas, leiomyosarcomas, or endometrial stromal sarcomas.
Primary cervical malignant melanoma is rare (126). About a
dozen cases of granulocytic sarcoma involving the uterine
cervix have been reported in the past decade (127,128). Some
represented the initial disease presentation, and others were
identified during the course of acute myeloid leukemia (127).
Primary extranodal lymphomas (129) of the uterine cervix are
usually diffuse B-cell neoplasms. Primitive neuroectodermal
tumors (130,131), desmoplastic small round cell tumors (132),
and primary germ cell tumors of the cervix have also been
described (133).

Secondary tumors of the cervix include those invading
from contiguous organs and metastases from other sites. The
former include tumors arising in the uterine corpus, urinary
bladder, or rectum. Metastases can originate from many sites,
including the ovary, uterus, and more distant primary tumors.

PROGNOSTIC FACTORS

Tumor Size, Volume, Margin Status 

In a Gynecologic Oncology Group (GOG) study, Delgado et al.
(134) described 3-year disease-free survival rates of 94.8%,
88.1%, and 67.6%, respectively, for occult, �3 cm, and �3
cm stage I squamous cell carcinomas of the cervix treated by
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FIGURE 22.11. Large cell neuroendocrine carcinoma. This tumor
displays organoid architecture. The tumor cells are much larger than
those seen in small cell carcinoma. They have abundant eosinophilic
cytoplasm, and there are numerous mitotic figures. Areas of necrosis
were present elsewhere in the tumor.

FIGURE 22.12. Small cell neuroendocrine carcinoma. This tumor
displays cells that are smaller than those of squamous carcinoma.
Nuclei are large and atypical with molding of adjacent nuclei. There is
a very high mitotic rate.
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radical operation. Survival strongly correlated with depth of
tumor invasion of the stroma: 86% to 94% for less than 10
mm, 71% to 75% for 11 to 20 mm, and 60% for 21 mm or
greater. In patients without parametrial involvement, the sur-
vival rate was 84.9%, but it was 69.6% for those with para-
metrial tumor extension. More recently, these findings were
validated by Van de Putte et al. (135). Rutledge et al. compared
patients with FIGO stage IB1 cancers with IB2 cancers treated
with radical hysterectomy, finding that lymphovascular space
invasion and depth of cervical stromal invasion were more sig-
nificantly associated with poor prognosis in a multivariate
analysis (136). In all these series, there was frequent use of
postoperative RT with or without chemotherapy. The use of
adjuvant treatment was preferentially given in higher risk
patients, narrowing the differences in outcomes and affecting
the analysis. In patients treated with curative intent RT, Perez
et al. analyzed 1,499 patients treated curatively with RT, find-
ing 10-year actuarial pelvic failure rates of 5%, 15%, and 35%
for tumors �2 cm, 2 to 5 cm, and �5 cm, respectively, with the
stage IB group. In stage IIB patients, medial parametrial
involvement was significantly favorable compared to lateral
paramentrial extension, and in stage IIIB disease unilateral side-
wall extension was significantly favorable to bilateral extension
(137). Similarly, Eifel et al. (138) noted a strong correlation
between central and pelvic tumor control, disease-specific sur-
vival, and tumor size. Pelvic tumor control was 97% with
tumors less than 5 cm, and 84% with tumors 5 to 7.9 cm. 

In a multivariate analysis of prognostic factors related to nodal
or distant metastases in 128 patients, Pitson et al. found that
tumor size and tumor hypoxia were both independently predic-
tive, whereas stage and hemoglobin concentration were not (139).

In patients with stage IB cervical cancer treated surgically,
with or without RT, positive margin status conveyed a hazard
ratio of 3.92 compared to negative margins. Also, margin sta-
tus (distance in millimeters in patients with close margins) was
significantly associated with an increased recurrence rate. 
In this series, postoperative RT eliminated local recurrences in
patients with close margins and halved the recurrence rate in
patients with positive margins (140).

Stage 

The FIGO stage is universally accepted for its prognostic sig-
nificance. For example, Fyles et al. (141), in 965 patients with
invasive carcinoma of the cervix, identified FIGO stage as the
most significant prognostic factor. Stehman et al., reporting for
the GOG on 626 patients treated in phase 3 trials (142), con-
firmed the prognostic significance of tumor burden, whether
measured by FIGO stage, centimeter size, or bilateral disease.
Para-aortic node metastases conferred a much greater risk than
any of the measures of volume of tumor, however. This empha-
sizes the fact that FIGO staging does not take into account
important prognostic information such as nodal status. While
some clinicians would place patients with known para-aortic
nodal disease in the stage IV category, others would choose to
stage according to approved clinical staging procedures,
mainly pelvic examination. Furthermore, stage is only indi-
rectly related to tumor volume, since there can be significant
variability in this important prognostic factor within a given
stage, resulting in substantial overlap within stage groupings.

Nodal Status 

Lymph node involvement is, in most studies, the most significant
negative prognostic factor. Reports emphasize higher 5-year sur-
vival rates (90% or higher) among surgically treated patients
with no evidence of metastasis in the regional nodes, compared

to patients with positive pelvic (50% to 60%) or para-aortic
nodes (20% to 45%). Delgado et al. (134) reported a 3-year dis-
ease-free survival of 85.6% for 545 patients with negative pelvic
lymph nodes, compared with 74.4% for patients with one or
more positive nodes. In an extensive review of the literature,
Creasman and Kohler found that lymph node involvement was
reported as an independent risk factor for survival in 88% of
series reporting multivariate analyses, versus tumor size/depth of
invasion in 61% of series (143). Decreasing 5-year survival rates
have been associated with increasing numbers of positive pelvic
nodes.

Even micrometastases appear to negatively impact progno-
sis. Marchiole et al. reported that recurrence was tenfold more
likely in an early-stage population of patients treated with
radical surgery compared to those without micrometastases
(144). Similarly, in a retrospective study from Stanford, a
much higher rate of recurrence was seen in early-stage surgi-
cally treated patients in whom lymph node micrometastases
were detected immunochemically (145).

Lymphovascular Space Invasion 

Lymphovascular space invasion (LVSI) proved to be a significant
prognostic factor in a surgical-pathologic study of 542 patients
completed by the GOG (134). Disease-free survivals were 77%
and 89%, respectively, in patients with and without LVSI.
Furthermore, LVSI was shown to correlate strongly with pelvic
adenopathy. In a case-control study, Marchiole et al. established
a relative risk of recurrence of 2.64 in patients with LVSI com-
pared to those without (144). Chernofsky et al. quantitated the
amount of LVSI in 101 consecutive patients who underwent
surgery for stages IA2-IIA cervical cancer, showing that amount
of LVSI was an independent prognostic factor for time to recur-
rence (146). In a similar but smaller study, Sykes et al. evaluated
the density of lymphovascular space invasion, finding that it
offered no useful information in addition to presence versus
absence (147). Milam et al. showed a very strong correlation
between LVSI on preoperative biopsy specimen and nodal
metastases in surgically treated early-stage cervical cancer (148). 

Hypoxia and Anemia 

Fyles et al. published an excellent review of the basic, transla-
tional, and clinical data regarding anemia and its potential
impact on radiosensitivity and radiocurability (149). Clearly,
the interactions are much more complex than previously
believed. For example, in the presence of anemia, adaptive
mechanisms come into play that shift the oxyhemoglobin disso-
ciation curve to the right, providing a compensatory increase in
oxygen released into the tissues. There is also an increase in tis-
sue perfusion and oxygenation as hemoglobin decreases due to
reduced blood viscosity. However, these effects are potentially
less effective in patients with diabetes, smokers, or patients who
are vasoconstricting in the presence of marginal cardiac output. 

Furthermore, the work of Fyles et al. shows that the rela-
tionship between pretreatment hemoglobin levels and direct
measurements of oxygen tension in cervical cancers is tenu-
ous. Interestingly, there was a positive correlation between
hemoglobin and tumor oxygenation in nonsmokers, but the
correlation was negative in smokers. Fyles et al. suggested that
the negative prognostic impact of tumor hypoxia might be
present only in subgroups of patients. Specifically, they
observed worse outcomes with tumor hypoxia only in node-
negative patients, manifested by an increase in distant metas-
tases rather than poorer pelvic tumor control (150). 

Fuso et al. looked at the impact of pretreatment serum
hemoglobin as a predictive factor of response to neoadjuvant
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chemotherapy in patients with locally advanced cervical can-
cer, finding hemoglobin level to be the most powerful predic-
tor of response. A threshold of 12 mg/dL served to discrimi-
nate between optimal and nonoptimal response. However, the
authors recognized that a lower hemoglobin level could also
be simply a marker for more aggressive disease as opposed to
a physiologic variable that could be manipulated for therapeu-
tic benefit (151). The Southwest Oncology Group conducted a
phase 2 study in 53 patients to determine whether erythropoi-
etin along with oral iron therapy could safely correct anemia
during chemoradiotherapy for cervical cancer. This study did
show such an effect, at the cost of a higher than expected inci-
dence of deep vein thrombosis (152).

A more important question therapeutically is whether correc-
tion of the anemia will improve oxygenation status and treat-
ment outcomes. Human data from Sundfor et al. show that only
50% of transfused patients will show an increase in tumor
oxygenation (153), similar to data from Fyles et al. (149).
Furthermore, the significant association between tumor hypoxia
and tumor size suggests that improving oxygen delivery is
unlikely to improve outcomes owing to factors unrelated to oxy-
genation, such as number of clonogens, suboptimal brachyther-
apy dose distributions, and greater risk of metastatic disease. 

In spite of the lack of a clear relationship between serum
hemoglobin and tumor oxygenation status, various efforts have
been directed to the correction of anemia as a therapeutic target.
A common approach in cervical cancer and other malignancies
has been the use of poietic proteins such as erythropoietin.
However, two randomized studies (one in head and neck and
one in breast cancer) showed a decrease in survival in the ery-
thropoietic stimulation arm (154,155). A meta-analysis of ran-
domized trials between 1985 and 2001, although not including
the studies just mentioned, suggested the possibility of a small
but difficult to measure improvement in survival (156). 

Santin et al. investigated the effect of blood transfusion on
immune function in patients receiving radiotherapy for cervical
cancer. These investigators measured significant changes in per-
centages of lymphocyte populations that differed in transfused
and nontransfused populations. Furthermore, interleukin-10, a
potential dysregulator of lymphocyte function, was only
observed in transfused patients. These findings provide a basis
for implicating blood transfusion as a possible factor in dimin-
ished immune function (157). Additional basic and clinical
research will be helpful in determining the reliability of these
findings and the potential utility of altered hemoglobin and
tumor oxygenation status on tumor sensitivity and treatment
outcomes.

Another approach that has been used to potentially address
tumor hypoxia is the application of hypoxic cytotoxins.
Tirapazamine is one such agent that has shown promise in
lung cancer and is currently under study (158).

A concern possibly related to the risk of decreased survival
with poietic protein use is the associated risk of thromboem-
bolic events. This topic is reviewed later in the chapter in the
context of treatment complications. In addition, De Los
Santos and Thomas have published an excellent review of the
literature regarding the potential cellular and tissue responses
to hypoxia (including angiogenesis), the potential advantages
and disadvantages of anemia correction in the management of
malignancies, and a review of the clinical data regarding the
incremental increase in thromboembolism with the adminis-
tration of hemopoietic factors (159).

Biomarkers and Bio-imaging

Multiple biomarkers with potential prognostic value have been
evaluated in cervical cancer, often with conflicting results and
conclusions (160). For example, measures of tumor prolifera-
tion parameters (e.g., potential doubling time, S phase fraction,

labeling indices), apoptosis, and other cellular characteristics
often correlate with clinical outcomes. What is less clear is how
to use this information in a way that improves therapy in the
individual patient. Gaffney et al. performed immunohistochem-
ical staining for epidermal growth factor receptor (EGFR), vas-
cular endothelial growth factor (VEGF), topoisomerase-II alpha
(TOPO-II), and cyclooxygenase-2 (COX-2) on specimens from
55 patients, and evaluated potential correlations between
expression and outcome (161). On multivariate analysis,
increased staining for VEGF and COX-2 correlated with an
increased risk of death. 

More recently, metabolic bio-imaging has been explored as a
possible prognostic marker. Using F-18 fluorodeoxyglucose
(FDG) positron emission tomography (PET), Xue et al. found a
significant correlation between the standardized uptake value
and disease-free survival (162). As suggested by the authors,
high FDG uptake could be useful in identifying patients requir-
ing alternate or more aggressive initial treatment. Similarly,
Grigsby et al. used PET scanning to show that patients who are
node-negative by PET scan might not benefit from concurrent
chemoradiation as compared to RT alone (163). In terms of
prognostic information, the same group performed pre- and
post-treatment PET scanning in 152 patients. Those whose PET
scans became or remained negative had an 80% 5-year cause-
specific survival estimate compared to only 32% for those
patients who showed persistent abnormal uptake (164).

Histopathology

There have been several reports of similar survival rates for
comparable stages of adenocarcinoma and squamous cell carci-
noma. Look et al. found no additional risk associated with ade-
nocarcinoma compared to squamous carcinoma among stage
IB patients (165). Similar observations were reported by Eifel 
et al. (166) for 334 patients with adenocarcinoma of the cervix.
The 5-year relapse-free survival and locoregional control rates
were 88% and 94%, respectively, for 91 patients with normal-
sized cervix, 64% and 82%, respectively, for 102 patients with
lesions 3 to 5.9 cm in diameter, but only 45% and 81%, respec-
tively, for 22 patients with tumors greater than 6 cm in diame-
ter. In a surgical series, Ayhan et al. reviewed 67 patients with IB
adenocarcinomas and compared them to a concurrent series of
454 squamous carcinomas. Although the percentage of patients
with metastases to three or more nodes was significantly greater
in the adenocarcinoma group, there were no differences in over-
all or disease-free survival (167).

However, Kleine et al. performed a matched-pair analysis of
squamous carcinomas (268 patients) and adenocarcinomas (144
patients) of the cervix, finding significantly lower 5- and 10-year
survival in stages I-II adenocarcinomas (168). Baalbergen et al.
reported 5-year survival rates of 79% and 37% for stages I and
II adenocarcinoma of the cervix and less than 9% for stages III
and IV, results that would be generally considered inferior to
those typically obtained in squamous lesions (169). 

A study of 505 patients with non–squamous cell carcinoma
of the cervix examined histologic features for prognostic signif-
icance (170). In comparison with tumor limited to the cervix,
tumor extension to the uterine corpus was correlated with twice
the risk of dying of tumor. The grade and specific type of ade-
nocarcinoma were not of prognostic significance in this study,
although well-differentiated villoglandular adenocarcinoma
and minimal deviation adenocarcinoma were not evaluated.
There is no prognostic significance in the distinction between
mucinous and endometrioid adenocarcinoma of the cervix.
There is evidence that adenosquamous carcinoma is either a his-
tologically more aggressive tumor than cervical adenocarci-
noma or it is diagnosed later in the disease course (111). 

Higher tumor grade and vascular invasion are statistically more
common in adenosquamous carcinoma than adenocarcinoma
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of the cervix. The presence of small cell neuroendocrine carci-
noma in any amount, even when associated with other types
of neoplasm, is an independent prognostic factor associated
with aggressive tumor behavior.

GENERAL MANAGEMENT AND
RESULTS OF TREATMENT

Prevention: HPV Vaccination

HPV is composed of a major capsid protein, L1, and a minor
capsid protein, L2. L1’s protein coat is transcribed at the super-
ficial epithelial level and is capable of spontaneously assem-
bling into an isometric capsid composed of 360 L1 molecules
arranged in 72 pentameric capsomers. It is therefore capable of
self-assembly into a virus-like particle (VLP) when expressed in
recombinant systems. VLPs elicit strong adaptive immune
responses, both B-cell and T-cell mediated, that are capable of
protecting against subsequent type-specific infections (171).

L2 plays a critical role in incorporating the viral genome
into the nucleus during the active phase of HPV infection and
encapsulates the viral genome during the later stages of HPV
replication. The underlying target and major site of the pro-
phylactic vaccine against HPV is the L1-based VLPs. L1-based
VLP vaccines are highly HPV type specific; evidence suggests
that antibody responses to L2 may confer some protection
against other oncogenic HPV types (172).

It is believed that most antibodies produced after exposure
to HPV are type specific and do not necessarily cross react or
protect against other types, although some data suggest some
cross protection. HPV evades the reticuloendothelial system
and does not undergo cytolysis; therefore, there is no release
of immune modulators (173).

The efficacy of the HPV vaccine has been established in
randomized clinical trials (172,174). A quadrivalent vaccine
(QVV) targets HPV types 16, 18, 6, and 11, and bivalent vac-
cine (BVV) tartgets types16 and18.

Villa et al. (172) reported a double-blind, placebo-controlled,
randomized trial evaluating the QVV in 277 young women
(mean age of 20.2 years). Vaccine was given intramuscularly on
day 1 and at 2 months and 6 months. The primary end point
was combined incidence of infection with the types of HPV in
the vaccine, cervical or external genital disease, HPV infection
recorded, external warts, CIN, and invasive cancer. The com-
bined incidence of persistent infection or disease with the HPV
types in the vaccine was reduced by 90%.

Villa et al. (175) also reported highly sustained efficacy of the
QVV in 552 women ages 16 to 23. The rate of persistent HPV-6,
-11, -16, and -18 infection was reduced by 96% in the treated
group. There were two cases of HPV infection in the vaccination
arm versus 46 in the placebo arm. Protection against types 6, 16,
and 18 was 100%, 86%, and 89%, respectively. No case of
infection with HPV-11 was noted. The vaccine was 100% effi-
cacious against CIN caused by all types 16 and 18. There was no
case of genital warts in the vaccinated group. The seroconver-
sion rate was high for all types (type 6, 94%; type 11, 96%; type
16, 100%; and type 18, 76%) at 3 years. Villa et al. (176)
demonstrated a 12- to 26-fold higher antibody response follow-
ing vaccination compared to that of a natural immune response
after exposure to HPV.

Garland et al. reported a phase 3 study of the QVV in
5,455 women ages 16 to 24 years. The vaccine was 100%
effective in preventing type-specific HPV-related genital warts,
vulvar intraepithelial neoplasia (VIN), vaginal intraepithelial
neoplasia (VAIN), CIN, AIS, and invasive cancers of the
cervix, vulva, and vagina (177).

Olsson et al. evaluated the phenomenon of immune mem-
ory following the QVV in a randomized, placebo-controlled

trial (178). This study confirmed the finding of high immunity
from initial vaccination and a robust immune memory
response following a subsequent challenge dose, suggesting
long-lasting efficacy of the vaccine. 

Harper et al. reported a randomized, double-blind,
placebo-controlled trial of the BVV in 1,113 women ages 15
to 25 years (174). Vaccine efficacy was 91.6% against incident
infection and 100% against persistent infection for HPV types
16 and 18. In an intent to treat analysis, the vaccine efficacy
was 95.1% against persistent cervical infection and 92.9%
against cytologic abnormalities. These authors subsequently
reported sustained efficacy of the BVV (179). 

In these trials the vaccine was generally very well tolerated
with very few side effects. The most common adverse effect
was pain at the injection site. The vaccine has not been fully
tested in women with HIV, and the immune response is
unknown in that population.

The Advisory Committee on Immunization Practices
(ACIP), an arm of the Centers for Disease Control and
Prevention (CDC), and the American College of Obstetrics and
Gynecology have recommended the QVV for all women ages 9
to 26 years. As the vaccine does not contain live virus, it is clas-
sified as category B for pregnant women. Its use and imple-
mentation in that population are not recommended as not
enough safety data are available. Lactating women can receive
the vaccine safely (180).

All women who receive the vaccine are recommended to be
followed according to guidelines already set for cytologic
smears as discussed previously. This is a potential pitfall as
women may have a false sense of security that the vaccine is
effective against all strains. However, up to 30% of CIN and
invasive cancers are caused by strains not in the vaccine. 

The vaccine is given at 0, 2, and 6 months. The vaccine is
not effective in women with active HPV infection and abnor-
mal cytology. HPV testing is not recommended before initiat-
ing HPV vaccination (181).

Goldie et al. reviewed the cost effectiveness and projected
clinical benefits of HPV vaccination. They reported that the
most cost-effective strategy is combining vaccination at age 12
with triennial conventional cytologic screening beginning at
age 25. This would reduce the absolute lifetime risk of cervical
cancer by 94% compared with no intervention (182). Sanders
et al. estimated that if all girls at 12 years of age were vacci-
nated in the United States, over 1,300 deaths from cervical
cancer would be prevented (183).

Block et al. reported the use of the QVV in men ages 16 to
23 years. They reported a seroconversion rate of 99% and
antibody titers that were similar to vaccinated females (184).

It is recognized that psychosocial factors could negatively
impact efforts to implement HPV vaccination programs.
Parents might not accept vaccinations of their young daugh-
ters or sons because this could imply early sexual activity.
Furthermore, the male child is not at risk for cervical cancer.
Because the general population is relatively naïve about HPV
and cervical cancer, mass education is needed to inform the
public and health professionals about the HPV vaccine and
follow-up after inoculation.

The HPV vaccine has the potential of significantly reducing
the burden of cervical cancer worldwide, and particularly in
less developed countries where screening and treatment pro-
grams are scarce. The impact of HPV vaccine on rates of inva-
sive cervical cancer has not been established. 

Severe Dysplasia and Carcinoma In Situ

Patients with severe dysplasia/CIN and carcinoma in situ (CIS)
have essentially no risk of lymphatic involvement and are often
treated with local therapies such as conization, laser ablation,
cryotherapy, or a simple hysterectomy. These various techniques
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have comparable efficacy. The more conservative approaches
are preferentially used when a patient wishes to have more chil-
dren. Patients with HIV infection, high HPV viral load, positive
margins, older age, and residual high-risk infection following
conservative management have a higher recurrence rate
(185–187). Detection of residual high-risk HPV infection fol-
lowing conservative management predicts for a higher recur-
rence rate after conservative treatment (186,187). In 1976,
Kolstad reported results of conization in treatment of CIS.
Therapeutic conization was performed in 795 patients; 2.3%
had recurrent CIS, and 0.9% developed invasive cancer (188).
Two hundred thirty-eight patients were treated with hysterectomy
and the corresponding rates were 1.2% and 2.1%, respectively.
Luesley et al. reported a 91% success in over 600 patients
treated with LEEP (189). Martin-Hirsch et al. in a review of the
Cochrane Gynecologic Cancer Group registry, evaluated 23 tri-
als in treatment of CIN. They concluded that there was no
clearly superior surgical technique for treating CIN (190).

Instances in which conization might be preferred to abla-
tive procedures such as laser or cryotherapy include presence
of a positive endocervical curettage (ECC), treatment of ade-
nocarcinoma in situ (AIS), and inadequate colposcopy due to
the advantage of having a pathologic specimen. If the patient
is not desirous of childbearing, a hysterectomy would also be
a viable option. All uterus-sparing procedures have potential
adverse effects including cervical stenosis, predisposition to
preterm labor in subsequent pregnancies, persistent vaginal
discharge, and possible infertility. 

Temkin et al. reviewed 146 patients who had undergone cold
knife conization after having been treated with LEEP for CIS
(191). Of 146 patients, 133 had residual CIN on cone biopsy,
and 15.8% had invasive carcinoma. Patients with residual CIN 3,
ectocervical and endocervical margins with CIN, and positive
endocervical curettings after conization were more likely to har-
bor or develop invasive disease. Lu et al. evaluated 449 patients
with CIN 3 treated with conization (192). They found that a
positive post-cone ECC was the most significant factor predict-
ing persistent-disease-associated (65.5%) versus 7.6% with a
negative post-conization ECC. Positive endocervical margins
and multiquadrant disease had an odds ratio of 2.97 for persis-
tent disease. The only preoperative indicator of persistent dis-
ease was age �50. Given these data, patients with positive ECC
after conization or positive endocervical margins on a cone spec-
imen for CIS should have repeat conization prior to hysterec-
tomy to avoid inappropriate treatment for invasive disease. 

Of interest is recent data reported by Case et al. evaluating
CIN in adolescent women in which 192 patients with CIN 2,3
underwent conization. On follow-up, 55% had abnormal
cytology but no invasive cancer was found (193). This may
reflect a high infection rate and point prevalence with HPV in
adolescents rather than true recurrence. 

Since patients with CIS have virtually no risk of pelvic
adenopathy, it is also appropriate to treat with only intracavi-
tary RT. Tumor control rates of 100% have been reported.
Grigsby and Perez successfully treated 21 such patients with a
single intracavitary implant, delivering a mean point A dose of
46.12 Gy; no treatment sequelae were observed (194). Others
might choose to use two separate low-dose-rate implants and
slightly higher point A doses. 

Stage IA 

The concept of “microinvasion” (equating to FIGO stage IA)
should define tumors that penetrate the basement membrane
but have little or no risk of nodal involvement or dissemina-
tion. Elliott et al. reported a 0.8% rate of lymph node metas-
tasis in stage IA1. All macroscopically visible lesions are con-
sidered stage IB tumors (195).

Controversies remain in regard to the clinically relevant defin-
ition of microinvasive squamous carcinoma of the cervix, partic-
ularly as conservative treatment options, including fertility spar-
ing, have become more common. Takeshima et al. performed a
clinico-pathologic analysis of 402 patients with invasive squa-
mous carcinoma of the cervix whose tumors demonstrated no
more than 5 mm of stromal invasion (196). Although the inci-
dence of nodal metastasis was only 1% among 82 patients with
invasion limited to 3 mm, it was nearly 7% in 73 patients with 
3 to 5 mm of invasion. Nevertheless, recurrences were rare and
were nearly exclusively limited to tumors with more than 7 mm
of horizontal spread. In an accompanying editorial, Creasman
noted that this work validated the FIGO definition of microinva-
sion and potentially opens up the IA2 patients for consideration
of more conservative surgical approaches (197). 

Stage IA1 carcinoma is usually treated with conization or
hysterectomy. The control rate approaches 100% (188). Morris
et al. demonstrated the efficacy and safety of cervical conization
as definitive treatment for these patients (198). Absence of LVSI
plays a key role in opting for conservative management of
patients with MID as its presence may herald a higher incidence
of lymphatic involvement. Buckley et al. found that tumor
recurrence was greater in positive LVSI tumors as compared to
those with no LVSI (9.7% vs. 3.2%) (199). Roman et al. found
that LVSI was a significant factor in pelvic nodal metastasis
(200). If fertility is not a consideration and prognostic factors
for recurrence such as positive post-cone ECC or involved mar-
gins are present, a hysterectomy is the standard option for
definitive treatment of stage IA1 (188). 

Management of stage IA2 disease is more controversial.
Patients with FIGO IA2 disease with LVSI are not candidates
for conservative surgical approaches in most circumstances.
The average pelvic lymphatic metastasis rate from reported
data is 5% to 13% (199,201).

Presence and greater extent of LVSI are poor prognostic signs
and predict a higher recurrence rate (199). The recommended
treatment for stage IA2 squamous cell carcinoma is a modified
(type II) radical hysterectomy and pelvic lymphadenectomy,
although curative intent RT is an equivalent option. However,
the role of radical hysterectomy and the need for parametrial
resection have been challenged in this population. Covens et al.
evaluated 842 patients (202). Six percent had positive pelvic
nodes, and 4% had parametrial involvement. Parametrial inva-
sion was associated with LVSI, tumor size �2 cm, higher tumor
grade, greater depth of invasion (DOI), and pelvic node metas-
tasis. The incidence of parametrial involvement in patients with
tumors �2 cm, negative pelvic nodes, and DOI �10 mm was
0.6%. They concluded that because most patients with positive
nodes and deep invasion will likely receive adjuvant pelvic RT,
resection of the parametrium may not be necessary. Kodama et
al. found that simple or modified radical hysterectomy alone
may be sufficient in IA2 lesions with no LVSI (203). Gadducci
et al. validated the role of conization in stage IA1 and found that
simple hysterectomy with pelvic lymphadenectomy may be suffi-
cient for stage IA2 (204). Some have advocated for conization
and pelvic lymphadenectomy in stage IA2. Greer et al. evaluated
50 patients with stage IA2 treated with cone biopsy followed by
radical hysterectomy, finding histologically positive margins in
66% of patients after conization. The rate of residual invasive
disease discovered after radical hysterectomy was 24% in
patients who had negative margins after conization (205). It is
difficult to justify conization alone as definitive therapy for stage
IA2 disease. 

Nam et al. reported a comparative study of laparoscopico-
vaginal radical hysterectomy and abdominal radical hysterectomy
in patients with IA1 to IB cancers less than 2 cm in maximum
dimension (206). These authors found excellent survival in both
groups but higher recurrence rates among the larger lesions in
the laparoscopic group.
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In the absence of a clear consensus on the type of hysterec-
tomy (simple vs. abdominal modified radical vs. laparoscopi-
cally assisted vaginal) in stage IA2 disease, a modified radical
hysterectomy with pelvic lymphadenectomy is most easily
supported until clearer data is presented. 

In patients who are medically inoperable, intracavitary RT
may be used successfully. Hamberger et al. studied 151
patients with stage I treated with intracavitary radium. None
of the patients with stage IA recurred (207). Grigsby et al.
treated 34 patients with stage IA with 13 receiving intracavitary
RT only and the remaining 21 treated with pelvic RT. Only one
patient with stage IA recurred. The overall complication rate
was about 6% (194).

Adenocarcinoma—Early Disease

The incidence of cervical adenocarcinoma has increased in the
past 40 years. Adenocarcinoma in situ (AIS) presents a potential
diagnostic and therapeutic challenge. The term “microinvasion”
is controversial in describing glandular lesions as accurate mea-
surement of depth of invasion in glands may be difficult.
Schorge et al. provided some parameters for defining stage IA1
adenocarcinoma in 1999 (208). Almost all AIS lesions are asso-
ciated with HPV, with 18 being the predominant type.
Management of AIS is controversial. Schorge et al. reported on
five women who were treated with conization for stage IA1 ade-
nocarcinoma (209). All had negative margins and no LVSI. No
recurrence was seen in follow-up of 6 to 20 months. Schorge 
et al. also reported on ten patients with AIS treated with coniza-
tion with negative margins and no LVSI; of seven evaluable
patients, none had recurrence within 2 years (210). Shin et al.
reported on 92 patients with AIS treated with conization with
negative margins (211). During a 30-month follow-up, none had
recurrent AIS. Sixty-two percent of those with positive margins
after conization had residual disease on hysterectomy specimens.
Wolf et al. reported their experience in which, out of 55 patients
treated with conization, 80% had subsequent hysterectomy
(212). Seven out of 21 (33%) patients with negative margins on
conization had residual disease in the hysterectomy specimens,
and three had invasive cancer. Of 19 with positive margins after
conization, 10 (53%) had residual disease on hysterectomy
specimen, and 5 had invasive cancer. The overall rate of residual
disease in hysterectomy specimens after conization with nega-
tive margins is 25% and with positive margins around 50%.
Lea et al. highlighted the importance of post-conization endo-
cervical curettage, demonstrating a positive predictive value of
100% for detecting residual disease (213). Widrich et al. evalu-
ated margin status of AIS lesions following cold knife coniza-
tion and LEEP (214). The rates of positive margins were 33%
and 50%, respectively. Given the critical role of margin status
post-conization, a cold knife technique may be preferred in
patients with AIS. The recommended surveillance after coniza-
tion for AIS includes cytology and ECC every 4 months. The
most successful conservative management protocols require
negative margins and no LVSI. Therefore, careful counseling
and follow-up are warranted. 

Stage IB-IIA (Non-bulky)

Stage IB is divided into IB1 (lesions less than 4 cm) and IB2
(lesions confined to cervix �4 cm). IB1 lesions and selected IIA
lesions without extensive vaginal involvement can be treated  with
either RH and pelvic lymph node dissection (PLD) (followed 
by tailored chemoradiation as indicated by surgical findings) or
primary chemoradiation. The preference of one over the other
depends on the institution, the oncologists involved, the general
condition of the patient, and tumor characteristics. Surgery is
the preferred option in younger women as ovarian function and

vaginal length, and thus sexual function, can generally be main-
tained. Transposition of the ovaries to the abdominal wall or
the gutters away from the field of RT may prevent radiation-
induced ovarian failure. Chambers et al. reported that 71% of
patients maintained ovarian function after ovarian transposi-
tion (OT) and pelvic RT (215). The preservation of function
correlated with the estimated scatter dose to the ovaries. The
rate of ovarian failure was 11% with doses �300 cGy, com-
pared to 50% if the estimated dose was �300 cGy. Others
have reported that up to a quarter of patients with OT had
symptomatic ovarian cysts requiring operative interventions,
and only 53% retained ovarian function (216). 

Radical hysterectomy can be performed through an abdom-
inal, vaginal, or minimally invasive approach (traditional
laparoscopy and robotic assisted). As salpingooophorectomy is
not part of RH, ovarian removal should be based on the
patient’s age or other factors. The rate of ovarian metastasis is
very low, about 0.9% (217). The two most common types of
RH used in treatment are classes II and III, described elsewhere
in the chapter. Landoni et al. compared these two approaches in
a prospective, randomized trial in 238 patients (218). Type II
had a significantly decreased mean operative time (135 minutes
vs. 180 minutes), and the rate of blood loss and transfusions
was comparable. Immediate postoperative complications and
length of hospital stay were also similar. The long-term compli-
cation rate was significantly less in type II versus type III (13%
vs. 28%). The use of postoperative RT, recurrence rate, and
death rate due to disease were similar in both arms. The overall
survival was 81% and 77%, respectively. 

Nam et al. performed a retrospective analysis of outcomes
with laparoscopic radical hysterectomy with or without pelvic
lymph node dissection with conventional radical hysterectomy
(206). Operating time, complication rate, and number of lymph
nodes obtained were similar with the two approaches. Hospital
stay was shorter with the laparoscopic technique. Overall,
recurrences were lower with the standard operative route, lead-
ing the authors to recommend limiting the laparoscopic
approach to patients with tumor diameters less than 2 cm.

Radical operation will shorten the functional length of the
vagina, but pliability and transudative lubrication are usually
preserved. Jensen et al. documented a substantial negative
impact on sexual function that is persistent following radical
hysterectomy (219). Radiation therapy can reduce length, cal-
iber, and lubrication of the vagina; however, these symptoms
can be alleviated in some patients with hormonal replacement
and vaginal dilatation. The evidence to differentiate between
surgery and radiation based on sexual function is poor. A
strong predictor of post-therapy sexual function is the level of
activity prior to therapy. The postmenopausal patient who is
not sexually active may have complete obliteration of the
vagina, precluding follow-up examination. Combined modali-
ties appear to have a more pronounced effect than either radi-
ation or operation alone (220).

In terms of outcome, radical surgery and definitive chemora-
diation have similar good outcomes. Typically, 5-year survival
for stage IB patients is 85% to 90% and 65% to 75% for stage
IIA. Landoni et al. reported a prospective study of RH versus RT
(221). In the RH arm, patients with parametrial involvement,
deep stromal invasion, and/or positive nodes received postoper-
ative RT. Fifty-four percent (62 out of 114) and 84% (40 out of
55) of stages IB1 and IB2 received postoperative RT, respec-
tively. Severe morbidity was seen (28%) in the surgical arm
(mostly combined surgery and RT) compared to 12% in the RT
arm. No difference was seen in disease-related outcomes. 

Results of therapy comparing modalities should include all
patients evaluated for each therapeutic modality. This applies
particularly to surgical series. Findings revealed at operation
may change the treatment plan, excluding some high-risk
patients. This is exemplified by a report by Delgado et al. (222)
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for the GOG. Member institutions entered 1,125 patients prior
to operation. There were 80 ineligible patients after pathology
review. An additional 129 patients were explored, but the hys-
terectomy was abandoned because of intraoperative complica-
tions in 49 patients, or because of extent of disease beyond the
uterus in 80. Failure to account for these patients in other series
overestimates the efficacy of the operative procedure.

It is best to select patients who can have a high chance of
being adequately treated with only one modality, assuming
equal oncologic outcomes. 

Fertility-Sparing Surgery/Radical Vaginal 
and Abdominal Trachelectomy

Almost 30% of women diagnosed with cervical cancer will be
less than 40 and 40% will have early stage I disease.
Preservation of fertility can be a major consideration in treat-
ment if an acceptable oncologic outcome can be obtained.
Recently, there have been major advances in fertility-sparing
surgery (FSS) in women with stage IA2 to IB1 cervical cancer.
Dargent pioneered the procedure of transvaginal resection of
cervical and paracervical tissue (vaginal radical trachelectomy,
VRT) and proximal vaginal, placement of a permanent cer-
clage at the cervico-uterine junction, and a laparoscopic pelvic
lymphadenectomy (LPL) (223).

Plante et al. reported on 72 patients treated with VRT and
LPL (224). Median age was 32, with 74% being nulligravid.
Fifty pregnancies occurred in 31 women. Miscarriage rates in
the first and second trimester were 16% and 4%, respectively,
and 72% of pregnancies reached the third trimester. The over-
all prematurity was rate was 16% to 19% versus 12% in the
general population.

The overall recurrence rate in the literature is about 4%,
comparing favorably with standard treatment (224). Bader et al.
reported an isolated recurrence on residual uterine cervix in 
6 months, and Bali et al. reported a central recurrence 7 years
post VRT (225,226). In a review, Boss et al. reported that of
patients electing FSS, 43% attempt conception, 70% conceive,
49% deliver at term, and 15% have cervical stenosis causing
infertility (227).

Marchiole et al. compared VRT with LPL to radical vagi-
nal hysterectomy (RVH) with LPL in patients with lesions
�2 cm (228). They reported similar intraoperative complica-
tion rates (2.5 % vs. 5.8%, respectively) and postoperative
complication rates of 21.2% and 19.4 %, respectively. The
recurrence rates were also similar, 5.2% and 8.5%, respec-
tively. Ungar et al., among others, have reported an abdominal
approach to radical trachelectomy (ART) (229). 

In terms of patient selection, appropriate lesions include
FIGO stage IA1 without extensive LVSI and IA2 or IB1 lesions
less than 2 cm with limited endocervical involvement.
Although early data is encouraging, no level I evidence exists
to adequately compare safety and efficacy between conserva-
tive and radical surgical approaches. Whether adenocarcino-
mas are appropriately managed in this fashion is subject to
debate; however, in the literature, close to 40% of cases were
of glandular histology. 

Bulky IB Carcinoma of the Cervix

Bulky endocervical tumors and the so-called barrel-shaped cervi-
cal cancers have a higher incidence of central recurrence, pelvic
and para-aortic lymph node metastasis, and distant dissemina-
tion. Historically, adjuvant extrafascial hysterectomy following
preoperative RT was an accepted treatment approach.

The GOG performed a randomized trial in which 256 eligi-
ble patients with carcinomas of the cervix �4 cm were treated
with external beam and intracavitary irradiation, or with a

slightly lower dose of intracavitary irradiation and the same
external beam pelvic irradiation followed by an extrafascial
hysterectomy (230). The 3-year disease-free survival and over-
all survival rates were 79% and 83%, respectively, and were
virtually identical in the irradiation alone and the combined
irradiation and surgery groups. The incidence of progression
was somewhat higher in the irradiation alone group (46%)
compared to the combined therapy group (37%) (p � 0.07).
However, it appears that surgery does not contribute to
increased survival compared to RT alone in patients with
“bulky” stage IB disease. A favorable impact on the local
recurrence rate with adjuvant hysterectomy is likely, and an
improvement in survival for patients with tumors 4 to 6 cm in
diameter is suggested. Nevertheless, conventional manage-
ment typically involves chemoradiation (231).

Boronow reported a survival rate of 71.3% in patients with
tumors greater than 6 cm who were treated initially with radical
hysterectomy and postoperative RT and chemotherapy in all
cases (232). Complications were reported to be minimal.
Havrilesky et al. reported an analysis of 72 patients who under-
went radical hysterectomy and lymph node dissection for stage
IB2 cervical cancer, followed by adjuvant RT for high-risk
features (233). The 5-year survival was 72%, and the 5-year
progression-free survival was 63%. Survival was particularly
poor for high-risk patients. Yessian et al. also reported their
experience with initial radical surgery and tailored postoperative
RT in stage IB2 patients (234). As postoperative RT was used
less frequently than suggested by currently reported randomized
trials, the recurrence rate was 38%, and the estimated 5-year
survival was only 62%. Interestingly, out of 21 recurrences, 11
were on the pelvic sidewall.

Kamelle et al. retrospectively analyzed 86 patients with IB2
tumors treated with radical hysterectomy (235). Over half the
patients received postoperative RT. This study identified presence
of LVSI as the only independent predictor of recurrence and
argued for the utility of radical hysterectomy up front in the man-
agement of patients with intermediate-risk IB2 cervical cancers
when there is no evidence of LVSI. Two accompanying editori-
als questioned several aspects of the analysis, including the
diagnostic accuracy of a cervical biopsy in determining LVSI,
the small numbers of patients and wide confidence intervals,
the possible inferiority of radical hysterectomy compared to
modern chemoradiation, and the wisdom of relying on a sin-
gle variable to determine therapy when there are a number of
other recognized considerations for prognosis and treatment
selection (236,237). 

Stages IIB, IIIB, and IVA 

Most patients in the United States with stage IIB disease are
treated with curative intent chemoradiation. With RT alone,
the 5-year survival rate has historically been 60% to 65%, and
the pelvic failure rate 18% to 39%. Similarly, most patients
with stage III and IVA tumors are best treated with concurrent
chemoradiation. Leung et al. reported long-term outcomes in
91 patients with stages IIIB (n � 84) and IVA (n � 7) tumors
treated curatively with RT. With a median follow-up of 8.8
years, the 5- and 10-year local control rates were 53% and
53%, respectively, and 5- and 10-year survival rates were
29% and 21%, respectively (238). The severe complication
rate was 13%.

Based on multiple randomized clinical trials, concurrent cis-
platin is a standard agent to combine with RT. Other
chemotherapy agents that have been used successfully include
5-fluorouracil (5-FU), mitomycin, carboplatin, paclitaxel, and
epirubicin. This data is nicely summarized in an article by Eifel
(Table 22.2) (231). As acute effects are increased when conven-
tional chemotherapy is added to RT, the clinician must always
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weigh the risk of acute side effects and the threat posed by them
with the potential benefit in patients with significant comorbid
illnesses and poor performance status. 

Chemoradiation should result in outcomes that compare
favorably to these older series. Considering all eligible patients
with stages IIB-IVA carcinomas enrolled in GOG #85, a 55%
survival rate with platinum-based chemotherapy with RT was
demonstrated after a median follow-up of 8.7 years (239). In
this same group of patients, GOG #120 found a 66% to 67%
survival rate with platinum-based chemoradiation (240). 

External Irradiation Alone 

Rarely, brachytherapy procedures cannot be performed
because of medical reasons or unusual anatomic configuration
of the pelvis or the tumor (e.g., extensive lesion and inability
to identify the cervical canal, presence of a fistula). These
patients may be treated with higher doses of external irradia-
tion alone, although the results are inferior to those obtained
with combined external beam and intracavitary irradiation. 

Although speculative, results of external RT alone could be
improved over historical results with the utilization of intensity-
modulated RT (IMRT), which could allow higher doses to be
delivered to the tumor volume while respecting normal tissue
tolerances. 

UNUSUAL CLINICAL SITUATIONS

Node-Positive Early-Stage (Operable) Cervical
Carcinoma 

Approximately 15% of patients with surgically amenable cer-
vical carcinomas (FIGO stages I-IIA) will have positive pelvic
nodes. Of these, a percentage less than 50% will have grossly
positive nodes recognized intraoperatively. When this occurs,
the dilemma becomes whether to proceed with the radical hys-
terectomy or to abandon the surgery and opt for curative
intent chemoradiation. Whitney and Stehman reviewed the
GOG #49 database and found that, in 98 of 1,127 patients
with clinical stage IB tumors, the surgeon abandoned the
operation. Sixty-eight of these were patients with squamous
carcinomas whose surgery was abandoned due to tumor
extension beyond the uterus rather than for medical reasons,
forming the basis of their report (241). Of these, 17 (1.5% of
the total group, 25% of the study group) patients had grossly
positive pelvic lymph nodes, and 12 (1.1% of the total group,
17.6% of the study group) had this finding as the only manifes-
tation of extrauterine disease. Most patients received curative
intent RT when feasible. Patients with positive pelvic nodes did
poorly, with 8 of 12 failing, including 3 with distant disease.
The median recurrence-free interval was only 10 months, and
the median survival was 17 months. The main conclusion from
this study was that it is invalid to directly compare results of sur-
gical treatment with results from RT, since surgical series typi-
cally exclude the patients with a poor prognosis in whom the
operation is abandoned, while these patients would be included
in the RT series.

Should the Hysterectomy Be Completed?

Leath et al. reviewed 23 patients with early-stage cervical can-
cer who had the radical hysterectomy aborted because of
pelvic extension (11 patients) or positive nodes (12 patients)
(242). All received RT as definitive treatment. The 5-year
overall survival was 83%, suggesting that the aborted radical
hysterectomy did not negatively impact outcome.

Bremer et al. reported considerably better outcomes in a
series of 26 patients in whom the operation was aborted after
the intraoperative finding of positive pelvic nodes. Five-year
survival was 61% in this patient group (243). Morbidity was
limited. Suprasert et al. compared 23 patients in whom the
radical hysterectomy was aborted due to the intraoperative
finding of grossly positive nodes with 35 patients whose posi-
tive nodes were detected after completion of the operation.
Although the outcome was substantially better in the group
completing surgical treatment, the authors recognized that the
surgical group had much better prognostic factors (244).

Although older, probably the best data regarding whether
to complete the hysterectomy come from Potter et al., who did
a matched-pair analysis of 30 patients with positive pelvic
nodes. Patients undergoing hysterectomy also received pelvic
RT (245). There was no survival or local control advantage
conferred by completing the radical hysterectomy; however,
local control data suggested a trend favoring definitive RT. 

In patients with positive nodes, the use of concurrent
chemotherapy would be advised based on the possibility of
distant spread and the need to optimize pelvic control.
Randomized data support the addition of chemotherapy to
postoperative RT in these patients (245). 

Based on available data, it is difficult to conclude that com-
pleting the hysterectomy improves the outcome. Possible dis-
advantages of surgery include delaying the initiation of RT,
adding surgical morbidity, and utilizing two treatment modal-
ities when one (RT) would likely suffice. Furthermore, leaving
the uterus in place provides an appropriate conduit for intra-
cavitary RT and probably lessens the risk of complications.
Clinicians who believe that completing the radical hysterec-
tomy improves outcome, even with positive nodes, will point
to data suggesting that patients who undergo radical hysterec-
tomy, as a group, have a better outcome than the patients in
whom the procedure is aborted (241,243). Others will point
out that the groups are not prognostically similar and suggest
that a reasonable approach is to have the surgeon resect or
debulk grossly positive nodes and surgically stage the para-
aortics but abort the radical hysterectomy. RT with chemother-
apy would then become the primary therapy. 

Should the Lymphadenopathy Be Debulked?

Data suggests an advantage for surgically resecting grossly
positive lymph nodes prior to RT, although others have ques-
tioned the benefit in the vast majority of patients (247).
Kupets et al. calculated that only 7 out of 300 patients under-
going surgical debulking of positive nodes could benefit in
terms of survival. These calculations are based on assumptions
suggested to be faulty by Tammela et al. (248), who calculated
that 43 patients out of 300 would benefit. 

Invasive Carcinoma Treated by Simple Hysterectomy 

Given the frequency of simple hysterectomy or total abdomi-
nal hysterectomy (type I), it is not surprising that occasionally
a patient is found to have an invasive cervical cancer unrecog-
nized prior to surgery. Although this occurs uncommonly in
an era of cytologic screening, it can occur in patients operated
on for what is felt to be carcinoma in situ, “microinvasive”
disease, or for “benign” indications.

If only microinvasive carcinoma is found, with no evidence
of LVSI, no additional therapy is necessary. However, in
patients with more advanced disease, simple extrafascial
abdominal hysterectomy is not curative, because the paravagi-
nal/paracervical soft tissue, vaginal cuff, and pelvic lymph
nodes are not removed. 

It may be technically difficult to perform an adequate radi-
cal operation after previous simple hysterectomy, but this alter-
native deserves consideration for selected patients. In 23 stage
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IA2 and IB1 patients, Leath et al. reported good results with a
radical surgical approach, although three patients also received
postoperative RT. The operative complication rate was 30%
(249). Another approach favored by some is the use of adju-
vant pelvic RT in patients with invasive disease of severity
greater than microinvasive. A large series of 90 patients,
including 18 stage II patients, treated with RT following inad-
vertent hysterectomy was reported by Hsu et al. (250). Overall
5- and 10-year survival rates were 85.5% and 74.1%, respec-
tively. Long-term complications were rare. Munstedt et al.
reviewed their experience with 80 patients who had inappro-
priate simple hysterectomies followed by postoperative RT and
compared outcomes with those undergoing radical hysterec-
tomy, with or without postoperative RT (251). These authors
found that patients who had inadvertent hysterectomies fol-
lowed by postoperative RT had outcomes at least equivalent to
those who had radical hysterectomies up front (Fig. 22.13). In
an exhaustive review of the literature comparing series of
patients having reoperation with radical parametrectomy and
lymph node dissection (LND) versus those having postopera-
tive RT, the weighted average 5-year survival favored RT
(68.7% vs. 49.2%) (Table 22.3)

If the postoperative RT approach is chosen, postoperative
irradiation should be administered immediately after recovery
from operation, as prognosis is much worse if therapy is
delayed. When there is gross tumor present in the vaginal
vault, external irradiation to the whole pelvis (40 to 45 Gy) is
required. In some cases, a small external beam boost might be
advisable for an additional 10 to 15 Gy. An intracavitary
insertion, as outlined previously, should be performed (35 to
60 Gy mucosal dose). If there is residual tumor, an interstitial
implant, when feasible, should be carried out to increase the
dose to this volume. The brachytherapist should note the pos-
sibility that small bowel is adherent to the vaginal cuff in the
hysterectomized patient, representing a risk factor for compli-
cations with interstitial implants. Laparotomy or laparoscopy
can be helpful in guiding the implant in these circumstances.

The potential contribution of concurrent platinum-based
chemotherapy must be considered, particularly in view of the

randomized study of patients treated after radical hysterec-
tomy with high-risk features (246). Although not directly
comparable, it is reasonable to extrapolate these results favor-
ing concurrent chemotherapy to patients treated after simple
hysterectomy for invasive disease, particularly in patients with
gross residual, positive margins, positive nodes, lymphovascu-
lar space invasion, and, possibly, adenocarcinoma.

Stage IIIA Carcinoma of the Cervix 

Cervical carcinomas extending to the lower third of the vagina
without pelvic sidewall extension or hydronephrosis are
uncommon, representing less than 2% of patients with cervi-
cal cancer. As a result, these patients are often not reported
separately, although management presents a significant chal-
lenge to the radiation oncologist. In general, these patients
have a better prognosis than stage IIIB patients, especially
when there is limited parametrial extension and the vaginal
involvement is continuous with the cervix. 

Kavadi and Eifel (252) found a local control rate of 72% in
44 patients, but 5- and 10-year actuarial survival rates were
37% and 34%, respectively, reflecting the impact of distant
failure seen in 13 patients. In this series, patients with no para-
metrial extension and direct extension from the cervix (as
opposed to “skip” lesions in the lower vagina) had a 5-year
survival of 73%.

The inguinal lymph node areas must be assessed clinically
and radiographically. When this assessment is negative, RT is
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FIGURE 22.13. The influence of type of treatment on disease-free sur-
vival in patients undergoing radical hysterectomy with and without RT
and those who had simple hysterectomy followed by adjuvant RT.
(Kaplan-Meier analysis, p � not significant). Source: From Munstedt
K, Johnson P, von Georgi R, et al. Consequences of inadvertent, sub-
optimal primary surgery in carcinoma of the uterine cervix. Gynecol
Oncol 2004;94:515–520.

SERIES REPORTING OUTCOMES FOR OCCULT
INVASIVE CERVICAL CARCINOMAS DISCOVERED
AFTER SIMPLE HYSTERECTOMY COMPARING
SUBSEQUENT TREATMENT WITH RT OR 
FURTHER SURGERY 

TA B L E  2 2 . 3

Author No. of patients 5-year survival (%)

RADIOTHERAPY
Cosbie 86 54
Green and Morse 30 30
Andras et al. 118 89
Davy et al. 72 77
Papavasiliou et al. 36 89
Heller et al. 35 67
Roman et al. 122 65
Fang et al. 73 67
Choi et al. 64 76
Crane and Schneider 18 93
Huerta Bahena et al. 59 59
Current study 80 83
Overall average 793 68.7

FURTHER SURGERY
Barber et al. 115 32
Green and Morse 21 67
Orr et al. 23 Not given
Kinney et al. 27 82
Chapman et al. 18 89
Ayhan et al. 15 Not given
Overall average 219 49.2

Source: Adapted from Munstedt K, Johnson P, von Georgi R, et al.
Consequences of inadvertent, suboptimal primary surgery in carci-
noma of the uterine cervix. Gynecol Oncol 2004;94:515–520.
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given to the inguinofemoral nodes prophylactically. When
the lymph node assessment suggests gross disease, it might be
appropriate to confirm this with needle biopsy or consider
the role of inguinal lymph node dissection following RT.
Alternatively, RT doses can be escalated to reflect the pres-
ence of gross tumor.

Treating the inguinal nodes adequately while limiting the
dose to the underlying femoral heads is a challenge.
Understanding the location of the inguinal nodes is best
accomplished by measuring the depth of the femoral vessels
by a cross-sectional imaging technique. The depth of these
nodes averages 6 cm and can vary substantially and be beyond
the range of typical electron energies. Dittmer and Randall
have reported a photon-only technique that provides good
coverage of inguinal nodes at depth, minimizes “hot” and
“cold” spots, and respects the tolerance of the femoral heads
in most cases (Fig. 21.5A and B, previous chapter) (253).
Intensity-modulated techniques are also possible (Fig. 22.14).

More difficult is the challenge of delivering tumoricidal
doses of radiation to the entire vagina while respecting toler-
ances of the normal tissues, in particular the rectum. Given that
virtually the entire length of rectum will be treated with an
intracavitary approach encompassing the entire vagina, the tol-
erance will be lessened, and the risk of complications will
increase. In addition, because of the typical “slope,” or
decrease, in patient thickness in the superior-inferior direction,
there will be a dose gradient that can result in “hot” spots of
120% to 125%. This is potentially remediable with intensity-
modulation techniques, although another approach is simply to
measure the dose gradient and take it into account by raising
the lower border accordingly, and/or taking the gradient into
account during the brachytherapy portion of the treatment.

A general approach is to give external beam RT to the pelvis
and entire vagina of approximately 40 to 44 Gy over 5 weeks
(delivering 50 Gy to the inguinal areas at depth), and follow this
with one or two intracavitary implants. An intrauterine tandem
combined with Delclos rings permits delivery of a controlled,
measurable dose to the vagina. One should aim for a total dose
of approximately 65 Gy to the entire vagina, combining the
external and intracavitary doses. One can consider a second
implant that does not treat the entire vagina, typically with a
Fletcher-Suit applicator, particularly when there is parametrial
extension. Ideally, one will deliver 80 to 85 Gy to point A in this
fashion, but if the maximum rectal dose is limited to 60 to 65 Gy

some compromise in point A dose may be required. These doses
are appropriate only for low-dose-rate techniques, which are to
be preferred when treating the entire vagina. 

It is appropriate to administer cisplatin-based chemother-
apy with the external RT with the hope of improving survival.
However, concurrent chemotherapy will likely increase acute
toxicities, particularly given the increased volume encom-
passed by the RT port and the sensitivity of the vulva to RT.
Considerable individualization of therapy is required.

Small Cell Carcinoma of the Cervix 

The term “small cell” should be limited to those rare tumors
with counterparts in the lung and other anatomic locations
noted for a high proliferation rate, marked propensity to
regional lymph node and distant metastases, and positive
staining with neuroendocrine markers (116). These tumors
account for less than 3% of cervical neoplasms.

Small cell carcinomas are not often confined to the cervix
and surrounding tissues at diagnosis. Therefore, workup may
include bone marrow aspiration and other tests to detect the
metastatic spread characteristic of this histology. Lymph node
involvement is present in over 50%, and vascular invasion is
frequently present. Viswanathan et al. reviewed 21 patients
meeting stringent criteria for neuroendocrine type small cell cer-
vical carcinomas (254). Ten patients had IB1 disease (although
2 of these had radiographic evidence of nodal metastases), and
11 patients had IB2-IIIB disease. Six patients underwent radical
hysterectomy (5 of these were IB1), and 15 patients had RT as
curative intent treatment. Cisplatin-based chemotherapy was
given to 62%, either neoadjuvantly and/or following surgery or
RT. No patient with greater than stage IB1 survived, and even
for stage IB1 patients, the survival was much worse than would
be expected in more common histologies. In-field RT failures
were uncommon, but metastatic failures were not. Given the
propensity to distant metastasis, the use of combination
chemotherapy has been widely accepted in these patients (255).
Prophylactic cranial RT has also been given following this
chemoradiation in the absence of progression. However, its role
remains unclear.

Cervical Lymphoma

Lymphomas primarily arising and confined to the cervix are
quite rare. Patients often present with signs and symptoms
including vaginal bleeding, discharge, and pelvic pain. Cervical
lymphomas typically develop and grow submucosally; there-
fore, Pap smears often do not detect these neoplasms. Generous
punch biopsies or conizations are often required for diagnosis.
Histologically, these lymphomas are typically of the diffuse,
large B-cell variety (256,257).

Due to the rarity of this diagnosis, reports of management
approaches are anecdotal and there is no clear consensus.
However, general guidelines can be suggested. Clearly, treat-
ment with systemic therapy using combination chemotherapy
regimens is indicated in the majority of cases (256–259). The
CHOP regimen (cyclophosphamide, doxorubicin, vincristine,
prednisone) is commonly used. Surgery has been used as an
adjunct to chemotherapy, either before or after chemotherapy,
especially in patients with stage I or II disease. Radiation ther-
apy following chemotherapy should be considered, particu-
larly for larger tumors, tumors that do not completely respond
to chemotherapy, and in patients with early-stage disease who
are not candidates for or refuse hysterectomy (258,259).

Young patients who wish to preserve fertility can be coun-
seled about the possibility of conization followed by fertility-
preserving chemotherapy and close follow-up. Conception has
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FIGURE 22.14. (See color plate section.) This coronal dose plot
shows how IMRT can be used to deliver adequate radiation dose to
inguinal areas while limiting dose to femoral heads, as might be neces-
sary in a cervical cancer extending to the lower third of the vagina.
Source: From Jhingran A. Potential advantages of intensity-modulated
radiation therapy in gynecologic malignancies. Semin Radiat Oncol
2006;16:144–151.
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been reported in patients treated in this fashion, although the
outcome of these pregnancies is unclear due to their overall rar-
ity (256,260). 

Cervical Sarcomas

Primary sarcomas arising in the cervix are exceedingly rare. In a
tumor registry of 1,583 patients with cervical malignancies con-
ducted at Washington University, only eight sarcomas were iden-
tified. Five of these were carcinosarcomas. All six patients
treated with curative intent remained alive with a mean follow-
up of 2.5 years, although two patients had developed pulmonary
metastases. Radical surgery and chemoradiation were both
effective in curing patients with localized pelvic disease (125). 

Granulocytic sarcoma can present as a cervical neoplasm.
It is important to distinguish this lesion from primary cervical
lymphoma, as this is a manifestation of acute myelocytic
leukemia and the chemotherapy regimens are quite different.
Outcomes for these patients are generally dismal (261).

Carcinoma of the Cervical Stump

Historically, in patients who have undergone subtotal or supra-
cervical hysterectomy, carcinoma of the cervical stump made up
nearly 4% of cases treated with RT. Although the incidence has
greatly declined, these increasingly rare patients remain at risk of
developing cervical carcinoma. The natural history and patterns
of spread of these cancers are similar to those of the cervix in the
intact uterus. The diagnostic workup, clinical staging, and basic
principles of therapy are the same. However, there are poten-
tially important differences in treatment. 

Radical operation for stage I cervical stump carcinomas
(trachelectomy) is made more difficult by the previous proce-
dure. Barillot et al. prospectively accrued 213 cases of cervical
stump carcinoma (262) and reported that stage for stage, local
control and survival were equivalent among the surgically
treated and the RT-treated patients. However, lethal complica-
tions were much more likely in the surgically treated patients.
Patients receiving RT including brachytherapy had signifi-
cantly better results than those having only external RT.
Severe complications with RT were similar to those observed
among patients with intact uteri. 

The higher complication rate probably relates to the lack
of adequate uterine cavity length to accommodate a tandem
containing two or three sources. However, some patients with
a history of supracervical hysterectomy retain enough lower
uterine segment to insert two standard cesium-137 sources. As
many sources as technically feasible should be inserted in the
remaining cervical canal without protruding active source
length through the cervical os. Comparably higher activity
sources should be used in the tandem, allowing a greater con-
tribution from these sources to the point A dose and a corre-
spondingly lower vaginal mucosal dose. 

In early-stage tumors, it is critical to maximize the
brachytherapy portion of the treatment, because this allows
higher doses to be delivered to the tumor while limiting dose to
normal structures. Early midline shields (e.g., at 20 to 30 Gy)
are desirable. Limiting the total external beam dose to 40 Gy,
optimizing the intracavitary RT with proper packing and distri-
bution of activity, and respecting the tolerances of the rectum
and bladder will keep complication rates reasonably low.
Limiting the maximum rectal dose to 65 or 66 Gy and the blad-
der dose to around 80 Gy is desirable, even if the point A dose
is somewhat compromised (�80 Gy). More advanced stages
should be treated with 40 Gy to the pelvis, combined with the
maximum intracavitary doses permitted within tolerance.
Platinum-based chemotherapy will be indicated in most cases.

Limited sidewall boosts may be necessary, depending on the
dose to the sidewalls from the brachytherapy and the radio-
graphic evaluation of the nodes. When there is no opportunity
to insert any sources in the cervical canal, the whole pelvis dose
should be increased to 45 Gy, and the primary tumor boosted
to around 60 to 65 Gy with shrinking fields. Stereotactic and
intensity-modulated RT techniques can be used to escalate
doses to the primary tumor.

The 5-year survival for carcinoma of the cervical stump
treated with irradiation is similar to that reported for patients
with carcinoma of the intact uterus. 

MANAGEMENT OF CERVICAL
CANCER DURING PREGNANCY

Of all patients with cervical cancer, about 1% are pregnant at
diagnosis (263). Most will present with abnormal cytology or
abnormal vaginal bleeding. Overall incidence of abnormal
cytology in pregnancy is about 5% (264). The availability of
cervical cytology in developed countries affords an opportu-
nity to diagnose early dysplastic changes during pregnancy,
which may contribute to a higher incidence (3:1) of stage I
cervix cancer diagnosed during pregnancy compared to the
nonpregnant state (263). Either conventional or liquid-based
cytology is effective in pregnancy. The use of an endocervical
brush is safe and can enhance the rate of optimal smears.
Endocervical curettage is not recommended due to predis-
position to premature rupture of membranes and bleeding.

Hopkins and Morley published their experience with cervi-
cal cancer during pregnancy and outcomes compared to those
in nonpregnant state (265). They found similar survival rates
when controlled for confounding factors such as age and stage. 

Diagnosis

All abnormal cervical lesions during pregnancy require a biopsy.
Colposcopy in pregnancy is used to rule out invasive disease.
Colposcopic evaluation and directed biopsies are safe in preg-
nancy. In a series of 612 women with abnormal smears during
pregnancy reported by Economos et al., 449 colposcopies were
performed (239). All patients had satisfactory colposcopy by the
20th week of gestation, as the squamo-columnar junction (SCJ)
everts during pregnancy. They reported a 95% concordance rate
between colposcopic impression and directed biopsies within
one degree of severity. No complications were noted. Failure to
visualize the entire SCJ is not an indication to proceed to coniza-
tion during pregnancy as most repeat colposcopies will be satis-
factory due to eversion of the SCJ as the pregnancy progresses.

A diagnosis of cervical cancer during pregnancy requires a
multidisciplinary approach involving gynecologic and radia-
tion oncologists, perinatologist, neonatologist, and psycho-
logic counselors.

Management of Dysplasia

Woodrow et al. reported only a 7% progression rate from dys-
plasia in pregnancy to higher-grade dysplasia in the postpar-
tum period in 811 women (266). Given these data it is reason-
able to manage abnormal cytology in pregnancy according to
guidelines in nonpregnant states. Given the low rate of pro-
gression and high reliability and safety of colposcopy, a con-
servative approach is likely to be safe for the patient and the
unborn child. Dysplasia diagnosed by colposcopy and biopsies
in pregnancy should be followed conservatively with serial
colposcopic examinations every 8 weeks and managed defini-
tively in the postpartum period. 
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Conization During Pregnancy

In a series of 180 conizations during pregnancy, Averette et al.
reported a first trimester fetal loss rate of 24% (267). Second
trimester fetal loss was less than 10%. Hannigan et al.
reported 13 conizations during the first trimester and no fetal
loss. The rate of severe bleeding was 9%. Fetal loss rate in sec-
ond trimester was less than 10% (268).

In a small series of 17 patients, Goldberg et al. reported a
novel approach to conization in pregnancy. The cervix was
injected with vasopressin, and lateral hemostatic sutures and a
cerclage were placed following the conization. The mean gesta-
tional age was 18.8 weeks (10–32). There was no major bleed-
ing or other complications and no second trimester loss (269).
An argument against the use of a cerclage is that the majority of
post-conization fetal deaths are delayed and presumably due to
chorioamnionitis and not necessarily a function of cervical
incompetence. The cerclage may also act as a nidus for infection.

Robinson et al. reported their experience with loop electro-
cautery excisional procedure (LEEP) excision during preg-
nancy in 20 patients with gestational ages ranging from 8 to
34 weeks (270). They found that 57% had involved margins
and 47% had residual disease after LEEP. There were three
preterm deliveries, two patients requiring blood transfusions,
and one intrauterine fetal demise 4 weeks after LEEP excision
(chorioamnionitis was found on autopsy). They concluded
that LEEP excision during pregnancy does not yield consistent
diagnostic specimens and is associated with a high complica-
tion rate. If conization is indicated during pregnancy, a cold
knife technique may be the preferred method. The optimum
timing would be sometime in the second trimester.

Treatment of Adenocarcinoma In Situ
and Microinvasive Disease 

Diagnosis of glandular abnormalities in pregnancy can be diffi-
cult as glandular hyperplasia and decidual and glandular cells
may exhibit benign Arias-Stella reaction, which may appear
ominous to someone who is not experienced with these condi-
tions during pregnancy. An expert evaluation is mandated for
accurate diagnosis of glandular disease in pregnancy.

There is a paucity of data on management of adenocarci-
noma in situ (AIS) in pregnancy. Lacour et al. reported the
safety of conization in the second trimester as treatment of
AIS in pregnancy in five patients. All patients delivered at term
and only one required radical hysterectomy for stage IB dis-
ease after delivery (271).

It is believed that there is no significant difference in out-
come in squamous MID versus AIS. It is difficult to know how
to best treat these lesions in pregnancy. It is recommended that
similar guidelines be adopted as in nonpregnant patients.

Most patients with MID in pregnancy can be safely fol-
lowed even if margins are involved with dysplasia (not inva-
sive disease). Vaginal delivery should be safe in women with
microscopic disease, and definitive management may be
delayed safely until the postpartum period. 

Management of Invasive Cancers 
During Pregnancy

Surgery

Over 70% of cervical cancers in pregnancy present with stage I
disease and have an excellent survival rate. Key elements in
therapeutic decision making include stage, tumor size, gesta-
tional age, and the patient’s desire to maintain the pregnancy.

Treatment options can be separated according to gestational
age of �20 or �20 weeks. 

Invasive disease diagnosed in a pregnant patient of less than
20 weeks gestation should generally be managed immediately,
resulting in loss of the fetus. However, there are reports of
delaying treatment until fetal maturity without harm to the
mother or the fetus. Most of the reported cases of delay in treat-
ment were stage I disease. The delay of treatment ranged from 3
to 32 weeks. The overall mortality is about 5% to 6% with a
similar recurrence rate. These data are limited by small numbers
of patients but are reassuring when considering a delay in
treatment. This approach is only appropriate in selected well-
counseled patients with early-stage, small volume disease.

Sood et al. published a case-control study of 30 pregnant
women with cervical cancer with matched nonpregnant con-
trols (272). Surgical treatment included either radical or sim-
ple hysterectomy. Eleven patients underwent surgical treat-
ment in the third trimester after a mean delay in treatment of
16 weeks, and none developed recurrent disease. Radical hys-
terectomy in pregnancy was associated with increased blood
loss but with no increased rate of blood transfusion. No dif-
ference was noted in postoperative complication rates. 

Monk and Montz evaluated the safety and efficacy of radi-
cal hysterectomy with pelvic lymphadenectomy in 13 patients
with fetus in situ and 8 with cesarean delivery followed by
radical hysterectomy. No perioperative deaths were reported.
The most common postoperative morbidity was febrile illness.
The overall survival was 95% with over 40 months median
follow-up (273).

For stage I disease, radical hysterectomy and pelvic lym-
phadenectomy can be safely performed prior to 20 weeks with
fetus in situ or as a planned procedure after cesarean section in
the third trimester after documentation of fetal lung maturity.
Excellent oncologic outcomes are generally obtained. 

Radiotherapy

Radiotherapy and platinum-based chemosensitization has
become the standard of care for advanced cervical cancer (274),
and it is an equivalent option to radical hysterectomy in stage I
disease. Most reports of chemoradiation for cervical cancer
during pregnancy are in patients with locally advanced disease. 

Benhaim et al. reported the use of chemoradiation in two
patients (275). The first patient was diagnosed with stage IVA
squamous carcinoma at 12 weeks gestation. She was treated
with RT and weekly cisplatin with the fetus in situ. Spontaneous
miscarriage occurred at about 40 Gy, which is consistent with
other reports in the literature. The patient died of metastatic dis-
ease 20 months after treatment. The second patient was diag-
nosed with stage IIB squamous cancer at 12 weeks gestation and
received the same treatment regimen. Spontaneous miscarriage
occurred 3 weeks after beginning RT. The patient remained dis-
ease-free at 29 months follow-up. Ostrom et al. reported two
cases of stage IB2 disease diagnosed at 15 weeks gestational age.
Fetal losses occurred 3 to 4 weeks after initiation of RT. Both
patients were disease-free 12 months after completing treatment
(276). Although experience is limited with chemoradiation in
pregnancy, it seems to be feasible and safe. If RT is used in the
postpartum setting, it should begin within 3 weeks after uterine
involution. 

Neoadjuvant Chemotherapy in Pregnancy

Use of neoadjuvant chemotherapy (NACT) has been reported in
eight pregnant women with cervical cancer. Chemotherapeutic
agents used included cisplatin, bleomycin, and vincristine.
Gestational age ranged from 12 to 21 weeks at diagnosis and
stages were IB1 to IIA. Seven of eight had clinical response
including one complete response. Surgical treatment was
delayed for a median of 16.5 weeks. Three of seven received
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adjuvant treatment after surgical resection. With a follow-up
range of 5 to 80 months, four were alive disease-free and four
were dead of disease. All children appeared to be normal
(277,278). Although data are very limited, they do suggest that
NACT could be cautiously considered and discussed with
patients who have advanced-stage cervical cancer diagnosed
during pregnancy when a delay in treatment is desired to allow
fetal lung maturation. 

Radical Trachelectomy During Pregnancy

Vaginal or abdominal trachelectomy and cerclage placement
along with laparoscopic or pelvic lymphadenectomy is an
option for treatment of stage I cervical cancers less than 2 cm
in women interested in preserving pregnancy and fertility
(224). Ungar et al. reported birth of two healthy term infants
to two of five pregnant patients with stage IB disease who were
so treated (229). Gestational age ranged from 13 to 18 weeks.
Fetal losses were reported on postoperative days 1 and 16. All
patients remained disease-free with follow-up ranging from 10
to 54 months. 

Route of Delivery

Sood et al. studied outcomes of women diagnosed with cervi-
cal cancer during pregnancy or within 6 months after delivery.
One of 7 women who had cesarean sections developed local
and distant metastasis compared to 10 of 17 (59%) of those
who delivered vaginally. In multivariate analysis, vaginal
delivery was the strongest predictor of recurrence. They con-
cluded that pregnant women with cervical cancer should
deliver by cesarean section (279).

Except in stage IA1 where vaginal delivery is reasonable, a
cesarean section should be performed in the presence of cervi-
cal cancer. This should be done through a classical uterine
incision to avoid encroaching into the lower uterine segment
or cervix. In addition, cesarean section can be followed by
radical hysterectomy as definitive treatment or to allow surgi-
cal exploration to delineate extent of disease. Performing
oophoropexy during the procedure may assist in preserving
ovarian function after pelvic RT. 

HUMAN IMMUNODEFICIENCY
VIRUS/ACQUIRED

IMMUNODEFICIENCY SYNDROME
AND CERVICAL NEOPLASIA

About 2.1 million people live with HIV in North America of
whom approximately 1.2 million are in the United States.
Heterosexual transmission accounted for 34% of cases. The
proportion of women among new HIV and AIDS diagnoses has
increased greatly in the United States. Over 50% of HIV-positive
women are infected with HPV. In 1993, the CDC designated
high-grade dysplasia as a marker for early HIV infection and
cervical cancer as an AIDS-defining illness (280). 

Prevalence

Ahdieh et al. reported that the HPV point prevalence in HIV-
positive women is as high as 60%, compared to about 30% in
HIV-negative women (281). The relative risk (RR) of HPV-
associated cancers in patients with HIV/AIDS is significantly
increased with relative risks of 5.4 and 5.8 for cervical and
vulvar/vaginal cancers, respectively (282,283). The clearance of
HPV in an HIV-positive individual correlates directly with the
CD4 count. HPV DNA prevalence is as high as 85% in those
with CD4 counts of 0 to 500 and as high as 70% in those with

CD4 counts over 500. This is compared to a range of 30% to
50% in HIV-negative women. Even with a normal CD4 count,
HIV-positive women still have a twofold increase in incidence of
HPV compared to HIV-negative women (281,282,284). 

Pathophysiology

In HIV-infected women with no evidence of CIN on Pap smear
and colposcopy and negative HPV testing, a prospective study
found that the probability of developing CIN was much greater
than women who were HIV negative (20% vs. 5%). The
strongest predictor of development of CIN in HIV-positive
women is the degree of immunosuppression delineated by CD4
counts (284). Ellerbrock et al., in a prospective study of HIV-
positive and -negative women with normal cytology at onset,
found a significantly higher rate of CIN development in HIV-
positive patients over a 3-year interval (20% vs. 5%) (285).
When matched for sexual behavior, HIV-positive women have a
one- to twofold increase in HPV sero-prevalence compared to
HIV-negative women. When controlled for exposure to HPV,
the persistence and detection of HPV is much greater in HIV-
positive women compared to HIV-negative women (286–288).
In immunocompetent women, the rate of HPV clearance within
2 to 4 years is 80% to 90%. This is affected by multiple factors
such as smoking, re-exposure, prolonged oral contraceptive
use, and other sexually transmitted infections (e.g., Chlamydia
trachomatis, herpes simplex virus). The clearance rate of HPV
is twofold greater in HIV-negative women as compared to those
infected with the virus, despite adequate CD4 counts and low
HIV viremia (286,288,289). There are emerging data evaluat-
ing the effects of HIV and HPV coinfection and its effect on
local immunity in the cervix and vagina. Infection of vaginal
Langerhans cells (LC) by HIV is a primary mode of entry and
propagation into systemic infection. LCs constitute an impor-
tant local defense against HPV infection. The numbers of LCs
are lowered significantly in patients with AIDS with a resultant
decrease in their immunologic response to HPV (290). 

HPV Genotype Distribution 
in HIV-Positive Women

Most HIV-positive women are infected with multiple types of
high-risk HPV including 11, 16, 18, 33, 51, 52, 53, 58, and
61. Clifford et al. found HPV-16 to be the most common HPV
subtype in HIV-positive women; however, when compared to
HIV-negative women the rate of type 16 infection is lower
(291). HIV-positive women showed a higher proportion of
multiple and HPV types other than 16 as compared to HIV-
negative women. 

Screening

Despite conflicting reports in the literature regarding the relia-
bility of cervical smears as a screening tool for CIN in HIV-
infected patients, it remains an important tool in primary
screening. In a study of 189 HIV-infected women versus 95 con-
trols, Anderson et al. found that the incidence of biopsy-proven
CIN, despite normal cytology, was greater for HIV-infected
women (14.3% vs. 1.2%, p � 0.01) (292). However, in the
small number of HIV-infected women with normal cytology
and biopsy-proven CIN, 95% had an abnormal cytologic smear
within the preceding 12 months, most commonly ASCUS. The
authors concluded that these data did not support routine col-
poscopy in all HIV-infected women. These data also highlight
the importance of vigilance in follow-up and colposcopic
examination of even low-grade cytology including ASCUS in
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HIV-infected women, especially those with low CD4 counts. A
finding of ASCUS on cervical smears of HIV-infected women is
more common than in uninfected women. The probability of
development of CIN in those with ASCUS was greater in the
infected group compared to controls (60% vs. 25%) (293).
According to U.S. Preventive Services Task Force recommen-
dations, women with HIV infection should undergo semian-
nual screening in the first 12 months after diagnosis and then
annually if the results are normal. If any abnormality is
detected, then closer follow-up and colposcopic examination
are warranted. 

In a low resource setting where cervical cytology and ade-
quate follow-up is problematic, a new approach has been
devised and tested called the “see and treat” or visual inspec-
tion with acetic acid (VIA) or visual inspection with Lugol’s
iodine (VILI). In this approach, health care extenders are
trained to use immediate visual inspection to detect dysplastic
changes on the cervix. If detected, immediate treatment of the
area with cryotherapy is offered. Multiple studies addressing
the accuracy of VIA demonstrated a sensitivity of 66% to
96% with median of 84% and a specificity of 64% to 98%
with median of 82%. The positive predictive value was 10%
to 20% with a negative predictive value of 92% to 97%.
Overall VIA is found to be more sensitive but less specific than
cytology. The overall sensitivity and specificity of VIA and
VILI are 92% and 85%, respectively. Although these methods
can be helpful in a low resource setting, debate continues on
its use in HIV-positive women (294).

HPV Subtype Testing

Given the high prevalence of HPV in HIV-infected women, the
value of HPV testing is unclear. Goldie et al. evaluated the cost
effectiveness of HPV testing in this population, concluding that
adding HPV testing to the initial two cervical cytologies in the
first year after diagnosis of HIV may modify subsequent cytol-
ogy screening intervals and may be cost effective (295). This
would be true in patients with CD4 counts �500 with normal
cytology whose risk would be equivalent to women without
HIV infection. There is no consensus regarding its use, and the
best recommendation is to individualize to the patient and spe-
cific risk factors. 

Vaginal Cytology After Hysterectomy

There is a paucity of data regarding cytologic screening of the
vaginal vault in women infected with HIV. Paramsothy et al.
evaluated 102 HIV-infected women after hysterectomy for
varying indications (296). Among those with a history of CIN
prior to hysterectomy, 63% were found to have vaginal
intraepithelial neoplasia (VAIN) in follow-up. CD4 count of
�200 and HIV viral load of �10,000 copies/mL at time of
hysterectomy were highly predictive of subsequent VAIN.
Overall, out of 102 women, 16% developed VAIN in follow-
up. The authors concluded that close follow-up with vaginal
cytology is warranted in HIV-infected women after hysterec-
tomy, particularly in those with severe immunodeficiency and
a previous history of CIN.

Effects of Highly Active Antiretroviral
Therapy on HPV

The introduction of highly active antiretroviral therapy
(HAART) has made significant impact on the prognosis of
patients with HIV but has not been shown to affect the rate
of HPV detection, and data regarding its effect on cervical

dysplasia are mixed. The close relationship of low CD4 count
and cervical dysplasia makes HAART attractive in halting
progression of HPV infection. Ahdieh-Grant et al. studied
2,059 HIV-infected women receiving HAART (297). In 312
women with CIN, 141 had regression of CIN to normal with
a median time to regression of 2.7 years. After HAART, ele-
vated CD4 counts were associated with greater regression of
CIN. However, there are no clear data to support HAART’s
role in regression of high-grade dysplasias. Therefore, the rec-
ommendation remains active surveillance and aggressive treat-
ment for HPV in HIV-positive women who have responded
well to HAART with low viral loads and adequate CD4 levels.

HPV Vaccination and Its Effect on 
HIV-Positive Women

In phase 3 clinical trials, HPV vaccination has been shown to
be effective in reducing the rate of HPV infection by over 90%
by inducing a much higher antibody titer for almost 5 years
compared to the natural immune response (172,174). None of
these trials included women known to have HIV infection,
and there are no data demonstrating the efficacy of HPV vac-
cines in HIV-positive women. A pilot study to evaluate the
safety and immunogenicity of HPV vaccine is under way in
HIV-positive women. 

Treatment of Dysplasia

The indolent nature of low-grade CIN in HIV-positive women
allows for a conservative treatment approach. These patients
have a low rate of progression to high-grade CIN, especially if
CD4 counts are above 500. Delmas et al., in a large study of
the natural history of CIN in HIV-positive women, demon-
strated that almost 30% of low-grade CIN lesions would
regress (298). Close follow-up with cytology or colposcopy
every 4 months will help in detecting progression. It is impor-
tant to collaborate with other health care professionals caring
for the patient, particularly to determine the CD4 count
status. As mentioned, HAART therapy may also contribute to
regression of low-grade CIN. 

For high-grade CIN, cervical conization by cautery or cold
knife technique, or ablative techniques such as cryotherapy or
laser vaporization are adequate, provided that invasive dis-
ease has been ruled out and that a satisfactory colposcopy is
documented. 

Although these techniques are effective in treatment of CIN
in patients with HIV, the rate of recurrence is higher than in
HIV-negative women. Wright et al. reported outcomes from
LEEP procedures, finding a recurrence rate of 56% in patients
with HIV versus 10% in non-HIV patients (185). The quality
and size of the LEEP was an issue as all HIV-positive patients
had positive margins compared to only 32% of controls.
However, even when controlling for margin status, the rate of
recurrence was higher among HIV-positive women, highlight-
ing other risk factors for disease recurrence, e.g., CD4 counts. 

Role of Medical Therapy 

Maiman et al. evaluated 5-fluorouracil (5-FU) as maintenance
therapy in HIV-positive women after treatment for high-grade
dysplasia (299). Women received either biweekly 5-FU (2 g) or
no further therapy. The recurrence rate was 28% in the treat-
ment arm compared to 47% in the observation arm. Those
with CD4 counts �200 had a 46% recurrence rate versus
33% in patients with CD4 counts �200. There was no grade
3 or 4 toxicity. 
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Robinson et al. studied the effects of isotretinoin for low-
grade dysplasia in women infected with HIV and found no
significant effect on time to progression (300).

Treatment of Invasive Cancer

The age at which HIV-infected women present with cervical
cancer is, on average, 15 years younger than HIV-negative
cohorts. Lomalisa et al. found that CD4 �200 was an indepen-
dent risk factor for advanced stage of presentation (301). The
treatment of invasive cervical cancer in HIV-infected women
differs little from that used in HIV-negative women. There is lit-
tle data on the role and long-term follow-up of radical hysterec-
tomy for early-stage disease. Gichangi et al. evaluated the
impact of HIV status on morbidity and pelvic tumor control
following pelvic RT and found that 53% had acute radiation-
related grade 3 to 4 toxicity (302). HIV infection was associated
with a sevenfold higher risk of multisystem toxicity, was found
to be a major factor in treatment interruption, and was associ-
ated with a sixfold increased risk of residual tumor 4 to 
7 months after treatment. Mugambe and Kavuma compared
outcomes of HIV-infected women with cervical cancer treated
with RT, finding that 4-year survival was significantly lower for
sero-positive patients as compared with sero-negative (303).

SURGERY
A generally accepted classification of types of hysterectomy is
given in Table 22.4 and described below.

Class I Extrafascial Hysterectomy

This is the most common hysterectomy performed for a variety
of gynecologic disorders. It consists of removing the uterus by
separating it from the adnexal structures and round ligaments,
dissecting the bladder off of the vesicouterine fold past the level
of the cervix, ligation of the uterine vessels at their insertion
close to the cervicouterine junction, serial application of surgical

clamps next to the uterine and cervical wall as the parametrial
tissues are separated from these walls, and completed by
removal of the cervix off the upper vaginal vault with very little
removal of vaginal mucosa. The pubovesicocervical fascia is
removed with the uterus. The opened vaginal cuff is usually
closed with simple running or interrupted sutures. This hysterec-
tomy is adequate for treatment of stage IA1 and advocated by
some for stage IA2. This procedure can be accomplished abdom-
inally, vaginally, or laparoscopically. 

Class II or Modified Radical Hysterectomy

The modified radical hysterectomy (MRH) has gained popu-
larity as the operation of choice for treatment of early-stage
cervical cancer, depending on extent of the lesion. MRH
involves opening the paravesical and pararectal spaces to
determine resectability by palpating the parametrial tissues
and surrounding structures. The pelvic nodal tissues are exam-
ined for gross involvement. Once resectability is established,
the rest of the operation is carried forward. 

Modified radical hysterectomy involves dissection of the
uterine artery at its junction with the ureter. The ureters are
partially dissected off the parametrial tissue and tunneled to
their insertions into the bladder. The bladder is dissected off
the lower uterine segment past the cervix. The parametrial tis-
sue is resected medial to the ureter. The ureterosacral liga-
ments are isolated, and the proximal portions medial to the
ureter are resected. A 1- to 2-cm vaginal margin is resected
along with the cervix. A pelvic lymphadenectomy is typically
performed along with MRH. Type II MRH is reserved for
microscopic or smaller tumors depending on the surgeon’s
experience and preference. 

Class III or Radical Abdominal Hysterectomy 

The radical hysterectomy (RH) differs from the MRH in the
amount of dissection and resection. The paravesical and
pararectal spaces are opened. The uterine artery is ligated at its
origin from the internal iliac artery. The ureters are dissected
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TYPES OF ABDOMINAL HYSTERECTOMY

TA B L E  2 2 . 4

Type of surgery Intrafascial Extrafascial type I Modified radical type II Radical type III

Cervical fascia Partially removed Completely removed → →
Vaginal cuff removal None Small rim removed Proximal 1 to 2 cm removed Upper one third to one half 

removed
Bladder Partially mobilized → → Mobilized
Rectum Not mobilized R-V septum partially → Mobilized

mobilized
Ureters Not mobilized → Unroofed in ureteral tunnel Completely dissected to 

bladder entry
Cardinal ligaments Resected medial → Resected at level of ureter Resected at pelvic sidewall

to ureters
Uterosacral ligaments Resected at level → Partially resected Resected at post-pelvic 

of cervix insertion
Uterus Removed → → →
Cervix Partially removed Completely removed → →

Note: Type IV, extended radical hysterectomy (partial removal of bladder or ureter), in addition to type III. (Source: Perez CA. Uterine cervix. In:
Perez CA, Brady LW, eds. Principles and Practice of Radiation Oncology. 3rd ed. Philadelphia: Lippincott-Raven; 1998.)
Source: From Stehman FB, Perez CA, Kurman RJ, et al. Uterine cervix. In: Hoskins WJ, Perez CA, Young RC, eds. Principles and Practice of
Gynecologic Oncology. 3rd ed. Philadelphia: Lippincott Williams & Wilkins; 2000:864.
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with complete tunneling to their insertion into the bladder
trigone. The ureterosacral ligaments are isolated after the recto-
vaginal space is developed. The bladder is dissected off the cervix
anteriorly. The cardinal ligaments are resected to the pelvic side-
wall. Complete resection of the ureterosacral ligaments to their
attachment may not be necessary in all cases. An alternative is
resection of the ureterosacral ligaments midway and resection of
2 to 3 cm of proximal vagina, but the operation can be tailored
according to tumor size and patient anatomy. 

The choice of abdominal incision for RH depends on body
habitus. A Maylard incision keeps the fascia on the rectus
muscles. The epigastric vessels are ligated and the muscle is
transected in the middle to have greater access to the sidewall
and to facilitate pelvic lymphadenectomy. The other option is
a Cherney’s incision, which involves detachment of the rectus
muscle from its tendinous insertion, allowing for greater
access to the pelvis and common iliac and lower para-aortic
nodes. The muscle is reattached at the end of the procedure.
The peritoneum is closed in both of these approaches. In
properly selected patients, these incisions provide excellent
exposure compared to a vertical incision with better cosmetic
outcome and perhaps less discomfort to the patient.

Class IV or Extended Radical Hysterectomy

There is little indication for extended radical hysterectomy
(ERH) with availability of modern RT and chemosensitization
for locally advanced tumors. As distinct from type III RH,
ERH involves complete dissection of the ureter off the vesi-
couterine ligament, sacrifice of the superior vesical artery, and
resection of three fourths of the vagina. The risk of bladder
dysfunction and fistula formation is greatly increased com-
pared to types I-III hysterectomy. 

Class V Hysterectomy

A rarely performed operation, a type V hysterectomy involves
resection of the distal ureter or bladder with reimplantation of
ureter if needed. 

Nerve-Sparing Radical Hysterectomy

Radical hysterectomy can disrupt the hypogastric plexus,
which contains sympathetic fibers that fuse with parasympa-
thetic fibers located in the parametrium to control bladder
contraction and compliance. Bladder dysfunction occurs in
about 5% of patients, which may require continuous or inter-
mittent drainage for several weeks. Some patients may also
experience some rectal dysfunction depending on the extent of
the dissection and resection. Nerve-sparing radical hysterec-
tomy (NSRH) has been proposed as a possible technique to
identify and spare nerves and preserve good oncologic out-
comes (304,305).

Trimbos et al. described NSRH as identification of the
hypogastric nerve beneath the ureteral sheath lateral to the
ureterosacral ligament, identification of the inferior hypogastric
plexus during resection of the cardinal ligament, and preserva-
tion of the distal inferior hypogastric plexus during dissection
of the posterior aspect of the vesicouterine ligament (304).

Although intriguing, large studies to clearly define the
benefit of NSRH are lacking. Charoenkwan et al. reported on
post-void residual (PVR) of patients with NSRH versus stan-
dard RH (306). At 7 days, 36% and 27% of NSRH patients
had PVRs �100 and �50 cc, respectively, increasing to 82%
and 77% by day 14. Raspagliesi et al. reported that type III

NSRH had a similar rate of bladder dysfunction as MRH, and
both were lower than standard RH III (307). Papp et al.
reported their experience with NSRH in 501 patients with
stages IA2 to IIB and found no decrement in outcome (305).

Pelvic Exenteration

Total pelvic exenteration (TPE) is mainly used for patients with
limited central recurrences and no metastatic disease following
treatment with primary RT or combined surgery and RT. It
involves en bloc removal of bladder, uterus, rectum, vagina,
and at times vulva, depending on the exact site and extent of
recurrence. The procedure can be tailored to remove only the
anterior or posterior structures including the bladder (anterior
exenteration) or rectum (posterior exenteration). In treatment
of central recurrence of cervix cancer, TPE is the most common
approach. Reported 5-year survival is approximately 40%,
ranging from 18% to 70% in the literature (308,309). TPE has
been employed in selected patients with stage IVA cervix can-
cer, although with modern chemoradiotherapy this is unusual. 

As part of TPE, reconstruction can involve diversion of the
urine through a conduit utilizing a segment of the bowel (ileum,
transverse and sigmoid colon) and/or vaginal and pelvic recon-
struction with placement of flaps using either transposed muscle
(rectus or gracilis), segments of colon (rarely), or omentum.
Depending on the location of tumor and the extent of resection,
the colon may be reanastomosed with the rectal stump (supra-
levator) or a permanent colostomy placed (310).

TPE is a morbid operation that should only be undertaken
in selected patients with limited recurrences. Sidewall extension,
metastatic disease, and, usually, hydronephrosis are possible
contraindications to the procedure. Even with appropriate
workup and evaluation, 25% to 50% of candidates will have
the procedure aborted due to intraoperative findings of
metastatic or locally advanced disease. Equally important are
evaluations of patients’ overall health status and a careful psy-
chological and social evaluation and counseling to ensure that
the patient realizes the sequelae of TPE. Perioperative complica-
tions can include bleeding, infection, cardiac and pulmonary
complications, gastrointestinal and urinary leaks, fistulas,
bowel obstruction, and reconstruction flap failure. Sexual dys-
function and psychosocial effects are often longer-term sequelae
that can be permanent. The mortality rate from TPE is about
5%, even with careful patient selection (308,309).

RADIATION THERAPY

External Irradiation

Standard Fields (Non-IMRT)

Treatment of invasive carcinoma of the uterine cervix requires
delivery of adequate doses of irradiation to the pelvic lymph
nodes. Greer et al. (311) reported on intraoperative retroperi-
toneal measurements carried out in 100 patients at the time of
radical surgery. Both common iliac bifurcations were cephalad
to the level of the lumbosacral prominence in 87% of patients.
Therefore, the superior border of the pelvic portal should be at
the L4-5 interspace to include the external iliac and hypogastric
lymph nodes. This margin should generally be extended to the
L3-4 or even the L2-3 interspace if common iliac nodal coverage
is indicated. The width of the pelvis at the level of the obturator
fossae averaged 12.3 cm, and the distance between the femoral
arteries at the level of the inguinal rings averaged 14.6 cm.
Posterior extension of the cardinal ligaments in their attach-
ment to the pelvic wall was consistently posterior to the rectum
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and extended to the sacral hollow. The uterosacral ligaments
also extended posteriorly to the sacrum. These anatomic land-
marks must be kept in mind in the correct design of lateral
pelvic portals. The upper margins of the portals in patients with
small stage IB tumors can be placed at the L5-S1 interspace, and
for more advanced stages at the L4-5, L3-4, or even L2-3 inter-
space (Fig. 22.15A and B). A 2-cm margin lateral to the bony
pelvis is adequate. If there is no vaginal extension, the lower
margin of the portal is at the midportion to inferior border of
the obturator foramen. When there is vaginal involvement, the
field should extend distally beyond the tumor a minimum of 
4 cm, although some contend that the entire length of vagina
should be treated down to the introitus. It is important to iden-
tify the distal extension of the tumor in some manner at the
time of initial simulation, for example, by inserting a small rod
with a radiopaque marker in the vagina. Often, vaginal exten-
sion will not be clearly defined by CT scan. For stage IB disease,
15 � 15 cm portals at the surface (about 16.5 cm at isocenter)
usually will be sufficient. For patients with stage IIA, IIB, III, or
IVA carcinoma, somewhat larger portals (18 � 15 cm at sur-
face, 20.5 � 16.5 cm at isocenter) may be required to cover all
of the common iliac nodes, in addition to the cephalad half of
the vagina (312). Using placement of intraoperative clips to
determine the extremes of nodal locations, McAlpine et al.
essentially confirmed the findings of Greer et al. (313). 

In patients with involvement of the distal third of the vagina,
portals should cover the inguinal lymph nodes because of the
increased probability of metastases. Dittmer and Randall have
published a convenient method of treating inguinal-femoral
nodes using anteroposterior-posteroanterior (AP-PA) photons
only while limiting the dose to femoral heads and avoiding
some of the problems with junctioning fields, e.g., electrons
(Figure 21.5A and B, previous chapter) (253). Alternatively,
IMRT approaches can be used (Fig. 22.14) (314).

The lateral portal anterior margin is placed anterior to the
pubic symphysis to include the anterior extent of the external
iliac nodes. A margin at the anterior edge of the symphysis
pubis may not suffice for adequate coverage of primary tumor
as well. The posterior margin usually covers at least 50% of the
rectum in stage IB tumors, and will often extend to the sacral
hollow in patients with more advanced tumors (Fig. 22.15B).

Routinely placing the posterior border at the S2-3 interspace
frequently results in inadequate coverage of the planning target
volume. Ideally, three-dimensional imaging with CT, MRI, or
both will be used to ensure adequate coverage (315).

The use of lateral fields allows significant protection of
small bowel. With a four-field technique, some radiation
oncologists choose to weight the AP-PA beams in relation to
the lateral fields, e.g., 60:40. While this increases small bowel
dose slightly, it can avoid giving very high doses laterally, par-
ticularly in larger patients.

Use of Midline Shield

Although common practice, the use of midline shields (MLSs)
during external beam RT for cervical cancer has not been well
described, and there is no consensus regarding their use. There
is variability in opinions and practice patterns. The purpose of
the MLS is to limit dose to the bladder and rectum in order to
permit maximization of the intracavitary dose while still deliv-
ering sufficient doses to gross parametrial disease and micro-
scopic or gross pelvic sidewall disease (nodal or tumor exten-
sion). In general terms, patients with earlier disease (stages
I-IIA, or perhaps early IIB) benefit from earlier introduction of
an MLS (20 to 30 Gy); patients with more advanced disease
should not have an MLS placed before 40 Gy, and possibly
not at all. By performing pelvic examinations on a weekly
basis in patients receiving primary RT for cervical cancer, the
physician might note an early favorable response that might
permit earlier use of the MLS. Keeping in mind the purpose of
the MLS, a frequent practice is to use a standard-width shield
(4 cm), and place it in midline position. Generally, the pelvic
dose delivered with the MLS is not added to the point A dose,
but this dose is added to the nodal (sidewall, point B, point P)
dose calculation. Unilateral sidewall boosts should be consid-
ered in patients who have only unilateral parametrial or side-
wall involvement. Increasing parametrial doses correlate with
risk of complications, particularly radiation proctitis (316). 

Small Field RT

In patients treated postoperatively, a sensible approach to limi-
ting complications in selected patients was piloted by Kridelka
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FIGURE 22.15. A: Anteroposterior simulation film of the pelvis illustrating portals used for external
irradiation. The 15 � 15 cm portals at SSD (source-skin distance) are used for stage IB (broken line), and
18 � 15 cm portals are used for more advanced disease (solid line). This allows better coverage of the
common iliac lymph nodes. The distal margin is usually placed at the bottom of the obturator foramina.
B: Lateral simulation film of the pelvis illustrating portals used for external irradiation. Source: From
Stehman FB, Perez CA, Kurman RJ, et al. Uterine cervix. In: Hoskins WJ, Perez CA, Young RC, et al.,
eds. Principles and Practice of Radiation Oncology. 3rd ed. Philadelphia: Lippincott-Raven; 2000:867.
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et al. (317). Pelvic failure is by far the most frequent site of fail-
ure in early-stage cervical cancer patients, regardless of the
initial treatment. However, in node-negative patients, the risk
factors that indicate adjuvant RT following radical surgery are
overwhelmingly related to a risk of failure in the central pelvis,
including the vaginal vault and paravaginal soft tissues. Given
the well-known relationship between radiation volume and
complication risk, Kridelka et al. limited the adjuvant pelvic
RT to fields smaller than “standard.” In 25 patients with a risk
of recurrence of at least 40%, as suggested by the GOG study
(222), only one recurrence was noted, with a median follow-up
of 32 months. As predicted, morbidity was very limited in
quantity and grade. The authors compared disease-free sur-
vival curves of their experience and that of the observation arm
in the GOG trial by Sedlis et al. (318), finding small field pelvic
RT to be significantly superior (p � 0.005).

A similar experience with small field pelvic RT was
reported by Ohara et al. in 42 patients with stages I-II node-
negative squamous carcinoma of the cervix at significant risk
of local recurrence (319). All patients so treated had deep cer-
vical stromal invasion, parametrial extension, and/or positive
or close (�5 mm) surgical margins. Only three patients treated
with small field RT suffered recurrences, all in the pelvis.
Serious toxicity was rare. The analysis of Chen et al. supports
the concept of treating only the lower pelvis with adjuvant RT
in appropriately selected patients as a means of limiting non-
rectal radiation-induced intestinal injury (320).

An alternative approach to limit small bowel dose in the
postoperative RT situation is to utilize intensity-modulated RT
(IMRT) approaches. D’Souza et al. compared IMRT plans to
conventional four-field plans, finding that the mean volume of
small bowel was 33% lower with the IMRT plans. However,
the authors noted that these calculations did not account for
interfraction organ motion and recognized the lack of data
regarding safety and efficacy (312).

Intensity-Modulated External Radiation Therapy

IMRT refers to the delivery of radiation beams that have vary-
ing intensity patterns that, when summed inside a patient, cre-
ate a dose distribution in which the target receives near to the
prescribed dose while tissues that are to be avoided receive
much less radiation. Treatment planning is based on three-
dimensional imaging utilizing CT, most commonly. MRI and
PET images can also be incorporated into the determination
of treatment volume. 

Specially configured linear accelerators with multi-leaf col-
limators (MLCs) are used to create highly contoured dose dis-
tributions utilizing various techniques. “Step and shoot”
IMRT uses multiple static fields, typically five to nine, with
specific dose maps entering the patient from multiple beam
angles. “Sliding window” IMRT utilizes an arcing motion of
the radiation source along with movements of the MLC leafs.
Helical TomoTherapy is a variation of the sliding window
technique in which the radiation source is constantly moving
around a patient and the patient is translated through the path
of the beam while the MLCs rapidly open and close to create
the desired dose distribution.

Potential benefits of IMRT include the ability to preferen-
tially limit the dose of radiation to normal tissues, safely
deliver higher tumor doses, and enable treatment and retreat-
ment of tumors that are not otherwise treatable (Fig. 22.16A
and B). Roeske et al. were the first to propose and test the
hypothesis that IMRT could be used to lower small bowel
dose in patients receiving pelvic RT (321). Subsequently, this
approach has been popularized by Mundt et al. (322).

Dose-volume histograms (DVHs) plot the percent of a certain
organ or volume of interest versus the dose received (Fig. 22.17).
By looking at a DVH, the radiation oncologist can quickly and

quantitatively assess whether the dose delivered to critical struc-
tures and tumor volumes is adequate for safety and efficacy of
treatment. Furthermore, DVH analysis provides an objective
method of comparing different treatment plans. The increasing
use of IMRT requires a better understanding of radiation dose-
volume relationships than has existed in the past. For the most
part, consensus remains to be generated regarding proper dose-
volume constraints for most normal tissues.

Jhingran has published an extensive review of IMRT use in
gynecologic malignancies (314). Early data supports the ability
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FIGURE 22.16. (See color plate section.) A: Dose distribution from a
standard four-field box showing some volume of small bowel receiving
full dose. B: IMRT approach in which the small bowel is almost excluded
from the full dose region. Source: From Jhingran A. Potential advantages
of intensity-modulated radiation therapy in gynecologic malignancies.
Semin Radiat Oncol 2006;16:144-151.
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of IMRT to reduce dose to normal tissues and thereby reduce
acute and late toxicities. It can also facilitate treatment of recur-
rences in or near previous RT fields, dose escalation to grossly
involved lymph nodes, and treatment of patients with vesico- or
rectovaginal fistulae. There is active debate regarding the ability
of IMRT techniques to replace intracavitary brachytherapy for
treatment of cervical cancer (323–325). To date, the weight of
opinion does not support this latter indication.

Randall and Ibbott have presented a discussion of possible
pitfalls and hazards from implementation of IMRT for gyne-
cologic cancers (326). Chief among these concerns is the prob-
lem of organ and tissue motion. In addition to respiratory
motion, in the pelvis there is considerable motion with varying
amounts of distension of the bladder and rectum (327).
Ahamad et al. performed a systematic analysis of 10 patients
with gynecologic cancers planned with both IMRT and four-
field approaches. When IMRT margins were expanded to take
into account internal motion and setup variation, the dosimet-
ric advantage of IMRT largely disappeared (328). Han et al.
completed a similar study, noting that significant differences
in the small bowel dose-volume histogram can result, making
strict protocols for bladder distention, margins, and image
guidance necessary for IMRT implementation (329).

In addition, patient and tumor geometry often changes
during treatment. Beadle et al. performed serial CTs during
treatment of 16 patients with cervical cancer to assess tumor
regression and organ motion. These authors found that the
location of the tumor volume varied markedly during treat-
ment from both these factors, and proper treatment would
require large volumes initially, as is done with conventional
treatment. As a result, it was felt that the potential value of

IMRT was diminished and the risk of missing tumor was
increased (330).

In general, there is lack of agreement regarding scanning
parameters, necessity of intravenous contrast enhancement,
appropriate volumes to contour, and dose-volume constraints.
Taylor et al. have presented guidelines for contouring pelvic
lymph nodes for patients undergoing RT, suggesting that a 
7-mm margin around iliac vessels presents a reasonable trade-off
in terms of maximizing nodal coverage while limiting small
bowel dose (331). Other concerns include an increase in the inci-
dence of secondary radiation-induced malignancies (332–335),
limitations of imaging in accurately defining pelvic disease,
increased dose heterogeneity, and problems with quality assur-
ance (326). In addition there are concerns regarding deleterious
effects of prolonged treatment times on the radiation-induced
cell killing (336,337). Finally, many technical issues are of con-
cern, including the fact that dose distributions are less repro-
ducible and the fact that calculated dosimetry might not reflect
what is actually delivered to the patient for many reasons (326).

Extended Field RT 

The reluctance among some radiation oncologists to utilize
extended field radiation therapy (EFRT) either prophylacti-
cally or therapeutically in some cases relates to concern over
increased acute and late toxicities. This is largely because the
para-aortic chain is surrounded by organs of limited radiation
tolerance, i.e., spinal cord, kidneys, small intestine. The use of
opposed anterior and posterior fields is the easiest technique
but delivers to a significant portion of the small bowel a radia-
tion dose that will generally exceed tolerance if an appropriate
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FIGURE 22.17. This dose-volume histogram from an extended field RT plan plots the volume of various
organs or structures versus the dose received. It shows excellent coverage of tumor and nodal regions
while the normal structures, e.g., kidneys, spinal cord, etc., receive limited dose. This provides quantita-
tive measures of dose distribution for use in evaluating and comparing treatment plans.
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dose for microscopic disease is delivered. Various techniques
have been utilized in an effort to deliver EFRT, all of which
have both advantages and disadvantages. A four-field tech-
nique permits continuity with and use of a four-field approach
in the pelvis, spares much of the small intestine, and shields the
spinal cord and the vast majority of the kidneys from half of
the beams (Fig. 22.18A and B). It is important to perform an
intravenous pyelogram (IVP) or CT to accurately determine the
kidneys’ location. The dose to the kidneys can be kept within
tolerance by preferentially weighting the anterior and posterior
beams (e.g., 70:30 AP-PA to laterals). In most cases, this will be
adequate to limit kidney doses within tolerance, even when
delivering 40 to 45 Gy to the volume. Nevertheless, it is critical
to know the kidney doses and the amount of the renal
parenchyma receiving this dose when utilizing this technique.
A DVH of such a treatment is shown in Figure 22.17.

Esthappan et al. used positron emission tomography (PET)
data to assess for metastatic disease and to guide planning
using IMRT techniques (338). In this fashion, it was feasible
to escalate RT doses to 59.4 Gy while maintaining acceptable
doses to surrounding tissues. Salama et al. reported the use of
IMRT for extended field RT in 13 patients, finding the

approach to be well tolerated (339). With limited follow-up,
two patients reported grade 3 or higher toxicity, and the local
control rate was high.

Elective Para-aortic Lymph Node Irradiation. Occult involve-
ment of the para-aortic lymph nodes is a potential cause of
treatment failure in carcinoma of the cervix. Given the orderly
lymphatic spread of cervical carcinoma to pelvic and para-aortic
lymph nodes, and its frequency in defined patient groups, adju-
vant or EFRT is a logical treatment strategy that seeks to avoid
the risks and treatment delays associated with surgical staging.
Its use may be considered in patients with early-stage disease
who have undergone appropriate surgical treatment and have
risk factors arguing for adjuvant postoperative RT and in
patients for whom RT is the primary treatment.

Retrospective and prospective data suggest that EFRT can
be delivered safely and with reasonable efficacy in high-risk
patients. In a large retrospective series from Japan, Horii et al.
reported on patients who received adjuvant (in some cases,
therapeutic) EFRT based on multiple positive pelvic lymph
nodes, and/or radiographic evidence of para-aortic lymph node
enlargement (340). The investigators found a significant
survival advantage for patients receiving EFRT, compared to
similar patients who received only pelvic RT. This survival
advantage was particularly noticeable among stage II patients.
No serious complications were reported. The European
Organization for Research and Treatment of Cancer (EORTC)
study reported by Haie et al. (341) included 441 patients with
stages I-III disease who did not have surgical staging, but were
considered at high risk of undetected para-aortic lymph node
involvement. In the study group, the para-aortic area received
40 to 50 Gy with external beam radiation therapy (EBRT).
Significant findings included a higher rate of gastrointestinal
toxicity, a significantly lower rate of para-aortic failures in the
EFRT group, and a significantly lower rate of distant metas-
tases in patients receiving EFRT and achieving pelvic control.
There was no statistically significant difference between the two
treatment arms with regard to local control, distant metastases,
disease-free survival at 4 years, or survival. The incidence of
small bowel injury was 0.9% in the pelvic RT and 2.3% in the
EFRT groups. A severe complication rate of 9% was observed
in patients receiving EFRT, compared with 4.8% in those
treated to the pelvis only. Rotman et al. published 10-year
results from Radiation Therapy Oncology Group (RTOG)
study 79–20 (342). In this study, 367 patients (stage IIB or
stages IB-IIA �4 cm) were randomized to pelvic RT versus
EFRT. Overall survival was 67% at 5 years and 55% at 10 years
for the patients receiving elective EFRT, compared with 
55% and 44%, respectively, for those treated to the pelvis only
(p � 0.02). Locoregional failures were similar at 10 years for
both arms (pelvic only, 35%; EFRT, 31%). When the first dis-
ease failure patterns were examined, more patients failed distally
when treated only with pelvic RT compared to those receiving
EFRT (p � 0.053). The EFRT arm was associated with more
grade 4 and 5 complications, particularly in patients with prior
abdominal surgery (11% vs. 2%).

Gerzten et al. reported the use of concurrent cisplatin with
EFRT using IMRT techniques (343). In 22 consecutive
patients, the median length of treatment was 39.5 days. Only
two patients required short treatment breaks, and there was
no acute or subacute grade 3 or 4 gastrointestinal (GI) or gen-
itourinary (GU) toxicity. 

Grigsby et al. looked at the ability to control nodal disease
with RT in cervical cancer. In patients with subclinical para-
aortic disease demonstrated by PET, there were no failures
with a median dose of 43.3 Gy (344).

Results from RTOG 90–01 show that pelvic RT combined
with platinum-based chemotherapy is superior to adjuvant
EFRT in patients with locally advanced disease (274). However,
given the apparent ability of EFRT to impact failure rates in the
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FIGURE 22.18. (See color plate section.) This shows dose distribution
from extended field RT given with a four-field isocentric technique
with all fields treated in continuity. The AP-PA fields (A) are weighted
70:30 in relation to the lateral fields (B), limiting the dose to kidneys,
as shown in the DVH in Figure 22.17. This patient had a large pelvic
mass, compromising the ability to spare rectum and bladder.
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para-aortic chain and the improving therapeutic ratio, EFRT
combined with chemotherapy could offer opportunities for
improved outcomes in patients at high risk of metastatic
para-aortic disease. Possible indications for its consideration
include positive PET scans in the para-aortic region; high pelvic
lymph nodes involved, e.g., common iliac; gross nodal metas-
tases in the pelvis; bilateral positive pelvic lymph nodes; adeno-
carcinoma histology with any number of positive pelvic lymph
nodes; and squamous cell histology with four or more positive
pelvic lymph nodes. In all cases, the radiation oncologist must
determine that the patient is in reasonably good general health,
with no limited risk factors for RT injury. Furthermore, there
should be an assessment that there is a good chance of pelvic
control (in patients receiving primary RT), since the absence of
pelvic control will render para-aortic control meaningless. 

Therapeutic Para-aortic Lymph Node Irradiation. Data from
the GOG suggests that patients with stages IB, II, III, and IVA cer-
vical cancer will have spread to the para-aortic lymph nodes in
5%, 16% to 21%, 25% to 31%, and 13%, respectively (27).
Tumor involvement in para-aortic lymph nodes is quite uncom-
mon in the absence of pelvic lymph node metastasis (27). Grigsby
et al. have demonstrated that para-aortic RT can control known
metastatic nodal disease in a high percentage of patients (344).
However, the degree to which RT demonstrates curative poten-
tial in this group of patients is quite variable, and is mostly
related to selection factors in the patient population so treated. 

Kim et al. reviewed 43 patients with known para-aortic
lymph node spread who received curative intent RT following
surgical staging and removal of gross para-aortic disease, in
some cases (345). Pelvic tumor size (�6 cm vs. �6 cm) was a
significant factor in survival. It was noted that patients with no
residual para-aortic disease following surgery had significantly
better outcomes than those patients with gross residual tumor,
raising the question of whether surgical excision of bulky
para-aortic lymph node disease is advisable in this situation. In
contrast, Grigsby et al. did not find that tumor stage (reason-
ably correlated with pelvic tumor volume) was a significant
factor in patients with para-aortic lymph node involvement
(346). In a series of 43 patients, the overall survival rate was 32%
and the median survival was 2.2 years, although only 20 patients
manifested recurrence. The predominant failure pattern was dis-
tant spread, suggesting that effective systemic therapy is war-
ranted. Severe toxicity occurred in only two patients.

Based on a retrospective review of 35 patients treated for
documented para-aortic lymph node spread, Stryker and
Mortel suggested that EFRT can contribute to cure in approx-
imately 30% of these patients (347). Again, patients with only
microscopic involvement had considerably better outcomes
than those with gross disease (42% vs. 26% 5-year survival).
Grade 4 morbidity was seen in 8.6%, although in all cases the
morbidity was related to the pelvic portion of the treatment
rather than the EFRT.

Varia et al. completed a phase 2 GOG study of EFRT plus
chemotherapy (348). The protocol called for cisplatin to be given
at 50 mg/m2 on day 1, and 5-FU to be given at 1,000 mg/m2 over
96 hours during weeks 1 and 5. Eighty-six evaluable patients
were accrued, 85 of whom completed EFRT; 90% completed
chemotherapy. Grade 3 to 4 gastrointestinal and hematologic
toxicities were seen in 19% and 15%, respectively. The actuarial
risk of late morbidity was 14% at 4 years, primarily from rectal
injury. Three-year overall survival and progression-free survival
rates were 39% and 34%, respectively. Overall survival was
50% among stage I patients. Approximately 40% of patients had
a distant failure as the first site of relapse. 

In terms of toxicity, the RTOG found much greater toxicity
compared to the Varia-GOG study when giving extended field
RT along with sensitizing chemotherapy. Small et al. observed
very high acute and late toxicities. Differences in the treatment
regimens included the use of weekly cisplatin at 40 mg/m2 and

more frequent boosting of para-aortic nodes in the RTOG
study (349).

Therapeutic EFRT in patients with para-aortic metastases
appears to be efficacious, resulting in long-term survivals of
25% to 50%. Definable subgroups may have an even higher
rate of long-term survival. EFRT can reliably control micro-
scopic disease in the para-aortic chain; however, the curability
of the individual patient is more a function of the ability to
gain control of the pelvic disease and the likelihood that the
patient will develop other metastatic disease.

Chemotherapy can feasibly be added to EFRT in these
patients, and it is reasonable to approach patients in this fash-
ion unless comorbid illnesses contraindicate systemic therapy.
The optimum chemotherapy agents and schedule remain to be
determined, although weekly cisplatin is a reasonable sugges-
tion, based on current knowledge. The potential impact of
concurrent chemotherapy on complication rates is unclear.

Proton Beam Radiotherapy

There is increasing interest in and availability of proton beam
RT, although the reported experience in cervical cancer is lim-
ited. Kagel et al. reported 25 patients, stages IIB-IVA, treated
with curative intent by photon pelvic RT followed by a proton
boost to the primary tumor. No intracavitary RT was given.
Long-term survival and complication rates were considered
similar to those of conventional photon RT plus intracavitary
brachytherapy (350).

Brachytherapy

Brachytherapy refers to the placement of radioactive sources at
a short distance from the intended target. Because the anatomy
of cervical cancer typically facilitates brachytherapy, and
because brachytherapy permits very high doses to be safely
delivered, it has long been a major factor in the ability of RT to
cure cervical cancer. Several isotopes are available for cervical
cancer brachytherapy, although at the present time 137Cs is the
most popular for low-dose-rate (LDR) brachytherapy. 192Ir is
frequently used for high-dose-rate (HDR) brachytherapy
because of its high specific activity. It is also frequently used in
lower activity in removable LDR interstitial applications.
Brachytherapy can be delivered with intracavitary techniques
using applicators typically consisting of an intrauterine tandem
and vaginal colpostats or, when necessary, vaginal cylinders.
All state-of-the-art applicators are afterloading. Interstitial
implants are typically done with permanent or removable iso-
topes, such as 198Au and 192Ir, respectively. Radiographs are
obtained using dummy sources, and the active sources can be
afterloaded following review of images, if the position of the
applicators is judged to be satisfactory.

Intracavitary Implants 

Intracavitary brachytherapy is generally used in combination
with external beam RT, although it may be used alone in very
early disease. LDR has been used since the early 1900s, but
starting in the late 1950s, with the Cathetron Cobalt-60,
HDR brachytherapy has become increasingly utilized. 

Three brachytherapy systems were developed almost simulta-
neously: the Paris, Stockholm, and Manchester systems. The
term “system” denotes a set of established rules, taking into
account the source strength and the geometry, method, and
duration of the application in order to obtain suitable dose dis-
tributions. In each of these systems, a brachytherapy insertion
consisted of an intrauterine component (tandem) and a vaginal
applicator. Treatment duration and loadings were developed
empirically. Intracavitary treatment prescriptions were quanti-
fied in terms of milligram-hours, i.e., the product of the total

Chapter 22: Uterine Cervix 657

Barakat_CH22-623-682.qxd  2/24/09  4:24 PM  Page 657



mass of radium or radium equivalent (e.g., 137Cs) contained in
the sources, and the duration of the application in hours. 

The classical Manchester system was the first system to use
units of radiation exposure (roentgens) rather than milligram-
hours to prescribe dose. The dose (in roentgens) was pre-
scribed at specific points, termed A and B. Point A was origi-
nally defined as a point 2 cm lateral to the center of the uterine
canal and 2 cm from the mucous membrane of the lateral
fornix in the plane of the uterus. Point A was intended to rep-
resent the average dose to the “paracervical triangle.” Point B
was defined as 5 cm from the patient’s midline at the same
level as point A, and it was intended to quantify the dose
received by the regional (obturator) lymph nodes. The various
combinations of Manchester system ovoid dimensions and
applicator loadings were designed to provide a reasonably
constant point A dose rate of 50 to 55 cGy per hour. This
approach heavily influenced intracavitary treatment practice
patterns in the United States. The widely used Fletcher-Suit
applicator system, Fletcher loadings, and the reference points A
and B are all derived from this system. 

Computer-generated isodose curves provide the best means
of determining the doses to point A, point B, bladder, and rec-
tum (Fig. 22.19A and B). International Commission on
Radiation Units and Measurements (ICRU) Report No. 38
(351) defines the dose and volume specifications for reporting
intracavitary therapy in gynecologic procedures. ICRU-38 rec-
ommended that reference points such as point A not be used,
because “such points are located in a region where the dose
gradient is high and any inaccuracy in the determination of
the distance results in large uncertainties in the absorbed doses
evaluated at those points.” Instead, it introduced the concept
of reference volume, i.e., the tissue volume encompassed by a
reference isodose surface, recommending that the dimensions
of the 60-Gy isodose surface be specified, including the contri-
bution of EBRT. They proposed that this pear-shaped refer-
ence volume be described in terms of its three dimensions:
height (maximum dimension along the intrauterine sources),
width (maximum dimension perpendicular to the intrauterine
sources), and thickness (maximum dimension perpendicular
to the intrauterine sources in the oblique sagittal plane), mea-
sured in the oblique, coronal, and sagittal planes containing
the intracavitary sources. A number of weaknesses of the
ICRU-38 recommendations have been pointed out, including
the absence of rationale for the choice of 60 Gy. Widespread
adoption is, therefore, lacking (352). However, the ICRU def-
initions of rectal and bladder points are frequently used.

If the vaginal vault is narrow, making it impossible to
insert regular colpostats, miniovoids can be used (usually
loaded with 10 mCi RaEq sources). When miniovoids can-
not be inserted, an option is to use a protruding source in
the vaginal vault, which is inserted in the afterloading tan-
dem (usually 20 to 30 mCi RaEq) with an overlying plastic
sleeve (Delclos ring). Afterloaded vaginal cylinders are used
in conjunction with an intrauterine tandem to irradiate the
vagina when the disease extends from the uterine cervix
along the vaginal walls. Cylinders are available in various
diameters (1 to 5 cm) and lengths to fit any vaginal width
and length.

For LDR implants, the first intracavitary insertion is gener-
ally scheduled after 20 to 45 Gy of EBRT if patient and tumor
geometry permit an adequate implant (typically early-stage
patients, e.g., IB to early IIB). Otherwise, 30 to 45 Gy are deliv-
ered before the first application to decrease the size of the lesion
and improve the relationship of the applicators to the cervix
and vagina. The second application is performed 1 or 2 weeks
later. For HDR implants, there is more variability in number of
implants used. However, generally, more implants are done,
and a common practice is to do one implant each week during
external beam RT.

Intracavitary therapy, with its rapid dose fall-off with dis-
tance, yields a high dose to the uterus and paracervical tissues,
but it is inadequate to treat the pelvic lymph nodes; external
irradiation is necessary to supplement the dose. Therefore, the
parametrial dose is primarily delivered with external irradia-
tion. This combination technique affords a high central dose
to the cervix, paracervical tissues, and parametria, as well as a
moderate dose to the external iliac lymph nodes, without
exceeding the bladder and rectal tolerance doses.

Image-Based Brachytherapy

Although the empiric point A has proven very useful in
cervix cancer brachytherapy prescription, it has been sug-
gested that better anatomic understanding of brachytherapy
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FIGURE 22.19. (A) Anteroposterior and (B) lateral radiographs of an
HDR intracavitary insertion. Isodose lines reflect various dose levels,
including the point A isodose of 700 cGy. A urinary catheter is in
place with contrast material in the balloon, which is used to determine
the maximum bladder dose. Radiopaque material in the vaginal pack-
ing helps determine the location of the anterior rectal wall to aid in
determining the maximum rectal dose. Although not yet in common
use, analysis of brachytherapy dose distributions based on cross-
sectional imaging reconstructions, e.g., MRI, is an area of interest and
research.
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dose distribution using modern imaging techniques could
allow better tumor coverage and lessen dose to normal tis-
sues. The U.S.-based Image-Guided Brachytherapy Working
Group and the Europe-based Gynecologic GEC-ESTRO
Working Group have proposed similar guidelines for imple-
mentation of image-based brachytherapy (353,354). These
investigators recommend T2-weighted MRI scans with con-
trast as the preferred method for imaging implant geometry.
Limited availability of MRI-compatible applicators and
expense have slowed adoption of this approach. Definitions
of gross tumor volume (GTV), clinical tumor volume (CTV),
and organs at risk (OAR) are suggested, enabling quantita-
tive analysis of implant geometry through dose-volume his-
tograms (DVHs), similar to external beam RT (355).
Viswanathan et al. compared the results of contouring CTVs
and OARs according to CT versus MRI images in ten
patients following placement of a standard applicator (356).
Both CT and MRI were adequate for contouring OARs.
However, it was found that CT overestimated tumor width
compared to MRI, and this could result in significant differ-
ences in dose prescription when compared to MRI contours.
These investigators supported the use of MRI as the gold
standard for CTV definition in image-based brachytherapy.

Dose Rate Considerations 

The rate at which radiation is given is an important variable in
the delivery of RT. Conventional EBRT typically uses dose
rates of 100 to 300 cGy per minute but is fractionated.
Brachytherapy dose rates can be much more variable, the
exposure is often continuous, and dose gradients are infinitely
greater than with external beam therapy.

The ICRU defines LDR as exposures between 40 and 200
cGy/hr, medium dose rate (MDR) as between 200 and 1,200
cGy/hr, and HDR as �1,200 cGy/hr (351). All agree that clini-
cally significant differences exist between LDR, MDR, and
HDR. In general, as the dose rate is lowered, the biologic effect
of the radiation is decreased owing to the ability of tissues to
repair sublethal radiation damage and to repopulate. While
there is probably no inherent difference in these parameters
between tumor and normal tissues, there is apparently a sub-
stantial difference when one considers acute-responding (rapidly
proliferating) versus late-responding (slowly proliferating) tis-
sues. Late-responding tissues have a greater capability for repair
than tumor or early-responding tissues, but this repair does not
take place as fully with high dose rates. Therein lies the radiobi-
ologic dilemma: higher dose rate or large doses per fraction
cause relatively more severe late damage than tumor cell kill dur-
ing HDR brachytherapy or external beam therapy.

To a large degree, published data documenting the effective-
ness of RT has been obtained with continuous LDR intracavi-
tary techniques, which have been used for nearly a century.
However, even within the dose-rate range considered LDR 
(0 to 200 cGy/hr), a strong dose-rate effect is likely (357,358).
Using a slightly higher dose rate (in the low MDR range),
Patel et al. suggested, based on analysis of their clinical experi-
ence, that a dose reduction factor of approximately 30%, in
comparison to a typical LDR range of 50 to 55 cGy/hr, would
be required when using a dose rate of 220 cGy/hr at point A
(359).

Although the dose prescriptions for LDR brachytherapy are
reasonably well established and practiced around the world,
there remains some disagreement about whether the LDR
intracavitary dose should be given in one or two implants
(360). Rotman and Aziz have published a nice review of the lit-
erature regarding this controversy (361). Most radiation
oncologists favor fractionating the intracavitary portion of the
treatment (mostly two implants) because of theoretical and
practical advantages that include (a) tumor shrinkage between

implants, allowing better dose coverage in the relevant iso-
dose (higher dose to the tumor periphery); (b) repair of nor-
mal tissues between fractions, leading to fewer late effects;
and (c) limiting the duration of bed rest and potential compli-
cations that can result. The clinical data tend to support the
superiority of two implants over one implant, but this is not
uniformly the case. 

Pulsed LDR brachytherapy has also been investigated as a
possible means of preserving the radiobiologic advantages of
LDR while taking advantage of dose optimization offered 
by HDR technology. Swift et al. reported their experience in 65
patients, 42 of who had cervical cancer (362). Median follow-
up was only 15 months. In these patients with cervical cancer,
23 were alive without known disease at the time of the report.
The 2-year actuarial survival rate was 65%, and the 2-year
actuarial incidence of late complications was 14%. The
authors concluded that pulsed LDR was feasible and produced
good local control rates. Bachtiary et al. compared outcomes of
patients treated with LDR (109 patients) and pulsed dose rate
(PDR) (57 patients). Seventy patients also received concurrent
cisplatin. No significant differences were noted in outcomes or
toxicities (363).

The use of HDR in the curative management of cervical can-
cer is becoming more accepted, presumably because the outpa-
tient treatment is more convenient. Other suggested advantages
include better stability of the implant and source positions dur-
ing the short duration of the implant and better ability to opti-
mize dose distributions. The literature reflects considerable
inconsistency in terms of whether complication rates are
increased with HDR over LDR. Although many retrospective
series and a few randomized trials have been reported, results
are difficult to interpret. More recent studies include the results
of Hareyama et al., who published a randomized trial of 132
patients with stage II or IIIB disease (364). External RT doses
were identical, and a conversion factor of 0.588 was used to
convert LDR to HDR. The 5-year disease-specific survival rates
were 69% and 51% with HDR in stages II and III, respectively.
This compared with 87% and 60% with LDR. Pelvic recurrence-
free survival with HDR was 89% and 73% for stages II and III,
versus 100% and 70%, respectively, in the LDR group.
Actuarial complication rates (� grade 3) at 5 years were 10%
with HDR and 13% with LDR. These differences did not reach
statistical significance, although stage II patients had a better
survival rate than those treated with HDR.

Ferrigno et al. published a retrospective series of 190 patients
treated with LDR from 1989 to 1995 and 118 patients treated
with HDR from 1994 to 2001. With median follow-ups of 70
and 33 months in the LDR and HDR groups, respectively, no
significant differences were seen in overall survival (OS), disease-
free survival (DFS), and local control among stage I-II patients.
However, for stage III patients, OS and DFS were significantly
better in the LDR group, and local control was also better,
although not at a statistically significant level (365).

Falkenberg et al. reported a single institution study com-
paring outcomes of 103 patients treated with LDR versus 57
patients treated with HDR. No significant differences were
seen in any stage in this series (366).

To facilitate multiple insertions, intrauterine stents can be
used so that applicators can be placed quickly, without cervi-
cal dilatation, using little or no sedation. Treatment planning
is performed on the initial insertion, and is duplicated for all
fractions by verifying the applicator position with fluoroscopy
or radiographs. In addition to fractionation, clinical experi-
ence has demonstrated that some method of increasing the
distance from the HDR sources to the rectal wall is mandatory
to keep rectal doses and subsequent sequelae at acceptable lev-
els. Various techniques, including rectal retractors, vaginal
speculums, gauze packing, and intravaginal Foley catheter
balloons, are used to achieve this goal.
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Interstitial Implants 

Interstitial implants are an option when intracavitary implants
are impossible (367). Implants are typically planned and facil-
itated using perineal templates such as the Syed-Neblett
Interstitial Template or the Martinez Universal Perineal
Template (MUPIT). The use of endorectal magnetic resonance
coils and transrectal ultrasound can facilitate needle place-
ment by improving visualization of tumor and normal tissues
in relation to needle position. In some cases, this is done in
conjunction with open laparotomy or laparoscopy.

Patients are typically selected for interstitial therapy on the
basis of practical difficulties that preclude intracavitary ther-
apy; thus, they may not be comparable to patients treated in a
more conventional manner. However, until further improve-
ments and better data supporting the efficiency and safety of
this technique are available, its use in locally advanced cervi-
cal cancer should be only in exceptional circumstances, and by
experienced brachytherapists. Furthermore, IMRT is likely to
prove to be an effective alternative to interstitial therapy in
patients who are not candidates for intracavitary therapy. 

Doses of Irradiation 

Invasive carcinoma of the cervix is treated with a combination
of whole pelvis and intracavitary therapy. Some institutions use
lower doses of pelvic RT (10 Gy for stage IB and 20 Gy for
stages IIA, IIB, and III), in addition to parametrial doses to com-
plete therapy with an MLS. This brings total doses to 50 Gy in
stage IB and IIA, or 60 Gy to the involved parametrial tissues
for more advanced stages.

Other institutions prefer higher doses of whole pelvis exter-
nal irradiation (usually 40 to 45 Gy), delivered by four-field box
or IMRT technique. This is usually combined with one or two
LDR intracavitary insertions for approximately 40 to 55 Gy to
point A, depending on tumor stage (volume). Usual doses to
point A from both the external irradiation to the whole pelvis
and the LDR intracavitary brachytherapy range from 70 Gy for
small (�1 cm) stage IB tumors to 90 to 95 Gy for stage IIB or
IIIB tumors. An additional parametrial dose is administered in
some patients with IIB, III, or IVA tumors (considering the dose
delivered to the side wall by the brachytherapy). In patients
with only unilateral parametrial involvement, consideration
should be given to boosting only the involved side. 

When using HDR brachytherapy, the greatest concern is the
potential for increasing complication rates in a patient popula-
tion in which the majority will be cured. To decrease the likeli-
hood of increased late effects with HDR brachytherapy, it is
necessary to use multiple HDR fractions and to decrease, as
much as possible, the dose to late-responding tissues. Petereit
and Pearcey (368) used 45 Gy/25 fractions of external beam
irradiation to the pelvis, combined with five HDR fractions (5.5
to 6 Gy per fraction), or four fractions of HDR brachytherapy
(6.5 to 7 Gy in each fraction). The equivalent LDR brachyther-
apy at point A is 80 Gy, with 67 Gy delivered to the bladder or
the rectum, assuming that these tissues receive 70% of the pre-
scribed point A dose. For advanced stages, such as IIB or IIIB,
the intracavitary dose may be increased to 7.5 Gy per fraction,
to have an LDR equivalent dose of 85 to 90 Gy to point A. 

The recommended HDR brachytherapy prescription in GOG
cervical cancer protocols is five fractions of 6 Gy (to point A) in
addition to EBRT. Toita et al. from Japan have reported good
results in their patients using significantly lower HDR doses
(369). Whether this observation can be explained by anatomic
variation, different tumor biology, or other reasons is not clear at
this time. More clinical data with close observation and
extended follow-up are needed to establish optimum brachyther-
apy treatment schedules using nonstandard dose rates.

Altered Fractionation 

Conventional RT schedules typically employ fraction sizes of
180 to 200 cGy, given 5 days per week over a number of
weeks. Altered fractionation refers to the use of nonstandard
dose and fractionation schedules. Radiobiologic research and
modeling suggest that these different fractionation schedules
could favorably impact control rates, complication rates, or
both. Examples include hypofractionation (larger doses per
fraction, lower total dose), hyperfractionation (smaller doses
per fraction given more frequently, e.g., two to three fractions
per day, to a slightly higher total dose), accelerated fractiona-
tion (standard fraction sizes given more frequently, e.g., twice
daily), and concomitant boost techniques (a larger volume is
treated in standard fashion, while part of the volume, typically
gross tumor, is treated with an additional smaller fraction on
the same day, separated by 4 to 6 hours).

Hyperfractionation has been the most frequently investi-
gated altered fractionation regimen (370). In general, the results
have not been sufficiently positive to warrant its adoption.

Use of the concomitant boost technique in cervical cancer
was reported by Kavanagh et al., who conducted a prospec-
tive trial in 22 patients (371). Pelvic RT of 45 Gy/25 fractions
was given, and a concomitant boost of 14.4 Gy/9 fractions
was given to gross tumor during weeks 3 to 5. Standard LDR
brachytherapy was also given. Although the local control and
survival rates were higher than a matched control group, the
incidence of late bowel toxicity was sufficient to diminish
enthusiasm for this approach until methods of lowering toxic-
ity can be established.

Overall Treatment Time

Owing to the radiobiologic phenomena of tumor cell repopula-
tion and accelerated repopulation, clinicians have long assumed
that treatment prolongation, beyond some reasonable point,
would likely have a deleterious effect on outcome in patients
treated with RT. Several studies have supported this assumption
by demonstrating lower pelvic tumor control and survival rates
after definitive RT in invasive carcinoma of the uterine cervix
when the overall treatment time is prolonged (372–374).

Combining the published results, one can suggest that
pelvic control will suffer at an approximate rate of 1% per day
that treatment extends beyond 52 to 55 days. This impact
will be potentially seen in all stages of localized disease, and
survival will be negatively affected. Erridge et al. have
pointed out that there is probably a limit to the relationship
between treatment time and outcome (375). In a cohort of
patients, almost all of whom completed treatment within 
7 weeks, no impact of overall treatment time was observed.
However, grade 4 toxicities were more common among
patients completing treatment on a compact schedule of 29 to
32 days.

Pallative or Emergent Irradiation 

The radiation or gynecologic oncologist is often faced with
treating a patient who requires palliation of pelvic pain,
obstruction, or bleeding. If vaginal bleeding is the main con-
cern, a single intracavitary implant with tandem and colpostats,
about 50 to 55 Gy, to point A suffices. Alternatively, bleeding
can be controlled by more conservative measures, such as vagi-
nal packing, followed by the immediate institution of EBRT. In
this circumstance, it can be appropriate to treat a slightly
smaller pelvic volume and use doses per fraction slightly
higher than standard, e.g., 250 to 300 cGy, allowing patients
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with localized disease to be approached with curative intent,
without an excessive risk of complications. 

Patients with stage IVB or incurable recurrent carcinoma
often require palliation of pelvic pain or bleeding, and their
general condition may not warrant a prolonged course of
external irradiation. Spanos et al. (376) reported an RTOG
phase 3 study of accelerated split-course palliative irradiation
in 284 patients. Patients received three courses of 14.8 Gy in
four fractions over 2 days, with a rest of 2 to 4 weeks between
courses, up to 44.4 Gy total dose. There were 136 patients
randomized to rest periods of 2 or 4 weeks. There was a trend
toward increased acute toxicity in patients with shorter rest
periods (5 of 68, versus 0 of 68; p � 0.07). Late toxicity was
not significantly different in the two groups, although length
of follow-up was not sufficient to accurately assess it. Pelvic
tumor response was comparable in both groups (34% vs.
26%). More patients in the 2-week rest period group com-
pleted the three courses of therapy, but the most significant
predictor for completion of therapy was Karnofsky perfor-
mance status of 80 or higher. This schedule offers significant
logistic benefits and has been shown to result in good tumor
regression and excellent palliation of symptoms.

CHEMOTHERAPY 
Chemotherapy is increasingly utilized in the management of
cervical cancer, both in primary management and for recurrent
and metastatic disease. Reviews have indicated that several
chemotherapeutic agents from different classes are active in this
disease (377). Conventional agents able to induce a response
rate of at least 20% in measurable disease include cisplatin,
paclitaxel, topotecan, ifosfamide, doxorubicin, epirubicin, and
vinorelbine. Doublets that combine these agents with cisplatin
result in a doubling of response rate and improved progression-
free survival but little or no improvement in overall survival
when compared to cisplatin as a single agent. Three and four
drug chemotherapy regimens further increase the response rate
without improvement in overall survival at the expense of
increased toxicity. 

COMBINED MODALITY
TREATMENT 

Adjuvant Hysterectomy 
after Radiation Therapy 

Multiple retrospective series have been reported comparing
preoperative RT plus adjuvant hysterectomy post–radiation
therapy (AHPRT) with curative intent RT or chemo-RT with-
out AHPRT. Most commonly, no improvement in tumor con-
trol or survival is noted (378). Other series report improved
pelvic control rates and possibly improved survival (379).
Given the retrospective nature of these series, the authors
acknowledge likely biases in patient selection, limiting the
ability to draw conclusions. 

A randomized trial to address this question was performed
by the GOG. Keys et al. reported 256 patients with cervix can-
cers �4 cm in size who were randomized to curative doses of
pelvic RT with brachytherapy versus preoperative doses of RT
and brachytherapy plus AHPRT. The relapse rate was signifi-
cantly lower in the AHPRT arm versus RT alone (27% vs.
14%). The incidence of progression was somewhat higher in
the RT alone group at 46% versus 37% (p � 0.07) in the
AHPRT group. However, no overall survival advantage was
seen, and the toxicities were similar in both groups.
Pathologic evaluation of hysterectomy specimens revealed

48% with no residual disease, 40% with microscopic disease,
and 12% with grossly positive tumor. Patients with grossly
positive tumors had a death rate seven times higher than those
with negative specimens (230).

The main impetus for AHPRT is to decrease the incidence
of pelvic recurrence; however, its use remains controversial
because overall survival appears to be unaffected. Patients who
could potentially benefit include those with bulky endocervical
lesions greater than 4 cm in size and patients with difficult
anatomy that limits appropriate placement of brachytherapy
applicators. Patients with persistent disease after RT may ben-
efit from planned hysterectomy. 

Adjuvant Postoperative Pelvic RT

The most common failure pattern following radical surgery for
cervical carcinoma is pelvic relapse. Based on an extensive
GOG clinico-pathologic study, Delgado et al. proposed sepa-
rate intermediate- and high-risk groups (134). These definitions
have become generally accepted and incorporated into the
design of both prospective trials and retrospective reports.
Intermediate-risk criteria relate to tumor size, depth of stromal
invasion, and lymphovascular space invasion; these are pre-
sented in Table 22.5. High-risk criteria include positive pelvic
nodes, close or positive margins, and parametrial extension.
Retrospective and prospective data suggest that adjuvant pelvic
RT significantly improves pelvic control rates and disease-free
survival in patients with risk factors for recurrence who have
completed radical surgery. The role of chemotherapy, particu-
larly in high-risk patients, has also become established.

Intermediate Risk, Node Negative

The GOG conducted a phase 3 trial comparing radical hys-
terectomy alone with radical hysterectomy and postoperative
pelvic RT in patients with node-negative stage IB cervical car-
cinomas, with prognostic features correlated with an interme-
diate risk of recurrence (GOG #92) (317). Eligibility criteria
for this study are given in Table 22.5. There were 277 patients
randomized after radical hysterectomy: 137 to pelvic RT, and
140 to no further therapy. RT consisted of 46 to 50.4 Gy to a
whole pelvic field. No brachytherapy was used. After a
median follow-up of 5 years for living patients, recurrence
was observed in 28% of the patients in the control group and
in 15% of the radiated patients. There was a statistically sig-
nificant reduction in the risk of recurrence (relative risk �
0.53, p � 0.008) in the irradiated group. Cox model analysis
adjusting for risk factor combinations indicated that the risk
of recurrence was decreased by 44% in the RT arm. A trend
toward lower mortality with RT was observed but had not
reached statistical significance at the time of publication.
Severe or life-threatening adverse effects were observed in 7%
of the radiated patients, versus 2.1% of the controls. 
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CLS (capillary 
lymphatic space 
involvement) Stromal invasion Tumor size

Positive Deep 1/3 Any
Positive Middle 1/3 �2 cm
Positive Superficial 1/3 �5 cm
Negative Deep or middle 1/3 �4 cm
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After additional follow-up and data maturation, Rotman
et al. presented a final report from GOG #92 (380). It was
shown that the RT arm had a 46% reduction in the risk of
recurrence compared to the observation arm (p � 0.007) and
a reduction in the risk of progression or death (p � 0.009).
Particularly striking was the impact of postoperative RT in
patients with adenocarcinoma or adenosquamous histologies:
among this subset, only 8.8% recurred in the RT arm, versus
44% in the observation arm. There was a strong trend toward
improved survival in the RT arm, but this did not reach statis-
tical significance (p � 0.074).

Several reasons have been suggested for the inability of this
study to conclusively demonstrate a survival benefit in the
presence of such a strong impact on recurrence rate. For
example, a number of patients randomized to the RT arm did
not receive RT and additional patients had protracted treat-
ment or inadequate doses. However, the strongest factor is
probably that the study was powered for its primary end
point, which was disease-free interval, and was not sufficiently
powered to demonstrate a survival benefit.

A retrospective series from the Netherlands looked at 
51 patients with intermediate-risk, node-negative tumors. Of
these, 34 received RT and 17 did not. The 5-year disease-free
survival was 86% in the group receiving RT, compared to
57% in the observation group (381).

Management of patients with stage IB2 tumors is some-
what controversial, in that some favor initial surgery followed
by adjuvant RT, while others recommend curative intent
chemoradiation, avoiding the use of two local modalities. This
topic is discussed earlier in the chapter. 

Node-Positive/High-Risk Patients 

Metastatic disease in the pelvic lymph nodes is a poor prog-
nostic sign. Pelvic nodal metastases may be associated with
lesion size, deep stromal invasion, and involvement of capil-
lary or lymphatic vascular spaces (134). Postoperative pelvic
radiation therapy has been advocated in the presence of these
prognostic factors. 

An intergroup study was conducted by the Southwest
Oncology Group (SWOG), GOG, and RTOG in women with
FIGO stages IA2, IB, or IIA carcinoma of the cervix found to
have metastatic disease in the pelvic lymph nodes, positive
parametrial involvement, or positive surgical margins at time
of primary radical hysterectomy, and total pelvic lymphadenec-
tomy with confirmed negative para-aortic lymph nodes (245).
One hundred twenty-seven patients were randomized between
pelvic external beam radiation therapy with 5-FU infusion and
cisplatin, and 116 were treated with pelvic external beam irra-
diation alone. The median follow-up for survivors was 
43 months. The 3-year survival on the adjuvant cisplatin/5-FU
and irradiation arm was 87%, compared with 77% on the
pelvic irradiation arm. The difference is statistically significant.
Chemotherapy appeared to reduce both pelvic and extrapelvic
recurrences. Acute toxicities were more common in the
chemotherapy arm. Monk et al. reviewed the data from this
randomized intergroup trial to assess the benefit of adjuvant
therapies in definable subgroups of patients and to better
understand histologic and clinical risk factors for recurrence
(382). With a median follow-up of 5.2 years, the survival rates
were 80% and 66% for the chemo-RT and RT alone groups,
respectively. In a univariate analysis, the benefit of chemother-
apy was most significant in patients with tumors �2 cm and
�1 nodal metastasis.

Although retrospective, a large and well-analyzed series of
patients receiving postoperative RT was presented by Kim 
et al. (383). Death and recurrence rates increased with the
number of positive lymph nodes. Five-year disease-free sur-
vival was 89% if no nodes were positive, decreasing to 85%,

74%, and 56% in patients with one, two to three, and four or
more positive nodes, respectively. Similar data was reported
by Uno et al. (384).

Close or Positive Margins/Parametrial Involvement

Eighty-five percent of patients accrued on the SWOG/
GOG/RTOG Intergroup study were eligible based on pelvic
node involvement. Only 5% of patients accrued to this inter-
group study had positive margins, probably because of the
reluctance of clinicians to put these patients on a trial that did
not allow brachytherapy boosts. Nevertheless, patients with
positive or close margins and/or parametrial involvement are
considered to be at high risk and, based on this randomized
trial, should be considered for adjuvant chemoradiation (245).
Other data might suggest that some patients, particularly close
or positive margin patients, might be adequately treated with
only postoperative RT.

Estape et al. retrospectively analyzed 51 patients with close
vaginal surgical margins following radical hysterectomy
(defined as �5 mm) (385). Twenty-three patients with nega-
tive nodes and close vaginal margins were studied. Although
the 16 patients receiving RT had a preponderance of other risk
factors, recurrence rates (12.5% vs. 85.7%) and 5-year sur-
vival rates (81.3% vs. 28.6%) significantly favored the group
receiving adjuvant pelvic RT.

Kim et al. (386) described results for 38 patients receiving
postoperative RT after radical hysterectomy for close surgi-
cal margins and/or metastatic pelvic lymph nodes. Patients
with close surgical margins were treated with intracavitary
vaginal ovoid insertions. Patients with positive margins fell
into two groups: those with positive parametrial margins
and those with involved vaginal margins. All five patients
with involved parametrial margins treated with only cuff
brachytherapy suffered local failures, compared with no
pelvic failure in similarly treated patients with only vaginal
margins positive for tumor.

Uno et al. analyzed 117 patients with parametrial invasion
who had undergone radical surgery and received adjuvant RT.
Of 51 node-negative patients, only 6 developed extrapelvic
recurrence, and the 5-year overall survival and recurrence-free
survivals were 89% and 83%, respectively. Patients with posi-
tive nodes fared much worse (384). Similarly, Kodama et al.
found excellent outcomes among parametrium-positive
patients who were treated with RH and adjuvant RT if lymph
node metastasis and vaginal invasion were not present
(approximately 90% 5-year survival) (387).

Radiation Therapy Dose and Technique

Vaginal intracavitary RT alone can be appropriate for patients
with carcinoma in situ with minimally invasive carcinoma at
the vaginal margin of resection as the only risk factor.
Outpatient HDR brachytherapy is commonly employed
because it prevents the prolonged immobilization required for
LDR brachytherapy. The usual dose per fraction prescribed at
0.5 cm depth is 7 Gy; three weekly fractions are typically
given. The upper 3 to 5 cm of the vagina should be targeted.

When external RT is used, patients generally should not
receive more than 45 Gy to the whole pelvis. Doses up to 
50.4 Gy are acceptable when treating smaller fields that exclude
more small bowel. Brachytherapy or small-field external beam
boosts can be given, within tolerance, to increase dose to the
central pelvis. The impact of concurrent chemotherapy on com-
plication rates appears to be limited, but continued follow-up
and research are needed.

The use of IMRT with chemotherapy has been reported to
maintain excellent pelvic control rates, with better acute toler-
ance and fewer chronic toxicities compared to conventional
four-field box RT (388). 
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Chemotherapy in Combinations for Localized
Carcinoma of the Cervix 

Neoadjuvant Chemotherapy Followed by
Radiotherapy

Randomized trials of neoadjuvant chemotherapy (NACT) fol-
lowed by radiation versus radiation alone in patients with
locally advanced cervical cancer (mainly stages III and IV) have
been disappointing, in terms of both complete response rates
and increase in survival (389–394). In fact, none of the five
reported studies showed any survival benefit (Table 22.6). Pelvic
failure was more common on the NACT arm in some of these
trials, and a negative influence on survival was reported in two
trials (392,394). In addition, treatment morbidity was some-
times severe (392). Explanation for these negative results cannot
be given with certainty, but it has been suggested that
chemotherapy could lead to an accelerated regrowth of surviv-
ing clones of cells, thus lessening the effect of subsequent RT
(395). Another possibility is the development of cross-resistance

between certain chemotherapeutic agents and radiation (396). A
meta-analysis of 18 randomized clinical trials of neoadjuvant
chemotherapy including 2,074 patients compared NACT fol-
lowed by RT to RT alone and demonstrated no advantage of
neoadjuvant chemotherapy with regard to progression-free sur-
vival, locoregional disease-free survival, metastasis-free survival,
or overall survival (397). Whatever the reason, NACT followed
by RT for patients with locally advanced cervical cancer does
not seem to be an option to follow any further.

Neoadjuvant Chemotherapy Followed by Surgery

Numerous nonrandomized studies reported in the 1990s sug-
gested that NACT followed by surgery might be an attractive
approach (398–403). Indeed, some but not all of the random-
ized trials show a trend in favor of this combined approach
(Table 22.7) (404–408). A meta-analysis of five randomized
clinical trials and 872 patients who received NACT followed by
surgery � RT were compared to RT alone (397). There was a
significant improvement in progression-free survival, locore-
gional disease-free survival, metastasis-free survival, and overall
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TA B L E  2 2 . 6

Chemotherapy Local CRR Survival (FUP)
First author Stage of disease No. of patients No. of cycles CT –> RT % RT CT –> RT RT

Souhami, 1991 IIIB 107 VBMP � 3 47 32 23% (60)a 39% (60)a

Tattersall, 1992 IIB-IVA 71 PVB � 3 65 73 141 wkb 169 wkb

Chauvergne, 1993 IIB-III 151 VMCP � 2 to 4 77 75 42 mob 45 mob

Kumar, 1994, 1998 IIB-IVA 184 BIP � 2 63 69 38% (48) 36% (mo)
Tattersall, 1995 IIB-IVA 260 EP � 3 43c 65c 62% (18)

Note: B, bleomycin; C, chlorambucil; E, epirubicin; FUP, follow-up in months; I, ifosfamide; Local CRR, local complete response rate; M, methotrex-
ate; P, cisplatin; V, vincristine (in VBMP and VMCP), vinblastine (in PVB).
ap � 0.02
bMedian
cPelvic failures 29% versus 19% (p � 0.003)

RANDOMIZED TRIALS OF NEOADJUVANT CHEMOTHERAPY (NACT) 
FOLLOWED BY SURGERY

TA B L E  2 2 . 7

No. of patients per study arm

Author (ref.) FIGO stage NACT–>S NACT–>RT Control Survival data

Sardi (404) All IB 102 103� 81% vs. 66%, 8-year FUP (p � 0.05)
IB1 41 47� 82% vs. 77%, 8-year FUP (NS)
IB2 61 56� 80% vs. 61%, 9-year FUP (p � 0.01)

Sardi (405) IIIB 53 54 54�� 63% vs. 53% vs. 37%,a 4-year FUP (p � 0.05)

Benedetti-Pancini IB2-III 211 202�� OS: 68.5% vs. 60% (p � 0.005)
(406) PFS: 52% vs. 44% (p � 0.02)

(median FUP 27 mo)

Sardi (407) IIB 76 75� OS: 65% vs. 41% (p � 0.001)
(median FUP 84 mo)

Chang (408) IB/IIA 68 52�� OS: 79% vs. 79% (NS)
(median FUP 39 mo)

Note: �, surgery � radiotherapy; ��, radiotherapy; FUP, follow-up; NS, not significant; OS, overall survival; PFS, progression-free survival; RT,
radiotherapy; S, surgery.
aNACT –> S versus NACT –> RT, nonsignificant; NACT –> S versus control, p � 0.005; NACT –> RT versus control, p � 0.025.
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survival for those who were resectable following NACT.
Results of NACT were best for trials with cisplatin dose inten-
sity greater than 25 mg/m2/wk and dose density with treatment
interval less than 14 days. Observations that have been made in
the above-mentioned studies include the following: (a) cisplatin-
based regimens are well tolerated, induce high response rates
(particularly in earlier disease), and have little or no effect on
surgical morbidity; (b) with NACT there is a reduced incidence
of involved lymph nodes, capillary space involvement, deep
invasion, or undiagnosed parametrial disease; and (c) recurrence
rates are reduced. Nevertheless, based on the available data,
NACT remains investigational.

Preoperative Chemoradiation in Advanced Disease

Houvenaeghel et al. have reported long-term results of neoad-
juvant chemoradiation followed by radical surgery in 35
patients with locally advanced cervical cancer. Forty patients
initially entered the study; however, five patients did not go on
to have surgery following the preoperative regimen. Patients
received cisplatin and 5-fluorouracil along with RT, typically
45 Gy. Twelve of 20 stage IB-IIB patients obtained a complete
histologic response compared to 4 of 15 patients with stage
III-IVA disease, and the pelvic control rate was 88.6%. The
10-year disease-free survival was 66.4%. Serious postopera-
tive complications were seen in five patients (409). 

Adjuvant Chemotherapy

Several nonrandomized studies suggest a beneficial effect of
adjuvant chemotherapy given after radical surgery in patients
at high risk for recurrence (410–412). Two randomized trials
with a very limited number of patients have tried to evaluate
the effect of adjuvant chemotherapy in patients with high-risk
cervical cancer after radical hysterectomy. The first study, with
only 71 patients (all with lymph node metastases) compared
postoperative RT versus three cycles of postoperative
chemotherapy (PVB; cisplatin, vinblastine, bleomycin) fol-
lowed by RT. In the second study 76 patients (with pelvic
lymph node metastases and/or vascular invasion) randomly
received either adjuvant chemotherapy (carboplatin plus
bleomycin) for six courses at 4-week intervals, standard RT,
or no further treatment. The results of both studies are incon-
clusive, but there was no apparent difference in the recurrence
rates and patterns of recurrences or survival between those
treated and those not treated with adjuvant chemotherapy.

TREATMENT OF RECURRENT
CARCINOMA OF THE CERVIX 

General Considerations 

The main cause of death among women with cervical cancer is
uncontrolled disease in the pelvis. However, a subset of patients
with recurrent disease confined to the pelvis following definitive
therapy, whether that therapy is surgery or RT, are potentially
curable. Treatment selection and the likelihood of success are
functions of the primary therapy, extent of disease at presenta-
tion, site of recurrence, local extent of the recurrence, disease-
free interval, performance status, and comorbidities.

When curative intent salvage treatment is contemplated, the
local recurrence should be biopsy proven, and the patient
should be evaluated for regional and distant metastasis by phys-
ical examination and imaging. A clinical diagnosis of pelvic
sidewall involvement can almost always be made in the pres-
ence of a triad of sciatic pain, leg edema, and hydronephrosis.
PET scanning may be the most accurate test in terms of assess-
ing metastasis prior to embarking on local salvage therapy.

Husain et al. enrolled 27 patients with recurrent cervical or
vaginal cancer who were being considered for surgical resection
on an imaging protocol consisting of PET with CT and/or MRI
(413). Metabolic imaging was found to have a sensitivity of
100% and a specificity of 73% in detecting sites of extra-pelvic
metastasis. However, biopsy confirmation of recurrence
remains the gold standard for diagnosis. 

Generally, patients with pelvic or regional recurrences after
definitive surgery alone are managed with RT or chemoradia-
tion, often with brachytherapy. Salvage options for patients
with central recurrence after definitive or adjuvant RT are lim-
ited to radical, usually exenterative, surgery, and in selected
patients, re-irradiation using interstitial radiation implants or
highly conformal EBRT or IMRT. Chemotherapy-responsive
patients can obtain meaningful palliation in many cases.

Salvage Treatment After Definitive Radiation
Therapy: Re-irradiation 

Recurrent cervical carcinoma following definitive RT within
previously irradiated areas presents a difficult management
problem. Although salvage surgery, usually exenterative, can
be offered to patients with limited, centrally recurrent lesions
if age and general condition permit, radical surgery following
RT is accompanied by operative mortality in some, severe
morbidity in many, and substantial loss of structure and func-
tion in all. Therefore, the applicability of salvage surgery is
limited by physician and patient acceptance, as well as by clin-
ical parameters. Even among patients meeting rigorous preop-
erative criteria, salvage surgery will be aborted in about one
fourth of patients.

Previously irradiated tissues do not have the same tolerance
as newly irradiated tissues. Therefore, severe late effects have
been frequently observed, particularly in older series that pre-
dominantly used external beam techniques in poorly selected
patients. More recently, evidence has been presented to sug-
gest that re-irradiation can be curative in a significant percent-
age of patients with small-volume central recurrences, particu-
larly when there has been a long disease-free interval since the
earlier diagnosis and treatment. 

Randall et al., in a series of 13 patients, observed a 69%
complete response rate and a 46% NED (no evidence of 
disease) rate with a minimum 2-year follow-up, and median
follow-up of 59 months (414). Interstitial re-irradiation (IRI)
doses of 30 to 55 Gy were employed, with low-dose-rate perma-
nent and temporary implants. Patients with squamous histology
did significantly better than patients with adenocarcinoma his-
tology. Other predictors for improved outcomes included
smaller tumor volumes, higher implant doses, and vaginal
wall/suburethra versus vaginal cuff location. Late morbidity
was limited to one rectovaginal fistula in a patient who also
had recurrent tumor.

In a series of 73 patients with late recurrences of squamous
carcinoma of the cervix in the vaginal canal following radiation
therapy, Wang et al. (415) reported a 5-year survival rate of
40%. Sixty-one patients received only RT, mainly with fraction-
ated brachytherapy techniques such as vaginal molds. Doses of
20 to 40 Gy in three to five fractions over 3 to 5 weeks, using
both LDR and HDR techniques, were typically employed,
sometimes followed by more focused boosts. Favorable prog-
nostic factors included proximal location in the vagina and
tumor size �4 cm. Significant complications occurred in nearly
25%, including a 12% fistula rate. Complications were more
common among patients with distally located tumors.

Jhingran has described the use of IMRT in the re-irradiation
setting (314). In particular, IMRT can treat pelvic recurrences
that cannot be treated with brachytherapy, because of size,
location, or other factors (Fig. 22.20).
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Compared to exenterative surgery, re-irradiation is better tol-
erated acutely, has little operative mortality, and often preserves
structure and function of pelvic organs. When contemplating re-
irradiation, it is important to analyze the techniques used in the
initial treatment (beam energy, volume, doses delivered with
external or intracavitary irradiation). The period of time
between the two treatments must be taken into consideration. 

Re-irradiation is probably under-utilized in the manage-
ment of locally recurrent cervical cancer. As chemotherapy
does not have curative potential and many patients will not be
candidates for exenterative surgery or will refuse such surgery,
re-irradiation, in many cases, will be the only feasible curative
intent therapy. Patient selection and careful brachytherapy
technique are crucial to successful re-irradiation.

Recurrence in the Para-aortic Chain 

Although unusual, recurrences limited to the para-aortic nodal
region are reported following primary surgery or RT. Grigsby et
al. reported 20 patients with recurrent cervical cancer confined
to the para-aortic region following definitive RT (346). The
median time between the initial diagnosis and the recurrence
was 12 months. Although all patients died within 2 years after
recurrence, median survivals were longer in patients receiving
�45 Gy. A disease-free interval of �24 months was also a pos-
itive prognostic factor. However, a subsequent report from this
group found a 100% salvage rate in patients with isolated
para-aortic recurrences if the recurrences were asymptomatic
and discovered by imaging follow-up and received full dose
(�45 Gy) salvage RT combined with chemotherapy (416).

This observation was confirmed by the experience reported
by Kim et al. (345). These investigators treated 12 patients
with isolated para-aortic failures following RT with concurrent
chemotherapy (mostly paclitaxel) and hyperfractionated RT.
In patients who relapsed within 24 months of their initial
treatment, the median survival following attempted salvage
was 13 months. In contrast, patients having a disease-free
interval �24 months had a median survival of 45 months with
this therapy. A much larger series with encouraging results
was presented by Hong et al., who reported 46 patients with
isolated para-aortic failures, of whom 35 (76%) received sal-
vage chemo-RT. The 3-year and 5-year survival rates were
34% and 27%, respectively. Patients who had supraclavicular
relapse, with or without para-aortic relapse, had a 28% 3-year
survival with salvage therapy (417). 

An IMRT plan demonstrating treatment of gross recur-
rence and clinically high-risk areas in the para-aortic chain is
shown in Figure 22.21.

Salvage Treatment After Definitive Radiation
Therapy: Radical Surgery

Pelvic Exenteration

Advances in perioperative and postoperative care and better
techniques of pelvic, urinary, and GI reconstruction have lead
to much improved outcomes and enhanced quality of life
compared to early experiences with pelvic exenteration (PE).
Survival rates have increased from 20% to about 60% with an
average of 40% to 50% 5-year survival in reported series of
patients completing the procedure (418,419).

Despite these advances, PE is still a very morbid operation
with acute and late complications reported as high as 50% to
60% and a mortality rate of 5% to 7%. The procedure is most
commonly used in patients with recurrent central pelvic dis-
ease after treatment with pelvic RT. In some cases patients
with stage IVA disease may be offered primary PE, although
modern chemoradiotherapy is probably preferred. 

In patients undergoing PE, Marnitz et al. noted the impor-
tance of margin status: 5-year survival was 55% with negative
margins compared to 10% if margins were positive (420).
Given this fact and the potential morbidity and mortality from
the procedure, proper patient selection requires that all efforts
be made to assure that there is no site of metastatic disease
and the isolated central recurrence can be resected with nega-
tive margins. Additional negative prognostic factors include
disease-free interval �1 year, size of recurrence �3 cm, lym-
phatic spread, and parametrial and sidewall involvement.
Patients with positive nodes have a survival rate of 20% or
less. The presence of grossly positive lymph nodes during
exploration is a poor indicator for survival and should be con-
sidered a contraindication to exenteration. 
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FIGURE 22.20. (See color plate section.) This demonstrates the use of
multiple-field IMRT to retreat a painful pelvic sidewall recurrence after
previous RT. After 35 Gy at 2.5 Gy per fraction, the patient became
asymptomatic and remained stable for 2 years. Source: From Jhingran
A. Potential advantages of intensity-modulated radiation therapy in
gynecologic malignancies. Semin Radiat Oncol 2006;16:144–151.

FIGURE 22.21. IMRT dose distribution in a patient treated for para-
aortic lymph node recurrence. The gross nodal disease received 63 Gy
at 2.5 Gy per fraction, and the nearby at-risk areas received 50 Gy.
IMRT allows the creation of this sort of dose gradient to provide a
“field within a field” boost. Source: From Jhingran A. Potential
advantages of intensity-modulated radiation therapy in gynecologic
malignancies. Semin Radiat Oncol 2006;16:144–151.

Barakat_CH22-623-682.qxd  2/24/09  4:24 PM  Page 665



Historically, 40% to 50% of patients explored for PE will
have the procedure abandoned. Husain et al. prospectively eval-
uated the role of PET scanning in identifying metastatic disease
prior to PE. They found that PET scan had a sensitivity of
100% and specificity of 73% in detecting extra-pelvic metasta-
tic sites and may be the most accurate imaging modality prior
to PE (413). Other investigators have confirmed these findings
(421). Kohler et al. found that laparoscopy was able to accu-
rately identify cases that were eligible for PE, and their laparo-
scopic findings were not changed with laparotomy (422).
Hopefully, better imaging and evaluation techniques will
improve patient selection and minimize laparotomies in
patients who are not candidates for PE.

Berek et al. reported 75 patients older than 45 years who
underwent PE at a single institution. The operative time aver-
aged 7.76 hours, the mean estimated blood loss was 2.5 liters,
and the median length of stay was 23 days. Morbidities
included intestinal fistulae in 15%, urinary fistulae in 8%,
early bowel obstruction in 11%, and late bowel obstruction in
22%. When a J-pouch was used for colonic re-anastomosis,
there was no reported fistula. Survival for patients with cervi-
cal and vaginal cancers was 73% at 1 year, 57% at year 3, and
54% at 5 years (419).

Goldberg et al. reported a 16-year experience in 103
patients. Complications included ureteral anastomotic leaks
(14%, no difference between continent vs. incontinent),
ureteral stricture (5%), pouch fistula (3%), pouch stones (2%),
wound complications (17%), and GI fistula (11%). Other
observations included that 46% of patients with primary low
rectal re-anastomosis had pelvic recurrences, continent con-
duits were unsatisfactory in 54%, and use of mesh for pelvic
floor reconstruction increased infection and fistula rates. The
overall mortality was low at 1%. The 5-year survival in
patients with recurrent cervical cancer was 48% (309).

Pelvic Reconstruction

In 1950, Bricker described a novel approach to diversion of
urinary flow that involved isolating a segment of ileum,
implanting the ureters into this segment, and bringing an open
end to the abdominal wall as a separate urostomy (423). This
technique was a major advancement and significantly reduced
complications compared to the wet colostomy (reimplantation
of ureters in the colostomy that diverts the fecal stream). This
form of urinary conduit is incontinent, where the urine drains
continuously to an external reservoir. The other option is to
create an internal reservoir using bowel wall with a continent
mechanism that allows for self-catheterization, which negates
the need for an ostomy bag and affords more control to a moti-
vated patient (423,424). The most common complications of
continent reservoirs are acute and chronic pyelonephritis,
ureteral stricture, urinary leak, fistula, stone formation, and,
rarely, renal failure (424,425). 

Segreti et al. reported their experience with transverse
colon conduits and found no advantage for incontinent
pouches (426). The choice depends most heavily on the sur-
geon’s preference and the status of the distal ileum after RT.
Penalver et al. reported complications in a series of patients
undergoing construction of a Miami pouch. The early com-
plication rate in 66 patients was 53% and included ten
ureteral stricture/obstructions, four anastomotic leaks, and
four fistulae. An additional five had difficulty with catheteri-
zation, and ten had pyelonephritis. Most complications were
managed conservatively with antibiotics, percutaneous
drainage, and nephrostomies. The operative mortality was
9%. The late complication rate was 37%. Out of 25 patients,
6 had strictures, 8 were incontinent, 7 had difficulty with
catheterization, and 4 developed urinary stones. Again, most
complications were managed conservatively (427). In a similar

series from M. D. Anderson Cancer Center, 65% had postop-
erative complications related to the Miami pouch. Most com-
plications were managed conservatively, and 90% retained
normal continent conduit function (428).

Ungar and Palfalvi reported 29 patients who underwent
orthotopic urinary reconstruction using ileocecal ascending
colon reservoirs (the Budapest pouch). Although 77% of
patients were able to void voluntarily without the need for
self-catheterization, 23% to 47% had some incontinence
(429). This is an attractive option as patients can potentially
be free of any ostomies. However, only a select group of
patients are candidates for these procedures. 

The other component of pelvic reconstruction following PE
is creation of a neovagina. Formation of a neovagina is an
important component of reconstruction in several respects. For
example, it fills the pelvis with well-perfused tissue and can sig-
nificantly decrease the rate of pelvic infection and fistula for-
mation (430). It also may restore some sense of normalcy in
patients who are able to resume sexual activity after PE. 

Many options are available for construction of a neo-
vagina. These include the following flaps: gracilis myocuta-
neous, anterolateral thigh fasciocutaneous, bulbocavernosus
myocutaneous, transverse rectus abdominis musculoperi-
toneal (TRAMP) or myocutaneous (TRAM), vertical rectus
abdominis musculocutaneous (VRAM), femoris myocuta-
neous, tensor fasciae latae myocutaneous, inferior gluteal, and
omental J flap. Portions of sigmoid colon have also been used.
Myocutaneous flaps are favored due to better blood supply,
ease of procedure, and functionality. 

McCraw et al. first described the use of gracilis muscle for
vaginal reconstruction (431). Burke et al. described perineal
reconstruction using a single gracilis muscle, and 3 out of 17
had flap necrosis (432). Ratliff et al. evaluated sexual adjust-
ment in these patients and found that 52.5% never resumed
sexual activity even though 70% were thought to have ade-
quate and functional neovagina length on examination. Self-
consciousness about urostomy and colostomy was the most
common reason cited for avoiding sexual activity (433). Soper
et al. reported on a “short gracilis” flap based on the terminal
branches of the obturator artery and found no difference
between the traditional and “short gracilis” flaps (434).

O’Connell et al. reported a 100% success rate with no fis-
tula formation, bowel obstruction, or pelvic infection using
VRAM flaps. Almost 50% of women reported sexual activity
after VRAM (435). Soper et al. reported that 62% of women
reported sexual activity within 12 months after VRAM or
TRAM flap reconstruction, concluding that both techniques
give similar results and complication rates (436). Previous lig-
ation of the inferior epigastric artery is an absolute contraindi-
cation of use of rectus flaps. 

Sood et al. reported a modification to the VRAM using a
smaller flap size anteriorly with a full thickness skin graft
placed posteriorly. One of 18 had a partial flap loss that
resolved with conservative management, and 8 of 18 remained
sexually active (437). This technique allows for a smaller
abdominal wall defect with minimal compromise of the neo-
vagina. Goldberg et al. reported that gracilis flaps had a failure
rate of 11% to 37%. As a group, VRAMs resulted in better
outcomes with a vaginal stenosis rate of 11% and the majority
of women remaining sexually active (309,310). Soper et al.
compared gracilis muscle versus rectus abdominis flaps for
vaginal reconstruction. Flap-specific complications and flap
loss were significantly greater in gracilis muscle flaps. The
authors have adopted rectus abdominis flaps as their preferred
choice for vaginal reconstruction (438).

Re-anastomosis following rectosigmoid resection depends on
many factors and is an option in patients undergoing supra-lev-
ator PE. Factors associated with anastomosic integrity include
the length of remaining rectum/anus (�4 cm having a higher
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incidence of leaks versus �7 cm), blood supply to the region,
and tension on the anastomosis. The use of low rectal anasto-
mosis is controversial. Mirhashemi et al. found a 35% versus
7.5% rate of fistula formation or anastomosic breakdown in
patients with previous RT compared to those who were radiation
naïve. Protective colostomy was not associated with an improved
outcome (439). Husain et al. reported a 54% anastomotic leak
after low rectal anastomosis (440). This may be decreased by
using a J pouch instead of an end-to-end re-anastomosis (419).
However, some patients have difficulty emptying the pouch,
particularly with shorter pouch lengths. 

Wheeless described good results from neovaginal construc-
tion combining an omental J flap and a split thickness skin
graft, an approach that may be considered in patients who are
not candidates for rectus or gracilis flaps (441). No method of
pelvic reconstruction is clearly superior to others or appropri-
ate in all cases. The surgeon has many choices and should
individualize according to each patient. 

Radical Hysterectomy

Patients with very small central recurrences (less than 2 cm)
after RT may be candidates for a less radical approach than
PE, specifically RH. Maneo et al. evaluated the role of RH in
patients with persistent or recurrent disease in 34 patients.
They reported grade 3 to 4 toxicities in 44%, including five
who developed fistulae. The overall 5-year survival was 49%,
and 59% recurred with an average time to recurrence of 37
months. Patients with smaller tumors and lack of involvement
of parametrium or vagina had better outcomes (442). Coleman
et al. studied 50 patients treated with RH for persistent or
recurrent central disease after RT. All patients with positive
nodes died within 13 months. Severe toxicities occurred in
42%, and 28% developed either a GI or GU fistula. An addi-
tional 22% had ureteral injuries with 20% having severe long-
term bladder dysfunction. The 5- and 10-year survival rates
were 72% and 60%, respectively. Tumor size less than 2 cm
was associated with a significantly greater survival compared
to larger tumors. Overall recurrence rate was 48% (443).

RH may be a reasonable option for selected patients with
persistent or recurrent central disease less than 2 cm with no
extension to the parametrium or vagina. However, significant
morbidity rates are relatively high (442–444). 

Salvage Treatment After Previous Surgery—
Definitive RT or Chemoradiation

Monk et al. (445) utilized EBRT followed by laparotomy and
“open” interstitial implant for recurrent cancer in the upper
vagina following hysterectomy. This approach provided the abil-
ity to accurately assess the extent of the disease and to separate
bowel and bladder adhesions from the area of the implant, facil-
itated placement of the interstitial brachytherapy needles, and
allowed the placement of an omental pedicle graft to separate
the bladder and rectum from the implant volume. In 28 patients,
local control was 71%, and the long-term complication rate was
11%. Long-term NED survival was 36%. Lesions �6 cm in
patients with no previous RT had high control rates.

Ito et al. (446) reported on 90 patients with central recur-
rences from cervical cancer after surgery treated with HDR
intracavitary brachytherapy (ICB), with or without EBRT.
The 10-year survival for the entire series was 52%. They
found survival to be greatly influenced by tumor size—72%,
48%, and 0% 10-year survival rates respectively, for small or
no palpable tumor, medium (�3 cm), and large (�3 cm). In
addition, patients who achieved a complete response after RT
had a 10-year survival of 63% versus 10% for those with
residual disease.

Ijaz et al. (447) reported a 5-year survival of 39% in 43
patients with isolated locoregional recurrences treated with
external RT and brachytherapy. In 16 patients with limited
recurrences to the vagina and paravaginal tissues, the 5-year
survival was 69% after radical RT.

Concurrent chemotherapy with RT has proven beneficial
in locally advanced cervical cancer. Several studies also suggest
a possible benefit in patients with recurrent disease (413,448).
Grigsby reported a prospective trial of 22 patients with pelvic
recurrences of cervical cancer following hysterectomy who
received concurrent RT with 5-FU and cisplatin chemotherapy
(449). None had received prior RT. The 10- and 15-year over-
all survival rates were 35%. Acute toxicity was limited; how-
ever, late toxicity was significant in some survivors, leading
the author to recommend consideration of other chemother-
apy regimens or RT alone.

In RT-naïve patients, pelvic RT of 40 to 50 Gy to the pri-
mary tumor and regional lymphatics is indicated. Inguino-
femoral lymph node regions should be included in patients with
involvement of the distal third of the vagina. The entire vagina
should be treated in most patients with vaginal recurrences fol-
lowing hysterectomy. A vaginal dose of 60 to 65 Gy from exter-
nal RT, with or without brachytherapy, is desirable. The gross
tumor volume should receive additional radiation; doses of 15
to 30 Gy are administered with single, double-plane, or volume
implants, or with intensity-modulated external RT. High-dose-
rate brachytherapy techniques are also possible with appropri-
ate dose modifications. 

Salvage Treatment—Intraoperative 
Radiation Therapy 

Patients with microscopically positive or close margins have a
poor prognosis after salvage surgery. Intraoperative RT (IORT)
has been used in this situation to potentially sterilize residual
disease after tumor debulking. IORT allows direct visualization
of the target volume, and displacement and/or shielding of the
surrounding normal tissues. The IORT dose is generally limited
because of prior RT, proximity of critical normal structures,
and the single fraction nature of the treatment.

IORT has been used for treatment of locally advanced and
recurrent carcinoma of the cervix. Most of this experience is
based on the treatment of isolated central and nodal recurrences,
generally amenable to surgical excision. Limitations in evaluat-
ing IORT include small patient numbers, short follow-up, and
widely varying patient selection criteria. The available data seem
to indicate that IORT, although feasible, does not dramatically
improve prognosis and is associated with significant incidences
of long-term complications. Patients with limited central recur-
rences who are candidates for pelvic exenteration but are
found to have unfavorable prognostic factors for local recur-
rence, such as close positive margins, LVSI, or perineural inva-
sion, may benefit from IORT or intraoperative interstitial
brachytherapy (450). 

Salvage Treatment—Role of Chemotherapy

Cisplatin, at present, is considered the single most active cyto-
toxic agent, and its preferred schedule of administration in
metastatic or recurrent disease is 50 to 100 mg/m2, given intra-
venously every 3 weeks. Overall, the duration of the objective
responses to cisplatin in patients with metastatic or recurrent
disease remains disappointing (4 to 6 months) and survival in
such patients is only approximately 7 months. There is a sug-
gestion of a dose-response relationship; in one trial comparing
50 mg/m2 and 100 mg/m2, the overall response rate increased
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from 21% to 31% (451). However, there was only a minimal
increase in the complete response rate (from 10% to 13%) and
no improvement in response duration, progression-free inter-
val, or survival. A small study performed at the Memorial
Sloan-Kettering Cancer Center using 200 mg/m2 of cisplatin
(and sodium thiosulfate nephroprotection) suggested no fur-
ther increase in response rate with these higher dosages, and
toxicity was unacceptably high (452).

Response rates with combination chemotherapy have var-
ied from 0% to nearly 100% in individual reports, reflecting
sample size, differences in response assessment criteria, and
patient characteristics. However, cumulative data indicate that
a response rate of about 40% can be expected in well-selected
patients. Randomized clinical trials that compared combina-
tion chemotherapy regimens to single-agent cisplatin have
demonstrated improved objective response rates and progres-
sion-free survival without improvement in overall survival
(Table 22.8) (453–455). A recent randomized clinical trial (456)
was the first to demonstrate an overall survival advantage for
combination chemotherapy over single-agent cisplatin. Topo-
tecan (0.75 mg/m) days 1 to 3 with cisplatin (50 mg/m2) day
1, repeated every 21 days demonstrated a significant improve-
ment in objective response rate (27% vs. 13%; p � 0.004),
progression-free survival (4.6 vs. 2.9 months; p � 0.014), and
overall survival (9.4 vs. 6.5 months; p � 0.017). The figures
for single-agent cisplatin were considerably lower than in
previous trials with cisplatin, suggesting that the advantage
for the combination could represent reduced efficacy of cisplatin
in this patient population due to prior platin exposure dur-
ing concurrent chemoradiation for primary treatment (57%).
For those with no prior platin exposure the progression-free
survival was 6.9 versus 3.2 months and overall survival 15.4
versus 8.8 months favoring the combination. Nevertheless,
this was the first randomized clinical trial to demonstrate a

survival advantage for combination chemotherapy over single-
agent cisplatin in this patient population. Despite increased
hematologic toxicity of this combination, a concurrent quality
of life study failed to demonstrate any reduction in the quality
of life of treated patients for the combination compared to the
single agent (457). An individual approach to these patients is
warranted. Identification of a subset of patients who might
benefit from chemotherapy would be a major advance. Any
decision for treatment of cervical cancer patients in the palliative
setting should be assessed against the benefit of best support-
ive care, which may provide the best option for some of these
patients.

COMPLICATIONS AND SEQUELAE
OF TREATMENT

Surgery Related 

The most common complications with conization include infec-
tion, bleeding, damage to surrounding structures (bladder, rec-
tum, vagina), and cervical incompetence with predisposition to
preterm labor in future pregnancies. Radical hysterectomy and
lymphadenectomy may result in additional and somewhat
unique complications. Urologic complications such as ureteral
injuries and vesicovaginal or ureterovaginal fistulas are reported
in 1% to 2% of cases, and this can be increased in patients
requiring postoperative RT (318). Most vesicovaginal fistulas
can be diagnosed with a voiding cystogram or clinically by infu-
sion of a diluted methylene blue solution into the bladder and
observation of leakage into the vaginal vault commonly known
as the “tampon test.” The majority will heal spontaneously with
continuous bladder drainage for 6 to 8 weeks and treatment of
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RANDOMIZED STUDIES OF CISPLATIN-BASED COMBINATIONS VERSUS SINGLE-AGENT
CISPLATIN IN PATIENTS WITH CERVICAL CANCER

TA B L E  2 2 . 8

Arms of studies and study drug No. of patients CR n (%) PR n (%) CR � PR n (%) Median survival (mo)

MMC/VCR/BLM/CDDP 54 4 (7) 8 (15) 12 (22) 6.9
vs.

MMC/CDDP 51 2 (4) 11 (21) 13 (25) 7
vs.

CDDP 9 1 (11) 2 (22) 3 (33) 17
DVA/BLM/MMC/CDDP 143 11 (8) 33 (23) 44 (31)a 10

vs.
CDDP 144 8 (6) 20 (14) 28 (19)a 9.4
DBD/CDDP 153 (147)b 14 (9) 17 (12) 31 (21) 7.3

vs.
IFOSF/CDDP 155 (151)b 19 (12.5) 28 (18.5) 47 (31)c 8.3

vs.
CDDP 146 (140)b 9 (6.5) 16 (11.5) 25 (18)c 8
BLM/IFOSF/CDDP 50 (46)b 12 (26) 12 (26) 24 (52)d 8

vs.
CDDP 56 (51)b 5 (10) 10 (20) 15 (29)d 6

Note: BLM, bleomycin; CDDP, cisplatin (dose in all studies and in all arms 50 mg/m2); DBD, dibromodulcitol; DVA, vindesine; IFOSF, ifosfamide;
MMC, mitomycin C.
ap � 0.03
bNumbers evaluable for response
cp � 0.004
dp � 0.01
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any underlying infection. Ureterovaginal fistulas may be more
difficult to diagnose. An intravenous pyelogram or CT scan may
be indicated and demonstrate such a fistula in a patient with
symptoms suggestive of a urinary fistula with a negative clinical
exam or cystogram. Conservative management can include
ureteral stenting and drainage of the urinary system via percuta-
neous nephrostomy, which may lead to healing of the fistula.
Repeat imaging should be done prior to removal of the stent to
assure ureteral healing. Repair of a persistent vesicovaginal fis-
tula can be attempted vaginally, depending on the site of injury.
The fistulous tract is excised and repaired in multiple layers, fol-
lowed by continuous bladder drainage and repeat cystogram to
ensure surgical success. Ureteral fistulas that do not resolve with
conservative management may require reimplantation of the
ureter into the bladder (ureteroneocystotomy). Fistulas that
occur following pelvic RT are less likely to heal with conserva-
tive management and may require earlier surgical treatment. As
surgical repair after RT has a lower success rate, urinary diver-
sion may be required as definitive treatment. 

Averette et al. published their experience with RH in 978
patients over 25 years. The surgical mortality was 1.4%, and
the urinary fistula rate was 1.4% (458). Artman et al. pub-
lished their experience with RH in 275 patients over 21 years.
The average blood loss was 1,800 cc. The urinary fistula rate
was 2.6%, and the surgical mortality rate was 0.7% (459).
Lee et al. reported a fistula rate of 2.4% and an operative
mortality of 0.4% in a series of 954 patients. Lymphocyst for-
mation is about 1.6% and the lymphedema rate is about 3.6%
following pelvic lymph node dissection (LND) (460).

Located over the sacral promontory, the hypogastric
plexus contains sympathetic fibers that fuse with parasympa-
thetic fibers located in the parametrium and allows for blad-
der contraction and compliance. Surgical disruption of this
plexus results in bladder atony and dysfunction in about 5%
of patients, possibly requiring continuous or intermittent
drainage for a few weeks (461). Efforts have been made to
incorporate nerve-sparing techniques into the radical hysterec-
tomy procedure, and these efforts continue (462). 

Farquharson et al. compared bladder function after RH ver-
sus RH plus RT. They found that bladder compliance was sig-
nificantly reduced when RT was added to RH (463). Ralph 
et al. performed urologic evaluations in 40 patients at 2 weeks,
6 months, and 1 year after RH. At 2 weeks all had impaired
bladder sensation and 68% had residual urine after voiding. At
1 year, 63% had impaired bladder sensation. Bladder capacity
was lowest at 2 weeks (180 mL) and returned to baseline
between 6 to 12 months. By 1 year, patients had residual urine
after voiding. However, 62% had abnormal compliance and
85% used abdominal straining to void (464).

Rectal function can also be impacted by RH. Schreuder 
et al. used a questionnaire to evaluate rectal function after RH
in 48 patients; 18% had constipation, 33% required chronic
straining, and 60% required laxative or manual assistance with
defecation. The incidence of chronic constipation was �20%
(465). Barnes et al. used manometric studies to demonstrate
that all patients had normal manometric studies preoperatively,
and all had abnormal manometric studies postoperatively.
Changes included altered relaxation of the internal sphincter,
increased distention required to trigger relaxation, and
decreased rectal sensation. Twelve of 15 patients reported rectal
dysfunction (466).

It has been suggested that inflammatory change induced by
conization increases the risk of complications from subsequent
RH. A waiting period of 6 weeks between procedures has been
advocated on this basis. Orr et al. reviewed 122 patients who
had undergone conization followed by RH. The interval
between conization and RH ranged from 48 hours to 6 weeks
(467). Similarly, Samlal et al. evaluated 68 patients with
conization followed by RH (468). Both reported no difference

in complications related to differing intervals of time from
conization to RH. 

Levrant et al. evaluated the effects of obesity and age on
RH outcomes. They reported no difference in survival or com-
plications in obese versus nonobese patients. Similarly, age did
not affect long-term complications and survival. However,
patients older than 65 did have a higher incidence of postop-
erative ileus (469). Cohn et al. reported on 48 obese women
(median body mass index [BMI] of 36 kg/m2) who underwent
RH. Median blood loss was 800 cc, and the median number
of lymph nodes obtained was 26. Margins were uninvolved in
98%. This study also confirmed the safety and efficacy of RH
in selected obese patients (470).

Methods to decrease postoperative complications following
RH have been suggested. Franchi et al. evaluated the role of
pelvic drains following RH with LND in a randomized trial of
pelvic drainage versus none. No difference was noted in lym-
phocyst formation or postoperative complications, suggesting
that drains can be safely omitted following RH (471). The
omental J flap has been used in gynecologic oncology for pelvic
reconstruction. Patsner and Hackett evaluated 140 patients
who had an omental J flap placed following RH. No urinary
complications or infections were noted, even in patients who
received postoperative RT (472). These data suggest that an
omental J flap may decrease postoperative complication rate,
although there was no control arm for comparison. 

Radiation Therapy Related 

Acute effects during external pelvic RT most typically include
diarrhea and bladder irritation. These are usually self-limited
and can be managed effectively with conservative measures.
Most late gastrointestinal and urologic complications occur
within the first 3 years after RT, with an overall fistula rate of
about 2%. Post-radiation fistulae can be difficult to manage
as most will not heal spontaneously and local corrective pro-
cedures may prove unsuccessful. Patients with large fistulas
may require diversion. Factors that may increase the rate of
fistula are combined treatment (surgery and RT), smoking,
thin habitus, inflammatory bowel diseases, and diabetes and
other vasculopathies. 

Late sequelae are often permanent or require some inter-
vention to improve. Commonly reported late sequelae of
pelvic RT involve the rectosigmoid, the small intestine, the
genitourinary tract, the vagina, and other sites or organs,
resulting, for example, in lymphedema, lumbosacral plexopa-
thy, and pelvic insufficiency fractures. Rectosigmoid complica-
tions include chronic proctosigmoiditis, rectal stricture, and
rectal ulcer. Complications involving the small intestine
include obstruction and malabsorption syndrome. It is
accepted that predisposing factors for injury, particularly to
small bowel, include a history of abdominopelvic surgery and
pelvic inflammatory disease. Furthermore, it appears that
radiation enteritis is not a single disease entity, but rather a
variety of diagnoses that manifest with similar symptoms.
Accurate diagnosis is essential to proper management. It does
not appear that specific symptoms have a reliable relationship
to the underlying process (473). Genitourinary toxicity
includes chronic cystitis, bladder contracture, urethral stric-
ture, and incontinence. Late sequelae involving the vagina
include vaginal stenosis/fibrosis, dyspareunia, vault necrosis,
and rectovaginal or vesicovaginal fistulae.

There is approximately a 5% rate of major late sequelae in
patients with stage I cervical carcinoma treated with RT, and
approximately 10% in patients with stages II-IVA disease.
Grade 2 complications are seen in 10% to 15% of patients with
all stages treated with RT alone (474,475). However, the risk is
related to a number of factors, mainly dose and volume treated.
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Perez et al. reported a �2% risk of severe small bowel tox-
icity when the pelvic sidewall dose was �50 Gy, and a 5%
incidence with doses �60 Gy (474). In a multivariate analysis,
Perez et al. found only total doses to rectal and bladder points
to significantly impact morbidity (475). Many investigators
have found a significant relationship between radiation dose
and complications. A greater incidence of pelvic complications
has been consistently observed in patients treated with higher
doses to the whole pelvis (above 40 to 50 Gy). Intracavitary
dose from radium or cesium does not correlate closely with
severe complications. Injury to the gastrointestinal tract is the
most frequent late complication of RT for cervical cancer. The
rate of chronic bowel injury is 5% to 15% in most series of
patients treated with pelvic RT (476). Although these injuries
may take years to manifest, Iraha et al. reported a median
latency period of 10 months (476). A report by Eifel et al.
(477) on 1,784 patients with stage IB carcinoma of the cervix
indicates that the greatest risk is in the first 3 years after ther-
apy. The risk of rectal complications declined after the first 2
years of follow-up to 0.06% per year. Major complications
include intestinal obstruction, fistula formation, severe bleed-
ing, and intractable diarrhea. Fortunately, these sequelae are
relatively infrequent. These injuries generally result from
fibrosis and ischemia secondary to the effect of RT on the small
blood vessels and connective tissue. Conservative management
might include a low residue diet, antidiarrheal medications,
and steroid or sucralfate enemas. Some cases of partial small
bowel obstruction can be managed by bowel rest, decompres-
sion, and diet modification. Obstruction refractory to conserv-
ative management may require surgery involving intestinal
resection, and/or end-to-end anastomoses.

Chronic urinary symptoms (urgency, incontinence, and fre-
quency) are frequently seen following RT. Parkin et al. (478)
reported a 26% incidence of these symptoms in patients
treated with RT alone for cervical carcinoma. The authors
found that the mean volume of full bladder sensation was sig-
nificantly lower in the post-RT group than in the pretreatment
group, as was the mean maximum cystometric capacity. 

Severe genitourinary toxicities secondary to RT include
hemorrhagic cystitis and fistula in 2% to 3% (474,475). The
latency period between RT and symptom onset is considerably
longer than for gastrointestinal sequelae. In the longitudinal
study by Eifel et al. (477), the risk of major urinary tract com-
plications for survivors continued at 0.3% per year beyond 20
years. At 20 years, the actuarial risk of major complications
was 14.4%. Lajer et al. prospectively gathered data regarding
urologic morbidity in 177 consecutive patients treated cura-
tively with RT (479). The 5-year actuarial incidences of grades
1 � 2 � 3, 2 � 3, and 3 were 62%, 32%, and 5%, respec-
tively. In the long-term recurrence-free survivors, there was
evidence of some reversibility of grade 1 and 2 morbidities.

Vaginal function can be affected by both radical surgery
and RT. Surgery will shorten the functional length of the
vagina, but pliability and transudative lubrication are often
preserved. Radiation therapy can reduce length, caliber, and
lubrication of the vagina; however, these symptoms can be
alleviated in some patients with hormonal replacement and
vaginal dilatation. Although some gynecologists feel that radi-
cal pelvic surgery may affect vaginal function to a lesser
degree than RT, a large Swedish study found that the type of
treatment had virtually no effect on the prevalence of vaginal
changes and sexual distress (480). 

Although extremely rare, lumbosacral plexopathy has been
occasionally reported in patients treated for pelvic tumors
with doses of 60 to 68 Gy. Characteristically, these patients
have lower motor neuron weakness of the legs combined with
loss of deep reflexes and muscular fasciculation. The differen-
tial diagnosis of lumbosacral plexopathy with recurrent
tumors is sometimes difficult. Generally, weakness is more

prominent in radiation-related plexopathy, and pain is more
frequently seen in tumor-related cases. Muscular weakness,
numbness, and paresthesias are common in both groups. 

Insufficiency fracture occurs with normal stress in bone
with diminished elastic flexibility, a condition that can exist in
irradiated bones. The usual presenting symptom is moderate
to severe pelvic pain. Huh et al. reported that 8 out of 463
patients (1.7%) developed this complication (481). All
patients were postmenopausal, and seven of eight were treated
with curative intent. Differential diagnosis can include
metastatic disease, tumor recurrence, second malignancy, and
benign causes. Because symptoms can resolve with conserva-
tive management, proper diagnosis is important.

High doses of RT can cause obliterative endarteritis, reac-
tive fibrosis, and decreased vascularity and oxygenation. As a
result, soft-tissue injury can occur, and this can be particularly
problematic in the treatment of cervical cancer extending to
the distal vagina. Careful attention to radiation planning and
dosimetry, careful blocking, and avoidance of unnecessary
dose to the perineum during brachytherapy will make these
complications less common. Although these injuries can cause
pain that can be difficult to distinguish clinically from recur-
rent disease, the possibility of radiation injury should be kept
in mind, because it is advisable to try to avoid deep biopsies or
other trauma to tissues in which perfusion is compromised.
For refractory radiation-related ulceration and necrosis of the
vagina, vulva, and soft tissues, hyperbaric oxygen therapy has
been used with some success (482).

Low-dose-rate (and pulsed LDR) implants require hospi-
talization and bed rest. At typical dose rates of 50 to 60 cGy
per hour, implants typically last 2 or 3 days. During this time,
there is the potential for acute problems related to or during
the hospital stay. However, Jhingran and Eifel reviewed 7,662
implants in 4,043 patients, finding fatal or life-threatening
complications to be exceptionally rare (483). 

Combined Modality Related

Irradiation Followed by Surgery

Eifel et al. reported a series of patients with stage IB cervical
carcinoma treated with RT. At 3 and 5 years, 7.7% and 9.3%
experienced major complications; the actuarial risk of major
complications was 14.4% at 20 years. The rate of fistula for-
mation was doubled in those who underwent adjuvant hys-
terectomy (5.3% vs. 2.6%) (477).

In a GOG study reported by Keys et al., 256 patients with
stage IB carcinomas of the cervix �4 cm confined to the cervix
were treated with either external RT and intracavitary irradia-
tion, or with external RT and a lower dose of intracavitary
irradiation followed by an extrafascial hysterectomy. The tox-
icities were similar in both groups with grade 3 and 4 toxici-
ties of about 10% in each arm (230). Meticulous, sharp dis-
section is recommended in the performance of extrafascial
hysterectomy following preoperative RT. 

Coleman et al. studied 50 patients managed with RH for
persistent or recurrent disease limited to the cervix after pelvic
RT. Severe toxicities occurred in 42%, and 28% developed GI
or GU fistulas (443).

Surgery Followed by Irradiation

Radical operation commonly results in intestinal adhesions to
denuded surfaces in the pelvis. When postoperative RT is
given, complications are more likely. The GOG demonstrated
a significant increase in grade 2 to 4 late complications among
patients undergoing pre-RT surgical staging, particularly with
a transperitoneal approach compared with a retroperitoneal
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approach (484). Pretreatment laparotomy also increased the
rate of fistula formation (5.2% vs. 2.9%) as well as small
bowel obstruction (14.5% vs. 3.7%) (477). An extraperi-
toneal approach to lymph node staging purposes lessens these
complications (67). 

In a randomized study of postoperative RT versus no fur-
ther treatment (NFT) after RH, Sedlis et al. found that grade 3
to 4 GU toxicities occurred in 3.1% in the RT versus 1.4% in
the NFT arm. Grade 3 to 4 GI toxicities were 3.1% versus
0.8%, respectively. The overall grade 3 to 4 toxicity was 6%
in the RT group versus 2.1% in the NFT arm (318).

Kim et al. presented an analysis of 800 patients with stages
IB-IIB cervical cancer who received postoperative RT follow-
ing RH and bilateral salpingo-oophorectomy (BSO). With a
median follow-up of 100 months, the incidences of late
injuries (grade 3 to 4) were 1.6%, 1.4%, and 1.0% for rectum,
bladder, and small bowel, respectively (383).

Methods to decrease the volume of small bowel irradiated
will further lessen enteric morbidity. Figures 22.22 and 22.23

show the effect of treating patients in the prone position with a
full bladder as a means of limiting the volume of small bowel
irradiated. Similarly, IMRT techniques can also be used to limit
doses to normal tissues (Figs. 22.14 and 22.16A and B) (314).

Concurrent Chemoradiation

As concurrent chemoradiation has become standard manage-
ment for most patients treated nonsurgically for cervical cancer, it
is not surprising that additional hematologic toxicity has been
seen. A major concern has been the possible need to delay treat-
ment, thus potentially compromising outcomes. Typical RT fields
radiate some pelvic bone marrow, and Mell et al. have shown
that as the volume of marrow receiving �10 Gy (V10) increases,
the incidence of grade 2 or worse leucopenia and neutropenia
increases (485). No association of V30 and V40 with hematologic
toxicity was observed. A role for IMRT to limit hematologic tox-
icity in some patients was suggested but not proven in this study.
On the contrary, Chen et al. reported 68 patients who received
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FIGURE 22.22. (A and B): Lateral radiographs with and without bladder distention in a patient with
contrast in small intestine.
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FIGURE 22.23. (A and B): Anterior-posterior radiographs with and without bladder distention in a
patient with contrast in small intestine.
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pelvic IMRT with concurrent chemotherapy. Compared to non-
IMRT historic controls, patients receiving IMRT had signifi-
cantly lower acute and late GI and GU effects (486). A possible
role for single photon emission computed tomography (SPECT)
in individualizing dose distribution to optimize functional mar-
row sparing has been suggested (484).

Although some early series suggested that concurrent
chemotherapy increased late complications in patients receiv-
ing curative intent RT, most studies suggest no significant
impact (487). However, some unusual complications have
been reported that are rarely if ever seen with RT alone.
Subacute neurologic toxicity including radiation myelitis can
occur with extended field RT combined with chemotherapy.
In a case reported by Bloss et al., this devastating complication
was seen with only 45 Gy in 30 fractions given to the para-
aortic chain along with cisplatin (50 mg/m2) and 5-FU contin-
uous infusion at 300 mg/m2 per day during RT (488). A latent
period of 4 months was observed in this case. Coulombe et al.
reported an additional two patients who developed lower
extremity weakness and paresthesia that began 1 and 4 months
following extended field RT of 45 Gy in 25 fractions concur-
rent with weekly cisplatin at 40 mg/m2 (489). Clinical and
electromyography (EMG) findings were consistent with neuro-
pathy, and potential causes other than chemoradiation were
felt to be ruled out. One patient showed spontaneous improve-
ment beginning at 10 months. A case of complete uterine necrosis
following chemoradiation has also been reported (490).

Early studies suggest that amifostine, a cytoprotectant
and radioprotectant, is reasonably well tolerated when com-
bined with RT and cisplatin. Data is limited regarding its
ability to decrease complications; however, clinical trials are
ongoing (349).

Thromboembolic Complications 

Clarke-Pearson et al. (491) reported the experience of throm-
boembolic complications in 281 consecutive patients who
underwent radical surgery for cervical and uterine malignancies.
Postoperative thromboembolic complications were experienced
in 7.8% of patients despite regular use of low-dose heparin and
antiembolism stockings during the postoperative hospitaliza-
tion. Preoperative risk factors included weight in excess of 
85.5 kg, clinical stage II malignancy, and preoperative RT within
6 weeks of the surgical procedure. Jacobson et al. (492) reported
a 16.7% incidence of thromboembolic complications in 48
patients who received chemoradiation therapy without surgery.
Brachytherapy alone is associated with a very low rate of throm-
boembolic complications, 0.3% in one series (483). 

Erythropoietin has been utilized to maintain normal hemo-
globin levels during chemoradiation. Reports of increased inci-
dence of thromboembolic complications have been noted in
patients who receive erythropoietin during RT. Wun et al.
reported thromboembolic complications in 17 of 75 (23%)
patients who received erythropoietin during chemoradiation
compared to 2 of 72 (3%) who did not receive erythropoietin
(493). A survey of the literature regarding this phenomenon has
been presented (159). The routine use of erythropoietin to main-
tain normal hemoglobin levels during chemoradiation should be
discouraged.
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that understanding tumor biology was the central key toward
controlling gynecologic cancers (6). For endometrial cancer,
one of the top research priorities defined by the PRG was to
identify prognostic and predictive markers for treatment effi-
cacy and toxicity. 

Current clinical controversies center on the extent of nodal
surgery and the changing roles of radiation therapy and
chemotherapy. Increased use of surgical staging has translated
to less frequent use of radiation therapy and to changes away
from pelvic radiation (7). There have been important develop-
ments in chemotherapy in endometrial cancer. Combination
chemotherapy is increasingly used in the primary management
of advanced and recurrent disease, and may hold promise in
an adjuvant setting (8). Hormonal therapy remains an impor-
tant option and our understanding of steroid receptors at a
molecular level may help to determine which patients may
benefit most (9). Enhanced understanding of biologically rele-
vant targets has fostered the development of new classes of
agents that attempt to exploit susceptible pathways in tumor
cells (10,11).

ANATOMY
The uterus is a fibromuscular pelvic organ situated between the
bladder and the rectum and enveloped by peritoneal reflections.
It is divided into the fundus, isthmus, and cervix. The uterine
wall is composed of the outer smooth muscle myometrium and
inner cavity lined by glandular endometrial epithelium with
supporting stroma (endometrium). Five paired ligaments cover
or support the uterus: broad, round, utero sacral, cardinal, and
vesico uterine. The utero-sacral and cardinal ligaments provide
the greatest support within the pelvis and, contrary to cervical
cancer, are infrequently involved with tumor spread. Blood is
supplied to the uterus by the uterine artery, a branch of the
hypogastric artery, which enters the wall of the uterus at the
isthmus after it crosses over the ureter. It anastomoses with
the ovarian artery in the ovarian ligament.

Malignant transformation of the endometrium is manifest
in many fashions based on the anatomical relationships.
Tumor growth may be confined to the endometrium, invade
the underlying myometrium, penetrate to the uterine serosal
surface or adjacent bladder or rectum, or extend into the cer-
vical canal and invade cervical glands or stroma. Peritoneal
disease spread may occur via transmigration from the fallop-
ian tubes or through serosal penetration. Hematogenous
spread is not uncommon in endometrial cancer. 

The lymphatics of the myometrium drain into the sub-
serosal network of lymphatics, which coalesce into larger
channels before leaving the uterus. Lymph flows from the fun-
dus toward the adnexa and infundibulopelvic ligaments. The

Endometrial cancer accounts for nearly 50% of all new gyne-
cologic cancers diagnosed in the United States. It is the fourth
most common malignancy in women, and the eighth most
common cause of cancer death. The American Cancer Society
(ACS) estimated that there were 39,000 new cases of endome-
trial carcinoma and 7,400 deaths from advanced or recurrent
disease in 2007 (1). The death rate per 100,000 women from
all malignancies in the United States was 160.49, with uterine
cancers contributing at a rate of 4.13 (1). Worldwide, endo-
metrial cancer is only second to cervical cancer in frequency.
Endometrial carcinoma occurs most often in the sixth and sev-
enth decades of life, with an average age at onset of 60 years.
It is estimated that 75% to 85% of the cases occur in patients
50 years old and older, and 95% occur in patients over 
40 years of age (2,3). The disease, although reported in patients
as young as age 16 years, is rare in patients younger than 30 years
of age.

Endometrial cancer is commonly confined to the uterus at
diagnosis. Data from the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) program demonstrated
that stage I disease was found in 73% of patients, and 10%
had stage II disease (4). The 26th Annual Report of the
International Federation of Gynecology and Obstetrics
(FIGO) on 9,386 endometrial cancer patients demonstrated
that 83% of patients were stage I-II (5). With the favorable
disease distribution at presentation, it is not surprising that
most patients have a favorable prognosis. Results from FIGO
show that 85% to 91% of stage I patients are alive at 5 years,
and patients in the SEER database with localized disease have
96% 5-year survival (4,5). As a result, endometrial cancer has
been considered a “good cancer”; that is, most patients pre-
sent with early-stage, highly curable disease. Despite the
favorable characteristics for most patients, those with high-
risk factors including increased age, higher tumor grade,
aggressive histology, and advanced stage face real challenges. 

The understanding and management of endometrial cancer
has undergone continued evolution. In the past, most patients
would receive some form of pre- or postoperative radiation in
combination with a simple hysterectomy; postoperative treat-
ment decisions were guided by pathologic factors identified
following selective use of surgical staging. We are now in an
era where, increasingly, surgical therapy has expanded to rou-
tine use of pelvic and para-aortic lymphadenectomy and accep-
tance of laparoscopic management. Understanding tumor
biology as it relates to predicting recurrence and survival, and
how molecular and genetic changes can be exploited to direct
postoperative therapies, represent our next challenge. In 2001,
the National Cancer Institute convened an expert panel to
develop a national 5-year plan for research priorities in
gynecologic cancers. The resulting report, Priorities of the
Gynecologic Cancer Progress Review Group (PRG), specified
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lymph flow from the lower and middle thirds of the uterus
tends to spread in the base of the broad ligaments toward the
lateral pelvic sidewall (12). There are four drainage channels
from the uterus: from the fundus; in the folds of the broad lig-
ament, along the mesosalpinx and fallopian tubes; and along
the round ligaments. The drainage sites are principally
reflected in metastatic potential to pelvic and para-aortic
lymph nodes, and occasionally involve inguinal nodes.

EPIDEMIOLOGY AND RISK
FACTORS

The most important risk factor for the development of
endometrial cancer is age. Endometrial cancer is primarily a
disease of postmenopausal woman, with median age at cancer
diagnosis of 60 years (5). Approximately 85% of cases occur
after the age of 50, the peak age-specific incidence is from 75
to 79 years (109 per 100,000), and only 5% of cases are from
patients younger than 40 years of age (2,3,13). The ACS
showed probability of developing a uterine cancer to be one in
142 from age 40 to 59, one in 124 from age 60 to 69, and one
in 78 from age 70 and older (1). Not unexpectedly, with an
aging U.S. population, the total number of cases of endome-
trial cancer has shown yearly increases, whereas the annual
age-adjusted incidence rate peaked in the mid 1970s (33.8 per
100,000) and has remained stable at 23 to 25 cases per
100,000 women over the last 10 years (1). 

Race also appears to play a role in the development of
endometrial cancer. The rates of endometrial cancer are high-
est in North America and northern Europe, lower in eastern
Europe and Latin America, and lowest in Asia and Africa
(14). Factors accounting for these findings include differences
in rates of obesity, use of hormone replacement therapy, and
reproductive factors. In the United States, non-Hispanic white
women have the highest age-adjusted incidence of endometrial
cancer at 25.4 (per 100,000 women), compared to women of
African American (19.5), Asian (15.8), or Hispanic (17) her-
itage (15). African American women, however, have a much
higher mortality rate (7.1 vs. 3.9 per 100,000) and lower 5-year
survival (61% vs. 84%) compared to non-Hispanic white
women. Multiple explanations have been suggested to explain
the differences in outcomes between racial groups including
differences in frequency of high-risk tumor types, differences
in access to care (reduced use of surgery and radiation), and
differences in medical comorbidities among races. Data from
SEER demonstrated that African American women were more
frequently diagnosed with higher stage, grade, and high-risk
histologies than non-Hispanic white women, but there was no
difference in the frequency of recommended therapy types
between races (4). In two analyses of nearly 1,200 patients
with advanced or recurrent endometrial cancer participating
in phase 3 chemotherapy trials conducted by the Gynecologic
Oncology Group (GOG), African American race was indepen-
dently associated with a lower likelihood of response to
chemotherapy (relative odds of response 0.62) and decreased
overall survival (hazard ratio, 1.26) compared to white women
(16,17). These results suggest that racial disparity in outcomes
exist even though patients were treated in similar fashion.
Interestingly, one small study comparing microarray-based
expression profiling between stage-, grade-, and histology-
matched African American and Caucasian patients found no
clear differences in global gene expression profiles, suggesting
that environmental or social issues played a greater role in
explaining disparity (18). 

Most cases of endometrial carcinoma are thought to be spo-
radic; however, some cases clearly have a hereditary basis. The
Lynch syndrome (hereditary nonpolyposis colorectal cancer

[HNPCC]) is an autosomal-dominant cancer susceptibility
syndrome associated with early-onset colon, rectal, ovary,
small bowel, ureter/renal pelvis cancers, and endometrial can-
cer. Lynch syndrome–related endometrial cancers account for
2% to 5% of all endometrial cancers, and occur in nearly 10%
of women diagnosed with endometrial cancer less than 50 years
of age (19). The lifetime risk of endometrial cancer in Lynch
syndrome women is 40% to 60%, a risk similar to that of
developing colon cancer. The risk of ovarian cancer is 10% to
12%. In about 50% of cases where patients have both colonic
and gynecologic cancers (endometrial or ovarian), the gyneco-
logic cancer precedes the diagnosis of colon cancer (20). The
syndrome is most commonly due to germ-line mutations of one
of the DNA mismatch repair genes MSH2, MLH1, or MSH6.
In one study, 23% of endometrial cancer patients diagnosed at
�50 years of age with one relative having a Lynch type cancer
had a mismatch repair gene mutation (21). Prophylactic hysterec-
tomy and bilateral salpingo-oophorectomy has been shown to
be an effective strategy for preventing ovarian and endometrial
cancers in these high-risk patients (22).

Controversy exists regarding the relationship between
BRCA1 and BRCA2 mutations and the risk of endometrial
cancer. Germ-line mutations of BRCA1 and BRCA2 account
for a large proportion of hereditary breast and ovarian/primary
peritoneal cancers. In 1999, Hornreich et al. presented a case
report of sisters with the same BRCA1 mutation who were
diagnosed with serous carcinomas of the uterus and sug-
gested a possible association (23). Several larger studies have
attempted to address this hypothesis. In one study of 199
Ashkenazi Jewish patients with endometrial cancer from a sin-
gle institution, Levine et al. genotyped all patients for founder
BRCA1 and BRCA2 mutations that existed in that patient
population. The frequency of germ-line mutations (3 per 199,
1.5%) in endometrial cancer patients was comparable to the
baseline rate of 2% in the Ashkenazi population, suggesting
no increased risk (24). In a large prospective study by Beiner 
et al., 857 known BRCA1 and BRCA2 carriers aged 45 to 70
were followed over time for the development of endometrial
cancer (25). With an average length of follow-up of 3.3 years,
six women developed endometrial cancer. Four of the six
patients had used tamoxifen. Compared to the expected rate
of endometrial cancer in a general population, BRCA carriers
who did not receive tamoxifen did not have a significant
increase in risk of developing endometrial cancer, whereas
those patients who had received tamoxifen had a 11.6 inci-
dence ratio (p � 0.0004).

The clinical picture in endometrial carcinoma is as varied
as are the associated risk factors for its development. One of
the paradigms for bridging the gaps between epidemiologic,
clinical-pathologic, and molecular factors seen in endometrial
cancer types is the relatively simple, yet attractive classifica-
tion system of endometrial cancers suggested by Bokhman
(26). Endometrial cancers are thought to broadly arise from
one of two different pathways: estrogen dependent or estrogen
independent (Table 23.1). Based on the clinical and histologic
features, endometrial cancers have been divided into type I and
type II tumors. Type I tumors are more common (85%), tend
to be found in younger women, and develop via a precursor
lesion of atypical hyperplasia. These tumors are associated
with a predisposing history of hyperestrogenism. They tend to
be well differentiated and have minimal myometrial invasion,
and as a result typically have a favorable outcome. Type II
tumors account for a small percentage of endometrial carcino-
mas, occur in an older population, and frequently develop in
the face of an atrophic endometrium. About half of all relapses
occur in this group. Serous, clear cell, and perhaps grade 3
tumors fit into the type II category. Despite the broad general-
izations of the two categories, translational science data lends
support for a separation into these groups at a molecular level.
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For example, mutations of TP53 are common in uterine papil-
lary serous carcinoma (UPSC), and rare in type I tumors (27). In
type I tumors, PTEN mutations are common, but are rare with
UPSC tumors. Global gene expression profiles have also been
shown to be different between type I and II tumors (28). 

Endogenous or exogenous exposure to estrogen is believed
to be an important risk factor for the development of endome-
trial hyperplasia and type I cancers (29). Estrogens not opposed
by progestins lead to increased mitotic activity of endometrial
cells, resulting in more frequent errors in DNA replication and
somatic mutations (30,31). These genetic changes are manifest
clinically in endometrial hyperplasia and cancer. Estrogen
excess as an etiology for cancers is supported by epidemio-
logic features of the disease. Patients with chronic anovula-
tion, nulliparity, early age of menarche, and late menopause
have classically been identified with endometrial cancer.
Occasionally, endometrial hyperplasia or cancer develops in
the setting of an estrogen-producing ovarian tumor (granulosa
cell tumor) (32). The use of unopposed estrogens as part of
hormone replacement strategies was first defined as an impor-
tant risk factor in 1975 when the age-adjusted rate for
endometrial cancer peaked at nearly 33.8 per 100,000 (33,34).
A meta-analysis of 30 studies showed that the relative risk of
ever users of estrogen therapy was 2.3 compared to non-users,
and it increased to 9.5 in users of 10 or more years (35). 

Obesity is an increasingly common problem in the United
States, and is estimated to account for 17% to 46% of endome-
trial cancer incidence in postmenopausal women (36). Studies
have shown that plasma concentrations of androstenedione and
estrogens are correlated with body weight in postmenopausal
women (37,38). Aromatization of androstenedione to estrone
in adipose cells is believed to be the principle mechanism of
excess estrogen production (39). While much of the data sug-
gests that the relationship is strongest between estrogen expo-
sure and type I cancers, Weiss et al. demonstrated in a
case-control study that the risk of more aggressive tumors
(higher grade or higher stage) was also seen with unopposed
estrogen therapy, obesity, low parity, and history of diabetes.
The authors suggested that the risk of endometrial cancer was
influenced by similar risk factors regardless of tumor aggres-
siveness (40). Diabetes has also been associated classically with
type I endometrial cancers (41,42). Only non–insulin depen-
dent diabetes (type 2 diabetes mellitus [DM]), characterized
by insulin resistance and elevated insulin levels, appears to be

associated with endometrial cancer (43). Hyperinsulinemia and
higher levels of insulin-like growth factor 1 are thought to have
neoplastic potential and, coupled with increased estrogen, are
responsible for cancer development (44–46). 

Tamoxifen and Endometrial Cancer

Tamoxifen is a selective estrogen receptor modulator (SERM)
with antiestrogenic properties in the breast and estrogenic
effects in tissues such as bone, the cardiovascular system, and
the uterus. It has been used in prevention and treatment for all
stages of breast cancer. An association with tamoxifen and
endometrial cancer was first reported by Killackey et al. in
1985 (47). The strongest data initially implicating tamoxifen
use and the subsequent development of endometrial cancer
were published in 1989 by Fornander et al. (48). The investi-
gators reviewed the frequency of new primary cancers as
recorded in the Swedish Cancer Registry for a group of 1,846
postmenopausal women with early breast cancer who were
included in a randomized trial of adjuvant tamoxifen. They
noted a 6.4-fold increase in the relative risk of endometrial
cancer in 931 tamoxifen-treated patients compared to 915
patients in the control group. The dose of tamoxifen in this
study was 40 mg/d, and the greatest cumulative risk of devel-
oping endometrial cancer was after 5 years of tamoxifen use.

Fisher et al. published data regarding the association
between tamoxifen use and the development of endometrial
cancer when they reported the findings of the National
Surgical Adjuvant Breast and Bowel Project (NSABP) B-14
trial (49). Data regarding the rates of endometrial and other
cancers were analyzed on 2,843 patients with node-negative,
estrogen receptor (ER)-positive, invasive breast cancer ran-
domly assigned to placebo or tamoxifen (20 mg/d) and on
1,220 tamoxifen-treated patients registered in NSABP B-14
subsequent to randomization. The average annual hazard rate
for endometrial cancer in the placebo group was 0.2 out of
1,000 and 1.6 out of 1,000 for the randomized tamoxifen-
treated group. The relative risk of an endometrial cancer
occurring in the randomized, tamoxifen-treated group was
7.5. Similar results were seen in the 1,220 registered patients
who received tamoxifen. The mean duration of tamoxifen
therapy was 35 months, with 36% of the endometrial cancers
developing within 2 years of therapy and six occurring less
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COMPARISON BETWEEN TYPE I AND TYPE II ENDOMETRIAL CANCERS

TA B L E  2 3 . 1

Type I Type II

CLINICAL FEATURES
Risk factors Unopposed estrogen Age
Race White � black White � black
Differentiation Well differentiated Poorly differentiated
Histology Endometrioid Non-endometrioid
Stage I/II III/IV
Prognosis Favorable Not favorable

MOLECULAR FEATURES
Ploidy Diploid Aneuploid
K-ras overexpression Yes Yes
HER2/neu overexpression No Yes
P53 overexpression No Yes
PTEN mutations Yes No
Microsatellite instability Yes No
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than 9 months after treatment was initiated, suggesting that
some of the cancers may have been present prior to starting
tamoxifen therapy.

Any conclusions drawn regarding the risks of tamoxifen
treatment in inducing endometrial cancer must weigh the ben-
efits of tamoxifen in reducing breast cancer recurrence and
new contralateral breast cancers. In the B-14 trial, the cumula-
tive rate per 1,000 women with breast cancer relapse was
reduced from 227.8 in the placebo group to 123.5 in the ran-
domized tamoxifen-treated group. In addition, the cumulative
rate of contralateral breast cancer was reduced from 40.5 to
23.5, respectively, in the two groups. Taking into account the
increased cumulative rate of endometrial cancer, there was a
38% reduction in the 5-year cumulative hazard rate in the
tamoxifen-treated group. Thus, the benefit of tamoxifen ther-
apy for breast cancer outweighs the potential increase in
endometrial cancer being reported.

The suspected mechanism for endometrial cancer develop-
ment following tamoxifen exposure is thought to be related
to its estrogenic effects on the endometrium. As such, type I,
low-grade/early-stage cancers would be expected. A report
from the Yale Tumor Registry by Magriples et al. suggested
that uterine cancers occurring in breast cancer patients on
tamoxifen may behave more aggressively and carry a worse
prognosis (50). Other studies, however, have not been able to
confirm these findings (Table 23.2) (49,51–53). It would
appear from the available literature that there is no difference
in the stage, grade, or prognosis of endometrial cancers asso-
ciated with tamoxifen use. 

More commonly, breast cancer patients are being managed
with a different strategy compared to SERMs by preventing
estrogen synthesis by inhibiting the conversion of androgens
to estrogens. Third-generation aromatase inhibitors (anastro-
zole, letrozole, exemestane) are replacing tamoxifen for many
breast cancer patients with ~50% of postmenopausal estrogen
receptor–positive patients receiving aromatase inhibitors (54).
In clinical trials, compared to tamoxifen, aromatase inhibitors
have lower incidences of vaginal bleeding or endometrial can-
cer (55,56). In premenopausal patients, aromatase inhibitors
have little activity, and tamoxifen will continue to have a role.

Protective Factors

Factors that reduce circulating estrogen levels (weight loss/
exercise, cigarette smoking) appear to be protective against
endometrial cancer. Similarly, progestins antagonize the effects
of estrogen on the endometrium and prevent the development
of hyperplasia and cancer when added to estrogens (endogenous
or exogenous) (57). Combined estrogen-progestin hormone
replacement therapy has been associated with reductions in the
risk of endometrial cancer in most, but not all, studies. Prior
use of oral contraceptives also appears to be protective against
the development of endometrial cancer (58,59). 

NATURAL HISTORY OF DISEASE
A better understanding of the natural history of endometrial
cancer has developed through evaluation of the patterns of
spread. In a landmark study, the GOG performed a surgical
pathologic study (GOG 33) in 621 patients with clinical stage
I–occult stage II endometrial cancer who underwent a stan-
dardized surgical procedure including exploration of the
abdomen with biopsy of suspicious findings, collection of
peritoneal fluid for cytologic evaluation, abdominal hysterec-
tomy and bilateral salpingo-oophorectomy, and pelvic and
para-aortic nodal dissection (60). The results of this study
demonstrated important relationships regarding uterine
tumor characteristics and spread of disease, and should be
ingrained into the memory of those caring for patients with
endometrial cancers.

Overall, 22% of patients with seemingly uterine confined
disease were found to have extrauterine spread. Pelvic and/or
para-aortic metastases were found in 11% of patients, 12%
had positive peritoneal cytology, 5% had adnexal involve-
ment, and 6% had gross intraperitoneal spread. Nodal
metastases were related to tumor grade and depth of myome-
trial invasion, and patients with positive cytology, or adnexal
or intraperitoneal spread also had increased frequency of
nodal disease. 
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CLINICOPATHOLOGIC DATA FROM SERIES REPORTING ON TAMOXIFEN-ASSOCIATED UTERINE CANCER

TA B L E  2 3 . 2

Magriples (39) Barakat (34) Fisher (35) van Leeuwen (44) van Leeuwen (43) Total (%)

No. patients 15 23 25 17 23 103
FIGO stage

I 7 15 21 14 17 74 (71.8)
II 0 2 1 2 3 8 (7.8)
III 2 5 1 0 0 8 (7.8)
IV 0 1 1 1 0 3 (2.9)
Unstaged 6 0 1 0 3 10 (9.7)

Histology
Endometrioid 9 17 18 16 17 77 (74.8)
High-riska 6 6 7 1 6 26 (25.2)

Grade (adenocarcinoma)
Low (grade 1,2) 5 13 18 15 Not given 51 (72.9)b

High (grade 3) 10 4 5 0 Not given 19 (27.1)b

Deaths from uterine 5 (33%) 5 (22%) 4 (16%) 3 (10%) 0 (0%) 17 (16.5)
cancer

aIncludes papillary serous, clear cell, sarcoma.
bGrade only known for 70 patients.
Source: Reprinted with permission from Barakat RR. The effect of tamoxifen on the endometrium. Oncology 1995;9:129–134.
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Patterns of failure in patients with recurrent endometrial
cancer demonstrate, alone or in combination, hematogenous,
lymphatic, intraperitoneal, or local/contiguous spread. As
attention has increasingly focused on therapies (surgical, radi-
ation, chemotherapy) to reduce particular sites of recurrences,
several have argued for defining relationships between initial
disease spread and subsequent risk of recurrence (61). In
GOG 33, treatment was not specified by protocol, but results
showed that outcomes could be predicted by extent of disease
found at surgery, thus demonstrating the important relation-
ship between what is learned at surgical staging and recur-
rence risk (62).

DIAGNOSTIC EVALUATION

Screening

Many endometrial cancers develop by way of a precursor
lesion. Estrogen-related cancers frequently develop secondary
to atypical endometrial hyperplasia (AEH) or demonstrate
AEH in the uterus at the time of hysterectomy. Serous tumors
also may develop through a precursor lesion, endometrial
intraepithelial carcinoma (EIC) (63,64). Prompt recognition
of precursor lesions with institution of proper treatment will
prevent cancers and their sequelae. The relatively low preva-
lence of endometrial cancer in the population (5 per 1,000
women �45 years) makes standardized screening inefficient.
There are a few uncontrolled studies lending some support to
the efficacy of screening programs (65,66). No randomized
trials have been published. No health economic data have
been presented in relation to the published reports. The
American College of Obstetrics and Gynecology (ACOG) and
the Society of Gynecologic Oncology do not recommend rou-
tine screening of patients for uterine cancer (67,68). The
American Cancer Society does recommend annual endome-
trial biopsies starting at age 35 for women known to have or
be at risk for HNPCC.

In lieu of routine screening, prompt assessment of symp-
tomatic patients and those at high risk should be considered.
Because 95% of endometrial carcinomas occur in women
40 years old and older, and because endometrial hyperplasia
tends to occur in premenopausal and perimenopausal women,
it is appropriate to evaluate individuals past their fourth
decade of life if there is abnormal bleeding. Similarly, a higher
degree of suspicion should be held for younger patients
with high-risk characteristics including significant obesity,
polycystic ovarian syndrome/chronic anovulation, or tamox-
ifen exposure. 

Prevention

Due to the increased risk of endometrial cancer associated
with unopposed estrogens, women with an intact uterus
should rarely, if ever, be prescribed estrogen-only replace-
ment therapy. The addition of progestins to the regimens of
patients treated with exogenous estrogen may prevent
endometrial hyperplasia and protect against the develop-
ment of carcinoma (57,58). Continuous or sequential prog-
estin regimens may be used, but the most important factor is
administration of a progestin for at least 10 to 14 days each
month. In patients with chronic endogenous estrogen expo-
sure such as obese women with polycystic ovarian syndrome
or chronic anovulation, and perimenopausal women with
menometrorrhagia, periodic treatment with a progestin to cre-
ate scheduled withdrawal bleeding and prevent hyperplasia
may be considered (69,70). 

In most cases, patients with hyperplasia with atypia should
be treated by vaginal or abdominal hysterectomy to prevent
the development of endometrial cancer (71). Surgery is the
definitive therapy as it stops bleeding, prevents cancer, and
alleviates the potential of medical failure. Patients with AEH
remain at high risk for recurrence of AEH or cancer during
their lifetime, even after successful medical therapy (72). Most
importantly, despite a preoperative diagnosis of AEH many
patients will be found to have a cancer at the time of hysterec-
tomy (72,73). Older data suggested that if the endometrial
sample is obtained by a biopsy or curettage, 15% to 25% of
patients with the diagnosis of atypical hyperplasia may have 
a uterine carcinoma (74,75). Prospective data from a large
surgical-pathologic trial conducted by the GOG demonstrated
that, of 289 patients with a community diagnosis of AEH,
40% had an endometrial cancer (73). Neither the type of pre-
operative endometrial biopsy (office endometrial biopsy
[EMB] or dilatation and curettage [D&C]) nor the use of an
expert pathology panel was associated with a better prediction
of who had cancer or not. Patients with significant medical
comorbidities, advanced age, or those desiring future fertility
may be managed with progestational therapy (76). It has
been suggested that a D&C should be performed in those
patients who will be medically managed with progestins 
for therapeutic effect (surgical curettage of tissue) and to bet-
ter define the risk of an unrecognized cancer, while the data
to support these practices are limited. When progestins are
used to manage AEH, the specific agents, doses, and sched-
ules may mirror those used to manage dysfunctional uterine
bleeding or advanced or recurrent cancer. To assess the suc-
cess of medical therapy, endometrial biopsies should be per-
formed at 3- to 4-month intervals provided cancer is not
identified (77,78).

Screening and prevention strategies for women on tamox-
ifen are more challenging. Women with intact uteri who are
taking tamoxifen for either treatment or prevention of breast
cancer should be informed of the increased relative risk of
developing endometrial cancer with the use of tamoxifen. This
risk is balanced by the reductions in recurrence or develop-
ment of a contralateral breast cancer. Women on tamoxifen
should be encouraged to report abnormal bleeding or vaginal
discharge. Screening of asymptomatic women on tamoxifen
therapy with ultrasound or endometrial biopsies is not recom-
mended (79,80). 

CLINICAL PRESENTATION
The classic symptom of endometrial carcinoma is abnormal
uterine bleeding. A variety of conditions give rise to abnormal
bleeding, but particular suspicion should be held for post-
menopausal women, and women age 40 and over with high-risk
factors. Approximately 10% of symptomatic postmenopausal
patients will be found to have a cancer on biopsy (81). In one
series, using age �70 years, diabetes, or nulliparity as risk
factors, patients with all three factors had an 87% chance of
having an AEH/carcinoma diagnosis, whereas only 3% had
significant pathology in the absence of all risk factors (82).
Additionally, patients with endometrial cancer may present
with vaginal discharge or have a thickened endometrium inci-
dentally noted on ultrasound performed for another reason.
Pap smear screening is not designed to identify endometrial
cancer, but occasionally patients will have abnormal cervical
cytology (atypical glandular cells of undetermined significance
[AGUS], adenocarcinoma in situ [AIS]). Patients with intra-
peritoneal disease may present with similar complaints to
patients with ovarian cancer such as abdominal distension,
pelvic pressure, and pain.
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Historically, when endometrial cancer was a clinically
staged disease (FIGO 1971) fractional D&C was the proce-
dure of choice to evaluate abnormal bleeding. Fractional
D&C permitted assessment of the uterine size and allowed for
endocervical curettage, important steps in the staging process.
The standard procedure starts with curettage of the endo-
cervix prior to cervical dilatation. Careful sounding of the
uterus is performed followed by dilatation of the cervix, fol-
lowed by systematic curetting of the entire endometrial cavity.
Cervical and endometrial specimens should be kept separate
and forwarded for pathologic interpretation. 

Pathologic evaluation of the endometrium provides histo-
logic diagnosis and can identify other etiologies of bleeding
such as chronic endometritis, atrophy, polyps, cervical can-
cer, or unusual histologic variants (carcinosarcoma, serous
carcinoma, placental nodule), which may alter management.
Tissue evaluation by office EMB or D&C offer similar infor-
mation when adequately performed. Today EMB has largely
replaced D&C as the diagnostic procedure of choice. In the
GOG hyperplasia study, 63% of the specimens were from
EMB (Vabra, Novak, Pipelle) and 37% were from D&C
(73). Results of endometrial biopsies correlate well with
endometrial curettings, and the accuracy to detect cancer is
91% to 99% (83,84). The accuracy of identifying cancers
with EMB is higher in postmenopausal patients than in pre-
menopausal, and a positive study showing cancer is more
accurate for identifying disease than it is in excluding it.
Cases where office biopsy cannot be obtained (cervical
stenosis, patient intolerance of procedure) or results are non-
diagnostic should be followed by D&C. In cases of abnormal
bleeding that persists despite negative biopsy, additional
investigation is warranted. 

Hysteroscopy has been advocated as an adjuvant to D&C to
improve detection of pathology in the evaluation of post-
menopausal bleeding. Whether it improves the sensitivity
to detect hyperplasia and cancers is controversial (85–87).
Hysteroscopy is more accurate in postmenopausal patients, and
is more accurate in detecting cancer versus other pathology
than it is in identifying cancer or hyperplasia versus other
pathology. One concern is that hysteroscopy may promote
transtubal migration of tumor cells, which can be detected as
malignant pelvic washings on cytology. In one retrospective
study, an odds ratio of 3.88 for positive cytology was seen in
hysteroscopic D&Cs compared to D&C alone, and the authors
cautioned against hysteroscopy to evaluate endometrial cancer
(88). Similarly, a review of literature suggested that water-based
hysteroscopy was associated with increased frequency of posi-
tive cytology at time of hysterectomy (89). Positive peritoneal
cytology has the potential to upstage a patient (stage IIIA)
resulting in additional/different adjuvant therapy being recom-
mended. No prospective studies have been performed to date,
and it remains uncertain what effect positive washing produced
by hysteroscopy has, if any, on prognosis. 

Ultrasound is commonly used as a less invasive tool to
evaluate abnormal bleeding. The measurement of endometrial
thickness (ET) has been shown to best predict the absence of
carcinoma, with a false-negative rate of 4%, using a threshold
value of �5 mm (90,91). The specific endometrial thickness
used for a cutoff value depends on the menopausal status of
the patient population evaluated and on the use of hormone
replacement (HRT). For example, postmenopausal patients on
HRT have a median ET 2 to 3 mm more than those not on HRT
(92,93). In a meta-analysis of 85 studies, Smith-Bindman et al.
reported that a cutoff level of �5 mm would detect 96% of
cancers, and would have a 39% false-positive rate (91).
Transvaginal ultrasound measuring the lining thickness of the
endometrium has excellent negative predictive value for rul-
ing out endometrial cancers or hyperplasia when the thick-
ness is �5 mm, but provides less information when �5 mm.

Given a pretest probability of having endometrial cancer in a
postmenopausal patient with vaginal bleeding of 10%, a nor-
mal endometrial stripe is associated with a 1% chance of a
cancer. A consensus panel, composed of radiologists, patholo-
gists, and gynecologic oncologists, suggested that when ET is
�5 mm, the test can be considered negative for endometrial
cancer (94). For patients with ET �5 mm, endometrial biopsy,
D&C with hysteroscopy, or saline infusion sonohysteroscopy
should be performed. Saline infusion sonohysteroscopy has
been suggested to better define findings in the endometrial
cavity noted on ultrasound and provide clearer distinction of
polyps, fibroids, and cancers (95). It is more likely to be suc-
cessful in pre- than postmenopausal patients. The role of vagi-
nal ultrasound in the evaluation of bleeding remains somewhat
controversial due to the belief of the importance of histology is
defining treatment (for benign and malignant conditions) and
of the concern for missed cancers. Good clinical judgment
would suggest that patients with ET �5 mm who have persis-
tent bleeding undergo tissue biopsy.

DIAGNOSTIC WORKUP

Preoperative Assessment

Following the diagnosis of endometrial cancer, the surgeon
must assess the surgical risks of the patient, evaluate the
patient for possible metastatic spread, and determine the most
appropriate surgical procedure. Endometrial cancer patients
are frequently elderly and suffer from obesity, hypertension,
diabetes, or cardiac disease. In a series of 595 consecutive
patients, Marziale et al. found an operability rate of 87%
(96). Preoperative assessment must be performed, occasion-
ally requiring consultation with additional specialists. At a
minimum, patients require a thorough examination to evaluate
for evidence of cardiac or pulmonary disease, and to determine
the surgical approach. A chest x-ray and electrocardiogram
(EKG), complete blood count, and assessment of electrolytes
and renal function are standard in this population. Preoperative
counseling includes obtaining permission to remove the
uterus, tubes, and ovaries and permission for thorough intra-
abdominal exploration with biopsy and tumor removal as
necessary including removal of the pelvic and para-aortic
lymph nodes.

Evaluation of Metastatic Spread

A thorough physical examination may discover suspicious
supraclavicular, inguinal, and/or occasional pelvic lymph
nodes as well as suggest the presence of pleural effusions,
ascites, or omental caking. The pelvic examination can suggest
cervical, vaginal, or adnexal spread. An assessment of uterine
size and mobility is important, particularly in patients being
considered for vaginal approaches (laparoscopic-assisted vagi-
nal hysterectomy [LAVH], total vaginal hysterectomy [TVH]).
A chest radiograph is done to search for metastatic tumor as
well as to evaluate the cardiopulmonary status of the patient.
For patients without obvious extrauterine disease, surgery is
the next step. In cases where intra-abdominal, gross cervical,
or distant disease spread is suspected, additional studies such
as CT scans, magnetic resonance imaging (MRI), or cys-
toscopy and proctoscopy may be needed to assist with surgical
planning. 

In general there is very limited need for imaging studies prior
to surgery since findings typically do not result in management
changes as most patients present with stage I-II disease, and the
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surgery is essentially the same for stage I-III patients. Imaging
studies have significant limitations in detecting nodal disease,
which tends to be microscopic in 90% of cases (97,98). Patient
review of systems and clinical examination frequently lead to
suspicion of gross extrauterine disease. Imaging studies may be
of better use in certain situations. Serous and clear cell tumors
have a greater frequency of extrauterine disease spread, and
imaging studies may offer additional information in some cases.
In some settings, imaging studies may help some to determine
whether to refer to a gynecologic oncologist or perform surgical
staging when it would not otherwise be considered. In addition,
imaging studies may have their greatest utility in helping to
counsel young patients who are considering fertility preserva-
tion options. Magnetic resonance imaging has been suggested
to have more value than computed tomography (CT) scans in
assessing myometrial invasion, cervical invasion, and nodal dis-
ease with several reports indicating a 75% to 90% accuracy
rate for determining muscle involvement (99–102). However,
limitations do exist, making routine use more difficult to rec-
ommend (103,104). At the present time, the only way to accu-
rately diagnose the extent and depth of intrauterine invasion is
by histologic examination of the hysterectomy specimen.

Attempts have been made to correlate the tumor marker
CA-125 with extent of extrauterine disease as serum levels are
frequently elevated in patients with advanced or metastatic
endometrial cancer (105). This observation was first reported
by Niloff et al. in 1984 (106). Values exceeding 35 U/mL were
found in 14 (78%) of 18 patients with stage IV or recurrent
disease, although none of 11 patients with stage I disease had
elevations. Patsner et al., in 1988, reported 81 patients with
endometrial cancer that appeared to be confined to the uterus
(107). At laparotomy, 20 (87%) of 23 of their patients with
elevated CA-125 were found to have occult extrauterine dis-
ease. Conversely, only 1 of 58 patients with a normal value
had occult extrauterine disease. In a large study, Hsieh et al.
(108) reviewed preoperative serum CA-125 levels, operative
records, and pathologic reports in 141 patients diagnosed
with endometrial carcinoma to find out if the preoperative
level of CA-125 can provide additional information to deter-
mine the extent of lymphadenectomy required in the surgical
staging and which cutoff is optimal in this respect. Of 141
patients, 124 were staged surgically and 24 (19%) were found
to have lymph node metastasis. In the node-positive group,
median preoperative serum levels were 94 U/mL (range 17 to
363 U/mL). Multivariate analysis showed lymph node metas-
tasis had the most significant effect on the elevation of CA-
125 levels (�40 U/mL). The sensitivity and specificity for
screening lymph node metastasis were 78% and 84%, respec-
tively. The data of Hsieh et al. give evidence that preoperative
CA-125 levels greater than 40 U/mL can be considered an
indication for full pelvic and para-aortic lymphadenectomy in
the surgical staging of endometrial carcinoma. These results
are in accordance with others (109–113). Rose et al. (114)
found serial CA-125 measurements to be most useful in
patients with high-risk disease whose initial stage was II, III,
or IV, or whose tumor was grade 3 or of clear cell or serous
histology. Fifteen (94%) of 16 patients with recurrent disease
had an elevated CA-125 level. Serial measurements of CA-125
are also used to monitor for recurrence and to assess response
to tumor therapy in patients whose levels were initially ele-
vated at diagnosis. 

Determining the Surgical Procedure

Of all the female pelvic malignancies, endometrial cancer
seems to have more advocates for different treatment plans
than any other. The standard treatment for this disease has
been and remains a hysterectomy. However, through the

years, preoperative and postoperative irradiation has had an
important role in the management of this disease. The first sig-
nificant report of employing irradiation in the management of
patients with endometrial cancer was the publication of the
“Stockholm technique” by Heyman in 1935 (115). The use of
intracavitary implants using Heyman’s method became
increasingly popular in the ensuing years. Subsequently,
reports comparing results in patients treated with a single
intrauterine tandem with those treated with multiple
intrauterine capsules revealed a lower incidence of residual
disease and an improved 5-year survival rate, favoring the
patients treated with capsules (116–118). Lewis et al. (119), in
cooperative studies in the late 1960s, showed that 25% of
patients had deep myometrial invasion if treated initially by
surgery, and only 8% had deep invasion if treated by preoper-
ative irradiation. Patients frequently were managed with pre-
operative radiation (whole pelvic radiation [WPR], low-
dose-rate [LDR] implant with or without WPR) followed
within 4 to 6 weeks by a complete hysterectomy. While surgi-
cal evaluation of lymph nodes in endometrial cancer was
reported in the 1960s, it was not widely embraced (120–123).
The GOG undertook the large surgical-pathologic study,
GOG 33, of clinical stage I endometrial cancer to better define
patterns of spread with the hope that defining pathologic rela-
tionships would lead to a tailored (rather than a universal)
approach to radiation (60,122). The results of this study sub-
sequently led to the incorporation of a surgical staging system
(FIGO 1988). 

Contemporary management for most patients with
endometrial cancer remains surgical and includes, at the mini-
mum, an initial surgical exploration with collection of peri-
toneal fluid for cytologic evaluation (intraperitoneal cell
washings), through inspection of the abdominal and pelvic
cavities with biopsy or excision of any extrauterine lesions
suspicious for tumor, and total extrafascial hysterectomy with
bilateral salpingo-oophorectomy. Where the tradition has
been to perform this surgery abdominally (typically through a
vertical midline incision), laparoscopic management has
increasingly been integrated into the forefront. The uterus
should be particularly observed for tumor breakthrough of the
serosal surface. The distal ends of the fallopian tubes are
clipped or ligated to prevent possible tumor spill during uter-
ine manipulation. To complete the surgical staging of endome-
trial cancer, the removal of bilateral pelvic and para-aortic
lymph nodes is also required. 

When surgical staging is performed, a bilateral pelvic and
para-aortic nodal lymphadenectomy is increasingly per-
formed (9,123). The margins of the pelvic nodal dissection
are comparable to what is used for a pelvic nodal dissection
with cervical cancer and is outlined by the margins of the cir-
cumflex iliac vein distally, the bifurcation of the iliac vessels
proximally, the lateral margin is the genitofemoral nerve, and
the medial margin is the superior vesical artery. The floor of
the dissection is the obturator nerve. Nodal/fatty tissue is
skeletonized from these structures. In cases of bulky nodal
disease, complete resection/debulking rather than biopsy to
solely demonstrate metastatic disease is favored where possi-
ble. The common iliac nodes can be removed as a separate
specimen, or divided at a midpoint along the vessels, submit-
ting the inferior half with the pelvic nodes, and the superior
half with the para-aortic nodes. Particularly on the left side,
the common iliac nodes will be quite lateral in location and
will require sufficient mobilization to visualize the nodes.
Removal of para-aortic nodes can be performed through a
midline peritoneal incision over the common iliac arteries and
aorta or by mobilizing the right and left colon medially
(124,125). In each case, lymph nodes are resected along the
upper common iliac vessels on either side and from the lower
portion of the aorta and vena cava. 
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At the present time, the inferior mesenteric artery is used to
demark the superior extent of the para-aortic nodal dissection.
Suspicious nodes extending to the renal vessels are removed.

In cases with gross omental or intraperitoneal disease
spread, cytoreductive surgery with total omentectomy, radical
peritoneal stripping, and occasionally bowel resection are
required. The goal of reducing the residual disease to no or
small volumes akin to what is performed for ovarian cancer is
increasingly considered. In cases complicated by medical
comorbidity, advanced age, or obesity, or when nodal dissec-
tion cannot or will not be performed, total vaginal hysterec-
tomy with or without laparoscopic assistance may also be
utilized. Following surgical assessment, patients may be classi-
fied based on pathologic features as to their risk of recurrence,
and those deemed to be at sufficient risk may be offered adju-
vant therapies. 

Nonsurgical Management

The management of most patients with endometrial cancer is
surgical. The decision to use surgery is a function of patient
and disease status. Patients with significant medical comor-
bidities who are not acceptable candidates for surgery
(markedly advanced age, diminished performance status,
severe cardiac/pulmonary disease, massive obesity) may be
managed by alternative means. Primary radiation therapy
without surgery has been used, and is discussed later in this
chapter. Progestational therapy may be used for those who are
inoperable or in younger patients who elect for fertility preser-
vation (76,126,127). If the pretreatment studies are complete,
the patient may be clinically staged if she is not a surgical stag-
ing candidate. The clinical staging system proposed by the
FIGO in 1971 (Table 23.3) is still applicable for cases that do
not go to primary operative staging while those that do
undergo initial hysterectomy are staged by the 1988 FIGO
system (Table 23.4) (128). Patients who are obese, but other-
wise surgical candidates may undergo an abdominal pan-
niculectomy to enhance surgical expose to facilitate
hysterectomy and nodal dissection (129,130). For patients
presenting with disseminated or nonresectable disease, non-
surgical options including radiation, chemotherapy, or hor-
monal therapy have also been used. Surgery may be required
to control vaginal bleeding in some of these cases.

Approximately 5% of women with endometrial cancer are
diagnosed under the age of 40 (4). For some younger women,
the standard treatment of hysterectomy is unacceptable due to

desires to maintain fertility. Endometrial cancer in younger
women is usually associated with early-stage, low-grade dis-
ease and carries a favorable prognosis, making medical man-
agement an attractive option to some (77,78,127,131,132).
Patients without myometrial invasion are thought to be the
best candidates, and may undergo pelvic MRI to assess for
myometrial involvement. Progestational therapy, most com-
monly with medroxyprogesterone acetate or megestrol acetate,
has been successful in reversing malignant changes in up to
76% of cases (76,127,131). Because response may be tempo-
rary or incomplete, periodic sampling of the endometrium is
advised. 

Vaginal Hysterectomy

Vaginal hysterectomy with or without postoperative radiation
may be another option for managing complicated patients.
Vaginal hysterectomy has often been cited as the simplest and
least morbid approach to hysterectomy, and has produced
similar treatment outcomes in patients with clinical stage I
endometrial cancer (133–135). It is often used as an alterna-
tive to an abdominal approach in obese and poor-surgical-risk
patients (136,137). Limitations include the lack of exploration
of the intraperitoneal cavity, inability to procure cytologic
washings, greater difficulty in performing an oophorectomy,
and inability to perform lymph node sampling. As lymph node
metastasis is related to such high-risk features as poor differ-
entiation, unfavorable histologic subtypes, and deep myome-
trial invasion, the risk of extrauterine disease following TVH
must be estimated based on uterine pathology (60). Accurate
assessment requires surgical staging, and understaging in
clinical stage I disease has been reported to occur in 19% to
22% of cases (138).

Nodal Dissection

The value of staging any malignancy relates to the ability to
describe the extent of disease at diagnosis, and to define com-
parable patient populations for whom prognosis and therapy
are similar. Given the inability to accurately detect disease
spread for many gynecologic malignancies, solely based on
clinical examination and imaging studies, surgical staging sys-
tems that require pathologic evaluation of sampled sites have
been largely incorporated into practice. The value of surgical
staging as it relates to endometrial cancers has been the subject
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CORPUS CANCER CLINICAL STAGING, FIGO 1971

TA B L E  2 3 . 3

Stage Characteristics

I Carcinoma is confined to the corpus
IA Length of the uterine cavity is 8 cm or less
IB Length of the uterine cavity is more than 8 cm

Histologic subtypes of adenocarcinoma

G1 Highly differentiated adenomatous carcinoma
G2 Differentiated adenomatous carcinoma with partly solid areas
G3 Predominantly solid or entirely undifferentiated carcinoma

II Carcinoma involves the corpus and cervix
III Carcinoma extends outside the uterus but not outside the true pelvis
IV Carcinoma extends outside the true pelvis or involves the bladder or rectum

Note: FIGO, International Federation of Gynecology and Obstetrics.
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of increased scrutiny and debate over the last several years.
For endometrial cancers, the ability of surgical staging to
accurately identify spread to draining lymph node basins and
how this information (or lack of it) changes prognosis and
alters the use of postoperative therapies are a source of con-
troversy. Proponents of routine surgical staging suggest that
the ability to identify otherwise unrecognized disease spread
to the nodes changes the postoperative therapies that are
given, and is the most accurate way to assess risk. Most con-
troversial is the assertion that surgical staging has a therapeu-
tic benefit independent of the node status (positive or negative
for metastatic disease). 

Fundamentally, surgeons must determine for themselves
whether or not they believe that surgical staging has sufficient
value to offer it for all patients or only selectively based on
risk factors identified pre- and intra-operatively. If a patient
will not be offered surgical staging/nodal dissection, then min-
imizing surgical morbidity with a vaginal or laparoscopic-
assisted approach seems warranted. In this case, lower
risk/quicker recovery comes at the cost of less information. In
cases where nodal dissection will or potentially will be per-
formed, patients must be adequately counseled regarding the
risks and benefits. The principle risks attributable to nodal
dissections include increased operative time, potential for
blood loss associated with vascular injury, genitofemoral nerve

injury with resulting numbness and paresthesias over medial
thighs, lymphocyst formation, and lymphedema (Table 23.5)
(62,139–141). In general, the risks associated with nodal
dissections are low and acceptable. Patients who have nodal
dissections and receive pelvic radiation therapy may be at a
greater risk of bowel morbidity than those without dissec-
tions (142,143). Nodal dissections also require the involvement
of someone trained and skilled to perform the procedure. The
principle advantage of comprehensive staging is that the
physician and patient are provided with the greatest amount
of information. In the contemporary management of endome-
trial cancer, this information results in less use of radiation,
and substitution of vaginal cuff brachytherapy for pelvic radi-
ation (9,123,144).

The importance, extent, and technique of nodal dissection
are hotly debated. Questions relate to which patients should
be offered and could benefit from surgical staging (all, some,
none), and what is the optimal surgical procedure to be per-
formed (biopsy of enlarged/visible nodes, lymphadenectomy).
Controversy also exists between those surgeons who perform
only pelvic dissections and those who advocate pelvic and
para-aortic nodal dissection. If para-aortic nodes are
removed, are bilateral nodes required, and to what superior
extent (inferior mesenteric artery, renal vessels) should the
dissection proceed? 
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CORPUS CANCER SURGICAL STAGING, FIGO 1988

TA B L E  2 3 . 4

Stages/grades Characteristics

IA G123 Tumor limited to endometrium
IB G123 Invasion to less than half of the myometrium
IC G123 Invasion to less than half of the myometrium
IIA G123 Endocervical glandular involvement only
IIB G123 Cervical stromal invasion
IIIA G123 Tumor invades serosa or adnexae or positive peritoneal cytology
IIIB G123 Vaginal metastases
IIIC G123 Metastases to pelvic or para-aortic lymph nodes
IVA G123 Tumor invades bladder and/or bowel mucosa
IVB Distant metastases including intra-abdominal and/or inguinal lymph node

HISTOPATHOLOGY, DEGREE OF DIFFERENTIATION
Cases should be grouped by the degree of differentiation of the adenocarcinoma:

G1 5% or less of a nonsquamous or nonmorular solid growth pattern
G2 6% to 50% of a nonsquamous or nonmorular solid growth pattern
G3 More than 50% of a nonsquamous or nonmorular solid growth pattern

NOTES ON PATHOLOGIC GRADING
Notable nuclear atypia, inappropriate for the architectural grade, raises the grade of a grade 1 or grade 2 tumor by 1.
In serous adenocarcinomas, clear cell adenocarcinomas, and squamous cell carcinomas, nuclear grading takes precedence.
Adenocarcinomas with squamous differentiation are graded according to the nuclear grade of the glandular component.

RULES RELATED TO STAGING
Because corpus cancer is now surgically staged, procedures previously used for determination of stages are no longer applicable, 

such as the finding of fractional D&C to differentiate between stages I and II.
It is appreciated that there may be a small number of patients with corpus cancer who will be treated primarily with radiation 

therapy. If that is the case, the clinical staging adopted by FIGO in 1971 would still apply, but designation of that staging system 
would be noted.

Ideally, width of the myometrium should be measured, along with the width of tumor invasion.

Note: D&C, dilatation and curettage; FIGO, International Federation of Gynecology and Obstetrics.
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Nodal Dissection—None

In the United States, comprehensive surgical staging of
endometrial cancer is infrequently performed. Only 30% to
40% of patients undergo nodal assessment, indicating that
the majority of U.S. patients are not staged (6,145). Many
gynecologists are neither trained in the techniques of lymph-
adenectomy nor familiar with the concept of full surgical
staging. Full staging is more commonly performed by special-
ized surgeons, such as gynecologic oncologists (146,147).
Philosophically, those opposed to nodal dissections suggest
that most patients are at low risk for nodal disease, treatment
decisions can be based on final pathologic information, and
despite node dissection the majority of patients who are node
negative do not get benefit (148). Most patients with endome-
trial cancer do present with low-risk features. In the entire
GOG 33 study population of 621 patients, 75% had grade 1-2
tumors, 59% had inner one third or less myometrial invasion,
and only 9% of patients had positive lymph nodes (60). The
Post Operative Radiation Therapy in Endometrial Cancer
(PORTEC) trial evaluated patients with stage IC, grade 1;
stage IB-C, grade 2; or stage IB, grade 3 who underwent hys-
terectomy without lymph node dissection and compared
observation to postoperative pelvic radiation (149). Of note,
based on grade and depth of invasion, approximately 60% of
patients enrolled in GOG 33 would have had disease charac-
teristics required for eligibility in the PORTEC trial. This
patient population managed without nodal dissection had
favorable outcomes with or without radiation therapy (5-year
survival rates of 85% observation, 81% with pelvic radiation)
in the PORTEC study (149). Trimble et al. reported on data
from stage I endometrial cancer patients collected by SEER
from 1988 to 1993 and showed that 5-year relative survival
for patients without nodal dissection was 98% compared to
96% in those undergoing nodal dissection and suggested that
nodal dissection did not convey a benefit for the overall popu-
lation (150). Unfortunately, data on adjuvant therapy use was
not available. It is suspected that increased use of radiation in
unstaged patients may produce similar outcomes to patients
who are staged and who avoid radiation therapy.

In a nonrandomized trial comparing hysterectomy with or
without pelvic lymphadenectomy, followed by radiation ther-
apy, 14% of patients (N � 207) with negative nodes treated
with vaginal cuff brachytherapy (VCB) recurred compared to
16% who did not have a lymphadenectomy (N � 660) (151).
While the authors noted similar cancer-free survival between
the groups, all patients who did not have nodal dissections
received both pelvic radiation and VCB to attain these results.
The only randomized trial comparing lymphadenectomy to no
nodal assessment has recently concluded enrollment. A Study in

the Treatment of Endometrial Cancer (ASTEC) randomized
patients with endometrial cancer treated with hysterectomy to
pelvic lymphadenectomy or not. Following surgery, patients
with stage I-IIA disease were then randomized again to observa-
tion or pelvic radiation therapy if they had grade 3, serous, or
clear cell histology; �50% myometrial invasion; or endocervi-
cal glandular invasion (stage IIA). Treatment centers were also
permitted to use VCB regardless of pelvic radiation assignment
based on institutional preference. As a result, a patient with
unknown nodal status and �50% invasion could receive VCB
and not be considered to have received radiation therapy. This
may produce a potential bias as groups treated with lymph-
adenectomy and no radiation may be compared to those which
had no nodal dissection and received VCB. Preliminary results
suggest that there was no advantage of routine lymphadenec-
tomy (152). The final results of this study are eagerly awaited.

Without nodal information, physicians must rely on uterine
factors to estimate the probability for nodal disease and pelvic
failure to determine the need for postoperative radiation. Risk
assessments may be based on nodal positivity estimates from
GOG 33 or on patient risk groups treated with or without
radiation therapy (PORTEC, for example). This estimation can
result in a substantial increase in the use of radiation, particu-
larly if the primary benefit of postoperative radiation is in
node-positive patients. As a result, the lack of nodal informa-
tion can lead to overtreatment of patients. The absence of
nodal dissection may also lead to poorer outcomes. For exam-
ple, a subset of 99 patients with stage IC, grade 3 endometrial
cancer, who did not have lymph node dissection, were not eli-
gible, but were treated with pelvic radiation and followed
prospectively within the PORTEC trial (153). Five-year sur-
vival for this group of patients was 58%, and 12% had vaginal
or pelvic failures despite whole pelvic radiation. It is interesting
to note that the outcome of this group is poorer than what has
been reported in patients with stage IIIC endometrial cancer
managed by lymphadenectomy followed by radiation (154–156).
If patients are not to have nodal dissection, then it would seem
reasonable to consider vaginal approaches (TVH, LAVH) to
reduce morbidity.

Nodal Dissection—Selective 

Increasingly some form of nodal assessment has been integrated
into the up-front management of endometrial cancer, and nodal
assessment has been incorporated into the staging of endome-
trial cancer since 1988. Surgical staging is the most accurate
way to determine the extent of disease spread. Palpation of
pelvic lymph nodes is not sufficiently accurate, with a sensitivity
of 72% in a recent prospective study (157,158). 
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RISKS ASSOCIATED WITH NODAL DISSECTION: SURGICAL COMPLICATION RATES ASSOCIATED 
WITH ABDOMINAL HYSTERECTOMY � PELVIC AND PARA-AORTIC LYMPH NODE DISSECTION

TA B L E  2 3 . 5

Study N Hemorrhage (%) GU injury (%) DVT/PE (%) Lymphocyst (%) Other

Morrow 1991(62) 895 2.2 0.4 2 1.2 —
Homesley 1992(140) 196 6% transfused — 4 — “Serious” 6%
Orr 1997(139) 396 4.2% transfused 0.6 1.5 1.2 —
Mariani 2006(182) 96 node — 1 1 3.1 —

(�) patients

Note: DVT/PE, deep vein thrombosis/pulmonary embolism; GU, genitourinary.
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Many believe that nodal dissections should be reserved for
those with sufficient risk of nodal disease (60,62,159,160).
What risk of nodal disease (3%, 5%, 10%, etc.) warrants the
procedure is debated. Data from GOG 33 demonstrated
important relationships between tumor grade and depth of
invasion and frequency of nodal disease that can be used to
decide whether to perform nodal assessments (Tables 23.6 and
23.7) (60). For example, the risk of pelvic nodal disease was
3% for all patients with grade 1 tumors, but was 11% with
deeply invasive (outer one-third myometrial invasion) tumors.
Patients with grade 3 tumors had a risk of pelvic nodal metas-
tases of 18%, and 34% with deep invasion. With cervical
invasion, the rate of pelvic nodal disease was 16%. Patients

with serous or clear cell histology also warrant nodal dissec-
tion as ~30% to 50% will have nodal disease, and even in the
absence of myometrial invasion, nodal metastases have been
reported in up to 36% of patients (161). Some advocate that
lymph nodes need not be sampled for tumor limited to the
endometrium, regardless of grade, because less than 1% of
these patients have disease spread to pelvic or para-aortic
lymph nodes (60,162). A gray zone in deciding about lymph
node sampling is represented by patients whose only risk factor
is inner one-half myometrial invasion, particularly if the grade
is 2 or 3. This group has 5% or less chance of node positivity
(62). The overall surgical complication rate after this type of
staging is approximately 20%. The serious complication rate
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HISTOLOGIC GRADE AND DEPTH OF INVASION

TA B L E  2 3 . 6

Grade, no. of patients

Depth Grade 1 (%) Grade 2 (%) Grade 3 (%) Total (% of total)

Endometrium only 44 (24) 31 (11) 11 (7) 86 (14)
Superficial 96 (53) 131 (45) 54 (35) 281 (45)
Middle 22 (12) 69 (24) 24 (16) 115 (19)
Deep 18 (10) 57 (20) 64 (42) 139 (22)
Total 180 (100) 288 (100) 153 (100) 621 (100)

Source: Reprinted from Creasman WT, Morrow CP, Bundy BN, et al. Surgical pathologic spread patterns of endometrial cancer: a Gynecologic
Oncology Group study. Cancer 1987;60:2035–2041.

FREQUENCY OF NODAL METASTASIS AMONG RISK FACTORS

TA B L E  2 3 . 7

Risk factor No. of patients Pelvic no. (%) Aortic no. (%)

Histology
Endometrioid adenocarcinoma 599 56 (9) 30 (5)
Others 22 2 (9) 4 (18)

Grade
1 Well 180 5 (3) 3 (2)
2 Moderate 288 25 (9) 14 (5)
3 Poor 153 28 (18) 17 (11)

Myometrial invasion
Endometrial 87 1 (1) 1 (1)
Superficial 279 15 (5) 8 (3)
Middle 116 7 (6) 1 (1)
Deep 139 35 (25) 24 (17)

Site of tumor location
Fundus 524 42 (8) 20 (4)
Isthmus-cervix 97 16 (16) 14 (14)

Capillary-like space involvement
Negative 528 37 (7) 19 (9)
Positive 93 21 (27) 15 (19)

Other extrauterine metastasis
Negative 586 40 (7) 26 (4)
Positive 35 18 (51) 8 (23)

Peritoneal cytologya

Negative 537 38 (7) 20 (4)
Positive 75 19 (25) 14 (19)

aNine patients did not have cytology reported.
Source: Modified with permission from Creasman WT, Morrow CP, Bundy BN, et al. Surgical pathologic spread patterns of endometrial cancer: a
Gynecologic Oncology Group study. Cancer 1987;60:2035.
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is �6%, and the rate of complications should be balanced by
the probability of finding nodal disease (62,139–141).

An assessment of pelvic and para-aortic lymph nodes is
required to assign stage according to FIGO 1988. Two principal
nodal basins drain the uterus; the lower and middle portion of
the uterus drains laterally to the pelvic lymph nodes, the upper
corpus and fundus drain to the para-aortic nodes. In GOG 33,
the rate of para-aortic nodal involvement was roughly 50% of
the pelvic node rate. As an isolated finding, para-aortic nodes
were involved in only 2% of cases. Para-aortic nodal dissec-
tion is more difficult to perform than pelvic dissection, by
laparotomy or by laparoscopy, and is associated with greater
risk. As such, some advocate for pelvic nodal dissections with
only performing para-aortic nodal dissections selectively. In
GOG 33, 46% of the positive para-aortic lymph nodes were
enlarged, and 98% of the cases with aortic node metastases
came from patients with positive pelvic nodes, adnexal or
intra-abdominal metastases, or outer one-third myometrial
invasion (62). These risk factors affected only 25% of the
patients, yet they yielded most of the positive para-aortic node
patients.

Intraoperative assessment of the uterus has been used to
guide the surgeon as to when to perform a nodal dissection.
Gross inspection of the uterus immediately following its
removal can be used to estimate the degree of myometrial
invasion. If the uterus is opened by the operating surgeon, care
should be employed to avoid distortion of the anatomy.
Optimally, the unfixed uterus should be opened by the surgi-
cal pathologist, who can grossly estimate the depth of inva-
sion, assess involvement of the cervix, and later sample the
tumor for histologic assessment. There is no typical gross
appearance of an endometrial carcinoma. Most are polypoid
or ulcerative. Carcinoma usually differs in texture and color
from the surrounding normal endometrium. The normal
endometrium is irregular and tan, but a carcinoma is usually
shaggy, white to gray-white, and focally hemorrhagic. Areas
of myometrial invasion may be visible as gray-white to white,
with yellow areas disclosing necrosis (Figs. 23.1 and 23.2).
The texture may be soft, friable, or firm depending on the
degree of necrosis. 

Doering et al. reported a 91% accuracy rate for 148
patients for determining the depth of myometrial invasion by
gross visual examination of the cut uterine surface (163). A
prospective study indicated that visual inspection of � or
�50% correlated with microscopic assessment in 85% cases
(158). However, the sensitivity of determining �50% was
lower at 72%. Invasion of the myometrium may be more

extensive microscopically than is evident visibly because of the
characteristic infiltrative growth pattern of the tumor. In a ret-
rospective study by Goff and Riche, the gross estimation by
pathologists of myometrial invasion in grades 2 and 3 tumors
was poor (164). With invasion, the uterine cavity usually
enlarges and the myometrium thickens, but a small uterus
may have myometrial penetration to the serosa.

Nodal Dissection—Routine

Many gynecologic oncologists have moved toward perform-
ing uniform comprehensive surgical staging for nearly all
patients with endometrial cancer (9). The rationale for uni-
form staging includes the lack of a patient population for
whom nodal disease is so low that nodes should be omitted,
the inaccuracy of preoperative or intraoperative assessments
predicting the risk for nodal disease, the potential for thera-
peutic benefit in node-positive and -negative patients, and the
lack of significant morbidity associated with the procedure.
Postoperative adjuvant decisions are best made with the most
complete information. If nodal assessment is the predominant
factor by which to categorize patients into risk groups, routine
nodal dissection is the best method by which to determine
which few patients will require adjuvant therapy. 

What constitutes an acceptable rate of nodal disease in
endometrial cancer to warrant the procedure is surgeon depen-
dent. In cervical cancer, routine pelvic lymphadenectomy is
advocated for all stage IA2 tumors where nodal positivity rates
are 3% to 5% (165). For clinical stage I ovarian cancer, para-
aortic dissection is recommended for all given the 6% risk of
para-aortic disease (166). In endometrial cancer, major compli-
cation rates associated with nodal dissection are 2% to 6%,
suggesting that this might be an appropriate level of risk to
balance against the risk of nodal metastases. Data from GOG 33
show that only patients with tumor limited to the endometrium
had a risk of pelvic nodal disease �3%, and this group accounted
for only 14% of the entire study population. 

Frozen section assessment has been the traditional tool to
facilitate decisions on selective nodal dissections. Several stud-
ies have demonstrated inaccuracies with frozen sections in the
interpretation of grade and depth of myometrial invasion
compared to final pathology (167–169). In one prospective
evaluation, frozen section determination of depth of invasion
correlated with final pathology in 67% of cases but resulted in
up-staging in 28% of cases (167). Patients with grade 1
endometrial cancer or AEH were up-staged in 61% of cases.
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FIGURE 23.1. An ulcerating and deeply invasive adenocarcinoma
that extends into the uterine cervix.

FIGURE 23.2. A polypoid adenocarcinoma of the endometrium that
fills much of the lumen and superficially invades the myometrium.
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The clinical significance of these errors has been debated
(148), but many believe that such unexpected up-staging justi-
fies routine staging even in seemingly low-risk patients
(167,168). Data also suggests that the strategy of routine
nodal dissection is more cost effective than either no staging
or selective staging based on frozen section results (170,171). 

The technique of nodal dissection has undergone evolution.
In an era where everyone was to receive radiation therapy,
there was little value for a complete evaluation of lymph nodes.
Removal of palpably enlarged nodes, “plucking” of visibly
noted nodes, and “sampling” have given way to a more thor-
ough assessment. Only 10% of patients with metastases to
lymph nodes will have grossly enlarged nodes and frequently,
even in these cases, direct palpation through the overlying peri-
toneum will fail to identify them (60). Today, adjuvant thera-
pies are based on the extent of disease, and often only reserved
for node-positive patients. Nodal assessments should suffi-
ciently examine sites at risk including external iliac, hypogas-
tric, and obturator nodes in the pelvis, common iliac nodes,
and para-aortic nodes. Moving from a sampling technique to a
more thorough lymphadenectomy is not associated with
increased complication rates (172). Nodal dissection should be
bilateral given the frequency of both left and right para-aortic
involvement (173,174). It is interesting to note that GOG 33
only specified right-sided para-aortic removal in the surgical
protocol. Likewise, the nodal dissection is more apt to be rep-
resentative when a larger number of nodes are removed.

The importance of para-aortic nodal spread in node-positive
endometrial cancer cannot be ignored (Table 23.8). Data from
GOG 33 showing that of all patients, isolated para-aortic
nodal metastases occurred in 2% is often taken out of context
(60). If the goal of nodal dissection is to identify the node-positive
patient population, para-aortic disease is seen in 40% to 66%
of patients with node-positive/stage IIIC endometrial cancer,
including isolated positive para-aortic nodes in 7% to 21% of
cases. If only pelvic nodes are removed, when they are positive,
para-aortic nodes will be positive in addition in nearly 30% to
40% of cases. It makes little sense to remove only pelvic or
only para-aortic nodes given this data. Data would also sug-
gest that when positive, outcomes are improved in patients
who have complete surgical resection of para-aortic nodes.
Chuang et al. reported on their experience with selective pelvic

and or para-aortic dissections and found that failure to system-
atically remove pelvic and para-aortic nodes resulted in an
increased frequency of recurrence in undissected retroperi-
toneal sites (175). Similarly, Mariani et al. showed that patients
at high risk for para-aortic nodal disease (based on invasion
�50%, palpable positive pelvic nodes, positive adnexa) who
did not have para-aortic dissection or who had biopsy only
and who were managed as though para-aortic nodes were pos-
itive had 5-year survival of 71% compared to 85% for those
patients with positive para-aortic nodes who did undergo com-
plete resection (172). Lymph node recurrences were detected in
37% of those not having para-aortic dissection compared to
none in patients with positive but resected para-aortic nodes,
suggesting a possible therapeutic effect of removing involved
para-aortic nodes. 

At the present time, the superior extent of para-aortic dis-
section should be at least to the level of the inferior mesenteric
artery. Some suggest that dissections should proceed to the
level of the renal vessels given the venous and lymphatic
drainage following the infundibulopelvic ligament. In one
series, 7 out of 11 patients had positive para-aortic nodes
identified above the inferior mesenteric artery (176). This
extended para-aortic dissection is feasible laparoscopically as
well (177). Prospective data describing the frequency of high
para-aortic/para-renal nodes are awaited.

No prospective data exist to adequately evaluate the claim
that lymphadenectomy in endometrial cancer is therapeutic.
The only prospective trial evaluating the role of lymphadenec-
tomy (ASTEC trial) required only a pelvic lymphadenectomy
and utilized a second randomization for pelvic radiation
(152). Unfortunately, the study specified pelvic radiation for
disease characteristics, which, following a negative nodal dis-
section, is typically avoided. Likewise, vaginal cuff radiation
was permitted as per institutional practice irrespective of the
assignment to pelvic radiation or not, making interpretations
of any results likely difficult. 

The retrospective data suggesting a therapeutic benefit sup-
ports but does not prove the hypothesis that lymphadenectomy is
therapeutic. These studies are largely from single institutions,
have short follow-up, suffer from selection biases, and do not
clearly account for stage migration. Despite these limitations, the
therapeutic value of lymphadenectomy is supported by several

Chapter 23: Corpus: Epithelial Tumors 695

RELATIONSHIP BETWEEN PELVIC AND PARA-AORTIC NODAL INVOLVEMENT IN PATIENTS 
WITH NODE-POSITIVE ENDOMETRIAL CANCER

TA B L E  2 3 . 8

Pelvic and Any involvement
Pelvic (�) para-aortic Para-aortic of para-aortic 

Study N Surgical technique only (%) (�) (%) only (%) nodes (%)

Creasman 70 Routine: sampling 51 31 17 48
1987(60)

Schorge 35 Selective: lymphadenectomy 74 17 9 26
1996(108)

Hirahatake 42 Routine: systematic 57 38 5 42
1997(176) lymphadenectomy

Onda 30 Routine: systematic 33 60 6.6 66
1997(154) lymphadenectomy

McMeekin 47 Routine: lymphadenectomy 38 41 21 62
2001(155)

Otsuka 23 Selective: systematic  66 33 10 43
2002(609) lymphadenectomy

Havrilesky 96 Selective: lymphadenectomy 52 30 18 48
2005(183)
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reports. Kilgore et al. were among the first to report a therapeu-
tic effect of nodal dissections in a series of 649 clinical stage
I–occult II patients who were classified based on the extent of
nodal dissection (178). Patients who underwent multiple site
pelvic nodal dissection (defined by nodal dissection of at least
four pelvic nodal sites) and had a mean of 11 nodes removed
had improved survival over those patients who did not have
nodes sampled. The survival advantage for multiple site dissec-
tion persisted even when patients were stratified into low-risk
(uterine-confined disease) and high-risk (extrauterine disease)
groups who received radiation. An explanation for this may
be  the removal of unrecognized micrometastasis, which goes
undetected by standard pathologic processing techniques.
Girardi et al. performed complete pelvic lymphadenectomies in
76 patients with endometrial cancer (mean 37 nodes removed)
and reported a 36% nodal positivity rate (179). Nodal tissue
was processed as step serial sections and 37% of positive nodes
were �2 mm in diameter, suggesting that nodal metastases may
be missed in a proportion of node-positive patients processed in
a less extensive manner. Others have shown improvement in
outcomes following a more complete nodal dissection in node-
negative populations. Cragan et al. evaluated 509 stage I-IIA
patients who underwent selective pelvic�/– para-aortic lymph-
adenectomy and found a survival advantage for patients with
grade 3 tumors who had �11 pelvic nodes removed, compared
to those with �11 nodes removed (hazard ratio 0.25) (180).
For patients with high-risk features (grade 3, �50% myome-
trial invasion, serous/clear cell tumors) 5-year survival was
82% when �11 nodes were removed versus 64% when �11
nodes were removed. Chan et al. reported on the effect of a
more complete nodal dissection in over 12,000 women with
endometrial cancer tracked in the SEER data system. In patients
with high-risk disease (IB/grade 3, IC, II-IV), 5-year survival
was proportional to the number of nodes removed, increasing
from 75% to 87% when 1 versus �20 nodes were removed
(181). In a multivariate analysis, a more extensive nodal assess-
ment was an independent predictor of survival. 

In patients with positive pelvic and/or para-aortic nodes,
complete resection followed by adjuvant therapy results in
superior outcomes. Mariani et al. showed that pelvic sidewall
failure at 5 years was 57% for patients who had inadequate
nodal dissection and/or no adjuvant radiation compared to
10% when patients had adequate (removal �10 nodes) lymph-
adenectomy and received radiation (182). Patients with bulky
residual nodes have poorer survival compared to those who
have the nodes successfully resected (183). The best outcomes
reported for node-positive patients follow complete nodal dis-
section. For example, in one series, of 30 stage IIIC patients
managed with systematic pelvic and para-aortic lymphadenec-
tomy (average number nodes removed, 66) followed by radia-
tion therapy and chemotherapy, 5-year survival was 100% for
patients with positive pelvic nodes and 75% for positive para-
aortic nodes (154).

The most cogent argument for routine staging is that fol-
lowing thorough nodal assessment, most patients with node-
negative disease can accurately be classified as low risk, and
may avoid pelvic radiation or receive vaginal cuff brachyther-
apy in lieu of pelvic radiation therapy. Three randomized trials
comparing radiation to observation have failed to demon-
strate a survival advantage for adjuvant pelvic radiation ther-
apy in patients with stage I-II disease, suggesting that in the
absence of nodal disease no therapy is a reasonable option
(143,149,184). Retrospective studies have shown how the
incorporation of a strategy using lymphadenectomy changes
the use of postoperative radiation (9,123,139,144,185,186).
In the absence of nodal disease, recurrence risk is low and
overall survival is high, with no radiation or with the substitu-
tion of vaginal cuff brachytherapy. 

Laparoscopic Management

Laparoscopic management of endometrial cancer has increas-
ingly been integrated into standard practice. Laparoscopic
techniques are utilized in the initial treatment of endometrial
cancer (LAVH, total laparoscopic hysterectomy [TLH]) to
stage patients with laparoscopic pelvic and para-aortic nodal
dissection, and to re-stage patients following incomplete surgi-
cal staging. The decade of the 1990s advanced the use of min-
imally invasive surgery and introduced the laparoscopic
techniques and tools required for comprehensive surgical stag-
ing of endometrial cancer. As the initial debate on laparo-
scopic vaginal hysterectomy focused on whether laparoscopic
techniques could be substituted for abdominal ones, in
endometrial cancer, debate has focused on whether laparo-
scopic surgical staging could be substituted for open proce-
dures. Initial case reports and small single institutional series
describing technique and demonstrating feasibility were
replaced by large series, small randomized trials, and subse-
quently a multi-institutional randomized controlled trial
(187–197).

Improvements in laparoscopic equipment facilitated the
development of LAVH. Building on that experience, and cou-
pled with the introduction of better optics for visualization,
laparoscopic resection of lymph nodes became possible.
Querleu et al. were the first to report pelvic lymphadenec-
tomy for cervical cancer in 1991 (198), followed by Nezhat 
et al. who reported in 1992 on the use of laparoscopic pelvic
and para-aortic lymphadenectomy with radical hysterectomy
in cervical cancer (199). When first utilized in endometrial
cancer, laparoscopic para-aortic node dissection only evalu-
ated right-sided nodes (187). Techniques have subsequently
been developed allowing for dissection to include the left
para-aortic nodes (177,200–202).

Arguments have been advanced for and against each of the
surgical approaches to endometrial cancer. Vaginal hysterec-
tomy was once a favored operation, but it did not allow for
routine removal of the ovaries in some patients, permit inspec-
tion of the peritoneal cavity or the retroperitoneum for
metastatic disease, or allow collection of peritoneal fluid for
cytology (203). Laparoscopic-assisted or total laparoscopic
approaches overcome these limitations, however. Compared
to open procedures, LAVH/TLH are thought to lead to
reduced incisional complications, wound infections, ileus,
hospital stay, cost, and improved rate of recovery and quality
of life (194,195). In patients requiring postoperative radia-
tion, laparoscopic surgical staging followed by radiation ther-
apy is suggested to result in fewer bowel adhesions and
radiation-induced bowel injuries (204). Criticisms of LAVH/
TLH with laparoscopic nodal dissection relate to the learning
curve required to learn new or unfamiliar procedures, the
increased length of operative times, and concerns about the
adequacy of the nodal dissection. Studies do suggest that with
increased experience, operative times decrease and nodal
counts increase (200,205). Laparoscopy also introduced dif-
ferent procedural-related complications (206–208). For exam-
ple, the technique has the potential to produce port-site
recurrences (209) or intraperitoneal dissemination (210) of
disease by laparoscopic gas and/or uterine manipulation,
although the frequency of these events is low. Results of long-
term survival in laparoscopically treated endometrial cancer
patients are still limited (190,193).

Childers et al. (187,188) described the initial experience of
LAVH in 59 patients with clinical stage I endometrial carcinoma.
Laparoscopic pelvic and right-sided aortic lymph node samplings
were performed in patients with grade 2 or 3 lesions, or with
grade 1 lesions and greater than 50% myometrial invasion on
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frozen section. For the group, the mean weight was 153 pounds,
and in two patients, laparoscopic lymphadenectomy was pre-
cluded by obesity. Six patients had the procedure converted to
open due to intraperitoneal disease, and two patients required
laparotomy to manage complications, including a transected
ureter and a cystotomy. The mean hospital stay was 2.9 days.
Since that time many retrospective series have appeared in the lit-
erature (242,303–307). Gemignani et al. compared the clinical
outcomes and hospital charges for 69 women with early-stage
endometrial cancer who underwent laparoscopically assisted
vaginal hysterectomy compared to 251 who underwent an
abdominal approach (194). Although the mean operating time
was longer for the laparoscopic group, the overall complication
rates, length of stay, and hospital charges were lower. With short
follow-up, there was no significant difference in disease recur-
rence between the two groups.

A small prospective, randomized trial comparing laparo-
scopic-assisted vaginal versus abdominal surgery in patients
with endometrial cancer was reported by Malur et al. (192).
They randomized 70 patients with endometrial cancer FIGO
stage I-III to laparoscopy-assisted simple or radical vaginal
hysterectomy or simple or radical abdominal hysterectomy
with or without lymph node resection. Thirty-seven patients
were treated in the laparoscopic versus 33 patients in the
laparotomy group. Lymph node resection was performed in
25 patients by laparoscopy and in 24 patients by laparotomy.
Blood loss and transfusion rates were significantly lower in
the laparoscopic group. The number of pelvic and para-aortic
lymph nodes, duration of surgery, and incidence of postopera-
tive complications were similar for both groups. No signifi-
cant differences in disease recurrence rate and long-term
survival were found between the laparoscopic and laparotomy
groups (97.3% vs. 93.3% and 83.9% vs. 90.9%, respec-
tively). There was no difference in duration of surgery
between the two groups. Malur et al. explain this by an exten-
sive exposure by laparoscopic surgery and laparoscopic lymph-
adenectomy in their team over the past 5 years, which helped
to save time (192). They also found a significantly shorter
duration of hospital stay in the laparoscopic group, which
also has been reported by others (189,190,211). The conclu-
sion of Malur et al. was that laparoscopic staging combined
with laparoscopically assisted vaginal hysterectomy can be
recommended for the treatment of women with endometrial
cancer, offering a less invasive approach that is associated
with less intraoperative and postoperative morbidity (192).

The largest and most comprehensive data set to date comes
from the large prospective, randomized trial conducted by the
GOG (Lap II trial) (196,197). The study was designed to com-
pare laparoscopic hysterectomy with comprehensive surgical
staging to the traditional laparotomy technique (using a 2:1
randomization favoring the laparoscopic arm) to determine
the complete staging rates, safety, short-term surgical out-
comes, and long-term cancer recurrence and survival. The
study enrolled 920 patients to the open arm, and 1,696 to
laparoscopy. The rate of conversion from laparoscopy to open
procedure was 26%, and was most frequently related to poor
visibility (15%), extrauterine cancer spread (4%), and bleed-
ing (3%). The conversion rate increased with increasing
patient obesity, with the laparoscopic success rate being 90%
with a body mass index (BMI) �20, 65% with BMI � 35, and
34% with BMI � 50. Median number of removed nodes was
similar between each technique as were the frequencies of
patients found to have positive lymph nodes. Complication
rates (combined rates of vascular, urinary, bowel, nerve, or
other complications) for those who had an open procedure
were 7.6%, compared to 9.5% of patients randomized to
laparoscopy. Of the 1,242 patients randomized to laparoscopy
who had the procedure successfully completed laparoscopically,

the complication rate was 4.9%. Comparing patients who
underwent open surgery versus successful completion of
laparoscopy, operative time was longer (median 70 minutes),
but hospital time was shorter (2 vs. 4 days) with laparoscopy.
Postoperative arrhythmia, pneumonia, ileus, antibiotic use,
and any complication � grade 2 were lower in the laparo-
scopic group. Long-term recurrence and survival data are
maturing. The authors concluded that laparoscopic surgical
staging is an acceptable and possibly a better option, particu-
larly when the surgery can be successfully completed laparo-
scopically.

Age and obesity have been suggested as relative contraindi-
cations to laparoscopic surgery. In the GOG Lap II trial, the
median age was 63 years. Scribner et al. evaluated the surgical
experience of uterine cancer patients age �65 years who
underwent LAVH with pelvic and para-aortic lymphadenec-
tomy (N � 67) or abdominal hysterectomy with pelvic and
para-aortic lymphadenectomy (N � 45) (212). Laparoscopic
staging could be completed in 78% of patients. In the laparo-
scopic group, the BMI was 29.5 kg/m2 (range 15.9 to 54.7),
and 33% had a history of prior laparotomy. For the 22% of
patients who required a conversion to laparotomy, obesity
(10%), bleeding (6%), and intraperitoneal disease (5%) were
the most frequent reasons. Similar nodal counts (29
laparoscopy, 29 open) were noted, the operative time was
longer (236 minutes vs. 148 minutes), and hospital stay was
shorter (median 3 vs. 5.6 days) with laparoscopy. The authors
concluded that with the anticipated growth of an aging
patient population, laparoscopic management is a viable
option. 

Obese patients have also been suggested to be poor laparo-
scopic candidates due to difficulties in establishing pneu-
moperitoneum, poorer visualization, inability to tolerate steep
Trendelenburg positioning needed to facilitate the surgery, and
difficulties with ventilation. In the report by Childers et al.
mean patient weight was only 153 pounds (187,188). It is
important to recognize that regardless of surgical approach,
complete surgical staging is more difficult in an obese patient.
Scriber et al. compared 55 obese patients (median weight 96.6
kg, median BMI 40) who underwent LAVH with pelvic and
para-aortic lymphadenectomy to 45 patients (median weight
101 kg, median BMI 39) who had abdominal hysterectomy
with pelvic and para-aortic lymphadenectomy (213).
Successful completion of laparoscopy was possible in 64%,
with patients with a BMI �35 kg/m2 having an 82% success
rate compared to 44% when the BMI was �35 kg/m2.
Eltabbakh et al. evaluated 40 women with BMI between 28
and 60 who were treated with LAVH and compared them to
40 similar women treated by abdominal approach (214).
Laparoscopic conversion was only required in 8% of patients.
Laparoscopic surgery was associated with a longer operative
time (195 minutes vs. 138 minutes), but more pelvic nodes
(mean 11 vs. 5), less pain medicine requirement, and shorter
hospital stay (2.5 vs. 5.6 days) were recorded. Total laparo-
scopic hysterectomy has also been shown to be feasible in
heavier patients (215). In the prospective GOG series, there
was �80% success rate with patients with a BMI of 27 or less,
but even at a BMI of 35, 65% could have successful laparo-
scopic surgery (196).

Whether an LAVH/TLH procedure is comparable to an
open approach must be judged by the ability to accurately dissect
appropriate nodal basins, to remove an adequate/representative
number of lymph nodes, to identify metastatic disease, and by
the rates of recurrence. The technique used to remove the
uterus/ovaries is not the source of controversy. Comprehensive
surgical staging allows for appropriate risk stratification to
make appropriate treatment recommendations. Multiple reports
demonstrated similar node counts for open and laparoscopic
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technique in the surgical staging of endometrial cancer (189,194).
Possover et al., reporting on 150 patients undergoing pelvic
and para-aortic lymphadenectomy, demonstrated the adequacy
of lymph node counts utilizing the laparoscopic procedure
(216). The average pelvic lymph node count was 26 per patient
and ranged between 10 and 56. Spirtos et al. documented 40
women who his group attempted to stage surgically, limiting
the size to a BMI of 30 (200). Thirty-five completed the proce-
dure and two of those failed to have left para-aortic nodes
sampled, resulting in an 82.5% success rate. The node count
was 12 to 42 with 27.7 being the average nodes per patient,
and 20.8 pelvic nodes (11 right, 9.8 left). There was an aver-
age of 7.9 aortic nodes (3.8 right, and 4.1 left). In the GOG
Lap II trial, median numbers of nodes from pelvic and para-
aortic basins, and frequencies of positive nodes were compara-
ble in the surgical arms (196,197). Despite the potential benefits
of laparoscopic surgery, if laparoscopic nodal dissection cannot
be performed, conversion to laparotomy is advised when
incomplete staging results would yield inadequate information
for treatment planning.

The laparoscopic surgery must be performed with an
acceptable complication rate to be considered a viable option.
In one series reporting on complication rates with an institu-
tion’s first 100 pelvic and para-aortic nodal dissections, con-
version to manage complications was required in five to
control bleeding, and one to repair a ureteral injury (217). In
another group’s experience with 150 patients, seven major
vascular injuries were reported, but only four patients
required laparotomy (216). Querleu et al. reported on intra-
operative and postoperative complications of laparoscopic
node dissection from 1,192 pelvic and para-aortic nodal dis-
sections (218). Only 13 open procedures were required to
complete the nodal dissections, and a laparotomy was
required in seven cases to manage complications. Eleven intra-
operative vascular injuries were noted, but none required
laparotomy to manage. In the GOG Lap II study, intraopera-
tive complications were comparable (7.6% open, 9.5% ran-
domized to laparoscopy, 4.9% successful completion of
laparoscopy). Postoperative complications and short-term
quality of life improvements favored laparoscopy. 

Restaging

One of the more useful roles of laparoscopic surgery is in re-
staging patients who underwent hysterectomy only. Patients
who undergo hysterectomy without nodal dissection and
who have pathologic risk factors for potential nodal spread
face a difficult dilemma. Patients may elect to receive radia-
tion or chemotherapy (presume nodes are positive), elect
observation (presume nodes are negative), or undergo a sec-
ond operation. A second laparotomy can be difficult to
accept. Laparoscopic staging offers the patient a less invasive
option to collect information. Childers et al. reported the ini-
tial experience with restaging in 13 patients, finding disease
in 3 patients (219). 

Laparoscopic Recommendations

Laparoscopic surgery has demonstrated an important role in
the management of endometrial cancer. Just as with an abdom-
inal procedure, hysterectomy with pelvic and para-aortic nodal
assessment is standard. Additional training and experience are
required for successful completion of the procedure, just as
they are with open procedures. The demonstration of compa-
rable surgical endpoints (similar numbers of nodes removed,
similar frequency of positive nodes) along with shortened hos-
pital stay and quicker recovery compared to open procedures

suggest that appropriate patients should be counseled regard-
ing this option. Challenges remain on how to increase the
laparoscopic training of gynecologic oncologists in practice
and fellows in training programs. Long-term follow-up
demonstrating recurrence rates and survival are also required. 

Surgical Management of Intraperitoneal
Disease

The management of patients with stage IV disease depends on
the ability to resect disease. In patients with distant metasta-
sis, there may be a limited role for surgery such as to provide
control of vaginal bleeding. In patients with intraperitoneal dis-
ease, options include resecting easily removable disease (uterus,
adnexa, omentum) versus a more extensive cytoreductive effort.
The value of extensive cytoreductive surgery in endometrial
cancer has not been as well studied as it has in ovarian cancer.
Historically, limitations in postoperative therapies (lack of
enthusiasm for whole abdominal radiation, marginally effective
chemotherapy regimens, reliance on hormonal therapy) per-
haps reduced interest. Several retrospective reports suggest that
survival correlates with volume of residual disease (220–222).
Chi et al. showed that median survival was 31 months follow-
ing cytoreduction to �2 cm residual disease compared to 12
months when debulked, but residuals were �2 cm. Bristow
et al. demonstrated that optimal cytoreduction (�1 cm) could
be obtained in 55% of stage IV patients, and required omentec-
tomy (93%), peritoneal stripping (65%), and bowel resection
(29%) to do it (221,222). In patients with serous histology, sim-
ilar survival improvements were seen with optimal debulking of
intraperitoneal disease (223). 

Surgical Recommendations

The contemporary management of endometrial cancer has
significantly changed. We believe the benefits of routine
nodal dissections should be extended to all patients who are
appropriate candidates for surgery. Patients who a priori are
deemed not to be candidates for staging should be considered
for vaginal or laparoscopic-assisted vaginal hysterectomies.
We seldom perform simple abdominal hysterectomy without
nodal dissection for this disease. Surgical therapy for
endometrial cancer removes the disease and defines popula-
tions at risk for recurrence and death. Surgical staging, or the
lack of it, defines patient groups into surgically staged node
positive or negative, or unstaged. Comprehensive staging
most accurately assigns stage and associated prognosis.
Staging also allows for a more tailored approach to the use of
adjuvant therapies. Laparoscopic techniques have been
shown to result in comparable surgery to open procedures.
Whether nodal dissections are therapeutic remains controver-
sial, but retrospective data suggest that this potential may
exist and should be explored in well-designed studies. For
patients with resectable intraperitoneal disease, cytoreductive
surgery can result in optimal volumes of residual disease, and
perhaps improved outcomes. 

PATHOLOGY

Hyperplasia

The current classification of endometrial hyperplasia accepted
by both the International Society of Gynecologic Pathologists
(ISGP) and the World Health Organization (WHO) is based
on the schema of Kurman and Norris (224), which divides
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hyperplasia on the basis of architectural features into simple
or complex and on the basis of cytologic features into typical
or atypical (Table 23.9). The resulting classification has four
categories as follows: simple hyperplasia (SH), complex
hyperplasia (CH), simple atypical hyperplasia (SAH), and
complex atypical hyperplasia (CAH). Simple hyperplasia is
defined as an increase in the number of endometrial glands,
which may be dilated with little crowding or have an irregular
outline and exhibit crowding. Complex hyperplasia is charac-
terized by glands with irregular outlines, marked structural
complexity, and back-to-back crowding. The designation
atypical hyperplasia is used to denote a proliferation of glands
exhibiting cytologic atypia, recognized as nuclear enlarge-
ment, the presence of nucleoli, or a change from an elongated
to a more ovoid or round nucleus. The chromatin may be
either evenly or irregularly dispersed. The justification for this
classification system rests on three retrospective studies that
demonstrate a higher rate of progression of CAH to adenocar-
cinoma (224–226). It is sometimes difficult to apply this sys-
tem, which requires one to make a distinction between
cytologically atypical nuclei and those without atypical nuclei
since a spectrum of nuclear variability actually exists. As
noted by Kendall et al. (227), the definitions of architectural
complexity and nuclear atypia potentially rest on a multitude
of criteria, and some but not all criteria may be fully devel-
oped in any given case.

Several reports have addressed the reproducibility of diag-
noses of hyperplasia (227–229). Intraobserver reproducibility
was generally found to be moderate to good, whereas interob-
server reproducibility was poor to moderate for various diag-
nostic categories. These studies probably overestimate the
interobserver reproducibility since they used expert gyneco-
logic pathologists and specified the classification to be used. In
a prospective study by the GOG, neither community-based
nor expert panel diagnosis of atypical hyperplasia was highly
accurate (73). The current classification of hyperplasia relies
on a combination of multiple architectural and cytologic crite-
ria. It is hardly surprising that interobserver reproducibility is
relatively low when multiple criteria are used to classify a
lesion since each pathologist must assign a relative value or
weight to each potentially conflicting criterion. Other factors
contributing to low reproducibility include (a) the fragmen-
tary nature of curettings, (b) the presence of borderline
lesions, (c) uncertainty about the significance of focal hyper-
plasia, (d) the inadequacy of published descriptions and
understanding of terms used to define architectural or cyto-
logic atypia, and (e) the difficulty associated with the transla-
tion of verbal descriptions into light microscopic interobserver
reproducibility for images.

The gross manifestations of endometrial hyperplasia are
highly varied. The endometrium is often of diffusely
increased thickness (5 to 10 mm or greater), vaguely nodular,
tan, and soft without hemorrhage or necrosis. However,
hyperplasia may be focal or multifocal in a background of
polyps or cycling endometrium, or even occasionally may be

associated with a diffusely thin endometrial lining. Part of the
variability may reflect a reduction in the endometrial thick-
ness due to prior endometrial sampling. Coexistent adenocar-
cinoma is present in 1% to 40% of hysterectomies performed
to treat hyperplasia, with the latter number reflecting the fre-
quent co-occurrence of carcinoma with atypical complex
hyperplasia.

Endometrial Intraepithelial Neoplasia

Based on a combination of morphologic, molecular, and mor-
phometric information, Mutter et al. have proposed an alter-
native classification scheme to replace the current WHO
hyperplasia terminology (230–233). They have presented data
that endometrial intraepithelial neoplasia (EIN) is the
histopathologic presentation of a monoclonal endometrial
preinvasive glandular proliferation that is the immediate
pathologic precursor of endometrioid endometrial adenocar-
cinoma. Monoclonality and forward carryover of EIN muta-
tions into subsequent carcinoma were the original molecular
standards used for EIN diagnosis. Computer-assisted morpho-
metric analysis of more than 20 features was carried out ini-
tially and the three features seen in molecularly defined
precancers enabled an objective delineation of histologic diag-
nostic criteria (the D-score). The principal components assessed
included a reduction in the volume of stroma, an increased
variability in nuclear shape gland contour. Several of these fea-
tures have been translated to characteristics that can be
assessed subjectively by the surgical pathologist (Fig. 23.3).
These features include the following: (a) the area of the glands

Chapter 23: Corpus: Epithelial Tumors 699

CLASSIFICATION OF ENDOMETRIAL HYPERPLASIA

TA B L E  2 3 . 9

Types of hyperplasia Progressing to cancer (%)

Simple (cystic without atypia) 1
Complex (adenomatous without atypia) 3
Atypical

Simple (cystic with atypia) 8
Complex (adenomatous with atypia) 29

FIGURE 23.3. A lesion that could be classified in two different sys-
tems as either endometrial intraepithelial carcinoma (EIN) or complex
atypical hyperplasia based on gland crowding and cytologic atypia.
Note the presence of a residual inactive endometrial gland that may be
used as a reference for estimating cytologic atypia.
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exceeds that of stroma; (b) nuclear and cytoplasmic features
of the affected glandular cells differ from those of the back-
ground glands, and may include loss of nuclear polarity or
increased nuclear pleomorphism; in the absence of any back-
ground glands, a highly abnormal cytology is sufficient; (c) the
maximum diameter exceeds 1 mm; (d) benign conditions
including disordered proliferation, polyps, and repair are
excluded; and (e) the cribriform or maze-like pattern of carci-
noma is excluded. There is a high degree of concordance
between EIN diagnoses rendered by computer and those made
subjectively by pathologists, and either has superior cancer
predictive value when compared to the 14-fold increased can-
cer risk conferred by the presence of atypia compared to lack
thereof in the WHO hyperplasia schema. Clinical outcome
studies have shown that almost 40% of women with an EIN
diagnosis will be diagnosed with endometrial carcinoma
within 1 year and, and for those who do not develop cancer
within 12 months, a 45-fold increased risk of future endome-
trial cancer exists. Correspondingly, absence of an EIN lesion
in an initial representative biopsy, including those with only
benign hyperplasia, confers very high (99%) negative predic-
tive value for concomitant or future adenocarcinoma. 

While EIN shares many features with atypical complex
hyperplasia, the two entities are not entirely overlapping. The
concept of EIN is appealing since there appears to be a strong
biologic basis, with EIN representing a clonal process, while
disordered proliferation and hyperplasia remain as diffuse
endometrial physiologic responses to an abnormal stimulus
(unopposed estrogen stimulation).

Simple Hyperplasia

In simple hyperplasia, the endometrium is thicker than usual,
with dilated glands that have outpouchings and invaginations,
producing an irregular outline to the enlarged glands. The
glands are crowded, the stroma is more densely cellular than
usual, and some foam cells may exist within the stroma.
Follow-up of patients with this condition reveals little or no
progression to carcinoma.

Complex Hyperplasia

The endometrium is increased in thickness by back-to-back
glands in cases of complex hyperplasia. Most glands have
irregular outlines. There are papillary processes and intralumi-
nal bridges. The two main features differentiating this from
simple hyperplasia are the back-to-back glands and the intra-
luminal papillae. Epithelial pseudostratification is a frequent
finding, producing an appearance of two to four cell layers.
Mitotic activity is highly variable, but may range to up to ten
mitotic figures per ten high-power fields.

Atypical Hyperplasia

Atypical hyperplasia is characterized by cytologic atypia of the
glands. The gland outlines may reflect simple or complex
hyperplasia, although it is usually complex. The cells lining
the glands are enlarged, show nuclear hyperchromatism and
nuclear enlargement, and have an increased nucleus-cytoplasm
ratio. Nuclei are irregular in size and shape and have a thick-
ened nuclear membrane, prominent nucleoli, and a coarse
chromatin texture. The nuclei may appear clear with scattered,
coarse chromatin clumps.

Progression From Hyperplasia to Cancer

The natural history of endometrial hyperplasia is difficult to
define for a variety of reasons, four of which follow: (a) patho-
logic criteria—criteria and terminology for the various forms
of hyperplasia have changed repeatedly; (b) initial sampling—
the method of initial diagnosis is often curettage, which
removes part or all of the lesion to be studied; (c) coexisting
lesions—other lesions such as adenocarcinoma may coexist at
the time of diagnosis without our knowledge, since the curet-
tage or biopsy samples only a minority of the endometrium;
and (d) subsequent intervention—hormonal or surgical inter-
vention usually interrupts observations of the natural history
of the hyperplasia. Nevertheless, there are reasonably good
data to support the following assertions: (a) endometrial
hyperplasia is commonly a consequence of unopposed pro-
longed estrogen stimulation; (b) some hyperplasias may
regress if the estrogenic stimulus is removed or in response to
progestational or antiestrogenic treatment; (c) some hyper-
plasias coexist with, or progress to, invasive adenocarcinoma;
and (d) the probability of progression to adenocarcinoma is
related to the degree of architectural or cytologic atypia.
Progression from hyperplasia to carcinoma occurs in only 1%
of patients with simple hyperplasia and in 3% of patients with
complex hyperplasia (72). Progression from atypical hyper-
plasia is much higher; 8% of patients with simple atypical
hyperplasia and 29% of those with complex atypical hyper-
plasia develop carcinoma (Table 23.9) (72,224). Glandular
complexity superimposed on atypia probably places the
patient at greater risk than does cytologic atypia alone, but the
point is unsettled.

Pathologic Diagnosis

The ISGP and the WHO last revised the classification of uter-
ine tumors in 1992 (234), and the portion pertaining to carci-
nomas of the endometrium is presented in Table 23.10. This
relatively simple classification scheme accommodates the vast
majority of endometrial carcinomas and distinguishes among
neoplasms of significantly different prognosis. Mixed carcino-
mas with two distinctive cell types are relatively common, and
are defined as those carcinomas in which the secondary com-
ponent constitutes at least 10% of the neoplasm.

In most endometrial samples, the distinction of adenocarci-
noma from hyperplasia is straightforward. However, a small
fraction of problematic cases with complex proliferations
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Endometrioid adenocarcinoma
Papillary villoglandular
Secretory
Ciliated cell
Adenocarcinoma with squamous differentiation

Mucinous carcinoma
Serous carcinoma
Clear cell carcinoma
Squamous carcinoma
Undifferentiated carcinoma
Mixed types
Miscellaneous carcinomas
Metastatic carcinoma
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truly tax the abilities of experts as well as novices to classify
them correctly. The diagnosis of a well-differentiated adenocar-
cinoma is made in the presence of any of the following criteria:
(a) irregular infiltration of glands in an altered fibroblastic
stroma, (b) a confluent glandular pattern that results in either
a cribriform arrangement or confluent interconnected glands,
or (c) extensive papillary growth of epithelium and stroma
into glandular lumina (224).

Histologic Grade

The differentiation of a carcinoma is expressed as its grade.
Grade 1 lesions are well differentiated and are generally asso-
ciated with a good prognosis. Grade 2 tumors (Fig. 23.4) are
moderately well differentiated and have an intermediate prog-
nosis, and grade 3 reflects poorly differentiated lesions, which
frequently have a poor prognosis. Both architectural criteria
and nuclear grade are used in the FIGO and ISGP-WHO com-
mittee (235) classification of tumors and are easily applied to
most cell types (Table 23.10). The architectural grade is deter-
mined as follows: grade 1—an adenocarcinoma in which less
than 5% of the tumor growth is in solid sheets; grade 2—an
adenocarcinoma in which 6% to 50% of the neoplasm is
arranged in solid sheets of neoplastic cells; grade 3—an ade-
nocarcinoma in which greater than 50% of the neoplastic cells
are in solid masses. Regions of squamous differentiation are
excluded from this assessment. The FIGO rules for grading
state that notable nuclear atypia, inappropriate for architec-
tural grade, raises the grade of a grade 1 or grade 2 tumor by
one. However, FIGO did not define notable nuclear atypia.
Justification and clarification for this modification based on
extreme nuclear pleomorphism were provided in a recent
GOG study. For 715 women with nonserous endometrial car-
cinomas, three nuclear grades were defined as follows: grade
1—round to oval nuclei with even distribution of chromatin
and inconspicuous nucleoli; grade 2—irregular, oval nuclei
with chromatin clumping and moderate-size nucleoli; and
grade 3—large, pleomorphic nuclei with coarse chromatin
and large, irregular nucleoli. Patients with tumors of architec-
tural grade 1 or 2, but with a majority of cells having nuclei of
grade 3, had a significantly worse behavior, justifying an up-
grading by one grade (236).

Taylor et al. (237) proposed a two-tiered system for grading
endometrial carcinoma based on a study of 85 patients with
stage I and II endometrial cancer. They divided tumors at 10%
intervals based on the percentage of solid tumor growth, and
found that tumor recurrences were confined to the subset with
greater than 20% solid tumor. They also found that this binary
division yielded a higher degree of interobserver agreement
than three architectural grades. Lax et al. (238) have presented
preliminary data on a binary architectural grading system
based on the presence of greater than 50% solid growth, a dif-
fusely infiltrative growth pattern, and tumor cell necrosis.
These methods will need to be replicated in a larger patient
population before an assessment of their prognostic utility can
be made. Some cell types (i.e., serous, clear cell, ciliated, and
undifferentiated) are not easily architecturally graded because
their growth patterns are architecturally limited. In these, the
nuclear grading is more universally applicable (239).

Cell Types

Endometrioid Adenocarcinoma. Endometrioid adenocarci-
noma is the most common form of carcinoma of the
endometrium, comprising 75% to 80% of the cases (60,240).
It varies from well differentiated to undifferentiated.
Characteristically, the glands of endometrioid adenocarci-
noma are formed of tall columnar cells that share a common
apical border, resulting in a smoothly delineated, round or
oval luminal contour. With decreasing differentiation, there is
a preponderance of solid growth rather than gland formation,
and the cells lining glandular lumina become more numerous
but not necessarily clearly stratified. Stromal invasion mani-
fested by a desmoplastic host response or vascular invasion is
often not evident in the biopsy or curettage specimen.

Villoglandular Carcinoma. There has been considerable
confusion about the definition and significance of papillary
carcinoma of the endometrium. A variety of cell types of
endometrial adenocarcinoma with differing biologic behavior,
including serous, clear cell, mucinous, and villoglandular car-
cinoma, may grow in a papillary fashion. Thus, the adjective
papillary does not represent a cell type but rather an architec-
tural pattern (240,241).

Villoglandular carcinoma is a relatively common subtype
of endometrioid adenocarcinoma characterized by neoplastic
columnar cells covering delicate fibrovascular cores. The api-
cal cytoplasmic borders are straight, the nuclei are usually low
grade, and the tumor cells architecturally resemble those of
other endometrioid adenocarcinomas, with which they are
often admixed. In the largest study to date, villoglandular car-
cinomas were better differentiated than endometrioid carcino-
mas, but the age at diagnosis, depth of myometrial invasion,
nodal spread, and survival were similar to those of endometri-
oid carcinomas, justifying their classification as a subtype of
endometrioid adenocarcinoma (242).

Secretory Carcinoma. Secretory carcinoma is a variant of
endometrial carcinoma, but it is unusual and represents no
more than 2% of the cases (243,244). It is identified by its
well-differentiated glandular pattern, consisting of columnar
epithelial cells containing intracytoplasmic vacuoles similar to
secretory endometrium. It is usually grade 1 architecturally
and by nuclear features. There is minimal cellular atypia,
stratification, and pleomorphism. The intracellular secretions
are not mucin but glycogen. The cellular features of secretory
carcinoma differentiate it from clear cell carcinoma, which is
more papillary with more pleomorphic nuclei. By its lack of
mucin, secretory carcinoma may be differentiated from muci-
nous carcinoma. Recognition of secretory carcinoma is impor-
tant because it has a less virulent clinical course (244,245),
although the clinical profile of patients is similar to that of
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FIGURE 23.4. Endometrioid adenocarcinoma, grade 2. The glandu-
lar component is a caricature of proliferative phase glands, with strat-
ification and a shared luminal border to the neoplastic cells. In grade 2
carcinomas, regions of solid neoplastic growth occupy between 5%
and 50% of the surface area of the carcinoma.
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patients with adenocarcinoma. Confused identification may
occur in patients who have been given progestogens before tis-
sue sampling in what would have otherwise been an atypical
hyperplasia or a well-differentiated endometrioid carcinoma.
Atypical hyperplasia and endometrioid carcinoma may retain
responsiveness to progestins and develop a secretory appear-
ance. A good clinical history should be provided for the
pathologist to avoid this confusion.

Ciliated Carcinoma. Ciliated carcinoma is rare. Grossly, it
does not differ from ordinary endometrial carcinoma. Ciliated
cells are more commonly identified in endometrial hyperplasia
and in benign metaplasia (tubal metaplasia), but they may
occur in endometrial carcinomas. Associated with prior
exogenous estrogen use, this cell type is reported to have a
good prognosis (246).

Adenocarcinoma With Squamous Differentiation. Foci of
squamous differentiation are found in about 25% of endome-
trial adenocarcinomas (Fig. 23.5). Historically, the tumors were
sometimes separated into adenoacanthoma or adenosquamous
carcinoma based on whether the squamous component appeared
histologically benign or malignant (247–251). However, in
about 30% of cases, the squamous component is not clearly
benign or malignant. In a GOG study of early-stage disease, it
was noted that these tumors with squamous regions behave in
a fashion similar to endometrioid carcinomas without squamous
differentiation (252). The squamous areas usually mirror the
degree of differentiation, which, coupled with assessment of
histologic grade and other conventional prognostic factors, is
thus more useful for prognostication and determination of
adjuvant therapy than the historic terms adenoacanthoma and
adenosquamous carcinoma, which are confusing and should
be abandoned.

Mucinous Carcinoma. Mucinous adenocarcinoma is rare
in the endometrium in contrast to its high frequency in the
endocervix. It has been reported to represent between 1% and
9% of endometrial adenocarcinomas (253–255), but the for-
mer figure is probably more accurate. If present as the major
cellular component of an endometrial carcinoma, this tumor
resembles mucinous carcinoma seen in the ovary and endo-
cervix. Two patterns occur: In one, the cells are columnar with
basally oriented nuclei; in the other, the cells are more pseudo-
stratified, as in an adenocarcinoma of the colon or mucinous

carcinoma of the ovary (Fig. 23.6). The characteristic cellular
pattern should represent over 50% of the entire tumor.
Typically, there are papillary processes and cystically dilated
glands lined by columnar or pseudostratified columnar epithe-
lium. The cytoplasm is positive for carcinoembryonic antigen
(CEA), mucicarmine, and periodic acid-Schiff stain (PAS), but
it is diastase resistant (255). This tumor differs from clear cell
carcinoma and secretory endometrium by having more mucin
and less glycogen. Ordinarily, atypia and mitotic figures are
not prominent features. The glandular architecture is usually
well maintained, and most are well differentiated (253). To
establish the origin in the endometrium, exclusion of a pri-
mary endocervical tumor is required. If the endocervical sam-
ple demonstrates the same neoplasm, the site of origin must be
carefully established because this cell type is common in the
endocervix (256). Neither the pattern nor the type of mucin
staining nor the presence of CEA can reliably distinguish
mucinous adenocarcinoma of the endometrium from its more
common counterpart in the endocervix (257,258). Mucinous
carcinoma of the endometrium has the same prognosis as
common endometrial carcinoma (254).

Serous Carcinoma. Serous carcinoma of the endometrium
closely resembles serous carcinoma of the ovary and fallopian
tube because its papillary growth and cellular features are sim-
ilar (Figs. 23.7 and 23.8). It is usually found in an advanced
stage in older women (259). Fibrous papillary fronds are lined
by epithelial cells, which are almost devoid of cytoplasm, but
which manifest stratification, atypism, pleomorphism, mitotic
figures, and bizarre forms. These fronds often detach or
demonstrate a terminal growth of tiny papillary excrescences
and individual cells, which detach easily. A second pattern of
irregular gaping glands lined by cuboidal cells with scalloped,
apical borders may be present, particularly in the deeper
aspect of the tumor. Lymphatic invasion is commonplace in
the myometrium. Distinction from clear cell carcinoma may
be difficult but can usually be accomplished on the basis of a
greater degree of papillary processes, greater nuclear atypia,
and less cytoplasm in papillary serous carcinoma. Psammoma
bodies are frequently observed in serous carcinoma, but solid
growth is more common in clear cell carcinoma.

Serous carcinoma represents approximately 10% of endome-
trial carcinomas, which is fortunate because it is an aggressive
tumor. The tumors often deeply invade the myometrium, and
unlike typical endometrioid adenocarcinoma, there is a propensity
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FIGURE 23.5. Endometrioid adenocarcinoma with squamous differ-
entiation. The squamous component may form keratin pearls, but
more often simply is characterized by acquisition of more abundant,
deeply eosinophilic cytoplasm and distinct cell borders. The squa-
mous component may appear histologically benign or malignant.

FIGURE 23.6. Mucinous adenocarcinoma. The apical cytoplasm
cells as well as the lumens of glands are filled with a pale basophilic
mucoid product.
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for peritoneal spread. Unfortunately, advanced-stage disease or
recurrence is common even when serous carcinomas are appar-
ently only minimally invasive or even confined to the
endometrium in polyps (161,260,261). Since the metastatic dis-
ease is often identified only microscopically, about 60% of
patients are up-staged following complete surgical staging
(161,259,262). A report by Wheeler et al. (263) stressed the prog-
nostic importance of meticulous surgicopathologic staging. They
and others found that serous carcinoma truly confined to the
uterus had an overall excellent prognosis, whereas patients with
extrauterine disease, even if only microscopic in size, almost
always suffered recurrence and death from tumor (264,265).

Endometrial intraepithelial carcinoma (EIC) has recently
been recognized as a histologically distinctive lesion that 
is specifically associated with serous carcinoma of the
endometrium (Fig. 23.9) (266–270). Serous carcinomas most
often arise from a background of atrophy or polyps rather
than hyperplasia (266,267,269), and they are not epidemio-
logically related to unopposed estrogen stimulation. EIC has
been proposed to represent a form of intraepithelial tumor
characteristic of serous carcinoma, and it is the likely precur-
sor to invasive serous carcinoma. EIC is usually found in the

endometrium harboring a serous carcinoma (267), but occa-
sionally occurs in the absence of any invasive carcinoma. In
such cases, it may be associated with synchronous serous car-
cinoma in the peritoneum (268).

Clear Cell Carcinoma. Clear cell adenocarcinoma of the
endometrium is generally recognized and defined on the basis
of the distinctive clearing of the cytoplasm of neoplastic cells
growing in any combination of solid, glandular, tubulocystic,
or papillary configurations. About 4% of endometrial adeno-
carcinomas are of clear cell type (271–278). In contrast with
the diethylstilbestrol (DES)-related clear cell carcinomas of the
vagina and cervix, clear cell carcinoma of the endometrium is
almost exclusively a disease of menopausal women. The mean
age at diagnosis is about 68 years, which is similar to that of
serous adenocarcinoma and about 6 years older than that of
typical endometrial adenocarcinoma (271,274,278). It is a
biologically aggressive neoplasm, with a 5-year survival rate
varying from only about 20% to 65% (5,271,274,276,278).

The hallmark of clear cell carcinoma is the presence of neo-
plastic cells with optically clear cytoplasm, reflecting an abun-
dance of glycogen. Four basic architectural patterns of clear
cell adenocarcinoma exist, including solid, glandular, tubulo-
cystic, and papillary, but most cases display an admixture of
patterns. The solid pattern consists of masses of large neoplas-
tic cells of polygonal shape with clear to faintly eosinophilic
cytoplasm and distinct cell membranes. The glandular pattern
is reminiscent of the tubular glands of endometrioid adenocar-
cinoma, whereas the tubulocystic pattern is formed of dilated
spherical-appearing glands. The papillary pattern is architec-
turally identical to that of serous carcinoma, with generally
short, branching fibrovascular cores, often hyalinized, covered
by neoplastic cells. The latter three patterns often have lining
cells with a hobnail appearance, resulting from the scalloped
apex of individual neoplastic cells that project along the sur-
face (Fig. 23.10).

Squamous Carcinoma. Although focal squamous differen-
tiation is common in endometrial adenocarcinoma, pure squa-
mous carcinoma of the endometrium is extremely rare,
representing less than 1% of endometrial carcinoma, and with
only about 60 reported cases (279–283). Most patients are
postmenopausal, and the average age at diagnosis is about 65
years (279,281). Squamous carcinoma of the endometrium is
established as primary in the endometrium after a cervical ori-
gin is ruled out. There must be no connection with or spread
from benign or malignant cervical squamous epithelium. It is
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FIGURE 23.7. Serous carcinoma often arises in an otherwise atrophic
polyp of older women. 

FIGURE 23.8. Serous carcinoma is characterized by high-grade cyto-
logic atypia in cells that do not share a common apical border. A pap-
illary architecture is common, but sometimes relatively subtle.

FIGURE 23.9. Endometrial intraepithelial carcinoma (EIC) is consid-
ered the precursor of serous carcinoma. Highly atypical cells resem-
bling those of serous carcinoma are present in glands immediately
adjacent to atrophic endometrium.
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often associated with cervical stenosis, pyometra, and chronic
inflammation. About 60% of the cases have been confined to
the uterus, and the prognosis for these patients has been rela-
tively good (279). In contrast, less than 15% of women with
advanced-stage disease have survived 2 years after diagnosis.
Histologic grade does not appear to correlate with the proba-
bility of survival.

Undifferentiated Carcinoma. Undifferentiated carcinoma
of the endometrium has no glandular, squamous, or sarcoma-
tous differentiation in routinely stained sections. Most contain
epithelial antigens detected by immunologic stains. Selected
cases may contain argyrophilic cells or neurosecretory gran-
ules demonstrated by immunohistochemical stains or electron
microscopy. Neurosecretory products are apparently not
released into the patient’s circulation or are not in an active
form because no affected women have manifested symptoms.
Neuroendocrine granules, therefore, have no clinical or prog-
nostic significance (284,285).

A glassy cell carcinoma has also been described, which
comprises less than 1% of endometrial carcinomas. It is char-
acterized by cytoplasm that has a ground-glass appearance, as
in the cervix. Although few cases have been reported, like
serous and clear cell carcinomas, glassy cell carcinoma appears
to be aggressive (286,287).

Mixed Cell Type. If an endometrial carcinoma manifests
two or more different cell types, each representing at least 10%
or more of the tumor, the term mixed cell type is appropriate.

Metastatic Carcinoma to the Endometrium. Malignancies
in other organs may metastasize to the endometrium. The
most common extragenital sites are breast, stomach, colon,
pancreas, and kidney, although any disseminated tumor could
involve the endometrium. The ovaries are the most likely gen-
ital sources of metastasis. Metastatic carcinoma presents as
abnormal vaginal bleeding, and the initial specimen for evalu-
ation is usually a biopsy or curetting. Although the metastatic
disease may appear as a large focus, individual and small
groups of malignant cells may subtly intermingle with normal
endometrium or myometrium. Lymphatics are usually
involved. Special stains for mucin, CEA, or melanin may sug-
gest that the cells are not of endometrial origin. In some
instances, unusual cell types, such as signet-ring cells, may be
present, suggesting a metastasis from the gastrointestinal (GI)
tract. It is uncommon but not exceptional for the endometrial
sample to be the first indication of an occult primary lesion
(288,289).

Simultaneous Tumors. Cancers of an identical cell type
may be discovered in the ovary and endometrium simultane-
ously (290). Usually, the primary site is assigned to the area
having the largest tumor mass and most advanced stage. In
certain situations, primary malignancies in the endometrium
and ovary may coexist. This “field effect” of the “extended
müllerian system” may occur in 15% to 20% of endometrioid
carcinomas of the ovary (291,292). In a review of a GOG
study of 74 patients with simultaneously detected endometrial
and ovarian carcinoma with disease grossly limited to the
pelvis, only 16% of women suffered a recurrence of disease,
with a median follow-up of 80 months. This group of patients
was atypical, with 86% having endometrioid histology in
both sites. Recurrence was statistically related to the presence
of microscopic metastases or high histologic grade (293).

Carcinomas of more advanced histologic grade and cell
type are more difficult to assign to the field effect because of a
higher probability of invasion and metastasis at the time of
surgery (245). If the endometrial tumor is less than 5 cm in
diameter, the ovarian lesion is unilateral, invasion is less than
the middle third, vessels are not involved, and the endometrial
carcinoma is well differentiated, metastasis to the ovary is
unlikely (294).

MOLECULAR ALTERATIONS 
IN THE PATHOGENESIS AND

PROGRESSION OF ENDOMETRIAL
ADENOCARCINOMA

Deletions or mutations of the PTEN gene, and microsatellite
instability (MSI) due to hypermethylation of the promoter for
the mismatch repair gene, hMLH1, are both relatively common
and early events in the development of a significant proportion
of endometrioid adenocarcinomas. In contrast, these molecular
alterations do not appear to be critical in the pathogenesis of
serous or clear cell carcinoma. However, mutations in the p53
gene are found with high frequency not only in invasive serous
carcinoma but also in endometrial intraepithelial carcinoma
(270,295), the noninvasive precursor of serous carcinoma, sug-
gesting that a different pathway is followed in the development
of the second type of endometrial adenocarcinoma.

The function of the tumor-suppressor gene PTEN
(MMAC1) includes inhibition of cell migration, spreading,
and adhesion (296–300). The PTEN gene is located on chro-
mosome 10q23 and about 40% of endometrial carcinomas
display loss of heterozygosity of chromosome 10q23, which
suggests the involvement of PTEN in this disease (296,301).
PTEN mutations in 30% to 50% of endometrial carcinoma
tumors make this the most frequent genetic alteration known
in this disease (302–304). Risinger et al. (305) have in one
study shown that inactivation of PTEN by mutation is associ-
ated with early disease in contrast to the study of Steck et al.
(306) where PTEN gene alteration was linked to an advanced
disease group.

MSI caused by shifts in allelic electrophenetric mobility
results from replication error of repeated sequences (307). It
was first described in HNPCC. One of the most common
extracolonic tumors associated with this disease is endome-
trial cancer, and MSI has been demonstrated in both heredi-
tary and sporadic tumors (308). MSI in endometrial cancer
has been reported to be between 9% and 43% (309–313). In
71% to 92% of sporadic endometrial carcinoma, MSI has
been found to be associated with hypermethylation of the
hMLH1 promoter region, whereas it seems to be less common
in the promoter region of hMSH2 (314,315). It is likely that
methylation of the promoter region is an important mecha-
nism of hMLH1 gene inactivation in endometrial carcinoma
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FIGURE 23.10. Clear cell carcinoma. A tubulocystic pattern with a
lining of hobnail cells is present in this case, but other tumors may be
solid or papillary, lined by clear or hobnail cells.
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(316–320) and a precursor to MSI. Too few studies have been
done to reach any conclusion regarding the importance of
MSI as a prognostic factor in endometrial cancer.

TP53 is a tumor-suppressor gene, the product of which is a
protein involved in the regulation of the cell cycle at the G1
checkpoint, permitting replication of cells that have acquired
various mutations (321). Mutations of the p53 gene often
result in a protein with a longer half-life, which accumulates
in the cell. Up-regulation of wild-type (i.e., nonmutated) p53
may occur after DNA damage and also results in overexpres-
sion that is detectable by immunohistochemistry. This appears
to be an early event in the development of serous carcinoma,
but it is a late event in endometrioid carcinomas for which it
serves as an indicator of poor prognosis. In addition to the
very frequent overexpression of p53 protein in serous carci-
noma (322), it has also been related to a higher FIGO stage,
clear cell histology, higher histologic grade, and increased
depth of myometrial invasion (276,323–335). Lundgren et al.
(336) studied p53 in relation to clinicopathologic variables in
376 consecutive patients with endometrial cancer stages I-IV.
p53 overexpression was found to be a strong significant fac-
tor with regard to relapse-free survival in univariate analysis,
but it failed to retain its significance when submitted to multi-
variate analysis.

In contrast, p53 mutations are not often found in low-
grade endometrioid tumors (337). This suggests that different
subgroups of endometrial cancers have different genetic path-
ways. Much more work is needed to understand the genetic
mechanics at play and to translate this into use within the clin-
ical and therapeutic field (338).

HER2/neu is a proto-oncogene, the product of which is a
transmembrane growth factor receptor, p185erb-2, which
shares some homology with the epidermal growth factor
receptor. It is normally expressed at low levels in the cycling
endometrium. Gene amplification and/or overexpression
occurs in about 20% to 40% of endometrial carcinomas, and
has been associated with advanced stage (339), decreased dif-
ferentiation, aggressive cell types particularly including the
clear cell type (340–343), and deep myometrial invasion
(327). The significance of HER2/neu amplification or over-
expression as a predictor of survival is somewhat unclear,
with no apparent association of overexpression to outcome
being identified in several studies (322,330,340,344,345),
but a statistically significant relationship in most others
(326,330,341,346–349) even after adjusting for other known
risk factors (326,341,347). In addition to its potential utility
as an indicator of poor prognosis, systemic therapy using
antibodies directed against the HER2/neu protein is currently
being investigated for patients with tumors that express the
protein at high levels.

Abnormal expression of the oncogenes beta- and gamma-
catenin and E- and P-cadherin may play a critical role in the ini-
tiation and progression of endometrioid neoplasia (350,351).
Moreno-Bueno et al. (351) have evaluated the immunoreactiv-
ity of beta- and gamma-catenin and E- and P-cadherin in 149
patients with premalignant and malignant endometrioid lesions
to correlate their membranous expression with clinical patho-
logic data. Their data indicate that abnormal expression of
catenin and cadherin was common in premalignant and malig-
nant endometrial lesions. Nonendometrioid endometrial cancer
showed a greater reduction in E-cadherin expression, up-
regulation of P-cadherin, and loss of heterozygosity at 16q21
than endometrial cancers. In contrast, nuclear accumulation of
beta-catenin was frequently associated with a gene mutation
characteristic of endometrioid lesions and may be an early event
that is present in atypical endometrial hyperplasia. Reduced
E-cadherin expression in endometrioid carcinomas is related to
advanced stages, indicating a role for this molecule in tumor
progression. Nuclear beta-catenin expression was found in

31.2% of endometrioid cancers and 3% of nonendometrioid
cancers (p � 0.002) and was significantly associated with beta-
catenin gene exon 3 mutations. Beta-catenin gene exon 3 muta-
tions were associated with the endometrioid phenotype and
were detected in 14 (15%) endometrioid cancers, but none of
the nonendometrioid cancers (p � 0.02). Gamma-catenin
nuclear expression was found in ten endometrial cancers. It was
not associated with the histologic type but was associated with
more advanced stages (p � 0.04) (350).

The activation of RAS proto-oncogenes through either
point mutations or gene amplification has been identified in
various malignant tumors. Mutations in the K-ras oncogene
have been reported in endometrioid cancer and also in
endometrial hyperplasia, suggesting that K-ras activation may
be an early event in the development of endometrioid malig-
nancy. Mutations in codon 12 of K-ras occur in only about
10% to 15% of endometrial carcinomas, and their signifi-
cance is unknown. In most studies, the presence of K-ras
mutations has not been related to stage, grade, depth of inva-
sion, or survival (352–355).

Further studies have identified mutations in several tumor-
related genes such as p16, hMLH1, hMSH2, and hMSH6 in
endometrial cancer (356–358). Salvesen et al. (359) have
shown that loss of nuclear p16 protein expression is not asso-
ciated with promoter methylation but defines a subgroup of
aggressive endometrial carcinoma with a poor prognosis and
found to be a strong independent prognostic factor.

PATHOLOGIC FACTORS OF
PROGNOSTIC SIGNIFICANCE

Pathologic information has been used to estimate risk of nodal
metastasis and to define prognosis (recurrence, survival) in
endometrial cancer. Prognostic factors have been identified
within each stage of endometrial cancer, and the discussion of
prognostic factors is probably best served by discussing fac-
tors within comparably staged groups, more so than as iso-
lated factors. For example, in GOG 99, which compared
observation to pelvic radiation therapy in patients with stage
I-II endometrial cancer and pathologically negative lymph
nodes, a model based on combinations of patient age and
tumor grade, depth of invasion, and lymphovascular space
invasion (LVSI) could predict patients at highest risk for 
recurrence (143). 

Predicting Nodal Disease

Based on pathologic information available at the time of
surgery, the risk for nodal metastasis may be estimated.
Physicians who selectively perform nodal dissections fre-
quently do so based on the presence of uterine risk factors that
suggest the potential for nodal disease. In patients who did not
undergo a nodal dissection at the time of hysterectomy, deci-
sions to offer radiation therapy are commonly based on the
estimation of risk for nodal disease based on uterine risk fac-
tors. In the surgical pathologic study GOG 33, pelvic and
para-aortic nodal disease was more frequent with increasing
grade (percentage of pelvic nodal metastases: 3% grade I, 9%
grade II, 18% grade 3), depth of invasion (1% endometrium
only, 5% inner one third, 6% middle one third, 25% outer
one third myometrial invasion), and LVSI (27% with LVSI,
7% without LVSI) (60). Pelvic and para-aortic nodal metas-
tases were also more common with cervical involvement,
when peritoneal cytology was positive, and when extranodal
(adnexal, intraperitonal sites) disease was found. In a multi-
variate model, grade, depth of invasion, and intraperitoneal
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disease were independent predictors of pelvic nodal disease. In
a further analysis of patients participating in GOG 33, 47 of
48 patients with para-aortic nodal disease had one or more
factors of palpably enlarged para-aortic nodes, grossly posi-
tive pelvic nodes, gross adnexal disease, or outer one-third
invasion (62). Despite the use of pathology to help predict
nodal disease, many believe that routine lymph node assess-
ment is superior as it provides actual information on nodal
status, as opposed to an estimate, which can then be used to
tailor therapy.

Prognostic Factors

FIGO Stage

Prognostic factors may be used to categorize patients into
high- and low-risk groups and to guide the use of adjuvant
therapies. Understanding these factors also allows for the
development of novel strategies to reduce risk of recurrence or
alter patterns of disease failure. Overall, the patients at highest
risk for recurrence and death have spread of disease outside of
the uterus, which is reflected by FIGO stage (62). The prog-
nostic utility of surgicopathologic stage has been confirmed in
multiple studies of large numbers of patients, using both uni-
variate and multivariate analysis (60,232,271,360–365).
FIGO surgical stage is often the single strongest predictor of
outcome for women with endometrial adenocarcinoma in
studies using multivariate analyses (271). Although the FIGO
clinical staging system of 1971 was generally useful, retrospec-
tive comparison of the two methods demonstrated the clear
superiority of surgicopathologic staging over clinical staging
in predicting outcome. 

Patients with intraperitoneal or distant metastases (stage IV)
have the poorest prognosis with 5-year survival ranging from
20% to 25% (5). In GOG 122 comparing whole abdominal
radiation therapy to doxorubicin/cisplatin chemotherapy as
primary therapy for endometrial cancer patients with �2 cm
residual disease stage III-IV, stage IV (compared to stage III)
disease was an independent predictor of shorter progression-free
survival (PFS) (hazard ratio [HR] 2.2.9) and survival (HR 1.9)
(8). Gross intraperitoneal spread frequently indicates the pres-
ence of larger tumor burden as many patients with intraperi-
toneal disease also have adnexal and nodal disease. In GOG
33, 51% of patients with gross intraperitoneal spread had posi-
tive pelvic nodes, whereas only 7% without spread had positive
pelvic nodes (60). Prognosis may be modified by the volume of
residual disease after cytoreductive surgery (220–222).

Patients with nodal metastases (stage IIIC disease) also
have poorer prognosis compared to node-negative popula-
tions. FIGO data shows 5-year survival to be 57% in stage
IIIC patients compared to 74% to 91% when nodes are nega-
tive (stage I-II) (5). Patients with positive pelvic but negative
para-aortic nodes have a better prognosis compared to those
with para-aortic disease (62,366). Two retrospective series
have also suggested that patients with nodal disease in addi-
tion to positive cytology, adnexa, or serosa have poorer PFS or
survival compared to those patients with positive nodes alone
(155,366). Lymphadenectomy (154,175,182), complete surgi-
cal resection of bulky nodes (367), and use of chemotherapy
(8,152,368) have been suggested to improve outcomes in
patients and modify the prognostic effect of nodal disease. 

Patients with stage IIIA disease represent a heterogeneous
population having adnexal, peritoneal cytology, and/or serosal
involvement, but with negative lymph nodes. Positive peri-
toneal cytology or adnexal involvement may be prognostic
factors, but must be interpreted in the setting of whether a
patient was completely staged or not. In the GOG 33 study,

12% of all patients had positive cytology, and of these, 25%
had positive pelvic nodes and 19% had metastases to para-
aortic lymph nodes (60). Six percent of clinical stage I-II
patients have spread of tumor to the adnexa, and of these,
32% have pelvic node metastases compared with 8% pelvic
node positivity if adnexal involvement is not present (60).
Twenty percent have positive para-aortic node metastases,
which is four times greater than if adnexal metastases were
not present.

For patients who are completely staged and found to have
no extrauterine disease, 4% to 6% of patients have positive
cytology as an isolated finding (60,191,369). Published opin-
ions are mixed about the significance of this finding
(370–378). Kadar et al. (379) found that positive peritoneal
cytology had an adverse outcome on survival only if the
endometrial cancer had spread to the adnexa, peritoneum, or
lymph nodes, but not if disease was confined to the uterus,
suggesting that not all cells that are found in the peritoneal
cavity are capable of independent growth. Positive peritoneal
cytology associated with extrauterine disease is a marker 
for aggressive disease and carries a worse prognosis.
Cytology appears to carry the same significance as adnexal
involvement (380).

Histologic Cell Types

The histologic classification of endometrial adenocarcinoma is
important not only because it facilitates the recognition of
lesions as carcinoma, but also because the cell type has consis-
tently been recognized as being important in predicting the
biologic behavior and probability of survival. Endometrioid
adenocarcinoma accounts for the majority of tumors in the
uterine corpus and carries a relatively favorable prognosis.
Consequently, the virulence of other cell types is usually
related to endometrioid adenocarcinoma.

Adenocarcinoma with squamous differentiation is similar
to typical endometrioid adenocarcinoma with respect to the
distribution by age and frequency of nodal metastasis, and is
associated with a slightly increased probability of survival.
Villoglandular carcinoma has a biologic behavior similar to
that of endometrioid adenocarcinoma (242,381). Serous car-
cinoma has been considered an aggressive histologic type,
with overall survival rates varying from 40% to 60% at 
5 years (5,260,262,274,382–385). Clear cell carcinoma also
has a highly aggressive behavior, with 5-year survival rates of
30% to 75% (272,273,278,386–389). One of the problems
with using histology as a marker for prognosis is that serous
cancers are more likely to have spread at presentation than
endometrioid tumors. Patients with serous or clear cell
tumors present with stage III-IV disease in 41% and 33%,
respectively, compared to 14% with endometrioid type (5).
Studies suggest that 40% to 70% of serous tumors will have
extrauterine spread at presentation; therefore, complete sur-
gical staging is warranted in this tumor type (161). Given this
level of disease spread, it is not surprising that unstaged/
clinical stage I serous patients appear to have similar progno-
sis to stage III-IV endometrioid types. Once patients with
serous or clear cell tumors are appropriately allocated into
the correct stage, the importance of histology appears to be
less (390–393). For example, Creasman et al. evaluated FIGO
data and showed that patients with stage I serous tumors had
comparable outcomes to those with stage I, grade 3
endometrioid tumors. Five-year survival for stage IB and IC
serous tumors was 81% and 55% compared to 84% and
66% for grade 3 tumors (393). In advanced and recurrent
endometrial cancer patients participating in phase 3 GOG
chemotherapy trials, response rate to chemotherapy was not
associated with histologic type, and serous tumor type was
not independently associated with PFS (17). 
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Grade

The degree of histologic differentiation has been considered to
be an indicator of tumor spread. The GOG and other studies
have confirmed that as grade becomes less differentiated, there
is a greater tendency for deep myometrial invasion and, subse-
quently, higher rates of pelvic and para-aortic lymph node
involvement (60,394–396). Survival has also been consistently
related to histologic grade, and in a GOG study of more than
600 women with clinical stage I or occult stage II endometrioid
adenocarcinoma, the 5-year relative survival was as follows:
grade 1% to 94%; grade 2% to 84%; grade 3% to 72% (62).
In patients with early-stage endometrial cancer participating
in the Post Operative Radiation Therapy in Endometrial
Carcinoma (PORTEC) trial, the risk of cancer-related death
for patients with grade 3 tumors was 4.9 compared to grade
1–2 tumors (149).

Myometrial Invasion

Deep myometrial invasion is one of the more important factors
correlated with a higher probability of extrauterine tumor
spread, treatment failure, and recurrence, and with diminished
probability of survival (Fig. 23.11) (143,360,397,398). In a
GOG study of over 400 women with clinical stage I and occult
stage II endometrioid adenocarcinoma, the 5-year relative sur-
vival was 94% when tumor was confined to the endometrium,
91% when tumor involved the inner third of the myometrium,
84% when the tumor extended into the middle third, and 59%
when the tumor invaded into the outer third of the myometrium
(62). Even in node-negative patients, deep myometrial invasion
retains prognostic information. For example, Mariani et al.
reported that for stage I (node-negative) patients, deep invasion
(�66% myometrial invasion) was an independent predictor for
recurrence and distant site of failure (399).

Lymphovascular Space Invasion

Several studies have suggested that lymphatic space invasion
(LVSI) is a strong predictor of recurrence and death, and is
independent of depth of myometrial invasion or histologic dif-
ferentiation (Fig. 23.12) (271,400–403). In one investigation
of FIGO stage I endometrial adenocarcinoma, 9 of 15 patients
with LVSI died of tumor, whereas none of the 78 without iden-
tified vascular invasion died of cancer (400). Zaino et al. (365)
found that LVSI was a statistically significant indicator of
death from tumor in early clinical stage but not early surgical

stage endometrial adenocarcinoma. This suggests that lym-
phatic invasion helps to identify patients likely to have spread
to lymph nodes or distant sites, but that its importance is
diminished for those in whom thorough sampling of nodes
has failed to identify metastasis. Vascular space invasion or
capillary-like space (CLS) involvement with tumor exists in
approximately 15% of uteri containing adenocarcinoma
(60,401,403). Pelvic lymph nodes are positive in 27% of
cases, which is four times more often if malignant cells are
found in the CLS than if absent. The risk of para-aortic node
metastases when LVSI was present was 19%, which is a sixfold
increase over negative CLS involvement (60). Lymphovascular
invasion is identified in 35% to 95% of serous carcinomas of
the endometrium, where it has generally been associated with
an elevated risk of tumor recurrence or death from disease
(262,382,384).

Patterns of Failure

Another way to approach pathologic information is to under-
stand the pathologic relationships that predict particular pat-
terns of failure. For example, in patients with pathologic
negative-node, stage I endometrial cancer, pelvic sidewall
recurrences are rare, and failures occur most frequently at the
vaginal cuff or at distant sites (143,404,405). High-risk stage
I patients who do not undergo nodal dissections have both
pelvic sidewall and distant sites of failure, even with routine use
of radiation therapy (153). Patients with node-positive dis-
ease frequently have recurrences at distant sites, with rare
intra-abdominal failures (155,156). Patients with stage
IV/intraperitoneal disease most commonly fail in the peri-
toneal cavity. The implications of patterns of failure data are
that we may choose our postoperative therapies better by
defining patterns of failure for a particular stage distribution
or based on the presence of risk factors. The Mayo Clinic
group has advocated this approach following a review of pat-
terns of failure data from their group (399,406–409). For
example, these investigators suggested that hematogenous,
lymphatic, and peritoneal failures could be predicted based on
pathologic factors, and that therapy should be directed to
reduce failures at these sites depending on pathologic informa-
tion (61). Whether their finding can be validated in a prospec-
tive manner, or if existing therapies effectively control disease
at particular sites needs to be evaluated.
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FIGURE 23.11. Myometrial invasion by endometrial adenocarci-
noma may be accompanied by a desmoplastic reaction, but often no
such reaction is present, as in this case.

FIGURE 23.12. Lymphatic or capillary invasion by endometrial ade-
nocarcinoma. Nests of neoplastic cells occupy the lumen of an
endothelial-lined space.
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GENERAL MANAGEMENT

Results of Standard Therapy 
and Their Sequelae

Early uncontrolled trials suggested that progestin therapy
after surgery or irradiation was associated with a decreased
risk of recurrence in patients with disease confined to the
uterus (410). However, large prospective, randomized trials
failed to show a survival advantage (411–413). Radiation
therapy has been and remains the standard adjuvant treatment
modality for most patients at risk for recurrence. This stan-
dard continues to evolve, however. An older, poorly designed
adjuvant cytotoxic chemotherapy showed no benefit for
patients treated with single-agent doxorubicin and arrested
interest in adjuvant chemotherapy for many years (414).
Recently, two prospective trials comparing radiation therapy
to chemotherapy have since shown similar outcomes for
patients treated with chemotherapy or radiation therapy
(415,416). Adjuvant chemotherapy improved PFS and sur-
vival in patients with advanced-stage disease compared to
whole abdominal radiotherapy, suggesting an important role
for first-line therapy that includes chemotherapy (7). Current
research focuses on whether outcomes may be improved by
adding chemotherapy either sequentially or concomitantly
with radiation.

ADJUVANT RADIATION 
THERAPY

Radiation therapy plays a significant role in the management
of endometrial cancer. It is often used as an adjuvant treat-
ment after surgery or as definitive treatment for patients who
are medically inoperable or with local recurrence. In the past,
most patients were treated with preoperative intracavitary
brachytherapy with or without external beam radiotherapy
followed by hysterectomy. This approach is not without its
merit, especially in patients with gross cervical involvement.
However, most patients nowadays undergo surgery first; then,
depending on the prognostic features obtained from the
pathology review, the need for radiotherapy is determined.

Early-Stage Disease

Most of the data on adjuvant radiation in endometrial cancer
pertain to patients with early-stage (I-II) disease. The role of
radiation in this group of patients, however, has been under-
going significant scrutiny in the last 10 years. Most of the
debate focuses on the benefit of adjuvant radiation and to a
lesser extent on the type of radiation that needs to be used.

Benefit of Adjuvant Radiation

Two prospective, randomized trials compared surgery alone to
surgery and postoperative external beam radiation. The first
trial was conducted by the GOG (study 99) where 392 patients
with stage IB-IIB endometrial cancer who underwent total
abdominal hysterectomy/bilateral salpingo-oophorectomy
(TAH/ BSO) and pelvic/para-aortic lymph node sampling were
randomized to observation (n � 202) or postoperative pelvic
radiation (n � 190) to a total dose of 50.4 Gy in 28 fractions
(143). With a median follow-up of 69 months, the 4-year sur-
vival rate was 92% in the radiation arm compared with 86%
in the observation arm (Relative hazard: 0.86; p � 0.557). The

estimated 2-year cumulative incidence of recurrence was 3%
versus 12% in favor of the irradiation arm (RH: 0.42; p �
0.007). Specifically, the rate of vaginal recurrence was 6.4%
(13 out of 202) in the surgery alone arm compared to 1.05%
(2 out of 190) in the radiation arm. Of interest, these two
patients were randomized to radiation but refused it. The sec-
ond trial was the PORTEC study where 714 patients with stage
IB grade 2,3 and IC grade 1,2 were randomized after TAH/BSO
and no lymph node sampling to observation (n � 360) or pelvic
radiation (n � 354) to a total dose of 46 Gy in 23 fractions
(149). With a median follow-up of 52 months, the 5-year vagi-
nal/pelvic recurrence rate was 4% in the radiation arm com-
pared to 14% in the observation arm (p � 0.001). The
corresponding 5-year survival rates were 81% and 85%,
respectively (p � 0.37).

Despite the fact that adjuvant radiation significantly
improved locoregional control, most of the debate focuses on
the lack of improvement in overall survival. Obviously, the
endpoint of overall survival is the gold standard for any ran-
domized trial in cancer, but when dealing with early-stage
endometrial cancer, the data should be interpreted with cau-
tion. First, in GOG 99, the primary endpoint was not overall
survival but rather progression-free survival, which was sig-
nificantly better in the radiation arm. Second, because of the
relatively high incidence of other comorbidities such as
hypertension, diabetes mellitus, and obesity as well as other
cancers, the chance of dying from an intercurrent illness is as
high if not higher than dying from endometrial cancer. In the
radiotherapy (RT) arm of the PORTEC trial (149), the 8-year
mortality rate from endometrial cancer was 9.6% compared
to 14.4% from other causes and 5.3% from other cancers. In
the no-RT arm, the corresponding rates were 7.5%, 10.6%,
and 5.3%. Similar data that emerged from GOG 99 were that
approximately half of the deaths were due to causes other
than endometrial cancer or treatment. This led the authors of
GOG 99 to state the following: “With this number of inter-
current deaths in both arms, even if RT reduces the risk of
endometrial cancer–related deaths, the size of this trial is not
adequate to reliably detect an overall survival difference.”
Thus, it is clear that the competing causes of death in this
group of patients who have a low mortality rate to start with
make overall survival a very elusive endpoint to attain. Third,
even in patients who die from endometrial cancer, the most
common cause is distant rather than local relapse. In the
PORTEC trial, the 8-year mortality rate from local versus
distant relapse was 1.1% and 7.9%, respectively, in the RT
group and 2% and 5.2% in the surgery alone group (149). It
is unrealistic to expect a local treatment modality such as
radiation to alter this pattern of relapse. Fourth, in both
GOG 99 and PORTEC trials most of the patients did not
have poor prognostic features, thus making it difficult to
demonstrate any survival advantage to adjuvant radiation.
When the impact of adjuvant radiation in GOG 99 was
assessed in the subset of patients with high-risk features
(based on age, grade, depth of myometrial invasion, and pres-
ence of lymphovascular invasion) the death rate was some-
what lower in the radiation arm (RH: 0.73; 90% CI, 0.43 to
1.26). Lee et al. in their analysis of the SEER data also showed
an overall survival advantage to pelvic radiation for patients
with IC grade 1 and grade 3/4 (p � 0.001) endometrial cancer
over those treated with surgery alone. This survival advantage
of adjuvant pelvic radiation was significant even in patients
who had surgical lymph node staging (417). All these issues
need to be considered when assessing the benefit of adjuvant
radiation. Such debate is not new in the field of oncology, but
it is important to note that other oncologists treating cancers
of the breast or rectum, to name a few, when faced with simi-
lar results from prospective, randomized trials, have recog-
nized the importance of a multimodality approach.
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Type of Radiation

There are two types of radiation (intravaginal brachytherapy
or pelvic external beam radiation) that could be used either
alone or in combination for early-stage endometrial cancer.
Over the last three decades, the debate about the type of radi-
ation to use has undergone a full circle. In the 1970s and mid-
1980s, there was a shift from intravaginal brachytherapy
alone to pelvic radiation plus intravaginal brachytherapy.
Then, in the late 1980s and early 1990s, there was a shift
toward pelvic radiation alone. More recently, and with the
increase in surgical lymph node staging, there has been resur-
gence in the use of intravaginal brachytherapy alone.

Intravaginal Brachytherapy Alone or Combined With Pelvic
Radiation. Aalders et al. (418) reported on 540 patients with
stage IB-IC endometrial cancer who underwent TAH/BSO
without lymph node sampling, and postoperative intravaginal
brachytherapy to 60 Gy to the vaginal mucosa. The patients
then were randomized to observation (n � 277) or to supple-
mental pelvic radiation to 40 Gy (n � 263). A significant
reduction in local recurrence rates was seen with the addition
of pelvic radiation (1.9% vs. 6.9%; p � 0.01). With regard to
overall survival, there was no significant difference between
the two arms of the study, but in the subset of patients with
grade 3 disease and deep myometrial penetration, there was a
survival advantage (cause-specific survival) of 18% versus 7%
in favor of the pelvic radiation arm (418). The data from this
trial somewhat contributed to the shift in treatment policies
from intravaginal brachytherapy alone to external beam
pelvic radiation.

Pelvic Radiation Alone or Combined With Intravaginal
Brachytherapy. Greven et al. (419) reviewed the experience of
two institutions in order to compare the outcome of the two
approaches. In that study, there were 270 patients with stage I-
II endometrial cancer: 173 were treated with postoperative
pelvic radiation alone and 97 with a combination of intravagi-
nal and pelvic radiation (419). The corresponding 5-year pelvic
control and disease-free survival rates were 96% versus 93%
(p � 0.32) and 88% versus 83% (p � 0.41). This study as well
as others called into question whether the addition of vaginal
radiation is needed (420,421). A number of other reports
(422,423), however, suggest that vaginal vault radiation can be
added to pelvic radiation with minimal morbidity and a very
low rate of recurrences. Of interest, the two randomized trials
(143,149) comparing surgery to adjuvant radiation both
employed pelvic radiation alone with a local recurrence of only
2% to 4%. At Memorial Sloan-Kettering Cancer Center
(MSKCC), when postoperative pelvic radiation is indicated it
is often used alone to a dose of 50.4 Gy.

Intravaginal Brachytherapy Alone. With the increase in
surgical lymph node staging, the use of postoperative intrav-
aginal brachytherapy alone regained its appeal, the rationale
being that full surgical lymph node staging could potentially
eliminate the need for pelvic radiation, whereas vaginal
brachytherapy could still address the risk of vaginal cuff
recurrence. Several reports in the past 10 years indeed showed
a very low rate of recurrence either in the vagina or in the
pelvis with such an approach (139,186,424–427).

From the above discussion, it is clear that the options avail-
able for patients with early-stage endometrioid endometrial
cancer are numerous. Perhaps it is better to consider different
options based on the following factors: first, according to
stage and grade; second, whether surgical lymph node staging
was done; and third, based on the risk of nodal versus vaginal
recurrence.

Stage IA Grade 1,2. The risk of pelvic lymph node positiv-
ity (60) is �3% and the 5-year progression-free survival rate in
this group is of the order of 95% to 98%. It is unlikely that post-
operative pelvic external beam radiation would add anything to
the final outcome (422,428). The role of intravaginal radiation
in these patients is also of questionable benefit because of an
almost negligible risk of vaginal recurrence with surgery alone.
Straughn et al. reported no vaginal recurrence in 103 patients
with stage IA grade 1,2 treated with surgery alone (404).

Stage IA Grade 3. In GOG 33, there were only eight
patients with stage IA grade 3 disease, making it difficult to
draw any meaningful conclusion (60). There were no relapses
in the three patients receiving postoperative radiation as com-
pared with one failure in the five patients who received no
postoperative therapy. The risk of lymph node metastasis in
this group of patients is negligible. Straughn et al. reported on
eight patients with stage IA grade 3 disease treated with
surgery alone, with two of the patients developing isolated
vaginal recurrence (404). At MSKCC, these patients are
offered either intravaginal brachytherapy alone or observation
(Table 23.11).

Stage IB Grade 1,2. This group of patients constitutes the
most common stage subgroup of all endometrial cancers. The
outcome of patients who have lymph node dissection and no
adjuvant radiation seems to be very good. Straughn et al.
reported on 296 patients with IB grade 1,2 and found only
nine (3%) vaginal recurrences and one (0.3%) pelvic recur-
rence (404). Horowitz et al. reported on 62 patients who had
surgical lymph node staging and received adjuvant intravagi-
nal brachytherapy. There was one (1.6%) vaginal recurrence
and no pelvic recurrence (424). In comparison, data from the
MSKCC on 233 patients with IB grade 1,2 showed a vaginal
recurrence rate of only 1% and pelvic recurrence of 2% using
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TREATMENT RECOMMENDATIONS AT MSKCC FOR SURGICALLY 
STAGED I-II PATIENTS

TA B L E  2 3 . 1 1

Stage/grade 1 2 3

IA Observation Observation IVRT or observationa

IB IVRT or observationa IVRT or observationa IVRT 
IC IVRT IVRT IVRT or IMRTb

IIA IVRT IVRT IVRT
IIB � 50% CSI IVRT IVRT IVRT
IIB � 50% CSI IMRT IMRT IMRT

Note: CSI, cervical stromal invasion; IMRT, intensity-modulated radiation therapy; IVRT, intravaginal
radiotherapy;.
aObservation is offered to patients �60 years old and without LVI (lymphovascular invasion). 
bIMRT if outer third invasion and/or positive LVI.
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postoperative intravaginal brachytherapy alone without rou-
tine surgical lymph node staging (429). In addition, Sorbe 
et al. reported on 110 patients with IB grade 1,2 who were part
of a prospective, randomized trial evaluating two different
intravaginal brachytherapy doses; the rate of vaginal recur-
rence was 0.9% and pelvic recurrence 1.8% where pelvic
lymph node sampling was not routinely done either (430).
Thus, it seems reasonable to suggest that either observation or
intravaginal brachytherapy (irrespective of surgical staging) is
a reasonable option. But when deciding on whether adjuvant
radiation is needed, it is important to address three issues.
First, older patients tend to have higher rates of relapse. In the
study by Straughn et al., eight of the ten vaginal/pelvic recur-
rences were in patients �60 years old (404). Second, patients
with lymphovascular invasion (LVI) have a higher chance of
vaginal recurrence as demonstrated by Mariani et al. (406)
who reported on 508 patients with stage I endometrial cancer
treated with surgery alone (152 out of 508 were stage IA). The
presence of LVI increased the vaginal relapse rate from 3% to
7% (p � 0.02). Third, often the indications for adjuvant radi-
ation are rather arbitrarily based on the amount of myome-
trial invasion defined in thirds and on whether the tumor is
grade 1 versus 2. Yet the amount of myometrial invasion in
this group of patients and whether an endometrial cancer is
assigned as grade 1 as opposed to 2 in general do not appear to
be significant predictors of outcome (431,432). At MSKCC,
patients with IB grade 1,2 without LVI and �60 years old are
offered observation or intravaginal radiation while those with
LVI or �60 years old are offered intravaginal radiation. 

Stage IB Grade 3 to IC Grades 1,2,3. Up until the last 10
years, most data in the literature on this group of patients
were based on pelvic radiation either alone or in combina-
tion with intravaginal brachytherapy (421,422,433,434).
But with the increase in surgical lymph node staging, a shift
has occurred with regard to the role of radiation for stage IB
grade 3 and even in stage IC disease. Therefore, the treat-
ment decision is primarily based on whether the patient had
surgical lymph node staging. The adequacy of the lymph
node sampling/dissection should, at a minimum, meet the
GOG guidelines of sampling the obturator, external iliacs,
internal iliacs, common iliacs, and para-aortic lymph node
stations and the minimum number of nodes sampled should
be �10.

Surgically Staged Patients. For patients with IB grade 3 dis-
ease the data on intravaginal brachytherapy alone after surgi-
cal staging is encouraging (Table 23.12). The average rate of
vaginal recurrence and pelvic recurrence is 1.3% for both.
This compares favorably with the data from the PORTEC
trial where the 5-year rates for vaginal and pelvic recurrence,
in the subset of patients with IB grade 3 disease treated with
pelvic radiation (n � 35), were 0% and 3%, respectively. A

multi-institutional review of 220 patients with stage IC
endometrial cancer by Straughn et al. compared adjuvant
radiation to no radiation in patients with negative nodes on
surgical staging (405). The investigators concluded that adju-
vant radiation is not needed even though the 5-year disease-
free survival was 74.5% for those treated with surgery alone
compared to 92.5% for those treated with adjuvant radiation
(p � 0.0134). It is unlikely that observation alone, even in
those patients with full surgical staging, will be accepted
by the radiation oncology community or even the patients
when they see an 18% statistically significant difference in dis-
ease-free survival from a retrospective study in which most
likely those patients with the worst prognostic features were
the ones who received radiation.

A better alternative to observation in those patients who had
surgical lymph node staging is intravaginal brachytherapy alone
(Table 23.13). Several investigators have shown the feasibility
of such an approach with an average vaginal recurrence rate of
1.6% and pelvic control rate of 2.1%. Thus, intravaginal
brachytherapy alone after surgical staging in patients with IB
grade 3 and IC endometrial cancer, the preferred approach at
MSKCC, seems to provide better local/regional control than
surgery alone and an equivalent control to adjuvant pelvic radi-
ation (424,435–438). The exception to this would be patients
with stage IC with a combination of other poor prognostic fac-
tors such as age �60 years, grade 3, outer third myometrial
invasion, and LVI where pelvic radiation ought to be consid-
ered. In the study from MSKCC of 40 patients with surgical
stage IC treated with intravaginal brachytherapy alone, the 
2 patients with vaginal/pelvic relapse both had the above-
mentioned poor risk factors (436).

No Surgical Lymph Node Staging. In those patients with
stage IB grade 3 IC and any grade without surgical lymph
node staging, intravaginal brachytherapy alone does not
seem to be adequate. In the Aalders et al. randomized trial,
the rate of local recurrence in the subset of patients with IB
grade 3 to IC was 9.3% (13 of 137) for those treated with
brachytherapy alone compared to 1.3% (2 of 146) for those
treated with brachytherapy and external radiation (418).
This is not surprising since no lymph node sampling was
done in that trial. Whether intravaginal brachytherapy
needs to be added to external beam therapy in this group of
patients is debatable. Weiss et al. reported on 61 patients
with stage IC endometrial cancer who were treated with
postoperative pelvic radiation alone. With a median follow-
up of 69.5 months, there was only one recurrence in the
pelvis (1.6%). Their review of the published data from the
literature on patients with stage IC showed a pelvic recur-
rence of 1.04% in 240 patients treated with pelvic radiation
alone compared to 0.97% in 301 patients treated with
pelvic and intravaginal radiation. Their conclusion was that
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OUTCOME FOR IB GRADE 3 ENDOMETRIAL CANCER AFTER SURGICAL
LYMPH NODE STAGING AND INTRAVAGINAL RADIATION THERAPY 
(IVRT) ALONE

TA B L E  2 3 . 1 2

Author Year No. of patients Median F/U Vaginal rec Pelvic rec

Fanning (185) 2001 21 52 mo 0% 0%
Horowitz (424) 2002 31 65 mo 0% 0%
Alektiar (429) 2007 21 46 mo 4.8% (1/21) 4.8% (1/21)
Total — 73 — 1.3% (1/73) 1.3% (1/73)

Note: F/U, follow-up.
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pelvic radiation alone is sufficient, and efforts should focus
instead on trying to reduce the risk of distant relapse in this
group of patients (439).

Stage II. It is important to recognize the distinction
between gross and occult cervical involvement in endometrial
cancer. Gross cervical involvement increases the risk of para-
metrial extension as well as spread to pelvic lymph nodes in a
fashion similar to primary cervical cancer. Patients with gross
cervical involvement from endometrial cancer could undergo
radical hysterectomy and pelvic lymph node dissection or pre-
operative radiation including pelvic radiation and intracavi-
tary brachytherapy followed by simple hysterectomy. For
occult cervical involvement, the treatment often consists of
simple hysterectomy with or without lymph node surgical
staging and adjuvant radiation. The type of radiation most
often utilized is pelvic radiation and intravaginal brachyther-
apy. Pitson et al. reported on 120 patients treated with such a
combination (440). The 5-year disease-free survival rate was
68% and the rate of pelvic relapse was 5.8% (7 of 120). 

There are also emerging data on the role of intravaginal
brachytherapy alone in patients with occult cervical involve-
ment who also had surgical lymph node staging. The rate of
pelvic recurrence in four such series ranged from 0% to 6%,
but the data need confirmation on a larger number of patients
and longer follow-up (424,426,441,442). Another important
distinction to make in stage II endometrial cancer is the differ-
ence between glandular versus stromal invasion. Intravaginal
brachytherapy alone could be used for surgically staged IIA
patients (424,443), whereas those with IIB disease should be
treated with pelvic radiation with or without intravaginal
brachytherapy boost, especially if there is more than half cer-
vical stromal invasion. 

Advanced-Stage Disease

Radiation

The outcome of patients with isolated adnexal involvement
(stage IIIA) treated with pelvic radiation is reasonably good.
Connell et al. reported on 12 patients treated with postopera-
tive pelvic radiation with a 5-year disease-free survival of
70.9%. The weighted average of 5-year disease-free and over-
all survival rates from literature review in that study were
78.6% and 67.1%, respectively (444). Patients with isolated
serosal involvement (stage IIIA) do worse than those with
isolated adnexal involvement. Ashman et al. reported on 15
patients with isolated serosal involvement who were treated
with pelvic radiation (445). The 5-year disease-free survival

was only 41.5%. If pelvic node involvement (IIIC) is the only
major risk factor, treatment with postoperative pelvic radio-
therapy can yield a 60% to 72% long-term survival rate in
these patients (156,446,447). Patients with stage IIIC disease,
by virtue of para-aortic node involvement, represent a particu-
larly high-risk group. Following surgery, these patients are
generally treated with extended field radiation to encompass
the pelvis and the para-aortic regions. With this aggressive
approach, several investigators have reported 30% to 40%
survival rates in small patient populations (448–450). The
question of whether it is safe to omit radiation even after ade-
quate surgical lymph node staging in patients with IIIC
endometrial cancer was addressed in a study from the Mayo
Clinic. Mariani et al. reported on 122 patients with node-
positive disease; at 5 years the risk of pelvic recurrence was
57% after inadequate lymph node dissection and/or no RT
compared to 10% with adequate lymph node dissection (�10
pelvic nodes and �5 para-aortic nodes) and radiation. This
difference was statistically significant on univariate (p �
0.001) and multivariate analysis (p � 0.03), indicating the
need for postoperative radiation even after adequate surgical
staging (182). 

The recognition that a significant number of patients with
stage III disease fail in the abdomen (407,446) has prompted a
number of investigators to evaluate whole abdominal radio-
therapy in these patients (451,452). The GOG also did a pilot
study (GOG study 94) on patients with maximally debulked
stage III and IV disease using whole abdominal radiotherapy
to a total dose of 30 Gy at 1.5 Gy per fraction followed by a
pelvic boost for an additional 19.8 Gy at 1.8 Gy per fraction.
The 3-year disease-free and overall survival rates for the 58
patients with stage III typical adenocarcinoma were 34.5% for
both, and for stage IV the corresponding rates were 10.4%
and 21.1%, respectively (453). Using a different technique
capable of delivering higher doses of radiation to the areas at
risk for relapse in the abdomen, Stewart et al. reported 5-year
disease-free and overall survival rates of 62% and 67%,
respectively, in 62 patients with stage III endometrioid adeno-
carcinoma (454). 

Chemoradiation

In the GOG 122 trial, there were 396 patients with stage III and
optimally debulked stage IV disease who were randomized to
whole abdomen radiation (n � 202) or to doxorubicin-cisplatin
chemotherapy (n � 194). With a median follow-up of 74 months,
there was significant improvement in both progression-free
(50% vs. 38%; p � 0.007) as well as overall survival (55% vs.
42%; p � 0.004), respectively, in favor of chemotherapy (8).
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OUTCOME FOR IC ENDOMETRIAL CANCER GRADE 1-3 AFTER SURGICAL
LYMPH NODE STAGING AND INTRAVAGINAL RADIATION THERAPY 
(IVRT) ALONE

TA B L E  2 3 . 1 3

Author Year No. of patients Median F/U Vaginal rec Pelvic rec

Horowitz (424) 2002 50 65 mo 2% (1/50) 4% (2/50)
Rittenberg (438) 2003 53 32 mo 0% 1.8% (1/53)
Solheim (437) 2005 40 23 mo 0% 0%
Alektiar (436) 2007 40 46 mo 5% (2/40) 2.5% (1/40)
Total — 183 — 1.6% (3/183) 2.1% (4/183)

Note: F/U, follow-up; rec=recurrence.
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At first glance the results of this trial seem to seal the fate of
adjuvant radiation in advanced endometrial cancer; however,
before concluding that chemotherapy alone is the answer a
closer examination of the data is warranted. First, the overall
absolute rate of relapse was 54% in the radiation arm compared
to 50% in the chemotherapy arm, a small difference if any, yet
the corresponding 5-year progression-free survival rates were
38% and 50% (p � 0.007), respectively. Why the discrep-
ancy? The answer is that the 5-year progression-free survival
rate for the radiation arm was 38% while the chemotherapy
arm has two separate 5-year rates. The first one, called unad-
justed, was 42%, which is not that significantly different from
the 38% rate with radiation, and the second, called “adjusted
for stage,” was 50%, which was significantly different from
the radiation arm. This led us to the second issue: Was the
adjustment for stage warranted? The answer is no. Numerically,
there were more patients with lymph node involvement in the
chemotherapy than the radiation arm, but having positive
lymph nodes was not an independent predictor of poor out-
come in this study. Therefore, the adjustment was not war-
ranted, and if any adjustment was needed it should have gone
to the radiation arm since there were more patients with posi-
tive cytology in this arm, a factor with a hazard ratio of 1.8
(95% CI, 0.89 to 1.55) in predicting poor outcome. Third,
what should be made of the significant difference in overall
survival? There were 15 deaths unrelated to endometrial can-
cer or protocol treatment in the radiation arm compared to
only to 6 in the chemotherapy arm, raising a question about
whether the two arms of the study were truly balanced.
Another randomized trial comparing adjuvant radiation to
chemotherapy (doxorubicin-cisplatin-cyclophosphamide) in
patients with stage I-III was recently reported and showed no
difference in outcome between the two arms (415). With a
median follow-up of 95.5 months, the 5-year disease-free sur-
vival was 63% in both arms (p � 0.44) and the 5-year overall
survival rates were 69% in the radiation arm compared to
66% in the chemotherapy arm (p � 0.77). What those two tri-
als show is that chemotherapy at a minimum is equivalent to
radiation in this group of patients and ought to be used, not
alone, but rather in combination with radiation. Greven et al.
reported the results of Radiation Therapy Oncology Group
(RTOG) 9708 on 44 patients with stage I-III endometrial can-
cer who were treated with pelvic radiation and intravaginal
brachytherapy given concurrently with cisplatin 50 mg/m2 on
days 1 and 28 of radiation followed by four cycles of cisplatin
(50 mg/m2) and paclitaxel (Taxol) (175 mg/m2). The 4-year
disease-free and overall survival for those with stage III dis-
ease (66% of patients) were 72% and 77% respectively (455).

SPECIAL SITUATIONS

Stage IIIA Disease (Positive Cytology Without
Adnexal or Serosal Involvement)

In this subset of patients, the presence of other adverse fea-
tures such as aggressive histologies or deep myometrial inva-
sion should be determined first. If they are present, then the
patients should be considered to be in a true advanced stage
and be treated as such. On the other hand, if they are absent,
then the true prognostic value of positive peritoneal cytology
is still unclear (456). The literature regarding the benefits of
treatment in this setting is mixed; even if treatment is benefi-
cial, the appropriate modality still has to be defined. Based on
the concept that the entire peritoneal cavity is at risk,
intraperitoneal radioactive colloidal 32P has been used by some
with results that were better than in historic controls (457).

Eltabbakh et al. reported on 27 patients with FIGO grade 1,2
and �50% myometrial invasion who were treated with
intravaginal brachytherapy and megestrol acetate (Megace).
None of the patients relapsed or died from their disease.
Megace was given for 1 year, and at the end of therapy, 24
patients underwent second-look laparoscopy and peritoneal
cytology. In 23 patients, the cytology was negative and the
remaining patient with persistent positive cytology received an
additional year of Megace after which cytology was confirmed
to be negative (458).

Definitive Radiation for Inoperable Disease

Patients with medically inoperable stage I-II uterine cancer are
usually treated in a fashion similar to those with cervical can-
cer by using intracavitary applicators with or without pelvic
radiation. For patients with clinical stage I grade 1 or 2 and no
evidence of myometrial invasion or lymph node metastasis on
MRI, intracavitary brachytherapy alone is sufficient. Usually a
Fletcher-Suit or Henschke applicator with one or two tandems
(depending on uterus size) and ovoids is used to deliver 70 to
75 Gy to point A. The loading of the tandems is usually differ-
ent than that in cervical cancer. This is done in order to provide
wider coverage of the uterus laterally and superiorly. When
pelvic radiation is added, the dose is usually 45 to 50 Gy sup-
plemented with 30 to 35 Gy from intracavitary brachytherapy
to bring the total dose to point A to 80 to 85 Gy. Rouanet et al.
(462) treated 250 patients with endometrial cancer according
to this approach, which yielded a 5-year disease-specific sur-
vival of 76.5%. An alternative brachytherapy approach would
be to use the Hymen or Simon afterloading system, which con-
sists of multiple Teflon tubes that are inserted into the uterine
cavity. With such a treatment approach, Grigsby et al. (463)
reported that the 5-year progression-free survival rate of
patients with clinical stage I disease treated with a combination
of external and intracavitary radiotherapy was 94% for grade
1 disease, 92% for grade 2 disease, and 78% for grade 3 dis-
ease. More recently, high-dose-rate brachytherapy is also being
employed (464,465). For patients with stage IIIB disease (vagi-
nal involvement), an uncommon presentation, these patients
are usually not surgical candidates and are also treated with
definitive radiation including a combination of external beam
and intracavitary/interstitial radiotherapy tailored to the extent
of their disease (466).

RADIATION THERAPY
TECHNIQUES

Intravaginal Brachytherapy

The purpose of this treatment modality is to deliver the high-
est dose of radiation to the vaginal mucosa while limiting the
dose to the surrounding normal structures such as the bladder,
rectum, and small intestines. Intravaginal brachytherapy
could be delivered with low-dose-rate 137Cs sources, which
requires admission to the hospital for a few days. The dose is
usually 60 Gy prescribed to the vaginal mucosa or 30 to 35
Gy prescribed to 0.5 cm depth from the vaginal mucosa. The
type of applicator used is generally the two ovoids from a
Fletcher-Suit applicator, where only the vaginal cuff is irradi-
ated. Alternatively, a cylinder could be used to treat one half
to two thirds of the length of the vagina. Occasionally, the
whole length of the vagina needs to be treated, especially in
patients with grade 3 tumors, which have the tendency for
relapse in the distal periurethral region. High-dose-rate
brachytherapy using 192Ir sources has been shown to be an
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attractive alternative to low-dose-rate brachytherapy. The
treatment is given on an outpatient basis without the need for
anesthesia and without the radiation exposure to medical per-
sonnel. At MSKCC, patients start their treatment 4 to 6 weeks
postoperatively depending on the vaginal cuff healing. The
treatment is given in three fractions of 7 Gy to a total dose of
21 Gy. The interval between each fraction is 1 to 2 weeks. The
dose is prescribed to 0.5 cm depth from the mucosal surface.
The treatment is usually delivered using a 3-cm diameter
cylinder to treat one half to two thirds of the length of the
vagina, or the whole vagina in grade 3 tumors. Occasionally,
the dose per fraction is lowered to 6 Gy instead of 7 Gy if the
diameter of the cylinder is less than 3 cm. This is usually done
to avoid a very high dose of radiation to the vaginal mucosa.
The dose per fraction is also lowered to 4 to 5 Gy when pelvic
radiation is added.

External Beam Radiation

Pelvic Radiation

Most patients are treated in the postoperative setting. At the
time of simulation, the small bowel is opacified using oral
contrast, a vaginal marker is used to define the vaginal cuff,
and the rectum is opacified with barium or CT-compatible
contrasts. Patients are usually placed in the prone position to
displace the small intestines from the radiation field. The tar-
get volume consists of the pelvic lymph nodes, including obtu-
rator, external, internal, and lower common iliac groups, and
the proximal two thirds of the vagina. High-energy linear
accelerators (15 MV) are preferred because of their sparing of
the skin and subcutaneous tissue. The ideal beam arrangement
with conventional radiation is the four-field pelvic-box tech-
nique to reduce the dose to the small intestines and to some
extent the bladder and rectum. For the anteroposterior/
posteroanterior (AP/PA) fields, the superior border is L5-S1,
the inferior border is the bottom of the obturator foramina,
and the lateral border is 2 cm beyond the widest point of the
inlet of the true bony pelvis. For the lateral fields, the anterior
border is in front of the pubis symphysis and the posterior
border at least at S2-3. The superior and inferior borders are
the same for the AP/PA fields. All fields are treated daily to a
dose of 1.8 Gy. A total dose of 50.4 Gy is generally used when
pelvic radiation is used alone or 45 Gy when combined with
intravaginal brachytherapy.

Extended Field

This technique is mainly used for patients with documented
positive para-aortic nodes. The preferred approach is the four-
field box technique in order to lower the dose to the small
intestines. However, attention should be paid to the dose that
the kidneys might receive with the four-field arrangement. The
lower border is the same as in pelvic radiation but the upper
border is extended usually to the T12-L1 interspace. The typi-
cal dose is 45.0 Gy at 1.8 Gy perfraction or 1.5 Gy perfraction
if patients develop acute gastrointestinal toxicity.

Whole Abdomen Radiation

The standard approach is AP/PA open fields with five half-value
layer (HVL) kidney blocks placed over the PA field only 
(if patient is lying supine) from the start of the treatment. The dose
is usually 30.0 Gy at 1.5 Gy per fraction followed by a 19.8 Gy
boost to the pelvis at 1.8 Gy per fraction. The upper border is
usually placed 1 cm above the diaphragm, and the lateral
borders should extend beyond the peritoneal reflections. The
lower border is usually at the bottom of the obturator foramen.

Complications of Radiation

Pelvic Radiation

In the PORTEC randomized trial (149), the overall (grades 1
to 4) rate of late complications was 26% in the RT group com-
pared to 4% in the observation group (p � 0.0001). Most of
the late complications in the RT group, however, were grades
1,2 (22%) and only 3% were grades 3,4. It is also important to
note that many patients in this trial were treated with AP/PA
fields in which the overall rate of complications was 30% com-
pared to 21% for those treated with the four-field box (p �
0.06). The morbidity rate of pelvic radiation could be reduced
even further by using intensity-modulated radiation therapy
(IMRT). Mundt et al. demonstrated a significant reduction in
acute and chronic gastrointestinal toxicity when IMRT was
compared to conventional radiation (467,468). At MSKCC,
postoperative IMRT is used for most patients with endometrial
cancer who need pelvic radiation (Fig. 23.13).

Whole Abdomen Radiation

The toxicity of whole abdomen radiation is more pronounced
than that of pelvic radiation but not as high as expected. In the
radiation arm of GOG study 122, the GI toxicity did not
exceed 2% for grade 4 and 11% for grade 3, whereas in the
chemotherapy arm the corresponding figures were 7% and
13%. Grade 4 liver toxicity was seen in 1% of patients in the
radiation arm while the grade 4 cardiac grade toxicity was 4%
in the chemotherapy arm (8).

Intravaginal Brachytherapy

The main advantage of intravaginal brachytherapy is its abil-
ity to deliver a relatively high dose of radiation to the vagina
while limiting the dose to the surrounding normal structures
such as the bowels and bladder. This advantage is manifested
with the low rate of severe late toxicity seen with this treat-
ment technique, ranging from 0% to 1% (469–471). But such
a very low rate of severe complications cannot be taken for
granted because special attention needs to be paid to the depth
of prescription, the dose per fraction, the length of vagina
treated, and the diameter of the cylinder used (472). 
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FIGURE 23.13. (See color plate section.) Pelvic IMRT demonstrating
the sparing of bladder and bowel.
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Radiation Therapy for Local Recurrence

Radiation therapy can be curative in a select group of patients
with small vaginal recurrences who have not received prior radi-
ation. The 5-year local control rate ranges from 42% to 65%
and the 5-year overall survival rate from 31% to 53%
(473–475). Creutzberg et al. reported on survival after relapse
from the PORTEC randomized trial (476). In patients who were
initially randomized to surgery alone (n � 46 out of 360), the
5-year survival after vaginal relapse was 65%. But before adopt-
ing salvage radiation as a treatment policy for all early-stage
endometrial cancer, a few aspects of this trial need to be
addressed. First, the 5-year survival rate from the PORTEC trial
is much higher than what is reported in the literature. Most
likely, the vaginal recurrences in this trial were detected very
early, unlike patients in the community. The extent and size of
local recurrence in endometrial cancer are very significant pre-
dictors of outcome (473). Second, this high rate of salvage per-
tains only to isolated vaginal recurrence. The rate of survival at
3 years for pelvic recurrence in the PORTEC trial was 0%.
Third, although the trial does not mention any data on compli-
cations, it is not unrealistic to expect a higher complication rate
than what is normally seen with adjuvant radiation. With sal-
vage radiation, external beam RT and brachytherapy are often
combined and the doses of radiation required are much higher
than those used with adjuvant radiation. A recent study from the
M. D. Anderson Cancer Center by Jhingran et al. clearly high-
lights these issues (477). They reported on 91 patients who were
treated with definitive radiation for isolated vaginal recurrence.
The 5-year local control and overall survival rates were 75%
and 43%, respectively. The median dose of radiation was 75 Gy,
which often included external radiation and brachytherapy. The
rate of grade 4 complications (requiring surgery) was 9%. Thus,
when talking with a patient about adjuvant radiation versus
radiation reserved for salvage, these issues need to be addressed
and compared to the excellent local control and low morbidity
obtained with adjuvant intravaginal brachytherapy.

SYSTEMIC THERAPIES

Endocrine Therapy

Hormonal agents have been found to be valuable, particularly
in the patient with recurrent disease, and reviews of their use
have been extensively published. Response rates to a variety of

endocrine agents including progestins, antiestrogens, and aro-
matase inhibitors are presented in Table 23.14 (478–485).

The overall response to progestins is approximately 25%.
However, some trials demonstrate lower response rates, usu-
ally in the range of 15% to 20%. These studies generally used
more rigorous response criteria and had multi-institutional
participation. A higher dose of progestin does not appear to
increase the response rate. In one randomized trial of 200 mg/d
versus 1,000 mg/d of medroxyprogesterone acetate (MPA), the
overall response rate was actually 25% versus 15% favoring
the low-dose arm (486). The time to treatment failure and
median overall survival of the low- versus high-dose regimen,
respectively, were 3.2 versus 2.5 months and 11.1 versus 7.0
months, all showing no advantage for an increased dose.
Prognostic factors related to response were performance sta-
tus, grade, and progesterone receptor level. The response rate
was only 8% in poorly differentiated tumors. A phase 2 trial of
high-dose megestrol (800 mg orally daily) in 63 patients was
associated with a response rate of 24% overall, which is simi-
lar to lower-dose regimens with doses of 40 mg po qid (487).
As in the majority of studies with hormonal agents, response
rates were statistically higher in patients with grade 1 or 2
lesions (37%) versus grade 3 lesions (8%); p � 0.02 (400). In
addition to grade, a long disease-free interval (exceeding 2 or
3 years) and positive estrogen or progesterone receptor status
have all been associated with an increased frequency of
response (Table 23.15) (478,481,486,487). Age, location of
metastatic disease, number of metastatic sites, prior therapy,
and weight have also been analyzed by several investigators,
but they have not been convincingly linked with response.

Tamoxifen has been investigated in patients with recurrent
disease in several studies (484,488). Results have varied, but in
general, response rates have been modest in untreated patients.
A GOG study evaluated 68 patients with advanced or recurrent
disease receiving tamoxifen at 20 mg po bid and showed an
overall response rate of 10% (90% CI, 5.7 to 17.9) (484). The
median progression-free interval was short at 1.9 months (90%
CI, 1.7 to 3.2 months) and the overall survival was 8.8 months
(90% CI, 7.0 to 10.1 months). One small randomized phase 2
study comparing megestrol acetate to megestrol acetate with
tamoxifen showed no advantage in response rate for the combi-
nation, with response rates of 20% versus 19%, respectively
(489). The lack of synergistic response is supported by observa-
tions of endometrial carcinoma treated in a nude mouse model.
Tumors treated with medroxyprogesterone or tamoxifen plus
medroxyprogesterone were devoid of progesterone receptor
during the growth inhibitory and regrowth phase of the tumor
resulting from receptor down-regulation (490). The possibility
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RESPONSE TO ENDOCRINE THERAPY

TA B L E  2 3 . 1 4

Hormonal agent References Average dose Response rate (%) Range (%)

Hydroxyprogesterone 478,479 1–3 g IM q wk 29 9–34
caproate (Delalutin)

Medroxyprogesterone 476 200–1,000 mg IM q 22 14–53
acetate (Provera) wk or po qd

Megestrol acetate (Megace) 479 40–800 mg po qd 20 11–56
Tamoxifen (Nolvadex) 481,482 20–40 mg po qd 10 0–53
Goserelin acetate 477 3.6 mg SC q mo 11 NA
Anastrozole (SERM) 480 1 mg po q d 9 NA
Arzoxifene (SERM) 584 20 mg po q d 31 NA

Note: IM, intramuscularly; NA, not applicable; SC, subcutaneously; SERM, selective estrogen receptor modulator.
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of alternating tamoxifen with megestrol acetate in order to
exploit the recruitment of progesterone receptors by tamoxifen
is an interesting strategy. The GOG performed a phase 2 study
with 56 patients with advanced or recurrent endometrial cancer
who had not previously received chemotherapy or hormonal
manipulation (491). Patients were treated with megestrol acetate
at 160 mg/d for 3 weeks alternating with tamoxifen 40 mg po q
d for 3 weeks. An overall response rate of 27% (90% CI, 17.3 to
38.4) with a 21.4% complete response rate was seen, with the
duration of response exceeding 20 months in 8 of 15 respon-
ders. The response rate was 38% for patients with grade 1 dis-
ease and 22% for those with grade 3 disease. In another phase
2 GOG study, a similar patient population was treated with
tamoxifen 40 mg po daily plus alternating weekly cycles of
medroxyprogesterone acetate 200 mg po daily (492). Of the 58
evaluable patients, the response rate was 33% (6 complete, 13
partial). Although these phase 2 results are intriguing, a ran-
domized study would be required to determine if alternating
hormones is superior to single-hormone approaches. Positive
receptor status has been associated with improved disease-free
and overall survival rates (126,493,494). These data indicate
that the receptor status provides important biologic informa-
tion and that receptor-positive tumors tend to be better differ-
entiated and slower growing than are their receptor-negative
counterparts. Chemotherapy had no effect on hormone receptor
capacity in a nude mouse model of xenografted endometrial
cancer (495). Other factors, such as changes in vaginal cytology
during treatment (496), and results in the subrenal capsule
chemosensitivity assay (497) and in the nude mouse model (498)
may help predict response to progestins.

Several studies have evaluated gonadotropin-releasing hor-
mone analogs in patients with metastatic endometrial cancer.
Gallagher et al. (499) noted one complete and five partial
responses to leuprolide or goserelin in 17 patients (35% response;
95% CI, 13% to 58%) with metastatic disease. Of note, the dura-
tion of remission ranged from 7 to 30 months, and 14 of the 17
patients had been previously treated with progestins. Another
report described four responses in seven postmenopausal patients
with endometrial cancer treated with goserelin (500). In vitro
studies in human endometrial cancer cell lines have suggested that
such growth inhibition may have been due to apoptosis (501).
The GOG recently studied goserelin at 3.6 mg subcutaneously

monthly in 40 patients with advanced or recurrent disease.
Seventy-one percent of patients had received prior radiotherapy.
There were two complete (5%) and three partial (7%) responses
with an overall response rate of 11% (95% CI, 4% to 27%).
Goserelin is felt to have limited activity in this patient population,
and no additional single-agent studies are planned (479).

Investigation is under way in patients with uterine cancer to
evaluate the activity of selective estrogen receptor modulators
(SERMs). These agents have estrogen receptor (ER)-antagonist
activity in breast and uterine tissues and ER-agonist activity in
bone. The first reported study to date is from the GOG and
evaluated anastrozole at 1 mg po daily orally in 23 unselected
patients (i.e., 9 patients had grade 2 tumors and 14 patients
had grade 3 tumors). A partial response rate of 9% was seen
(90% CI, 3% to 23%). It is noted that the partial response rate
of 9% in this study is similar to the 8% reported in grade 3
patients treated with standard progestins (487,493). A more
recent study evaluated the investigational SERM arzoxifene in
37 patients. Twenty-six patients were ER positive and 22 were
progesterone receptor (PR) positive. A response rate of 31%
(95% CI, 25% to 51%) was seen in this selected patient popu-
lation with a median duration of response of 13.9 months
(480). Additional study of these agents in patients with well-
differentiated tumors is warranted (502).

Cytotoxic Chemotherapy

Both single-agentandcombination regimensare capableof induc-
ing objective responses, yet the median time to treatment failure is
on average 3 to 6 months and the overall survival of patients with
metastatic endometrial cancer is generally less than 12 months.
The role of chemotherapy in the recurrent disease setting remains
palliative, andminimizing side effects isof equal importancewhen
selectingaregimen.Responses to treatmentareusuallypartial and
have lasted an average of only 3 to 6 months. Also, the time to pro-
gression in most trials tends to be short, ranging from 4 to
6months,withmediansurvivalaveraging7to10months.Patients
with complete response may have long progression-free intervals
lasting1 to2years, but suchpatients compriseonlyaminorityof
those treated. Particularly for patients with grade 1 histology,
or small-volume asymptomatic metastatic disease, hormonal
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RESPONSE TO PROGESTATIONAL THERAPY AS A FUNCTION OF TUMOR GRADE

TA B L E  2 3 . 1 5

Study Treatment Grade N RR

Podratz 1985 Various progestins 1 10 40%
2 71 15%
3 73 2%

Lentz 1996 MA 800 mg/d 1 14 37% (grade 1-2)
2 17
3 27 8%

Thigpen 1999 MPA 200 mg/d vs. 1,000 mg/d 1 59 37%
2 113 23%
3 127 9%

Whitney 2003 Tam 40 mg/d � alternating 1 15 Overall RR 33%
weekly MPA 200 mg/d 2 17

3 27

Fiorica 2003 MA 160 mg/d � 3 wk, 1 16 38%
alternating with Tam 2 17 24%
40 mg/d � 3 wk 3 22 22%

Note: MA, megestrol acetate; MPA, medroxyprogesterone acetate; RR, response rate; Tam, tamoxifen.
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therapymayprovidebetter initialpalliation, reservingchemother-
apy for rapidly progressive or symptomatic disease (503,504).

Single-Agent Trials

The wide variety of single agents that have been tested are pre-
sented in Table 23.16 (505–508). Despite the number of drugs
evaluated, the most commonly used single agents today based
on response rates of at least 20% include cisplatin, carboplatin,
doxorubicin, epirubicin, ifosfamide, docetaxel, and paclitaxel,
and more recently topotecan has been added to this list.

The response rate to cisplatin dosages of 50 to 60 mg/m2

given every 3 weeks was similar in patients with prior (25%)
(509,510) and no prior chemotherapy (21%) (511–513).
Carboplatin given in dosages of 300 to 400 mg/m2 every 4
weeks has been associated with response rates of 29%
(514–516), which is similar to cisplatin. Doxorubicin in
dosages of 55 to 60 mg/m2 has been associated with an overall
response rate of 26% (517–519) and epirubicin with a
response rate of 26% (520). Liposomal doxorubicin was
recently reported in a GOG study of 46 patients receiving 50
mg/m2 every 4 weeks with an overall response rate of 9.5%
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SINGLE-AGENT TRIALS

TA B L E  2 3 . 1 6

Agent (reference) n Prior treatment No. of CR � PR (%) 95% CI

ALKYLATING AGENTS
Cyclophosphamide (585) 37 Some 4 11 3–25
Chlorambucil (585) 11 NS 0 0 0–28
Ifosfamide (586,587) 56 Some 4 � 4 14 6–26
Hexamethylmelamine (588,589) 54 Few 2 � 7 17 8–29

CISPLATIN
No prior Rx (509,513) 63 No 3 � 10 21 11–33
Prior chemo (510,511,512) 64 Yes 3 � 13 25 15–37
Carboplatin (514,515,516) 82 No 5 � 18 28 19–39

ANTHRACYCLINES/ANTHRAQUINONES
Doxorubicin (517,518,519) 161 No 18 � 24 26 19–34
Epirubicin (520) 27 No 2 � 5 26 11–46
Liposomal doxorubicin (521) 42 Yes 0 � 4 9.5 2.7–22.6
Pirarubicin (590) 28 7 2 � 0 7 1–30
Mitoxantrone (591,592,593) 46 32 0 � 2 4 1–15

ANTIMETABOLITES
Fluorouracil (585) 34 NS 7 21 9–38
Methotrexate (523) 33 No 1 � 1 6 2–20
6-Mercaptopurine (524) 10 NS 0 0 0–31

VINCAS/EPIPODOPHYLLOTOXINS
Vincristine (525,592) 38 5 1 � 5 16 6–31
Vinblastine (593,594) 48 Most 1 � 3 8 2–20
Etoposide (VP-16) (595) 29 Yes 0 � 1 3 1–29
Teniposide (VM-26) (596) 22 17 0 � 2 9 1–26

TOPOISOMERASE I INHIBITOR
Topotecan (528) 42 No 3 � 5 20 nr

TAXANES
Paclitaxel (526) 44 Yes 3 � 9 27.3 15–42.8
Docetaxel (508) 35 No 3 � 4 21 nr

REPORTED INVESTIGATIONAL STUDIES
Aminothiodiazole (505) 21 12 0 0 0–16
Amonafide (597) 38 4 2 � 0 6 1–20
Amsacrine (AMSA) (591,598) 23 1 1 � 1 9 1–28
Cytembina (524) 30 Yes 10 33 17–53
Diaziquone (AZQ) (595) 26 20 1 � 1 8 1–25
Echinomycin (599) 21 Yes 1 � 0 5 1–23
Fludarabine (507) 19 Yes 0 0 0–18
Methyl-G (600) 21 11 3 14 3–36
Piperazinedione (601) 20 Most 0 � 1 5 1–25
Razoxane (ICRF-159) (602) 24 Yes 0 0 0–14
Semustine (MeCCNU) (603) 5 NS 0 � 2 40 5–85

Note: 95% CI, the 95% confidence interval for complete and partial response; CR, complete response; NS, not stated; PR, partial response.
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(95% CI, 2.7% to 26%) (521). It is important to note that 32
patients had received prior doxorubicin therapy. A second
study evaluated its efficacy in 19 patients without prior
chemotherapy treatment and resulted in a 21% response rate
(522). Of the antimetabolites, 5-fluorouracil given in dosages
of 15 mg/kg for 5 consecutive days and then every other day
until dose-limiting toxicity occurred. It has displayed a 21%
response rate in 34 patients, whereas methotrexate (523) and
mercaptopurine (524) have been inactive. Vincristine given on
a weekly schedule was associated with a response rate of 18%
in 33 untreated patients (525), but dose-limiting neurotoxicity
was substantial. In a phase 2 trial of paclitaxel conducted by
the GOG (506), 28 patients with recurrent or advanced
endometrial cancer received a dose of 250 mg/m2 every 21
days. Patients who had received prior pelvic irradiation were
treated at an initial dose of 200 mg/m2. Complete responses
were noted in four patients (14%) and partial responses in six
(21%) for an overall response rate of 36%. A more contem-
porary GOG study evaluated paclitaxel at 200 mg/m2 (175
mg/m2 with prior radiotherapy) every 3 weeks in pretreated
patients showing an overall response rate of 27.3% (95% CI,
15% to 42.8%). The median duration of response was 4.2
months with an overall survival of 10.3 months (526). A sim-
ilar study showed a response rate of 43% (95% CI, 6% to
80%) in patients who had all previously been treated with
platinum-based therapy (527). A multicenter trial recently
reported showed a response rate of 21% with PFS of 12 weeks
and overall survival (OS) of 43 weeks in 35 patients receiving
weekly docetaxel at 35 mg/m2 (508). 

Topotecan was evaluated in a phase 2 trial of untreated
advanced or recurrent endometrial cancer administered initially
at 1.5 mg/m2 every day for 5 days every 3 weeks. The trial was
suspended for toxicity, but reopened and completed at 1 mg/m2

q day for 5 days (or 0.8 mg/m2/d for patients with prior radio-
therapy). An overall response rate of 20% was seen with
median duration of response of 8.0 months and overall survival
of 6.5 months (528). A subsequent smaller study by Traina
et al. using weekly topotecan dosing of 2.5 to 4.0 mg/m2 on a 2
of 3 weeks schedule followed by 1 week off showed one partial
response for 54 weeks with two patients having stable disease
for 15 weeks each. Only two patients required dose reduction
for toxicity using the weekly schedule (552).

The frequent variability in response rate noted for the same
agent is probably related to several factors, including prior
treatment, performance status, extent of disease, and the
response criteria used for evaluation. No current data suggest
that dose-response relationships exist for single-agent therapy,
and doses and schedules are generally adjusted to minimize
toxicity for an individual patient.

Combination Therapy

The results of treatment with combination regimens are pre-
sented in Table 23.17 (509,518,529–544). The first combina-
tion to be explored was cyclophosphamide with doxorubicin
in four trials in chemotherapy-naïve patients (518,533,
538,542) using doxorubicin dosages of 40 to 50 mg/m2

repeated every 3 to 4 weeks. The objective response rates for
these trials were similar to single-agent doxorubicin and
showed no advantage for the addition of cyclophosphamide.
The GOG also compared doxorubicin alone with the same
dose and schedule of doxorubicin plus cyclophosphamide
(518). All patients had failed progestin therapy, had measur-
able lesions, and had no prior chemotherapy. The complete
and partial response rates for patients receiving the doxoru-
bicin (132 patients) and combination regimens (144 patients)
were 22% and 30%, with a median progression-free interval
of 3.2 and 3.9 months and a median survival of 6.9 and 7.3
months, respectively.

The addition of cyclophosphamide and doxorubicin to
cisplatin (CAP) (509,532,535,536) and doxorubicin to cis-
platin (AP) (530,539,541,543,544) has been associated with
response rates ranging from 38% to 76%. The overlap of the
95% confidence intervals for CAP and AP regimens suggests
no significant difference in response rates, thus allowing the
AP regimen to become the “standard” to which more con-
temporary approaches are compared. Barrett et al. (530)
studied a chronobiologically defined schedule of doxorubicin
(60 mg/m2 at 6:00 AM) and cisplatin (60 mg/m2 at 6:00 PM)
in an attempt to maximize the therapeutic index of the com-
bination. The regimen in a phase 2 trial produced a 60%
response rate, similar to other AP trials (539,541,544), but the
median survival of 14 months was somewhat longer than in
other AP trials. Toxicity was substantial, with 43% of patients
developing white blood cell (WBC) counts of �1,000/mm3.
GOG 139 represented a randomized trial of standard versus
circadian-timed cisplatin and doxorubicin, and found no dif-
ference in response rate (46% vs. 49%) or progression-free
(6.5 vs. 5.9 months) or overall survival (11.2 vs. 13.2
months) (545). The results of GOG 107 comparing doxoru-
bicin (60 mg/m2 every 3 weeks) with the same doxorubicin
dose and cisplatin (50 mg/m2 every 3 weeks) in 223 patients
with advanced or recurrent endometrial cancer have shown a
significantly higher response rate for the combination (42%
vs. 25%; p � 0.004), but a progression-free and overall sur-
vival of 5.7 versus 3.8 months and 9.2 versus 9.0 months,
respectively (543). Moderate to severe nausea and vomiting
(16% vs. 2%), platelet counts of 50,000 mm3 (14% vs. 2%),
and WBCs of 2,000 mm3 (61% vs. 39%) were more common
for the combination regimen. This study confirms a higher
response rate with combination therapy, but the difference in
progression-free survival is modest and likely not clinically
meaningful; the overall survival is identical in the two groups.

Given the increased response rate of the doxorubicin combi-
nation, and the phase 2 activity of single-agent paclitaxel, the
GOG conducted a randomized trial (GOG 163) for patients with
primary stage III and IV or recurrent endometrial cancer compar-
ing doxorubicin and cisplatin to doxorubicin with 24-hour
paclitaxel and granulocyte colony-stimulating factor (G-CSF).
There were no significant differences in response rate (40% vs.
43%), PFS (median 7.2 vs. 6 months), or OS (median 12.6 vs.
13.6 months) for arm 1 and 2, respectively (546).

The disadvantage of GOG 163 was the lack of platinum in
the taxane-containing arm, however. The addition of a taxane
was subsequently studied in GOG 177. Doxorubicin (60 mg/m2

or 45 mg/m2 in patients with prior radiotherapy) with cis-
platin (50 mg/m2) as the standard arm versus paclitaxel
(160 mg/m2) with doxorubicin (45 mg/m2) and cisplatin (50
mg/m2) and G-CSF as the investigational regimen (547).
The primary objective was to determine if the addition of
paclitaxel improved response rate and progression-free and
overall survival, and a secondary objective explored the rela-
tionship between HER2/neu overexpression and outcome
with doxorubicin-based therapy. Two hundred and seventy-
three patients were enrolled, and the study was balanced for
history of prior RT (50% vs. 46%), serous carcinoma (15%
vs. 19%), stage, grade, and body surface area (BSA). Grade 3
and 4 platelet toxicity was higher in the three-drug arm (21%
vs. 2%), but other hematologic toxicity was ameliorated with
G-CSF: absolute neutrophil count (ANC) 36% versus 50%
and neutropenic fever 3% versus 2%. Nonhematologic grade
3,4 toxicity was higher in the three-drug arm: gastrointestinal
59% versus 39% and metabolic 25% versus 13%. Response
rates were better with the triplet: complete response 22% ver-
sus 7%, partial response 36% versus 27%, and overall
response rate (RR) 57% versus 34%. Median PFS was 8.3
months versus 5.3 months (p � 0.0005) and median overall
survival was 15.3 months versus 12.1 months (p � 0024).
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718 Section III: Disease Sites

COMBINATION CHEMOTHERAPY

TA B L E  2 3 . 1 7

Reference Drug Dose (mg/m2) Schedule Chemotherapy n CR � PR (%)

CYCLOPHOSPHAMIDE-DOXORUBICIN-CISPLATIN (CAP)
536 CYC 500 q 4 wk No 18 55 (56)

DOX 50
CIS 50

509 CYC 400 q 3 wk No 16 05 (31)
DOX 40
CIS 40

532 CYC 500 q 4 wk No 87 1227 (45)
DOX 50
CIS 50

535 CYC 500 q 3 wk 5 17 35 (47)
DOX 50
CIS 50

DOXORUBICIN-CISPLATIN
541 DOX 50 q 3 wk No 9 12 (33)

CIS 50
544 DOX 50 q 4 wk No 20 210 (60)

CIS 50
539 DOX 60 q 4 wk 4/16 16 67 (81)

CIS 60
530 DOX 60a q 4 wk No 30 612 (60)

CIS 60

CYCLOPHOSPHAMIDE-DOXORUBICIN
538 CYC 500 q 3 wk No 11 32 (45)

DOX 37.5
542 CYC 400–500 q 4 wk No 26 08 (31)

DOX 40–50
518 CYC 500 q 3 wk No 105 1519 (32)

DOX 50
533 CYC 600 q 3 wk No 13 15 (46)

DOX 50

OTHER
529 DOX 30 q 34 wk No 42 310 (31)

CIS 50
VLB 5
VCR 1.5 q 3 wk No 44 914 (52)
VM-26 100
CIS 60
CYC 500 q 3 wk No 20 55 (50)
DOX 40
VCR 1.5
FU 500 (d2,3)

537 MTX 30 (d1,15,22) q 4 wk No 25 15 (60)
VLB 3 (d2,15,22)
DOX 30 (d2)
CIS 70 (d2)

RANDOMIZED TRIALS—CHEMOTHERAPY
518 DOX — q 3 wk No 90 (24)

vs.
CYC No 105 (32)
DOX

543 DOX 60 q 3 wk No 122 (27)
vs.
DOX 60 No 101 (45)
CIS 50

(continued)
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Responses were similar in serous (48%) versus nonserous
histology (45%). Overall, paclitaxel doxorubicin cisplatin
(TAP) chemotherapy increased 12-month survival to 59%
compared to 50% with AP with an HR of 0.75 (0.56 to
0.998). As the secondary objective using available specimens
(HER2/neu testing was not done in approximately 12% of
patients) approximately 20% stained 3�, which was neither
prognostic nor predictive of outcome in this patient popula-
tion (547).

Although the TAP regimen produced an improvement in
response rate and PFS, survival was minimally increased, and
it is associated with greater toxicity. The combination of
paclitaxel and carboplatin as a doublet has also been evalu-
ated in a variety of phase 2 trials and retrospective studies
with response rates in the 43% to 80% range (548,549). No
direct phase 3 comparisons between doxorubicin and plat-
inum versus paclitaxel with platinum are currently available.
A randomized phase 2 study was presented in abstract form
evaluating doxorubicin with cisplatin versus paclitaxel with
carboplatin in 70 patients with advanced or recurrent
endometrial cancer showing a response rate of 27.9% versus
35.3%, respectively, but a phase 3 study would be required to
comment on a progression-free or overall survival advantage
(550). GOG 209 is currently accruing patients and compar-
ing doxorubicin, cisplatin, and paclitaxel with cisplatin and
paclitaxel and will provide an important comparison of effi-
cacy and toxicity between these two regimens.

The results of combining chemotherapy with progestin
therapy are presented in Table 23.18 (551–557). Complete and
partial remission rates have ranged from 17% to 86%,
although none is convincingly different than for chemotherapy
alone. There are no data to suggest that endocrine therapy in
conjunction with chemotherapy is superior to chemotherapy
or endocrine therapy alone. Many of these trials have included
small numbers of patients, and median survival rates have
generally been less than 1 year. In most combined progestin-
chemotherapy regimens, most patients had no prior progestin
treatment, although in almost all of the chemotherapy trials
most patients had prior progestins before entry.

Two other randomized trials compared different chemo-
therapy regimens with all patients receiving megestrol acetate
(Megace) (534,555). Response rates for both these regimens
were similar, with median survival times of approximately 7
and 10 months, respectively. In the trial of Horton et al. (555),

many patients had prior progestins, but this did not appear to
affect the response to chemotherapy, and the response to prior
progestin therapy was not related to treatment results. In the
study by Cohen et al. (534), response rate was also not related
to prior progestin therapy, age, disease-free interval, metasta-
tic site, or tumor grade.

Investigational Agents

A variety of investigational agents have been proposed as
appropriate for evaluation in patients with endometrial can-
cer. These agents have generally failed to demonstrate suffi-
cient activity for further development. More recently, as in
other tumor types, agents targeting specific molecular path-
ways are in various early stages of evaluation. 

mTOR Inhibitors. The PTEN tumor suppressor gene has
been shown to be inactivated in a variety of tumors including
36% to 83% of endometrial carcinomas (558,559). Loss of
PTEN leads to constitutive activation of AKT, which in turn
leads to up-regulation of the mammalian target of rapamycin
(mTOR) (296,560). Preclinical data has shown the activity of
rapamycin in various cell endometrial cancer cell lines by
inhibiting cell proliferation (561). Proposed mechanisms of
mTOR blockade include inhibition of S6K1 and 4E-BP1 phos-
phorylation and the prevention of cyclin-dependent kinase
activation, which leads to an arrest of the cell cycle in the G1
to S transition. Preclinical studies have suggested that the
degree of S6K1 inhibition in peripheral blood mononuclear
cells (PBMCs) is identical to sampled tissue levels in mice, and
PBMC levels may be able to be used as a surrogate for tissue
levels in humans as phase 1 trials are performed (552).
Rapamycin as a parent compound has poor solubility and sta-
bility in solution and several analogues (CCI-799 or ten-
sirolimus, RAD-001 or everolimus, and AP-23573 or ARIAD)
have been produced and are being evaluated in a variety of
tumor types including endometrial carcinoma (562).

c-Kit, Abl, and Platelet-Derived Growth Factor Inhibitors.
An immunohistochemical study of 63 patients showed posi-
tive staining for Abl, c-Kit, and platelet-derived growth factor
receptor (PDGFR) in 85%, 0%, and 91% of the 33 primary
endometrioid cancers; 92%, 25%, and 100% of the recurrent
endometrioid cancers; and 73%, 0%, and 73% of the pri-
mary uterine papillary serous carcinomas (563). As data
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TA B L E  2 3 . 1 7

Reference Drug Dose (mg/m2) Schedule Chemotherapy n CR � PR (%)

546 DOX 60 q 3 wk No 157 40 (15 � n/a 35)
CIS 50
vs.
DOX 50 157 43 (17 � 26)
PAC 150

547 DOX 60 133 33 (7 � n/a 26)
CIS 50
vs.
DOX 45 133 57 (22 � 35)
CIS 50
PAC 160

Note: CIS, cisplatin; CR, complete response; CYC, cyclophosphamide; DOX, doxorubicin; FU, fluorouracil; MTX, methotrexate; PAC, paclitaxel;
PR, partial response; VCR, vincristine; VLB, vinblastine; VM-26, teniposide.
aCircadian timed regimen doxorubicin at 0600 (6 AM) and cisplatin at 1800 (6 PM) hours.
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regarding imatinib has emerged, it is clear that the presence
of targets as demonstrated by immunohistochemistry is not a
surrogate for activity. Trials with uterine papillary serous car-
cinoma have been proposed, but enthusiasm has diminished
for this agent given the negative data in serous ovarian carci-
noma (564). 

Epidermal Growth Factor–Targeted Agents. Epidermal
growth factor (EGF) is expressed in normal epithelium and is
overexpressed in 60% to 80% of endometrial carcinomas. It
has been associated with advanced stage and poor outcome
(565). Multiple downstream targets of the EGF pathway have
been identified. Furthermore, the relationship between loss of
function mutations for key tumor suppressors and resistance
to EGF inhibitors is being explored (566). Preclinical models
have shown differences in responses to EGF inhibitors between
type I (Ishiwaka H) and II (Hec50co) endometrial cancer models.

While gefitinib blocked the autophosphorylation of epidermal
growth factor receptor (EGFR) in both models with demonstra-
ble downstream effector consequences, continued growth of
type II tumors suggested constitutive activation of other signal-
ing pathways. This supports the hypothesis that for optimal
clinical effectiveness, multiple pathway interruptions may be
required (565,566). Single-agent studies have shown limited
clinical activity, and trials evaluating combination treatment
with EGF inhibitors and chemotherapy are ongoing. 

HER2/neu-Targeted Agents. HER2/neu gene overexpres-
sion and amplification have been shown in the subset of
uterine cancers with serous histology (342,567,568). An
oligonucleotide microarray study with the objective of
detecting differences in genes between uterine papillary
serous carcinomas and ovarian serous carcinomas showed
that HER2/neu is the most strikingly overexpressed gene in

720 Section III: Disease Sites

COMBINATION CHEMOTHERAPY AND PROGESTIN THERAPY

TA B L E  2 3 . 1 8

Reference Drug Dose (mg/m2) Schedulea Chemotherapy n CR � PR (%)

556 CYC 300 q 4 wk No 15 54 (60)
DOX 30
CIS 50
MEG 120 Daily

554 CYC 250–500 q 3 wk No 15 41 (33)
DOX 30
CIS 50
MEG 80–160 Daily

370 CYC 500 q 4 wk No 15 8 (53)
DOX 50
CIS 50
MPA 300 Daily

553 CYC 400 q 3 wk No 29 85 (45)
FU 400
MEG 160 Daily

531 CYC 400 d1,8 q 4 wk No 7 06 (86)
DOX 30
FU 400
MPA 400 (IM) TIW

RANDOMIZED TRIALS—CHEMOTHERAPY PLUS ENDOCRINE THERAPY
555 CYC 400 q 4 wk No 56 411 (27)

DOX 40
MEG 80 tid
vs.
CYC 250 q 4 wk 58 36 (16)
DOX 30
FU 300 (d1-3)
MEG 80 tid

534 L-PAM 7 4d q 4 wk No 77 1217 (38)
FU 525b

MEG 180 q day 8 wk
vs.
CYC 400 q 3 wk 78 1615 (36)
DOX 40
FU 400
MEG 180 q day 8 wk

Note: alt q 3 wk, MPA and TAM alternate q 3 wk; CR, complete response; CIS, cisplatin; CYC, cyclophosphamide; DOX, doxorubicin; FU, 
fluorouracil; IM, intramuscular; L-PAM, melphalan; MEG, megestrol acetate; MPA, medroxyprogesterone acetate; PR, partial response; TIW, three
times weekly.
aFor chemotherapy and progestin therapy, the progestin schedule is listed separately at the bottom of the column.
bTotal dose. 
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tumors of uterine origin when the two are compared (569).
In vitro uterine papillary serous carcinoma cell lines resistant
to natural killer cells were found to be sensitive to
trastuzumab-mediated antibody-dependent cytotoxicity
(570). Clinical trials evaluating trastuzumab in uterine papil-
lary serous cancers are ongoing. It is noted that in the GOG
study of trastuzumab in ovarian serous cancers, the frequency
of HER2/neu overexpression was low, and the objective
response rate was only 7.3% with a median PFS of 2 months,
showing limited clinical value in serous tumors of ovarian
origin (571).

Vascular Endothelial Growth Factor–Targeted Agents.
The importance of vascular endothelial growth factor (VEGF)
and angiogenesis in tumorigenesis is underscored by its over-
expression in the majority of solid tumors as well as in lym-
phomas and hematologic malignancies (572). The prognostic
and therapeutic implications of VEGF expression have been
clearly shown in patients with ovarian cancer and particularly
in those with malignant ascites, but the data in endometrial
cancer have been less straightforward (573–575). Increased
tumor VEGF levels in patients with endometrial cancer have
been associated with higher-grade tumors, deep myometrial
invasion, nodal metastasis, and more advanced-stage disease
in some series (576,577). However, another study reported a
lack of association between VEGF and its receptor expression
and overall survival in 115 patients with endometrioid histol-
ogy (578). A recent phase 2 trial of thalidomide in 27 patients
with chemotherapy refractory endometrial cancer showed
partial and stable disease responses of 12.5% and 8.3%,
respectively, with a progression-free and overall survival of
1.7 months and 6.3 months (579). Thalidomide did not
decrease VEGF or basic fibroblast growth factor (bFGF) levels
in these patients, and elevated levels were associated with
increased risk of progression or death in this study. Clinical
trials with more potent inhibitors of angiogenesis such as
bevacizumab are currently ongoing. 

MANAGEMENT OF PATIENTS
WITH SEROUS AND CLEAR CELL

HISTOLOGIES
Serous cancer and, to a lesser extent, clear cell cancer tend to
spread in a fashion similar to ovarian cancer with a high
propensity for upper abdominal relapse. Therefore, whole
abdomen radiation has been extensively studied in this group
of patients (459). Lim et al. (460) reported on 78 patients with
stage I-IIIA papillary serous carcinoma: 58 were treated with
whole abdomen radiation and 20 were not. The correspond-
ing 5-year disease-specific survival rates were 74.9% and
41.3%, respectively (p � 0.04). In GOG study 94, the 3-year
disease-free and overall survival for the 60 patients with stage III
papillary serous or clear cell carcinomas were 40.9% and
45.0%, respectively (453). The data on whole abdomen are
somewhat encouraging, but the rate of relapse is still substantial,
indicating the need for effective systemic therapy.

Based on the response rates of paclitaxel and carboplatin in
other tumors of serous histology, trials investigating paclitaxel
and carboplatin in uterine papillary serous carcinomas have
reported response rates of 60% to 70% (580,581). No ran-
domized, prospective trials evaluating multi-modality therapy
for either early- or late-stage uterine papillary serous carcino-
mas have been reported. The GOG protocol 184 closed in
2004. This study randomized women with optimally stage III
or IV endometrial carcinoma (including uterine papillary
serous carcinoma [UPSC]) to doxorubicin and cisplatin
chemotherapy versus doxorubicin, cisplatin, and paclitaxel
chemotherapy following volume-directed radiation therapy.

The data is not yet mature, and at recent follow-up only
approximately 13% of patients in either arm had serous his-
tology, so definitive conclusions regarding the best treatment
for UPSC will not likely be possible from this study. A single-
institution phase 2 trial for advanced-stage uterine papillary
serous histology administered paclitaxel and platinum-based
chemotherapy for three cycles followed by volume-directed
radiation therapy. Patients then received an additional three
cycles of chemotherapy. The most common toxicity was
hematologic and occurred during chemotherapy following
radiation therapy. The PFS for the nine women treated is 46.4
months (582). A similar study administered four cycles of
platinum with paclitaxel or epirubicin followed by whole
pelvic and vaginal brachytherapy. The 5-year overall survival
for this group was 58.9% (583).

With regard to stage I disease, the available data for
designing a treatment plan is retrospective. A study of 74
stage I patients with UPSC between 1987 and 2004 who
underwent complete staging at Yale University was reported
(461). Patients were divided into those who had no residual
cancer in the hysterectomy specimen versus those who did.
Stage IA patients who had residual in the hysterectomy spec-
imen and who were treated with platinum-based chemother-
apy had no recurrences (n � 7) versus 6 of 14 (43%) who
did not receive treatment. Of 15 patients with stage IB dis-
ease, there were no recurrences in the treated group but 10 of
13 nontreated patients (77%) recurred. Platinum-based
chemotherapy was associated with improved progression-
free (p � 0.01) and overall survival (p � 0.05). Furthermore,
no patient who received radiation to the vaginal cuff
recurred at the cuff versus 6 of 31 (19%) of those who did
not receive vaginal cuff irradiation (461). Recognizing the
limits of retrospective studies, these data support the poten-
tial benefit of a regimen of platinum-based chemotherapy
with cuff irradiation in patients with UPSC. Randomized,
prospective data is needed to accurately define the best
approach in these patients.

FUTURE DIRECTIONS
In 2001, the National Cancer Institute convened an expert
panel to develop a national 5-year plan for research priorities
in gynecologic cancers. The resulting report, Priorities of the
Gynecologic Cancer Progress Review Group (PRG), specified
that understanding tumor biology was the central key toward
controlling gynecologic cancers (6). For endometrial cancer,
one of the top research priorities defined by the PRG was to
identify prognostic and predictive markers for treatment effi-
cacy and toxicity. One of the key research issues in endome-
trial cancer relates to developing a more comprehensive and
detailed understanding of cancers at a genetic and molecular
level. By understanding these factors, a more rational devel-
opment of targeted agents is hoped. One such large research
effort involves a 3,500 patient trial conducted by the GOG,
including patients with endometrial cancer who are to
undergo hysterectomy with pelvic and para-aortic lymph-
adenectomy. Blood, urine, and cancer tissue at the time of ini-
tial surgery and at the time of recurrence are being collected
to create a large tumor bank for translational research. The
primary goals are to determine what biologic, molecular, and
genetic changes are responsible for metastasis, and to develop
biomarkers that predict response and prognosis. Epidemiologic
information is also being collected and will be linked to
molecular/genetic information and clinical outcome. Through
this unprecedented study, researchers hope to foster new
understanding of this cancer that will lead to promising
avenues for treatment and prevention. 
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SUMMARY
Endometrial cancer is the most common gynecologic malig-
nancy, and an understanding of presentation, surgical manage-
ment, and treatment options is required for gynecologic
oncologists. Surgical therapy is a mainstay of endometrial cancer
with lymphadenectomy and laparoscopy increasingly integrated.
A thorough knowledge of the relationships between uterine fac-
tors and extrauterine disease spread is essential (60). Surgical
staging defines extent of disease and largely defines risk of recur-
rence. Pelvic radiation is associated with better local control, but
no improvement in survival for patients with stage I-II endome-
trial cancer in randomized trials (143,149,184).

Chemotherapy is increasingly integrated into up-front man-
agement of advanced-stage endometrial cancer, and may have a
role in early-stage disease (8,416). Combination therapy with
radiation and chemotherapy is under evaluation. Targeted
agents hold promise; however, a better understanding of molec-
ular and genetic changes is required to improve efficacy.
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Racial Distribution

Zelmanowicz et al. (16) are the most recent investigators to note
that women with carcinosarcomas are more likely to be of
African American descent (among 453 patients and controls,
28% versus 4%, p � 0.001) than those with endometrial ade-
nocarcinomas. In the reviews of Mortel et al. and Norris et al.
(17,18), 33% and 24% of patients with carcinosarcomas were
nonwhite, respectively. Brooks et al. (12) reported that the age-
adjusted incidence of uterine sarcomas in African American
women was twice that of controls. The age-adjusted incidences
of leiomyosarcomas for black and white women, respectively, were
1.5 and 0.9 per 100,000. Those for carcinosarcomas in black and
white women, respectively, were 4.3 and 1.7 per 100,000.

Relative Incidence

Carcinosarcomas and leiomyosarcomas constitute about 4%
and 1.5% of all uterine malignancies in clinical series, respec-
tively (6). Echt et al. (19) reported on 66 patients diagnosed
with uterine sarcomas over a 21-year period at the University
of Southern California and found carcinosarcomas in 48%,
leiomyosarcomas in 36%, and endometrial stromal sarcomas
in 15%. Because the risk profile of carcinosarcomas so closely
parallels that of endometrial adenocarcinomas with regard to
obesity, diabetes, anovulation, and low parity, Silverberg et al.
(20) have suggested that they be regarded as “metaplastic”
endometrial carcinomas instead of true sarcomas. Many other
pathologists agree with this notion (21).

In series of uterine sarcomas referred for histopathologic
diagnosis, leiomyosarcomas are seen more commonly than car-
cinosarcomas. The differentiation between benign, malignant,
and “of uncertain malignant potential” smooth muscle tumors
is more subtle than the diagnosis of carcinosarcoma.

Prior Radiotherapy

Although as many as a third of patients with carcinosarcomas
in some series have a history of antecedent pelvic radiotherapy,
this is rarely, if ever, an etiologic factor in patients with
leiomyosarcoma of the uterus. Christopherson et al. (22)
described two cases among 33 patients with uterine leiomyosar-
coma who had a history of radiotherapy. In the series of carci-
nosarcomas reported by Norris et al. (18), 9 of 31 patients
(29%) had received pelvic radiotherapy from 7 to 26 years
prior to diagnosis. Among 1,208 uterine malignancies in the
report by Meredith et al. (23), 30, or 2.4%, occurred in patients
exposed to pelvic radiotherapy. Only 8 of these 30 patients had
been irradiated for a gynecologic malignancy, with the others

Uterine sarcomas are rare malignancies accounting for as few as
6% of the estimated over 40,000 cases of cancer of the uterine
corpus in the United States in 2009 (1). In contrast to the gener-
ally favorable prognosis in endometrial adenocarcinomas, uter-
ine sarcomas are generally aggressive; overall mortality rates
approached 90% in early reports (2). In a 1997 Norwegian sur-
vey, uterine sarcomas accounted for 26% of all deaths from
uterine malignancies (3). Uterine sarcomas encompass a broad
spectrum of neoplasms from pure mesenchymal tumors and
endometrial stromal tumors (leiomyosarcomas and endome-
trial stromal sarcomas) to mixed epithelial/stromal tumors
such as adenosarcoma and carcinosarcoma. Several classifica-
tion systems exist (4), most of which are based upon the orig-
inal work of Ober (5); the World Health Organization
histologic classification system of uterine sarcomas is summa-
rized in Table 24.1.

EPIDEMIOLOGY AND RISK
FACTORS

Leiomyosarcoma and Carcinosarcoma

The two major sarcomas, leiomyosarcoma and carcinosar-
coma, are distinguishable in several ways including clinical
presentation, spread patterns, mean age at diagnosis, racial
distribution, apparent relative incidence, method of diagnosis,
and history of prior radiotherapy.

Median Age at Diagnosis

Figure 24.1 demonstrates mean ages at diagnosis for common
uterine sarcomas and endometrial adenocarcinomas. Patients
with carcinosarcomas are on the average older (mean 65 [2],
67 [6] years) than those with endometrial adenocarcinomas
(mean 59.1 years [7]), müllerian adenosarcomas (mean 57.4
[8], 58 [9] years), leiomyosarcomas (mean 53.5 [1], 55 [10,
11, 56.2 [12] years), and endometrial stromal tumors (mean
41 [13], 46 [14], 48 [15] years). Olah et al. (6) observed a
bimodal age distribution among 423 cases of uterine sarcoma;
they attributed this to a premenopausal peak for patients with
leiomyosarcomas and a postmenopausal maximum for those
with carcinosarcomas. Thus, many patients with carcinosar-
comas are postmenopausal, whereas those with leiomyosarco-
mas may be premenopausal or perimenopausal at the time of
diagnosis. In a review of 208 patients with leiomyosarcomas
from the Mayo Clinic (11), only 41% were postmenopausal. 
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being treated for uterine bleeding, polyps, or fibroids. Of irradi-
ated patients, five (17%) developed carcinosarcomas, for a
crude association of 11%. The risk of endometrial adenocarci-
noma arising after radiation was 2%. It has been suggested that
postirradiation carcinosarcomas occur at a younger average

age than those arising de novo (24). Latency to diagnosis of
malignancy is generally shorter in older patients, however (23).
Carcinosarcomas in previously irradiated patients also tend to
present in advanced stage, perhaps because radiotherapy is
often associated with cervical stenosis and, thus, no telltale
uterine bleeding. 

Müllerian Adenosarcoma

Clinically, these neoplasms occur in women aged 14 to 89 years
(median 58 years) (25), with no racial predilection or notewor-
thy reproductive characteristics. The most common symptoms
were bleeding, pelvic pain, prolapse, and vaginal discharge. On
clinical examination, about 40% of patients had tissue protrud-
ing from the cervical os (25). In the series of Clement and Scully,
five patients had a history of radiation therapy 8 to 30 years
before diagnosis. In 1996 Clement et al. (9) reported six patients
who developed müllerian adenosarcomas of the uterine corpus
after taking tamoxifen for periods of 6 months to 4 years. An
additional such case was reported by Bocklage et al (26).

CLINICAL PRESENTATION
Vaginal bleeding is the most common presenting symptom in
women with uterine sarcomas in general (27,28) and is nearly
universal in those with carcinosarcomas (29). Vaginal bleed-
ing occurs in as few as 40% of women with leiomyosarcomas,
however. A typical presentation of carcinosarcoma is vaginal
bleeding associated with a protuberant, fleshy mass from the
cervix. Uterine enlargement is common with carcinosarcomas.
These neoplasms arise in the endometrial lining but often
grow in an exophytic pattern within the endometrial cavity
(Fig. 24.2). Bleeding and uterine cramping are common. 

Uterine enlargement and a presumptive diagnosis of uterine
leiomyomata are nearly universal findings in patients with leiomy-
osarcoma (Figs. 24.3 and 24.4). The incidence of leiomyosarcoma
in all patients with a clinical picture of myomas is less than 1%
but increases with age to slightly over 1% in the sixth decade of
life (30). 

DIAGNOSIS AND EVALUATION
Whereas the diagnosis of carcinosarcoma is confirmed, or at
least suggested, at the time of endometrial biopsy or curettage,
leiomyosarcomas are rarely diagnosed before hysterectomy (11).
Although positron emission tomography and magnetic resonance
imaging offer the potential of differentiating between benign and
malignant smooth muscle tumors of the uterus, these techniques
are not sufficiently sensitive and specific at the present time.
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WORLD HEALTH ORGANIZATION CLASSIFICATION
SYSTEM OF UTERINE SARCOMAS
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MESENCHYMAL TUMORS
Endometrial stromal and related tumors

Endometrial stromal sarcoma, low grade
Endometrial stromal nodule
Undifferentiated endometrial sarcoma

Smooth muscle tumors
Leiomyosarcoma

Epithelioid variant
Myxoid variant

Smooth muscle tumor of uncertain malignant potential
Leiomyoma, not otherwise specified

Histologic variants
Mitotically active variant
Cellular variant
Hemorrhagic cellular variant
Epithelioid variant
Myxoid
Atypical variant
Lipoleiomyoma variant
Growth pattern variants
Diffuse leiomyomatosis
Dissecting leiomyoma
Intravenous leiomyomatosis
Metastasizing leiomyoma

Miscellaneous mesenchymal tumors
Mixed endometrial stromal and smooth muscle tumor
Perivascular epithelioid cell tumor
Adenomatoid tumor
Other malignant mesenchymal tumors
Other benign mesenchymal tumors

MIXED EPITHELIAL AND MESENCHYMAL TUMORS
Carcinosarcoma (malignant müllerian mixed tumor, 

metaplastic carcinoma)
Adenosarcoma
Carcinofibroma
Adenofibroma
Adenomyoma

Atypical polypoid variant

FIGURE 24.1. Mean age at diagnosis of common
uterine sarcomas and endometrial adenocarcinomas.
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Berchuck et al. reported that in 14 patients with leiomyo-
sarcomas undergoing dilatation and curettage, a prehysterectomy
diagnosis was made in only 8 (31). Although the diagnosis of
carcinosarcoma may be missed because endometrial biopsy or
curettage does not adequately sample both the epithelial and
stromal components of the tumor, appropriate preoperative
referral is made because of the presence of a malignancy, and
staging is accomplished at the time of hysterectomy. Conversely,
most leiomyosarcomas are diagnosed after hysterectomy at the
time of histologic review of the surgical specimen. Referral and
disposition decisions are therefore made a posteriori. More
often than not, staging is omitted from the initial procedure.
This dichotomy in the presentation of the two main uterine sar-
comas was highlighted in a staging study published by the
Gynecologic Oncology Group (GOG) (32). Far fewer patients
with leiomyosarcomas were referred for enrollment in the
study than those with the diagnosis of carcinosarcoma (301
carcinosarcomas, 59 leiomyosarcomas, and 93 endometrial
stromal tumors and adenosarcomas). Restaging after primary
surgery may have been an obstacle to entry of patients with
leiomyosarcoma. In fact, the investigators who performed this
study, Major et al. (32), deigned that “[i]n light of the small
number of leiomyosarcoma cases with positive lymph nodes,
re-exploration [solely for staging] is not recommended in
patients with leiomyosarcomas.”

Patients with uterine carcinosarcomas, much like high-
grade endometrial lesions, unless presenting with clinical
metastases, should be managed in referral centers where

appropriate surgical staging can be performed. Although vagi-
nal sonography and magnetic resonance imaging may reveal
myometrial involvement, the frequency of occult nodal, omen-
tal, and peritoneal metastases makes appropriate surgical
evaluation paramount. Yamada et al. (33) underscored this
fact in their staging study of 62 patients, 38 (61%) of whom
had surgically detected extrauterine metastases.

Since the most common sites of metastases for uterine sar-
comas other than leiomyosarcoma are pelvic and para-aortic
lymph nodes, studies such as computed tomography (CT) of
the abdomen and pelvis are probably not justified in patients
with clinical stages I and II disease; on the other hand, if an
extensive uterine mass is present, these evaluations may iden-
tify findings that suggest a palliative rather than curative
approach to the patient. Radionuclide bone scans and imaging
of the brain are of little value in the absence of pulmonary
metastases. Preoperative radiographs are helpful in excluding
pulmonary metastases and are often medically indicated in
patients of advanced age or with compromised health. The
utility of chest tomography in uterine sarcomas has not been
formally addressed but should be considered in patients with
high-grade lesions, especially if there is evidence that pallia-
tion rather than curative therapy would be appropriate.

Porter et al. (34) reviewed 600 patients with nonthoracic
T2 soft-tissue sarcomas and concluded that routine chest CT
identified metastases in 19.2% of patients but at a cost of
$27,594 per patient with metastases. If scanning were limited
to patients with high-grade histologies only, the cost per
patient with metastases was reduced to $418 per patient with
metastases. Since no specific data are in place for uterine sar-
comas, CT scanning may be indicated in patients with high-
grade sarcomas to determine extent of surgery.

STAGING AND NODAL
INVOLVEMENT

By convention, the 1988 International Federation of Obstetrics
and Gynecology (FIGO) staging criteria for endometrial cancer
(see Table 23.4) are used to assign stages in uterine sarcomas.

Whereas carcinosarcomas, like endometrial adenocarcino-
mas, commonly metastasize to pelvic or para-aortic lymph
nodes, leiomyosarcomas rarely spread to nodal sites. In the
review of 203 stage I and II carcinosarcomas surgically staged
as part of a GOG study reported by Silverberg et al. (20),
nodal metastases were detected in 34 cases (16.7%). Nearly
all subjects had lymphatic or vascular involvement in the
myometrium; lymphatic channel involvement was a much
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FIGURE 24.2. Exophytic pattern of growth in carcinosarcoma.

FIGURE 24.3. Leiomyosarcoma, gross.

FIGURE 24.4. Leiomyosarcoma, gross, showing heterogenous
appearance.
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better predictor of nodal metastases than tumor grade or
mitotic index. Doss et al. (2) confirmed that pelvic lymph
nodes were the most common site of metastasis in carcinosar-
comas, and others have confirmed a rate of nodal spread in
clinically localized disease between 13.2% and 31.0% (33,35).

Multiple nodal metastases were noted in 66% of patients
with any nodal spread in Chen’s report (36), and Norris et al.
(18) described lymph node disease in 90% of fatal cases.

Lymph node metastases were identified in only 3.5% of
patients with clinically localized leiomyosarcomas at the time
of surgical staging in the GOG study reported by Major et al.
(32). In the recent Mayo Clinic series (11), 4 of 36 (11%)
patients had nodal spread, but only 1 of these (2.6%) had
isolated nodal metastases. Data from three series (28,30,37)
indicate that lymph nodes were histologically positive only if
clinically enlarged or associated with obvious intra-abdominal
spread. Thus, the need for lymph node dissection in patients
with leiomyosarcomas remains unsubstantiated.

Among patients with müllerian adenosarcomas who
underwent surgical staging including lymph node sampling
(38), 20% were found to have spread outside the uterus to
involve lymph nodes, vagina, parametrium, ovary, and malig-
nant peritoneal washings. Similar yields are reported for
endometrial stromal sarcomas. 

PATHOLOGY
Malignant mesenchymal tumors can be classified into pure
mesenchymal tumors and tumors with a mixed epithelial and
mesenchymal components. In the first group the most common
is leiomyosarcoma, followed by endometrial stromal sarcoma,
and rarely others including rhabdomyosarcoma, liposarcoma,
angiosarcoma, chondrosarcoma, osteosarcoma, and alveolar
soft part sarcoma. Mixed epithelial and mesenchymal tumors
include carcinosarcoma and adenosarcoma. In addition, there
are two rare mesenchymal tumors occurring in the uterus: uter-
ine tumors resembling ovarian sex-cord tumors (UTROSCTs)
and perivascular epithelioid cell tumors (PEComas).

Leiomyosarcoma and Other 
Smooth Muscle Tumors

Leiomyosarcomas are malignant smooth muscle tumors that
usually arise de novo. Recent studies have shown that some
tumors show areas with benign morphology, suggesting some
progression from leiomyoma to leiomyosarcoma (39) but
clonality studies only support this progression in a small per-
centage of cases (40). Unlike leiomyoma, leiomyosarcoma is
rarely a solitary poorly circumscribed mass with a soft and
fleshy consistency. The cut surface is variegated with gray
areas intermixed with yellow areas of necrosis and sometimes
hemorrhagic areas. The epicenter of the tumor is the
myometrium and most leiomyosarcomas are intramural.
Occasionally, they can extend into the cervix or beyond the
uterus (Fig. 24.5).

Microscopically, most leiomyosarcomas are overtly malig-
nant and have hypercellularity, coagulative tumor cell necro-
sis, abundant mitoses (more than 10/10 high power fields
[hpf]), atypical mitoses, marked cytologic atypia, and infiltra-
tive borders (Fig 24.6). Some cases lack some of these features,
and occasionally the differential diagnosis between a benign
and a malignant lesion can be controversial. The three most
important criteria are coagulative tumor cell necrosis, high
mitotic rate, and significant cytologic atypia (41). Coagulative
tumor cell necrosis (FCN) has an abrupt transition from
viable to necrotic tissue (Fig. 24.7). In contrast, the hyaline
necrosis seen in some leiomyomas has an area of hyalinized

tissue between the necrotic and viable tumor. Some smooth
muscle tumors have histologic features that are not worrisome
enough to render an unequivocal diagnosis of sarcoma. These
tumors can be classified as atypical leiomyomas, smooth mus-
cle tumors with low malignant potential (low probability of
an unfavorable outcome), or smooth muscle tumors of uncer-
tain malignant potential (STUMP) (insufficient numbers have
been studied to predict their behavior). Figure 24.8 summa-
rizes the classification of uterine smooth muscle tumors based
on their histologic characteristics. This classification is based
in large part upon a large retrospective study from Stanford
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FIGURE 24.5. Leiomyosarcoma, gross, with extension beyond uterus.
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FIGURE 24.6. Leiomyosarcoma, microscopic.
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University published in 1994 (39), the largest to date. A multi-
institutional study of 77 leiomyosarcomas presented at the
United States Clinical and Anatomic Pathology meeting in
2006 (42) reported three leiomyosarcomas with minimal
atypia and no tumor cell necrosis. This same study found the
presence of tumor cell necrosis coexisting with areas of
hyaline necrosis typical of leiomyosarcomas. Tumors that clin-
ically and pathologically appear to be leiomyomas but have
up to 15 mitoses per 10 hpf behave in a benign fashion and
are classified as mitotically active leiomyomas (43,44).
Leiomyomas are more likely to have a high mitotic count if
they are excised during the secretory phase of the menstrual
cycle, during pregnancy, or while patients are receiving exoge-
nous progesterone therapy.

There are some tumors that are not represented in Figure 24.8,
for example, tumors without tumor necrosis, with focal or
multifocal atypia, and with more than 20 mitoses per 10 hpf.

These tumors are rare but some behave as sarcomas (42).
Since there are few of these cases reported they should be con-
sidered at least STUMPs. There are tumors that lack one of
the three major diagnostic criteria (mitoses, atypia, necrosis)
but have other worrisome features such as infiltrative borders,
lymphovascular invasion, or atypical mitoses. Classification
of such cases is always problematic. It is recommended that
these unusual cases be reviewed by a gynecologic pathologist. 

Infarcted necrosis of benign leiomyomas can be seen some-
times during pregnancy, after uterine artery embolization,
thermal balloon endometrial ablation, therapy with tranex-
amic acid, or therapy with high-dose progestins. In addition,
pedunculated submucosal leiomyomas can undergo sponta-
neous torsion, and infarction, even with protrusion through
the cervix. Infarcted leiomyomas should not be confused with
leiomyosarcoma. The infarcted necrosis is not tumor cell
necrosis, as mentioned before. In addition, infarcted leiomy-
omas are not associated with significant cytologic atypia, high
mitotic rate, atypical mitoses, or invasive borders. An accurate
clinical history can be very useful in many of these cases.

Classification critieria of smooth muscle tumors with either
myxoid or epithelioid features differ from those used for spindle
cell tumors. Epithelioid tumors have cells that are round rather
than spindle shaped and have round nuclei mimicking epithe-
lial cells (hence the term “epithelioid”) (Fig. 24.9). Epithelioid
leiomyosarcomas have significant cytologic atypia, at least
three mitoses per 10 hpf and tumor cell necrosis in 50% of
cases (45). At least one previous study suggests that epithe-
lioid tumors may behave more aggressively than spindle cell
tumors and have a higher tendency to metastasize (46).

Myxoid leiomyosarcomas are rare and may be deceiving
because of minimal atypia and a low mitotic rate. However, they
are always infiltrative and this feature can be used to render the
diagnosis of sarcoma (Fig. 24.10). Lymphovascular invasion is
also indicative of malignancy. Myxoid leiomyosarcoma has a
clinical behavior similar to other leiomyosarcomas (47,48).

Histologic parameters of leiomyosarcomas that have been
shown to be prognostic indicators include grade, mitotic rate,
extensive tumor cell necrosis, and lymphovascular invasion.
However, multivariate analyses from large studies vary in their
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Without coagulative
tumor cell necrosis

With coagulative
tumor cell necrosis

No atypia

With atypia

5–20 mitoses/10 HPF

>20 mitoses/10 HPF Mitotically active leyomyoma with
limited experience
(2 cases, both NED)

Atypical leiomyoma
(17 cases, all NED)

Mitotically active leiomyoma
(128 cases, all NED)

Focal or multifocal
(less than 20 mit/10 HPF)

Diffuse

<10 mit/10 HPF

>10 mit/10 HPF

Atypical leiomyoma with
low recurrence rate
(1/58 AWD)

Sarcoma (4/10 DOD)

No atypia

<10 mit/10 HPF SMT of LMP limited experience (1/4 AWD)

>10 mit/10 HPF Sarcoma (3/4 DOD or AWD)

With atypia (regardless of mitoses) Sarcoma (24/33 DOD or AWD)

FIGURE 24.8. Uterine smooth muscle tumors (excluding epithelioid and myxoid types and cervical
tumors). Note: AWD, alive with disease; DOD, dead of disease; HPF, high power fields; LMP, low malig-
nant potential; NED, no evidence of disease; SMT, smooth muscle tumor.

FIGURE 24.7. Leiomyosarcoma, microscopic, with abrupt transition
from viable to necrotic tissue.
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results (11,49). Estrogen and progesterone receptors are
expressed in a large percentage of leiomyosarcomas (38% to
60%), but this does not seem to correlate with overall survival
(50,51), nor does it suggest that hormonal therapy is beneficial.

Carcinosarcoma

Uterine carcinosarcomas, also called malignant mixed müllerian
tumors, are lesions containing carcinomatous and sarco-
matous elements (Fig. 24.11). Numerous studies have shown
that these tumors are clonal malignancies derived from a
single stem cell (52–54) and should be considered “metaplastic
carcinomas.”

Most carcinosarcomas are polypoid tumors that fill the
endometrial cavity and may protrude through the cervical os
(Fig. 24.12). The tumors are soft and fleshy with areas of
necrosis and hemorrhage. Occasionally, they show gross
myometrial invasion, and may extend into or through the
cervix. The size of the tumor is quite variable and may range
from less than 2 cm to over 20 cm in diameter.

Microscopically, the tumors have a typical biphasic pattern
with carcinomatous and sarcomatous elements. The carcinoma
is usually high grade and reminiscent of serous carcinoma,
although some cases have undifferentiated, endometrioid,
clear cell, or even squamous carcinoma. The sarcomatous

component is always high grade and may be homologous or
heterologous. In homologous tumors, the sarcomatous com-
ponent is usually high-grade fibrosarcoma, although varieties
such as leiomyosarcoma, malignant fibrous histiocytoma, or
undifferentiated sarcoma may be found as well. Heterologous
elements are seen in half of the cases. The most common het-
erologous sarcoma is rhabdomyosarcoma, followed by chon-
drosarcoma, and less often osteosarcoma and liposarcoma
(55). Most carcinosarcomas have myometrial invasion (85%
in a recent study), most commonly into less than half of the
wall (55). Lymphovascular invasion is present in 60% (55)
and the carcinomatous element is usually the component
invading myometrium and lymphovascular spaces.

Most studies suggest that the behavior of carcinosarcomas is
predicted by the carcinomatous component. Tumors typically
metastasize through lymphatic channels similar to endometrial
carcinomas. Most metastases and recurrences are composed of
pure carcinoma (20,56,57). In two recent studies, adverse prog-
nostic factors included heterologous elements (in stage I tumors)
and a high percentage of sarcomatous components in the main
tumor and in the recurrences (55,58); these factors did not
affect prognosis according to other studies (20,59–61).

Müllerian carcinosarcomas may arise in extrauterine
sites. Most cases have been reported in the peritoneum 
(62–65) or retroperitoneum (66,67). Some cases occur at the
site of previous radiotherapy, and some cases arise in areas of
endometriosis (67).

Endometrial Stromal Neoplasms

In the current World Health Organization classification, endome-
trial stromal tumors are classified into endometrial stromal
nodules, endometrial stromal sarcomas (by definition low grade),
and undifferentiated endometrial sarcoma. Both endometrial
stromal nodules and endometrial stromal sarcomas are com-
posed of cells identical to those found in the stroma of prolifer-
ative endometrium. Undifferentiated endometrial sarcomas, on
the other hand, are high-grade sarcomas that do not resemble
endometrial stroma and diagnosis is by excluding other uterine
sarcomas. 

The differential diagnosis between an endometrial stromal
nodule and an endometrial stromal sarcoma is important since
the nodules are always benign lesions. Differential diagnosis is
based upon the presence of infiltrating margins with or with-
out angioinvasion in endometrial stromal sarcoma. These two
features are not seen in stromal nodules, which are always well
circumscribed and have pushing margins (68). It is impossible
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FIGURE 24.9. Epithelioid leiomyosarcoma, microscopic appearance.

FIGURE 24.10. Myxoid leiomyosarcoma, microscopic appearance.

FIGURE 24.11. Carcinosarcoma, microscopic appearance.
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to render a definitive diagnosis based upon curettage material
alone; final diagnosis requires a hysterectomy specimen. If the
patient is young and wants to preserve fertility, a combination
of diagnostic imaging and hysteroscopy must be used to moni-
tor tumor growth and direct excision (69).

Stromal Nodule

Stromal nodules are by far the least common of the pure
endometrial stromal neoplasms. They are usually solitary
masses with diameter varying from 1.2 to 22 cm with an average
of 7.1 cm (70).

On cut section, endometrial stromal nodules are fleshy and
often tan-yellow. Microscopically, they are composed of
uniform bland, small cells resembling normal endometrial
stromal cells with fusiform nuclei and scant cytoplasm.
Abundant arterioles reminiscent of the spiral arterioles of the
normal endometrium are also present. The mitotic rate is low,
with most tumors having fewer than five mitoses per 10 hpf.
Most endometrial stromal nodules are cellular, and some have
variable amounts of intercellular collagen, which occasionally
forms dense collagen bands or nodules (Fig. 24.13). Another
common finding is the presence of clusters of foamy histio-
cytes within the tumor. The borders between the tumor and
the adjacent myometrium are microscopically well defined
(pushing). Occasionally, they may have more irregular borders
with minimal areas of tumor extending into adjacent
myometrium, usually within 3 mm of the main tumor mass
(70,71). Endometrial stromal nodules lack associated lympho-
vascular invasion. Other changes that can be seen in endome-
trial stromal nodules include smooth muscle metaplasia, cystic
degeneration, sex-cord–like areas, and necrosis.

Endometrial stromal nodules may be confused with cellu-
lar leiomyomas. Since both tumors are benign, the misdiagno-
sis of one for the other is probably of no clinical consequence
as long as the tumor is found in a hysterectomy specimen. If
the tumor is found in a curettage specimen, it is impossible for

the pathologist to distinguish a stromal nodule from a stromal
sarcoma. If the tumor is misdiagnosed as a cellular leiomyoma
in a curettage, the consequences may be dramatic. There are
some histologic features that favor a leiomyoma: blood vessels
with thick muscular walls, cleft-like spaces, and merging with
the adjacent myometrium. In addition, a battery of immuno-
histochemical stains may be of use. CD10 is usually present in
endometrial stromal cells, and smooth muscle tumors stain
positively for desmin and h-caldesmon (72,73).

Endometrial Stromal Sarcoma

Endometrial stromal sarcomas (ESSs) are, by definition,
always of low grade and have uniformly bland cells reminis-
cent of endometrial stromal cells. On gross examination, some
are comprised of a single visible mass, and others have multiple
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FIGURE 24.12. Carcinosarcomas, gross photographs of four cases demonstrating polypoid nature of lesions.

FIGURE 24.13. Endometrial stromal nodule, microscopic appearance.
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masses or diffuse myometrial infiltration by worm-like masses
(Fig. 24.14 ). Typically, these tumors show permeation of the
myometrial wall, in some cases up to the serosa (Fig. 24.15).
Most tumors have fewer than ten mitoses per 10 hpf, but even
mitotically active variants behave in a similar indolent manner.
Some ESSs have unusual histologic features that may confound
the diagnosis. These features include myxoid changes, fibro-
blastic and/or smooth muscle differentiation, epithelioid changes,

and extensive endometrioid glandular differentiation (73–75).
No single histologic parameter can be used to predict behavior
of low-grade ESSs, including mitotic rate and lymphovascular
invasion. However, in a recent study, all low-grade ESSs with
high androgen or low estrogen receptor expression behaved
aggressively (76). 

Low-grade ESSs may occur in extrauterine sites including
ovary, fallopian tube, cervix, vagina, vulva, pelvis, abdomen,
retroperitoneum, placenta, sciatic nerve, or round ligament
(77–84). Some of these cases have been associated with
endometriosis. Histologically, they are similar to uterine ESSs,
and a uterine tumor needs to be excluded before accepting the
lesion as a primary extrauterine ESS. The relapse rate for
extrauterine ESS is 62%, which is similar to advanced low-
grade uterine ESS. Mitosis and atypia do not correlate with
prognosis.

Sixty percent of low-grade endometrial stromal tumors
(including ESS and stromal nodule) have cytogenetic abnor-
malities involving rearrangements of chromosomes 6, 7, and
17. The most characteristic translocation of these tumors,
t(T7;17) (Tp15;q21), generates a fusion of the JAZF1 and
JJAZ1 genes. The presence of this chromosomal abnormality
may be of use in the diagnosis of difficult cases or recurrent
tumors (85).

Undifferentiated endometrial sarcomas have cytologic
atypia to the extent that they cannot be recognized as arising
from endometrial stroma. Morphologically, these high-grade
lesions resemble undifferentiated mesenchymal tumors and
behave as high-grade sarcomas (86). It is advisable to use a
term such as “high-grade sarcoma,” “undifferentiated sar-
coma,” or “poorly differentiated uterine sarcoma” (86) rather
than “endometrial stromal sarcoma.” This last term may
inaccurately suggest an indolent tumor. Undifferentiated uter-
ine sarcomas are usually seen in patients older than 50 years,
have a recurrence rate of over 85%, and are usually fatal.
There have been reports of synchronous or metachronous
low-grade ESS with undifferentiated endometrial sarcoma.
These cases behave like high-grade tumors and should be
diagnosed as such (87).

Müllerian Adenosarcoma

Clement and Scully (8) described müllerian adenosarcomas in
1974 and updated their experience with 100 cases in 1990
(25). These are mixed müllerian tumors composed of malig-
nant stromal and benign epithelial components. 

Most adenosarcomas arise in the endometrium and rarely
in the endocervix, lower uterine segment, and myometrium
(88). Grossly, the majority are solitary polypoid masses with a
spongy appearance secondary to the presence of small cysts.
Occasional cases appear as multiple polyps or masses and can
be multicentric. Their size is variable, being from 1 to 17 cm
(mean 5 cm).

Microscopically, the tumors have a benign epithelial com-
ponent usually covering the surface of the polyps and in the
form of benign glands uniformly distributed throughout the
tumor. The mesenchymal component is usually a low-grade
sarcoma that resembles endometrial stroma. The presence of
hypercellular stroma around the glands is common, and some
tumors have a leaf-like papillary growth pattern (Fig. 24.16).
Sometimes the diagnosis of adenosarcoma may be difficult
because of the very low-grade nature of the sarcoma. Minimal
criteria were described by Clement and Scully in a review of
100 cases of adenosarcoma published in 1990 (25). They
include at least one of the following: two or more stromal
mitoses per 10 hpf, marked stromal hypercellularity, and sig-
nificant stromal cell atypia. Even with these criteria, some
cases are deceivingly bland, and several cases have been seen
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FIGURE 24.15. Endometrial stromal sarcoma, low grade, gross
appearance.

FIGURE 24.14. Endometrial stromal sarcoma, low grade, micro-
scopic appearance.
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in which the diagnosis was only possible after multiple “recur-
rences” of uterine polyps were reviewed. A minority of cases
have “sarcomatous overgrowth,” when more than 25% of the
tumor is composed of pure sarcoma. In these cases, the sar-
coma is typically high grade and the lesions are aggressive
(Fig. 24.17) (88). 

Most adenosarcomas without stromal overgrowth express
estrogen receptors in the sarcomatous component and this
may be used for therapeutic purposes (89,90). 

Müllerian adenosarcomas have been described in extrauter-
ine sites including the ovary and areas of endometriosis in the
vagina, rectovaginal-septum, gastrointestinal tract, urinary
bladder, pouch of Douglas, peritoneum, and liver (91–98).

Uterine Tumor Resembling 
Ovarian Sex-Cord Tumor

In 1976, Clement and Scully (99) coined the term uterine
tumors resembling ovarian sex-cord tumors (UTROSCTs) to
describe a series of uterine neoplasms with sex-cord–like pat-
terns. Since then, sex-cord–like patterns have been demon-
strated in endometrial stromal neoplasms, smooth muscle

neoplasms, and in cases lacking clear endometrial stroma and
smooth muscle differentiation. The term UTROSCT should be
reserved for this last category (100). True UTROSCTs are rare
tumors, usually submucosal and well circumscribed, with a
yellow cut surface. Histologically, they are composed of serto-
liform tubules with low mitotic activity and little nuclear
atypia (Fig. 24.18) (100). These tumors behave in a benign
fashion. 

Perivascular Epithelioid Cell Tumors

Perivascular epithelioid cell tumors (PEComas) are rare neo-
plasms presumably derived from perivascular epithelioid cells
that co-express melanocytic and smooth muscle markers.
Other tumors that belong to the same family include angiomy-
olipoma (AML), clear cell/sugar tumor of the lung, lymphan-
gioleiomyomatosis (LLM), and myelomelanocytic tumor of
ligamentum teres/falciform ligament. PEComas have been
described in a variety of locations including visceral organs,
soft tissues, skin, oral mucosa, orbit, and base of skull (101).
Uterus and gastrointestinal tract are the most common loca-
tions for visceral PEComas. About 8% of PEComas occur in
patients with the tuberous sclerosis complex. Most uterine
PEComas are histologically and clinically benign. They can be
either grossly well-circumscribed or focally infiltrative masses.
Histologically, they are composed of epithelioid cells with
clear or eosinophilic cytoplasm, sometimes associated with
spindle cells, and a prominent vasculature (102,103).

Approximately 25% of reported cases developed metas-
tases and/or recurrences. Most malignant tumors have more
than one of these three histologic features: necrosis, mitoses
�2 per 50 hpf, and lymphovascular invasion, but there is not
a single reliable prognostic indicator other than the presence
of lymphovascular invasion.

The concept of PEComa as a true entity is debatable and
some authors believe that the tumor represents a variant of
smooth muscle neoplasm (104–106).

RADIATION THERAPY
Since the utilization of radiation therapy for patients with
uterine sarcomas has been almost exclusively in the postopera-
tive setting (107), the role of primary or palliative radiotherapy
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FIGURE 24.16. Müllerian adenosarcoma, microscopic appearance.

FIGURE 24.17. Müllerian adenosarcoma with sarcomatous over-
growth, microscopic appearance.

FIGURE 24.18. Uterine tumor resembling ovarian sex-cord tumor
(UTROSCT), microscopic appearance.
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will not be presented. As they are more fully explored in the
chapter on epithelial tumors of the corpus, a detailed discus-
sion of the techniques and complications of adjuvant radiation
therapy will not be presented in this section.

Uterine Sarcomas

Most of the published papers on sarcomas of the uterus have
been retrospective in nature, often requiring many years, if not
decades, to accumulate enough patients to perform meaning-
ful statistical analyses. Furthermore, these studies have often
had to combine many types of sarcomas to attain numbers
sufficient for evaluation (12,108–118). Thus, most of these
retrospective studies have not achieved statistical power to
reach definite conclusions. However, the data from the non-
randomized review of the Surveillance, Epidemiology, and
End Results (SEER) analyses of 2,677 cases of uterine sar-
coma did demonstrate a statistically significant improvement
in survival favoring adjuvant radiotherapy for stage II, III, and
IV (but not stage I) uterine sarcomas (12). 

The GOG previously conducted two prospective clinical tri-
als involving selected patients with uterine sarcomas. The earli-
est study reported on 156 evaluable patients with surgically
staged I or II sarcomas of the uterus (119). Patients were
enrolled from 1973 to 1982 and randomized (GOG protocol
20) to receive either at least one cycle of adjuvant doxorubicin
or no adjuvant chemotherapy. Prior to study randomization,
patients could receive optional adjuvant radiotherapy either
preoperatively (external pelvic treatment of 40 Gy in 4 to 5
weeks with intracavitary vaginal brachytherapy of 20 Gy to
point A) or postoperative pelvic external beam irradiation
alone to 50 Gy in 5 to 6 weeks (120). 

It should be noted that 11 of 48 (23%) patients with
leiomyosarcomas in GOG 20 underwent adjunctive radio-
therapy. Furthermore, 49 of 109 patients (45%) with “non-
leiomyosarcomas” (85.3% were carcinosarcomas) had adjuvant
external beam therapy of the pelvis. Radiotherapy did not
seem to affect recurrence in general. However, Table 24.2
shows that there was a notable decrease (119) in vaginal
recurrences in patients with carcinosarcomas. Moreover,
Table 24.2 also demonstrates an increase in extravaginal
failures in the group receiving radiotherapy. Furthermore,
Table 24.3 demonstrates a significant reduction in pelvic
relapses (10%) in treated patients compared with those
untreated (23%) (120). 

The second main GOG trial for patients with uterine sarco-
mas involved a clinicopathologic evaluation of patients with clin-
ical stage I and II disease (GOG protocol 40). This study opened
in February 1979 and subsequently closed in October 1988 (32).

Of the 453 eligible patients, 430 (95%) had the mandated
extrafascial hysterectomy, bilateral salpingo-oophorectomy,
and selective retroperitoneal lymphadenectomy. Of this latter
group, there were 301 (70%) patients with carcinosarcomas,
of which 240 (80%) had surgical stage I/II disease. From this
subset, Table 24.4 depicts the locations of first relapse(s).
Although adjuvant pelvic external beam therapy was not
mandated in this surgical trial, there appeared to be a possibility
that adjuvant radiation plays a role in reducing pelvic relapses. 

Currently, there is one completed prospective phase III clin-
ical trial that focused on the role of adjuvant radiation therapy
for patients with all three main cell types of uterine sarcomas
(protocol 55874 of the European Organization for Research
and Treatment of Cancer [EORTC]). When initially published
in abstract form (121), this trial reported on 224 patients, of
which 91 had carcinosarcomas, 103 leiomyosarcomas, and 28
endometrial stromal sarcomas. This study opened in July
1987 and closed to patient accrual in July 2001. Eligible
patients underwent an initial surgical resection that involved
mandatory total abdominal hysterectomy and bilateral salp-
ingo-oophorectomy. Retroperitoneal lymph node dissection
was optional. Due to the time period of the inception of this
trial, there were no recommendations regarding either collec-
tion of peritoneal washings or omentectomy. 

Those subjects in EORTC 55874 with surgical stage I or II
disease were then randomized to either no further treatment or
external beam irradiation of the whole pelvis. At the time of the
abstract, there was a significant reduction in local recurrences
(14 of 112 or 12.5%) in the adjuvantly treated arm versus
21.4% (24 out of 112) local relapses in the observation group
(p � 0.004). Despite the significant improvement in local con-
trol, there was no survival benefit afforded the irradiated
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SITES OF FIRST RECURRENCEa

TA B L E  2 4 . 2

None Vaginal Extravaginal

No RT 28 11 10
RT 23 2 19

Note: RT, radiation therapy.
aPatients with stage I/II uterine carcinosarcomas.
Source: Modified from Omura GA, Blessing JA, Major F, et al. 
A randomized clinical trial of adjuvant Adriamycin in uterine 
sarcomas: a Gynecologic Oncology Group study. J Clin Oncol
1985;3:1240–1245.

SITES OF FIRST RECURRENCEa

TA B L E  2 4 . 3

SITES OF FIRST RECURRENCE(S)a

TA B L E  2 4 . 4

No RT Pelvic RT

Pelvis 43 20
Abdomen 43 19
Distant 38 31
None 83 59

aFor patients with uterine carcinosarcomas who may have had more
than one relapse.
Source: Modified from Major FJ, Blessing JA, Silverberg SG, et al.
Prognostic factors in early-stage uterine sarcoma: a Gynecology
Oncology Group study. Cancer 1993;71:1702–1709.

Pelvic Extra-pelvic

No RT 14/60 (23%) 12/60 (20%)
Pelvic RT 5/49 (10%) 17/49 (35%)

Note: RT, radiation therapy. 
a85% of this group (93 patients) with non-leiomyosarcomas of the
uterus were stage I/II uterine carcinosarcomas.
Source: Modified from Hornback NB, Omura G, Major FJ.
Observations on the uterine sarcomas of adjuvant radiation therapy in
patients with stage I and II uterine sarcoma. Int J Radiat Oncol Biol
Phys 1986;12:2127–2130.
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cohort. Of further note was the fact that this impact on pelvic
control was only present in patients with carcinosarcomas.
Moreover, due to the lack of rigorous sarcomas surgical staging,
it is impossible to know the proportion of patients with occult
higher-stage disease in each study arm, which may have affected
the results.

EORTC 55874 has been recently updated (122). Compared
to the initial report, there are now 221 evaluable patients—92
with carcinosarcomas, 99 with leiomyosarcomas, and 30 with
endometrial stromal sarcomas. The dose fractionation for
EORTC 55874 centered upon delivering approximately 50.4
Gy in 28 fractions for 5 to 6 weeks to the whole pelvis with all
fields being treated daily. The number of “any local recur-
rence” for carcinosarcomas was 11 out of 46 (23.9 %) and 21
out of 45 (46.7%) for irradiated and nonirradiated patients,
respectively. In addition, for leiomyosarcomas there were 10 of
50 (20%) and 12 of 49 (24.5%) with “some aspect” of local
failure for the corresponding adjuvant and nonadjuvant arms.
For carcinosarcomas, there were 2 of 46 (4.4%) in the adju-
vantly irradiated arm and 11 of 45 (24.4%) in the observation
subset with isolated local relapses. For leiomyosarcomas, 1 of
50 (2%) in the radiotherapy group and 7 of 49 (14.3%) in the
untreated cohort developed isolated local failures. 

Thus, it is apparent that patients with isolated local failures
evaluated in EORTC 55874 are in the minority for both carci-
nosarcomas (13 out 32 [40.6%]) and leiomyosarcomas (8 out
of 22 [36.4%]), respectively. In fact, distant metastases as any
component of relapse occurred in 29 out of 91 (31.9%) and in
45 out of 99 (45.5%) for carcinosarcomas and leiomyosarco-
mas, respectively. Finally, the 3-year progression-free survival
was not statistically significant between the two study arms
(57.7% and 51.9% for the irradiated and nonirradiated sub-
sets, respectively). By the same token, the patients treated
postoperatively had a nonsignificant median survival advan-
tage of 8.5 years versus 6.7 years for the observational cohort
with a hazard ratio of 1.02 (95% confidence interval [CI],
0.68 to 1.53; p � 0.92).

However, in a novel pilot study from France (123), 18
patients (13 of 18 with leiomyosarcomas) with optimally
debulked surgical stage I, II, and III sarcomas received adjuvant
doxorubicin, cisplatin, and ifosfamide (three cycles) followed
by sequential external beam radiotherapy to a total dose of
approximately 45 Gy in 5 weeks with or without vaginal
brachytherapy. These investigators then performed a matched
case-control study utilizing 18 patients of whom 16 underwent
pelvic radiotherapy alone and 2 received no adjuvant treatment.
With a median follow-up of 43 months (range, 23 to 56
months), this study found that only five patients (27.8%) had
suffered recurrences. All failed solely in extrapelvic sites.
Moreover, neither median survival nor disease-free survival had
been reached for study patients at last follow-up. 

Uterine Carcinosarcomas

Other reports have been limited to one histologic type of sar-
coma. The most common of these pertained to what is cur-
rently being termed as “mixed epithelial and stromal tumors
of the uterus” (124) or historically known as uterine carci-
nosarcomas (110,125–134). Results are inconsistent with
some studies demonstrating no benefit for radiotherapy
(110,128,130,131,133), while others have shown a signifi-
cant impact of adjuvant pelvic radiotherapy on survival for
patients with carcinosarcomas (125,127,132,134). One of
these studies (134) involved a review of the nonrandomized
SEER database of 2,461 women with carcinosarcomas from
1973 to 2003. In this data set, 890 patients received adju-
vant radiotherapy. The overall 5-year survivals of those

receiving radiotherapy versus no irradiation were 41.5% and
33.2%, respectively (p � 0.001). Furthermore, a significant
improvement in survival in this study was observed for all
stages of disease, including stage IV. Finally, there have been
several published retrospective reports suggesting that com-
bined adjuvant radiotherapy and chemotherapy may impart
even longer survival, especially in stage I and II disease
(35,129,135).

There has been one randomized phase III prospective trial of
adjuvant radiotherapy in carcinosarcomas, (GOG 150). This
study compared whole abdominal irradiation to three cycles of
cisplatin-ifosfamide chemotherapy with respect to recurrence
rates, and disease-free and overall survival. Also evaluated were
therapeutic toxicities. Eligible were patients with carcinosarco-
mas confined to the abdomen who underwent optimal surgical
debulking with no postsurgical residual disease greater than 1
cm. Patients randomized to receive radiotherapy were pre-
scribed a total dose of 30 Gy to the whole abdomen using exter-
nal beam therapy followed by a pelvic boost to an approximate
cumulative pelvic dose of 50 Gy. The first published report
(136) of the two treatment cohorts was based upon an analysis
done in December 2005. There were 224 patients enrolled, of
whom 206 were evaluable. In this latter group, 105 patients
underwent adjuvant radiotherapy, while 101 were given
chemotherapy. The estimated death rate for patients receiving
chemotherapy was 32.8% lower than for those receiving radio-
therapy (p � 0.042). A subsequently published update (137) of
this study based upon a May 2006 analysis demonstrated that
this reduction in estimated death rate by chemotherapy had
dropped to 31% relative to radiotherapy (p � 0.046). 

The most recent evaluation of the data of patients on GOG
150 occurred in November 2006 (138). At the time of this
analysis, the median duration of follow-up for patients alive at
last contact was 63 months. The breakdown of surgical stages
for patients in the radiotherapy versus chemotherapy arms is
as follows: stage I—35 out of 105 (33.3%) versus 29 out of
101 (28.7%); stage II—11 out of 105 (10.5%) versus 15 out
of 101 (14.9%); stage III—45 out of 105 (42.9%) versus 47
out of 101 (46.5%); and stage IV—14 out of 105 (13.3%)
versus 10 out of 101 (9.9%). The estimated crude probability
of relapse within 5 years was a nonsignifcant 58% versus
52% for the radio- and chemotherapy groups, respectively.
The sites of first failure are presented in Table 24.5. Although
not statistically significant, there were fewer vaginal but more
abdominal relapses in the adjuvant radiotherapy group as
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PATTERNS OF FAILURE 

TA B L E  2 4 . 5

Chemotherapy
Sites of WAI (n � 105), (n � 101), 
recurrencea number of cases number of cases

Vagina 4 10
Pelvis 14 14
Abdomen 29 19
Distant 27 24

Note: n, total number of cases in each arm; WAI, whole abdominal
irradiation. 
aSome patients had multiple sites of relapse.
Source: Modified from Wolfson AH, Brady MF, Rocereto T, et al. 
A Gynecologic Oncology Group randomized phase III trial of whole
abdominal irradiation (WAI) vs. cisplatin-ifosfamide and mesna
(CIM) as postsurgical therapy in stage I-IV carcinosarcoma (CS) 
of the uterus. Gynecol Oncol 2007;107:177–185.
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compared to the chemotherapy arm. Figure 24.19 demonstrates
that the estimated 5-year survival was approximately 35% for
those randomized to adjuvant radiotherapy versus 45% for
those receiving chemotherapy. After adjusting for stage and age
at diagnosis, there was a further death rate reduction to 23%
for those receiving chemotherapy compared with radiotherapy
(HR � 0.712; 95% CI, 0.484 to 1.048; p � 0.085; two-tail
test). Of interest is the fact that those patients who received adju-
vant radiotherapy had more late complications, mainly gastroin-
testinal, than those having cytotoxic therapy (p � 0.001). 
In addition, two patients undergoing radiotherapy died as a
direct result of radiation-induced hepatitis.

Based upon the results of GOG protocol 150, the role of
adjuvant radiotherapy for the management of patients with car-
cinosarcomas continues to remain uncertain. Since there were
more vaginal failures in the chemotherapy arm of GOG protocol
150 and other sites of relapse were similar or less common in
frequency (abdominal recurrences) than those in the radiother-
apy arm, then perhaps postoperative vaginal brachytherapy
(either high or low dose rate) with chemotherapy should be con-
sidered for any patient having optimally debulked carcinosarco-
mas in future trials. It is anticipated that the next GOG-led
adjuvant trial will compare two chemotherapy regimens, with
radiation chosen by the treating physician.

Uterine Leiomyosarcomas

The second most frequent type of uterine sarcomas is
leiomyosarcomas. Table 24.6 presents the overall pelvic/extra-
pelvic relapse rates of 16.6% and 42.0% for patients with
uterine leiomyosarcoma. There still remains a paucity of infor-
mation that specifies between upper abdominal and extra-
abdominal distant sites of tumor involvement. The respective
pelvic/extrapelvic percentages were 18.5% (22 out of
119)/41.2% (49 out of 119) for nonirradiated and 12.9% 
(8 out of 62)/43.5% (27 out of 62) for patients treated with
postoperative radiotherapy (32,139,140). From this overview,
it does not appear that postoperative radiotherapy has any
real effect on reducing recurrences for patients with uterine
leiomyosarcoma. However, two of the listed series (32,139)
combined to yield an 11.1% (4 out of 36) pelvic relapse rate
with radiation versus 61.1% (22 out of 36) without the imple-
mentation of adjuvant radiation therapy. Yet the major problem
is that the majority of these patients have distant extra-
abdominal metastases, such as the lung, despite having local
control (32,139). In addition, a more recent retrospective
study from a single institution (11) performed a case-control
study of patients with uterine leiomyosarcomas that “showed
a trend toward improved survival in the 31 cases with adjuvant
pelvic irradiation compared with the controls who did not
receive adjuvant radiation therapy.” This would suggest that
adjuvant systemic therapy must be added in order to have an
impact on the outcome of these patients.

Endometrial Stromal Sarcomas

Table 24.7 focuses on patients with endometrial stromal sarco-
mas (ESSs), the third most common type of uterine sarcomas.
This class of endometrial sarcoma can be subdivided (141) by
mitotic index into either a low-grade category (endometrial stro-
mal sarcoma) or a high-grade sarcoma now termed undifferenti-
ated uterine sarcoma. The total pelvic and extrapelvic rates of
relapse depicted in Table 24.7 are 42.2% and 33.3%, respec-
tively. Only one (142) of the listed studies clearly attempts to
subdivide the sites of disease relapse by sarcoma type. 

It can be ascertained from this latter report (142) that there
were no reported abdominal or distant recurrences independent
of the administration of adjuvant irradiation for all stages of
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FIGURE 24.19. Overall survival in Gynecologic Oncology Group
protocol 150, whole abdomen radiotherapy versus cisplatin plus
ifosfamide chemotherapy.

PATTERNS OF FAILURE FOR PATIENTS WITH SURGICALLY STAGED UTERINE LEIOMYOSARCOMAS 
MANAGED BY SURGERY WITH OR WITHOUT EXTERNAL BEAM PELVIC IRRADIATION (�/� VAGINAL
BRACHYTHERAPY �/� CHEMOTHERAPY)

TA B L E  2 4 . 6

Adjuvant
Reference Stage Vagina Pelvis Extrapelvic Abdomen Distant treatment

32 I, II, III, IV Not stated 0/13 Not stated 1/13 7/13 Yesa

32 I, II, III, IV Not stated 8/50 Not stated 9/50 17/50 Noa

140 I, II Not stated 4/26 10/26 Not stated Not stated Mainly yesa

11 I, II, III Not stated 4/23 9/23 Not stated Not stated Yesa

11 I, II Not stated 14/69 23/69 Not stated Not stated Noa

Subtotals — — 30/181 42/118 10/63 24/63 —
(16.6%) (35.6%) (15.9%) (38.1%)

Totals — — 30/181 76/181 — — —
(16.6%) (42.0%)

aNonrandomized.

Barakat_CH24-733-762.qxd  3/2/09  1:09 PM  Page 744



low-grade ESS. Yet, there was a 33.3% (6 out of 18) pelvic
recurrence rate, of which the majority did not undergo any
radiation therapy. This latter finding suggests that postopera-
tive external pelvis radiotherapy should at least be considered
for the subset of patients with low-grade ESS.

A more recent report (143) retrospectively reviewed 28
patients with endometrial stromal sarcomas of which 19
were low grade and 9 were high grade. Fifty percent of the
patients in this series underwent adjuvant pelvic radiother-
apy with no difference in the survival of the patients. In addi-
tion, almost 30% of those receiving adjuvant radiotherapy
relapsed within the treatment field. Regarding undifferenti-
ated endometrial sarcomas, one study documented multiple
sites of recurrence, including abdominal (34.8% [11 out of
32]), distant (34.8% [11 out of 32]), and pelvic (40.6% [13
out of 32]) sites of relapse (144). Thus, unless vaginal
brachytherapy finds a niche, there appears to be no definite
indication for postoperative radiotherapy for patients with
these high-grade lesions. 

CHEMOTHERAPY 
Uterine sarcomas, although far less common than endome-
trial carcinomas, exhibit two features that increase the need
for systemic therapy: a recurrence rate of at least 50%, even
in early-stage disease, and a high propensity for distant fail-
ure. The comparatively low incidence of uterine sarcomas
has made randomized, controlled trials difficult. Despite
this, cooperative group studies have provided data from
phase II and III trials for the rational selection of systemic
chemotherapy.

Crucial to the understanding of the use of chemotherapy in
uterine sarcomas is the observation that these neoplasms are
heterogeneous. The first two subtypes, malignant mixed mül-
lerian tumors (carcinosarcomas) and leiomyosarcomas, con-
stitute 90% of cases entered into clinical trials. These two
histologic subtypes are usually the only uterine sarcomas with
sufficient numbers to permit meaningful phase III studies;
however, as these two histologic subtypes appear to respond
differently to chemotherapy, they should be studied separately. 

Limited Disease

Uterine sarcoma has a high rate of distant metastases even in
the absence of intraperitoneal or lymph node metastases. It
has been concluded that this is due to the high rate of
hematogenous and lymphatic dissemination (145). Even for
surgical stage I disease, the recurrence is as high as 53% (32).
To date, the largest randomized trial of adjuvant chemother-
apy in patients with uterine sarcoma did not segregate differ-
ent histologic subtypes. Although the recurrence rate and
median survival of patients treated with doxorubicin com-
pared to no therapy were 39% versus 51% and 73 months
versus 55 months, respectively, this GOG trial concluded that
there was no significant difference (119). As with advanced
disease, more recent trials began to segregate the histologic
subtypes. A nonrandomized study using adjuvant combina-
tion chemotherapy of etoposide, cisplatin, and doxorubicin
demonstrated a 2-year survival of 92% of 23 patients with
surgical stage I and stage II uterine malignant mixed müllerian
tumors. The fact that seven patients also received radiation
therapy makes the result controversial (146). A pilot study
concluded that multimodality treatment consisting of
chemotherapy with epirubicin and cisplatin as well as radia-
tion resulted in a 74% overall survival at a median follow-up
of 55 months in 38 patients with surgical stages I and II malig-
nant mixed müllerian tumors (35). However, the high dropout
made the conclusion of multimodality treatment controver-
sial. A more recent GOG study by Sutton et al. reported that
65 patients with completely resected stage I and II malignant
mixed müllerian tumors of the uterus were treated with adju-
vant ifosfamide and cisplatin Fig. 24.20 (147). The 2- and 
5-year survivals were 82% and 62%, respectively. Since more
than half of the recurrences involved the pelvis, the study sug-
gested that a combined sequential approach with chemotherapy
and radiotherapy might be beneficial for this group of patients,
which should be verified in a randomized phase III study. 

Previous studies reported that an effective adjuvant
chemotherapy regimen was a combination of cyclophos-
phamide, vincristine, doxorubicin, and dacarbazine (DTIC)
with 68% to 89% 5-year survival in stage I uterine sarcomas
(148–151). 
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PATTERNS OF FAILURE FOR PATIENTS WITH SURGICALLY STAGED ENDOMETRIAL STROMAL SARCOMAS
MANAGED BY SURGERY WITH OR WITHOUT EXTERNAL BEAM PELVIC IRRADIATION (�/� VAGINAL
BRACHYTHERAPY �/� CHEMOTHERAPY)

TA B L E  2 4 . 7

Adjuvant 
Reference Stage Vagina Pelvis Extrapelvic Abdomen Distant treatment

143 I, II, III, IV 2/31 7/31 Not stated 0/31 6/31 Yesa

141 I, II, III, IV 4/29 10/29 Not stated 6/29 4/29 Yesa

144 I, II—low grade Not stated 0/5 Not stated 0/3 0/3 Yesa,b

142 I, II—low grade Not stated 5/15 Not stated 0/15 0/15 Noa

142 III, IV—low grade Not stated 1/3 Not stated 0/3 0/3 Yesa,c

142 III, IV—low grade Not stated 0/1 Not stated 0/1 0/1 Noa

142 I, II—high grade Not stated 7/20 Not stated 8/20 5/20 Yes and noa

142 III—high grade Not stated 6/12 Not stated 3/12 6/12 Yes and noa

Subtotals — 6/60 43/116 — 17/114 21/114 —
(10%) (37.1%) (14.9%) (18.4%)

Totals — — 49/116 38/114 — — —
(42.2%) (33.3%)

aNonrandomized.
bNo RT for three patients.
cNo RT for one patient.
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To date, there have been no separate prospective studies on
patients with uterine leiomyosarcomas. Two factors continue
to limit the study of adjuvant therapy in patients with uterine
leiomyosarcomas: the relatively low frequency of the disease,
which makes it difficult to complete randomized trials in a
reasonable period of time, and the lack of highly active agents.

Advanced and Recurrent Disease

Leiomyosarcomas

Numerous single agents have been and continue to be tested in
patients with leiomyosarcomas (Table 24.8) (152–174).
Doxorubicin and ifosfamide are the most active agents investi-
gated as primary single-agent chemotherapy in recurrent and
advanced uterine leiomyosarcomas. As shown in other types of
soft-tissue sarcoma, gemcitabine has demonstrated its activity
in one (2.3%) complete response and eight (18.2%) partial
responses in persistent or recurrent uterine leiomyosarcomas
(162). Unfortunately, the results have been unimpressive. 
In 1983, the GOG demonstrated seven responses among 
28 patients (25%) treated with doxorubicin every 3 weeks as a
single agent (158). To date, this has been considered to be the
most active single agent. Later the GOG reported that treat-
ment with liposomal doxorubicin yielded one complete (3.2%)
and four partial (12.9%) responses and no advantage over his-
torical results with doxorubicin (152). The GOG demonstrated
that ifosfamide had moderate activity, with six partial responses
among 35 patients (17%) (155), whereas limited activity was
seen with single-agent paclitaxel, which was associated with a
9% overall response in 33 patients (154). Intravenous single-
agent etoposide was shown to have an overall response of
10.7% in 28 patients (171), whereas prolonged oral etoposide
had an overall response of 6.9% among 29 patients (170).
However, no complete or partial responses were observed in
another GOG phase II study with single-agent intravenous
etoposide 100 mg/m2 daily for 3 days every 3 weeks (156).
Topotecan was tested in 36 patients with complete response in
1 (3%), partial response in 3 (8%), stable disease in 12 (33%),
and increasing tumor in 20 (56%) (153). Single-agent cisplatin
also had a poor overall response of 3% to 5% in phase II trials
(157,174). The antifolate compound trimetrexate was used in a
small study reported in 2002, which was associated with an
overall response of 4.3% in 28 patients who had received prior

treatment (169). Mitoxantrone (173), diaziquone (161), amon-
afide (172), aminothiadiazole (160), and piperazinedione (159)
were inactive as single agents. 

Combination chemotherapy yields greater response rates
(Table 24.8) (158,175–181). In 1983, the GOG demonstrated
that the combination of doxorubicin and dacarbazine resulted
in an overall response rate of 30%. Two years later, the same
group demonstrated a 19% response rate using the combina-
tion of doxorubicin and cyclophosphamide (181). Both of the
phase III trials were too small to make any definite conclusions.
However, as mentioned, the trials did serve the purpose of
allowing researchers to observe that leiomyosarcomas had a
different chemotherapeutic response profile compared to malig-
nant mixed müllerian tumors, resulting in the separation of the
two different histologic entities in subsequent trials.

In 1996, the same group demonstrated an 18% overall
response with a combination of dacarbazine, etoposide, and
hydroxyurea (178). In the same year, using a combination of
ifosfamide and doxorubicin, the GOG demonstrated an over-
all response of 30.3% in patients with advanced leiomyosar-
coma with no history of prior treatment (179). The most
recent study from the GOG showed that the use of mitomycin,
doxorubicin, and cisplatin produced an overall response rate
of 23% in 35 patients. Pulmonary toxicity was appreciable,
however (177). Based on this study, the GOG conducted a
phase II study with dacarbazine, doxorubicin, mitomycin, and
cisplatin (DAMP), which produced a 27.8% response rate,
but the complexity and toxicity of the regimen precluded fur-
ther investigation, and the study was closed after the first
stage of accrual (175). Gemcitabine plus docetaxel was proven
highly active and tolerable (53% overall response rate) in
treated and untreated patients with leiomyosarcomas (180).
The effort in leiomyosarcomas continues to focus on the iden-
tification of active drugs and combinations in phase II trials.
Given the paucity of survival data available from the random-
ized trials to compare various chemotherapy regimens, a
pooled analysis of phase II studies was undertaken to compare
the difference of response rate between single-agent and com-
bination therapy. It showed that patients who received first- or
second-line chemotherapy for the treatment of metastatic
leiomyosarcoma had a higher response rate with combination
chemotherapy than with single-agent chemotherapy (182).
However, current phase III randomized clinical trials are only
suggestive of the role of combination chemotherapy in
advanced or recurrent uterine leiomyosarcomas.
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FIGURE 24.20. Survival in patients with
stage I and II carcinosarcomas treated with
adjuvant cisplatin and ifosfamide.
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CHEMOTHERAPY IN LEIOMYOSARCOMA OF THE UTERUS

TA B L E  2 4 . 8

Overall 
Drug N Prior therapy Schedule response (%) Reference

SINGLE-AGENT CHEMOTHERAPY

Primary chemotherapy
Liposomal doxorubicin 32 11 RT 50 mg/m2 q 4 weeks 16.1 152
Topotecan 36 8 RT 1.5 mg/m2 � 5 days q 3 weeks 11 153
Paclitaxel 33 8 RT 175 mg/m2 q 3 weeks 9 154
Ifosfamide 35 15 RT 1.5 g/m2 � 5 days q 4 weeks 17 155
Etoposide 28 7 RT 100 mg/m2 � 3 days q 3 weeks 0 156
Cisplatin 33 8 RT 50 mg/m2 q 3 weeks 3 157
Doxorubicin 28 N/A 60 mg/m2 q 3 weeks 25 158
Piperazinedione 19 N/A 9 mg/m2 q 3 weeks 5a 159
Aminothiadiazole 20 N/A 125 mg/m2 q 1 week 0 160
Diaziquone 24 N/A 22.5 mg/m2 q 3 weeks 0 161

Non-primary chemotherapy
Gemcitabine 44 11 RT, 35 CT 1,000 mg/m2 weekly � 3 q 4 weeks 20.5 163

31 31 CT 1,250 mg/m2 weekly � 2 q 3 weeks 3.2b 163
29 15 RT, 19 CT 1,250 mg/m2 weekly � 3 q 4 weeks 3b 164
56 N/A 1,000 mg/m2 weekly � 3 q 4 weeks 18b 165

Paclitaxel 48 15 RT, 33 CT 175 mg/m2 q 3 weeks 8.4b 166
Ecteinascidin-743 54 54 CT 1.5 mg/m2 q 3 weeks 4b 167

49 49 CT 1–1.8 mg/m2 q 3 weeks 4.1b 168
Trimetrexate 23 7 RT, 10 CT 5 mg/m2 orally � 5 days q 2 weeks 4.3 169
Etoposide 29 6 RT, 27 CT 50 mg/m2 orally � 21 days q 4 weeks 6.9 170

28 7 RT, 27 CT 100 mg/m2 days 1, 3, 5 q 4 weeks 10.7 171
Amonafide 26 8 RT, 25 CT 300 mg/m2 � 5 days q 3 weeks 4 172
Mitoxantrone 12 12 CT 12 mg/m2 q 3 weeks 0 173
Cisplatin 19 19 CT 50 mg/m2 q 3 weeks 5 174

COMBINATION CHEMOTHERAPY
Doxorubicin plus 20 N/A 60 mg/m2 q 3 weeks 30 158
Dacarbazine 250 mg/m2 � 5 days q 3 weeks

Dacarbazine plus 18 7 RT 750 mg/m2 q 4 weeks 27.8 175
Mitomycin 6 mg/m2 q 4 weeks
Doxorubicin 40 mg/m2 q 4 weeks
Cisplatin 60 mg/m2 q 4 weeks

Dacarbazine plus 10 10 No CT 750 mg/m2 q 4 weeks 80 176
Mitomycin 6 mg/m2 q 4 weeks
Doxorubicin 40 mg/m2 q 4 weeks
Cisplatin 60 mg/m2 q 4 weeks

Mitomycin plus 35 8 RT 8 mg/m2 q 3 weeks 23 177
Doxorubicin 40 mg/m2 q 3 weeks
Cisplatin 60 mg/m2 q 3 weeks

Hydroxyurea plus 38 11 RT 2 g orally � 1 day q 4 weeks 18 178
Dacarbazine 700 mg/m2 q 4 weeks
Etoposide 300 mg/m2 � 2 days q 4 weeks

Ifosfamide plus 33 9 RT 5 mg/m2 q 3 weeks 30 179
Doxorubicin 50 mg/m2 q 3 weeks

Gemcitabine plus 34 14 RT, 16 CT 900 mg/m2 days 1, 8 q 3 weeks 53 180
Docetaxel 100 mg/m2 day 8 q 3 weeks

Doxorubicin plus 38 38 No CT 60 mg/m2 q 3 weeks 19a 181
Cyclophosphamide 500 mg/m2 q 3 weeks

Note: All chemotherapy agents were given intravenously unless specified. CT, chemotherapy; N/A, not available; RT, radiation therapy.
aUterine sarcoma. 
bAdult soft-tissue sarcoma.
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748 Section III: Disease Sites

CHEMOTHERAPY IN CARCINOSARCOMAS OF THE UTERUS

TA B L E  2 4 . 9

Overall 
Drug N Prior therapy Schedule response (%) Reference

SINGLE-AGENT CHEMOTHERAPY 

Primary chemotherapy
Cisplatin 63 28 RT 50 mg/m2 q 3 weeks 19 157
Ifosfamide 91 34 RT 2 g/m2 � 3 days q 3 weeks 29 184

102 27 RT 1.5 g/m2 � 5 days q 3 weeks 36 185
28 8 RT 1.5 g/m2 � 5 days q 4 weeks 32 186

Doxorubicin 21 21 No CT 60 mg/m2 q 3 weeks 19a 181
9 6 No CT 50–90 mg/m2 q 3 weeks 0 187

Piperazinedione 19 19 No CT 9 mg/m2 q 3 weeks 5.3 159

Non-primary chemotherapy
Doxorubicin 41 N/A 60 mg/m2 q 3 weeks 10 158
Topotecan 48 16 RT, 44 CT 1.5 mg/m2 � 5 days q 3 weeks 10 188
Trimetrexate 21 N/A 5 mg/m2 orally � 5 days q 2 weeks 4.8 189
Paclitaxel 44 15 RT, 33 CT 170 mg/m2 q 3 weeks 18.2 190
Amonafide 16 5 RT, 14 CT 300 mg/m2 � 5 days q 3 weeks 6 191
Aminothiadiazole 22 10 RT, 18 CT 125 mg/m2 q 1 week 5 192
Diaziquone 23 11 RT, 18 CT 22.5 mg/m2 q 3 weeks 4 193
Mitoxantrone 17 17 CT 12 mg/m2 q 3 weeks 0 173 
Etoposide 31 14 RT, 29 CT 100 mg/m2 days 1, 3, 5 q 4 weeks 6.5 194
Cisplatin 28 28 CT 50 mg/m2 q 3 weeks 18 195

12 7 CT 75–100 mg/m2 q 3 weeks 42 195

COMBINATION CHEMOTHERAPY
Doxorubicin plus 31 N/A 60 mg/m2 q 3 weeks 23 158
Dacarbazine 250 mg/m2 � 5 days q 3 weeks

Doxorubicin plus 30 30 No CT 60 mg/m2 q 3 weeks 19a 181
Cyclophosphamide 500 mg/m2 q 3 weeks

Ifosfamide plus 92 25 RT 1.5 g/m2 � 5 days q 3 weeks 54 185
Cisplatin 20 mg/m2 � 5 days q 3 weeks

Ifosfamide plus 88 26 RT 1.6 g/m2 � 3 days q 3 weeks 45 184
Paclitaxel 135 mg/m2 q 3 weeks

Ifosfamide plus 65 65 No CT 1.5 g/m2 � 5 days q 3 weeks N/A 197
Cisplatin 20 mg/m2 � 5 days q 3 weeks

Hydroxyurea plus 32 11 RT 2 g orally q 4 weeks 15 198
Dacarbazine 700 mg/m2 q 4 weeks
Etoposide 100 mg/m2 � 3 days q 4 weeks

Etoposide plus 4 N/A 100 mg/m2 � 2 days q 4 weeks 100 199
Cisplatin 50 mg/m2 q 4 weeks
Doxorubicin 50 mg/m2 q 4 weeks

Cyclophosphamide plus 26 14 CT 400 mg/m2 day 2 q 4 weeks 23 200
Vincristine 1 mg/m2 days 1, 5 q 4 weeks
Doxorubicin 40 mg/m2 day 2 q 4 weeks
Dacarbazine 200 mg/m2 � 5 days q 4 weeks

Cisplatin plus 32 32 No CT 50 mg/m2 q 3 weeks 56b 201
Doxorubicin 45 mg/m2 q 3 weeks
Ifosfamide 5 g/m2 q 3 weeks

Note: All chemotherapy agents were given intravenously unless specified. CT, chemotherapy; N/A, not available; RT, radiation therapy.
aUterine sarcoma.
bFemale genital tract.

Uterine Carcinosarcomas

Several drugs have been studied in this group of tumors as sin-
gle agents (Table 24.9) (158,173,175,183–196). However, only
three drugs have demonstrated clear-cut activity: ifosfamide,
cisplatin, and paclitaxel (183–186,190,195,196). Of the three
drugs ifosfamide is the most active single agent studied to date.

In a 5-day schedule, ifosfamide produced 25 complete and 12
partial responses (overall response of 36%) among 102 patients
with no prior chemotherapy (185).

In patients with prior chemotherapy, cisplatin produced an
18% response in 28 patients (195). A repeat trial in patients
with no prior chemotherapy documented essentially the same
response rate of 19% among a larger group of patients (183).
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Both trials used cisplatin at 50 mg/m2 every 3 weeks.
Investigators at the M. D. Anderson Cancer Center employed
a higher dose ranging from 75 mg/m2 to 100 mg/m2 every 3
weeks. Only 12 patients with measurable disease were entered
into the trial, but one complete and four partial responses
were observed (overall responses 42%) (196). The lack of ran-
domization and the small number of cases in this trial pre-
clude conclusions about the merits of the higher dose.
Paclitaxel as a single agent was associated with a response rate
of 21.2% in a group of 33 patients with uterine sarcoma who
had prior chemotherapy, with an 8.2% response rate in
patients who failed appropriate local therapy (190).

Doxorubicin, generally regarded as the most active agent in
soft-tissue sarcomas, unfortunately demonstrated inconsistent
activity in three trials of patients with malignant mixed mül-
lerian tumors. The first two studies constituted one arm of
each of two randomized trials. In the first, four responses
among 41 patients (10%) with mixed mesodermal tumors
(158) were observed. The other demonstrated a 19% response
rate utilizing a dose of 60 mg/m2 every 3 weeks in recurrent or
advanced uterine sarcomas (181). The third, which employed
a range of doses from 50 mg/m2 to 90 mg/m2 every 3 weeks,
resulted in no response among the nine patients with measur-
able disease (187). Topotecan 1.5 mg/m2 daily for 5 days had
unimpressive activity (10% response rate) in patients with
advanced or recurrent uterine malignant mixed müllerian
tumors previously treated with chemotherapy (188).
Demonstrating negligible activity in phase II studies were
etoposide (200), mitoxantrone (173), piperazinedione (164),
diaziquone (193), amonafide (191), trimetrexate (93), and
aminothiadiazole (192).

In the history of chemotherapy development, combination
therapy usually results in a higher response rate than single-
agent treatment. However, not all combination regimens have
had an impact upon survival. This is clearly seen in the treat-
ment of uterine carcinosarcomas.

There have been numerous reports of combination chemo-
therapy for uterine carcinosarcomas (Table 24.9) (158, 181,
185, 189, 197–201). A combination of cyclophosphamide,
vincristine, doxorubicin, and DTIC had a reported 23% (61)
overall response rate. A combination of etoposide, hydrox-
yurea, and DTIC resulted in a response of 15% in 32 patients
(198). Later EORTC reported a trial based upon 48 patients
with unresectable or recurrent malignant mixed müllerian
tumor who were treated with a combination of cisplatin, dox-
orubicin, and ifosfamide. The overall response rate was an
impressive 56%. Unfortunately, this regimen was also associ-
ated with a high incidence of nephrologic and hematologic
toxicities. The group concluded that alternative platinum-
based regimens with more favorable toxicity profiles should
be explored (201). Indeed, evaluation of the true value 
of combination chemotherapy requires randomized phase 
III trials.

The first randomized study in 1983 by the GOG, which com-
bined malignant mixed müllerian tumors with other sarcomas,
resulted in patient numbers being too small for subset analysis
(158). Nonetheless, combining doxorubicin and DTIC resulted
in an overall response of 23% and a trend toward greater
response as compared to single-agent doxorubicin (10%). A sig-
nificant improvement in progression-free and overall survival
could not be demonstrated, but two conclusions could be drawn
from this trial. The first was the fact that a greater response to
chemotherapy was significantly associated with an increase in
overall survival and the disease-free survival. The second obser-
vation was that malignant mixed müllerian tumors had a differ-
ent response profile compared to leiomyosarcomas. Two years
later, the GOG compared cyclophosphamide plus doxorubicin to
single-agent doxorubicin. A response of 25% was observed in
malignant mixed müllerian tumors; again, however, numbers
were inadequate to show any significant benefit compared with

single-agent doxorubicin. The trial was also closed early because
of failure to reach statistical significance (181).

With the recognition of the difference in response to therapy
between malignant mixed müllerian tumors and leiomyosarco-
mas, randomized trials began to regard each of the two major
histologic subtypes as separate patient populations. Unfortunately,
this increased the time necessary to complete clinical trials.
Nonetheless, a large randomized trial was performed and
reported in 2000. The GOG evaluated the addition of cisplatin
to ifosfamide in 194 eligible patients and found that this
improved the overall response rate from 36% to 54% and
prolonged the median progression-free interval by an absolute
2 months. However, this advantage was not associated with a
significant overall survival gain (185).

More recently and based upon the finding of moderate
activity (18% response rate) of paclitaxel for this disease, the
GOG carried out a phase III trial of ifosfamide with or with-
out paclitaxel in advanced uterine malignant mixed müllerian
tumors. The group found that the addition of paclitaxel pro-
duced a 45% response rate compared with 29% in the ifos-
famide single-agent arm with overall survival significantly
improved. There was a significant decrease in the hazard of
death and progression but more sensory neuropathy, as
expected (189). 

In conclusion, there is moderate evidence to support the use
of combination chemotherapy in advanced or recurrent uterine
carcinosarcomas (Table 24.10). Combination regimens that
result in significant improvements in survival are needed.

Endometrial Stromal Sarcoma

Randomized phase III trials with stromal sarcomas are limited
due to the rarity of this disease. Only two randomized trials
compared single-agent and combination chemotherapy in
advanced uterine sarcoma, without response rate of stromal
sarcomas reported separately. The GOG reported a phase II
study of ifosfamide treatment in 21 cases with recurrent or
metastatic endometrial stromal sarcomas. Three patients expe-
rienced complete response and four had partial responses, for
an overall response of 33.3% (202). Another noncontrolled
study observed a 50% response rate to doxorubicin therapy in
ten patients with recurrent endometrial stromal sarcomas
(203). Many other literatures are case reports and retrospective
studies with a small number of cases. Published chemotherapy
regimens include carboplatin and paclitaxel (204); doxoru-
bicin, cisplatin, and ifosfamide (205); doxorubicin and ifos-
famide (206); doxorubicin, vincristine, and cyclophosphamide
(207); and prolonged oral etoposide (208).

Interest in endometrial stromal sarcomas continues owing
to the difference in the prognosis of patients with low-grade
disease versus those with high-grade disease. In recurrent stro-
mal sarcoma, reports support hormone therapy for patients
with low-grade subgroup and chemotherapy for high-grade
tumors (209). Current definitions do not include high-grade
lesions as a component of endometrial stromal sarcoma.

Toxicity

The most common toxicities of chemotherapy are hemato-
logic and gastrointestinal toxicity. The grade 3-4 adverse
effects of chemotherapy with overall response rate higher than
5% in leiomyosarcomas and mixed mesodermal tumors are
listed in Tables 24.11 and 24.12. Combination chemotherapy
has a much higher incidence of grade 3-4 side effects compared
with the single-agent regimen. The overall response rate of
combination with ifosfamide plus cisplatin is 54%; however,
the grade 3-4 of leukopenia is 97%, and six deaths occurred
before the first dose reduction of ifosfamide (185). The current
phase III trial with ifosfamide plus paclitaxel reported a 45%
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overall response rate with tolerable toxicities (189), which
seems a relatively effective and safe regimen. Among other
phase II trials of different chemotherapeutic regimens, liposo-
mal doxorubin, paclitaxel, doxorubicin, cisplatin, and etopo-
side plus cisplatin plus doxorubicin were reported to have less
toxicity with moderate effect. 

Hormonal Therapy

Although the role of hormonal therapy is clear in breast and
endometrial cancers, few uterine sarcomas contain sufficient
estrogen- or progesterone-receptor protein to influence ther-
apy, the only exception being low-grade endometrial stromal
sarcomas or stromal nodules. It has been found that estrogen
and progesterone receptors were found in 55.5% and 55.8%,
respectively, of samples from patients with various types of
uterine sarcomas, but the median concentrations were sub-
stantially lower than those observed in breast or endometrial
cancers. Endometrial stromal sarcomas had higher receptor
levels (210). Uniquely, low-grade endometrial stromal sarco-
mas are hormonally responsive in roughly two thirds of cases
and long-term maintenance therapy should be beneficial. 

Progestins, gonadotropin-releasing hormone (GnRH) ana-
logues (211), or aromatase inhibitors (209,212) have been
used in the treatment of patients with advanced or recurrent
stromal sarcomas and successfully gain long-term stability in
case reports. Several papers reported that long-term use of
tamoxifen for the treatment of breast cancer was related to the
development of uterine sarcoma (213,214).

Lantta et al. (215) published two cases of extensive
intraperitoneal low-grade endometrial stromal sarcoma
associated with high levels of progesterone receptors in com-
plete remission with hormonal therapy. Three patients
reported by Baker et al. (216) had partial responses or stabi-
lization of disease on oral megestrol acetate; all had concen-
trations of progesterone receptors exceeding 674 fmol/mg.
Piver et al. (217), in a collaborative survey of endolymphatic
stromal myosis, recorded complete or partial responses to
hormonal therapy in 6 of 13 patients (46%) treated with
progestational agents. Scribner and Walker (218) reported a
patient with an extensive endometrial stromal sarcoma of
the uterus whose tumor was reduced to resectable size by
the administration of leuprolide acetate and megestrol
acetate. Endometrial stromal sarcomas of a lower grade have
also been reported to express srp27, an estrogen-induced
24-DK protein suggesting hormone responsiveness (219).
Medroxyprogesterone acetate has induced major responses
in pulmonary metastatic lesions from endometrial stromal
sarcoma (130,220,221). GnRH analogues were reported to
control the progression of a recurrent low-grade endometrial
stromal sarcoma with moderate estrogen and progesterone
receptor positivity (211). Medroxyprogesterone acetate and
aromatase inhibitors, such as letrozole, were observed to be
highly effective and have sustained progression control in
six of ten cases with low-grade stromal sarcoma (222). Spano
et al. presented two cases of endometrial stromal sarcoma
with lung metastases treated with aminoglutethimide who
achieved complete response and remained disease-free for 14
and 7 years, respectively (209). However, there presently is no
prospective study on hormonal treatment for stromal sarcoma
published.

Hormonal therapy has not been extensively evaluated in
mesenchymal uterine tumors. There are anecdotal reports of
responses to hormonal therapy in adenosarcomas and low-
grade leiomyosarcomas (223). One case of letrozole therapy in
high-grade malignant mixed müllerian tumor with marked
tumor control was reported, but the area has not been well
studied (224). 

Biologic Therapy

Since the high recurrence and poor response to radiotherapy
and chemotherapy, biologic therapy may have more promise
in the area of uterine sarcoma, as well as other types of soft-
tissue sarcoma. The recent advances in the biology of uterine
sarcoma related to probable treatment target have concen-
trated on tyrosine kinase receptors and vascular endothelial
growth factor (VEGF). 

Since the discovery that high proto-oncogene c-kit expression
in gastrointestinal stromal tumors (GISTs) may be amenable to
control with tyrosine kinase inhibitors, such as imatinib mesylate
and sunitinib, some interest has been focused upon uterine sarco-
mas (225). However, the expression of c-kit in the uterine sar-
coma varies greatly in different studies. Some studies
demonstrated the presence of c-kit in 41.3% to 83% of uterine
leiomyosarcoma (226–228), but other studies documented little
presence (229–232). Given the great progress made in the GISTs
with imatinib mesylate, a GOG phase II evaluation of sunitinib
maleate in the treatment of recurrent or persistent leiomyosar-
coma of the uterus was completed with negative results.

Emoto et al. demonstrated inhibition of a VEGF-expressing
malignant mixed tumor cell line by TNP-470, an angiogenesis
inhibitor (232). Another angiogenesis inhibitor, thalidomide,
was studied in recurrent or persistent malignant mixed müller-
ian tumor of the uterus by the GOG. No activity was seen.

Advances in the understanding of the biology of uterine
sarcomas may provide more treatment targets and make long-
term control of the disease possible. 

Systemic Therapy Summary

The current role of chemotherapy in the management of uter-
ine sarcomas involves the treatment of patients with advanced
or recurrent disease, and an emphasis on palliative intent. In
leiomyosarcomas, the active drugs are doxorubicin, ifos-
famide, gemcitabine, and docetaxel. For malignant mixed
müllerian tumors, the drugs of choice are ifosfamide, cisplatin,
and paclitaxel. Hormonal therapy, including progestational
agents, GnRH analogues, and aromatase inhibitors, may have
a role in the treatment of advanced or recurrent endometrial
stromal sarcomas. The use of hormonal agents in the treat-
ment of other histologic subtypes has not been well studied.
Efforts to identify additional active agents continue. 

LONG-TERM RESULTS 
OF THERAPY

Leiomyosarcoma

The prognosis of patients with uterine leiomyosarcoma is uni-
formly poor. The reported 5-year survival of uterine leiomyo-
sarcoma varies between 30% and 48% (6, 233–236). However,
leiomyosarcoma may tender a worse prognosis than malignant
mixed müllerian tumor when adjusting for stage and mitotic
count (6,233). 

Major et al. reported a progression-free survival at 3 years
of 31% and the recurrence rate was 71% in 59 patients with
leiomyosarcomas. The mitotic index was the only factor signifi-
cantly related to progression-free interval (32). In the study of
423 uterine sarcomas of Olah et al. (6), overall 5-year survival
was 31%; 42% of patients with endometrial stromal sarcomas,
34% of those with leiomyosarcomas, and 33% with malignant
mixed müllerian tumors were alive at the end of the study
period with median survival times of 30, 17, and 13 months,
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respectively. These researchers also found that stage, degree of
differentiation, age, and histologic type were the four common
factors influencing survival in a multiple regression analysis
(6,11).

Carcinosarcomas and Müllerian
Adenosarcomas

Major et al. (32) reported a recurrence rate of 53% for 301
patients with clinical stage I and II malignant mixed müllerian
tumors. This included 61 patients (20%) who were “up-
staged” based upon surgical findings. The prognostic factors
based on multivariate analysis were adnexal spread, lymph
node metastases, histologic cell type, and grade of sarcoma.
Median survival in patients with clinically recurrent or
advanced-stage malignant mixed müllerian tumors ranged
from 4 to 13 months (2,8,237,238) despite therapy.

Kaku et al. (239), in a review of GOG materials, indicated
that müllerian adenosarcomas were usually locally invasive;
30% of the 31 cases in their review suffered recurrences.
Among the 100 patients reported by Clement and Scully (25),
26.1% developed recurrent disease. Generally, müllerian
adenosarcomas are regarded as locally invasive and are man-
aged in some cases with local excision. However, sarcomatous
overgrowth has been described in as many as 57% of cases
(90,239) and is associated with a fulminant clinical course and
death.

Endometrial Stromal Sarcoma

Virtually no endometrial stromal nodule will recur after hys-
terectomy. In the series of Dionigi et al. (240), there were no
reported relapses in patients followed for a median of 43.5
months and a maximum of 214 months.

In comparison with leiomyosarcoma and malignant mixed
müllerian tumor, patients with endometrial stromal sarcoma
tend to present with low-grade and early-stage disease with
favorable prognosis (236,241). Denschlag et al. (236) reported
a 5-year survival of 82% among women with endometrial stro-
mal sarcoma, which was significantly better than other sub-
groups. It may be difficult to determine the prognosis of
endometrial stromal sarcoma in a given patient, however.
Although mitotic count may be important, Chang et al. (242)
suggested that stage (stage I versus stages II-IV) was more
important in determining survival. Their series was largely
referral material, and few patients had undergone complete
surgical staging. Perhaps as a result, 36% of patients with stage
I in their paper experienced relapse and 23% of these died of
the disease. Remarkably, median time to relapse in patients
with stage I tumors was 69 months. Patients with stage I
endometrial stromal sarcomas most commonly experienced
recurrences in the pelvis or abdomen, strongly suggesting a role
for complete surgical staging and, perhaps, adjuvant radiother-
apy. Eight of 73 patients (11%) with stage I disease either pre-
sented with or developed pulmonary metastases. However, the
median time to pulmonary relapse was 116 months.

In the large series of Chang et al. (242), mitotic count suc-
cessfully predicted outcome in patients with stage II-IV endome-
trial stromal sarcomas. Utilizing the ten mitoses per 10 hpf
criteria, 8 of 13 (62%) patients with undifferentiated endome-
trial sarcomas experienced disease recurrence compared with
35 of 77 (45%) of those with low-grade tumors.

Young et al. (243) and Berchuck et al. (203) have suggested
that patients with ovarian preservation at the time of hysterec-
tomy for endometrial stromal sarcoma were more likely to
develop recurrences. Although this was not the case in the
report of Chang et al. (242) (seven cases with no recurrences

after hysterectomy), bilateral salpingo-oophorectomy would
seem to be prudent given the potential for low-grade endome-
trial stromal sarcomas to express estrogen receptors and
respond to hormonal therapy.

Patterns of Failure

Although Echt et al. (19) reported no difference in recurrent
patterns between patients with malignant mixed müllerian
tumors and leiomyosarcomas, others have reported a propen-
sity for malignant mixed müllerian tumor to relapse in the
abdomen or pelvis and leiomyosarcomas to metastasize to the
lung (120). In the follow-up of the GOG staging study
reported by Major et al. (32), 28 of 301 patients with malig-
nant mixed müllerian tumors developed lung metastases
(9.3%) versus 24 of 59 (40.7%) of those with leiomyosarco-
mas. Recurrences with a pelvic component were 63 (20.9%)
and 8 (13.6%), respectively, for the two tumor types. The
decision to use postoperative irradiation in this study was
made by treating physicians.

In patients whose tumors were initially confined to the
uterus, there were purely distant recurrences in only 4 of 51
(7.8%) patients with malignant mixed müllerian tumors
reported by Nielsen et al. (244) and Shaw et al. (245), but 22
of 35 (62.9%) in the patients with leiomyosarcoma reported
by Punnonen et al. (246) and Yu et al. (247). In a 10-year
review of uterine leiomyosarcomas at Massachusetts General
Hospital, Dinh et al. (248) reported that 20 of 27 patients
either presented with or developed pulmonary metastases.

CLINICAL TRIALS
The GOG has played a leading role in developing new drugs
for advanced and metastatic leiomyosarcomas and uterine
malignant mixed müllerian tumors through a series of phase II
studies in both previously treated and chemotherapy-naïve
patients. It will be important to include available biologic and
immunologic agents in this series of studies. The GOG has
also completed one phase III study of ifosfamide with or with-
out paclitaxel in patients with persistent or recurrent mixed
müllerian tumors (185). Several existing GOG phase II studies
are ongoing, such as trabectedin in advanced, persistent, or
recurrent leiomyosarcoma of the uterus.

MOLECULAR BIOLOGY,
GENETICS, FUTURE DIRECTIONS,

AND CONCLUSIONS
There has been a slow evolution in the understanding of the
basic science of uterine sarcomas. The majority are felt to be
sporadic with no specific etiology and most have complex
karyotypes (249). However, in an increasing number of nonu-
terine sarcomas, specific chromosomal translocations result-
ing in fusion genes that are constitutive and involve activation
of transcription factors have been identified. Clear cell sarco-
mas, myxoid liposarcomas, alveolar rhabdomyosarcomas, and
alveolar soft-part sarcomas all have been associated with
translocation-induced fusion genes that result in activated
transcription factors and uncontrolled growth (249). Perhaps
the most striking advance was the identification of c-kit tyro-
sine kinase activation in GISTs, which are histologically indis-
tinguishable from leiomyosarcomas of the small bowel. The
specific inhibitor of c-kit, imatinib mesylate (KSTI-571), may
produce long-term responses in patients with metastatic GISTs.
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The reported c-kit immunoreactivity was present in 0% to
83% of uterine leiomyosarcomas (226–231). Whether this
finding will translate into a role for sunitinib maleate in these
malignancies remains to be seen in future clinical trials.

In leiomyosarcomas, other avenues may be explored. Human
immunodeficiency virus–immunocompromised pediatric patients
are unusually susceptible to leiomyosarcomas. The causative
agent in these tumors appears to be the Epstein-Barr virus
(250). Similar smooth muscle tumors associated with the
Epstein-Barr virus have been described in a few adult organ
transplant recipients (251). Only one report about this virus is
expressed in an immunocompetent adult with leiomyosarcomas
(252). A common intermediary factor may exist, which is as yet
unrecognized.

Trials of adjuvant chemotherapy are appropriate in early-
stage, resected leiomyosarcomas. Recurrence rates after surgery
alone are unacceptably high; the risk of mortality associated
with recurrent leiomyosarcoma easily offsets any morbidity
derived from adjuvant chemotherapy in this population of rela-
tively young patients. One ongoing study utilizes sequential
docetaxel plus gemcitabine followed by doxorubicin in women
with high-grade, stage I and II leiomyosarcomas.

A variety of potential markers are overexpressed in uter-
ine malignant mixed müllerian tumors and include p53,
mdm-2 (253), platelet-derived growth factor receptor-β, 
c-abl (254), HER2/neu (255,256), vascular endothelial
growth factor (257), and insulin-like growth factor (IGF)-II
(258). None is associated with prognostic implications
(259,260); the evolving concept of malignant mixed müller-
ian tumors as metaplastic endometrial carcinomas may result
in elucidation of new means of prevention and therapy.
Combination or sequential radiation and chemotherapy have
a great deal of appeal (31).

Endometrial stromal sarcomas have been associated with
the translocation t(7;17) (p15–21;q12–21) in over a third of
cases (261); this information, in addition to the established
hormone responsiveness of low-grade stromal sarcomas, may
provide a basis for therapeutic strategies in the future.

A basic understanding of uterine sarcomas and their differ-
ences is paramount to the understanding of surgical and adju-
vant therapy as well as palliative treatment in patients with
these rare neoplasms; this knowledge is essential to the prac-
tice of gynecologic oncology.

References

1. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2007. CA Cancer J Clin
2007;57:43–66.

2. Doss LL, Llorens AS, Henriquez EM. Carcinosarcoma of the uterus: a 40-year
experience from the state of Missouri. Gynecol Oncol 1984;18:43–53.

3. Nordal RR, Thoresen SO. Uterine sarcomas in Norway 1956–1992: inci-
dence, survival, and mortality. Eur J Cancer 1997;33:907–911.

4. Scully RE, Bonfiglio TA, Kurman RJ, et al. World Health Organization
International Classification of Tumour: Histological Typing of Female
Genital Tract Tumors. 2nd ed. Berlin: Springer; 1994.

5. Ober WB. Uterine sarcomas: histogenesis and taxonomy. Ann NY Acad
Sci 1959;75:689–703.

6. Olah KS, Dunn JA, Gee H. Leiomyosarcomas have a poorer prognosis
than mixed mesodermal tumours when adjusting for known prognostic
factors: the result of a retrospective study of 423 cases of uterine sarcoma.
Br J Obstet Gynaecol 1992;99:590–594.

7. Ronnett BM, Zaino RJ, Ellenson LH, et al. Endometrial cancer. In:
Kurman RJ, ed. Blaustein’s Pathology of the Female Genital Tract. 5th ed.
New York: Springer; 2002:501–560.

8. Clement PB, Scully RE. Müllerian adenosarcoma of the uterus: a clinico-
pathologic analysis of ten cases of distinctive type of müllerian mixed
tumor. Cancer 1974;34:1138–1149.

9. Clement PB, Oliva E, Young RH. Müllerian adenosarcoma of the uterine
corpus associated with tamoxifen therapy: a report of six cases and review
of tamoxifen-associated endometrial lesions. Int J Gynecol Pathol
1996;15:222–229.

10. Bartsich EG, Bowe ET, Moore JG. Leiomyosarcoma of the uterus. Obstet
Gynecol 1968;32:101–106.

11. Giuntoli RL, Metzinger DS, DiMarco CS, et al. Retrospective review of 208
patients with leiomyosarcoma of the uterus: prognostic indicators, surgical
management, and adjuvant therapy. Gynecol Oncol 2003;89:460–469.

12. Brooks SE, Zhan M, Cote T, et al. Survival epidemiology and end results
analysis of 267 cases of uterine sarcomas, 1989–1999. Gynecol Oncol
2004;93:204–208.

13. Chang KL, Crabtree GS, Kim Lim-Tan S, et al. Primary uterine endome-
trial stromal neoplasms. A clinicopathologic study of 117 cases. Am J Surg
Pathol 1990;14:415–438.

14. Evans HL. Endometrial stromal sarcoma and poorly differentiated
endometrial sarcoma. Cancer 1982;50:2170–2182.

15. Dionigi A, Oliva E, Clement PB, et al. Endometrial stromal nodules and
endometrial stromal tumors with limited infiltration: a clinicopathologic
study of 50 cases. Am J Surg Pathol 2002;26:567–581.

16. Zelmanowicz A, Hildesheim A, Sherman MA, et al. Evidence for a com-
mon etiology for endometrial carcinomas and malignant mixed müllerian
tumors. Gynecol Oncol 1998;69:253–257.

17. Mortel R, Nedwich A, Lewis GC, et al. Malignant mixed müllerian
tumors of the uterine corpus. Obstet Gynecol 1970;35:469–480.

18. Norris HJ, Roth E, Taylor HB. Mesenchymal tumors of the uterus. Obstet
Gynecol 1966;28:57–63.

19. Echt G, Jepson J, Steel J, et al. Treatment of uterine sarcomas. Cancer
1990;66:35–39.

20. Silverberg SG, Major FJ, Blessing JA, et al. Carcinosarcoma (malignant
mixed mesodermal tumor) of the uterus. A Gynecologic Oncology Group
pathologic study of 203 cases. Int J Gynecol Pathol 1990;9:1–19.

21. Kurman RJ, ed. Blaustein’s Pathology of the Female Genital Tract. 5th ed.
New York: Springer; 2001.

22. Christopherson WM, Williamson EO, Gray LA. Leiomyosarcoma of the
uterus. Cancer 1972;29:1512–1517.

23. Meredith RJ, Eisert DR, Kaka Z, et al. An excess of uterine sarcomas after
pelvic irradiation. Cancer 1986;58:2003–2007.

24. Varala-Duran J, Nochomovitz LE, Prem KA, et al. Post irradiation mixed
müllerian tumors of the uterus. Cancer 1980;45:1625–1631.

25. Clement PB, Scully RE. Müllerian adenosarcoma of the uterus: a clinico-
pathologic analysis of 100 cases with a review of the literature. Hum
Pathol 1990;21:363–381.

26. Bocklage T, Lee KR, Belinson JL. Uterine müllerian adenosarcoma follow-
ing adenomyoma in a woman on tamoxifen therapy. Gynecol Oncol
1993;44:104–109. 

27. Larson B, Silfversward C, Nilsson B, et al. Mixed müllerian tumors of the
uterus—prognostic factors: a clinical and histopathologic study of 147
cases. Radiother Oncol 1990;17(2):123–132.

28. Goff BA, Rice LW, Fleischhacker D, et al. Uterine leiomyosarcoma and
endometrial stromal sarcoma: lymph node metastases and sites of recur-
rence. Gynecol Oncol 1993;50:105–109.

29. Iwasa Y, Haga H, Konishi I, et al. Prognostic factors in uterine carcinosar-
coma: a clinicopathologic study of 25 patients. Cancer 1998;82:512–519.

30. Leibsohn S, d’Ablain G, Mischell DR, et al. Leiomyosarcoma in a series of
hysterectomies performed for presumed uterine leiomyomas. Am J Obstet
Gynecol 1990;162:968–974.

31. Berchuck A, Rubin SC, Hoskins WJ, et al. Treatment of uterine
leiomyosarcoma. Obstet Gynecol 1988;71:845–854.

32. Major FJ, Blessing JA, Silverberg SG, et al. Prognostic factors in early-
stage uterine sarcoma. Cancer 1993;71:1702–1709.

33. Yamada DS, Burger RA, Brewster WR, et al. Pathologic variables and sur-
vival for patients with surgically evaluated carcinosarcoma of the uterus.
Cancer 2000;88:2782–2786.

34. Porter GA, Cantor SB, Ahmad SA, et al. Cost-effectiveness of staging com-
puted tomography of the chest in patients with T2 soft tissue sarcomas.
Cancer 2002;94:197–204. 

35. Manolitsas T, Wain GV, Williams KE, et al. Multimodality therapy for
patients with clinical stage I and II malignant mixed müllerian tumors of
the uterus. Cancer 2001;91:1437–1443.

36. Chen SS. Propensity of retroperitoneal lymph node metastases in stage I
sarcoma of the uterus. Gynecol Oncol 1989;32:215–219.

37. Gard GB, Mulvany NJ, Quinn MA. Management of uterine leiomyosar-
coma in Australia. Aust N Z J Obstet Gyneaecol 1999;39:93–98.

38. Kaku T, Silverberg SG, Major FJ, et al. Adenosarcoma of the uterus: a
Gynecologic Oncology Group clinicopathologic study of 31 cases. Int J
Gynecol Pathol 1992;11:75–88.

39. Mittal K, Joutovsky A. Areas with benign morphologic and immunohisto-
chemical features are associated with some uterine leiomyosarcomas.
Gynecol Oncol 2007;104:362–365.

40. Zhang P, Zhang C, Hao J, et al. Use of X-chromosome inactivation pat-
tern to determine clonal origins of uterine leiomyoma and leiomyosar-
coma. Hum Pathol 2006;37:1350–1356.

41. Bell SW, Kempson RL, Hendrickson MR. Problematic uterine smooth
muscle neoplasms. A clinicopathologic study of 213 cases. Am J Surg
Pathol 1994;18:535–558.

42. Wang WL, Soslow RA, Zannoni GF, et al. The utility of tumor cell necro-
sis in the diagnosis of primary leiomyosarcoma of the uterus: an analysis
of 77 cases. Mod Pathol 2006;19(Suppl 1):201A.

43. Perrone T, Dehner LP. Prognostically favorable “mitotically active” smooth
muscle tumors of the uterus. A clinicopathologic study of ten cases. Am J
Surg Pathol 1988;12:1–8.

Chapter 24: Corpus: Mesenchymal Tumors 757

Barakat_CH24-733-762.qxd  3/2/09  1:09 PM  Page 757



44. O’Connor DM, Norris HJ. Mitotically active leiomyoma of the uterus.
Hum Pathol 1990;21:223–227.

45. Prayson RA, Goldblum JR, Hart WR. Epithelioid smooth muscle tumors
of the uterus. A clinicopathologic study of 18 patients. Am J Surg Pathol
1997;21:383–391.

46. Jones MW, Norris HJ. Clinicopathologic study of 28 uterine leiomyosar-
comas with metastases. Int J Gynecol Pathol 1995;14:243–249.

47. Kugami S, Kashimura M, Toki N, et al. Myxoid leiomyosarcoma of 
the uterus with subsequent pregnancy and delivery. Gynecol Oncol
2002;85:538–542.

48. Kindelberger D, Hollowell M, Otis C, et al. Myxoid leiomyosarcomas: 
a clinicopathologic study of 10 cases. Mod Pathol 2007;20(Suppl 2):
203A.

49. Wang WL, Soslow RA, Hensley M, et al. Histopathologic prognostic fac-
tors in stage I uterine leiomyosarcomas: a clinicopathologic study of 28
cases. Mod Pathol 2007;20(Suppl 2):217A.

50. Leitao MM, Soslow RA, Nonaka D, et al. Tissue microarray immunohis-
tochemical expression of estrogen, progesterone, and androgen recep-
tors in uterine leiomyomata and leiomyosarcoma. Cancer 2004;101:
1455–1462.

51. Bodner K, BodnerpAdler B, Kimberger O, et al. Estrogen and proges-
terone receptor expression in patients with uterine leiomyosarcoma and
correlation with different clinicopathological parameters. Anticancer Res
2003;23:729–732.

52. McCluggage WG. Malignant biphasic uterine tumors: carcinosarcomas or
metaplastic carcinomas? J Clin Pathol 2002;55:321–325.

53. Torenbeek R, Hermsen MA, Meijer GA, et al. Analysis by comparative
genomic hybridization of epithelial and spindle cell components in sarco-
matoid carcinoma and carcinosarcoma: histogenetic aspects. J Pathol
1999;189:338–343.

54. Taylor NP, Zighelboim I, Huettner PC, et al. DNA mismatch repair and
TP53 defects are early events in uterine carcinosarcoma tumorigenesis.
Mod Pathol 2006;19:1333–1338.

55. Ferguson SE, Tornos C, Hummer A, et al. Prognostic features of surgical
stage I uterine carcinosarcoma. Am J Surg Pathol 2007;31(11):1653–1661.

56. McCluggage WG. Malignant biphasic uterine tumors: carcinosarcomas or
metaplastic carcinomas? J Clin Pathol 2002;55:321–325.

57. Torenbeek R, Hermsen MA, Meijer GA, et al. Analysis by comparative
genomic hybridization of epithelial and spindle cell components in sarco-
matoid carcinoma and carcinosarcoma: histogenetic aspects. J Pathol
1999;189:338–343.

58. Euscher ED, Deavers MT, Ramondetta L, et al. Clinicopathologic features
of malignant mixed müllerian tumors in patients with and without pro-
longed survival. Mod Pathol 2006;19(Suppl 1):177A.

59. Pautier P, Genestie C, Rey A, et al. Analysis of clinicopathologic prognos-
tic factors for 157 uterine sarcomas and evaluation of a grading score val-
idated for soft tissue sarcoma. Cancer 2000;88:1425–1431.

60. Inthasorn P, Carter J, Valmadre S, et al. Analysis of clinicopathologic fac-
tors in malignant mixed müllerian tumors of the uterine corpus. Int J
Gynecol Cancer 2002;12;348–353.

61. Temkin SM, Hellmann M, Lee YC, et al. Early stage carcinosarcoma of
the uterus: the significance of lymph node count. Int J Gynecol Cancer
2007;17:215–219.

62. Garamvoelgyi E, Guillou L, Gebhard S, et al. Primary malignant mixed
müllerian tumor of the female peritoneum. A clinical, pathologic and
immunohistochemical study of three cases and review of the literature.
Cancer 1994;74:854–863.

63. Rose PG, Rodriguez M, Abdul-Karim FW. Malignant mixed müllerian
tumor of the female peritoneum: treatment and outcome of three cases.
Gyneol Oncol 1997;65:523–525.

64. Sumathi VP, Murnaghan M, Dobbs SP, et al. Extragenital müllerian carci-
nosarcoma arising from the peritoneum: report of two cases. Int J
Gynecol Cancer 2002;12:764–767.

65. Ko ML, Huang SH, Shen J, et al. Primary peritoneal carcinosarcoma: report
of a case with five year disease free survival after surgery and chemoradia-
tion and review of the literature. Acta Oncol 2005;44:756–760.

66. Shintaku M, Matsumoto T. Primary müllerian carcinosarcoma of the
retroperitoneum: report of a case. Int J Gynecol Pathol 2001;20:191–195.

67. Booth C, Zahn CM, McBroom J, et al. Retroperitoneal müllerian carci-
nosarcoma associated with endometriosis: a case report. Gynecol Oncol
2004;93:546–549.

68. Norris HJ, Taylor HB. Mesenchymal tumors of the uterus. I. A clinical
and pathological study of 53 endometrial stromal tumors. Cancer
1966;19:755–766.

69. Schilder JM, Hurd WW, Roth LM, et al. Hormonal treatment of an
endometrial stromal nodule followed by local excision. Obstet Gynecol
1999;93:805–807.

70. Dionigi A, Oliva E, Clement PB, et al. Endometrial stromal nodules and
endometrial stromal tumors with limited infiltration: a clinicopathologic
study of 50 cases. Am J Surg Pathol 2002;26:567–581.

71. Chang KL, Crabtree GS, Kim Lim-Tan S, et al. Primary uterine endome-
trial stromal neoplasms: a clinicopathologic study of 117 cases. Am J Surg
Pathol 1990;14:415–438.

72. Oliva E, Young RH, Clement PB, et al. Myxoid and fibrous endometrial
stromal tumors of the uterus: a report of 10 cases. Int J Gynecol Pathol
1999;18:310–319.

73. Yilmaz A, Rush DS, Soslow RA. Endometrial stromal sarcomas with
unusual histologic features: a report of 24 primary and metastatic tumors
emphasizing fibroblastic and smooth muscle differentiation. Am J Surg
Pathol 2002;26:1142–1150.

74. Oliva E, Clement PB, Young RH. Epithelioid endometrial and endometri-
oid stromal tumors: a report of four cases emphasizing their distinction
from epithelioid smooth muscle tumors and other oxyphilic uterine and
extrauterine tumors. Int J Gynecol Pathol 2002;21:48–55.

75. Clement PB, Scully RE. Endometrial stromal sarcomas of the uterus with
extensive endometrioid glandular differentiation: a report of three cases
that caused problems in differential diagnosis. Int J Gynecol Pathol
1992;11:163–173.

76. Dahiya S, Felix A, Branton P, et al. Low grade endometrial stromal sar-
coma: is there an immunophenotype predictive of clinical behavior? Mod
Pathol 2007;20(Suppl 2):194A.

77. Chang KL, Crabtree GS, Soo Kim LT, et al. Primary extrauterine endome-
trial stromal neoplasms: a clinicopathologic study of 20 cases and a review
of the literature. Int J Gynecol Oncol 1993;12:282–296.

78. Irvin W, Pelkey T, Rice L, et al. Endometrial stromal sarcoma of the vulva
arising in extraovarian endometriosis: a case report and literature review.
Gynecol Oncol 1998;71:313–316.

79. Katsanis WA, O’Connor DM, Gibb RK, et al. Endometrial stromal sar-
coma involymphovascular invasion the placenta. Ann Diagn Pathol
1998;2:301–305.

80. Kondi-Paphitis A, Smyrniotis B, Liapis A, et al. Stromal sarcoma arising in
endometriosis. A clinicopathologic and immunohistochemical study of 4
cases. Eur J Gynaecol Oncol 1998;19:588–590.

81. Boardman CH, Jefferies JA. Low grade endometrial stromal sarcoma of
the ectocervix after therapy for breast cancer. Gynecol Oncol 2000;79:
120–123.

82. Lacroix-Triki M, Beyris L, Martel P, et al. Low-grade endometrial stromal
sarcoma arising from sciatic nerve endometriosis. Obstet Gynecol
2004;104:1147–1149.

83. Androulaki A, Papathomas TG, Alexandrou P, et al. Metastatic low-grade
endometrial stromal sarcoma of clitoris: report of a case. Int J Gynecol
Cancer 2007;17:290–293.

84. Sato K, Ueda Y, Sugaya J, et al. Extrauterine endometrial stromal sarcoma
with JAZF1/JJAZ1 fusion confirmed by RT-CPR and interphase FISH pre-
senting as an inguinal tumor. Virchows Arch 2007;450:349–353.

85. Nucci MR, Harburger D, Koontz J, et al. Molecular analysis of the
JAZF1-JjAZ1 gene fusion by RT-CPR and fluorescence in situ hybridiza-
tion in endometrial stromal neoplasms. Am J Surg Pathol 2007;31:65–70.

86. Evans HL. Endometrial stromal sarcoma and poorly differentiated
endometrial sarcoma. Cancer 1982;50:2170–2182.

87. Malpica A, Deavers MT, Silva EG. High-grade sarcoma in endometrial
stromal sarcoma: dedifferentiated endometrial stromal sarcoma. Mod
Pathol 2006;19(Suppl 1):188A.

88. Clement PB. Müllerian adenosarcoma of the uterus with sarcomatous
overgrowth. A clinicopathologic analysis of 10 cases. Am J Surg Pathol
1989;13:28–38.

89. Soslow RA, Ali A, Negron E, et al. Müllerian adenosarcomas: an
immunophenotypic analysis of 35 cases. Mod Pathol 2006;19(Suppl 1):
197A.

90. Amant F, Shurmans K, Steenkiste E, et al. Immunohistochemical determi-
nation of estrogen and progesterone receptor positivity in uterine
adenosarcoma. Gynecol Oncol 2004;93:680–685.

91. Anderson J, Behbakht K, De Geest K, et al. Adenosarcoma in a patient
with vaginal endometriosis. Obstet Gynecol 2001;98:964–966.

92. Liu L, Davidosmon S, Singh M. Müllerian adenosarcoma of vagina arising
in persistent endometriosis: report of a case and review of the literature.
Gynecol Oncol 2003;90:486–490.

93. Raffaelli R, Piazzola E, Zanconato G, et al. A rare case of extrauterine
adenosarcoma arising in endometriosis of the rectovaginal septum. Fertil
Steril 2004;81:1142–1144.

94. Yantiss RK, Clement PB, Young RH. Neoplastic and pre-neoplastic
changes in gastrointestinal endometriosis: a study of 17 cases. Am J Surg
Pathol 2000;24:513–524.

95. Vara AR, Ruzis EP, Moussabeck O, et al. Endometrioid adenosarcoma of
the bladder arising from endometriosis. J Urol 1990;143:813–815.

96. Murugasu A, Miller J, Proietto A, et al. Extragenital müllerian adenosar-
coma with sarcomatous overgrowth arising in an endometriotic cyst in the
pouch of Douglas. Int J Gynecol Pathol 2003;13:371–375.

97. Dincer AD, Timmins P, Pietrocola D, et al. Primary peritoneal adenosar-
coma with sarcomatous overgrowth associated with endometriosis. Int J
Gynecol Pathol 2002;21:65–68.

98. N’Senda P, Wendum D, Balladur P, et al. Adenosarcoma arising in hepatic
endometriosis. Eur Radiol 2000;10:1287–1289.

99. Clement PB, Scully RE. Uterine tumors resembling ovarian sex-cord
tumors. A clinicopathologic analysis of fourteen cases. Am J Clin Pathol
1976;66:512–525.

100. Rollins SE, Clement PB, Young RH. Uterine tumors resembling ovarian
sex cord tumors frequently have incorporated mature smooth muscle
imparting a pseudoinfiltrative appearance. Mod Pathol 2007;20(Suppl 2):
212A.

101. Hornick JL, Fletcher CDM. Pecoma: what do we know so far? Histopathology
2006;48:75–82.

758 Section III: Disease Sites

Barakat_CH24-733-762.qxd  3/2/09  1:09 PM  Page 758



102. Folpe AL, Mentzel T, Lehr H, et al. Perivascular epithelioid neoplasms of
soft tissue and gynecologic origin. Am J Surg Pathol 2005;29:
1558–1575.

103. Vang R, Kempson RL. Perivascular epithelioid cell tumor (PEComa) of the
uterus. A subset of HMB-45 epithelioid mesenchymal neoplasms with an
uncertain relationship to pure smooth muscle tumors. Am J Surg Pathol
2002;26:1–13.

104. Silva EG, Deavers MT, Bodurka DC, et al. Uterine epithelioid leiomyosar-
coma with clear cells. Reactivity with HMB45 and the concept of Pecoma.
Am J Surg Pathol 2004;28:244–249.

105. Oliva E, Wang WL, Branton S, et al. Expression of melanocytic (PEComa)
markers in smooth muscle tumors of the uterus: an immunohistochemical
analysis of 86 cases. Mod Pathol 2006;19(Suppl 1):191A.

106. Simpson KW, Albores-Saavedra J. HMB-45 reactivity in conventional
uterine leiomyosarcoma. Am J Surg Pathol 2007;31:95–98.

107. Sutton G, Kavanagh J, Wolfson AH, et al., Corpus: mesenchymal tumors.
In: Hoskins WJ, Perez CA, Young RC, et al., eds. Principles and Practice
of Gynecologic Oncology. 4th ed. Philadelphia: Lippincott, Williams &
Wilkins; 2004:884.

108. Vongtama V, Karlen JR, Piver SM, et al. Treatment, results and prognostic
factors in stage I and II sarcomas of the corpus uteri. Am J Obstet Gynecol
1976;126:139–147. 

109. Salazar OM, Bonfiglio TA, Patten SF, et al. Uterine sarcomas: natural his-
tory, treatment and prognosis. Cancer 1978;42:1152–1160.

110. Perez CA, Askin F, Baglan RJ, et al. Effects of irradiation on mixed
müllerian tumors of the uterine sarcomas. Cancer 1979;43:1274–1284. 

111. Hoffmann W, Schmandt S, Koradiotherapymann RD, et al. Radiotherapy
in the treatment of uterine sarcomas: a retrospective analysis of 54 cases.
Gynecol Obstet Invest 1996;42:49–57. 

112. Knocke TH, Kucera H, Dorfler D, et al. Results of postoperative radio-
therapy in the treatment of sarcomas of the corpus uteri. Cancer
1998;83:1972–1979. 

113. Ferrer F, Sabater S, Farruterine B, et al. Impact of radiotherapy on local
control and survival in uterine sarcomas: a retrospective study from the
GRUP Oncologic Catala-Occita. Int J Radiat Oncol Biol Phys
1999;44:47–52. 

114. Chauveinc L, Deniaud E, Plancher C, et al. Uterine sarcomas: the Curie
Institut experience. Prognostic factors and adjuvant treatments. Gynecol
Oncol 1999;72:232–237. 

115. Soumarova R, Horova H, Seneklova Z, et al. Treatment of uterine sar-
coma: a survey of 49 patients. Arch Gynecol Obstet 2002;266:92–95. 

116. Livi L, Paiar F, Shah N, et al. Uterine sarcoma: twenty-seven years of expe-
rience. Int J Radiat Oncol Biol Phys 2003;57:1366–1373. 

117. Dusenbery KE, Potish RA, Agenta PA, et al. On the apparent failure of
adjuvant pelvic radiotherapy to improve survival for women with uterine
sarcomas confined to the uterus. Am J Clin Oncol 2005;28:295–300

118. Dusenberry KE, Potish RA, Judson P. Limitations of adjuvant radiother-
apy for uterine sarcomas spread beyond the uterus. Gynecol Oncol
2004;94:191–196

119. Omura GA, Blessing JA, Major F, et al. A randomized clinical trial of
adjuvant Adriamycin in uterine sarcomas: a Gynecologic Oncology Group
study. J Clin Oncol 1985;3:1240–1245. 

120. Hornback NB, Omura G, Major FJ. Observations on the uterine sarcomas
of adjuvant radiation therapy in patients with stage I and II uterine sar-
coma. Int J Radiat Oncol Biol Phys 1986;12:2127–2130.

121. Reed NS, Mangioni C, Malmstrom H, et al. First results of a randomized
trial comparing radiotherapy versus uterine sarcomas observation postop-
eratively in patients with uterine sarcomas: an EORTC-GCG study. Int J
Gynecol Cancer 2003;13:4.

122. Reed NS, Mangioni C, Malmstrom H, et al. Phase III randomized study to
evaluate the role of adjuvant pelvic radiotherapy in the treatment of uter-
ine sarcoma stages I and II: an EORTC Gynecologic Cancer Group study
(protocol 55874). Eur J Cancer 2008;44(6):808–818.

123. Pautier P, Rey A, Haie-Meder C, et al. Adjuvant chemotherapy with cis-
platin, ifosfamide, and doxorubicin followed by radiotherapy in localized
uterine sarcomas: results of a case-controlled study with radiotherapy
alone. Int J Gynecol Cancer 2004;14:1112–1117.

124. WHO: Pathology and Genetics of Tumors of the Breast and Female
Genital Organs. Lyon: IARC Press; 2003.

125. Gerszten K, Faul C, Kounelis S, et al. The impact of adjuvant radiotherapy
on carcinosarcoma of the uterus. Gynecol Oncol 1998;68:8–13. 

126. Wong L, See HT, Khoo-Tan HS, et al. Combined adjuvant cisplatin and
ifosfamide chemotherapy and radiotherapy for malignant mixed müller-
ian tumors of the uterine sarcomas. Int J Gynecol Cancer 2006;16:
1364–1369. 

127. Molpus KL, Redline-Frazzier S, Reed G, et al. Postoperative pelvic irradi-
ation in early stage uterine mixed müllerian tumors. Eur J Gynaec Oncol
1998;19:541–546. 

128. Le T. Adjuvant pelvic radiotherapy for uterine carcinosarcoma in a high
risk population. Eur J Surg Oncol 2001;27:282–285. 

129. Menczer J, Levy T, Piura B, et al. A comparison between different postop-
erative treatment modalities of uterine carcinosarcoma. Gynecol Oncol
2005;97:166–170. 

130. Chi DS, Mychalczak B, Saigo PE, et al. The role of whole-pelvic irradia-
tion in the treatment of early-stage uterine carcinosarcoma. Gynecol
Oncol 1997;65:493–498. 

131. Callister M, Ramondetta LM, Jhingran A, et al. Malignant mixed müller-
ian tumors of the uterus: analysis of patterns of failure, prognostic factors,
and treatment outcome. Int J Radiat Oncol Biol Phys 2004; 58:786–796. 

132. Knocke TH, Weitmann HD, Kucera H, et al. Results of primary and adju-
vant radiotherapy in the treatment of mixed müllerian tumors of the cor-
pus uteri. Gynecol Oncol 1999;73:389–395. 

133. Sartori E, Bazzurini L, Gadducci A, et al. Carcinosarcoma of the uterine
sarcomas: a clinicopathological multicenter CTF study. Gynecol Oncol
1997;67:70–75. 

134. Smith DC, MacDonald OK, Gaffney DK. The impact of adjuvant radia-
tion therapy on survival in women with uterine carcinosarcoma. Int J
Gynecol Cancer 2008;18(2):255–261.

135. Wong L, See HT, Khoo-Tan HS, et al. Combined adjuvant cisplatin and
ifosfamide chemotherapy and radiotherapy for malignant mixed müller-
ian tumors of the uterine corpus. Int J Gynecol Cancer 2006;16:
1364–1369. 

136. Wolfson AH, Brady MF, Rocereto TF, et al. A Gynecologic Oncology
Group radomized trial of whole abdominal irradiation (WWAI) vs. cis-
platin-ifosfamide+mesna (WCIM) in optimally debulked stage I-IV carci-
nosarcoma (WCS) of the uterine sarcomas. J Clin Oncol 2006;24:256.

137. Wolfson AH, Brady MF, Rocereto TF, et al. A Gynecologic Oncology
Group randomized trial of whole abdominal irradiation versus
chemotherapy in optimally debulked carcinosarcomas of the uterus. Int J
Gynecol Cancer 2006;16:45.

138. Wolfson AH, Brady MF, Rocereto T, et al. A Gynecologic Oncology
Group randomized phase III trial of whole abdominal irradiation (WWAI)
vs. cisplatin-ifosfamide and mesna (CIM) as postsurgical therapy in stage
I-IV carcinosarcoma (CS) of the uterus. Gynecol Oncol 2007;107:
177–185.

139. Gadducci A, Landoni F, Saradiotherapyori E, et al. Uterine leiomyosar-
coma: analysis of treatment failures and survival. Gynecol Oncol 1996;62:
25–32. 

140. Gadducci A, Fabrini MG, Bonuccelli A, et al. Analysis of treatment fail-
ures in patients with early-stage uterine leiomyosarcoma. Anticancer Res
1995;15:485–488.

141. Berchuck A, Rubin SC, Hoskins WJ, et al. Treatment of endometrial stro-
mal tumors. Gynecol Oncol 1990;36:60–65.

142. Gadducci A, Saradiotherapyori E, Landoni F, et al. Endometrial stromal
sarcoma: analysis of treatment failure and survival. Gynecol Oncol
1996;63:247–253.

143. Bodner K, Bodner-Adler B, Obermair A, et al. Prognostic parameters in
endometrial stromal sarcoma: a clinicopathologic study in 31 patients.
Gynecol Oncol 2001;81(2):160–165.

144. Geller MA, Argenta P, Bradley W, et al. Treatment and recurrence patterns
in endometrial stromal sarcomas and the relation to c-kit. Gynecol Oncol
2004;95:632–636.

145. Rose PG, Piver MS, Tsukada Y, et al. Patterns of metastasis in uterine sar-
coma: an autopsy study. Cancer 1989;63:935–938.

146. Resnik E, Chambers SK, Carcangiu ML, et al. A phase II study of etopo-
side, cisplatin, and doxorubicin chemotherapy in mixed müllerian tumors
(MMT) of the uterus. Gynecol Oncol 1995;56:370–375.

147. Sutton G, Kauderer J, Carson LF, et al. Adjuvant ifosfamide and cisplatin
in patients with completely resected stage I or II carcinosarcomas (mixed
mesodermal tumors) of the uterus: a Gynecologic Oncology Group study.
Gynecol Oncol 2005;96:630–634.

148. Odunsi K, Moneke V, Tammela J, et al. Efficacy of adjuvant CYVADIC
chemotherapy in early-stage uterine sarcomas: results of long-term follow-
up. Int J Gynecol Cancer 2004;14:659–664. 

149. Piver MS, Lele SB, Marchetti DL, et al. Effect of adjuvant chemotherapy
on time to recurrence and survival of stage I uterine sarcomas. J Surg
Oncol 1988;38:233–239.

150. Hempling RE, Piver MS, Baker TR. Impact on progression-free survival of
adjuvant cyclophosphamide, vincristine, doxorubicin (Adriamycin), and
dacarbazine (CYVADIC) chemotherapy for stage I uterine sarcoma. A
prospective trial. Am J Clin Oncol 1995;18:282–286.

151. Wong C, Lele SB, Natarajan N. Effect of adjuvant chemotherapy on long-
term survival of stage I uterine sarcoma. Proc Am Soc Clin Oncol 1999;18:
386 (abstract 1492).

152. Sutton G, Blessing J, Hanjani P, et al. Phase II evaluation of liposomal
doxorubicin (Doxil) in recurrent or advanced leiomyosarcoma of the
uterus: a Gynecologic Oncology Group study. Gynecol Oncol 2005;96:
749–752.

153. Miller DS, Blessing JA, Ball H, et al. Phase II trial of topotecan in patients
with advanced, persistent, or recurrent uterine leiomyosarcomas: a
Gynecologic Oncology Group study. Am J Clin Oncol 2000;23:355–357.

154. Sutton G, Blessing JA, Ball H. Phase II trial of paclitaxel in leiomyosar-
coma of the uterus: a Gynecologic Oncology Group study. Gynecol Oncol
1999;74:346–349.

155. Sutton G, Blessing JA, Barrett RJ, et al. Phase II trial of ifosfamide and
mesna in leiomyosarcoma of the uterus: a Gynecologic Oncology Group
study. Am J Obstet Gynecol 1992;166:556–559.

156. Thigpen T, Blessing JA, Yordan E, et al. Phase II trial of etoposide in
leiomyosarcoma of the uterus: a Gynecologic Oncology group study.
Gynecol Oncol 1996;63:120–122.

157. Thigpen T, Blessing JA, Beecham J, et al. Phase II trial of cisplatin as
first-line chemotherapy in patients with advanced or recurrent uterine

Chapter 24: Corpus: Mesenchymal Tumors 759

Barakat_CH24-733-762.qxd  3/2/09  1:09 PM  Page 759



sarcomas: a Gynecologic Oncology Group study. J Clin Oncol 1991;9:
1962–1966.

158. Omura GA, Major FJ, Blessing JA, et al. A randomized study of
Adriamycin with and without dimethyl triazenoimidazole carboxamide in
advanced uterine sarcomas. Cancer 1983;52:626–632.

159. Thigpen JT, Blessing JA, Homesley HD, et al. Phase II trial of piperazine-
dione in patients with advanced or recurrent uterine sarcoma. A
Gynecologic Oncology Group study. Am J Clin Oncol 1985;8:350–352.

160. Asbury R, Blessing JA, Smith DM, et al. Aminothiadiazole in the treat-
ment of advanced leiomyosarcoma of the uterine corpus. A Gynecologic
Oncology Group study. Am J Clin Oncol 1995;18:397–399.

161. Slayton RE, Blessing JA, Look K, et al. A phase II clinical trial of diaz-
iquone (AZQ) in the treatment of patients with recurrent leiomyosarcoma
of the uterus, a Gynecologic Oncology Group study. Invest New Drugs
1991;9:207–208.

162. Look K, Sandler A, Blessing JA, et al. Phase II trial of gemcitabine as sec-
ond-line chemotherapy of uterine leiomyosarcoma: a Gynecologic
Oncology Group study. Gynecol Oncol 2004;92:644–647.

163. Svancarova L, Blay JY, Judson IR, et al. Gemcitabine in advanced adult
soft-tissue sarcomas. A phase II study of the EORTC Soft Tissue and Bone
Sarcoma Group. Eur J Cancer 2002;38:556–559.

164. Okuno S, Edmonson J, Mahoney M, et al. Phase II trial of gemcitabine in
advanced sarcomas. Cancer 2002;94:3225–3229.

165. Patel SR, Gandhi V, Jenkins J, et al. Phase II clinical investigation of gem-
citabine in advanced soft tissue sarcomas and window evaluation of dose
rate on gemcitabine triphosphate accumulation. J Clin Oncol 2001;19:
3483–3489.

166. Gallup DG, Blessing JA, Andersen W, et al. Evaluation of paclitaxel in pre-
viously treated leiomyosarcoma of the uterus: a Gynecologic Oncology
Group study. Gynecol Oncol 2003;89:48–51.

167. Yovine A, Riofrio M, Blay JY, et al. Phase II study of ecteinascidin-743 in
advanced pretreated soft tissue sarcoma patients. J Clin Oncol 2004;22:
890–899.

168. Twelves C, Hoekman K, Bowman A, et al. Phase I and pharmacokinetic
study of YondelisTM (Ecteinascidin-743; ET-743) administered as an
infusion over 1 h or 3 h every 21 days in patients with solid tumours. Eur
J Cancer 2003;339:1842–1851.

169. Smith HO, Blessing JA, Vaccarello L. Trimetrexate in the treatment of
recurrent or advanced leiomyosarcoma of the uterus: a phase II study of
the Gynecologic Oncology Group. Gynecol Oncol 2002;84:140–144.

170. Rose PG, Blessing JA, Soper JT, et al. Prolonged oral etoposide in recur-
rent or advanced leiomyosarcoma of the uterus: a Gynecologic Oncology
Group study. Gynecol Oncol 1998;70:267–271.

171. Slayton RE, Blessing JA, Angel C, et al. Phase II trial of etoposide in 
the management of advanced and recurrent leiomyosarcoma of the uterus: a
Gynecologic Oncology Group study. Cancer Treat Rep 1987;71: 1303–1304.

172. Asbury R, Blessing JA, Buller R, et al. Amonafide in patients with
leiomyosarcoma of the uterus: a phase II gynecologic oncology group
study. Am J Clin Oncol 1998;21:145–146.

173. Muss HB, Bundy BN, Adcock L, et al. Mitoxantrone in the treatment of
advanced uterine sarcoma. A phase II trial of the Gynecologic Oncology
Group. Am J Clin Oncol 1990;13:32–34.

174. Thigpen JT, Blessing JA, Wilbanks GD. Cisplatin as second-line
chemotherapy in the treatment of advanced or recurrent leiomyosarcoma
of the uterus. A phase II trial of the Gynecologic Oncology Group. Am J
Clin Oncol 1986;9:18–20.

175. Long H III, Blessing JA, Sorosky J. Phase II trial of dacarbazine, mito-
mycin, doxorubicin, and cisplatin with sargramostim in uterine
leiomyosarcoma: a Gynecologic Oncology Group study. Gynecol Oncol
2005;99:339–342.

176. Edmonson JH, Marks RS, Buckner JC, et al. Contrast of response to
dacarbazine, mitomycin, doxorubicin, and cisplatin (DMAP) plus GM-
CSF between patients with advanced malignant gastrointestinal stromal
tumors and patients with other advanced leiomyosarcomas. Cancer Invest
2002;20:605–612.

177. Edmonson JH, Blessing JA, Cosin JA, et al. Phase II study of mitomycin,
doxorubicin and cisplatin in the treatment of advanced uterine leiomyosar-
coma: a Gynecologic Oncology Group study. Gynecol Oncol 2002;85:
507–510.

178. Currie J, Blessing JA, Muss HB, et al. Combination chemotherapy with
hydroxyurea, dacarbazine (DTIC), and etoposide in the treatment of
uterine leiomyosarcoma: a Gynecologic Oncology Group study. Gynecol
Oncol 1996;61:27–30.

179. Sutton G, Blessing JA, Malfetano JH. Ifosfamide and doxorubicin in the
treatment of advanced leiomyosarcoma of the uterus: a Gynecologic
Oncology Group study. Gynecol Oncol 1996;62:226–229.

180. Hensley ML, Maki R, Venkatraman E, et al. Gemcitabine and docetaxel
in patients with unresectable leiomyosarcoma: results of a phase II trial. J
Clin Oncol 2002;20:2824–2831.

181. Muss HB, Bundy B, DiSaia PJ, et al. Treatment of recurrent or advanced
uterine sarcoma. A randomized trial of doxorubicin versus doxorubicin
and cyclophosphamide (a phase III trial of the Gynecologic Oncology
Group). Cancer 1985;15:1648–1653. 

182. Kanjeekal S, Chambers A, Fung MF, et al. Systemic therapy for advanced
uterine sarcoma: a systemic review of the literature. Gynecol Oncol
2005;97:624–637.

183. Thigpen JT, Blessing JA, Beecham J, et al. Phase II trial of cisplatin as first-
line chemotherapy in patients with advanced or recurrent uterine sarco-
mas: a Gynecologic Oncology Group study. J Clin Oncol 1991;9:
1962–1966.

184. Homesley HD, Filiaci V, Markman M, et al. Phase III trial of ifosfamide
with or without paclitaxel in advanced uterine carcinosarcomas: a
Gynecologic Oncology Group study. J Clin Oncol 2007;25:526–531.

185. Sutton G, Brunetto VL, Kilgore L, et al. A phase III trial of ifosfamide with
or without cisplatin in carcinosarcomas of the uterus: a Gynecologic
Oncology Group study. Gynecol Oncol 2000;79:147–153.

186. Sutton G, Blessing JA, Rosenshein N, et al. Phase II trial of ifosfamide and
mesna in mixed mesodermal tumors of the uterus: a Gynecologic
Oncology Group study. Am J Obstet Gynecol 1989;161:309–312.

187. Gershenson DM, Kavanagh JJ, Copeland LJ, et al. High-dose doxorubicin
infusion therapy for disseminated mixed mesodermal sarcoma of the
uterus. Cancer 1987;59:1264–1267.

188. Miller DS, Blessing JA, Schilder J, et al. Phase II evaluation of topotecan in
carcinosarcomas of the uterus: a Gynecologic Oncology Group study.
Gynecol Oncol 2005;98:217–221.

189. Fowler JM, Blessing JA, Burger RA, et al. Phase II evaluation of oral
trimetrexate in mixed mesodermal tumors of the uterus: a Gynecologic
Oncology Group study. Gynecol Oncol 2002;85:311–314.

190. Curtin JP, Blessing JA, Soper JT, et al. Paclitaxel in the treatment of carci-
nosarcoma of the uterus: a Gynecologic Oncology Group study. Gynecol
Oncol 2001;83:268–270.

191. Asbury R, Blessing JA, Podczaski E, et al. A phase II trial of amonafide in
patients with mixed mesodermal tumors of the uterus: a Gynecologic
Oncology Group study. Am J Clin Oncol 1998;21:306–307.

192. Asbury R, Blessing JA, Moore D. A phase II trial of aminothiadiazole in
patients with mixed mesodermal tumors of the uterine corpus: a
Gynecologic Oncology Group study. Am J Clin Oncol 1996;19:400–402.

193. Slayton RE, Blessing JA, Clarke-Pearson D. A phase II trial of diaziquone
(AZQ) in mixed mesodermal sarcomas of the uterus. Invest New Drugs
1991;9:93–94.

194. Slayton RE, Blessing JA, DiSaia PJ, et al. Phase II trial of etoposide in the
management of advanced or recurrent mixed mesodermal sarcomas of the
uterus: a Gynecologic Oncology Group study. Cancer Treat Rep 1987;71:
661–662.

195. Thigpen JT, Blessing JA, Orr JW Jr, et al. Phase II trial of cisplatin in the
treatment of patients with advanced or recurrent mixed mesodermal sar-
comas of the uterus: a Gynecologic Oncology Group study. Cancer Treat
Rep 1986;70:271–274.

196. Gershenson DM, Kavanagh JJ, Copeland LJ, et al. Cisplatin therapy for
disseminated mixed mesodermal sarcoma of the uterus. J Clin Oncol
1987;5:618–621.

197. Sutton G, Kauderer J, Carson LF, et al. Adjuvant ifosfamide and cisplatin
in patients with completely resected stage I or II carcinosarcomas (mixed
mesodermal tumors) of the uterus: a Gynecologic Oncology Group study.
Gynecol Oncol 2005;96:630–634.

198. Currie J, Blessing JA, McGehee R, et al. Phase II trial of hydroxyurea,
dacarbazine (DTIC), and etoposide (VP-16) in mixed mesodermal tumors
of the uterus: a Gynecologic Oncology Group study. Gynecol Oncol
1996;61:94–96.

199. Resnik E, Chambers SK, Carcangiu, ML, et al. A phase II study of etopo-
side, cisplatin, and doxorubicin chemotherapy in mixed müllerian tumors
(MMT) of the uterus. Gynecol Oncol 1995;56:370–375.

200. Piver MS, DeEulis TG, Lele SB, et al. Cyclophosphamide, vincristine,
Adriamycin, and dimethyl-triazeno imidazole carboxamide (CYVADIC)
for sarcomas of the female genital tract. Gynecol Oncol 1982;14:
319–323.

201. van Rijswijk RE, Vermorken JB, Reed N, et al. Cisplatin, doxorubicin and
ifosfamide in carcinosarcomas of the female genital tract. A phase II study
of the European Organization for Research and Treatment of Cancer
Gynaecological Cancer Group (EORTC 55923). Eur J Cancer 2003;39:
481–487.

202. Sutton G, Blessing JA, Park R, et al. Ifosfamide treatment of recurrent or
metastatic endometrial stromal sarcomas previously unexposed to
chemotherapy: a study of the Gynecologic Oncology Group. Obstet
Gynecol 1996;87:747–750.

203. Berchuck A, Rubin SC, Hoskins WJ, et al. Treatment of endometrial stro-
mal tumors. Gynecol Oncol 1990;36:60–65.

204. Szlosarek PW, Lofts FJ, Pettengell R, et al. Effective treatment of a patient
with a high-grade endometrial stromal sarcoma with an accelerated regi-
men of carboplatin and paclitaxel. Anticancer Drugs 2000;11:275–278.

205. Yamawaki T, Shimizu Y, Hasumi K. Treatment of stage IV “high-grade”
endometrial stromal sarcoma with ifosfamide, Adriamycin, and cisplatin.
Gynecol Oncol 1997;64:265–269.

206. Ihnen M, Mahner S, Janicke F, Schwartz J. Current treatment options in
uterine endometrial stromal sarcoma: report of a case and review of the
literature. Int J Gynecol Cancer 2007;17(5):957–963.

207. Lehner LM, Miles PA, Enck RE. Complete remission of widely metastatic
endometrial stromal sarcoma following combination chemotherapy.
Cancer 1979;433:1189–1194.

208. Lin YC, Kudelka AP, Tresukosol D, et al. Prolonged stabilization of pro-
gressive endometrial stromal sarcoma with prolonged oral etoposide ther-
apy. Gynecol Oncol 1995;58:262–265.

760 Section III: Disease Sites

Barakat_CH24-733-762.qxd  3/2/09  1:09 PM  Page 760



209. Spano JP, Soria JC, Kambouchner M, et al. Long-term survival of patients
given hormonal therapy for metastatic endometrial stromal sarcoma. Med
Oncol 2003;20:87–93.

210. Sutton GP, Stehman FB, Michael H, et al. Estrogen and progesterone
receptors in uterine sarcomas. Obstet Gynecol 1986;68:709–714.

211. Burke C, Hickey K. Treatment of endometrial stromal sarcoma with a
gonadotropin-releasing hormone analogue. Obstet Gynecol 2004;104:
1182–1184.

212. Maluf FC, Sabbatini P, Schwartz L, et al. Endometrial stromal sarcoma:
objective response to letrozole. Gynecol Oncol 2001;82:384–388.

213. McCluggage WG, Abdulkader M, Price JH, et al. Uterine carcinosarco-
mas in patients receiving tamoxifen. A report of 19 cases. Int J Gynecol
Cancer 2000;10:280–284.

214. Kloos I, Delaloge S, Pautier P, et al. Tamoxifen-related carcinosarcomas
occur under/after prolonged treatment: report of five cases and review of
the literature. Int J Gynecol Cancer 2002;12:496–500.

215. Lantta M, Kahanpaa K, Karkkainen J, et al. Estradiol and progesterone
receptors in two cases of endometrial stromal sarcoma. Gynecol Oncol
1984;18:233–239.

216. Baker TR, Piver MS, Lele SB, et al. Stage I uterine adenosarcoma: a report
of six cases. J Surg Oncol 1988;37:128–132.

217. Piver MS, Rutledge FN, Copeland L, et al. Uterine endolymphatic stromal
myosis. Obstet Gynecol 1984;63:725–745.

218. Scribner DR Jr, Walker JL. Low-grade endometrial stromal sarcoma: pre-
operative treatment with depo-lupron and megace. Gynecol Oncol
1998;71:458–460.

219. Navarro D, Cabrera JJ, Leon L, et al. Endometrial stromal sarcoma
expression of estrogen receptors, progesterone receptors and estrogen-
induced srp27 (24K) suggests hormone responsiveness. J Steroid Biochem
Mol Biol 1992;41:589–596.

220. Mansi JL, Ramachandra S, Wiltshaw E, et al. Endometrial stromal sarcomas.
Gynecol Oncol 1990;36:113–118.

221. O’Brien AA, O’Briain DS, Daly PA. Aggressive endometrial stromal sar-
coma responding to medroxyprogesterone following failure of tamoxifen
and combination chemotherapy. Case report. Br J Obstet Gynaecol
1985;92:862–866.

222. Pink D, Lindner T, Mrozek A, et al. Harm or benefit of hormonal treat-
ment in metastatic low-grade endometrial stromal sarcoma: single center
experience with 10 cases and review of the literature. Gynecol Oncol
2006;101:464–469.

223. Krumholz BA, Lobovsky FY, Halitsky V. Endolymphatic stromal myosis
with pulmonary metastases. Remission with progestin therapy: report of a
case. J Reprod Med 1973;10:85–89.

224. Wang X, Tangjitgamol S, Liu J, et al. Response of recurrent uterine high-
grade malignant mixed müllerian tumor to letrozole. Int J Gynecol Cancer
2005;15:1243–1248.

225. Maki RG. Recent advances in therapy for gastrointestinal stromal tumors.
Curr Oncol Rep 2007;9:165–169.

226. Wang L, Felix JC, Lee JL, et al. The proto-oncogene c-kit is expressed in
leiomyosarcomas of the uterus. Gynecol Oncol 2003;90:402–406.

227. Raspollini MR, Villanucci A, Amunni G, et al. c-KIT expression in
leiomyosarcomas of the uterus: an immunocytochemical study on 29 cases
of malignant smooth muscle tumors of the uterus. J Chemother
2003;15(1):81–84.

228. Rushing RS, Shajahan S, Chendil D, et al. Uterine sarcomas express KIT
protein but lack mutation(s) in exon 11 or 17 of c-KIT. Gynecol Oncol
2003;91:9–14.

229. Oliva E, Young RH, Amin MB, et al. An immunohistochemical analysis of
endometrial stromal and smooth muscle tumors of the uterus: a study of
54 cases emphasizing the importance of using a panel because of overlap
in immunoreactivity for individual antibodies. Am J Surg Pathol
2002;26:403–412.

230. Klein WM, Kurman RJ. Lack of expression of c-kit protein (KCD117) in
mesenchymal tumors of the uterus and ovary. Int J Gynecol Pathol
2003;22:181–184.

231. Winter WE III, Seidman JD, Krivak TC, et al. Clinicopathological analysis
of c-kit expression in carcinosarcomas and leiomyosarcomas of the uterine
corpus. Gynecol Oncol 2003;91:3–8.

232. Emoto M, Ishiguro M, Iwasaki H, et al. Effect of angiogenesis inhibitor
TNP-470 on the growth, blood flow, and microvessel density in
xenografts of human uterine carcinosarcoma in nude mice. Gynecol
Oncol 2003;89:88–94.

233. Gadducci A, Sartori E, Landoni F, et al. The prognostic relevance of histo-
logical type in uterine sarcomas: a Cooperation Task Force (CTF) multi-
variate analysis of 249 cases. Eur J Gynaecol Oncol 2002;23:295–299.

234. Livi L, Andreopoulou E, Shah N, et al. Treatment of uterine sarcoma at
the Royal Marsden Hospital from 1974 to 1998. Clin Oncol (Coll Radiol)
2004;16:261–268.

235. Kelly KL, Craighead PS. Characteristics and management of uterine sar-
coma patients treated at the Tom Baker Cancer Centre. Int J Gynecol
Cancer 2005;15:132–139.

236. Denschlag D, Masoud I, Stanimir G, et al. Prognostic factors and outcome
in women with uterine sarcoma. EJSO 2007;33:91–95.

237. Gerszten K, Faul C, Kounelis S, et al. The impact of adjuvant radiotherapy
on carcinosarcoma of the uterus. Gynecol Oncol 1998;68:8–13.

238. Hannigan EV, Gomez IG. Uterine leiomyosarcomas: a review of prognostic
clinical and pathologic factors. Am J Obstet Gynecol 1979;134: 557–562.

239. Kaku T, Silverberg SG, Major FJ, et al. Adenosarcoma of the uterus: a
Gynecologic Oncology Group clinicopathologic study of 31 cases. Int J
Gynecol Pathol 1992;11:75–88.

240. Dionigi A, Oliva E, Clement PB, et al. Endometrial stromal nodules and
endometrial stromal tumors with limited infiltration: a clinicopathologic
study of 50 cases. Am J Surg Pathol 2002;26:567–581.

241. Sagae S, Yamashita K, Ishioka S, et al. Preoperative diagnosis and treat-
ment results in 106 patients with uterine sarcoma in Hokkaido, Japan.
Oncology 2004;67:33.

242. Chang KL, Crabtree GS, Kim Lim-Tan S, et al. Primary uterine endome-
trial stromal neoplasms. A clinicopathologic study of 117 cases. Am J Surg
Pathol 1990;14:415–438.

243. Young RH, Prat J, Scully RE. Endometrioid stromal sarcomas of the
ovary: a clinicopathologic analysis of 23 cases. Cancer 1984;53(5):
1143–1155.

244. Nielsen SN, Podratz KC, Scheithauer BW, et al. Clinical-pathologic analy-
sis of uterine malignant mixed müllerian tumors. Gynecol Oncol 1988;34:
372–378.

245. Shaw RW, Lynch PF, Wade-Evans T. Müllerian mixed tumour of the uter-
ine corpus: a clinical histopathological review of 28 patients. Br J Obstet
Gyneaecol 1983;90:562–570.

246. Punnonen R, Lauslahti K, Pystynen P, et al. Uterine sarcomas. Ann Chir
Gynaecol 1985;74(Supp):11–15.

247. Yu KJ, Ho DM, Ng HT, et al. Leiomyosarcoma of the uterus: a review of
14 cases. Zhonghua Yi Xue Za Zhi (KTaipei) 1989;44:109–115.

248. Dinh TA, Oliva EA, Fuller AF, et al. The treatment of gynecologic
leiomyosarcoma. Results from a 10-year experience (1990–1999) at the
Massachusetts General Hospital. Gynecol Oncol 2004;92:684–692.

249. Helman LJ, Meltzer P. Mechanisms of sarcoma development. Nat Rev
Cancer 2003;3:685–694.

250. Rogatsch H, Bonatti H, Menet A, et al. Epstein-Barr virus–associated multi-
centric leiomyosarcoma in an adult patient after heart transplantation: case
report and review of the literature. Am J Surg Pathol 2000;24: 614–621.

251. Boman F, Gultekin H, Dickman PS. Latent Epstein-Barr virus infection
demonstrated in low-grade leiomyosarcomas of adults with acquired
immunodeficiency syndrome, but not in adjacent Kaposi’s lesion or
smooth muscle tumors in immunocompetent patients. Arch Pathol Lab
Med 1997;121:834–838.

252. Yokoi S, Iizasa T, Hiroshima K, et al. Pulmonary artery leiomyosarcoma
expressing Epstein-Barr virus in an immunocompetent individual. Ann
Thorac Surg 2006;81:1897–1899.

253. Seki A, Kodama J, Miyagi Y, et al. Amplification of the mdm-2 gene and
p53 abnormalities in uterine sarcomas. Int J Cancer 1997;26:33–37.

254. Ramondetta LM, Burke TW, Jhingran A, et al. A phase II trial of cisplatin,
ifosfamide and mesna in patients with advanced or recurrent malignant
mixed müllerian tumors with evaluation of potential molecular targets.
Gynecol Oncol 2003;90:529–536.

255. Nasu K, Kawano Y, Hirota Y. Immunohistochemical study of c-erbB-2
expression in MMMT of the female genital tract. Int J Obstet Gynecol
1996;22:347–351.

256. Costa MJ, Walls J. Epidermal growth factor receptor and c-erbB-2 onco-
protein expression in female genital tract carcinosarcomas (malignant
mixed müllerian tumors): a clinicopathologic study of 82 cases. Cancer
1996;77:533–542.

257. Emoto M, Iwasaki H, Ishiguro M, et al. Angiogenesis in carcinosarcomas
of the uterus: differences in the microvessel density and expression of vas-
cular endothelial growth factor between the epithelial and mesenchymal
elements. Hum Pathol 1999;30:1232–1241.

258. Roy RN, Gerulath AH, Cecutti A, et al. Loss of IGF-II imprinting in
endometrial tumors: overexpression in carcinosarcomas. Cancer Lett
2000;153:67–73.

259. Anderson SE, Nonaka D, Chuai S, et al. p53, epidermal growth factor,
and platelet-derived growth factor in uterine leiomyosarcoma and leiomy-
omas. Int J Gynecol Cancer 2006;16:849–853.

260. Iwasa Y, Haga H, Konishi I, et al. Prognostic factors in uterine carcinosar-
coma: a clinicopathologic study of 82 cases. Cancer 1998;82:512–519.

261. Hibshoosh H, Lattes R. Immunohistochemical and molecular genetic
approaches to soft tissue tumor diagnosis: a primer. Semin Oncol 1997;
24:515–525.

Chapter 24: Corpus: Mesenchymal Tumors 761

Barakat_CH24-733-762.qxd  3/2/09  1:09 PM  Page 761



Barakat_CH24-733-762.qxd  3/2/09  1:09 PM  Page 762



disease, age is the most important risk factor for ovarian cancer
(Fig. 25.2). Fifty percent of all U.S. cases occur in women over
the age of 65 (6). Older women have a much worse prognosis
overall (Fig. 25.3), which is in part because they have an
increased incidence of high-stage and high-grade disease at the
time of diagnosis (Table 25.1) (7). However, in an analysis of
the SEER database, age remained a poor prognostic factor even
when results were adjusted for stage, grade, histologic cell type,
race, and surgical treatment. The relative risks (RR) associated
with endocrinologic factors are much smaller, though impor-
tant, because they are potentially subject to modulation.

Risk Factors for Mucinous Tumors

The epidemiologic risks associated with mucinous tumors may
be different from those associated with serous or other histo-
logic subtypes (8), although the infrequency of this histologic
subtype and the potential for contamination of the sample with
metastatic tumors from other organ sites make it difficult to
draw firm conclusions. The Danish MALOVA case-control
study reported that the overall risk (OR) of ovarian cancer
decreased with ever being pregnant (OR 0.40), with increasing
number of pregnancies, and with use of oral contraceptives
(OR 0.67) and risk increased with ever use of hormone replace-
ment therapy (HRT) (OR 1.3). These effects were all present for
serous tumors, endometrioid tumors, and tumors of other his-
tologies, but not for mucinous tumors. In contrast, current
smoking was an increased risk factor only for mucinous tumors
(OR 1.78) (9). Smoking has also been associated with a three-
fold increased risk of benign mucinous ovarian tumors (10).
Both invasive mucinous tumors and borderline mucinous
tumors are more common in women of Asian descent.

Dietary and Environmental Factors

There have been no consistent relationships reported of spe-
cific dietary components to ovarian cancer risk. Although
some studies have associated a diet high in meat and animal fat
or a diet high in lactose with development of ovarian cancer
(8,10), most large recent studies, including the European
prospective investigation into cancer and nutrition (EPIC)
study, which recruited 366,521 European women (11), and the
California Teachers Study, which included 97,275 women with
280 ovarian cancer cases (12), failed to demonstrate any rela-
tionship between consumption of animal foods and the devel-
opment of ovarian cancer. The investigators for the California
Teachers Study concluded that while dietary consumption of
isoflavones may be marginally associated with decreased

Epithelial ovarian cancer is the leading cause of death from
gynecologic cancer in the United States. Data from the
Surveillance, Epidemiology, and End Results (SEER) program
of the U.S. National Cancer Institute (NCI) suggest that
21,650 new cases of ovarian cancer and 15,520 deaths from
ovarian cancer are expected in the United States for 2008 (1).
This makes ovarian cancer the eighth most common major
cancer and the fifth most common cause of cancer death in
U.S. women. It has been estimated that, in the United States,
one woman in 70 will develop ovarian cancer, and one woman
in 100 will die of the disease.

Worldwide, ovarian cancer is the sixth most common form
of cancer in women. In general, the highest incidence rates are
found in European and North American population groups with
the lowest rates in Asian population groups (Fig. 25.1). In Japan,
the incidence has increased since the 1970s, although it remains
lower than in many Western countries (2). In the United States,
rates for black American women are about two thirds of those
for white women, and rates for women of Asian/Pacific Islander
descent are similar to those of black women (3). Rates of hys-
terectomy and oophorectomy in a population will affect the rate
of ovarian cancer; 40% to 50% of women in the United States
have a hysterectomy by age 60 to 70, and about half of them
have their ovaries removed at the same time (4). 

Despite some apparent advances in therapy, survival in the
United States from ovarian cancer has increased only slightly
over the past decades. Small but significant improvements in
survival have been noted for white women but not for black
women. Overall 5-year relative survival rates increased from
37% during 1975 to 1977 (36% for whites and 43% for
blacks) to 45% during 1996 to 2002 (45% for whites and 39%
for blacks). These numbers are affected by the exclusion of
borderline tumors from the 1996 to 2002 survival rates (1).
Outcomes in black women are worse even when controlling
for age, stage, and histology. The reasons for this are not clear.
However, in a retrospective analysis of six Gynecologic
Oncology Group (GOG) studies for women with advanced-
stage disease, race was not associated with progression-free
survival or overall survival in the clinical trial setting after
controlling for other prognostic factors (5). 

RISK FACTORS AND
PATHOGENESIS 

Established risk factors (reviewed in more detail in Chapter 1)
for ovarian cancer include increasing age, family history, nulli-
parity, early menarche, and late menopause. Breast-feeding is
protective. Aside from having a first-degree relative with the
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ovarian cancer risk, most dietary factors are unlikely to play a
major role in ovarian cancer development. Coffee has not been
consistently associated with ovarian cancer. A few studies have
suggested a relationship between alcohol intake and ovarian
cancer (13), but this has not been consistent (12). Smoking is a
risk factor for mucinous tumors (14). There does appear to be
a modest inverse correlation between moderate physical activ-
ity and ovarian cancer risk (15,16,17), and obesity has shown
a positive association with ovarian cancer risk in 24 of 28 stud-
ies reviewed in a recent meta-analysis (15). One interesting
cohort control study showed that both recent obesity (OR
1.93; 95% CI, 1.3 to 2.88) and obesity at age 20 (OR 4.38;
95% CI, 1.88 to 10.2) were associated with an increased risk
of benign serous tumors (16). 

Reproductive and Hormonal Factors 

The protective effects of parity and oral contraceptive use sup-
port both the “incessant ovulation” hypothesis and the
“gonadotropin” hypothesis of ovarian cancer etiology. Accor-
ding to the “incessant ovulation” hypothesis, ovarian cancer
develops from an aberrant repair process of the surface epithe-
lium, which is ruptured and repaired during each ovulatory
cycle (17). The probability that ovarian cancer will develop is
therefore a function of the total number of ovulatory cycles
together with a genetic predisposition and undefined environ-
mental factors. In support of this theory, it is well known that
domestic egg-laying hens, which are forced to ovulate inces-
santly, have a high incidence of what are believed to be ovarian-
derived tumors with peritoneal carcinomatosis (18). However, it
fails to account for the increased risk of ovarian cancer with obe-
sity and polycystic ovary syndrome (19). Alternatively, excessive
gonadotropin secretion has been theorized to play a role in ovar-
ian oncogenesis (20). Under excessive gonadotropin stimulation
and resulting estrogenic stimulation, the surface epithelium is
entrapped in inclusion cysts where it proliferates and undergoes
malignant transformation. However, not all epidemiologic
evidence supports this hypothesis. In particular, HRT, which
suppresses postmenopausal gonadotropin levels, has been
shown to increase, not decrease, the risk of ovarian cancer.
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Another hypothesis has suggested a role for androgens and
progestins in ovarian cancer development (21). Ovaries contain
androgen receptors, and elevated androgen levels have been asso-
ciated with an increased risk of ovarian cancer. Cottreau et al.
reported that women who took danazol (a synthetic androgen)
for endometriosis had a 3.2-fold higher risk of developing ovar-
ian cancer than those who took a gonadotropin-releasing hor-
mone (GnRH) agonist (22). Progestins, on the other hand, may
be protective. Ovaries also contain progesterone receptors.
Progestin levels are increased during pregnancy, and progestin-
only oral contraceptives that do not suppress ovulation have a
protective effect similar to that observed with contraceptive
preparations with a greater suppressive effect on ovulation (23).
These effects, however, are not simple; another case-control study
suggested that users of the progestin norethindrone at low doses
(0.5 mg or less) had a significantly reduced risk of ovarian cancer
compared to women using 10 mg norethindrone (24). Cramer 
et al. have hypothesized that ovarian cancer risk is associated
with “stromal hyperactivity” (25). He theorizes that granulosa
and theca cells remain in the ovarian stroma after ovulation and
control steroid production. By reducing ovulatory cycles, the
number of residual follicles in the stroma with functioning gran-
ulosa-theca cells would also be decreased.

Another hypothesis for ovarian cancer development is based
on the association of endometriosis and pelvic inflammatory dis-
ease with increased risk of ovarian cancer. Endometriosis is par-
ticularly associated with clear cell and endometrioid histotypes
(26). The “inflammation” hypothesis states that any inflamma-
tory agent or condition increases the risk of ovarian cancer. Some
(27,28), but not all (29), epidemiologic data suggest that the use
of anti-inflammatory agents, including aspirin and nonsteroidal
anti-inflammatory drugs, protects against ovarian cancer devel-
opment. Smith and Xu have provided an alternative hypothesis
based on their observation that loss of basement membrane is an
early event leading to morphologic transformation of ovarian
surface epithelium (30,31). In preovulatory stimulation of the
ovarian surface epithelium by gonadotropins, the basement
membrane of the ovarian surface is similarly degraded. As loss of
basement membrane is mediated through prostaglandins pro-
duced by gonadotropin-induced cyclo-oxygenase-2 (COX-2),
this observation provides another mechanism for the possible
preventive effect of nonsteroidal anti-inflammatory agents
against ovarian cancer.

Oral Contraceptive Use

Case-control studies have consistently documented that users
of oral contraceptives have a 30% to 60% smaller chance of

developing ovarian cancer than do women who have never
used oral contraceptives (OCPs) (31). The largest study
reported, the Cancer and Steroid Hormone study (CASH)
reported that OCP use for even a few months reduced the risk
by 40% for women between the ages of 20 and 54 years (32).
The World Health Organization (WHO) reported on 368
women with ovarian cancer and 2,397 matched controls (33).
The relative risk for women who had ever used OCP was
0.75. The risk further decreased with increasing time since
cessation of use and, in contrast to some other studies (34),
the risk decreased with longer duration of use. In addition, the
decreased risk was substantially greater in nulliparous com-
pared to parous women (0.16 vs. 0.85, respectively).

Ovulation-Inducing Drugs

Some, but not all, studies have shown a link between fertility-
inducing drugs such as clomiphene, and an increased risk of
ovarian cancer. An older pooled analysis of 12 case-control
studies found an odds ratio of 2.8 (95% CI, 1.3 to 6.1) for
women who had ever used fertility drugs compared to those
who had no history of infertility (35). The odds ratio for low
malignant potential (LMP, borderline) tumors was 4.0. The
risk was highest among nulliparous women, with an odds
ratio of 27 (95% CI, 2.3 to 315.6). More recent studies have
found either a weak association or no association between
infertility treatment and ovarian cancer risk; the literature is
well summarized in some comprehensive reviews (36,37). 

Tubal Ligation

The Nurses’ Health Study of 121,700 nurses was used to deter-
mine the effect of tubal ligation and hysterectomy on the subse-
quent risk of ovarian cancer (38). There was a strong inverse
association between tubal ligation and ovarian cancer (RR
0.33). There was a weaker protective effect of hysterectomy
(RR 0.67). The mechanism for the protective effects is unclear.
Tubal ligation may affect circulating hormone levels by interfer-
ing with ovarian circulation. Statistically significant reductions
in the risk of ovarian cancer after tubal ligation were also
observed in a collaborative analysis of 12 U.S. case-control
studies (OR 0.59; 95% CI, 0.38 to 0.53) (39). There was no
association between age at surgery or time since surgery. 

Hormone Replacement Therapy

Numerous studies have reported a modest association between
HRT and risk of ovarian cancer, and a meta-analysis of nine
published studies (only one of which did not show a relationship
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INCIDENCE OF STAGE AND GRADE BY AGE GROUPING IN SEER DATA 1988–2001

TA B L E  2 5 . 1  

Total Age �30 Age 30–60 Age �60 
(n � 28,165) (%) (n � 400) (%) (n � 11,601) (%) (n � 16,164) (%)

STAGE
I 22 58 31 15
II 8 8 9 8
III 36 19 34 38
IV 34 16 26 40

GRADE
1 9 34 12 5
2 18 24 21 16
3 44 13 44 45
Unknown 29 29 23 34

Source: Adapted from Chan JK, Urban R, Cheung MK, et al. Ovarian cancer in younger vs. older women:
a population-based analysis. Br J Cancer 2006;95(10):1314–1320.
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between HRT and ovarian cancer) confirms this (40). Included
among these is a prospective, randomized study, the Women’s
Health Initiative (WHI) (41). Almost 17,000 postmenopausal
women who had not had a hysterectomy were randomized to
placebo or one tablet per day of 0.625 mg unconjugated estro-
gen plus 2.5 mg of medroxyprogesterone acetate. The hazard
ratio for invasive ovarian cancer in the women receiving HRT
was 1.58, but the overall number of ovarian cancer cases was
small (n � 32), and the confidence interval was wide (95% CI,
0.77 to 3.24). In the largest analysis, a publication from the
Million Women Study, 1.3 million women who had been invited
for screening for breast cancer completed questionnaires that
included information about HRT (40). Current users of HRT
were significantly more likely to develop and die from ovarian
cancer than never users (relative risk 1.2 for incident disease and
1.23 for death). The risk appeared to be primarily for serous
tumors. Past users were not at increased risk, and there did not
appear to be any significant risk with less than 5 years of use.
Because of the lack of association with past risk, it has been sug-
gested that HRT stimulates the growth of pre-existing, undiag-
nosed cancers, rather than increasing the risk of malignant trans-
formation.

Progestins, as noted above, have been proposed to be protec-
tive against ovarian cancer, and the risk of ovarian cancer may
be greater for estrogen-only HRT than for estrogen-progestin
combinations. A Swedish case-control study reported an
increased risk associated with the use of unopposed estrogens
and sequential estrogen-progestin preparations, but not with the
use of continuous progestin regimens (42). The risk of ovarian
cancer in the Million Women Study did not differ significantly
between those using estrogen-only and those using estrogen-
progestin combinations, but the trend was for lower risk with
the estrogen-progestin combination (RR 1.53 for more than 
5 years of use for estrogen-only preparations versus RR 1.17 for
more than 5 years of use of estrogen-progestin combinations). 

Hereditary Ovarian Cancer

The clinical genetics of ovarian cancer are reviewed in more
detail in Chapter 2. Approximately 10% of cases of invasive
epithelial ovarian cancer are estimated to be the result of auto-
somal dominant high-penetrant genetic factors, predominantly
germ-line mutations in the BRCA1 or BRCA2 genes. The
BRCA genes function as classic tumor suppressors, with loss of
function of both alleles required for cancer formation. The gene
products appear to function in the cellular response to certain
types of DNA damage. The lifetime risk of ovarian cancer for
women with BRCA1 mutations and BRCA2 mutations has
been estimated to be 40% and 20%, respectively (43,44). 

Hereditary Nonpolyposis Colorectal Cancer Syndrome

Epithelial ovarian cancer is also a component of the hereditary
nonpolyposis colorectal cancer syndrome (HNPCC; Lynch
syndrome II). This syndrome is a result of germ-line mutations
in genes involved in the DNA mismatch repair pathway, and
mutation carriers have a predisposition not only to colorectal
cancer, but to endometrial and ovarian carcinoma as well as
other cancers, including those of the small bowel and biliary
tract. HNPCC-related tumors frequently exhibit microsatellite
instability (MSI). Not all tumors exhibiting MSI, however, are
associated with hereditary syndromes; hypermethylation of the
MLH1 promoter region has been found in MSI-positive cancers
of the ovary that do not contain germ-line MLH1 mutations
(45). Five genes are known to be involved in HNPCC: MLH1,
MSH2, MSH6, PMS1, and PMS2. Mutations in MLH1 and
MSH2 account for about 90% of the mutations detected in fam-
ilies with HNPCC, with MSH2 being particularly associated
with an excess of endometrial and ovarian carcinomas. Ovarian
cancer occurs in approximately 10% of women with HNPCC

(46), and tends to occur at an earlier age than sporadic ovarian
cancer. Domanska et al. reviewed the Swedish Cancer Registry
for epithelial ovarian cancer developing in women under the
age of 40 years, and evaluated mismatch-repair status using
immunohistochemical evaluation for MLH1, PMS2, MSH2,
and MSH6. Among 98 cases there was loss of expression of
MLH1/PMS2 in 2, loss of MSH2/MSH6 in 1, and loss of MSH6
in 3 tumors. Five of the six demonstrated a microsatellite
instability–high phenotype (47). 

Clinical Features of BRCA-Associated Ovarian Cancer

In 1996 Rubin et al. reported results of a retrospective analysis
suggesting that there are distinct clinical and pathologic fea-
tures of BRCA1-associated ovarian cancer (48). Among 
53 patients with germ-line BRCA1 mutations, the average age
at diagnosis was only 48 years, and the vast majority of cancers
were serous adenocarcinomas. Cancers associated with BRCA1
mutations had a relatively favorable prognosis, with an actuar-
ial median survival of 77 months compared to 29 months for
matched controls (Fig. 25.4). 

Most subsequent reports have confirmed that BRCA1 carri-
ers with ovarian cancer have a younger age at diagnosis, are
more likely to have cancers of serous histology and less likely to
have borderline or mucinous tumors, and have a somewhat bet-
ter prognosis than matched controls (49). The number of
BRCA2-associated ovarian cancers is smaller, and it is not clear
if there are differences in the clinical features of BRCA2- versus
BRCA1-associated ovarian cancers. Boyd et al. performed a ret-
rospective cohort study of invasive ovarian cancers in patients
of Jewish origin (67 BRCA1 and 21 BRCA2) (50). The average
age at diagnosis was 54 years for BRCA1 mutation carriers, 
62 years for BRCA2 mutation carriers, and 63 years for Jewish
women with sporadic ovarian cancers. The histology, grade,
stage, and success of cytoreductive surgery were similar for
hereditary and sporadic cases, although there were no muci-
nous tumors and only two clear cell tumors observed among 88
BRCA-associated cases, versus five mucinous and seven clear
cell tumors among 101 sporadic cases. The median disease-free
interval after initial chemotherapy was 14 months for the
BRCA-associated group and 7 months for the sporadic group
(p � 0.001). Advanced-stage (III and IV) BRCA-linked cases
also survived significantly longer than sporadic cases. These
observations do not hold only for Ashkenazi-related mutations.
A recent report notes that odds of a complete response to initial
chemotherapy were 3.2-fold greater in non-Ashkenazi mutation
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carriers compared to women with sporadic tumors, with a
median overall survival of 101 months versus 51 months (51). 

It has been hypothesized that the longer survival of women
with BRCA-associated ovarian cancers is related to the fact that
loss of function of BRCA proteins, which are believed to partic-
ipate in DNA damage recognition and repair, results in a more
favorable response to DNA-damaging chemotherapy. Decrease
in BRCA1 mRNA levels (PCR-based measurement) was associ-
ated with a significantly longer survival in 57 unselected ovar-
ian cancers (52). Decrease in BRCA1 protein expression, as
measured by immunohistochemistry, was also associated with
prolonged survival in a separate series of 230 sporadic ovarian
cancers (53). On the other hand, women with ovarian cancers
exhibiting methylation of the BRCA1 gene promoter region,
which might be expected to have decreased BRCA1 gene
expression, have been reported to have a worse survival than
women with sporadic ovarian cancers (54). Further exploration
of these observations will be important as specific targeted
agents are developed that may be more active in subsets of can-
cers. For example, reports of preclinical studies suggest that
deficiency in either BRCA1 or BRCA2 induces profound cellu-
lar sensitivity to the inhibition of poly(ADP-ribose) polymerase
(PARP) activity (55). An early report of a phase 1 trial using the
PARP inhibitor KU-0059436 suggested preferential single-
agent activity in ovarian cancer patients who are known carri-
ers of a BRCA mutation (56). 

Effect of Reproductive Risk Factors on BRCA
Mutation Carriers

In general, most studies have shown that the reproductive and
hormonal factors that affect ovarian cancer risk in the general
population also affect the ovarian cancer risk for women who
carry BRCA1 and BRCA2 mutations. Narod et al. from
Toronto initially reported a 60% reduction in risk of ovarian
cancer for carriers of the BRCA1 or BRCA2 mutation with use
of OCPs for 6 or more years (57). Three smaller studies con-
firmed this observation (58–60), but in a large population-
based study from Israel no protective effect was seen (61), and
the use of OCPs as a means to prevent ovarian cancer in BRCA
mutation carriers prior to oophorectomy has therefore
remained controversial. More recently, the Toronto group has
reported their results from a greatly expanded database includ-
ing 670 women with a history of BRCA1-associated ovarian
cancer, 124 with a history of BRCA2-associated ovarian cancer,
and 2,424 mutation carriers with no history of ovarian cancer
(43). Use of OCPs reduced the risk of ovarian cancer both in
women with BRCA1 mutations (OR 0.56) and in those with
BRCA2 mutations (OR 0.39). Breast-feeding was protective
for carriers of a BRCA1 mutation (OR 0.74). An effect of sim-
ilar magnitude was seen for breast-feeding in BRCA2 mutation
carriers, although it was not statistically significant (OR 0.72).
Although the Toronto group had previously reported that
tubal ligation was protective against ovarian cancer in muta-
tion carriers as well as noncarriers, the association in this
expanded cohort was not significant for carriers of either a
BRCA1 mutation (OR 0.8) or a BRCA2 mutation (OR 0.63).
Pregnancy, which had previously been reported to be protec-
tive for women carrying a BRCA mutation (61), was found to
be protective for carriers of BRCA1 mutations (OR 0.67), but
was associated with increased risk for carriers of BRCA2
mutations (OR 2.74). The reasons for this are not clear.

Prophylactic Oophorectomy for Prevention 
of Hereditary Ovarian Cancer 

No current screening techniques, including serum CA-125 lev-
els, pelvic ultrasound, and frequent pelvic examinations, have
been shown to decrease the risk of death from ovarian cancer
in women who carry BRCA1 or BRCA2 mutations. The U.S.
National Institutes of Health (NIH) Consensus Development

Panel recommended that prophylactic oophorectomy be consid-
ered in women with ovarian cancer syndromes at age 35 years
or after childbearing is completed (62). This appears to sub-
stantially decrease ovarian cancer risk, although some risk of
primary peritoneal cancer remains. In one large study 1,828
known carriers of a BRCA1 or BRCA2 mutation were identi-
fied from an international registry and asked to complete ques-
tionnaires at baseline and follow-up. The overall reduction in
risk of cancer of ovaries, fallopian tubes, or peritoneum as a
result of oophorectomy was 80%; the estimated cumulative
incidence of peritoneal cancer was 4.3% at 20 years after
oophorectomy (63). It is important to remove (and completely
pathologically examine) the fallopian tubes at the time of
oophorectomy, as an excess of invasive and noninvasive fallop-
ian tube carcinomas, particularly involving the tubal fimbria,
has been reported in prophylactic adnexectomy specimens
from women with BRCA mutations undergoing prophylactic
surgery (64). Removal of the ovaries may also reduce the risk
of breast cancer in BRCA mutation carriers (65). 

The Pathologic Examination of Risk-Reducing
Salpingo-oophorectomy Specimens

In the largest series of BRCA-associated ovarian cancers with
centralized pathology review (66), cancers in BRCA carriers were
compared to those in noncarriers. Among 220 women, mutation-
associated tumors were of significantly higher grade and stage and
less often mucinous as compared to non–mutation-associated
tumors. No mucinous and no borderline tumors were found in
the mutation-associated group. Primary peritoneal carcinoma
occurred rarely in both groups. Nonserous histology also appears
to be less common in mutation carriers.

Microscopic occult carcinomas have been identified in risk-
reducing salpingo-oophorectomy (RRSO) specimens in about
2% of BRCA mutation carriers. In one prospective series, seven
ovarian and three tubal carcinomas (and one case in which wash-
ings showed malignant cells but no primary cancer was identi-
fied) were found among 490 women who underwent RRSO
(63). The appropriate examination of RRSO specimens begins
with efforts by the surgeon to avoid contact with the surface of
the ovary intraoperatively, in order that the delicate surface
epithelium not be abraded. The pathologist should submit for
microscopic examination the entirety of the fallopian tubes and
ovaries. This is best accomplished by serial cross sections across
the short diameter of the ovaries and fallopian tubes. Levels of
some sections should be obtained if foci of atypia are identified
histologically, since foci of in situ or invasive occult carcinoma
may be very subtle and less than 1 mm in maximum diameter.

Peritoneal lavage is becoming a standard portion of the
procedure with RRSO. Occult carcinoma is occasionally
identified in these cytology specimens. Colgan et al. found
malignant cells in 3 of 35 specimens. One microscopic ovarian
surface carcinoma and one in situ tubal carcinoma were
found; no carcinoma could be identified in the third patient.
Twenty-two percent of specimens showed endosalpingiosis
(67). In rare cases, others have also reported malignant cells in
washings at RRSO without an identifiable carcinoma by his-
tology (63), and in two studies, positive cytology specimens
led to the discovery of early-stage tubal carcinomas (64,68). 

Ovaries derived from RRSO have been examined by sev-
eral groups for potential precursor lesions of high-grade
serous carcinoma. Surface epithelial inclusions, invaginations
(clefts), papillomatosis, calcifications, and other features have
been studied. The inclusion epithelium has been examined for
atypia, and the inclusions and clefts have been counted and
measured. Published studies of these high-risk ovaries have
generated conflicting results. Some studies suggest that these
ovaries have more cortical inclusions, surface epithelial invagi-
nations, surface papillomatosis and/or deeper cortical invagi-
nations than control ovaries (69–72), but these findings have
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not been confirmed by others (70,73–75). Some investigators
have found a higher degree of cytologic atypia in the epithelium
lining these inclusions (74,76) or the surface epithelium (70),
but again these findings have not been confirmed (73). Some
studies have significant methodologic limitations involving the
methods of counting and measuring inclusions, control group
issues, and in many studies it is not clear whether the data were
collected by an experienced pathologist who can reliably sepa-
rate inclusions and clefts from their mimics, which include
rete ovarii, peritoneal folds, and adherent tubal plicae (77). At
present, none of these features are conclusively identified as
features predictive of significant risk of cancer development.

Genetic Counseling

The level of potential risk reduction with salpingo-oophorec-
tomy makes awareness of the potential that a patient carries a
BRCA1 or BRCA2 mutation very important. While treatment
for BRCA mutation–associated ovarian cancers is not cur-
rently different from treatment of sporadic ovarian cancers,
genetic counseling for relatives of index patients may save
lives. Factors that should trigger consideration of genetic
counseling/testing in women with invasive ovarian cancer
include Ashkenazi Jewish ancestry, very young age, personal
history of breast cancer, or a family history of ovarian cancer
or breast cancer (particularly multiple first-degree relatives, or
relatives with breast cancer at a young age, including paternal
relatives). In Ontario, Canada, 20% of women diagnosed
with ovarian cancer between the ages of 30 and 40 years were

found to carry a mutation in the BRCA1 or BRCA2 genes
(78). Among Ashkenazi Jewish women with ovarian cancer
there is  about a 40% to 50% chance that the disease is related
to a BRCA1 or BRCA2 mutation (79). Even in Ashkenazi
Jewish ovarian cancer patients with no family history of
breast or ovarian cancer, the risk of a mutation is 13% to 23%
and warrants genetic counseling (80).

PATHOLOGY 
This section addresses the general pathologic classification and
features of ovarian borderline tumors and carcinomas, but it
also specifically emphasizes several areas of high clinical impact
in which our understanding of ovarian cancer has recently
advanced, as follows: the pathogenesis of ovarian carcinoma,
the distinction between low-grade and high-grade serous carci-
noma; the definition and significance of types of implants and
micropapillary architecture in serous borderline tumors; the sig-
nificance of stromal microinvasion; primary peritoneal carci-
noma; and the criteria and the distinction of primary from
metastatic mucinous carcinoma involving the ovary.

Pathologic Classification

Ovarian cancer, although inappropriately often considered as a
single entity, consists of many types, each with subtypes. The
classification in Table 25.2, presented in detail for the common
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HISTOLOGIC CLASSIFICATION OF COMMON EPITHELIAL TUMORS OF THE OVARY

TA B L E  2 5 . 2  

SEROUS TUMORS
Benign

Cystadenoma and papillary cystadenoma
Surface papilloma
Adenofibroma and cystadenofibroma
Borderline tumor (atypical proliferative tumor)
Cystadenoma and papillary cystadenoma
Surface papilloma

Malignant
Adenocarcinoma
Surface papillary adenocarcinoma

MUCINOUS TUMORS
Benign

Cystadenoma
Adenofibroma and cystadenofibroma
Borderline tumor (atypical proliferative tumor)
Intestinal type
Endocervical-like

Malignant
Adenocarcinoma
Malignant adenofibroma
Mural nodule arising in mucinous cystic tumor

ENDOMETRIOID TUMORS
Benign

Adenoma and cystadenoma
Adenofibroma and cystadenofibroma
Borderline tumor (atypical proliferative tumor)

Malignant
Adenocarcinoma
Adenoacanthoma
Adenosquamous carcinoma
Malignant adenofibroma with a malignant stromal 

component
Adenosarcoma
Endometrial stromal sarcoma
Carcinosarcoma, homologous 

and heterologous 
Undifferentiated sarcoma

CLEAR CELL TUMORS
Benign

Borderline tumor (atypical proliferative tumor)
Malignant

Adenocarcinoma

TRANSITIONAL CELL TUMORS
Brenner’s tumor
Proliferating Brenner’s tumor
Malignant Brenner’s tumor
Transitional cell carcinoma (non-Brenner type)

SQUAMOUS CELL CARCINOMA
MIXED EPITHELIAL TUMORS (SPECIFY TYPES)
Benign

Borderline tumor (atypical proliferative tumor)
Malignant

Undifferentiated carcinoma

Source: Modified with permission from Tavassoli FA, Devilee P. Tumours of the Breast and Female Genital Organs. World Health Organization
Classification of Tumors. Lyon, France: IARC Press; 2003, page 114.
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epithelial tumors, has been developed and updated under the
auspices of WHO, the International Federation of Gynecology
and Obstetrics (FIGO), the International Society of Gynecologic
Pathologists, and the Society of Gynecologic Oncologists 
(SGO) (81). 

The surface epithelial tumors are the most frequently
encountered form of ovarian tumors, and they account for
more than 90% of all ovarian cancer in adults (Tables 25.3 and
25.4). However, accurate determination of the relative fre-
quencies of ovarian epithelial neoplasms is relatively limited,
with very few published series of ovarian tumors that are pop-
ulation based and include all cell types that have been reviewed
in a uniform manner according to standardized criteria (82). A
recent review of unselected cases seen at a large community
hospital included 1,287 consecutive ovarian tumors from 2000
through 2007, of which 802 were surface epithelial tumors
(Table 25.3) and 485 were nonepithelial tumors (237 germ

cell, 85 stromal, 163 metastatic). Notable differences from his-
torical reports include the low frequency of primary ovarian
mucinous carcinoma (�1% of primary epithelial tumors), the
high frequency of ovarian carcinosarcoma, and the high pro-
portion of primary peritoneal serous carcinoma (83). Serous
carcinoma represented 52% of the total, and this is significant
since it appears that both the pathogenesis and response to
therapy differ according to the cell type.

Pathogenesis of Ovarian Carcinoma

During embryonic life, the coelomic cavity forms and is lined
by a mesothelial lining of mesodermal origin, part of which
becomes specialized to form the serosal epithelium covering
the gonadal ridge. By a process of invagination, this same
mesothelial lining gives rise to the müllerian ducts, from which
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CONSECUTIVE PRIMARY OVARIAN EPITHELIAL TUMORS: WHC, 1999–2007

TA B L E  2 5 . 3  

Benign Atypical proliferative Malignant Totals

Serous 431 12 113 556
Ser-peritoneala — — 28 28
Carcinosarcoma — — 21 21
Endometrioid 7 4 17 28
Mucinous 71 12 6 89
Clear cell 0 2 20 22
Transitional 80 1 3 84
Squamous 10 — 1 11
Undifferentiated — — 0 0
Mixed 16 0 9 25
Totals 615 31 218 864

Notes: WHC, Washington Hospital Center, Washington, D.C. Atypical proliferative includes those with
microinvasion and/or intraepithelial carcinoma. Epidermoid cysts (nonteratomatous) are classified as
benign squamous tumors. Seromucinous are included in mucinous.
aTwo “serous peritoneal” tumors were carcinosarcomas. The total number of cases differs from that in the
text due to slightly differing time periods.

CONSECUTIVE PRIMARY INVASIVE OVARIAN CARCINOMAS BY FIGO STAGE
AND CELL TYPE 1991–2007

TA B L E  2 5 . 4  

I II III IV Totals

Serous 5 5 132 41 186
Peritoneala — 0 41 12 53
Carcinosarcoma 1 3 17 4 25
Endometrioid 12 5 6 2 26
Mucinous 6 0 2 0 8
Clear cell 11 8 8 5 32
Transitional 2 1 1 0 4
Squamous 0 0 0 1 1
Undifferentiated 0 0 1 0 1
Mixed 7 0 9 3 19
Totals 44 22 217 68 355

Notes: FIGO, International Federation of Gynecology and Obstetrics. Excludes microinvasive tumors,
noninvasive micropapillary serous carcinoma, and carcinomas arising in nonsurface epithelial tumors (i.e.,
squamous cell carcinoma in teratoma).
Three serous tumors and one endometrioid were of unknown stage. 
aTwo were carcinosarcoma, one was transitional cell carcinoma.
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arise the fallopian tubes, uterus, and wall of the vagina. As
repair follows multiple ovulations, the surface epithelium of
the ovary often extends into the ovarian stroma to form inclu-
sion glands and cysts. Other mechanisms may also contribute
to the formation of intraparenchymal epithelial inclusions. The
epithelium, in the process of neoplastic transformation, may
exhibit differentiation toward a variety of müllerian-type cells,
which are, in order of decreasing frequency, (a) serous (resem-
bling the fallopian tube); (b) mucinous (resembling the endo-
cervix); (c) endometrioid (resembling endometrium); (d) clear
cell (glycogen-rich cells sometimes resembling either embryonic
müllerian epithelium and at other times secretory phase
endometrial glands); and (e) urothelial or transitional (resem-
bling Walthard’s rests and bladder).

For the purpose of understanding pathogenesis, it is impor-
tant to recognize that ovarian carcinoma may be separated
into two broad divisions: those that arise de novo, i.e., with-
out an identifiable precursor lesion, and those that arise via a
stepwise progression in an adenoma-carcinoma sequence as
occurs in the colon.

The vast majority of fatal ovarian cancers are high-grade
serous carcinomas. These tumors are believed to arise de novo
from the surface epithelium of the ovary, or perhaps some-
times from the mucosa of the fallopian tube, and progress
rapidly. Accordingly, diagnosis of high-grade serous carci-
noma in stage I is a rare and fortuitous event. Regrettably, this
hinders our understanding of the early phase of this process
and also makes screening and early detection difficult.

Most of the remaining cell types of ovarian carcinomas
appear to follow an adenoma-carcinoma sequence. Nearly all
clear cell carcinomas and a large proportion of endometrioid
carcinomas arise in endometriosis, and appear to progress through
an adenoma (or hyperplasia)–borderline tumor–carcinoma
sequence. Similarly, mucinous carcinomas most probably
transit through a mucinous cystadenoma–borderline tumor–
intraepithelial carcinoma sequence before invasion occurs.
Since a mass is often detected while still in the early phases of the
sequence, such tumors are much more likely to be diagnosed
while still confined to the ovary, and they therefore comprise
most curable ovarian carcinomas. Low-grade serous carcinoma
is a recently described and relatively small subset of ovarian
serous carcinoma that also often appears to follow a stepwise
progression from borderline tumor to invasive carcinoma. Its
morphology and behavior are described later in this chapter.

Molecular biologic evidence (84) provides support for this
dualistic model of ovarian carcinogenesis. High-grade serous
carcinomas typically have p53 mutations in contrast to low-
grade serous carcinomas, which usually have mutations in 
K-ras and BRAF genes. The identification of Pten mutations in
endometrioid tumors and K-ras in mucinous tumors also sup-
ports the stepwise progression model. 

Very recently, Lee et al. have proposed that many high-grade
serous carcinomas thought to be of ovarian or peritoneal origin
actually arise in the mucosa of the fimbriated end of the fallop-
ian tube (85). This concept results from a convergence of data
obtained from meticulous studies in which the fallopian tubes
were sequentially sectioned and blocked for microscopic and
molecular analysis. Much of the work has only been presented
in abstract form, and it has not been corroborated by other
investigators to date, but it is highly provocative and reasonably
compelling. In brief, they found that in eight cases of ovarian
carcinoma with coexisting in situ carcinoma of the fallopian
tube mucosa, the same p53 mutations were identified in both
sites (86). In cases diagnosed according to WHO criteria for pri-
mary peritoneal carcinoma, more than half of the fallopian
tubes displayed tubal mucosal involvement, often with in situ
carcinoma (87). In a series of RRSO specimens from women
with BRCA mutations, clusters of p53-positive cells and
intraepithelial carcinomas were identified in the mucosa of the

fallopian tubes of about 30% of the women, while they were
not present on the ovarian surface (64). Although all of these
data are open to other interpretation, it is likely that the mucosa
of the fimbriated end of the fallopian tube serves as the source
of some of the carcinomas that previously have been considered
to be of ovarian or primary peritoneal origin.

Specimen Examination

Although thorough sampling of an ovarian tumor for micro-
scopic analysis is an often-stated requirement for optimal
pathologic examination, thoroughness cannot be equated with a
formula for a specified number of slides taken randomly, which
often provides little additional information (88). Instead, careful
gross examination and directed sampling of any unusual-
appearing areas in addition to representative areas are essential
(89). For example, adhesions on the surface of an ovary,
although usually inflammatory in origin, are sometimes an indi-
cation that a tumor has penetrated the capsule. While four or
five sections may be sufficient to provide the grade and histo-
logic type of a grossly obvious malignant ovarian neoplasm, it
is recommended that at least one section of neoplasm be taken
for each centimeter of the maximum diameter (for tumors up to
10 cm in diameter and two per centimeter for those greater than
10 cm in diameter) of the lesion for suspected borderline tumors
in order to establish the diagnosis and reduce the possibility of
occult invasion. At the NCI-sponsored consensus conference on
borderline tumors in 2003, it was suggested that grossly normal
omentum removed from women with borderline tumors be sub-
mitted for histologic examination at a proportion of one block
per 2 cm maximum diameter of omentum (89a).

The ovarian tumor specimen should be serially sectioned at
close intervals and each piece carefully examined for differences
in texture. Serous tumors tend to show greater uniformity than
mucinous tumors, which are notorious for great variation, with
only a small percentage of slides disclosing features diagnostic of
cancer. Mucinous adenocarcinomas are commonly composed
almost exclusively of cysts typical of adenoma or borderline
tumors, whereas only a few areas are solid and show the diag-
nostic features of carcinoma. Solid areas preferentially should be
submitted for microscopic examination. Benign serous tumors
tend to be unilocular. Serous borderline tumors tend to have
clusters of numerous papillae that are larger and more edema-
tous than those of adenocarcinomas, which are solid or rela-
tively fine. Blocks taken from the base of papillary processes are
particularly helpful to avoid overlooking occult areas of poorly
differentiated carcinoma. As transition forms between benign
and malignant epithelia are well documented (90), careful gross
examination of the specimen is mandatory to help identify both
the regions of borderline tumor and the invasive carcinoma.

Borderline Tumors

Despite disagreement about the optimal terminology for bor-
derline tumors (which are also known as atypical proliferative
tumors or tumors of low malignant potential), there is wide-
spread agreement on the histologic appearances and behavior
of these tumors. Their reproducible identification among
pathologists is not considered a major problem, but it must be
recognized that extensive sampling (one or two sections of tis-
sue per maximum diameter in centimeters of the neoplasm) is
required to firmly establish the diagnosis. Consequently, under-
estimation in the severity of the process is frequent at the time
of intraoperative diagnosis, and this needs to be recognized by
both the pathologist and the operating surgeon. Effective com-
munication of pathologists with gynecologic oncologists is
essential to minimize inappropriate initial surgical therapy. 
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An appreciation of heterogeneity is critical to understand-
ing the biologic behavior of borderline tumors. Accordingly,
the natural history, recurrence and survival rates, and treat-
ment of patients with borderline tumors should be considered
according to five features, as follows: (a) cell type, (b) stage,
(c) implant type (for serous borderline tumors), (d) the pres-
ence of a micropapillary architecture (for serous borderline
tumors), and (e) microinvasion. Three decades ago, serous and
mucinous borderline tumors were described, with 5-year sur-
vival rates of about 75% to 90%. More subtypes and special
features have been recognized in the past 10 years, and the
borderline category is now much better understood. No tumor
deaths from the three rare subtypes of endometrioid, clear
cell, and transitional borderline tumors have been well docu-
mented, and they are very uncommon (representing from less
than 1% to 10% of borderline tumors). Consequently, no
definitive conclusions can be drawn regarding their natural
history, but no cancer deaths have been reported for women
with borderline tumors of these three cell types.

Serous Tumors

About 20% of serous tumors are malignant, 2% are border-
line tumors, and about 78% are benign. The mean age for
patients with cancer is 56 years. Patients with benign and bor-
derline tumors are generally younger, with mean ages at diag-
nosis of 45 and 48 years, respectively. Approximately one of
six serous adenomas is bilateral. Serous borderline tumors are
bilateral in one third of cases. Serous adenocarcinomas that
are stage I are bilateral in one third of cases. Those of higher
stage are bilateral in two thirds of cases. 

Serous Borderline Tumors

Well-staged borderline tumors that are confined to the ovary
are associated with a survival that approaches 100% at 

10 years. However, the prognosis for women with tumors that
have associated peritoneal lesions is diminished, and it varies
according to the type of implant that is identified histologi-
cally. A fundamental source of potential confusion results
from the presence of peritoneal lesions associated with a pri-
mary ovarian tumor in which invasion cannot be demon-
strated. The designation of these lesions as “implants” is
entrenched and implies the unproved assumption that the
peritoneal lesions are derived from the ovarian neoplasm. (In
fact, limited molecular biologic evidence suggests that in some
cases, the peritoneal lesions arise independently.) The division
of implants into invasive and noninvasive (epithelial and
desmoplastic) types represented a tremendous advance in
providing prognostic information.

Gross Appearance. Serous borderline tumors are similar in
most respects to their benign counterparts, usually formed of a
unilocular or paucilocular cyst with clear fluid and lining that
varies from smooth to papillary. The papillations are usually
more numerous, larger, and softer in texture in borderline
tumors. Polypoid structures, 1 to 10 mm in greatest dimension,
are frequently seen (Fig. 25.5). Their surfaces frequently are
covered by relatively fine papillae. Necrosis is absent. Serous
borderline tumors may secrete a fluid that has a higher mucin
content than serous cystadenomas, and this can cause confusion
with a mucinous neoplasm at the time of gross examination.

Microscopic Appearance. Serous borderline tumors are
characterized microscopically by dichotomously branching, fine
to coarse papillary fronds in which atypical, stratified neoplastic
cells cover a thick core of fibrovascular stroma (Fig. 25.6). The
general histologic features used to diagnose borderline tumors
include (a) architectural complexity of glandular structures; 
(b) epithelial papillae (especially in serous tumors), with
detached atypical cell clusters as single or small groups of cells;
(c) cellular stratification (especially in mucinous tumors); (d)
increased mitotic activity; and (e) nuclear atypia (increased
nuclear:cytoplasmic ratios, hyperchromatism, and prominent
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FIGURE 25.5. Serous borderline tumor. This 10-cm-diameter unilocu-
lar cystic neoplasm has a lining that varies from finely granular to rough
and polypoid. In contrast, most serous cystadenomas have a smooth lin-
ing and most serous carcinomas have solid areas with foci of necrosis.

FIGURE 25.6. Serous borderline tumor. The fibrovascular papillae
correspond to the rough or granular lining that is visible grossly. The
papillae branch dichotomously into progressively smaller fibrovascu-
lar cores that are covered by a multilayered atypical epithelium.
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nucleoli). The epithelium that characterizes serous tumors
resembles the lining of the normal fallopian tube. If well differ-
entiated, the cells may display cilia as is seen in the normal tubal
epithelium. If less well differentiated, they have only eosinophilic
cytoplasm. Laminated, calcific concretions, known as psam-
moma bodies, are often numerous. Mucin, if demonstrable, is
confined to the apical border of the cell. The diagnosis of a bor-
derline tumor requires that no area contain stromal invasion
that exceeds 5 mm in diameter. The presence of smaller foci of
microinvasive tumor does not alter the patient’s otherwise excel-
lent prognosis (91). 

Micropapillary Serous Tumors. The fibrovascular fronds of
the typical borderline serous tumors display a mantle of epithe-
lial cells on the surface of dichotomously branching, progres-
sively smaller fibrovascular cores. In contrast, micropapillary
serous tumors have relatively large papillae of fibrous tissue
from which emanate long, thin columns of atypical epithelial
cells, with a height:width ratio that exceeds 5:1 (Figs. 25.7 and
25.8). This architectural pattern must occupy at least a 5-mm-
diameter focus in order to be considered a micropapillary
serous tumor. 

Micropapillary architecture was first recognized in the late
1970s (92,93), but data suggesting its adverse prognostic sig-
nificance were not reported until 1996 (94,103). Unfortunately,
the term micropapillary serous carcinoma (MPSC) has been
used for two morphologically distinct entities and this has
caused some confusion among clinicians. The noninvasive
form of MPSC is a variant of serous borderline tumor. The
invasive form of MPSC has always been classified as carci-
noma and is the typical form of invasive well-differentiated
serous carcinoma (see above). Thus, invasive MPSC is essen-
tially synonymous with low-grade serous carcinoma (95). 

Ten percent to 15% of serous borderline tumors display the
micropapillary pattern (defined as a 5 mm area uninterrupted

by typical serous borderline tumor [SBT]). The behavior of
serous borderline tumors with a micropapillary pattern is clear.
Stage I patients have 100% survival, based on over 2,000
reported SBTs among which 10% to 15% can be assumed to be
micropapillary tumors (97). For advanced-stage patients, the
survival depends upon the type of implants present and is simi-
lar to that of typical SBT with similar types of implants. More
importantly, the micropapillary architecture is strongly associ-
ated with invasive implants. In eight studies of advanced-stage
tumors with a total of over 300 patients, 49% of micropapil-
lary tumors were associated with invasive peritoneal implants
as compared to 6% of typical SBTs (98–105). 

Advanced-stage patients with MPSC have a 10-year survival
of 50% to 60%. These data have been confirmed by multiple
investigators. Proponents of continuing to classify MPSC as bor-
derline tumors contend that noninvasive MPSC has the same
behavior as all other serous borderline tumors with similar
implants. This is correct; the survival rates are virtually identical.
The weakness of this argument becomes apparent as follows. It
is now agreed that invasive implants are invasive carcinomas. So
the argument is essentially this: MPSC has the same behavior as
usual borderline serous tumor once the presence or absence of
carcinoma is accounted for. That is like saying that the behavior
of benign and malignant tumors is basically the same once the
presence or absence of metastases (including occult micrometas-
tases) is accounted for. The critical point is that MPSC is
strongly associated with invasive implants, i.e., invasive carci-
noma, in contrast to usual borderline serous tumors, which only
rarely are associated with invasive carcinoma, just as malignant
tumors are strongly associated with metastases in contrast to
benign tumors, which very rarely produce metastases. 

Microinvasion. Microinvasion (defined variously as a max-
imal invasive focus size of 2, 3 or 5 mm, or an area of 
10 square mm) can be found in up to 10% of borderline
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FIGURE 25.7. Micropapillary serous tumor. In contrast to the
dichotomously branching fibrovascular cores of the usual serous bor-
derline tumor, micropapillary tumors have relatively large papillae of
fibrous tissue from which long, thin columns of atypical epithelium
emanate directly.

FIGURE 25.8. Micropapillary serous tumor. At higher magnification,
it is evident that the height:width ratio of the atypical epithelium
exceeds 5:1. In this case, bridging of atypical epithelium results in a
cribriform or sieve-like pattern.
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tumors (Fig. 25.9). Review of 94 reported cases as of 2000
showed a survival of 100% (97). More recently, a few tumors
with microinvasion have been reported to have demonstrated
malignant behavior. In that report, however, most of the
patients had either invasive or indeterminate implants, and
therefore the independent prognostic significance of microin-
vasion in these cases is not clear (101). The overall prognosis
for the patient with microinvasion in a borderline tumor is cur-
rently considered to be no different from that of a borderline
tumor without microinvasion. Larger foci of destructive inva-
sion in a borderline tumor are considered to represent the pres-
ence of a serous carcinoma. When papillae invade into the
stroma, the stromal margins may appear to be retracted and
display relatively pointed contours in relief. Solid clusters of
cells may exhibit a cribriform pattern (intraglandular bridging)
indicative of autonomous growth and, hence, adenocarcinoma.
Usually, invasion is accompanied by a fibrous stromal reaction.

Implants. Noninvasive epithelial implants are characterized
by papillary proliferation of epithelium present on the surface of
the peritoneum or in smoothly contoured submesothelial invagi-
nations or between fat lobules, in the absence of a significant
stromal response (Fig. 25.10). The papillae are composed of
stratified cuboidal or columnar cells with varying degrees of
cytologic atypia. Noninvasive desmoplastic implants are charac-
terized by a marked stromal reaction to tumor cells in a similar
distribution (Fig. 25.11). Invasive implants are recognized by an
irregular, aggressive-appearing infiltration into the underlying
submesothelial tissue or within lobules of fat from the omentum
by small glands or solid nests of cells or papillae (Fig. 25.12)
(106). There is now a consensus that invasive implants are asso-
ciated with a poor outcome and behave as low-grade carcinoma.
According to the NCI-sponsored Borderline Tumor Conference
(89a), the terms “invasive serous carcinoma” and “invasive
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FIGURE 25.9. Microinvasion—microinvasion in a serous borderline
tumor. A small focus of destructive stromal invasion is present in an
otherwise typical serous borderline tumor. The stromal margins
appear retracted around the purely epithelial papillae. This focus is
less than 3 mm in maximum diameter. Its presence is not associated
with any significant decrease in the survival rate.

FIGURE 25.10. Noninvasive epithelial implant. This form of implant
is characterized by a well-circumscribed proliferation of atypical
epithelium on the surface of the peritoneum or between fat lobules of
the omentum.

FIGURE 25.11. Noninvasive desmoplastic implant. These implants
are characterized by a marked stromal granulation tissue-like reaction
to tumor cells, in the absence of any irregular infiltration of underlying
tissue.
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implant” can be used synonymously. The survival at 5 years for
women with noninvasive implants exceeds 95%, while for those
with invasive implants it is 67% (97). The clear separation of
these groups might not have been possible without the recogni-
tion of the desmoplastic noninvasive implant, which is histolog-
ically pseudoinvasive and highly deceptive to pathologists unfa-
miliar with it. 

The accuracy of implant subclassification has been a fre-
quently raised issue. The highly significant difference in sur-
vival rates (p � 0.001) in published reports of about 500
women with invasive versus noninvasive implants suggests
that they are being separated reliably (97). In some cases, a
small biopsy of an implant makes it difficult to assess for inva-
sion, and it has been suggested that one can classify a small
implant without underlying tissue as noninvasive based on the
assumption that it had been easily removed (107,108).
However, surgeons with sharp knives tend to disagree with
this statement. At the 2006 annual meeting of the U.S. and
Canadian Academy of Pathology, five experts independently
classified implants from photomicrographs. Despite concerns
about reproducibility, the results were extremely encouraging
and indicated very good reproducibility among experts. 

In evaluating peritoneal biopsies, implants of borderline
tumors must be distinguished from reactive peritoneal hyperpla-
sia and benign epithelial inclusions, and endosalpingiosis.
Müllerian inclusion cysts are another finding to be considered
when dealing with serous borderline tumors. These occur in the
form of individual round to oval glands with an obvious lumen
and are found in both the omentum and lymph nodes. A periph-
eral basement membrane is present and cilia may be prominent.
The epithelium is usually only one cell layer thick, and stratifica-
tion, if present, is minimal. The nuclei are basally situated,
mitotic activity is absent, and there is no nuclear atypia. 

Lymph Node Involvement in Serous Borderline Tumors.
Lymph node “involvement“ has been reported in over 100
cases of serous borderline tumors (97,98,109). Some evidence
suggests an independent origin of some of these lesions from
nodal endosalpingiosis. A 2000 review showed that the sur-
vival of 43 reported patients with lymph node involvement
was 98% after a mean follow-up of 6.5 years (97). In the 2006
Stanford series, 8 of 31 patients (26%) with lymph node
involvement had invasive peritoneal implants. Among 22
patients with follow-up, 4 were alive with disease and there
were two deaths, one in a patient with “indeterminate” peri-
toneal implants. The presence of nodular aggregates of cells in
the nodes was found to be an adverse prognostic factor (109a).
If patients with invasive implants in other sites or indetermi-
nate implants (histologically indeterminate or slides unavail-
able) are excluded, then the overall survival for patients with
lymph node involvement is 97%. 

Serous Carcinoma

Histologically malignant epithelial tumors are uncommon in
women under the age of 35 years. By the time a carcinoma
reaches clinical detection, it has often already spread beyond
the ovary and seeded the peritoneum.

Destructive growth, an important feature of malignancy,
helps to distinguish frank malignancies from borderline
tumors. Infiltrative destructive growth is best demonstrated by
individual or small clusters of cells growing in a disorganized
pattern with angulated, sharp borders that dissect into stromal
planes and are usually associated with desmoplasia.

Gross Appearance. Serous adenocarcinomas have the
most variegated appearance. They range in size from small 
(2 to 3 cm) to quite large. Serous carcinomas often present as
solid masses bounded by a capsule, often containing areas of
necrosis and hemorrhage. The ovary from which the neoplasm
has arisen is frequently not apparent grossly or microscopi-
cally. Cysts and foci of papillarity are commonly present. If
one postulates an origin from the surface epithelium that cov-
ers the ovary, it is surprising that so few serous carcinomas
display substantial surface papillary growth covering an oth-
erwise normal ovary. It is hypothesized that the neoplastic
transformation actually occurs either in inclusion cysts or the
tubal mucosa. The gross appearance of a typical high-grade
serous carcinoma is not distinctive, and it may be mimicked
by other high-grade epithelial ovarian neoplasms, granulosa
cell tumors, and carcinomas metastatic to the ovary.

Microscopic Appearance. Serous adenocarcinomas are
distinguished from borderline serous tumors by the presence
of stromal invasion. The tumor may appear as large sheets of
polygonal cells growing autonomously without stromal sup-
port or as broad to fine clusters of cells related to papillae that
irregularly dissect through the stroma, accompanied by a host
desmoplastic response. The nuceli are typically large and pleo-
morphic, with variably sized nucleoli, and numerous mitotic
figures.

Two grading systems for serous carcinomas have been pro-
posed and tested in the past decade: a three-grade system by
Shimizu et al. (110), and more recently, a binary system of
high-grade and low-grade serous carcinoma by Malpica et al.
from the M. D. Anderson Cancer Center (MDACC) (111).
The MDACC system appears to be both easy for the patholo-
gist to use in routine practice and corresponds more closely to
the dichotomous morphologic appearance, molecular fea-
tures, and clinical behavior of serous carcinoma (Figs. 25.13
and 25.14) (96). In contrast to high-grade serous carcinoma,
low-grade neoplasms are characterized by cells with only mild
to moderate nuclear atypia, evenly distributed chromatin, vari-
able nucleoli, and fewer than ten mitoses per ten high-power
fields (HPF). A micropapillary architecture is very frequently
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FIGURE 25.12. Invasive implants. This type of implant can be recog-
nized by an irregular, aggressive-appearing infiltration of the omental
fat or underlying submesothelial tissues by small glands or solid nests
of atypical epithelial cells or papillae.
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observed (see above). The binary system separates over 90%
of advanced-stage serous carcinomas into the high-grade
group. This distribution is reflected in the overall behavior of
advanced-stage serous carcinoma, which is associated with a
5-year survival of about 25%. In contrast, the 5- and 10-year
survivals for women with advanced-stage low-grade serous
carcinoma are about 85% and 50% to 60%, respectively.

Serous carcinomas nearly always stain positively with
immunohistochemistry for WT1, cytokeratin (CK) 7, and neg-
ative or only focally positive for CK20 and calretinin. A panel
that includes these antibodies is frequently employed to evalu-
ate a carcinoma whose primary site is uncertain. Pancreatic
and breast carcinomas have the same CK7/20 profile and thus
other markers are needed for these sites. GCDFP-15 (gross cys-
tic disease fluid protein) is often positive in breast carcinoma
and only rarely positive in ovarian. Immunohistochemistry
is rarely needed for serous carcinoma and is much more use-
ful for the problematic mucinous tumors (see Mucinous
Tumors). 

Serous Psammocarcinoma. This is considered to be a rare
variant of serous adenocarcinoma that is characterized by
massive psammoma body formation. It is categorized as a car-
cinoma since it often displays destructive invasion or vascular
invasion on microscopic examination; in half the cases, the
extraovarian tumor also invades peritoneal sites. Despite these
features, the cytologic attributes are more in keeping with a
low-grade neoplasm, and the behavior is generally similar to
that of serous borderline tumors.

Mucinous Tumors

Primary ovarian mucinous tumors represent about 10% of all
common epithelial tumors and include three types: cystadeno-
mas, borderline tumors, and carcinomas. The cystadenomas

(81%), followed by the borderline tumors (13%), are the most
commonly encountered, whereas primary ovarian mucinous
carcinomas are much less common (5%). The mean age for
patients with mucinous adenocarcinoma is 52 years, which, as
with serous adenocarcinoma, is greater than the mean age of
patients with benign and borderline tumors (44 and 49 years,
respectively). 

The cystadenomas and borderline tumors are noninvasive
and are distinguished from one another primarily by their
degree of complexity and epithelial proliferation. The carcino-
mas are distinguished from these two types of tumors by the
presence of stromal invasion, which is required for a diagnosis
of carcinoma. Intermediate forms exist, such as cystadenomas
with focal epithelial proliferation and borderline tumors with
intraepithelial carcinoma and/or microinvasion, providing evi-
dence that these tumors form a morphologic spectrum with
individual types representing steps in the sequence of muci-
nous carcinogenesis in the ovary.

The other types of mucinous tumors encountered in the
ovary include metastatic mucinous carcinomas derived from
various sites, most commonly the gastrointestinal tract, and
low-grade mucinous tumors of appendiceal origin secondarily
involving the ovary in association with the clinical syndrome
of pseudomyxoma peritonei. Both metastatic mucinous carci-
nomas and low-grade mucinous tumors of appendiceal origin
in the ovary can simulate primary ovarian mucinous tumors,
including both the borderline (atypical proliferative) muci-
nous tumors and the primary ovarian mucinous carcinomas.
Refined diagnosis of ovarian mucinous tumors in recent
years, with distinction of these nonovarian tumors from true
primary ovarian mucinous tumors, has been instrumental in
clarifying the behavior of ovarian mucinous tumors.
Accurate diagnosis and understanding of tumor behavior are
essential for determining proper therapy, including both sur-
gical management and chemotherapeutic regimens.
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FIGURE 25.13. Serous carcinoma. The vast majority of serous carci-
nomas are of high grade, with marked cytologic atypia, large nucleoli,
and more than ten mitoses per ten high power fields.

FIGURE 25.14. Serous carcinoma. Less than 10% of serous carcino-
mas of the ovary are of low grade, and many of them are of micropap-
illary type. They are characterized by mild to moderate cytologic
atypia, variable nucleoli, and fewer than ten mitoses per ten high
power fields.

Barakat_CH25-763-836.qxd  3/2/09  1:12 PM  Page 775



Mucinous Borderline Tumors

Mucinous borderline tumors differ in some respects from
serous borderline tumors. There are two types of borderline
mucinous tumors: the gastrointestinal type and the endocervical
type (also referred to as the müllerian or seromucinous type). 

Review of the literature on tumors meeting the diagnostic
criteria for borderline mucinous tumor, gastrointestinal type,
reveals that these tumors have demonstrated an overwhelm-
ingly benign behavior (93,112–130). Specific aspects of the
behavior of these tumors can be summarized as follows: (a)
The vast majority of borderline mucinous tumors of gastroin-
testinal type are stage I; (b) of over 600 stage I tumors
reported, less than 1% of these patients have been reported to
have died of disease (most of these fatal tumors had inade-
quate or an unknown degree of sampling and are reported in
the older literature; most recent studies report 100% survival);
(c) a smaller number (~100) of so-called “advanced-stage bor-
derline mucinous tumors” have been reported, with nearly
50% mortality; more than 85% of these tumors have been
associated with the clinical syndrome of pseudomyxoma peri-
tonei. However, recent studies have established that virtually
all cases of pseudomyxoma peritonei are of gastrointestinal
(usually appendiceal), not ovarian, origin (see below)
(128–136). Therefore, the existence of true primary ovarian
borderline mucinous tumors of advanced stage is question-
able. When these questionable advanced-stage tumors are
removed from the primary ovarian borderline mucinous
tumor category, the remainder consists overwhelmingly of
stage I tumors with benign behavior.

The endocervical (or seromucinous) type mucinous border-
line tumors are much less common than the gastrointestinal
type of mucinous borderline tumors. Based on a small number
of studies, these tumors, including those with implants and
intraepithelial and microinvasive carcinomas, have also
demonstrated a benign behavior (137–141). 

Gross Appearance. Mucinous tumors can grow to
extremely large sizes, being among the largest of any recorded
tumor in the body. Sizes exceeding 40 kg and 30 cm in great-
est diameter are not uncommon.

The gastrointestinal type of mucinous borderline tumor is
typically a large, multicystic tumor with a smooth capsule.
This type of mucinous tumor is unilateral in �95% of cases,
with mean and median sizes of 20 to 22 cm (126,142). The
locules of the tumor are usually filled with mucinous mater-
ial and the lining appears smooth, without grossly evident
papillations.

The endocervical (or seromucinous) type of mucinous bor-
derline tumors are grossly, microscopically, and immunophe-
notypically distinct from the gastrointestinal type tumors
(143). The former are more frequently bilateral, can be intra-
cystic or exophytic, and architecturally are identical to serous
borderline tumors. 

Microscopic Appearance. Microscopically, the gastroin-
testinal type of mucinous borderline tumor is composed of
cysts that are lined by stratified, proliferative, gastrointestinal
type mucinous epithelium exhibiting tufted and villoglandu-
lar or papillary intraglandular growth and displaying variable
(usually mild to moderate) nuclear atypia; by definition, these
tumors lack stromal invasion (Figs. 25.15 and 25.16).

The endocervical (seromucinous) type of mucinous border-
line tumors have hierarchical branching of papillae, similar to
serous tumors, but are lined by endocervical type mucinous as
well as serous (ciliated cell) type epithelium. The epithelium
exhibits tufting and stratification, with generally mild nuclear
atypia and low mitotic activity.

Tumors composed predominantly of cystadenoma with a
minor component of borderline tumor (�10%) are probably
best diagnosed as a mucinous cystadenoma. The presence of

focal borderline tumor should not generate overly aggressive
treatment, given the literature indicating that bona fide muci-
nous borderline tumors are virtually always stage I, have an
overwhelmingly benign behavior, and can be managed conser-
vatively.

Mucinous Borderline Tumors With Intraepithelial
Carcinoma. Based on the FIGO and WHO classification
schemes of the early 1970s, the sole criterion for distinguishing
a mucinous borderline tumor from mucinous carcinoma was
the absence of stromal invasion. Shortly thereafter, the criteria
for mucinous carcinoma were expanded to include tumors dis-
playing marked overgrowth of atypical epithelial cells mani-
fested as epithelial cell stratification in excess of three layers,
cribriform intraglandular proliferations, or finger-like projec-
tions of solid cellular masses without connective tissue support;
these patterns were often accompanied by marked nuclear
atypia. In addition, the presence of marked nuclear atypia alone
was added as a diagnostic feature of mucinous carcinoma
(144,145). Since then, mucinous tumors lacking stromal inva-
sion but displaying epithelial overgrowth and atypia have been
referred to as intraglandular or intraepithelial carcinomas.
Proposed diagnostic criteria for intraepithelial carcinoma vary
slightly (Fig. 25.17) among different studies, but all studies
(115,120,126,127,146) consider tumors with marked nuclear
atypia as intraepithelial carcinomas. Stage I intraepithelial
carcinomas have demonstrated an excellent prognosis (~95%
survival overall in the literature, with most recent studies
reporting 100% survival) (112–115,117,118,120,126,127,
141,146,147).

Mucinous Borderline Tumors With Microinvasion.
Microinvasion in borderline mucinous tumors has been
defined as either small foci of stromal invasion characterized
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FIGURE 25.15. Borderline (atypical proliferative) mucinous tumor,
gastrointestinal type. The tumor is composed of cysts lined by strati-
fied and tufted mucinous epithelium with gastrointestinal-type differ-
entiation; the periphery of the cyst is composed of crypts, but stromal
invasion is lacking.
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by single cells, glands, or small clusters/nests of mucinous
epithelial cells within the stroma or as small foci of confluent
glandular or cribriform growth within the stroma (Fig. 25.18).
Some investigators have variably used 1, 2, 3, and 5 mm in
greatest linear extent or 10 square mm as the size limit for
each individual focus with no requirement regarding the num-
ber of such foci allowed (114,115,120,126,127,146,148,149).
Irrespective of the size criterion chosen, based on the relatively
small number of microinvasive tumors with follow-up that
have been reported, no recurrences or deaths due to disease
have been observed, with the exception of one inadequately
sampled tumor (114,115,118,120,126,127,146,148,149). 

Mucinous Adenocarcinoma

Studies focused on refined diagnosis of ovarian mucinous
tumors have established that primary ovarian mucinous carci-
nomas are much less common than previously believed. It is
important to recognize that when evaluating the literature on
behavior and therapeutic responses of primary ovarian muci-
nous carcinomas, some reports likely include a subset of mis-
classified metastatic mucinous carcinomas from the gastroin-
testinal tract to the ovary (see below).

Gross Appearance. Primary ovarian mucinous carcinomas
are often grossly similar to borderline mucinous tumors in
that they are typically large, unilateral, multicystic mucinous
tumors with smooth capsules and have mean and median sizes
of 18 to 22 cm (126,142). They may contain solid areas, and
regions of necrosis and rupture with surface involvement can
occur. A thick, tenacious mucinous material may fill the cysts.
Bilaterality is very uncommon, occurring in less than 5% of
cases.
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FIGURE 25.16. Borderline (atypical proliferative) mucinous tumor,
gastrointestinal type. Mucinous epithelium displays stratification and
papillary tufts, with mild to moderate nuclear atypia, differentiation
toward the papillary tips, and proliferative activity primarily confined
to the crypts.

FIGURE 25.17. Borderline (atypical proliferative) mucinous tumor,
gastrointestinal type, with intraepithelial carcinoma. The epithelium
lining the cyst exhibits excessive stratification and marked nuclear
atypia.

FIGURE 25.18. Borderline (atypical proliferative) mucinous tumor,
gastrointestinal type, with microinvasion. A small area containing
clusters of mucinous epithelial cells haphazardly arranged within
edematous/reactive stroma is present adjacent to areas of typical bor-
derline tumor.
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Microscopic Appearance. Microscopically, mucinous carci-
nomas typically are well differentiated and form a variety of
glandular patterns, with many tumors having areas of border-
line tumor identified adjacent to areas of carcinoma. The tradi-
tional definition of mucinous carcinoma required the presence
of destructive stromal infiltration by malignant mucinous
epithelium as the primary microscopic feature to establish a
diagnosis of invasive carcinoma. Other recent studies of ovar-
ian mucinous tumors have further refined the definition of
invasive mucinous carcinoma to include a second type of inva-
sion, termed the “confluent glandular” or “expansile” pattern
of invasion (120,126). In this pattern of invasion, the glandu-
lar epithelium is markedly crowded, with little intervening
stroma, and interconnected in a confluent or labyrinthine
pattern (Figs. 25.19 and 25.20).

Primary ovarian mucinous carcinomas commonly exhibit
this pattern of invasion and the presence of an infiltrative pat-
tern of stromal invasion should raise concern for metastatic
mucinous carcinoma (see below). Based on recent studies recog-
nizing this pattern of invasion, it appears that patients with stage
I mucinous carcinomas of this type have a survival rate of
~90%; despite a few exceptions, adverse prognosis is much
more commonly associated with the infiltrative rather than the
confluent glandular pattern of invasion (120,126,127,150,151).
Most pathologists agree that the confluent glandular pattern
reflects a type of invasive well-differentiated mucinous carci-
noma which should be diagnosed as such, although some
pathologists might classify tumors with this pattern as border-
line tumor with intraepithelial carcinoma rather than as invasive
carcinoma. For tumors comprised predominantly of borderline
tumor the focus of confluent growth should measure more than
the upper size limit allowed for a diagnosis of microinvasion to
qualify for the diagnosis of invasive carcinoma. 

Ovarian Mucinous Tumors Associated With Pseudomyxoma
Peritonei. Recent studies have redefined pseudomyxoma
peritonei as a specific clinicopathologic syndrome in which
mucinous ascites is accompanied by low-grade neoplastic muci-
nous epithelium (not carcinoma), intimately associated with
pools of extracellular mucin and fibrosis (131,133,153).
Morphologic, immunohistochemical, and molecular genetic
studies have provided compelling evidence that virtually all cases
of pseudomyxoma peritonei are derived from appendiceal low-
grade (adenomatous) mucinous tumors and the ovarian involve-
ment is secondary (128–136). This concept is further supported
by other studies showing that ruptured primary ovarian muci-
nous tumors have not been associated with the subsequent
development of pseudomyxoma peritonei. Because the ovarian
mucinous tumors associated with pseudomyxoma peritonei are
almost invariably derived from the gastrointestinal tract, usually
the appendix, they are reported as secondary involvement of the
ovary by low-grade (adenomatous) mucinous tumor; such
tumors should not be labeled with the same diagnostic terms
used for primary ovarian tumors (cystadenoma or borderline
tumor) so that clinicians are not confused about the established
or suspected primary site. When intraoperative consultation
with frozen section leads to diagnosis of a mucinous ovarian
tumor in the setting of pseudomyxoma peritonei, the need for
appendectomy should be conveyed to the surgeon and the
pathologist should examine the entire appendix microscopically.
The rare exception to this theory of the appendiceal origin of
pseudomyxoma peritonei is the occurrence of mucinous tumors
arising in ovarian mature cystic teratomas associated with
pseudomyxoma peritonei (152). 

The terms “disseminated peritoneal adenomucinosis”
(131,133) and “involvement by low-grade appendiceal muci-
nous neoplasm” (153) are recommended as specific pathologic
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FIGURE 25.19. Primary ovarian mucinous carcinoma. Mucinous
tumor is characterized by a confluent glandular proliferation exhibit-
ing a labyrinthine pattern that is sufficiently complex to indicate a
form of invasive carcinoma.

FIGURE 25.20. Primary ovarian mucinous carcinoma. Mucinous
glands are well differentiated, moderately atypical, and sufficiently
back to back to qualify as invasive mucinous carcinoma.
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diagnostic terms for these low-grade peritoneal mucinous
tumors. This recommendation is based on studies demonstrating
that peritoneal mucinous tumors with the histologic features
of the low-grade tumors are pathologically and prognostically
distinct from mucinous carcinomas, with the latter having signif-
icantly worse survival (133,134,154). 

Metastatic Mucinous Carcinomas

Despite improved recognition of metastases, the problem of dis-
tinguishing primary from metastatic mucinous carcinomas in
the ovary persists. The difficulty in recognizing metastases that
morphologically simulate primary ovarian mucinous tumors not
only at the time of intraoperative frozen section analysis but also
on permanent sections is compounded by the fact that some
metastases present first in the ovary, without a clinically evident
extraovarian primary mucinous tumor. In addition, ancillary
techniques such as immunohistochemical analysis with currently
available markers, while useful in certain situations (e.g., col-
orectal carcinomas vs. primary ovarian carcinomas), are limited
in their ability to distinguish some metastases from primary
ovarian mucinous tumors (e.g., pancreaticobiliary tract carcino-
mas vs. primary ovarian mucinous tumors). Metastatic muci-
nous carcinomas are usually readily recognized as such when the
ovarian tumors exhibit any or all of the following features: bilat-
erality, smaller size (typically less than 10 cm), ovarian surface
involvement, a nodular pattern of involvement, and an infiltra-
tive pattern of stromal invasion (126,142,155,156). It is impor-
tant to recognize that some metastatic mucinous carcinomas,
especially those derived from the colorectum, pancreaticobiliary
tract, appendix, and endocervix, can exhibit deceptive patterns
of invasion simulating primary ovarian mucinous borderline
tumors with intraepithelial carcinoma or well-differentiated
mucinous carcinomas of confluent glandular type (Fig. 25.21)
(157–160). Not infrequently, some of these metastases dis-
play highly differentiated areas adjacent to carcinoma, simulat-
ing benign and “borderline” precursor lesions and suggesting
origin in the ovary. Recognizing such tumors as metastatic is
especially problematic when the ovarian tumor represents the
presenting finding of disease, is unilateral and large, and a pri-
mary mucinous carcinoma of another organ is not identified.
Recent studies have found that when mucinous tumors in the
ovary are rigorously classified based on refined criteria and
awareness of the deceptive patterns mentioned above, metastatic
mucinous carcinomas are much more commonly encountered
than primary ovarian mucinous carcinomas (142,156). The
presence of any of the above-mentioned features characteristic of
metastatic mucinous carcinoma in the ovary, or the presence of
extraovarian disease at the time of intraoperative evaluation of a
mucinous tumor in the ovary, should prompt the pathologist to
consider the possibility of metastatic mucinous carcinoma and
suggest that the surgeon examine the gastrointestinal tract,
including pancreaticobiliary tract and appendix, for a primary
tumor. Immunohistochemical analysis with antibodies such as
CK7, CK20, CDX-2, and p16 can be useful for identifying some
metastatic mucinous carcinomas; however, the utility of currently
available markers is limited due to overlapping immunoprofiles
of primary ovarian mucinous tumors (particularly with those of
upper gastrointestinal tract origin) (157,161–164). Thus, further
clinical evaluation is often required to exclude metastatic muci-
nous carcinoma in the ovary derived from a clinically occult
nonovarian source.

Endometrioid Tumors

Endometrioid tumors account for a relatively small proportion
of the common epithelial tumors, but most endometrioid
tumors are malignant. About 15% of the endometrioid tumors

are of borderline type. The mean age of patients with cancer is
57 years, which is substantially higher than that associated
with benign and borderline tumors (40 and 48 years, respec-
tively). Approximately 10% of cases, with reports of up to
40% (165), are associated with endometriosis, implying that,
in at least some cases, this tumor arises as neoplastic transfor-
mation of the endometriosis (166). Over 10% of endometri-
oid tumors of the ovary are also associated with endometrial
tumors of an identical histologic variant, each appearing as if
it were primary in its respective organ (167). Features that
favor metastasis to the ovary include bilateral involvement;
small, solid, multinodular ovaries; surface and hilar spread of
tumor; and high-grade or deeply invasive tumor in the
endometrium associated with lymphatic invasion. A large,
cystic, unilateral ovarian tumor of low histologic grade arising
in a background of endometriosis of the ovary with a low-
grade, superficially invasive carcinoma of the endometrium is
likely to represent a separate primary tumor. However, no
single feature can clearly distinguish a metastasis from a sec-
ond primary tumor. The similar histology and subtype and
high survival rate of these patients (80% at 10 years) suggest
that the majority are synchronous primaries rather than
metastases (168). Many of these patients also have coexisting
endometriosis (168,169).

Gross Appearance

Borderline tumors range in size from small to large. They
average 10 cm in diameter and are predominantly solid (170).
Necrosis is rare. The cysts vary from small to about 9 cm in
size and are filled with fluid that may be serous, mucinous, or
hemorrhagic. 
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FIGURE 25.21. Metastatic endocervical adenocarcinoma in the
ovary. The tumor exhibits a growth pattern that appears noninvasive,
simulating a primary ovarian borderline (atypical proliferative) tumor
and making recognition as a metastasis exceedingly difficult.
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Endometrioid adenocarcinomas, like serous carcinomas,
vary in size with an average of 10 cm. Wide zones of necrosis
are common, especially if the tumor is large or poorly differ-
entiated. Endometrioid tumors are more cystic than serous
tumors and surface papillations are relatively infrequent.

Microscopic Appearance

Two variants of borderline tumors are recognized: the more
common, which arises in adenofibromas, and the less common,
which arises as a papilla. About 15% of the patients have asso-
ciated endometriosis. An occasional borderline tumor may
show only microscopic foci of invasion. The few recorded cases
have behaved in a clinically benign fashion, suggesting that, as
with serous tumors, tiny microscopic foci of invasive endometri-
oid tumor have little influence on later clinical behavior.

Endometrioid adenocarcinomas resemble adenocarcino-
mas of the endometrium. Like endometrial tumors, they can
vary from well differentiated (grade 1) to poorly differentiated
(grade 3) and may contain squamous cells of varying degrees
of differentiation (endometrioid adenocarcinoma with squa-
mous differentiation). Endometrioid carcinomas are more
commonly well differentiated and of lower stage than serous
carcinomas, which may also account for the overall better
prognosis of endometrioid compared to serous tumors. When
controlled for stage, the survival rate for endometrioid tumors
is similar to that of serous adenocarcinoma in some studies
(171) but better in others (172). 

Endometrioid Neoplasms With Stromal Component

The classification of endometrioid neoplasms includes a subset
of tumors that contain an endometrial-type stromal compo-
nent. Endometrioid stromal sarcomas are tumors in which the
neoplasm is composed exclusively of malignant endometrial-
type stroma. The müllerian adenosarcoma displays a malignant
stromal component and an epithelial component that appears
proliferative or hyperplastic. As expected, spontaneous tumor
rupture, high grade, or the presence of a high-grade sarcoma-
tous component is associated with a poor prognosis (173). The
ovarian carcinosarcoma is composed of malignant cells that
display both mesenchymal and epithelial differentiation. The
gross and microscopic features of these tumors are identical to
carcinosarcomas arising in the endometrium (174). The clini-
cal behavior also mirrors that of uterine carcinosarcoma,
with a very poor prognosis when spread occurs beyond the
ovary.

Clear Cell Tumors

Clear cell tumors are uncommon. The mean age for patients
with clear cell adenocarcinoma is 53 years (175), which is sim-
ilar to the other categories of cancers of common epithelial ori-
gin. About half of the cases are associated with endometriosis. 

Gross Appearance

Clear cell tumors resemble endometrioid tumors on gross
examination and cannot be distinguished with any reliability
from serous tumors. Sometimes clear cell tumors, when aris-
ing within an endometriotic cyst, may appear as a peduncu-
lated polyp. Clear cell adenocarcinoma is bilateral in under
one sixth of cases (13%).

Microscopic Appearance

The ability to distinguish the rare clear cell borderline tumor
from the frankly malignant tumor is difficult or impossible,
since the latter, especially when small, may appear to be
deceptively benign. A tumor is considered to be malignant
when (a) the glands and islands of epithelial cells manifest

high-grade cytologic characteristics of malignancy; and 
(b) invasion is present as evidenced by a desmoplastic or
myxoid response of the stroma to the cells or a haphazard
extension of cells into the stroma.

Clear cell adenocarcinoma of the ovary is morphologically
similar to the clear cell adenocarcinoma that occurs sporadi-
cally in the endometrium of older women and in the vagina
and cervix of young women who were exposed prenatally to
diethylstilbestrol (DES) (Fig. 25.22). Clear and “hobnail” cells
are its hallmark, but it is important to recognize that the diag-
nosis rests upon architecture as well as optically clear cyto-
plasm. When present, the clear appearance of the cytoplasm
results from glycogen that has leached as the tissue specimen is
prepared for microscopic examination. The hobnail cells con-
tain bulbous nuclei that protrude into the lumen at the appar-
ent cytoplasmic limits of the cell. The clear cells usually
appear as sheets of cells that have the appearance of a solid
growth, but may also line tubules. The hobnail cells, and
sometimes flat cells, are encountered more commonly in the
pattern of growth showing tubules and cysts.

The clear cell carcinoma may also resemble the endodermal
sinus (yolk sac) tumor. Historically, the two tumors were con-
sidered as being the same until it was recognized that clear cell
tumors are müllerian in origin and endodermal sinus tumors
are of germ cell origin. Immunohistochemistry has been of
limited value in this distinction, since some keratins and
alpha-fetoprotein can be expressed in both neoplasms.
Recently, the presence of staining for the onco-fetal protein
glypican-3 has been suggested as a means to distinguish yolk
sac tumor from clear cell carcinoma (176). 

Uncertainty exists whether ovarian clear cell adenocarci-
noma is more aggressive than the other common epithelial
malignancies. In some studies specifically addressing corre-
lates of survival, advancing stage, and increased mitotic rate
(�six mitoses per ten HPF or high MIB1 activity) were
adverse prognostic indicators (177). Other investigators (178)
emphasize young age, stage, or vascular invasion as being
poor prognostic factors and the presence of a predominantly
(�75%) papillary or tubulocystic morphology as a favorable
prognostic factor. Many of the differences found in analyses
appear to reflect the relative compositions of stage and grade
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FIGURE 25.22. Clear cell adenocarcinoma. The sheets of tumor cells
have clear cytoplasm.
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and whether the more poorly differentiated tumors are cor-
rectly categorized by their true cell type.

Transitional Cell Tumors

Brenner Tumor

Brenner tumor, a tumor of urothelial differentiation, is the
rarest of the common epithelial tumors. It is believed to arise
from the pelvic mesothelium through transitional cell meta-
plasia, much in the same manner as Walthard’s rests arise.
Most of these tumors are small, benign, and discovered inci-
dentally. Rarely are these borderline tumors or frankly malig-
nant. Malignant tumors are of two types. Malignant Brenner
tumor, which is exceedingly rare, consists of a poorly differen-
tiated transitional cell–type epithelium in which definitive foci
of benign Brenner tumor are present. The transitional cell car-
cinoma, which in some cases may be a malignant Brenner
tumor in which foci of benign Brenner tumor cannot be
found, is an entity that has been separated from the categories
of malignant Brenner tumor and undifferentiated carcinoma. 

Gross Appearance. Borderline Brenner tumors usually
occur as large cysts, with a coarse papillary lining. Malignant
Brenner tumors tend to be substantially more solid, but some-
times contain cysts.

Microscopic Appearance. Brenner tumors, unlike other
common epithelial tumors, have two components. One is
epithelial cords, which are composed of ovoid to polyhedral
cells with large, longitudinally grooved nuclei (coffee-bean
shaped). The cellular arrangement often resembles urothelium
(179), with the most superficial layer of cells often displaying
copious, mucin-rich cytoplasm. The second component is a
dense, fibrous stroma in which are found the nests of transi-
tional cells. The stroma is typically prominent and at times so
massive as to nearly obscure the epithelial component. Minute
foci of stromal calcification are found in over half the tumors.

The distinction between borderline and malignant Brenner
tumor may be difficult. Borderline Brenner tumors exhibit
papillae lined by a proliferating transitional epithelium typical
of that found in low-grade bladder tumors. Malignant
Brenner tumors have transitional epithelium that may be high
grade or focally resemble squamous cell carcinoma. By defini-
tion, both borderline and malignant Brenner tumors have foci
of a clearly identifiable benign Brenner’s component. 

Transitional Cell Carcinoma

Transitional cell carcinoma is a second form of ovarian cancer
with urothelial differentiation. Unlike malignant Brenner tumor,
which by definition arises from demonstrable pre-existing
benign or proliferative Brenner tumor, the transitional cell carci-
noma lacks such a component.

The transitional cell carcinoma is considered to be a sepa-
rate variant of ovarian cancer based on both clinical and his-
tologic grounds, although some consider it a variant of serous
carcinoma. 

Transitional cell tumors of the ovary, although appearing
as urothelial-like, show immunoreactivity differences from
true urothelium. The tumor of ovarian origin is immunoreac-
tive with cytokeratin 7, whereas the bladder tumors show no
such reactivity (180). 

Squamous Cell Carcinoma

Squamous cell carcinoma is the newest category of surface
epithelial-stromal tumors recognized by the WHO classifica-
tion scheme for ovarian tumors. As for most epithelial

tumors, the diagnosis is usually made in postmenopausal
women, with an average age of about 56 years, and most of
the tumors are stage II or III. The stage and grade of the
tumor correlate best with overall survival (181). Pure squa-
mous carcinomas are exceedingly rare, and some arise in
endometriosis. Other squamous carcinomas reflect a ter-
atomatous origin and arise consequent to malignant degener-
ation in a mature cystic teratoma.

Undifferentiated Carcinoma

Undifferentiated carcinoma refers to epithelial tumors that are
so poorly differentiated based on examination of hematoxylin
and eosin stained slides as to preclude further classification
into any of the types described above. However, several sub-
types of undifferentiated carcinoma display immunohisto-
chemical and biochemical evidence of differentiation.

Small Cell Carcinoma

Small cell carcinoma is a subgroup of undifferentiated tumor.
This tumor, which is of at least two types, the hypercalcemic
and pulmonary types, is enigmatic in both its histogenesis and
classification (182). The hypercalcemic tumor typically occurs
in young women (mean age 24 years) (183). Two thirds have
systemic hypercalcemia, which is commonly reversed after the
tumor has been excised (184). This variety of small cell carci-
noma is virtually always unilateral, but has spread beyond the
ovary in half of patients by the time of diagnosis. Diffuse sheets
of small, closely packed cells punctuated by variable numbers
of follicle-like spaces characterize its histology. The individual
cells have scant cytoplasm and a single nucleus. Mitotic activ-
ity is typically brisk. Although the DNA content is nearly
always diploid, over 60% of patients with stage IA tumors
die of the disease or have recurrences. Features in stage IA
tumors associated with a more favorable outcome are age
�30 years, normal preoperative serum calcium, and small
tumor size. A large cell variant of the small cell type has also
been described (185). 

The second form of small cell carcinoma resembles small cell
carcinoma of the lung (186). The tumor occurs in older women
(mean, 59 years), and half of the tumors are bilateral. Neuron-
specific enolase and reactivity are common, whereas chromo-
granin reactivity are only occasionally found. The majority of
tumors are aneuploid. The mean survival is 8 months following
diagnosis.

A third and rare form of undifferentiated carcinoma is the
neuroendocrine tumor of the non–small cell type (187).
Microscopically, the neuroendocrine component immunoreac-
tive for chromogranin is in sheets, usually as closely packed
islands, cords, or trabeculae of epithelial cells with little inter-
vening stroma. The prognosis is poor (188). Metastasis from a
respiratory origin must be excluded when the diagnosis of
small cell or large cell undifferentiated carcinoma of the ovary
is entertained.

Mixed Carcinoma

Perhaps as many as 10% of all ovarian tumors of common
epithelial origin are mixed, when defined as a carcinoma in
which more than 10% of the neoplasm exhibits a second histo-
logic cell type. It has been commonly underreported since there
is a tendency to place all high-grade carcinomas in the category
of serous carcinoma. One common specific malignant combina-
tion is mixed clear cell and endometrioid carcinoma, both being
related to endometriosis. Serous and endometrioid carcinomas
are also commonly encountered. The behavior of mixed carci-
nomas of the ovary has not been elucidated.
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Primary Peritoneal Serous Carcinomatosis

About 80% to 90% of women with peritoneal serous carcino-
matosis (excluding advanced-stage endometrial serous carci-
nomas) have normal-sized ovaries with only surface implants
of tumor. These are classified as primary peritoneal serous car-
cinomas, although a small proportion may represent primary
tubal carcinomas (see below). Primary peritoneal carcinoma
was defined by the GOG as follows: (a) ovaries are of normal
size or enlarged by a benign process; (b) ovarian involvement
is absent or limited to the surface and/or superficial cortex
with no tumor nodule within the ovarian cortex exceeding 
5 � 5 mm; (c) serous histology; and (d) volume of extraovar-
ian disease significantly exceeds that of ovarian disease.

Primary peritoneal serous carcinomas may be more com-
mon than previously appreciated. A recent large series from a
community hospital found that 22% of cases of peritoneal
serous carcinomatosis were classified as peritoneal (83). In addi-
tion, there is reason to believe that the GOG criteria are too
restrictive. A 5 or 6 mm nodule of serous carcinoma can be seen
with tumors that fulfill all of the other criteria for peritoneal
origin, and may even display the characteristic multi-nodular
pattern of metastatic tumor to the ovary. The pathology and
response to treatment of peritoneal serous carcinomas are
essentially identical to that of ovarian serous carcinomas.
However, the true relative incidence of ovarian versus peri-
toneal carcinoma is of pivotal importance because it directly
impacts on the type of surgery recommended for prophylaxis
in high-risk women as well as on the precise risk of developing
serous carcinoma after prophylactic surgery. 

The contribution of the fallopian tube to peritoneal serous
carcinomatosis is unknown. It has recently become apparent
that the tubal fimbriae may be an important source of carcino-
matosis in the absence of the typical features of primary tubal
carcinomas (i.e., a dilated fallopian tube with a large mucosal
lesion). Furthermore, the intramural portion of the tube is not
removed if there is no hysterectomy, and therefore this segment
is theoretically a potential source of serous carcinoma even
after prophylactic bilateral salpingo-oophorectomy. 

In conclusion, lesions designated as primary peritoneal car-
cinoma are likely a heterogeneous collection of carcinomas
that have arisen from the ovary, fimbria of the fallopian tube,
or the pelvic peritoneum.

Fallopian Tube Carcinoma

Gross Appearance

The gross appearance of the fallopian tube affected by papil-
lary carcinoma is typically described as enlarged, deformed, or
fusiform, with agglutination of the fimbriae and, frequently,
distal obstruction (Fig. 25.23) (188–191). When the tumor is
confined to the mucosa, the tube is generally soft to palpation,
and the initial impression of the surgeon is often hemato-
salpinx, pyosalpinx, or hydrosalpinxeale. Turbid fluid fre-
quently fills the lumen, with a friable, exophytic, papillary, or
nodular mass affixed to the mucosal surface. The most fre-
quent site of origin is the ampulla, followed by the infundibu-
lum (192,193). In about 10% of cases in a recent large study,
the tumor arose in the fimbriated end of the fallopian tube. All
of these tumors were less than 3 cm in diameter (194,195).
Sometimes, multiple minute tumors stud the mucosal surface,
or the entire lumen may be replaced by a necrotic mass. With
more advanced disease, neoplastic cells penetrate the muscular
wall and serosa of the tube, and extension to the ovary may
result in a tubo-ovarian complex. In the latter situation, it is
usually obvious that a malignant neoplasm has infiltrated the

organs, but the distinction of tubal carcinoma from that of the
ovary may not be possible, and reliance on arbitrary criteria
usually results in the classification of the tumor as being ovar-
ian in origin (see below). The carcinoma affects the left and
right tube with about equal frequency and displays bilateral
involvement in about 5% to 30% of cases (196–201).

Recently, a radically different presentation of fallopian
tube carcinoma has been reported. Occult invasive or in situ
carcinoma has been found to involve the fallopian tube in
risk-reducing salpino-oophorectomy (RRSO) specimens
obtained from women with a strong family history of ovarian
cancer or known BRCA1 or BRCA2 germ-line mutations
(67,202,203). Such tumors may not be visible macroscopi-
cally, and it is suggested that the entire fallopian tube as well
as the ovary be serially sectioned and examined microscopi-
cally in this clinical setting.

Microscopic Appearance

The current WHO histologic classification of epithelial
tumors of the fallopian tube is similar to that of other sites in
the upper female genital tract and is divided into serous, muci-
nous, endometrioid, clear cell, transitional, squamous, glassy
cell, and mixed carcinomas (195). This change in terminology
reflects an increased recognition of both endometrioid and
transitional cell differentiation in carcinomas of the fallopian
tube during the past 10 years.

Papillary serous adenocarcinoma is the most frequent pri-
mary malignant neoplasm of the fallopian tube, and was previ-
ously reported to represent about 90% of the 300 new cases
annually occurring in the United States (188). In more recent
studies, its frequency has been lower, reflecting the increasing
recognition by pathologists that tumors of other cell types may
legitimately arise in the fallopian tube (189,190). In superficial
lesions, the plicae, which are ordinarily covered by a simple
columnar epithelium of ciliated and secretory cells, are replaced
by multiple layers of columnar or cuboidal cells with pleomor-
phic and hyperchromatic nuclei (Figs. 25.24 and 25.25). The
papillary configuration of the epithelium is usually preserved,
but secretory activity and cilia are usually not preserved at the
light microscopic level. Mitotic figures are frequent. Invasion of
the muscular wall occurs early in the course of disease, and, as
the tumor enlarges, necrosis becomes a common feature. It is
critical for the pathologist to examine and liberally section the
site of tumor carefully since the probability of survival is
markedly different for women whose tumors are confined to
the mucosa compared with those whose tumors either invade
the muscular wall or extend to the serosa of the tube (201).
Capillary or lymphatic vascular invasion is common even in

782 Section III: Disease Sites

FIGURE 25.23. Carcinoma of the fallopian tube. 
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early-stage disease, and has also been associated with a dimin-
ished probability of survival (200).

Endometroid carcinomas involving the fallopian tube are
more common than previously reported, and over 50 cases have
been documented in the literature (204). They are formed of
tubular glands, sometimes with foci of either benign or malig-
nant-appearing squamous differentiation (189,191,205). In at
least one case, the tumor arose in tubal endometriosis. The
tumor usually resembles typical adenocarcinoma of the
endometrium, but it may simulate female adnexal tumors of
probable wolffian origin (195,206,207). It may be distin-
guished from the latter by the greater degree of cytologic atypia,
mitotic activity, and at least focal endometrial-type gland for-
mation (206,208). Many of the endometrioid carcinomas are
either noninvasive or only superficially invasive, and appear to
have a more favorable prognosis than serous carcinomas.

Transitional cell carcinomas resemble tumors of urothelial
type, with papillae formed of broad masses of cells covering a
fibrovascular core (189,204–210). These papillae are distin-
guished from those of serous carcinomas by having a smooth
surface rather than the scalloped surface of serous carcinoma,
and by the presence of longitudinal grooves in the nuclei of
some cells. This was the predominant histologic pattern in 12 of
21 primary tubal carcinomas from Japan (210), but represented
only about 10% of cases in a large series from the United 

States (189). The survival has been reported to be either better
than or similar to that of serous carcinoma (201,210). 

Too few cases of clear cell, undifferentiated, or mixed types
of carcinoma have been reported to characterize their behavior.

The histologic grade of fallopian tube carcinoma is usually
simply designated as well, moderately, or poorly differentiated.
In contrast to the depth of invasion, the degree of histologic dif-
ferentiation has generally not been related to prognosis
(192,193,196,198,200,211), although a few series have demon-
strated a better probability of survival when the tumor was well
differentiated (177). It is unclear whether this inability to prog-
nosticate reflects the lack of biologic importance of histologic
grade or simply the absence of reproducible criteria for grading.

No distinctive immunohistochemical markers of fallopian
tube differentiation exist. Carcinoembryonic antigen is widely
distributed in the lower intestinal tract during embryonic devel-
opment and is present in mucinous neoplasms of the cervix and
ovary, but it is absent from the postnatal normal or neoplastic
fallopian tube. CA-125 can be detected immunohistochemically
in both the benign and malignant fallopian tube (211,212);
however, it is also found in endometrial and ovarian serous car-
cinomas, and thus cannot help the pathologist to discriminate
whether a carcinoma has arisen in the fallopian tube or ovary.

The data are insufficient to offer conclusions about the fre-
quency or significance of oncogene overexpression in fallopian
tube carcinoma. In one study of HER2/neu using a quantitative
polymerase chain reaction assay, no tumors displayed amplifi-
cation of the oncogene (213). The frequency of HER2/neu over-
expression has varied from 26% to 89%, whereas that of p53
has ranged from 60% to 83% (202,214). In contrast to ovarian
carcinoma, their overexpression in fallopian tube carcinoma
has not been associated with a worsened prognosis. Immuno-
histochemical overexpression of c-myc has also been reported
in 61% of cases in one study (214). K-RAS point mutations in
codon 12 have been reported to be present in seven of eight car-
cinomas of the fallopian tube (215). 

Estrogen receptors have been identified in the nuclei of fal-
lopian tube epithelium and in a minority of fallopian tube car-
cinomas (216,217); however, no data on the relationship
between the presence of estrogen receptors and response to
hormonal therapy for fallopian tube cancer exist.

Rare Malignant Neoplasms of the Fallopian Tube

Most types of tumors found in the uterine corpus have also
been reported to occur in the fallopian tube. About 50 cases of
malignant mixed mesodermal tumors have been described
(215,218–221). The average age at diagnosis is 58 years. The
lesions grossly resemble those of fallopian tube carcinoma, with
a dilated tube that contains an intraluminal papillary mass.
However, in addition to a carcinoma arranged as glands or
papillae, there is also a malignant stromal component. The
tumors are further divided into homologous or heterologous
types according to the absence or presence of differentiation
of the stromal elements into cell types not normally found
within the müllerian duct system, such as skeletal muscle or
cartilage. The overall 5-year survival is about 15%, with a mean
survival of about 17 months. The presence or absence of heterol-
ogous elements has not been related to outcome. A single posi-
tive observation is the markedly better probability of survival
for women with tumors confined to the muscularis (220). 

Three examples of primary squamous cell carcinoma
(222), immature teratoma (223), glassy cell carcinoma (224),
Wilms’ tumor, and rare pure sarcomas, including leiomyosar-
coma, angiosarcoma, malignant fibrous histiocytoma, stromal
sarcoma, and fibrosarcoma, have been reported to occur in
the fallopian tube (225–229). Other pure squamous carcino-
mas in the fallopian tube have been generally described as part
of an extended in situ transformation that involves uterine
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FIGURE 25.24. Hyperplasia of the fallopian tube. Pseudostratification
of cells and crowding of nuclei discovered as an incidental finding in
a fallopian tube removed from a 49-year-old female with stress
incontinence. 

FIGURE 25.25. Multifocal neoplasia involving the fallopian tube.
Papillary carcinoma of low malignant potential is depicted on the
serosa of the fallopian tube, whereas psammoma bodies are noted in
the lumen.
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cervix and corpus, frequently associated with cervical stenosis
(see section Multifocal Carcinoma of the Müllerian System,
Including the Fallopian Tubes below).

Serous, mucinous, and endometrioid tumors of low malig-
nant potential occasionally occur in the fallopian tube
(194,230–232). Their biologic behavior appears to mimic that
of low malignant tumors of the ovary.

About 100 cases of gestational choriocarcinoma arising in
an ectopic tubal pregnancy have been reported (233). It dis-
plays pathologic and biologic characteristics identical to those
of uterine choriocarcinoma (233,234). Nongestational chorio-
carcinoma of the fallopian tube has been reported in a prepu-
bertal girl.

Papillary carcinoma of the tube typically occurs in
menopausal women; however, in a handful of cases, it
occurred in adolescent females or was discovered during preg-
nancy or at postpartum tubal ligation (224,235–237).

The precise, but awkward, appellation “female adnexal
tumors of probable wolffian origin” has been given by Young
and Scully to a rare neoplasm identified along the serosal sur-
face of the distal portion of the fallopian tube or within the
broad ligament or ovary (238). About 20 such tumors have
been reported in women between 28 and 79 years of age.
These tumors are typically unilateral, lobulated, grossly
encapsulated, solid, or partially cystic masses that measure
from 1 to 20 cm in diameter. A variety of microscopic patterns
have been described, including cystic, closely packed tubules,
sieve-like spaces, or diffuse proliferation. Usually, the cells
have bland, oval nuclei and little mitotic activity. It is these
cytologic features that help distinguish them from mesothe-
liomas or common epithelial malignancies. Intracytoplasmic
mucin is absent. Although the majority of the tumors behave
in a benign fashion, the presence of nuclear pleomorphism
and, especially, increased mitotic activity (�10 mitoses per ten
HPF) has been associated with more aggressive behavior.

Distinction of Fallopian Tube Carcinoma 
From Ovarian Carcinoma

Because the gross and microscopic characteristics, as well as
spread, of carcinoma of the fallopian tube is identical to those
of the ovary, the determination of the site of origin of a tumor
that forms a solid or cystic tubo-ovarian mass is arbitrary. In
the past, some investigators have quite reasonably designated
such tumors as tubo-ovarian carcinoma (205). Hu et al., in
1950, proposed criteria for differentiating primary from
metastatic carcinoma that involves the fallopian tube. These cri-
teria, slightly modified, are outlined in Table 25.5 (239). Many
tumors of probable tubal origin fail to meet these stringent cri-
teria, and the fault with this approach is the possibility that the
incidence of fallopian tube carcinoma is greatly underestimated.
This may simply reflect the rigidity of our definitions.
Carcinomas that occur in a scarred tube or those that provoke

an inflammatory response with fibrosis are likely to form local-
ized masses that we classify as primary to the fallopian tube. In
contrast, early dissemination of cells from carcinomas arising in
the mucosa of the fimbriated end of a fallopian tube that is not
sealed may result in a mass that is larger in the ovary or the
peritoneum than in the fallopian tube. By convention, these car-
cinomas would be classified as primary ovarian or primary
peritoneal carcinomas, although the neoplasm may have had an
origin in the tube. The recent studies of Crum et al. suggest that
this may be a very frequent occurrence, and the fallopian tube
may actually be the source of many high-grade serous carcino-
mas that are considered as primary to the ovary (239a).

Hyperplasia and Preinvasive Carcinoma 
of the Fallopian Tube

The sequence of histologic changes that precedes the develop-
ment of invasive adenocarcinoma of the fallopian tube has not
been well described. Proliferation of the pseudostratified
columnar cells in the absence of marked cytologic atypia or
mitotic activity is referred to as epithelial hyperplasia (Fig.
25.24). The degree of proliferation varies and may result in a
multilayered epithelium with focal tufting and, rarely, a cribri-
form pattern of cells. Tubal hyperplasia is more commonly
observed as an incidental finding in patients with salpingitis
(particularly tuberculous salpingitis), endogenous or exoge-
nous estrogen stimulation, or serous ovarian tumors of low
malignant potential (239–240). Moore and Enterline (241)
prospectively sectioned entire oviducts from 124 nonselected
hysterectomies and found hyperplasia in 19% of women, fre-
quently as a focal lesion. The significance of hyperplasia is
thus unknown, but the pathologist should be cautious not to
overinterpret proliferative lesions as intraepithelial carcinoma.

In a very recent series of studies using serial sectioning of
fallopian tubes from a variety of conditions, Crum et al. have
suggested that mutations in the p53 tumor suppressor gene,
either as an isolated finding or in association with cytologic
atypia and increased proliferation, may serve to identify a
molecular signature of various precursors of tubal carcinoma.

Preinvasive carcinoma (dysplasia, carcinoma in situ) of the
fallopian tube was rarely reported prior to the practice of
RRSO for women with BRCA mutations (241,242). In con-
trast to hyperplasia, the diagnosis of carcinoma in situ
requires the presence of marked cytologic atypia. The prolifer-
ation usually results in the formation of multilayered epithe-
lium composed of cells with large, pleomorphic nuclei, often
prominent nucleoli, and interspersed mitotic activity. The evi-
dence that supports the designation of lesions as carcinoma 
in situ is their frequent occurrence in the transition between nor-
mal tubal epithelium and invasive carcinoma and their presence
as part of multifocal in situ and early invasive neoplasia that
involves the fallopian tube and ovary (242). In situ carcinoma of
the fallopian tube is one of the most common findings in grossly
normal ovaries and fallopian tubes removed for cancer risk
reduction in women with BRCA mutations (67,203,243–245)
(see The Pathologic Examination of Risk-Reducing Salpingo-
oophorectomy Specimens).

Chronic inflammation commonly coexists in fallopian
tubes that contain carcinoma (201,246); this fact has resulted
in speculation that acute and chronic salpingitis is a cause of
fallopian tube cancer. However, it is more likely that inflamma-
tion is a response to the presence of the neoplasm coupled with
obstruction of the fallopian tube rather than a carcinogenic
factor. First, although acute salpingitis is usually a bilateral dis-
ease, the tube contralateral to the one that contains the carci-
noma is frequently free of salpingitis. Second, fallopian tube
carcinoma is a disease of postmenopausal women, a group
with a low incidence of tubal infection. Nevertheless, in a
pathologically based case-control study of the nonneoplastic
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CRITERIA FOR PATHOLOGIC DIAGNOSIS OF
PRIMARY FALLOPIAN TUBE CARCINOMA 

TA B L E  2 5 . 5

1. The main tumor is in the tube and arises from the 
endosalpinx.

2. The pattern histologically reproduces the epithelium of
the mucosa and usually shows a papillary pattern.

3. If the wall is involved, the transition between benign and 
malignanat tubal epithelium should be demonstrable.

4. The ovaries and endometrium are either normal or contain
less tumor than the tubes.
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contralateral tube from 14 women with fallopian tube carci-
noma, changes significantly more common included luminal
dilatation, plical atrophy, and chronic inflammation, which are
all changes consistent with chronic, healed salpingitis (247). 

In contrast to chronic salpingitis, the relationship between
tuberculous salpingitis and carcinoma is more complex. More
than two dozen cases of carcinoma arising in the tube affected
by tuberculosis have been reported (248). Although some of
the examples are well documented, with evidence of metasta-
tic spread occasionally, there is some concern that not all of
the cases truly represent coexisting invasive neoplasia. The
diagnosis of invasive carcinoma should be made cautiously in
the fallopian tube afflicted with tuberculosis and should be
reserved for cases in which infiltration of the muscularis with
a desmoplastic host response is obvious.

Cytology in Diagnosis of Fallopian Tube Carcinoma

Although exfoliative cervicovaginal cytology has been
reported to be positive in as many as 40% to 60% of women
with tubal carcinoma (200,239,249), in most series, abnormal
Papanicolaou (Pap) smears were distinctly uncommon (0% to
18%) (193,250,251). When present, the neoplastic cells are
indistinguishable from those shed from endometrial adenocar-
cinoma, although several features may suggest that the tumor
has arisen in the tube rather than the uterus. The malignant
cells are scant in number and degenerate; malignant cells often
present a spherical or papillary configuration; and the back-
ground is free of cellular debris (tumor diathesis) (252).

Because occult spread of tubal carcinoma outside the pelvis
with serosal seeding occurs frequently, cytologic examination
of peritoneal washings has been recommended (253). The
presence of ascites or positive peritoneal cytology correlates
well with an advanced stage of disease (252,254). A signifi-
cantly worse prognosis has been reported for patients with
exfoliated malignant cells in the peritoneum. In one study, the
5-year survival was 67% when the cytologic findings were
negative but only 20% when malignant cells were present
(241). Peritoneal fluid or washings should routinely be
obtained at surgery for cytologic examination.

Multifocal Carcinoma of the Müllerian System,
Including the Fallopian Tube

Multifocal carcinomas that involve the fallopian tube can be
divided into three patterns: synchronously detected multifocal
neoplasia within the fallopian tubes; multifocal neoplasia that
involves various genital organs, including the fallopian tube;
and direct spread of carcinoma (frequently intraepithelial)
along the mucosa of the cervix and endometrium to involve
the fallopian tube.

About 20% of patients with fallopian tube carcinoma have
bilateral involvement. Although many specimens display a dis-
tinct site of mucosal tumor in each tube, it is unclear what per-
centage of patients reported to have bilateral disease actually
have two, synchronously detected primary tubal neoplasms
rather than metastasis from the contralateral tube (255).
Unfortunately, most series do not include sufficient informa-
tion to resolve this issue.

Multifocal carcinoma of the upper genital tract, including
the fallopian tube, is relatively common (256,257).
Sometimes, multiple papillary serous carcinomas are found in
the ovary and on the serosa or in the lumen of the fallopian
tube. These findings may reflect neoplastic transformation of
the common embryologic field, which includes the coelomic
epithelium that covers the ovary, fallopian tube, and other
pelvic peritoneum (Fig. 25.25). At other times, endometrioid
carcinomas are present in the endometrium, in the ovary, and
in the mucosa of the tube. The frequent presence of
endometriosis in these patients has led to the suggestion that it

is the site of multifocal neoplastic transformation (257).
Multifocal neoplasia may be even more common than gener-
ally noted. In one series of 133 women with serous ovarian
carcinoma, carcinoma in situ or early invasive carcinoma of
the serially embedded fallopian tube was found in 4. The
lesions were often focal, and none was grossly detected (155). 

However, it is sometimes difficult to distinguish multiple pri-
mary neoplasms that arise in the fallopian tube and ovary or
endometrium from endometrial or ovarian carcinoma metasta-
tic to the tubal mucosa. For example, retrograde reflux of aggre-
gates of neoplastic cells into the lumen of the fallopian tube may
be observed in the hysterectomy specimen resected for endome-
trial adenocarcinoma (258). Occasionally, these refluxed tumor
cells may implant and grow in the tubal mucosa since tumor
types rarely observed primarily in the tube (such as clear cell car-
cinoma or endometrioid carcinoma) coexist with endometrial
carcinomas of these types. Direct spread of carcinoma in situ or
invasive squamous carcinoma of the cervix along the mucosa of
the endometrium and into the fallopian tubes has been occasion-
ally reported (221). This extensive surface growth of malignant
cells may reflect either horizontal spread with displacement of
glandular epithelium by neoplasm or concurrent squamous
metaplasia and neoplastic transformation in the cervix,
endometrium, and fallopian tube. In view of the rarity of pri-
mary squamous carcinoma of the fallopian tube, the first
hypothesis seems much more plausible.

Carcinoma Metastatic to the Fallopian Tube

The most common carcinoma that involves the fallopian tube
is metastatic, generally from another site in the female genital
tract. Carcinoma of the ovary is particularly likely to spread to
the fallopian tube and may be found in up to half of patients
with ovarian cancer (199,259). Metastasis to the fallopian tube
is reported to occur in 12% of patients with uterine corpus car-
cinoma and 4% of patients with cervical carcinomas (260).
Although the tubal mucosa or muscular wall may be affected,
primary involvement of the serosa is typical of ovarian carci-
noma. Lymphatic or vascular space involvement is frequently
identified in tumors metastatic from the uterus, and the entire
wall of the fallopian tube may be permeated by tumor (260).
Isolated examples of breast and bladder carcinoma metastatic
to the fallopian tube have also been reported (261,262). 

Endometrial stromal sarcomas, leiomyosarcomas, and
malignant mixed mesodermal tumors that arise in the uterine
corpus may invade directly into the adnexa and secondarily
involve the fallopian tube. Lymphoma and leukemia also may
spread to the fallopian tubes but usually do so as part of wide-
spread organ involvement.

Lesions That Mimic Primary Carcinoma 
of the Fallopian Tube

The difficulty in distinguishing primary carcinoma of the fal-
lopian tube from metastatic tumor has been addressed. In addi-
tion, several conditions, both neoplastic and nonneoplastic,
may be confused with fallopian tube carcinoma (263–265).

Salpingitis isthmica nodosa is the term given to a localized
diverticulosis of the isthmic portion of the fallopian tube. The
gross appearance, when visible, is of a firm, nodular expan-
sion of the isthmus, with a diameter of less than 2 cm.
Microscopically, a complex proliferation of branching glandu-
lar arrays is seen extending from the lumen to deep within the
muscular wall (Fig. 25.26), often associated with hypertrophy
of the muscularis. In spite of this architectural abnormality
with pseudoinvasion, no cytologic atypia occurs, and the nor-
mal epithelial cell types of the fallopian tube mucosa may be
readily identified.

Adenomatoid tumors represent benign mesotheliomas,
which may occur along the serosa or deep muscularis of the
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fallopian tube (Fig. 25.27). They are usually small (1 to 2 cm
in diameter) nodular masses, formed of multiple, spherical, or
slit-like channels lined by an attenuated layer of cells. The
absence of cytologic atypia or significant mitotic activity per-
mits the distinction from carcinoma. Immunohistochemical
and ultrastructural studies provide convincing evidence of
mesothelial cell differentiation for these lesions.

Metaplastic papillary tumor of the fallopian tube is a rare,
incidental finding in pregnant or postpartum women. Focal,
noncircumferential replacement of normal mucosa is accom-
plished by small papillae covered with large epithelial cells
with abundant eosinophilic cytoplasm. Mitotic activity, severe
cytologic atypia, and invasion are not seen. The behavior of
these lesions is benign (266). 

Natural History and Patterns of Spread

Ovarian carcinomas are distinctive by virtue of their propen-
sity to exfoliate malignant cells into the peritoneal cavity.
There the cells follow the normal circulation of peritoneal
fluid up the right paracolic gutter and to the undersurface of
the right hemidiaphragm, where they may implant and grow
as surface nodules. The omentum is also a frequent site of
involvement, and, indeed, all intraperitoneal surfaces are at
risk. Such exfoliation and implantation are one of two pri-
mary modes of spread of ovarian cancer. The other is via the

retroperitoneal lymphatics that drain the ovary. These follow
the ovarian blood supply in the infundibulopelvic ligament to
terminate in lymph nodes lying along the aorta and vena cava
up to the level of the renal vessels. Lymph channels also pass
laterally through the broad ligament and parametrial channels
to terminate in the pelvic sidewall lymphatics, including the
external iliac, obturator, and hypogastric chains (267). Spread
may also occur along the course of the round ligament, result-
ing in involvement of the inguinal lymphatics. Lymph node
metastases are correlated with the stage of disease, and
retroperitoneal node involvement has been found in the
majority of advanced ovarian cancer cases (268).

The initial spread of ovarian cancer, by both the intraperi-
toneal and lymphatic routes, is clinically occult. As many as
30% of women with ovarian cancer that grossly appears to be
confined to one or both ovaries have widespread disease. The
extent of their disease can be detected only by histologic exam-
ination of visually normal tissues sampled during careful surgi-
cal staging (269). It has been estimated that approximately
10% of patients with apparently localized ovarian cancer that
appears to be confined to the ovaries will have metastases to
the aortic nodes (269). Many patients with apparently local-
ized disease will also have occult disease in peritoneal washings
or in biopsies of the diaphragm and omentum (Table 25.6).

Fallopian Tube: Patterns of Spread 
and Prognostic Factors

The spread of fallopian tube carcinoma is identical to that of
the ovary, with frequent involvement of the peritoneum,
omentum, bowel, and ovaries (192,239,270–272). In some
series, half or more of all recurrences presented outside the
peritoneal cavity, most often in the liver, lungs, and pleura, as
well as in the vagina, kidney, brain, cervix, and skin. Although
some investigators have reported that lymphatic spread is
uncommon, this finding in part may have reflected a tendency
not to perform lymph node dissections (201,239). The princi-
pal lymphatic drainage of the fallopian tube appears to be via
the para-aortic lymph nodes. Pelvic or para-aortic lymph node
involvement has been identified in 10% to 30% of patients at
initial operation (253), in about one third of women with
recurrent disease (273), and in 75% (9 of 12) of patients at
autopsy (253). As previously stated, the presence of capillary
or lymphatic space involvement in early tubal carcinoma has
been associated with diminished probability of survival at 5
years compared with patients in whom vascular invasion is
not identified (29% vs. 83%) (241).
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FIGURE 25.26. Salpingitis isthmica nodosa. In this cross section of the
fallopian tube, the luminal mucosa (L) appears unremarkable. 

FIGURE 25.27. Adenomatoid tumor. An eccentrically located sub-
serosal mass is present in the fallopian tube.

SUBCLINICAL METASTASES IN APPARENT EARLY
OVARIAN CANCER

TA B L E  2 5 . 6

No. of patients Total 
Site with involvement patients % involved

Diaphragm 17 223 7.6
Omentum 21 294 7.1
Cytology 13 69 18.8
Peritoneal 6 61 9.8
Pelvic nodes 18 202 8.9
Aortic nodes 35 285 12.3

Source: Modified with permission from Moore DH. Primary surgical
management of early epithelial ovarian carcinoma. In: Rubin SC,
Sutton GP, eds. Ovarian Cancer. New York: McGraw-Hill; 1993.
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Transcoelomic spread of tumor is an important mode of
spread of fallopian tube carcinoma (196). Initially, exfoliation
of neoplastic cells from the distal fimbriated end of the tube has
been suggested as the mechanism by which this occurred (239).
It is difficult to reconcile this theory with the typical gross
appearance of a dilated tube with a sealed distal tubal ostium
(201). Schiller and Silverberg (201), in a retrospective review of
76 published cases of fallopian tube carcinoma, documented
the important relationship between the depth of invasion by
tumor and survival. A crude 5-year survival of 91% was found
for intramucosal lesions, 53% for tumors with mucosal wall
invasion, and 25% or less for cases in which the tumors pene-
trated the tubal serosa. Using these data, they proposed a stag-
ing system for fallopian tube carcinoma based in part on the
depth of invasion. Very similar 5-year survival rates by stage
were recently reported in a study of 151 patients treated at the
Norwegian Radium Hospital (190). In a univariate analysis of
survival, the stage, presence of residual disease, ascites, depth of
tubal invasion, a hydrosalpinx-like appearance, age, and vascu-
lar invasion were all of statistical significance. However, several
of these factors, such as depth of invasion and vascular space
invasion, are interrelated. When subjected to a multivariate
analysis, residual disease, stage, and a hydrosalpinx-like
appearance retained strong statistical significance (190). In a
subgroup analysis of 41 patients with stage I disease, depth of
invasion and intraoperative tumor rupture were independent
prognosticators. A study by Peters et al. (274) confirmed the
importance of depth of invasion in predicting survival. Thus,
the pathologist who examines a fallopian tube that contains
carcinoma is recommended to provide information on the
depth of invasion, the presence of lymphatic or capillary space
involvement, and the degree of histologic differentiation.

DIAGNOSIS AND CLINICAL
EVALUATION

Approximately 75% to 85% of patients with epithelial ovarian
cancer are diagnosed at the time when their disease has spread
throughout the peritoneal cavity. Several organizations, includ-
ing the Gynecologic Cancer Foundation, the Society of
Gynecologic Oncologists, and the American Cancer Society,
released a consensus statement on the symptoms of ovarian
cancer in June 2007. It urges women to seek medical attention
if they have new and persistent symptoms of bloating, pelvic or
abdominal pain, difficulty eating, or early satiety, or urinary
urgency or frequency. These symptoms were found to be much
more likely to occur in women with ovarian cancer than in the
general population. Such symptoms are, however, vague and
associated with many other conditions. However, they have
been reported to be more recent and of greater severity and fre-
quency in women with the disease than in women without
(275). Fatigue, indigestion, back pain, pain with intercourse,
constipation, and menstrual irregularities were also noted by
ovarian cancer patients, but were equally common in the gen-
eral population. There is, however, no evidence that detection
based on these factors will shift diagnosis early enough to
affect mortality. 

The diagnosis of early-stage ovarian cancer (when the
tumor is still confined to the pelvis) usually occurs by palpa-
tion of an asymptomatic adnexal mass during a routine pelvic
examination. However, the vast majority of palpable adnexal
masses are not malignant and, in premenopausal women,
ovarian cancer represents less than 5% of adnexal neoplasms.
In these women, the ovarian enlargement is usually due to
either follicular or corpus luteum cysts. The vast majority of
these functional cysts will regress in one to three menstrual
cycles and, consequently, the initial approach to management

for a palpable adnexal mass less than 8 cm in size in a pre-
menopausal woman is to repeat the pelvic examination and
imaging studies in 1 to 2 months.

In contrast, an adnexal mass in a premenarchal or post-
menopausal woman, particularly when complex, has a higher
likelihood of being a malignant tumor, and surgical explo-
ration is usually indicated.

Ultrasonography is frequently used to aid in the evaluation
of adnexal pelvic masses. Features that are more frequently
associated with malignancy include irregular borders, multiple
echogenic patterns due to the presence of solid elements with
prominent papillary projections, dense multiple irregular
septa, and bilateral tumors. Other radiographic techniques,
including computed tomography (CT) scans and magnetic res-
onance imaging (MRI), are not routinely necessary for preop-
erative evaluation of ovarian cancer but may provide useful
information. The CT scan may provide additional evidence of
the exact size of liver and pulmonary nodules, as well as
abdominal and pelvic masses, which can be used to monitor
the response of therapy. CT scans are also currently used to
evaluate para-aortic and pelvic adenopathy.

Positron emission tomography (PET) utilizes a differential in
metabolic activity between benign and malignant cells using the
radiopharmaceutical 2-[18F]fluoro-2-deoxy-D-glucose (18FDG).
Some studies have suggested that PET/CT imaging is useful in
the differential diagnosis of ovarian cancer (276), and it may
have a role in detecting residual or recurrent disease (277). 

The use of other radiographic studies is dependent upon the
results of the initial physical examination and the presence of
patient symptoms. Brain scans and bone scans are unnecessary
unless suggested by the patient’s symptoms; metastases to these
sites are extremely uncommon, particularly at the time of diag-
nosis. Barium studies of the gastrointestinal tract are not rou-
tinely indicated in premenopausal women unless there is occult
blood in the rectum or symptoms to suggest intestinal obstruc-
tion. In postmenopausal women, in whom there is a higher like-
lihood that colorectal carcinoma is producing symptoms similar
to those which can be observed with ovarian cancer, barium
enema and proctoscopy may be useful in the differential diag-
nosis. Because of the association of ovarian cancer with breast
cancer and because metastatic breast cancer can produce intra-
abdominal carcinomatosis as well, mammography is often per-
formed to exclude the presence of primary breast cancer. A Pap
smear should be obtained, although ovarian cancer cells are
unlikely to exfoliate through the uterus to the cervix, and their
presence is associated with advanced stage.

The preoperative evaluation of patients with suspected
ovarian carcinoma should include a determination of the
serum CA-125 level. CA-125 has proven to be the most useful,
currently available marker for epithelial ovarian cancer, pri-
marily because of its utility in monitoring the results of ther-
apy. CA-125 determinants are glycoproteins, with molecular
weights from 220 to �1,000 kD. OC-125 is a murine mono-
clonal antibody that recognizes the antigenic determinants of
CA-125. A double-determinant immunoradiometric assay has
been developed against these CA-125 determinants. It has been
demonstrated that �1% of normal nonpregnant women have
serum CA-125 levels �35 U/mL. In contrast, 80% to 85% of
patients with epithelial ovarian cancer have elevated serum lev-
els (278). The serous histologic subset of epithelial ovarian
cancer has the highest incidence of elevated CA-125 levels
(�85%), whereas mucinous tumors are associated with a low
incidence of abnormally elevated serum CA-125 levels.

In postmenopausal women with asymptomatic pelvic
masses, an elevated serum CA-125 (�65 U/mL) had a sensitiv-
ity of 97% and a specificity of 78% for ovarian cancer (279).
In contrast, in premenopausal women, there is a higher preva-
lence of nonmalignant conditions that can produce elevated
serum CA-125 levels (e.g., pregnancy, endometriosis, uterine
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fibroids, and pelvic inflammatory disease). In postmenopausal
women with an adnexal mass, an elevated CA-125 level indi-
cates the need for prompt surgical exploration, whereas in
premenopausal women, additional noninvasive studies as
described above are indicated.

SCREENING
No reliable procedures are currently available for the early
detection of ovarian cancer. Available potential screening
techniques have included pelvic examination (ovarian palpation),
ultrasound examinations, CA-125 and other tumor markers,
and combined modality approaches. Criteria have been
established for useful screening tests (280). Besides being
accurate, a screening test should be inexpensive, safe, simple,
and tolerable. Successful screening should result in a decrease
in site-specific morbidity and mortality from a disease. The
usefulness of a test can be assessed by measures of sensitivity,
specificity, and positive predictive value. The sensitivity refers
to the probability of a positive test when the disease is present,
whereas the specificity represents the probability that the test
will be negative in the absence of the disease and is a measure
of the false-positive rate. The positive predictive value repre-
sents the number of diagnostic procedures (i.e., laparotomies)
performed in women who do not have the disease for each
woman who has ovarian cancer. Mathematically: sensitivity �
true positives/(true positives false negatives); specificity � true
negatives/(true negatives false positives); positive predictive
value � true positives/(true positives false positives).

What constitutes an acceptable positive predictive value for
ovarian cancer has not been agreed upon, although some
investigators feel that 10% is the minimum level (281). The
positive predictive value varies with the incidence of the dis-
ease and, consequently, will be markedly affected by the pop-
ulation screened (Fig. 25.28). Assuming 100% sensitivity, a
test will have to have a specificity of 99.6% and 90.0% for
screening all women over 45 years of age and BRCA1 mutant
gene carriers, respectively, to achieve a 10% positive predic-
tive value.

Pelvic Examinations

The detection of an asymptomatic pelvic mass on routine physi-
cal examination may identify an ovarian carcinoma before
abdominal dissemination, but there are no data on the frequency
with which ovarian cancer is detected in asymptomatic women
on the basis of an annual pelvic examination. Furthermore,
there is no evidence that ovarian cancer detected in asympto-
matic women on the basis of an abnormal pelvic examination
alters morbidity or mortality. Thus, although frequent pelvic
examination continues to be a common recommendation for
women past the age of 40 years, its benefit as a screening proce-
dure for ovarian cancer has not been established.

Ultrasonography

Transabdominal ultrasonography is a screening procedure that
is easy to perform, has a good patient acceptability, and is
essentially free of complications. However, ultrasonography is
not sufficiently specific for use as a routine screening procedure.
In a prospective study of 5,479 self-referred asymptomatic
women undergoing annual transabdominal ultrasonography at
King’s College Hospital in London (282), five patients with pri-
mary ovarian cancer (three with LMP tumors) were identified
from a total of 15,977 scans, of which 338 (2.3%) were initially
abnormal. Of note, 326 laparotomies were performed to diag-
nose these five cases. An additional four patients were found to
have metastatic ovarian cancer. Although the apparent detec-
tion rate was 100%, the false-positive rate was 2.3%, and the
specificity was 97.7%. The odds that an abnormal transabdom-
inal ultrasound indicated the presence of primary ovarian can-
cer were 1 in 67.

Transvaginal sonography has been proposed as a more spe-
cific alternative to abdominal sonography as a screening test
(283,284) because of increased resolution capable of detecting
minimal morphologic changes in the ovary. Transvaginal ultra-
sonography also does not require any patient preparation. 
At the University of Kentucky, 3,220 asymptomatic post-
menopausal women were so screened (283,284). Surgery was
performed in 44 women with ovarian abnormalities, with the
following findings: two stage I ovarian cancers (one granulosa
cell and one epithelial carcinoma); one stage IIIB ovarian cancer;
and 41 benign pathologies, including 21 serous cystadenomas.
Thus, the sensitivity was 100%, specificity 98.7%, and positive
predictive value 6.7% (i.e., 15 laparotomies were needed to find
one ovarian cancer). These investigators have proposed that
removal of cystadenomas may also decrease the risk of ovarian
cancer since, based upon their histologic review, they feel that
such tumors may be precursors of invasive epithelial cancers.

Transvaginal ultrasonography has been combined with
Doppler flow studies (285,286) in an effort further to improve
the accuracy of sonography and reduce the unacceptably high
rate of false-positive results that currently have been reported
with ultrasonography alone. Such a procedure detects intra-
ovarian vascular changes, which principally are neovasculariza-
tion and changes in impedance of blood flow that may help 
discriminate benign from malignant tumors. Initial results have
demonstrated that morphologically normal ovaries show no
neovascularization. Similarly, benign masses lacked neovascu-
larization and had a pulsatility index markedly different from
invasive ovarian cancers (even early-stage disease), which had
clear evidence of neovascularization and marked differences in
pulsatility index. Unfortunately, Doppler technology did not
improve diagnostic accuracy when the transvaginal sonogram
assessed both tumor volume and wall structure (morphology
index [MI]) (286). Four hundred forty-two ovarian tumors
were assigned a score of 0 to 10 based on increasing volume
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of screening tests to achieve a positive predictive value (PPV) of 10%.
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and morphologic complexity. Doppler flow studies were
performed on 371 of these tumors. Only one malignancy was
found in 315 tumors with an MI less than 5, whereas there were
52 malignancies in 127 tumors with an MI � 5. The positive pre-
dictive value was 0.409. The addition of Doppler flow indices to
MI did not improve the accuracy of predicting malignancy.

CA-125 Screening

Approximately one half of women with stage I and stage II
ovarian cancer have serum CA-125 levels �65 U/mL (287). In a
group of 915 Roman Catholic nuns, when the upper limit of
normal for CA-125 was raised to 65 U/mL, only 0.5% of
women past the age of 50 years had elevated tests (288). As pre-
viously noted, false-positive test results have been reported in a
number of nonmalignant gynecologic conditions, such as peri-
tonitis, pancreatitis, renal failure, and alcoholic hepatitis.
Owing to the high false-positive rate relative to the low inci-
dence of epithelial ovarian cancer, a single CA-125 assay is not
useful in detecting early-stage disease. In a large study from
Sweden, serum CA-125 levels were measured annually in 5,550
women over the age of 40 years (289). In women who had 
CA-125 levels �30 U/mL, surveillance was undertaken with
sequential CA-125 levels every 3 months, and pelvic examina-
tions and transabdominal ultrasounds were performed every 
6 months. If the CA-125 doubled or was �95 U/mL at the time
of screening, or if an adnexal mass was detected by either ultra-
sound or pelvic examination, the patients underwent a laparo-
tomy. One hundred seventy-five women were found to have
elevated CA-125 levels, and six ovarian cancers were detected
clinically or sonographically (two stage IA, two stage IIB, and
two stage III). Three women with normal CA-125 levels devel-
oped ovarian cancer. For women less than 50 years old, a 
CA-125 value �35 U/mL had a specificity of 97% compared
to 99% for women more than 50 years of age. Specificity was
increased to 99.8% for both groups if the serum CA-125 level
was set at 95 U/mL.

It is hoped that sequential measurements of CA-125 levels
over a period of time can lead to substantial improvement of
screening programs. The risk of ovarian cancer algorithm
(ROCA) calculates the risk of ovarian cancer for an individual
comparing each individual serial CA-125 level to the pattern
in known cases of ovarian cancer and controls. The result is
presented as the individual’s estimated risk of having ovarian
cancer during the year following the test. Currently, ROCA is
being evaluated in a large United Kingdom screening trial as
well as in a small pilot study of 2,400 high-risk women in the
United States. Preliminary results of the U.S. pilot trial, in
which CA-125 was measured every 3 months, suggested that
among 2,343 women enrolled between 2001 and 2006, nine
cancers were detected. Three were prevalent (found at first
screen, one early and two late stage), three had not yet been
found by screening and were incidentally found at the time of
prophylactic salpingo-oophorectomy, and three were found as
a result of screening, two early and one late stage (290). Full
publication is awaited, but the early results do not suggest that
even intensive CA-125 screening in high-risk women will
catch all ovarian cancers at an early stage.

Multimodal Screening

The NCI-sponsored Prostate, Lung, Colorectal, and Ovarian
(PLCO) Cancer Screening Trial enrolled over 74,000 women
aged 55 to 74 from 1993 through 2000 at ten screening sites
throughout the United States. Women were randomly assigned
to either the intervention arm, which included baseline mea-
surements of CA-125 levels and transvaginal ultrasonography

followed by annual CA-125 readings for 5 years and transvagi-
nal ultrasounds (TVUs) for 3 years, or an observation arm.
Baseline screening in the 28,816 women randomized to screen-
ing who received at least one test detected 29 neoplasms (26
ovarian, 2 fallopian, and 1 primary peritoneal) (291). Nine
were of low malignant potential. Only two of the invasive can-
cers were stage I; one of these was a granulosa cell tumor. Five
hundred seventy surgical procedures, including 325 laparo-
tomies, were performed. The authors calculated the positive
predictive value for invasive cancer of an abnormal CA-125 as
3.7%, of an abnormal transvaginal ultrasound as 1.0%, and of
having both tests abnormal as 23.5%. However, if only sub-
jects in whom both tests were abnormal had been evaluated,
12 of the 20 invasive cancers would have been missed.
Participants will be followed for a minimum of 13 years. A
large English study examined a single screening with the
sequential continuation of serum CA-125 and ultrasonography
in 22,000 volunteers without a family history of ovarian can-
cer (292). If the serum CA-125 level was � 30 U/mL in the ini-
tial determination, women underwent abdominal ultrasonog-
raphy. If that was abnormal they underwent laparotomy.
Forty-one women underwent surgery, and 11 had ovarian can-
cer: two stage IA, one stage IB, one stage IIA, and seven stage
III or IV. Eight of the 21,959 women who had a negative screen
developed ovarian cancer. In this study, the positive predictive
value was 26.8% for ovarian cancer of all stages (these num-
bers do not include two women with fallopian tube carcinoma
and one with abdominal carcinomatosis of uncertain origin).
Seven women who did not have an elevated CA-125 (and one
with a CA-125 of 80 who declined abdominal ultrasound) pre-
sented with ovarian cancer within the next 22 months. Of
these, five had a stage I tumor and three had a stage III tumor. 

Based on these results, the same group of investigators per-
formed a pilot randomized trial of screening in 22,000 post-
menopausal women aged 45 years or older (293). Women
randomized to screening underwent three annual screens that
involved measurement of serum CA-125 levels, pelvic ultra-
sonography if the CA-125 was elevated, and referral to a
gynecologist if there was an increased ovarian volume on
sonography. In the screened group, there were 468 women
with elevated CA-125 levels; 29 were referred for a gyneco-
logic opinion, and cancer was detected in 6 of these women
with 23 false-positive screening results. The positive predictive
value was 21%. During the 7-year follow-up of this study, an
additional 10 women were identified with ovarian cancer in
the screened group and 20 in the control group. The median
survival for women with cancer in the screened group was 73
months and in the control group was 42 months (p � 0.0112).
However, the number of deaths from cancer did not significantly
differ between the two groups. These results demonstrate that a
multimodality approach to screening is feasible. Based on these
results, a large-scale screening trial has begun, termed the United
Kingdom Collaborative Trial of Ovarian Cancer Screening
(UKCTOCS). This is a randomized trial with a control group
undergoing no screening, a multimodal group undergoing
annual screening with serum CA-125 as the primary test and
ultrasound as a secondary test, and an ultrasound-only group
undergoing annual screening with an ultrasound as the primary
test and repeat ultrasound in 6 to 8 weeks as a secondary test.
An estimated 200,000 women are expected to enroll up until
2010, and ovarian cancer mortality will be assessed 7 years later.

These preliminary studies using serum CA-125 levels,
pelvic examinations, and ultrasonography have demonstrated
that ovarian cancer can be detected in asymptomatic women.
However, these procedures are associated with a significant
false-positive rate such that an unacceptably large number of
negative laparotomies would result if each “positive” screen-
ing test resulted in surgical exploration aimed at diagnosing
early ovarian cancer. Since a surgical procedure is required to
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diagnose ovarian cancer, there is a defined morbidity and mor-
tality associated with screening. When the positive predictive
value is below 10%, more harm (complications of unneces-
sary laparotomy) than good (diagnosing early-stage ovarian
cancer) may come to a screened population. Furthermore, in a
review of uncontrolled trials of ovarian cancer screening (294)
in 36,208 women, 29 cases of ovarian cancer were identified,
but only 12 (41%) were stage I. Survival is unlikely to be sig-
nificantly affected by an earlier diagnosis of advanced-stage
disease. Until the completion of the large randomized trials
described above, the recommendations of the NIH Consensus
Conference against routine screening of the general popula-
tion remain in effect (62). 

Even in women with a positive family history of ovarian can-
cer, there is no evidence that screening can affect mortality from
this disease. In 1,502 asymptomatic women who were screened
by transvaginal ultrasonography and who had at least one close
relative with ovarian cancer, seven ovarian cancers (three of
LMP) were found (295). Screening is also not established to be
of value in high-risk women such as those who have two first-
degree relatives with ovarian cancer or who are carriers of the
BRCA1 or BRCA2 gene. The U.K. Familial Ovarian Cancer
Screening Study (UKFOCSS) is currently accruing. Despite the
lack of evidence for benefit of screening high-risk women, it
seems prudent to follow them with pelvic and ultrasound exam-
inations with serum CA-125 determinations on a regular basis
until/unless they elect a prophylactic oophorectomy.

SURGICAL STAGING
Our understanding of the early natural history and patterns of
spread of epithelial ovarian cancer forms the basis for a rational
system for staging the disease and for the surgical management
of apparent early ovarian cancer. The widely used FIGO staging
system, revised in 1985, is presented in Table 25.7 (296). 

The stage, defined as the extent of disease at the time of
diagnosis, can be determined only following exploratory
laparotomy and thorough evaluation of all areas at risk.
Operations on women with a pelvic or adnexal mass that may
represent ovarian cancer should generally be carried out
through a vertical abdominal incision to allow access to the
upper abdomen, which is difficult to visualize through a low
transverse incision. On entering the abdomen, aspiration of
ascites or peritoneal lavage should be performed to obtain
specimens for cytologic examination. Separate specimens
should be obtained from the pelvis, right and left paracolic
gutters, and the undersurfaces of the right and left hemidi-
aphragms. An encapsulated adnexal mass should be removed
intact, if possible, since rupture and spillage of malignant cells
within the peritoneal cavity will increase the patient’s stage
and may adversely affect her prognosis. Adhesions should be
noted and biopsied since they may represent occult areas of
microscopic disease. If frozen section indicates the presence of
ovarian cancer, a complete abdominal exploration should be
carried out, including evaluation of all intestinal surfaces. Any
suspicious areas should be biopsied. Omentectomy and ran-
dom peritoneal biopsies should be performed. Aortic lymph
node sampling (Fig. 25.29) should also be performed. Several
reports (268,297) have demonstrated that the pelvic lymph
nodes are involved by ovarian cancer at the same frequency as
are para-aortic nodes and suggest the need for routine pelvic
node sampling as well. The technique for surgical staging of
apparent early ovarian cancer is summarized in Table 25.8.

Standardized protocols are used to record the specific details
of operative and pathologic findings that have prognostic and
therapeutic bearing on treatment and natural history. When a
rigorous staging laparotomy is performed, a substantial number
of patients initially felt to have localized disease will be up-
staged. Young et al. (298) reported on ovarian cancer patients
believed to have stage I or II disease following initial surgery
who underwent repeat staging procedures. Almost a third
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CARCINOMA OF THE OVARY: FIGO NOMENCLATURE (RIO DE JANEIRO, 1988)

TA B L E  2 5 . 7  

Stage I Growth limited to the ovaries
IA Growth limited to one ovary; no ascites present containing malignant cells. No tumor on the external surface; 

capsule intact
IB Growth limited to both ovaries; no ascites present containing malignant cells. No tumor on the external surfaces; 

capsules intact
ICa Tumor either stage IA or IB, but with tumor on surface of one or both ovaries, or with capsule rupture, or with 

ascites present containing malignant cells, or with positive peritoneal washings

Stage II Growth involving one or both ovaries with pelvic extension
IA Extension and/or metastases to the uterus and/or tubes
IIB Extension to other pelvic tissues
IICa Tumor either stage IIA or IIB, but with tumor on surface of one or both ovaries; or with capsule(s) rupture; or with 

ascites present containing malignant cells or with positive peritoneal washings

Stage III Tumor involving one or both ovaries with histologically confirmed peritoneal implants outside the pelvis and/or 
positive retroperitoneal or inguinal nodes. Superficial liver metastases equals stage III. Tumor is limited to the 
true pelvis, but with histologically proven malignant extension to small bowel or omentum

IIIA Tumor grossly limited to the true pelvis, with negative nodes, but with histologically confirmed microscopic seeding 
of abdominal peritoneal surfaces, or histologically proven extension to small bowel or mesentery

IIIB Tumor of one or both ovaries with histologically confirmed implants, peritoneal metastasis of abdominal peritoneal 
surfaces, not exceeding 2 cm in diameter; nodes are negative

IIIC Peritoneal metastasis beyond the pelvis �2 cm in diameter and/or positive retroperitoneal or inguinal nodes

Stage IV Growth involving one or both ovaries with distant metastases. If pleural effusion is present, there must be positive 
cytology to allot a case to stage IV. Parenchymal liver metastasis equals stage IV

aIn order to evaluate the impact on prognosis of the different criteria for allotting cases to stage IC or IIC, it would be of value to know if rupture of
the capsule was spontaneous or caused by the surgeon, and if the source of malignant cells detected was peritoneal washings or ascites.
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(31%) of these women were upstaged following the second
procedure (Table 25.9), and 77% of the upstaged patients
actually had stage III disease. Before referral, only 25% of
patients had an initial surgical incision that was adequate for
proper staging. Similarly, McGowan et al. (299) examined the
completeness of surgical staging in 291 women with ovarian
cancer and concluded that 46% had been inadequately evalu-
ated. When staging was performed by gynecologic oncologists,
97% of patients were properly staged as compared to 52%

and 35% of cases operated on by obstetricians/gynecologists
and general surgeons, respectively. These observations under-
score the critical importance of having an experienced physi-
cian involved in the surgical staging of all patients with ovarian
cancer.

The importance of meticulous staging cannot be overempha-
sized, since postoperative therapy is based upon anatomic stage,
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C FIGURE 25.29. Para-aortic node dissection for staging
of apparent early ovarian cancer.

SURGICAL STAGING OF APPARENT EARLY 
OVARIAN CANCER

TA B L E  2 5 . 8

Vertical incision
Multiple cytologic washings
Intact tumor removal
Complete abdominal exploration
Removal of remaining ovaries, uterus, tubesa

Omentectomy
Lymph node sampling
Random peritoneal biopsies, including diaphragm

aMay be preserved in selected patients.

RESULTS OF REPEAT STAGING IN APPARENT STAGE 
I AND II OVARIAN CANCER

TA B L E  2 5 . 9

Initial stage No. of patients % upstaged

IA 37 16
IB 10 30
IC 2 0
IIA 4 100
IIB 38 39
IIC 9 33
Total 100 31

Source: Reprinted with permission from Young RC, Decker DG,
Wharton JT, et al. Staging laparotomy in early ovarian cancer. JAMA
1983;250:3072–3076.
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as well as other factors, discussed in the section on therapy
below. In the past, inadequate surgery often led to understaging
and subsequent inadequate postoperative therapy in a signifi-
cant proportion of ovarian cancer patients. For example,
patients were frequently treated with pelvic irradiation at a time
when they already had distant, undetected metastases outside
the radiation ports. A 1997 report from the NCI’s SEER data-
base indicated that only about 10% of American women with
apparent early-stage ovarian cancer had received appropriate
surgical staging and recommended postoperative therapy (273).

Although ovarian cancer is surgically staged primarily on
the basis of the anatomic sites of disease documented at
laparotomy, stage IV disease may be documented by cytologi-
cally positive pleural fluid or fine-needle aspiration of supra-
clavicular adenopathy. The majority of patients will have
advanced-stage disease (FIGO stages III to IV) after careful
staging. The stage distribution is depicted in Table 25.1. 

Staging of Fallopian Tube Carcinoma

Because fallopian tube carcinoma has the propensity to spread
intra-abdominally, the most widely accepted staging system
used in this malignancy is a modification of the FIGO surgical
staging of ovarian carcinoma. In 1992, FIGO formally estab-
lished a staging classification for fallopian tube cancer.

Scully et al. (189,195) have pointed out deficiencies in the
current FIGO staging schema for fallopian tube carcinoma. The
definition of stage 0 is inappropriate since in situ carcinoma is
described as a tumor limited to the tubal mucosa—a structure
that is composed of lamina propria as well as epithelium.
Similarly, stage I tumors are described as tumors that extend
into the submucosa—a structure that does not exist in the
fallopian tube. Based on careful examination of the histology
coupled with outcome in their large series of patients,
Alvarado-Cabrero  et al. (189) have proposed a modification to
the FIGO staging (Table 25.10). This modification corrects the
nomenclature and emphasizes the prognostic impact of inva-
sion into the muscular wall.

Prognostic Factors

Surgery accurately stages a patient and allows the evaluation
of a series of clinicopathologic variables that are often used to
select postoperative therapy. These prognostic factors are dis-
cussed below.

Tumor Stage

The 5-year survival of patients with epithelial ovarian cancer is
directly correlated with the tumor stage (Fig. 25.30). However,
there have been major differences in survival reported for
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MODIFIED FIGO STAGING FOR FALLOPIAN TUBE CARCINOMAa

TA B L E  2 5 . 1 0  

Stage 0: Carcinoma in situ (limited to tubal epitheliumb)
Stage I: Growth limited to tube
Stage IA: Growth limited to one tube without extension through or onto serosa, ascites containing malignant cells, or 

positive peritoneal washings
Stage IA-0c: Growth limited to one tube with no extension into lamina propriab

Stage IA-1c: Growth limited to one tube with extension into lamina propriaa but no extension into muscularis
Stage IA-2c: Growth limited to one tube with extension into muscularis
Stage IB: Growth limited to both tubes without extension through or onto serosa, ascites containing malignant cells, or 

positive peritoneal washings
Stage IB-0c: Growth limited to both tubes with no extension into lamina propriab

Stage IB-1c: Growth limited to both tubes with extension into lamina propria,b but no extension into muscularis
Stage IB-2c: Growth limited to both tubes with extension into muscularis
Stage IC: Tumor either stage IA or IB but with extension through or onto tubal serosa or with ascites containing malignant 

cells or with positive peritoneal washings
Stage I(F): Tumor limited to fimbriated end of tube(s) without invasion of tubal wall
Stage II: Tumor involving one or both fallopian tubes with pelvic extension
Stage IIA: Extension and/or metastasis to uterus and/or ovaries
Stage IIB: Extension to other pelvic tissues
Stage IIC: Tumor either stage IIA or IIB with ascites containing malignant cells or with positive peritoneal washings
Stage III: Tumor involving one or both fallopian tubes with peritoneal implants outside pelvis, including superficial liver 

metastasis, and/or positive retroperitoneal or inguinal nodes. Tumor limited to pelvis except for histologically 
proven extension to small bowel or omentum

Stage IIIA: Tumor grossly limited to pelvis with negative nodes but with histologically confirmed microscopic seeding of 
abdominal peritoneal surfaces

Stage IIIB: Tumor involving one or both fallopian tubes with grossly visible, histologically confirmed implants of abdominal 
peritoneal surfaces, none �2 cm in diameter. Lymph nodes are negative

Stage IIIC: Abdominal implants �2 cm in diameter and/or positive retroperitoneal or inguinal nodes
Stage IV: Growth involving one or both fallopian tubes with distant metastases including parenchymal liver metastases. 

If pleural effusion is present, fluid must be positive cytologically for malignant cells

aAs suggested by Alvarado-Cabrero et al (189).
bModification in terminology.
cModifications to accommodate subsets of tumors that otherwise cannot be assigned a stage or to distinguish among subsets that may differ in their
associated prognosis.
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patients with the same FIGO stage, reflecting the inadequacy of
early staging procedures that led to the frequent understaging of
patients. Whereas early studies reported 5-year survivals for
patients with stage I disease of approximately 60% to 80%,
current studies utilizing a comprehensive staging laparotomy
demonstrate that some subsets of patients with stage I disease
have a 90% 5-year survival (273). Similarly, initial studies of
patients with stage II disease reported the range of 5-year sur-
vival from 0% to 40%. However, stage II disease frequently is
upstaged to stage III disease, particularly when patients present
with large-volume disease in the pelvis. The small number of
patients who are found to have stage II disease following com-
pletion of a comprehensive laparotomy have a 5-year survival
rate of approximately 80%. Patients with stage III disease
have 5-year survival of approximately 15% to 20%, whereas
patients with stage IV disease have less than a 5% 5-year
survival (300). 

Volume of Residual Disease

The volume of residual disease following cytoreductive surgery
is directly correlated with survival (301–308). Patients who
have been optimally cytoreduced have a 22-month improve-
ment in median survival compared to those patients undergoing
less than optimum resection. In these retrospective analyses of
the importance of residual volume upon survival, the size of the
largest residual mass, and not the total number of lesions, has
been believed to be the primary factor correlating with progno-
sis. Yet, the number of residual masses may be an important
prognostic factor as well (309,310). Patients who have only a
single residual mass following cytoreductive surgery have a sig-
nificantly greater chance of achieving a surgically confirmed
complete remission compared with those patients with multiple
small nodules even though each nodule is less than 2 cm in size.
Randomized trial data confirming the importance of debulking
surgery in the survival of patients with advanced disease, how-
ever, is lacking, and such trials are not likely ever to be per-
formed. It is possible that there are underlying biologic features
that distinguish those tumors for which optimal cytoreduction
is feasible from those for which it is not.

Histologic Subtype and Grade

In general, the histologic type has less prognostic significance
than the other clinical factors, such as stage, volume of dis-
ease, and histologic grade. But this is confounded by a high
correlation between histologic type, stage, and grade. In some

series, patients with mucinous adenocarcinomas have an over-
all better survival in comparison to endometrioid or serous
adenocarcinomas. These findings reflect the rarity with which
high-grade mucinous adenocarcinoma of the ovary is diag-
nosed. Few poorly differentiated tumors of advanced stage
can clearly be identified as mucinous adenocarcinomas;
patients with those tumors so identified have a 5-year survival
rate near 0%. Similarly, endometrioid carcinoma also has
been suggested to have a better prognosis than serous adeno-
carcinoma, as well as presenting with a lower histologic grade
and clinical stage. Again, poorly differentiated endometrioid
carcinomas cannot be differentiated with ease from poorly dif-
ferentiated serous tumors and are generally classified as
serous. Well-differentiated endometrioid carcinomas are,
therefore, proportionally more common, which may account
for the overall better prognosis for endometrioid than for
serous tumors. Some analyses have suggested that ovarian
clear cell adenocarcinoma may be more aggressive than the
other common epithelial malignancies on a stage-for-stage
basis (311). However, as discussed below, not all data support
this, and it is possible that clear cell and mucinous tumors are
less sensitive to chemotherapy but not faster growing.

The histologic grade of the tumor is a particularly impor-
tant prognostic factor in patients with early-stage disease. As
will be discussed, stage I patients with well- or moderately
well-differentiated tumors have a greater than 90% 5-year
survival when treated with surgery alone (312). In contrast,
patients with stage I disease with poorly differentiated tumors
have a significantly worse survival, and postoperative therapy
is indicated. In advanced-stage patients treated with cisplatin-
based chemotherapy, most studies have failed to demonstrate
a significant correlation between histologic grade and survival
(301). This may reflect variable degrees of intraobservational
and interobservational variation in grading of ovarian tumors
(313,314). In addition, different grading systems have been
used at different institutions. It should also be recognized that
grade 1 advanced-stage tumors are relatively uncommon.
Gershenson et al. reported on a group of low-grade stage II-IV
serous ovarian carcinomas, noting that they occurred at a
younger age (median 43 years) and were associated with pro-
longed survival, consistent with the hypothesis that they are in
a continuum with borderline serous tumors (95). 

Surgical Prognostic Factors

Controversy remains about the prognostic importance of other
surgical observations (315–317). Tumor size, bilaterality, and
ascites without cytologically positive cells are not considered to
be of prognostic significance in patients with early-stage disease.
However, tumor spillage, capsular penetration, and cytologically
malignant ascites (FIGO stage IC) are generally believed to be
associated with a worse prognosis. 

Prognostic Value of CA-125 Levels

The prognostic significance of preoperative and postoperative
CA-125 levels has been established (318). Serum levels of CA-
125 generally reflect volume of disease. Whereas prechemother-
apy CA-125 levels have been shown on univariate analysis to be
of prognostic significance, on multivariate analysis, they are usu-
ally not an independent prognostic factor owing to their associ-
ation with volume of disease (318). In addition, high CA-125
levels may predict for unresectability and an inferior survival.
Postoperative CA-125 levels appear to have greater prognostic
significance. In a multivariate analysis, postoperative CA-125
levels were of independent prognostic significance in patients
with or without residual disease (319). 

Controversy also remains regarding the prognostic accu-
racy of the rate of decline of serum CA-125 levels and the
absolute levels after one to three cycles of chemotherapy. 
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FIGURE 25.30. Carcinoma of the ovary; patients treated in 1996 to
1998. Survival of FIGO stage. Source: Heintz AP, Odicino F,
Maisonneve P, et al. Carcinoma of the ovary. Int J Gynecol Obstet
2003;83:135–166.
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In one study, a level greater than 100 U/mL after the third cycle
of treatment was associated with a median survival of 7 months
compared to a 50% 5-year survival for patients with a CA-125
level of 10 U/mL or less (320). In another study, there was a
marked difference in prognosis for patients who had a greater
than sevenfold decrease in CA-125 levels 1 month after
chemotherapy compared to those with a lesser reduction (318).
In a multicenter study from England, the predictive value of
CA-125 levels after the third cycle of chemotherapy was con-
firmed (320). However, the false-positive rate for accurately
predicting progression was 19%. The investigators in this study
concluded that, although CA-125 levels are useful for predict-
ing group outcomes, they do not have the predictive power to
guide treatment decisions in individual patients. Consequently,
although CA-125 levels are frequently drawn before each
course of therapy, if the patient shows clinical improvement,
treatment should be continued despite the level of CA-125. If
there is no change clinically, and if the CA-125 level markedly
increases, changing treatment is a consideration. However, if
there is no clinical change but the CA-125 is dropping or is not
changing, treatment with the same regimen should continue.

An elevated CA-125 has also been increasingly used as an
indicator of progression following completion of chemother-
apy. Clinical trial groups have established criteria for progres-
sion of disease based on elevations of CA-125 levels or the
observance of physical or radiographic evidence of disease.
The use of serum CA-125 levels to initiate second-line therapy
will be discussed subsequently.

TREATMENT CONSIDERATIONS
The selection of therapy for patients with epithelial ovarian
tumors is based upon anatomic stage and the previously
described clinicopathologic features. Therapeutic options may
include cytoreductive surgery, chemotherapy, radiation ther-
apy, or a combination of these modalities. However, most
patients with advanced ovarian cancer are not cured with
these treatments. Clinical trials are evaluating new treatment
approaches in virtually all stages of ovarian cancer in an effort
to define more effective treatments, and patients should be
encouraged to participate in these studies.

Early-Stage Ovarian Cancer

Prognosis in Early-Stage Disease

Survival by FIGO stage in surgically staged patients is shown
in Figure 25.30. About one third of patients present with stage
I or II epithelial ovarian cancer (Table 25.1). As noted above,
both the incidence of and survival rates for early-stage disease
vary, particularly in older publications, depending on (a)
whether or not patients have been completely staged, and (b)
whether borderline tumors (tumors of low malignant poten-
tial), which were not recognized as a separate entity by FIGO
until 1971 and by the World Health Organization until 1973)
are reliably excluded. From 4% to 25% of patients with
apparent stage I ovarian cancer will have nodal involvement
when lymph nodes are pathologically examined; the risk for
lymph node involvement correlates with histology (higher risk
with serous and clear cell types) and grade (higher risk with
higher grade). The issue regarding borderline tumors is illus-
trated by a well-known early GOG trial that randomized
women with early-stage disease to observation versus melpha-
lan from 1976 to 1986. Although the design of the trial was to
exclude borderline tumors, one third of the patients were
declared to have tumors of borderline malignancy after central
pathologic review (312).

Vergote et al. performed a large retrospective study using an
international database of over 1,500 women with stage I inva-
sive epithelial ovarian cancer to identify the most important
prognostic variables in patients with stage I disease. Routine
para-aortic and pelvic lymphadenectomy were not performed,
but palpable nodes were sampled. The overall actuarial 5-year
survival was 83% (disease-free survival 80%). As seen in Figure
25.31, women with mucinous tumors did best with a 5-year
disease-free survival of 91% versus 82% for endometrioid, 76%
for serous, 73% for clear cell, and 62% for undifferentiated his-
tologies (321). However, histologic type was not independently
prognostic. Multivariate analysis identified degree of differentia-
tion as the most powerful prognostic indicator of disease-free
survival: moderately versus well differentiated (hazard ratio
[HR] 3.13), poorly versus well differentiated (HR 8.89). This
translates into a 5-year disease-free survival of 94% for grade 1
tumors, 81% for grade 2 tumors, and 61% for grade 3 tumors.
The other significant factors were rupture before surgery (HR
2.65); rupture during surgery (HR 1.65); FIGO stage IB versus
IA (HR 1.70); and age (HR 1.02 per year). None of the follow-
ing was of prognostic value when the effects of these additional
factors were accounted for: histologic type, dense adhesions,
extracapsular growth, ascites, FIGO stage (1988), and site of the
tumor. It should be pointed out that ascites was defined as in the
FIGO 1973 classification (i.e., ascites in the opinion of the sur-
geon was pathologic or clearly exceeded normal amounts, or
malignant cells were detected on peritoneal cytology). 
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FIGURE 25.31. Actuarial disease-free survival according to prognostic
variable. Source: Vergote I, De Brabanter J, Fyles A, et al. Prognostic
importance of degree of differentiation and cyst rupture in stage I inva-
sive epithelial ovarian carcinoma. Lancet 2001;357:176–182.

Degree of differentiation

Histologic type

Good

Moderate

Mucinous

Endometrioid

Clear cell

Undifferentiated

Poor

100

90

80

70

60

50

40

30

20

10

0

100

90

80

70

60

50

40

30

20

10

0

D
is

ea
se

-f
re

e 
su

rv
iv

al
 (

%
)

D
is

ea
se

-f
re

e 
su

rv
iv

al
 (

%
)

0 12 24 36 48 60

Time since surgery (months)

0 12 24 36 48 60

Time since surgery (months)

Serous

Barakat_CH25-763-836.qxd  3/2/09  1:13 PM  Page 794



Although the literature has emphasized the importance of
thorough intraoperative exploration (staging) in patients with
disease apparently localized to the ovaries, scant recognition
has been made of the semantic difficulty presented by the con-
cept of “extension to other pelvic (equals stage II disease) or
abdominal (equals stage III disease) organs.” No problem
exists when the surgeon encounters discrete implants separate
from the primary tumor or when solid tumor is found grow-
ing into adjacent structures. However, more often, apparently
benign adherence of a cyst to adjacent structures, in the
absence of metastatic implants or obvious direct tumor exten-
sion, is found. There is a considerable body of evidence sug-
gesting that such “benign” adherence, when it is dense, is
associated with a relapse risk equivalent to stage II, and that
these patients should be considered not as having stage I but
rather stage II disease (322). Adherence is considered to be
dense when so described by the surgeon, when sharp dissec-
tion was required to mobilize the tumor, when a raw area was
left in the place of adherence, or when cyst rupture resulted
from dissecting the adhesions free. Some clinical trials have
advanced the stage of nonmetastatic but densely adherent
tumors to stage II (171). However, as noted, the recent large
retrospective international study failed to identify dense adhe-
sions as an independent prognostic factor and adhesions are
not used by the GOG to “upgrade” apparent stage I patients
without histologic confirmation of disease.

The importance of grade is not merely that it predicts occult
disease (more patients with presumed stage I grade 3 disease
have lymph node involvement than do patients with presumed
stage I grade 2 disease). Grade remains an important prognos-
tic factor in surgically staged patients. In surgically staged
patients from the FIGO database the overall 5-year survivals
are similar to those described above, being 87%, 82%, and
69% for stage I grade 1, 2, and 3 tumors, respectively. For
patients with stage II disease, the corresponding survivals were
84%, 67%, and 63% (323). As noted above, histologic grade
and type have both been associated with a variable degree of
interobserver consistency. One publication from 1984 reported
that interobserver agreement was 66% in assigning grade and
66% in assigning histologic type (324). 

A recent report analyzing data from 600 surgically staged
(including lymphadenectomy) FIGO stage I epithelial ovarian
cancer patients proposed that preoperative serum CA-125 was
prognostic. The series included patients who did and did not
receive chemotherapy. Overall 5-year survival was 88%. The
only independent predictors for overall survival were preoper-
ative serum CA-125 �30 U/mL (HR 2.7) and age at diagnosis
�70 years (HR 2.6). Clear cell and mucinous tumors had
somewhat lower preoperative CA-125 levels (325).

Future studies will focus on molecular prognostic markers
in early-stage disease, to better determine which tumors have
such a good prognosis that no adjuvant therapy is needed, and
which will be sensitive to chemotherapy.

Surgical Therapy for Early-Stage 
Ovarian Carcinoma 

The optimal surgical procedure for all epithelial ovarian carci-
nomas is removal of the uterus along with both fallopian
tubes and ovaries. Complete surgical staging, as described
above, is also indicated in most circumstances. In the younger
patient who wishes to retain her childbearing potential and
who appears to have a curable cancer (i.e., a localized tumor
with favorable histology), it may be appropriate to preserve
the uterus and other ovary if a wedge biopsy of this ovary con-
firms the absence of disease. However, there is a risk that
women undergoing such a procedure may have a higher recur-
rence rate, and completion of the more standard operation is
indicated following childbearing.

Postoperative Observation for Stage I 
Ovarian Carcinoma 

The data sets discussed above include patients treated with a
variety of adjuvant therapies. Three prospective observational
studies have been published in which patients did not receive
further therapy after surgery and borderline tumors were
excluded.

Investigators at the Royal Marsden Hospital (326) prospec-
tively observed all patients with stage I disease (not necessarily
adequately surgically staged) referred to their institution from
1980 to 1994 following surgery only. Thirty percent of the
deaths in the 10 years following diagnosis were from causes
other than ovarian cancer. Sixty-one (31%) of 194 patients
relapsed at a median of 17 months (range, 6 months to 15.7
years). At a median observation time of 54 months, the 5-year
disease-free survival rates were 87%, 65%, and 62% for stage
IA, IB, and IC disease and 90%, 85%, and 45% for grade 1,
grade 2, and grade 3 tumors. Clear cell histology was not pre-
dictive of relapse.

The National Cancer Institute of Canada (NCIC) recruited
82 patients (68 evaluable) with FIGO stage I ovarian carcinoma.
Patients were surgically staged; lymph node biopsies were rec-
ommended but not required. With a median follow-up time of 
4 years, only 3 patients with disease progression were identified
(2 had clear cell tumors of a total of 16 with clear cell tumors on
study) and 1 patient died of disease. Very few of the patients in
this series had grade 3 (n � 3) disease (327). 

Finally, a multicenter Dutch trial followed 67 evaluable
patients with early-stage well-differentiated ovarian cancer for
a median of 50 months. Only 24 patients had complete surgi-
cal staging. Five-year disease-free survival for patients with
complete surgical staging was 100%; for the remaining
patients it was 88% (four recurrences total) (328). 

Adjuvant Therapy of Early-Stage Disease

Although the benefits of chemotherapy in advanced-stage
ovarian cancer have been well demonstrated, they have been
much harder to show in early-stage disease. The number of
patients available is smaller and the prognosis better than with
more advanced-stage disease, making adequately powered
randomized trials difficult to complete. Much of the published
literature is old. The thoroughness of staging in the trials has
been variable and has raised questions about whether the ben-
efit of chemotherapy is seen only in less well-staged patients,
presumably because their risk of recurrence is higher due to a
percentage of occult stage IIIC disease. In addition, early-stage
epithelial ovarian cancer is composed of a rather different mix
of grades and histologies than advanced-stage disease, in par-
ticular a much larger percentage of low-grade, mucinous, and
clear cell carcinomas and a smaller percentage of serous carci-
nomas. Nearly 90% of tumors that extend to the pelvic peri-
toneum, omentum, or beyond are grades 2 and 3. In contrast,
72% of tumors stages I to IIA are grade 1 (329). The FIGO
data from 1996 (Table 25.11) report that serous histology
accounts for 67% of stage IIIC carcinomas versus only 23%
of stage IA carcinomas; mucinous histology accounts for 38%
of stage IA carcinomas versus 7% of stage IIIC carcinomas
(309). This is of concern because advanced-stage mucinous
(330) and clear cell (331) carcinomas of the ovary appear to
have a poorer response rate to front-line chemotherapy than
serous carcinomas. However, histology has not yet been
demonstrated to be of importance in predicting benefit from
chemotherapy in early-stage disease.

External Beam Radiotherapy. Early randomized trials of
pelvic radiotherapy were small and included patients without
surgical staging. However, they suggested that pelvic radiother-
apy compared to observation, while reducing the rate of
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relapse in the pelvis, had no impact on overall recurrence rate
or survival because relapses occurred throughout the peri-
toneal cavity (332). Interest turned to abdominopelvic radio-
therapy (whole abdominal radiotherapy [WAR]) after Dembo
from the Princess Margaret Hospital in Canada published
results of a study randomizing 147 patients with incompletely
staged IB, II, or III optimally debulked ovarian cancer to pelvic
radiotherapy plus WAR to pelvic radiotherapy followed by
chlorambucil. Among those with less than 2 cm or no residual
disease, there was a statistically significant benefit in 10-year
overall survivors favoring the WAR group (78% vs. 51% 
5-year survival) (333). However, two subsequent small, ran-
domized cooperative group trials of the NCIC and the Danish
Ovarian Cancer Group (DACOVA) failed to show superiority
of combining pelvic radiotherapy with WAR versus combining
pelvic radiotherapy with cyclophosphamide or melphalan
(334–336). In addition, investigators at the M. D. Anderson
Cancer Center randomized 156 patients with FIGO stage I, II,
or III disease to melphalan alone versus abdominopelvic radio-
therapy, and found similar relapse-free survival for either treat-
ment in women with stage I or stage II disease (337). 

The late effects of WAR include asymptomatic basal pneu-
monitis or fibrosis detectable in 15% to 20% of patients on
radiographic films. This results from the necessity of including
1 to 2 cm of lung field in the radiation portal in order to ade-
quately encompass the leaves of the diaphragms. With upper
abdominal doses of 2250 to 2500 cGY in 20 to 22 fractions,
about 50% of patients will develop transient elevations of alka-
line phosphatase from hepatic irradiation a few months after
radiation therapy. Fewer than 1% of patients develop jaundice
or ascites (338). 

Late gastrointestinal toxicity, particularly obstruction requir-
ing surgical correction, is the complication concerning most
investigators. The frequency and severity are dependent on the
total dose of radiation, the dose per fraction, and the extent and
number of previous operations. There appears to be an
increased risk of late complications if lymph node sampling was
performed as part of the initial operation. Generally, about 10%
to 15% of patients may report some diarrhea or persistent bloat-
ing related to particular dietary intolerance, but frank malab-
sorption is extremely rare. In four studies with almost 1,100
patients in total, 5.6% (range, 1.4% to 14%) of the patients
required bowel surgery for late treatment-associated complica-
tions of radiation. In these collected series, less than 0.5% (four
patients) died as a result of radiation-induced bowel damage.

No large trial has directly compared WAR to platinum-
based chemotherapy in women with early-stage ovarian carci-
noma; one very small trial showed a trend for superiority of

chemotherapy (339). However, given the technical expertise
required for and potential long-term bowel toxicity of this
type of therapy, the difficulty in combining WAR with
chemotherapy, and the fact that a trial in endometrial cancer
suggested superiority of chemotherapy over WAR (340), it is
not likely that this modality will be studied further in this situ-
ation. Given that pelvic radiotherapy can decrease local
relapse, it is possible that the addition of pelvic radiotherapy
to chemotherapy would improve disease control in some
patients, such as those with bulky stage II disease. However,
no studies have addressed this issue.

Intraperitoneal Radiocolloid Therapy. Since transcoelomic
spread is the main route of dissemination of ovarian cancer,
the intraperitoneal (IP) instillation of radiocolloids, which
deliver high doses of radiation to the peritoneal surfaces,
would seem intuitively attractive. Most trials have used col-
loids labeled with a radioactive isotope of phosphorus, 32P,
which is a pure beta emitter (short penetration electrons).
Difficulties include the fact that experimental data show that
the radiation dose distribution of the peritoneal surface is quite
variable and unpredictable. Penetration of useful doses of radi-
ation does not occur beyond 2 to 3 mm depth, and dose to
lymph nodes, retroperitoneum, or nodules larger than 2 mm
thick is negligible. When intraperitoneal 32P is given together
with pelvic radiotherapy, the risk of bowel toxicity has been
reported to be unacceptable. 

There have been no randomized trials of 32P against a no-
treatment control arm in early-stage ovarian cancer, although a
randomized comparison of 32P versus observation did not show
any decrease in the risk of relapse or improve survival in
patients with more advanced-stage disease who had a surgically
confirmed complete remission (341). Nonetheless, a number of
early trials randomized women between chemotherapy and
intraperitoneal 32P. 

Chemotherapy. An early GOG trial (312) randomized 141
women with high-risk early-stage disease (stage IA or IB grade 3,
stage IC any grade, or stage II optimally debulked) to 32P
versus oral melphalan. With a median follow-up of over 
6 years, the 5-year disease-free survival in both groups was
80%; 5-year overall survival was 81% with melphalan and
78% with 32P. Four patients receiving 32P underwent surgery
for bowel obstruction; no tumor was identified. Six of the
patients assigned to receive 32P did not receive it, in five of the
cases because of difficulties with intraperitoneal catheter
placement. Technical issues with IP catheter problems were
consistent issues in trials of IP 32P, and remain an issue for
administration of intraperitoneal therapy today. One of the
patients on the melphalan arm developed myelodysplastic syn-
drome, and one developed acute myelogenous leukemia.
Patients with clear cell tumors had worse outcomes in this
trial, and it is for this reason that all patients with clear cell
tumors, regardless of grade, were included in subsequent
GOG trials for high-risk, early-stage disease. 

Randomized trials of cisplatin-based chemotherapy in
early-stage ovarian cancer are summarized in Table 25.12.
While individual trial results vary somewhat, as a group they
have shown fairly consistent improvement in disease-free sur-
vival for chemotherapy, with the ICON1 trial also demon-
strating a benefit in overall survival.

The Norwegian Radium Hospital performed a trial ran-
domizing 347 women with completely resected stages I, II, or
III ovarian cancer to either intraperitoneal 32P or six cycles of
single-agent cisplatin (50 mg/m2). There was no significant
difference in 5-year actuarial survival rates. However, late
bowel complications occurred more often in patients treated
with 32P (9% vs. 2%) (342).

A multicenter group in Italy (Gruppo Interregionale
Collaborativo in Ginecologia Oncologica; GICOG) randomized
152 women with stage IC ovarian cancer to intraperitoneal 32P
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HISTOLOGY AND STAGE IN OVARIAN CANCER 

TA B L E  2 5 . 1 1

IA (n � 550) (%) IIIC (n � 1,793) (%)

Serous 23 67
Mucinous 38 7
Endometrioid 19 14
Clear cell 10 4
Undifferentiated 3 7
Mixed 6 2

Source: Adapted from Heintz AP, Odicino F, Maisonneuve P, et al.
Carcinoma of the ovary. Int J Gynaecol Obstet 2003;83(Suppl 1):
135–166.
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versus six cycles (50 mg/m2) of single-agent cisplatin (343).
While 5-year disease-free survival was significantly improved
with chemotherapy (85% vs. 65%), 5-year overall survival was
not significantly different (81% vs. 79%). The risk of dying after
relapse appeared to be greater for patients receiving cisplatin: 11
of 12 patients who relapsed after cisplatin had died of their dis-
ease at the time of data analysis versus 18 of 26 after 32P.

The GOG performed a trial of intraperitoneal 32P versus
three cycles of cisplatin (100 mg/m2) plus cyclophosphamide
(1,000 mg/m2) in 251 evaluable patients with unfavorable
early-stage disease (stage IA or IB grade 3 or clear cell tumors,
or stage IC or stage II disease of any grade or histology) (344).
The 10-year recurrence rate was 29% lower (72% vs. 65%)
and the death rate was 17% lower for patients receiving
chemotherapy, but these differences were not statistically sig-
nificant. However, based on the better progression-free inter-
val with chemotherapy and the technical problems associated
with IP therapy (three patients experienced bowel perforation
during insertion of the IP catheter) it was felt that chemother-
apy should be the future standard for women with high-risk,
early-stage disease. Women with clear cell tumors did not fare

worse on this trial; even after adjusting for stage (most of the
clear cell tumors were stage I), the recurrence rate of clear cell
tumors was similar to that of patients with grade 1 tumors. 

Several trials have also randomized early-stage patients to
chemotherapy versus observation. 

A Nordic Cooperative Ovarian Cancer Group (NOCOVA)
study randomizing women to no adjuvant therapy versus six
cycles of adjuvant carboplatin was closed prematurely because
of poor accrual (345). Although the confidence intervals were
wide, no difference in disease-free or overall survival between
the treatment groups was observed. In another small study,
the GICOG, randomized 83 women with stage IA or IB grade
2 or grade 3 disease to observation versus six cycles of cis-
platin and observed a significant benefit in disease-free sur-
vival but no difference in overall survival (343).

The only clear demonstration of a survival benefit in the
treatment of early-stage ovarian cancer comes from two large
European trials (the combined ACTION and ICON-1 trials),
which together randomized 923 patients with early-stage dis-
ease to receive either platinum-based chemotherapy or no initial
adjuvant treatment. Results of a preplanned combined analysis

Chapter 25: Epithelial Ovarian Cancer 797

RANDOMIZED TRIALS OF PLATINUM-BASED CHEMOTHERAPY IN EARLY-STAGE OVARIAN CARCINOMA 

TA B L E  2 5 . 1 2  

Author (year) N Eligibility Arms Outcome

Vergote (1991) (Ref 342) 347 Stage I, II, III without 32P vs. Cisplatin No difference in OS or DFS
residual disease

Chiara (1994) (Ref 339) 70 Stage IA/B Gr 3, WAR vs. cisplatin/ 5-yr OS 53% vs. 71%
Any IC, II cyclophosphamide RFS 50% vs. 74%

p � NS
Only 67% of patients 

completed WAR

Bolis (1995) (Ref 343) 83 Stage IA/B Gr 2/3 Observation vs. cisplatin 5-yr DFS 65% vs. 83%
5-yr OS 82% vs. 88%

Bolis (1995) (Ref 343) 152 Stage IC 32P vs. cisplatin 5-yr DFS 65% vs. 85%
5-yr OS 79% vs. 81%

Trope (2000) (Ref 345) 162 Stage I Gr 2/3 or Observation vs. carboplatin 5-yr DFS 80% vs. 85%
Gr 1 aneuploid/clear cell 5-yr OS 70% vs. 71%

p � NS

Young (2003) (Ref 344) 251 Stage IA/B 32P vs. cisplatin/ 10-yr RFS 65% vs. 72%
Gr 3 or clear cell cyclophosphamide 10-yr OS: HR chemo 0.83
IC, II p � NS

ICON1 (2003) (Ref 346) 477 Physician uncertain Observation vs. platinum- 5-yr RFS 62% vs. 73%
about need for based chemotherapy p � 0.01
chemotherapy 5-yr OS 70% vs. 79%

p � 0.03

ACTION (2003) (Ref 346) 448 Stage IA/B Gr 2-3 Observation vs. platinum- 5-yr RFS 68% vs. 76%
All IC, IIA, and clear cell based chemotherapy p � 0.02

5-yr OS 78% vs. 85% 
p � NS

Bell (2006) (Ref 350) 427 Stage IA/B Gr 3 or clear cell Carboplatin/paclitaxel HR RFS 0.761 
All IC, II three cycles p � NS

vs. six cycles 5-yr OS no difference

GOG Stage IA/B Gr 3 or Carboplatin/paclitaxel Pending
clear cell, IC, II three cycles

followed by observation 
vs. followed by weekly 
paclitaxel � 26

Note: DFS,  disease free survival; Gr, grade; HR, Hazard Ratio; NS, ; OS, overall survival; RFS, relapse free survival; WAR, whole abdominal 
radiotherapy.
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indicated a statistically significant improvement in both disease-
free survival and overall survival with adjuvant platinum-based
therapy (Fig. 25.32). Neither tumor grade nor histologic cell
type predicted for relative benefit from treatment. However,
even these trials have left uncertainty about the benefit of
chemotherapy in a woman with comprehensively staged early-
stage disease. In the one third of patients on the ACTION trial
with optimal surgical staging there was no benefit to treatment.
However, this was a retrospective subset analysis, and this sub-
set of patients was not large enough for the result to reach sta-
tistical significance (346–348). 

The discrepancy between the benefits in disease-free sur-
vival and benefits in overall survival seen in several of the ran-
domized chemotherapy trials has been suggested to result from
increased salvage rates for chemotherapy in patients who recur
after observation or intraperitoneal 32P. In a GICOG trial ran-
domizing women to chemotherapy versus no adjuvant therapy,
1 of 7 women who relapsed after adjuvant chemotherapy was
alive at the time of reporting, whereas 6 of 14 who relapsed
after observation were still alive (343). Investigators at the
Royal Marsden Hospital examined the salvage rate after
relapse in their series of prospective observation for patients
with stage I disease (326). Sixty-one (31%) of 194 patients
relapsed at a median of 17 months (range, 6 months to 15.7
years), and 55 of these received platinum-based chemotherapy
at the time of relapse. Progression-free survival at 5 years after
relapse was 24%. Interestingly, although clear cell histology
was not predictive of relapse, it was a poor prognostic factor
for survival after relapse (349). 

Duration of Chemotherapy for Early-Stage Disease. The
GOG randomized 427 eligible patients with unfavorable early-
stage disease to receive either three or six cycles of carboplatin
(Area under the curve [AUC] 7.5)/paclitaxel (175 mg/m2)
chemotherapy. Overall 5-year survival was 84% for stage I dis-
ease and 73% for stage II disease, and did not differ by treat-
ment regimen (HR 1.02; 95% CI, 0.662 to 1.57; p � 0.94).
Adjusting for initial FIGO stage and tumor grade, the recurrence
rate was 25% lower for patients getting six cycles (relative haz-
ard 0.761, 95% CI, 0.512 to 1.13; p � 0.18). The statistics of
the study were designed to capture only very large differences in
recurrence; there was an 85% chance of identifying a treatment
regimen as active if it reduced the recurrence rate by 50%.

Although surgical staging was required, 126 patients did not
have a documented complete staging procedure. The estimated
recurrence benefit of six cycles of chemotherapy among patients
having a complete staging procedure was slightly less (HR
0.796 vs. 0.660 for those not completely staged), but there was
no significant evidence of heterogeneity in the treatment effect.
Toxicity was increased with six cycles of chemotherapy; in par-
ticular grade 3 or 4 neurotoxicity was seen in 11% of patients
versus only 2% on the three-cycle arm (350). Based on the lack
of survival benefit and the increased toxicity with six cycles of
chemotherapy, the GOG conducted a subsequent trial in the
same patient population randomizing women to either three
cycles of carboplatin (AUC 6)/paclitaxel (175 mg/m2) or three
cycles of the same regimen followed by weekly paclitaxel 40
mg/m2 for 24 weeks. Results of this study are pending. 

At this time it is recommended that patients with compre-
hensively staged stage IA or IB grade 1 epithelial ovarian can-
cer receive no postoperative chemotherapy. Patients with
grade 3 or stage IC disease have a relapse risk of at least 20%,
and this can be reduced with platinum-based chemotherapy.
Paclitaxel/carboplatin for three to six cycles is the usual treat-
ment in the United States. It is hoped that future data will bet-
ter address which women with early-stage ovarian cancers
actually derive benefit from therapy.

Early-Stage Fallopian Tube Carcinomas

Unlike ovarian carcinoma, in which two thirds of patients pre-
sent with advanced-stage disease, about half of patients with
fallopian tube carcinoma are diagnosed in stage I or II (351).
A review of eight series published over the past decade con-
firms the preponderance of early-stage disease in fallopian
tube carcinoma (192,196,198,200,254). Of 558 patients,
33% were stage I, 33% were stage II, and 34% were stage III
or IV. Prognosis of early-stage disease has been reported to be
dependent on depth of invasion of the tumor into the fallopian
tube (201). Some older series described high recurrence rates
in early-stage disease, in particular one series in the radiation
oncology literature which reported local recurrence rates of
35% and 70% in untreated stage I and stage II disease (196).
However, most recent data have suggested that the survival for

798 Section III: Disease Sites

FIGURE 25.32. Kaplan-Meier curves for
overall survival in early-stage ovarian cancer
patients treated with adjuvant chemotherapy
(solid line) and no adjuvant chemotherapy
(dotted line). Source: Trimbos JB, Parmar M,
Vergote I, et al. International Collaborative
Ovarian Neoplasm Trial 1 and Adjuvant
Chemotherapy in Ovarian Neoplasm Trial:
two parallel randomized phase III trials of
adjuvant chemotherapy in patients with
early-stage ovarian carcinoma. J Natl Cancer
Inst 2003;95:105–112.
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women with fallopian tube cancer is similar or superior to that
of women with ovarian cancer when standardized for stage
(351–353). No meaningfully sized series to inform about bene-
fits of treatment exist. Radiotherapy including whole abdomi-
nal irradiation, intraperitoneal 32P, and pelvic/para-arotic
nodal radiotherapy has been used. As advanced-stage fallopian
tube carcinomas appear to respond to platinum-based thera-
pies in a manner similar to that of ovarian carcinomas, adju-
vant chemotherapy is currently used for early-stage fallopian
tumor in most situations.

Management of Borderline Tumors

Borderline (low malignant potential; LMP) tumors comprise
10% to 20% of ovarian malignancies, and most are of serous or
mucinous histology. Their histology is discussed in detail above
in the section on pathology. Serous borderline tumors are more
common than mucinous borderline tumors in the United States,
but mucinous borderline tumors are more common in Japan
(354). Numerous large series attest to their good prognosis
(97,355,356). Unlike invasive epithelial ovarian cancer, approx-
imately 75% to 80% of borderline tumors are diagnosed in
early stages. Even when they present with more advanced-stage
disease, they progress very slowly. A review of borderline tumors
entered into the NCI SEER database between 1988 and 1997
(when SEER stopped collecting data on ovarian borderline
tumors) showed 10-year relative survivals of 99% for stage I,
98% for stage II, 96% for stage III, and 77% for stage IV disease
(357). Given the good prognosis, no postoperative treatment is
indicated for early-stage borderline tumors. Borderline tumors
are particularly likely to affect young women (Fig. 25.2), in
whom therapeutic decisions regarding fertility-sparing, prema-
ture hormonal deprivation, and adjuvant chemotherapeutic
treatments are particularly pertinent.

Surgery is the cornerstone of treatment for early-stage border-
line ovarian tumors of LMP. It is important to note that the same
principles of surgical staging detailed earlier in this chapter with
regard to invasive cancers apply equally to borderline tumors.
Since many women with borderline tumors are in the childbear-
ing years, the efficacy and safety of conservative surgery have
been important. There is no evidence that a conservative surgical
approach has an adverse effect on survival in patients with stage
I borderline tumors of borderline (358). Even though patients
treated with a unilateral oophorectomy have a higher recurrence
rate than patients treated with a total hysterectomy and bilateral
oophorectomy, effective surgery for recurrent disease leads to
equivalent survival. Whether even more conservative surgery
(e.g., cystectomy) has an adverse impact on survival remains a
subject of debate. Although cystectomy may increase the recur-
rence rate, it may not have an adverse effect on survival.
However, in order to avoid recurrences and still maintain fertility,
there appears to be little, if any, disadvantage to performing a
unilateral oophorectomy. In patients who present with stage II
borderline tumors, a total abdominal hysterectomy and bilateral
salpingo-oophorectomy with appropriate staging of the peri-
toneal cavity is recommended.

Chemotherapy is not indicated for stage I or II borderline
tumors.

Serous Borderline Tumors

Approximately 5% to 10% of early-stage serous borderline
tumors will ultimately recur. Recurrences can present 10 to 15
years after the initial diagnosis, making long-term follow-up
necessary (and raising the question as to whether the relapses
represent new primary disease). In one report of 160 stage I
serous borderline tumors, 11 patients developed recurrent
tumor at a median of 16 years after initial surgery (range, 7 to

39 years), and 8 died of the disease (359). It has been pro-
posed that the majority of recurrences among serous border-
line tumors are attributable to the subset with micropapillary
histology, and that these have a higher frequency of invasive
implants (103). This emphasizes the need for careful surgery
in this subset of tumors. This is to be distinguished from the
rare group of borderline tumors that exhibit stromal microin-
vasion; focal microinvasion (less than 3 to 5 mm) does not
appear to have prognostic importance (360), and this subset
can be managed in the same way as typical borderline tumors.

The optimal adjuvant treatment of more advanced-stage
recurrent disease is unknown. The very long natural history of
borderline tumors makes prospective clinical trials difficult.
Tumors with invasive implants (the minority) have a worse
prognosis than those with noninvasive implants, but longer
follow-up will reveal more recurrences in patients with more
indolent disease. Seidman and Kurman reported on a review
of 97 reports including 4,129 patients and noted that after 7.4
years of follow-up, the survival of patients with noninvasive
peritoneal implants was 95.3% as compared with 66% for
those with invasive implants. Lymph node involvement did
not appear to portend a particularly dire prognosis, and was
associated with a 98% survival rate at 6.5 years (97). 

The M. D. Anderson group retrospectively identified 39
patients with ovarian serous borderline tumors with invasive
implants. At a median follow-up of 111 months, 12 (31%)
had progressed or recurred with median time from diagnosis
to recurrence of only 24 months (361). They also reviewed 80
cases of stage II-IV ovarian serous borderline tumors with
noninvasive implants (362). Fifty received postoperative
chemotherapy. Thirty-five (44%) developed recurrences, 10%
within 5 years, 19% between 5 and 10 years, 10% between 10
and 15 years, and 5% more than 15 years after primary resec-
tion. The only statistically significant feature associated with
recurrence was the presence of a micropapillary/cribriform
pattern, although this pattern was present in only 26% of the
cases that recurred. 

Although their very slow growth would seem to predispose
them to resistance to traditional cytotoxic agents, serous bor-
derline tumors are not completely chemotherapy resistant.
Gershenson et al. reported on a series of patients with metasta-
tic serous borderline ovarian tumors who had macroscopic
residual disease after initial surgery, received chemotherapy,
and subsequently underwent second-look laparotomy. Three
of 20 (15%) patients with noninvasive implants (363) and 4
of 7 (57%) patients with invasive peritoneal implants had a
response to chemotherapy (361). Barakat et al. summarized
several series in which second-look surgery was peformed to
document response to initial platinum-based therapy and
found that 6 of 23 patients (26%) with macroscopic residual
disease had complete responses (364). However, the effect of
treatment on survival is very uncertain. Surgery is often used
as sole primary treatment for women with serous borderline
tumor of the ovary with noninvasive implants, for whom
5-year survivals are 94% to 95% (365), and chemotherapy is
often used in women with invasive implants. Aneuploidy has
also been reported to predict for poor survival but appears to
be related to the presence of invasive implants (366).
However, there is no clear evidence that chemotherapy can
decrease relapse rates or improve survival in any subset of
patients. 

Recurrences of serous borderline tumors may be histologi-
cally similar to the original tumor or can be invasive tumors,
usually of low grade. In the M. D. Anderson series of borderline
tumors with noninvasive implants described above, 2 of the 35
recurrences were not histologically examined. Six were recurrent
borderline tumors, and the patients with these recurrences were
all alive without evidence of disease 7 to 14 years after surgery.
Twenty-seven patients had low-grade serous carcinomas at the
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time of recurrence, and 20 of these died of disease between 3 and
25 years after surgery (362). Crispens et al. reported that of 49
patients with recurrent borderline serous tumors, 73% of the
recurrences were low-grade carcinomas, and that optimal
cytoreduction in this group was associated with improved sur-
vival. Thirty-six percent of women with progressive or recurrent
serous borderline tumors died of their disease. Six complete
responses and four partial responses in 45 evaluable patients
(22% response rate) were reported with use of a platinum/tax-
ane-based regimen. One patient had a partial response to
leuprolide, and one had a partial response to pelvic irradiation.
Given the fact that women may live a very long time with
advanced-stage borderline tumors, even those recurring as low-
grade invasive serous carcinomas, use of chemotherapy should
be judicious, and use of agents such as oral etoposide with a
propensity to cause leukemia should be avoided. Over 90% of
serous borderline ovarian tumors are estrogen-receptor positive
(367), and there are case reports of major responses to tamox-
ifen (367), leuprolide (368), and anastrozole (369). The effect of
antiangiogenic or other newer targeted agents on these tumors is
not known. There is a high frequency of BRAF mutations in
borderline serous tumors (370), and agents directed against this
or other genetic alterations may be of interest.

Mucinous Borderline Tumors

The pathology and classification of mucinous borderline
tumors are covered earlier in this chapter. Most mucinous bor-
derline ovarian tumors are stage I and present as large unilat-
eral ovarian masses; bilaterality suggests the possibility of
metastatic tumor from another site. Appendectomy and evalu-
ation of the GI tract should be performed to rule out a primary
gastrointestinal tumor. Mucinous tumors need to be sampled
thoroughly to avoid missing an area of invasion. However, as
with serous borderline tumors, microinvasion is not thought to
have prognostic significance. Risk of recurrence for stage I
mucinous borderline tumors of either the more typical intesti-
nal type or the less common endocervical type is very low, with
metastatic rates of 0% to 7%. For many years pseudomyxoma
peritonei was thought to result from ovarian borderline
tumors, but pathologists now believe that most ovarian tumors
associated with pseudomyxoma peritonei are metastatic from
primary neoplasms of the appendix (153). High-stage pure
borderline mucinous tumors are exceedingly uncommon.

Advanced Epithelial Ovarian Cancer

Cytoreductive Surgery

Despite decades of effort aimed at improving methods of early
detection and diagnosis, the majority of cases of cancer of the
ovary are not diagnosed until the disease has spread beyond the
ovary. Often, patients with advanced disease will present with
an abdomen distended with ascites and obviously bulky tumor
masses in the pelvis and upper abdomen. For most human solid
tumors, aggressive surgical resection is justified only if all
known tumor can be removed, rendering the operation poten-
tially curative. For epithelial cancer of the ovary, however, there
is substantial theoretical and clinical support for the concept
that debulking, or cytoreduction, of large tumor masses can be
beneficial to the patient even in the absence of complete tumor
removal. Griffiths (371) has reviewed the theoretical basis for
cytoreductive surgery. Removal of bulky tumor masses in a
patient with advanced ovarian cancer may improve the patient’s
comfort, reduce the adverse metabolic consequences of the
tumor, and enhance the patient’s ability to maintain her nutri-
tional status. Such effects are likely to increase her ability to tol-
erate the intensive chemotherapy that is required. Perhaps,

more importantly, removal of large tumor masses may enhance
the response of the remaining tumor to chemotherapy. Large
tumor masses with a relatively poor blood supply may provide
a pharmacologic sanctuary where viable tumor cells can escape
exposure to adequate concentrations of cytotoxic drugs.
Additionally, such poorly vascularized masses may have a low
growth fraction (i.e., a larger proportion of cells in the nonpro-
liferating [G0] phase of the cell cycle) when they are relatively
insensitive to the effects of cytotoxic drugs.

In 1968, Munnell (372), who introduced a concept of the
“maximum surgical effort” for ovarian cancer, reported an
improved survival in patients who had a “definitive opera-
tion” compared to “partial removal” or “biopsy only.” In
1969, Delclos and Quinlan (373) reported 25% versus 9%
survival in stage III ovarian cancer patients when disease was
cytoreduced surgically to “nonpalpable” versus “palpable.”
Griffiths (371) was the first to accurately quantify residual
disease following primary surgery and to correlate this with
survival in a group of 102 patients receiving chemotherapy
(single-agent melphalan) for stage II or III ovarian cancer.
Using a multiple linear regression model, he found that sur-
vival duration was significantly related to residual tumor size,
and he reported a median survival of 39 months for patients
with no residual tumor compared to 12.7 months for patients
with residual tumor �1.45 cm in maximum diameter. He also
noted an important limitation of cytoreductive surgery:
Extensive resection of tumor bulk with failure to remove all
masses �1.5 cm in diameter did not influence survival.

In 1978, Young et al. (374) reported the first randomized
trial of multiagent nonplatinum chemotherapy versus single-
agent alkylating therapy of advanced ovarian cancer, showing
that patients reduced to “optimal disease” were more likely to
achieve a complete clinical response, as well as a pathologic
complete response. Other investigators utilizing platinum-based
regimens have also supported the role of primary cytoreductive
surgery. Omura et al. (375), reporting a GOG study comparing
two cisplatin-based regimens, found a statistically significant
difference in progression-free interval, survival, and proportion
of patients achieving negative second-look laparotomy in
those with no gross residual disease compared to those with
gross residual �1 cm. In clinical trials in which the percentage
of patients who were optimally cytoreduced was reported,
the median survival for optimally cytoreduced patients was 
39 months as compared to 17 months for those not optimally
cytoreduced. In addition, Fuks et al. (375a) and Dembo (332)
have reported beneficial effects of primary cytoreduction
when radiation is used following surgery.

More recently, several investigators have published results
supporting the role of primary cytoreduction. Hoskins et al.
(376), analyzing GOG data, reported on the effect of residual
disease size on survival after primary cytoreductive surgery.
The patient population studied was relatively homogeneous
because it included only patients with suboptimal residual dis-
ease according to the GOG definition (�1 cm). This removes
an important source of bias present in most prior studies since
patients found to have only small-volume disease (or debulked
to very small-volume disease) are excluded. Among their study
group of 294 patients, they noted a statistically significant
improvement in survival in patients who had 1- to 2-cm resid-
ual disease as compared to those with �2-cm residual disease
(p � 0.01). These data, when combined with data from GOG
protocol 52, in which patients with stage III or IV disease had
optimal (�1 cm) residual disease, provide a striking example
of the prognostic importance of the extent of residual disease
(Fig. 25.33) (376). Eisenkop et al. (377), in a small study,
found a survival benefit to the complete elimination of all
visual peritoneal implants using such modalities as CO2 laser,
argon-beam coagulator, and the cavitron ultrasonic surgical
aspirator. Retrospective reports confirm that aggressive primary
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(and secondary) cytoreductive operations are associated with
minimal morbidity and mortality when performed by experi-
enced surgeons (378). The National Institutes of Health
Consensus Development Conference on Ovarian Cancer held
in April 1994 concluded that “aggressive attempts at cytoreduc-
tive surgery as the primary management of ovarian cancer will
improve the patient’s opportunity for long-term survival”
(Final Statement, NIH Consensus Development Conference
on Ovarian Cancer, Bethesda, 1994) (62).

None of the above reports represents randomized clinical
trial data, and it is not likely ever to be feasible to conduct a ran-
domized trial testing the value of aggressive debulking surgery. It
has been suggested that patients who present with small-volume
disease that is optimally cytoreduced following hysterectomy
with bilateral salpingo-oophorectomy and omentectomy have
disease that is biologically less aggressive than do patients who
are anatomically cytoreduced to the same amount of residual
disease but require a maximal tumor reduction with removal of
bulky disease throughout the peritoneal cavity. For example, in a
study from Roswell Park Cancer Institute, it was demonstrated
that cytoreductive surgery was successful in debulking 87% of
patients with stages III and IV disease to less than 2-cm residual
tumor masses (379). The percentage of patients in this study
who were optimally cytoreduced was markedly higher than the
17% to 40% successful debulking rate reported in many other
series. However, only 30% of patients in this study achieved a
complete remission with chemotherapy even though only 13%
of the patients had any residual mass greater than 2 cm after
debulking surgery. Furthermore, progression-free survival was
only 29% at 3 years. These results suggest that, in addition to

the volume of disease, other unknown biologic factors influence
survival in patients with advanced disease.

The current FIGO staging system subdivides stage III dis-
ease into three groups, based upon the volume of disease
before any attempt at surgical debulking (Table 25.7). 

Stage IV ovarian cancer patients present special considera-
tions with regard to cytoreduction. Most of the studies sup-
porting cytoreductive surgery have included both stage III and
stage IV patients but have not analyzed them separately. Four
retrospective studies that have examined the prognostic signifi-
cance of optimal debulking in stage IV ovarian cancer have all
shown a statistically significant improvement in survival in
patients with small-volume residual tumor (Table 25.13)
(380–383). Based on these data, it seems reasonable to attempt
cytoreduction in medically fit patients with stage IV disease if
optimal residual disease is achievable.

The actual percentage of patients with advanced ovarian
cancer who can successfully be cytoreduced remains to be
established. The percentage of patients optimally cytoreduced
has ranged from 87% to 17% in different studies in the litera-
ture, with a mean of 35%. This wide range is due to several
factors in addition to the skill and experience of the surgeon.
There has not been universal agreement as to the size of resid-
ual masses that place the patient in the “optimal” category.
Furthermore, the patient populations may not be comparable
with regard to volume of disease at surgery or are not con-
trolled for surgery prior to referral to the investigator.

Preoperative Chemotherapy/Interval Cytoreduction

Since many patients cannot be successfully cytoreduced at initial
surgery, the benefit of a brief induction course of chemotherapy
prior to debulking surgery has been explored. Two to three
cycles of chemotherapy substantially increase the percentage of
patients who will be successfully cytoreduced. Several studies
(384,385) have provided retrospective comparisons of
advanced-stage patients treated with neoadjuvant chemother-
apy compared to patients treated with surgery followed by
chemotherapy. All have demonstrated the feasibility of neoadju-
vant chemotherapy. Everett et al. (386) reported on a retrospec-
tive series of 98 patients with initial chemotherapy and 102 with
initial surgery. Patients who received initial chemotherapy were
more likely to have stage IV and grade 3 disease. Interestingly,
there was no difference in surgical morbidity between the
groups (as a neoadjuvant approach would generally seem
attractive for patients who are ill enough that aggressive pri-
mary surgery is risky). Optimal cytoreduction was achieved in
86% of patients who received initial chemotherapy versus 54%
of patients who received initial surgery. Optimal cytoreduction
but not treatment choice was statistically associated with
median survival. However, initial surgery was associated with a
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FIGURE 25.33. Survival time by initial abdominal tumor description
(except omentum). Source: Hoskins WJ, McGuire WP, Brady MF, et al.
The effect of diameter of largest residual disease on survival after pri-
mary cytoreductive surgery in patients with suboptimal residual epithe-
lial ovarian carcinoma. Am J Obstet Gynecol 1994;170:974–980.

EFFECT OF DEBULKING ON SURVIVAL IN STAGE IV OVARIAN CANCER

TA B L E  2 5 . 1 3  

Median survival
Study (ref.) Year Surgical result No. of patients Optimal (%) (months) p

Curtin et al. (381) 1997 Optimal (�2 cm) 41 45 40 0.01
Suboptimal 51 18

Liu et al. (382) 1997 Optimal (�2 cm) 14 30 37 0.02
Suboptimal 33 17

Munkarah et al. (383) 1997 Optimal (�2 cm) 31 34 25 0.02
Suboptimal 61 15

Bristow et al. (380) 1998 Optimal (1 cm) 25 30 38 0.0004
Suboptimal 59 10
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longer progression-free interval. There are currently two ran-
domized trials under way of neoadjuvant chemotherapy versus
surgical debulking followed by chemotherapy (EORTC-55971,
UK CHORUS). Results will be very interesting. 

There is conflicting evidence from two large prospective, ran-
domized trials whether interval debulking can improve survival
in certain patients with advanced ovarian cancer (387,388). In a
multicenter trial conducted by the EORTC (388), patients with
suboptimal (�1 cm) disease remaining after primary cytoreduc-
tion were treated with three cycles of cyclophosphamide and cis-
platin. Those without progression were randomized to interval
debulking surgery and additional chemotherapy versus addi-
tional chemotherapy alone. With approximately 150 patients
randomized to each arm, patients undergoing the interval
debulking showed a statistically significant improvement in both
progression-free interval and median survival (Fig. 25.34A). The
interval surgery was generally well tolerated.

More recently, the GOG has reported the results of proto-
col 152, a prospective, randomized trial of interval secondary
cytoreduction in patients with advanced ovarian cancer with

suboptimal residual disease (387). Five hundred fifty patients
were enrolled in this study within 6 weeks of initial surgery.
After three cycles of paclitaxel and cisplatin, patients without
evidence of tumor progression were randomized to receive
either secondary cytoreduction and three additional cycles of
chemotherapy or chemotherapy alone. At the time of the
report, median progression-free survival and overall survival
for the interval cytoreduction group were 10.5 months and
33.9 months, respectively, compared to 10.7 months and 33.7
months for the chemotherapy-alone group. The overall sur-
vival for the two groups is shown in Figure 25.34B.

Several possibilities have been advanced to explain the dif-
ference in outcome between the GOG and European studies,
both large prospective, randomized trials. Probably most
important of these is the difference in the training and experi-
ence of the surgeons involved. In the GOG trials, both the ini-
tial and interval cytoreductive operations were performed
almost exclusively by trained gynecologic oncologists,
whereas in the EORTC trial the initial surgery was most often
done by general gynecologists. As a result, residual disease fol-
lowing primary surgery measured �5 cm in about two thirds
of the GOG patients as compared to one third of the patients
in the EORTC trial. Following chemotherapy, residual disease
�1 cm was found in 56% of the GOG patients versus 65% of
the European patients. This resulted in a higher likelihood of
successful cytoreduction in the EORTC trial, with conversion
from suboptimal to optimal residual tumor in 45% of patients
as compared to 36% in the GOG trial.

Additionally, the chemotherapeutic regimen used in the
GOG trial, paclitaxel and platinum, may have reduced the
benefit of interval cytoreduction relative to the EORTC trial,
which used a platinum and cyclophosphamide combination.
Differences in outcome may also be related to differing post-
treatment surveillance and to the availability of more effective
second-line therapies since the EORTC trial completed
accrual in May 1993. It is of interest to note that the similar
median and overall survivals in both arms of the GOG trial
were substantially longer than those reported in the best
(interval cytoreduction) arm of the EORTC trial. 

The available evidence from the prospective trials of inter-
val cytoreduction suggests that, although this technique
should not be a routine management strategy, certain selected
patients may benefit depending on the aggressiveness of the
initial cytoreductive surgery, the geographic distribution and
size of the remaining disease, and the response to the initial
several cycles of chemotherapy.

Postoperative Chemotherapy

Surgery is rarely curative for women with advanced-stage ovar-
ian carcinoma, even when there is no residual disease. Many
chemotherapy agents have some activity against ovarian cancer,
and a great deal of effort has been spent on trying to optimize
adjuvant chemotherapy regimens to improve survival. A recent
meta-analysis of 198 trials involving 38,440 women suggested
that the regimen that best prolonged survival is a platinum and
taxane combination with intraperitoneal administration; this
resulted in a 55% relative risk reduction for mortality as com-
pared with nonintraperitoneal monotherapy containing neither
platinum nor taxane (389). The most standard regimen in the
United States currently is six cycles of postoperative intra-
venous (IV) paclitaxel/carboplatin; areas of uncertainty exist
not only regarding use of neoadjuvant therapy, but regarding
the role of single-agent carboplatin, use of intraperitoneal
chemotherapy, and use of maintenance taxane therapy.

Platinum Use. Platinum agents represent the most active
group of chemotherapy agents in the treatment of ovarian cancer.
The GOG performed the largest comparative trial of a platinum-
containing regimen versus a non–platinum-containing regimen in
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FIGURE 25.34. A: Survival of patients with advanced ovarian cancer
who underwent internal debulking surgery compared to treatment with
chemotherapy only. Source: van der Burg ME, van Lent M, Buyse M,
et al. The effect of debulking surgery after induction chemotherapy on the
prognosis in advanced epithelial ovarian cancer. Gynecologic Cancer
Cooperative Group of the European Organization for Research and
Treatment of Cancer. N Engl J Med 1995;332:629–634. B: Survival of
patients with advanced ovarian cancer who underwent internal debulk-
ing surgery compared to treatment with chemotherapy only. Source:
Rose PG, Nerenstone S, Brady M, et al. A phase III randomized study of
interval secondary cytoreduction in patients with advanced stage ovar-
ian carcinoma with suboptimal residual disease: a Gynecologic
Oncology Group study. Proc Am Soc Clin Oncol 2002;21:201a.
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the pretaxane era (390). Two hundred twenty-seven patients
with advanced ovarian cancer were randomized to receive dox-
orubicin/cyclophosphamide treatment with or without the addi-
tion of cisplatin. Complete response rate (51% vs. 26%) and
median overall survival (15.7 vs. 9.7 months) both were superior
for the cisplatin-containing regimen. The meta-analysis of
Kyrgiou et al. confirmed that platinum-based combination
or monotherapy produces a survival benefit compared to
non–platinum-based therapy. A relatively small increased risk of
secondary leukemia has been identified in ovarian cancer patients
treated with platinum-based chemotherapy (389). However, the
clinical benefits of platinum treatment outweigh the risks.

Choice of Platinum Agent. As discussed in Chapter 15
(Principles of Chemotherapy in Gynecologic Cancer), the
early trials of platinum in ovarian cancer all used the first
available platinum agent, cisplatin, which is associated with
troublesome nausea/vomiting, neurotoxicity, and nephrotoxi-
city. Carboplatin, while more myelotoxic, is otherwise sub-
stantially better tolerated than cisplatin. Multiple randomized
trials comparing carboplatin to cisplatin in ovarian carcinoma
have been performed, and meta-analyses have confirmed that
there is no difference in efficacy between the two agents (391).
Three trials have specifically compared the combination of
intravenous cisplatin plus paclitaxel to intravenous carbo-
platin plus paclitaxel, and noninferiority for carboplatin/
paclitaxel versus cisplatin/paclitaxel has been convincingly
demonstrated (392–394). In general, carboplatin is the first-
line platinum agent in the treatment of ovarian cancer in the
United States. However, as discussed below, there are no ran-
domized data showing that intraperitoneal carboplatin pro-
duces benefits similar to those seen with intraperitoneal
cisplatin, and cisplatin remains the standard platinum drug for
intraperitoneal administration.

Oxaliplatin, a third-generation platinum agent that produces
an unusual cold-triggered neurotoxicity, is FDA approved in the
United States for use in colon cancer. It has a theoretical benefit
in activity against tumors that exhibit mismatch repair deficiency
and preclinical data suggested that cell lines resistant to cisplatin
might be sensitive to oxaliplatin (395). However, there is no clin-
ical evidence of non–cross resistance with other platinum agents;
a GOG trial of oxaliplatin in women with platinum-resistant
tumors revealed negligible activity (396). A small (n � 177) ran-
domized trial comparing oxaliplatin/ cyclophosphamide to cis-
platin/cyclophosphamide as first-line therapy in women with
ovarian cancer showed no difference in progression-free or over-
all survival between the two treatment groups (397). 

Platinum Dose and Dose Intensity. To date no evidence sup-
ports the use of doses of cisplatin above 50 to 100 mg/m2 every
3 weeks or carboplatin AUC 5 to 7.5 every 3 weeks. An influ-
ential early meta-analysis of over 60 published trials showed a
correlation between dose intensity of cisplatin and observed
response rate, but the correlation held only over a range of
doses lower than those used in clinical practice today (398). 

Numerous prospective clinical trials have compared different
platinum doses and dose intensities over a clinically relevant
range, and the majority of these have shown no benefit for
higher dose or greater dose intensity (399–401). The largest was
the GOG trial that tested dose intensity while keeping the total
dose fixed. Four hundred fifty-eight patients with bulky stage III
or stage IV disease were randomized to receive either eight cycles
of cisplatin (50 mg/m2) plus cyclophosphamide (500 mg/m2)
every 3 weeks or four cycles of cisplatin (100 mg/m2) plus
cyclophosphamide (1,000 mg/m2) every 3 weeks. There was no
difference between the regimens in response rate or survival
(401). The outlier among the studies was a randomized Scottish
trial that compared cyclophosphamide 750 mg/m2 plus cisplatin
either 50 mg/m2 or 100 mg/m2 every 3 weeks for six cycles, and
found a better response rate, progression-free survival, and over-
all survival on the high-dose arm (402). Nonetheless, because

neurotoxicity was still evident in patients treated with the higher
dose of cisplatin 4 years after chemotherapy, investigators rec-
ommended that the dose of cisplatin not be increased beyond 75
mg/m2 (400). No other reasonably sized trial has supported
importance of cisplatin dose intensity or total dose beyond six
cycles (see Prolongation of Primary Therapy/Consolidation/
Maintenance below). Randomized trials have also failed to
show benefit for escalated doses of carboplatin, although they
produce less neurotoxicity than high doses of cisplatin. Danish
investigators randomized patients with advanced-stage ovarian
cancer to receive cyclophosphamide 500 mg/m2 with carbo-
platin at an AUC of either 4 or 8. There was no difference in
either surgically confirmed complete remission rate or overall
survival (403). Very high doses of carboplatin requiring
hematopoietic stem cell support have also been tested in ovarian
cancer without any evidence of benefit (404).

Despite all of the above, as discussed below under Addition
of a Taxane to Platinum Chemotherapy, doubt about the opti-
mal dose of platinum for front-line use persists. Perhaps a sub-
set of patients or ovarian cancers exists for which different
doses would be appropriate. The Scottish clinical trials group
has launched a large trial (SCOTROC4) of single-agent carbo-
platin in women who do not desire platinum/taxane combina-
tion therapy or in whom such therapy is contraindicated.
Patients are randomized to a flat carboplatin dose or a dose
that is individually escalated in each patient. 

Addition of a Taxane to Platinum Chemotherapy. In the
1980s a great deal of excitement was generated by the demon-
stration that single-agent paclitaxel had substantial activity
against platinum-resistant ovarian cancer. Initial trials of pacli-
taxel used prolonged infusion durations to reduce the incidence
of acute hypersensitivity reactions. A GOG trial tested single-
agent paclitaxel at 200 mg/m2 given intravenously over 24 hours
with growth factor support in 43 patients with recurrent, persis-
tent, or progressive ovarian cancer during or after a platinum-
based chemotherapy. The overall response rate was 37% with
18% complete responses (405). Twenty-seven of the patients
were platinum resistant, and the response rate to paclitaxel in this
group was 33%. When premedication with corticosteroids and
histamine blockers was found to prevent most hypersensitivity
reactions, shorter infusion durations were also tested. In an influ-
ential trial performed by a group of European and Canadian
collaborators 391 eligible patients were randomized in a 2 � 2
factorial design to receive paclitaxel as either a 3-hour or a
24-hour infusion at a dose of either 135 mg/m2 or 175 mg/m2

every 3 weeks. Shorter infusions were found to be safe and to
result in less myelosuppression but more neurotoxicity (406).
There was a slight increase in time to progression (TTP) for
patients who received the higher dose (19 weeks vs. 14 weeks;
response rate 20% vs. 15%) and 175 mg/m2 over 3 hours
became the accepted dose in patients with recurrent disease.

A number of randomized trials were rapidly launched com-
paring platinum-based regimens with and without taxane in the
first-line treatment of ovarian cancer. The four largest studies are
summarized in Table 25.14. The results of the first two of these
trials completed (GOG 111 and OV-10) clearly demonstrated
that combination chemotherapy with paclitaxel and cisplatin
prolongs both progression-free and overall survival as compared
with cyclophosphamide/cisplatin (407,408). In GOG 111,
which treated women with suboptimally debulked or stage IV
cancer using a paclitaxel dose of 135 mg/m2 over 24 hours, the
median overall survival was 37 months for those treated with
paclitaxel and cisplatin as compared with 25 months for those
receiving cyclophosphamide and cisplatin (407). Similar results
were found in the more inclusive (stage IIB-IV) European trial,
although it produced 18% grade 3 neurotoxicity in the pacli-
taxel-containing arm (vs. 4% neurotoxicity in the GOG trial),
as paclitaxel was used at a dose of 175 mg/m2 (with the possi-
bility of escalating to 200 mg/m2) over 3 hours (408). 
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The other two trials did not clearly support the addition of
paclitaxel to front-line therapy. The GOG trial compared single-
agent paclitaxel to single-agent cisplatin to the combination 
in the same subgroup of patients treated in GOG 111 (409). The
response rate to single-agent paclitaxel in patients with measur-
able disease was significantly lower than to either of the
platinum-containing regimens (42% vs. 67%, p � 0.01).
However, the difference in median durations of overall survival
(30.2, 25.9, and 26.3 months for patients randomized to
cisplatin, paclitaxel, and the combination) was not statistically
significant. Single-agent therapies were discontinued more fre-
quently (cisplatin because of toxicity or patient refusal [17%]
and paclitaxel because of progression [20%]) compared to com-
bination chemotherapy in which 7% of patients discontinued
because of toxicity and 6% because of disease progression. The
relative hazard of first progression or death was significantly
greater among those randomized to paclitaxel when compared
with either of the cisplatin-containing regimens, but did not dif-
fer significantly between the two cisplatin regimens. Since over-
all survival was similar in the three arms, and the combination
regimen had a better toxicity profile than single-agent cisplatin
at 100 mg/m2, the investigators concluded that the combination
of cisplatin and paclitaxel should remain the preferred therapy.
They speculated that the lack of benefit for the combination arm
related to the fact that almost 50% of patients began subsequent
treatment prior to overt clinical progression, presumably on the
basis of a rising CA-125. The first nonprotocol treatment for
those randomized to cisplatin included paclitaxel 52% of the
time, and for women randomized to paclitaxel it included cis-
platin or carboplatin 69% of the time. By way of contrast, pacli-
taxel was seldom used as salvage therapy in GOG 111 because
of its limited availability at the time, and while 48% of patients
in the cisplatin/cyclophosphamide arm of OV-10 crossed over to

paclitaxel as first salvage treatment, it appears that they did so
after overt clinical progression. The results of GOG 132 have
raised the question of whether appropriately designed sequential
therapy would be as effective as combination therapy. An
Eastern Cooperative Oncology Group (ECOG) study of single-
agent doxorubicin versus single-agent paclitaxel versus the com-
bination for women with metastatic breast cancer had built in
crossover at the time of progression, and showed that the com-
bination produced more toxicity and a higher response rate, but
no improvement in overall survival (410). However, no trial has
formally tested the question of sequential versus concomitant
agents in the treatment of ovarian cancer. Moreover, it is note-
worthy that the response rate to single-agent cisplatin 100
mg/m2 in GOG 132 was the same as that to the combination
therapy (which used a cisplatin dose of 75 mg/m2), again raising
uncertainties about the role of platinum dose in the treatment of
ovarian cancer. 

ICON3, a large multinational trial which randomized
women with stage I-IV disease to carboplatin/paclitaxel chemo-
therapy versus single-agent carboplatin or CAP (cisplatin/
doxorubicin/cyclophosphamide) chemotherapy found no supe-
riority for the taxane-containing combination in either progres-
sion-free or overall survival (hazard ratio for overall survival
0.98; 95% CI, 0.87 to 1.10) (411). About a third of patients on
carboplatin in the control group went on to receive a taxane at
some stage, mostly after the disease had progressed. The results
of this trial also appear to contradict those of OV-10 and GOG
111, and the explanation remains unclear. It has been suggested
that cisplatin/cyclophosphamide is an inferior control arm to
optimal dose single-agent platinum. However, a trial comparing
cisplatin 50 mg/m2 to cisplatin 50 mg/m2 plus cyclophosphamide
650 mg/m2 repeated every 4 weeks for six cycles did not show
any difference between treatment groups (412). ICON3 included
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RANDOMIZED TRIALS � TAXANE IN FIRST-LINE CHEMOTHERAPY FOR OVARIAN CANCER

TA B L E  2 5 . 1 4  

Author (year) N Eligibility Regimens Median PFS Median OS

McGuire (1996) (Ref 407) 386 Suboptimal III Cisplatin 75 mg/m2 �
GOG 111 Any IV paclitaxel 135 mg/m2/24 hr 18 mo 38 mo  

vs. vs. vs.
Cisplatin 75 mg/m2 � 13 mo 24 mo

cyclophosphamide 750 mg/m2 p � 0.001 p � 0.001

Piccart (2000) (Ref 408) 680 IIB-IV Cisplatin 75 mg/m2 �
OV-10 paclitaxel 175 mg/m2/3 hr 15.5 mo 36 mo

vs. vs. vs.
Cisplatin 75 mg/m2 � 11.5 mo 26 mo 

cyclophosphamide 750 mg/m2 p � 0.0005 p � 0.0016

Muggia (2000) (Ref 409) 614 Suboptimal III Cisplatin 75 mg/m2 �
GOG 132 Any IV paclitaxel 135 mg/m2/24 hr 14 mo 26 mo

vs. 
Paclitaxel 200 mg/m2/24 hr 11 mo 26 mo
vs.
Cisplatin 100 mg/m2 16 mo 30 mo

Paclitaxel worse p � N
p � 0.001

ICON3 (2002) (Ref 411) 2,075 I-IV Carboplatin AUC 6 �
paclitaxel 175 mg/m2 � 17 mo 39 mo

vs.
Carboplatin AUC 6 or 16 mo 36 mo

p � NS p � NS
Cyclophosphamide 500 mg/m2 �

cisplatin 50 mg/m2 � doxorubicin 
50 mg/m2

Note: AUC, area under the curve; NS, not significant; OS, overall survival; PFS, progression-free survival; RR, response rate; mo, months.
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stage I/II patients, a group in which, as discussed above, it has
been very difficult to demonstrate the benefit of any chemother-
apy, and in which the differences between different chemother-
apy regimens might be blunted. However, they made up only
about 20% of the study population and statistical analysis of
ICON3 did not reveal any heterogeneity of treatment effect when
analyzed by stage, cell type, grade, or country of origin.

Alternate Taxanes/Taxane Schedules. The Scottish
Gynaecological Cancer Trials Group compared a docetaxel-
containing primary regimen to a paclitaxel-containing pri-
mary regimen (412a). One thousand seventy-seven women
with stage IC-IV ovarian or primary peritoneal carcinoma
were randomized to six cycles of carboplatin AUC 5 and
either docetaxel 75 mg/m2 or paclitaxel 175 mg/m2. At a
median follow-up of 23 months, there was no difference in
progression-free (15 months for docetaxel, 14.8 months for
paclitaxel) or overall survival (2-year overall survival 64% for
docetaxel and 69% for paclitaxel). This was confirmed in a
subsequent report with longer follow-up. Docetaxel was asso-
ciated with less neurotoxicity (11% vs. 30% grade � 2 neu-
rosensory toxicity) and more myelotoxicity (11 patients vs. 3
patients with neutropenic fever). This represents an attractive
option for patients with or at risk for neurotoxicity. 

A formulation of paclitaxel as protein-bound nanoparticles
(ABI-007, Abraxane) has been approved for use in breast can-
cer in the United States. It has shown activity in ovarian can-
cer, but randomized trials of its use in front-line therapy have
not been performed.

Given the slightly superior response rates observed for more
prolonged infusion of a given dose of paclitaxel in the European-
Canadian trial, interest in very prolonged infusion schedules was
stimulated. The GOG completed a trial (GOG 162) randomizing
women with ovarian cancer to cisplatin 75 mg/m2 plus pacli-
taxel 135 mg/m2 administered as either a 24- or a 96-hour
infusion. There was no difference in overall or progression-free
survival (413). 

GOG investigators performed a randomized trial of a 
24-hour infusion of paclitaxel at different doses in previously
treated patients with advanced disease (414). For 271 patients
with measurable disease, high-dose paclitaxel (250 mg/m2 plus
granulocyte colony-stimulating factor [G-CSF]) gave a higher
response rate than the lower dose of 175 mg/m2 (36% vs. 27%).
However, progression-free survival and overall survival were sim-
ilar. The median duration of overall survival was 13.1 months
and 12.3 months for paclitaxel 175 and 250 mg/m2, respectively.
Despite cytokine support, high-dose paclitaxel is associated with
increased platelet toxicity, anemia, neurotoxicity, and gastroin-
testinal toxicity, and there appears to be, at best, a modest dose-
response effect for paclitaxel in previously treated patients. A
subsequent prospective, randomized trial in previously untreated
advanced ovarian cancer patients compared two different doses
of paclitaxel (175 vs. 225 mg/m2), with all patients receiving car-
boplatin at an AUC of 5. No improvement in survival was
reported for the higher-dose paclitaxel regimen (415). 

Fennelly et al. (416) performed a phase 1 pharmacologic
study of paclitaxel administered weekly in patients with relapsed
ovarian cancer. Maximum tolerated dose was 80 mg/m2 in this
heavily pretreated group of patients. Partial responses were
observed in 30% of assessable patients including patients with
progressive disease on a standard 3-week paclitaxel schedule.
Weekly paclitaxel was associated with less toxicity, particularly
alopecia. Subsequent phase 2 trials have reported response rates
of 32% to 47% for weekly paclitaxel in platinum-refractory
patients (417,418). Current and future trials will address the
role of weekly paclitaxel in front-line therapy.

Addition of a Third Agent to Front-Line Chemotherapy.
There are no data that addition of any third cytotoxic agent to
front-line chemotherapy of ovarian cancer improves out-
comes, despite an immense amount of investigation of this
strategy. 

Doxorubicin produces single-agent response rates of 20% to
30% in women with chemotherapy-naïve ovarian cancer. In the
pretaxane era, two meta-analyses suggested that there was bene-
fit to the addition of doxorubicin to cisplatin/cyclophosphamide
therapy. The large ICON2 trial therefore randomized 1,526
patients with stage I-IV ovarian cancer to either single-agent
carboplatin AUC 5 or CAP (cyclophosphamide 500 mg/m2 plus
doxorubicin 50 mg/m2 plus cisplatin 50 mg/m2). There was no
evidence of a difference in survival between the two therapies
(HR for survival 1.00) (419). Subsequently two large random-
ized studies tested the addition of epirubicin to paclitaxel/
carboplatin therapy, and neither found any benefit for the addi-
tion of anthracycline (420). 

Topotecan also seemed a reasonable candidate to improve
results with first-line therapy of ovarian cancer. Topotecan has
efficacy very similar to that of paclitaxel against ovarian cancer
in women naïve to both agents; a large randomized trial
reported a response rate of 20.5% for topotecan 1.5 mg/m2/day
� 5 and 13.2% for paclitaxel 175 mg/m2 every 3 weeks (421).
Moreover, there is some non–cross resistance between paclitaxel
and topotecan. One hundred ten patients crossed over to the
alternative drug as third-line therapy; 13.1% of topotecan-
treated patients responded to paclitaxel and 10.2% of pacli-
taxel-treated patients responded to topotecan. Three hundred
twenty-six patients with stage III/IV ovarian cancer were
randomized to six cycles of either carboplatin/paclitaxel every
21 days or the same combination plus IV topotecan 1 mg/m2

days 1 to 3 every 21 days. There was no difference in response
rate (RR of 84% on carboplatin/paclitaxel vs. 94% for the
triplet) or median TTP (70.4 and 71.8 weeks, respectively).
There was more anemia with topotecan (23.3% vs. 9.4% of
courses required transfusions) (422). 

After a substantial number of preliminary studies to establish
safe regimens for administering three drugs without unduly
compromising the dose of any one agent, particularly platinum,
an international multiarm randomized study was led by the
GOG (GOG 182-ICON5) to definitively answer whether triplet
cytotoxic chemotherapy improves survival (423). A total of
4,312 advanced-staged ovarian cancer patients were random-
ized to carboplatin/paclitaxel or carboplatin/paclitaxel com-
bined with gemcitabine, liposomal doxorubicin, or topotecan.
Progression-free survival ranged from 15.4 to 17.5 months
across the four treatment arms, with an HR of 0.94 to 1.07,
which was not statistically different among any of the combina-
tion regimens studied. 

Recent interest has focused on the role of combining some of
the newer molecular targeted agents with chemotherapy. The
most promising agent to date has been bevacizumab, a mono-
clonal antibody targeting vascular endothelial growth factor
(VEGF). It has produced single-agent response rates in the range
of 15% to 20% in the setting of recurrent ovarian cancer, and
has improved survival when combined with chemotherapy in
the treatment of colon cancer and lung cancer. Two trials have
been launched, a placebo-controlled three-arm trial in the GOG
(GOG 218; Fig. 25.35), which separately tests the value of beva-
cizumab in combination with carboplatin/paclitaxel chemother-
apy and the value of bevacizumab as consolidation/maintenance
after primary therapy, and a two-arm trial (ICON7; carbo-
platin/paclitaxel vs. carboplatin/paclitaxel with concomitant and
consolidation bevacizumab) with no placebo in the European
cooperative groups.

Intraperitoneal Chemotherapy. Intraperitoneal (IP) chemo-
therapy provides a means by which high concentrations of drugs
and long durations of tissue exposure can be attained at the peri-
toneal surface. As intraperitoneal progression of disease remains
the major source of morbidity and mortality in ovarian cancer, it
is a theoretically attractive approach in the treatment of this dis-
ease. Many chemotherapeutic agents, including those used for
the treatment of ovarian cancer such as cisplatin, carboplatin,
topotecan, and paclitaxel have been tested for feasibility with
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intraperitoneal administration. Larger or less water-soluble mole-
cules will stay longer in the peritoneal cavity, and have a higher
peritoneal cavity–to–plasma concentration ratio (sometimes
referred to as “pharmacologic advantage”), but may not get into
the bloodstream. The direct penetration of chemotherapy agents
into tumor masses is limited to 1 to 2 mm from the tumor sur-
face. Early work by Los et al., using a rat intraperitoneal tumor
model, found that the concentration of cisplatin at the periphery
of tumor nodules was higher after IP administration of cisplatin,
but the concentration at the center of the nodules was identical
after IP and IV administration (424). Hence (a) the theoretical
benefit is only for very small tumor volumes, and (b) agents that
do not reach therapeutic systemic levels when given by the
intraperitoneal route need to be administered intravenously as
well. Cisplatin has a 10- to 20-fold pharmacologic advantage
when given intraperitoneally. For a given dose of cisplatin, peak
concentrations are higher with IV cisplatin, and this has resulted
in somewhat decreased toxicity in a randomized comparison of
the same doses of cisplatin given intraperitoneally versus intra-
venously, including less hearing loss and neuromuscular toxicity
(425). However, the amount of cisplatin recovered in the urine,
reflecting total systemic exposure, is similar regardless of whether
the administration is intravenous or intraperitoneal. Similarly,
carboplatin given IP at an AUC of 6 has been shown to give an
AUC in the peritoneal cavity about 17 times higher than that of
carboplatin given intravenously while producing a very similar
serum AUC (426). Paclitaxel, on the other hand, has a pharma-
cologic advantage of about 1,000, and significant levels persist in
the peritoneal cavity 1 week after drug administration. However,
the dose that can be given is limited by abdominal pain, and
serum paclitaxel concentrations detected in patients treated with
intraperitoneal paclitaxel at feasible doses are low (427). 

Surgical Considerations for Intraperitoneal Chemotherapy.
The three methods of obtaining access to the peritoneal cavity
that have been examined are single-use percutaneous catheters,
semipermanent percutaneous catheters, and implanted subcuta-
neous port and catheter systems. Reported complications for all
catheters include intestinal injury, catheter blockage, and infec-
tions involving the peritoneal cavity or the abdominal wall. The
implanted subcutaneous port and catheter systems have the
advantages of a lower risk of infection and better patient accep-
tance. In one large single institutional series, Davidson et al.
(428) analyzed data on 249 catheters placed in 227 patients.
No injuries occurred at the time of catheter placement.
Significant complications occurred in 17.6% of patients,
including catheter blockage (8.8%) and infection (8.8%). In
eight patients, late erosion of the catheter into the intestinal
lumen was noted. Recommendations from this study concluded
that catheters should not be placed at the time of colon surgery
because of a possible increase in the risk of infection, and that
intraperitoneal chemotherapy should not be administered until

7 to 14 days following catheter placement to allow time for
wound healing. Strict aseptic technique should be used when
catheters are accessed. 

In a publication from GOG 172, which randomized
patients with optimal stage III ovarian cancer to IV versus IP
chemotherapy, Walker et al. reported on the IP catheter out-
comes in 205 patients allocated to the IP arm (429). One third
of patients on that trial discontinued IP therapy primarily
related to catheter-related problems including infection in 21
women, catheter blockage in 9, catheter leak in 3, access prob-
lems in 5, and drainage per vagina in 1. 

The evidence suggests that implanted subcutaneous port and
catheter systems have an acceptable level of morbidity for deliv-
ery of intraperitoneal therapy. The major technical impediment
to successful intraperitoneal therapy is the formation of adhe-
sions within the peritoneal cavity, which leads to catheter block-
age and poor distribution of drugs instilled into the cavity.
Recent experience suggests that catheters designed for intra-
venous use may be used for intraperitoneal chemotherapy. The
smaller diameter of the IV catheter, together with the absence of
side holes, may produce fewer intraperitoneal adhesions as
compared to the catheters designed for IP use. Guidance on the
selection and placement of catheters is available on the GOG
Web site, www.GOG.org.

Clinical Use of IP Therapy for Ovarian Cancer. In January
2006, the NCI issued a clinical alert suggesting the use of
intraperitoneal cisplatin chemotherapy in women with optimally
debulked ovarian cancer (430). A meta-analysis of eight trials
comparing intraperitoneal to intravenous platinum-based
chemotherapy (all but one used cisplatin) showed an average
21.6% decrease in the risk of death (hazard ratio 0.79; 95% CI,
0.70 to 0.89). As the expected median duration of survival for
women with optimally debulked ovarian cancer receiving stan-
dard treatment is approximately 4 years, this size reduction in
death rate was estimated to translate into about a 12-month
increase in overall median survival. The power of this analysis
was based primarily on the survival benefits for intraperitoneal
chemotherapy observed in each of the three relatively large ran-
domized trials summarized in Table 25.15 (425,431,432). 

Despite these results, intraperitoneal therapy has not yet been
consistently adopted for the treatment of women with optimally
debulked ovarian cancer in the United States, and has not been
widely adopted internationally. There are several reasons for this. 

First, intraperitoneal therapy, as used in the reported trials, is
technically demanding. Administration of paclitaxel over 
24 hours, which is necessary to reduce the neurotoxicity when
paclitaxel is combined with cisplatin, is inconvenient and, if it
requires hospitalization, expensive. Use of IP catheters is not rou-
tine in many oncology practices, and is associated with a number
of complications, as discussed above. In the report by Armstrong
et al. (431), only 42% of patients on the IP arm received the six
planned cycles of intraperitoneal therapy due either to cisplatin
related toxicities or catheter problems. It has been suggested that
icodextrin, which has a clinical record of use as an exchangeable
peritoneal dialysis solution in humans, can reduce adhesion for-
mation in a rat model of intraperitoneal chemotherapy (433). A
trial using intraperitoneal 5-FU in 4% icodextrin in patients with
colon cancer showed the regimen to be safe, but problems with
peritoneal access still occurred in 20% of patients (434). 

Second, all of the large randomized studies used cisplatin in
both the intraperitoneal and intravenous arms, whereas car-
boplatin, which is less toxic and easier to administer, has
become the standard intravenous platinum agent in the treat-
ment of ovarian cancer. It has even been suggested, based on
nonsignificant trends in two of the randomized trials compar-
ing cisplatin/paclitaxel to carboplatin/paclitaxel, that the
cisplatin/paclitaxel regimen is inferior to carboplatin/pacli-
taxel in optimally debulked patients, and that IP therapy must
be compared to intravenous carboplatin/paclitaxel before it
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FIGURE 25.35. Design of GOG 218 with incorporation of beva-
cizumab, concurrently with primary chemotherapy and as maintenance
until there is evidence of disease. Source: Personal communication,
Robert Burger.
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can be adopted (435). Although intraperitoneal carboplatin
can be safely used and appears to have favorable pharmacoki-
netics (pharmacologic advantage combined with good systemic
drug exposure), there is no clinical trial evidence that it will
provide the same survival benefits as intraperitoneal cisplatin.

Finally, the heterogeneity and toxicity of the intraperitoneal
regimens used have left some confusion as to what the most
important elements of the ideal IP therapy regimen are, and
which could be modified to improve safety and tolerability while
maintaining efficacy. For example, the Markman et al. trial used
two cycles of carboplatin AUC 9 (as “chemical debulking” prior
to starting intraperitoneal therapy), which resulted in significant
hematologic toxicity and difficulty delivering the IP regimen
(432). The Armstrong et al. trial incorporated both IP cisplatin
and IP paclitaxel. Despite these uncertainties, a potential 1-year
survival advantage is certainly meaningful, and the option of
intraperitoneal therapy should be discussed with healthy
patients who have optimally debulked ovarian cancer.

It is possible that intraperitoneal therapy might benefit
women other than those with initially optimally debulked dis-
ease. It is of note that the Alberts trial (perhaps the cleanest
test of intraperitoneal therapy in that all variables were the
same in both arms except the route of cisplatin administra-
tion) permitted accrual of women with up to 2 cm of residual
disease. Benefit of therapy was not influenced by extent of
residual disease (p � 0.93 for interaction of treatment and
residual disease, microscopic vs. � 0.5 cm vs. �0.5 to 2 cm)
(425). Other groups that might stand to benefit are those with
an excellent response to intravenous treatment after three
cycles or those who have only minimal disease remaining after
interim debulking surgery. However, no randomized trials
have addressed these scenarios. One small trial did test IP cis-
platin as consolidation therapy. The EORTC randomized
women with a pathologic complete remission to front-line
platinum-based therapy to no further therapy versus four
cycles of intraperitoneal cisplatin at 100 mg/m2. The trial
closed due to poor accrual with less than half of its planned
accrual. After a median follow-up of 8 years, the hazard rates
for progression-free survival (PFS) and overall survival (OS)

were 0.89 (95% CI, 0.59 to 1.33) and 0.82 (0.52 to 1.29).
These results were felt to be suggestive of a treatment benefit
but insufficient to change practice (436).

Use of Neuroprotectants. As discussions of cisplatin and
paclitaxel above make obvious, neurotoxicity is one of the
most bothersome long-term side effects of current therapy for
ovarian cancer. Reporting of neurotoxicity is notoriously vari-
able, depending both on the scale used and the awareness of
the investigator. The intraperitoneal regimen (IV paclitaxel
plus IP paclitaxel plus IP cisplatin) used by Armstrong et al.
reported 19% grade 3/4 neurotoxicity. In GOG 132 the rate of
grade 3/4 neurotoxicity for six cycles of carboplatin/paclitaxel
chemotherapy was 5% (10% grade 2). A group of Italian
investigators reported on long-term neurologic evaluations on
120 ovarian cancer patients treated with a front-line carbo-
platin AUC 5/paclitaxel 175 mg/m2–based regimen. There was
a 15% chance of residual neurotoxicity 6 months after the
completion of chemotherapy (437). One potential neuropro-
tectant commercially available is amifostine (WR-2721). Two
hundred forty-two patients with advanced ovarian cancer
were randomized to receive six cycles of cyclophosphamide
(1,000 mg/m2) plus cisplatin (100 mg/m2) with or without
amifostine (910 mg/m2 15 minutes prior to chemotherapy).
There was a clear reduction in neutropenia requiring hospital-
ization (p � 0.005) and in nephrotoxicity (defined as a �40%
reduction in creatinine clearance, p � 0.004). However, the
reduction in neurotoxicity, while statistically significant, was
less impressive; 29 versus 35 patients experienced grade 2 neu-
rotoxicity and 9 versus 15 experienced grade 3 neurotoxicity.
The trial was not powered to detect any potential loss of anti-
tumor activity; however, median survival time was the same
(31 months) in both arms. Infusion-related hypotension was
the major toxicity observed (438). 

No adequately sized studies have studied amifostine with
paclitaxel-based therapy or with the lower amifostine doses cur-
rently used (which produce less hypotension). However, a
placebo-controlled, randomized phase 2 study in which patients
were treated with either carboplatin/paclitaxel or carboplatin/
paclitaxel/epirubicin found worse nausea and vomiting with
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SELECTED RANDOMIZED TRIALS OF INTRAPERITONEAL VERSUS INTRAVENOUS CHEMOTHERAPY 
IN OPTIMALLY DEBULKED OVARIAN CANCER 

TA B L E  2 5 . 1 5  

Author (year) N Regimens Median PFS Median OS Comments 

Alberts (1996) 546 IV cyclophosphamide 600 mg/m2 N/A �2 cm residual disease 
(Ref 425) plus IP cisplatin 100 mg/m2 � 6 49 mo permitted; 58% of 

vs. vs. patients in both 
IV cyclophosphamide 600 mg/m2 41 mo groups completed 

plus IV cisplatin 100 mg/m2 � 6 p � 0.02 6 cycles of cisplatin

Markman (2001) 462 IV carboplatin AUC 9 � 2 followed by 
(Ref 432) IV paclitaxel 135 mg/m2/24 hr plus 

IP cisplatin 100 mg/m2 � 6  28 mo 63 mo 18% of patients on IP 
vs. vs. vs. arm got �2 cycles of 
IV paclitaxel 135 mg/m2/24hr plus 22 mo 52 mo IP therapy

IV cisplatin 75 mg/m2 � 6 p � 0.01 p � 0.05

Armstrong (2006) 416 D1 IV paclitaxel 135 mg/m2/24 hr
(Ref 431) D2 IP cisplatin 100 mg/m2 49% of patients received

D8 IP paclitaxel 60 mg/m2 24 mo 67 mo �3 cycles of IP therapy
vs. vs. vs.
D1 IV paclitaxel 135 mg/m2/24 hr 19 mo 50 mo 
D2 IV cisplatin 75 mg/m2 p � 0.027 p � 0.0076

Note: IP, intraperitoneal; OS, overall survival; PFS, progression-free survival; mo, months.
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amifostine (740 mg/m2); Common toxicitycriteria (CTC) graded
sensory neuropathy was improved with amifostine, but there
were almost no differences in patient-reported motor or sensory
symptoms (439). Other potential neuroprotectants, such as
vitamin E or glutamine, have not been tested in the setting of
ovarian cancer. Early identification of neurotoxicity and dose
reduction or switching to a less neurotoxic agent remain the
best-established ways to manage this side effect. 

Prolongation of Primary Therapy/Consolidation/
Maintenance. Many women with ovarian cancer have an excel-
lent response to first-line chemotherapy, but most will nonethe-
less relapse and die of their disease. Approximately two thirds of
patients with advanced ovarian cancer will achieve a clinical
complete remission following chemotherapy, that is, have no
evidence of disease on physical examination or in radiographic
studies together with a serum CA-125 in the normal range. One
third of all patients with advanced ovarian cancer will be free of
disease at a second-look laparotomy following primary
cisplatin-based therapy. The most important prognostic factor
that influences the likelihood of achieving a surgically confirmed
complete remission is the volume of disease at the time
chemotherapy was initiated. Patients who have suboptimally
debulked disease have a four- to fivefold decreased likelihood of
achieving a complete remission as compared to those patients
who were optimally cytoreduced. In addition, patients with
large-volume disease who do achieve a complete remission have
a higher likelihood of a subsequent relapse than do patients with
small-volume disease (440). Among all patients who have a sur-
gically documented complete remission, at least 50% will recur
and die of their disease. 

Further therapy after a clinical complete remission would
clearly be warranted for many women if an effective treatment
could be found. However, no trials of consolidation or main-
tenance therapy have produced any survival benefit to date. 

Whole Abdominal Radiotherapy After Chemotherapy.
Nonrandomized data have suggested that consolidative radio-
therapy may be curative in a small percentage of patients with
small-volume residual disease after primary chemotherapy.
For example, Petit et al. recently reported on long-term
(median 14 years) follow-up of consolidative whole abdomi-
nal radiotherapy (WAR) in a series of 106 stage III patients
who had no (33%) or less than 1 cm (46%) residual disease
after primary therapy, or who were debulked to less than 1 cm
at the time of second-look surgery (21%) (441). Radiation
was stopped for acute toxicity in 11 patients. Long-term toxi-
cities included radiation enteritis in 21 patients with 9 patients
requiring surgery for bowel obstruction. Four deaths were
related to enteritis complications. Overall survival at 5 and 
10 years was, respectively, 53% and 36%. 

Several very small, randomized trials have examined the role
of consolidative WAR after primary chemotherapy. Bruzzone 
et al. (442) randomly assigned patients who had minimal or no
residual disease after chemotherapy to WAR or three more
cycles of chemotherapy. The study was stopped after only 41
patients had accrued, because disease progression had been
observed in 55% of patients treated with radiation versus 29%
of those treated with additional chemotherapy (p � 0.08)
Lambert et al. (443) randomized 117 patients with residual dis-
ease of 2 cm or less after secondary cytoreduction to WAR or
five additional courses of carboplatin. There was no statistical
difference in disease-free or overall survival between the two
arms. Kapp et al. randomized 64 women with a complete clini-
cal response after primary surgery and chemotherapy to WAR
versus no further therapy (444). No second-look laparotomy
was performed. Patients who had WAR had a significantly bet-
ter 5-year survival than patients who had chemotherapy alone
(59% vs. 33%, p � 0.03). Most recently the Swedish-Norwegian
Ovarian Cancer Study Group (445) randomly assigned 98
patients who received four courses of cisplatin/anthracycline

chemotherapy and had a pathologic complete response (CR) at
second-look surgery to no further therapy, continued
chemotherapy with cisplatin/anthracycline  to ten courses total,
or whole abdominal radiotherapy. Progression-free survival was
significantly better (5-year PFS, WAR � 56%, chemotherapy �
36%, control � 35%, p � 0.032) and overall survival trended
toward better in the group receiving WAR. No benefit for
WAR was observed in a separate group of patients with micro-
scopic residual disease, who were randomized to chemotherapy
versus WAR. Late grade 3 bowel complications occurred in
10% of patients receiving WAR. In general, the studies of
abdominopelvic radiotherapy after chemotherapy have reported
higher complication rates than studies of abdominopelvic radio-
therapy alone, which has dampened enthusiasm for further
investigation of consolidative WAR (446). It has been suggested
that there is cross-resistance between platinum chemotherapy
and irradiation, as human ovarian cancer cell lines with acquired
resistance to cisplatin develop relative radiation resistance in
vitro (447). As discussed above, a randomized trial conducted
by the GOG of 32P versus observation after pathologic complete
response to primary therapy was negative (341).

Consolidative/Maintenance Chemotherapy. Three small,
randomized trials of prolonged duration of primary therapy
have been conducted. Investigators at Memorial Sloan-Kettering
Cancer Center in New York randomized 78 women to five ver-
sus ten cycles of CAP (cyclophosphamide, doxorubicin, cis-
platin) chemotherapy (448). Danish investigators randomized
women to 6 versus 12 cycles of CAP chemotherapy (449). North
Thames investigators randomized women to five versus eight
cycles of single-agent platinum therapy (450). None of these
studies showed a survival benefit, and all showed more toxicity
with prolonged therapy. 

Like use of a third cytotoxic agent in front-line combination
therapy, use of a third cytotoxic agent for consolidation ther-
apy has not proven effective to date. Two large trials of four
cycles of consolidative topotecan after primary chemotherapy
have both been negative. A randomized phase 3 trial per-
formed by the AGO-OVAR and the GINECO together ran-
domized 1,308 patients with previously untreated FIGO stage
IIB-IV ovarian cancer to six cycles of carboplatin/paclitaxel
followed by surveillance or four cycles of topotecan (1.25
mg/m2 IV days 1 to 5 on a 3-week schedule) (451). Complete
response was not required to proceed to topotecan therapy.
There was no difference in median PFS (18.2 months for
topotecan vs. 18.5 months for control) or OS (43.1 months for
topotecan vs. 44.5 months for control). A similar phase 3,
multicenter Italian trial (452) randomized 273 patients to obser-
vation versus topotecan 1.5 mg/m2 days 1 to 5 every 21 days for
four cycles after primary carboplatin/paclitaxel chemotherapy.
PFS did not differ between the treatment arms (18.2 months for
topotecan vs. 28.4 months for controls). Consolidation therapy
with epirubicin also failed to improve survival in patients who
achieved a clinical complete remission following platinum-based
induction therapy (453). As discussed above, the EORTC tested
intraperitoneal cisplatin in women with a pathologic complete
remission and found hazard rates for PFS and OS relative to
observation of 0.89 and 0.82 (436).

Two small prospective trials of high-dose consolidation ther-
apy with hematopoietic stem cell support have both been nega-
tive. In the larger trial a collaboration of French and Italian
investigators randomized women in remission after front-line
chemotherapy to either three further cycles of conventionally
dosed carboplatin or a single high-dose cycle (carboplatin 1,600
mg/m2 plus cyclophosphamide 6,000 mg/m2) with peripheral
stem cell support. No survival benefit was observed for the
women receiving high-dose therapy (453a, 453b).

The most promising trial of maintenance therapy to date was
a Southwest Oncology Group (SWOG)/GOG trial randomizing
women in clinical complete remission to either 3 or 12 cycles of
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intravenous paclitaxel 175 mg/m2 every 4 weeks (454). The trial
was halted by its data and safety monitoring board after a
planned interim efficacy analysis at a point when there was a sta-
tistically significant improvement in time to progression but no
difference in overall survival between the treatment arms (PFS 28
vs. 21 months, one sided p � 0.0035) (Fig. 25.36). Because insuf-
ficient patients to detect a survival difference had been random-
ized at the time the study was stopped (n � 262), and because
patients receiving 3 cycles of therapy were allowed the option of
crossing over to 12 cycles, a survival comparison will not be pos-
sible. In addition, the neurotoxicity observed was so substantial,
even though patients with >grade 1 neurotoxicity were excluded
from the trial, that the dose of paclitaxel on the study had been
modified to 135 mg/m2 every 4 weeks. However, not very many
patients had accrued to this dose at the time of study closure, and
they were not included in the analysis, so the effect of this dose
reduction on therapy efficacy is uncertain. An unplanned retro-
spective subgroup analysis suggested a trend toward survival
benefit in the group of patients who started maintenance therapy
with a CA-125 level of less than ten (455). A preliminary report
on results of an Italian trial randomizing women in complete
remission after front-line therapy to observation or six cycles of
paclitaxel 175 mg/m2 every 3 weeks showed no benefit in either
progression-free or overall survival (456). The GOG is attempting
to confirm the beneficial results it observed with a larger study
randomizing women after clinical complete remission to one
of three arms: no further therapy, paclitaxel 135 mg/m2 every
4 weeks for 12 cycles, or Xyotax (a microparticle-bound
paclitaxel) 135 mg/m2 every 4 weeks for 12 cycles. This trial
currently has overall survival as the endpoint. 

Maintenance With Noncytotoxic Agents. Noncytotoxic
agents such as interferon, a monoclonal antibody targeting CA-
125 (oregovomab) (457), radioimmunoconjugates, and matrix
metalloproteinase inhibitors have also all been tested in ran-
domized trials with no survival benefit. The SWOG random-
ized 70 evaluable patients to six doses of 50 million IU of
intraperitoneal interferon alpha versus observation after patho-
logic complete remission to primary therapy. There was no dif-
ference in progression-free survival between the two groups
(435). A trial of subcutaneous interferon was also negative
(458). No improvement in progression-free or overall survival
was observed following a single intraperitoneal administration
of 90Y-conjugated antimucin antibody in a large phase 3 trial,
although intraperitoneal recurrences were decreased (459,460).
Other current maintenance trials include a trial being con-
ducted by the EORTC of the epithelial growth factor receptor
(EGFR) tyrosine kinase inhibitor, erlotinib, and the ongoing tri-
als of maintenance anti-VEGF monoclonal antibody described
above.

Implications of Clear Cell and Mucinous
Histology

It has long been realized that ovarian cancers of serous histology
appear to be more chemotherapy sensitive than other histologic
subtypes. For example, in an analysis of multiple different
agents used in published phase 2 trials, serous histology (vs. all
other histologies) was reported to be one of the most important
factors predicting a response to second-line therapy (461). A
review of all patients entered into advanced-stage GOG ovar-
ian cancer trials from 1976 to 1982, when response was com-
monly surgically assessed, revealed no negative second-look
laparotomies among women with clear cell or mucinous histol-
ogy (462). 

Clear Cell Carcinomas

Advanced clear cell carcinomas are unusual in the United
States. Clear cell carcinoma is more common in Japan, where it
accounts for about 20% of epithelial ovarian carcinomas
(463). Women of Japanese descent living in the United States
continue to have a higher incidence of clear cell carcinoma
than is found in Western countries or other Asian countries
(464). Even in Japan, early-stage clear cell carcinoma is more
common than advanced-stage clear cell carcinoma; in one
review, stage I made up 39% of clear cell disease, stage II 13%,
stage III 30%, and stage IV 6% (465). As discussed above
(Adjuvant Therapy of Early-Stage Disease), the implications of
clear cell histology in early disease are not clear; in some reports
it seems to portend a high risk of recurrence, and in others it
appears to have little prognostic significance. However, it has
become increasingly clear that advanced-stage clear cell tumors,
which make up only a small percentage of advanced-stage ovar-
ian cancers in the United States, may not respond well to plat-
inum chemotherapy. As early as 1996, Goff et al. reported that
52% of stage III clear cell tumors of the ovary versus 29% of
serous tumors progressed clinically while on primary platinum
chemotherapy (466). Sugiyama et al. reported a response rate
for clear cell carcinomas to primary platinum-based therapy of
only 11% (467). The Hellenic Cooperative Oncology Group
(331) reviewed patients with advanced clear cell carcinoma of
the ovary treated on protocols from 1987 and 2003 (n � 35),
and compared them to serous tumors treated on the same trials.
Response rates were 45% versus 81% (p � 0.008) and median
survival was 25.1 months versus 49.1 months (p � 0.141). The
difference in response was significant; the difference in survival
was not, and not all series have reported inferior survival even
in advanced stages of disease (468). Ho et al. reported that
patients with pure advanced clear cell carcinoma had a much
worse prognosis (median survival, 11 months) than patients
with mixed clear cell and other histologic types (median sur-
vival, over 48 months) (469). Similar results have been reported
in the setting of recurrent disease. Investigators from M. D.
Anderson published a retrospective review of 51 patients
treated at their institution for recurrent clear cell carcinoma.
Among those with platinum-sensitive disease, only 2 (9%) of
22 patients had a partial response to retreatment with carbo-
platin and paclitaxel; none of 29 patients given second-line
therapy for platinum-resistant disease responded (470).

Unfortunately, the realization that these tumors may be
resistant to platinum does not automatically indicate a supe-
rior option. Some authors have proposed that clear cell carci-
nomas have a low proliferation rate, and therefore general
resistance to chemotherapy (471). However, Cloven et al.
reported that human clear cell tumors (at variable times dur-
ing therapy) sent for commercial testing for drug resistance
had lower rates of extreme drug resistance to paclitaxel,
doxorubicin, and cyclophosphamide than papillary serous
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FIGURE 25.36. Progression-free survival of patients treated with
either 3 monthly cycles or 12 monthly cycles of paclitaxel as mainte-
nance therapy of advanced-stage ovarian cancer who were in a clinical
complete remission after platinum/paclitaxel-based chemotherapy. 
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tumors (472). An in vitro study (473) suggested that pacli-
taxel and irinotecan were effective against three of five clear
cell cancer cell lines, whereas cisplatin was effective against
only one. Shimizu et al. reported that irinotecan/mitomycin
C chemotherapy produced a response rate of 52% against
platinum-resistant clear cell and mucinous carcinomas (473a).
Some (463,469) but not all (465) authors have suggested that
the response rate might be higher with taxane-containing regi-
mens; all the series are exceedingly small. A multinational
phase 3 study for stage I-IV clear cell carcinoma of the ovary
has been launched by the Japanese Gynecologic Oncology
Group (JGOG). Women are randomized to therapy with either
carboplatin/paclitaxel or cisplatin/irinotecan.

Interestingly, multiple reports suggest that women with clear
cell carcinomas are more likely to have a thromboembolic
event. Goff et al. noted that 42% of patients with stage III clear
cell tumor had deep venous thrombosis (DVT) or pulmonary
embolus (PE) versus 18% of patients with serous tumors (466);
another more recent retrospective study reported that 27.3% of
patients with clear cell carcinoma had a DVT or PE versus only
6.8% of patients with other histologies (474). 

Molecular studies suggest a different profile for clear cell
carcinomas. For example, they have been reported to have high
levels of hepatocyte nuclear factor-1 beta (HNF-1 beta) (475)
and high levels of ABCF2, which belongs to the ATP-binding
cassette gene superfamily, and is highly expressed in nonrespon-
ders to chemotherapy (476). In addition, gene expression profil-
ing suggests that clear cell tumors have a very different profile
than other epithelial ovarian cancers, one which could not be
statistically distinguished from clear cell carcinomas originating
in other tissues, including endometrium and kidney (477). 

Mucinous Tumors

Early-stage mucinous tumors tend to be low grade and have a
good prognosis. Advanced-stage mucinous tumors are uncom-
mon in the United States. They respond poorly to chemother-
apy and are associated with a short survival. Investigators from
the Royal Marsden Hospital reviewed all patients with stage III
or IV mucinous epithelial ovarian cancer (n � 27, 19 with mea-
surable disease) treated with first-line platinum-based therapy
at their unit between 1992 and 2001 and compared them to
controls with nonmucinous epithelial ovarian cancer (478). The
response rate for patients with measurable mucinous cancer
was 26% with one complete response; 63% of patients experi-
enced disease progression while on platinum-based chemother-
apy. The response rate for the controls with measurable disease
was 65% (p � 0.009 for response). Median overall survival
was 12 months versus 37 months (p � 0.001). Specific trials for
patients with advanced-stage mucinous tumors, possibly using
chemotherapeutic agents directed against gastrointestinal
tumors, are being considered by the GOG.

Primary Peritoneal Carcinoma

As described in the section above on pathology of serous carci-
nomas, serous carcinomas may present as diffuse carcinomato-
sis of the peritoneal cavity with minimal or no involvement of
the ovaries or fallopian tubes (“small ovary syndrome”) and
may be seen in women who have had prior surgical removal of
their ovaries and fallopian tubes. This presentation is referred
to as primary peritoneal serous carcinoma (PPSC). Up to 18%
of laparotomies performed for presumed ovarian carcinoma
are felt to be PPSC on final pathology review (479). CA-125
levels will be elevated in most patients with PPSC. In the older
literature these were often misclassified as peritoneal mesothe-
liomas. Typically, mesotheliomas will express mesothelial
markers such as calretinin or cytokeratin 5/6, which are rarely

expressed in PPSC; CA-125 and S100 are common in PPSC
and are rarely expressed on mesothelioma (480). The epithe-
lium of the ovary and the peritoneal lining are histologically
the same, and factors that induce ovarian epithelium to
undergo malignant degeneration may have the same effect on
the peritoneal lining. As discussed above, women who carry
the BRCA1 mutation are at increased risk for the development
of primary peritoneal cancer (481). The risk of primary peri-
toneal carcinoma for BRCA1 carriers after prophylactic
oophorectomy is unknown but is estimated to be from 1% to
10% (482). 

The GOG performed a retrospective case-control study of
patients with PPSC and suboptimal cytoreduction, comparing
them to patients with ovarian carcinoma with suboptimal
cytoreduction. Both groups were treated with cisplatin and
cyclophosphamide. Median overall survival and disease-free
interval of the two groups appeared very similar (483).
Current treatment recommendations for women with PPSC
are the same as for women with stage III ovarian carcinoma,
and women with PPSC are eligible for most ovarian cancer
clinical trials. Peritoneal cancers with nonserous histologies
similar to other subtypes of ovarian cancer (mucinous,
endometrioid) may also be encountered. They are less com-
mon and optimal therapy is not known.

Fallopian Tube Carcinoma

Series of results of chemotherapy for advanced-stage fallopian
tube carcinoma are small. It has recently been suggested that
many serous tumors thought to be of ovarian or primary peri-
toneal origin may, in fact, be of fallopian tube origin. In gen-
eral, advanced-stage fallopian tube carcinomas are treated in
the same manner as advanced-stage ovarian cancers and have
similar survival. A recent retrospective case-control study
reported by Moore et al. identified 96 women with stage IA to
IV fallopian tube carcinoma and two ovarian carcinoma con-
trols for each patient with fallopian tube cancer matched by
age, stage, and residual disease (n � 190). All patients under-
went primary surgery with lymph node dissection followed by
platinum/taxane combination chemotherapy. Forty-six of the
women with fallopian tube cancer had early-stage (I/II) dis-
ease. Five-year overall survival for patients with early-stage
fallopian tube carcinoma was 95% and for patients with early
stage ovarian cancer it was 81%. Among women with
advanced-stage (III/IV) disease, median time to recurrence and
overall survival were 8.7 months and 32 months for patients
with fallopian tube cancer and 7.2 months and 30 months for
women with ovarian cancer (484).

Second-Look Laparotomy and Laparoscopy

In the past, patients with advanced ovarian cancer frequently
underwent abdominal explorations after induction chemother-
apy to assess whether or not residual disease remained.
However, although surgery is the most accurate way to assess
the response to therapy, there is no evidence that any type of
routine surgical procedure after initial chemotherapy prolongs
overall survival. The term second-look laparotomy has been
incorrectly used to refer to several distinctly different types of
surgery. These include secondary operations to resect known
residual or recurrent disease and secondary operations per-
formed for relief of cancer-related symptoms, such as intestinal
obstruction. In current usage, the term should be reserved for a
systematic surgical exploration in asymptomatic patients who
have completed a planned course of chemotherapy for ovarian
cancer. 
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In 1966, during an era when single-agent alkylating ther-
apy for advanced ovarian cancer was standard, Rutledge and
Burns (485) reported on 288 patients treated with melphalan
and asked the question: Should laparotomy be used more
often when a patient has an unusually good response to deter-
mine whether the drug should be discontinued? In their
report, 28 patients underwent surgery for this reason; 12 had
no tumor detected. The investigators felt that “good response
to the drugs is the reason for laparotomy,” but pointed out
that patients with a negative re-exploration may relapse, as
did two in their series (486). Interest in second-look laparo-
tomy as a means of determining when chemotherapy could be
discontinued was stimulated during the 1970s, when reports
began to appear linking the long-term use of alkylating agents
to the development of acute leukemia (486,487). 

With the introduction of platinum-based chemotherapy in
the mid to late 1970s and the use of aggressive primary
debulking, up to 50% of patients treated with chemotherapy
for advanced cancer had no clinically detectable tumor at the
completion of their chemotherapy. Since it was known that
many of these women harbored occult residual cancer, a num-
ber of investigators tested noninvasive methods of detecting
such disease. Imaging techniques such as CT, sonography,
MRI, and PET are generally unable to detect intraperitoneal
tumor masses smaller than 1 cm and, in fact, may miss larger
masses (488). Some investigators (489) have suggested that
the cytologic analysis of peritoneal fluid obtained by culdo-
centesis may be a means of assessing response in women under
treatment for ovarian cancer. The accuracy of this technique
in detecting residual disease is quite low, however. In a study
of 96 women re-explored for ovarian cancer who had multiple
cytologic washings taken at the time of laparotomy, only 34%
of patients with biopsy-proven gross intraperitoneal disease
had positive washings (490). In patients with only microscopic
disease, 28% had positive washings.

Several groups have used laparoscopy as an alternative to
second-look laparotomy. In 1981, Berek et al. (491) reported
119 consecutive laparoscopic examinations performed in 57
patients. Fourteen percent of their patients had major complica-
tions requiring laparotomy, most of which involved bowel per-
foration. At the NCI, laparoscopy was routinely used to assess
response to chemotherapy (492). In their series, no patient
required a surgical exploration because of a laparoscopy com-
plication. In 66 restaging laparoscopies, residual tumor was
found in 33 (50%) and provided the only evidence for disease
in 24 cases (36%). These latter patients were spared an unnec-
essary second-look laparotomy. However, if the laparoscopy
was negative, residual disease was documented in 55% of
patients at laparotomy.

More recently, the group from the Memorial Sloan-Kettering
Cancer Center has reported their experience with the use of
laparoscopy for second-look evaluation in 150 patients with
advanced ovarian cancer following chemotherapy (493). The
majority of patients (87%) had stage III or IV disease at initial
surgery; the remainder had stage II disease or were unstaged.
Eighty-two patients (54%) had optimal cytoreduction at the
time of their initial surgery. All patients had completed primary
chemotherapy and were clinically disease-free based on imaging
studies and CA-125 levels at the time of second look. Sixty-nine
patients (46%) were found to have pathologically negative sec-
ond looks; thus, the rate of positive second-look evaluations was
54%. The rate of conversion to laparotomy was 18 of 150
(12%). In three cases, this was secondary to bowel injury; one
patient sustained a bladder injury; the remainder of conversions
to laparotomy was for secondary cytoreduction. There was only
one case in which the patient was found to have extensive adhe-
sions and laparoscopy was abandoned. The overall rate of major
complications was 2.7%. Although long-term follow-up is
not available, the rate of negative evaluations and the rate of

recurrences in patients with negative second looks appear to be
equivalent to those described in studies of second-look assess-
ment by laparotomy.

Even with a normal serum CA-125 level, a significant num-
ber of patients in clinical complete remission will have residual
disease at laparotomy. Rubin et al. (494) measured CA-125
levels at the time of secondary surgery in 96 ovarian cancer
patients, all of whom had had documentation of an elevated
CA-125 level at the time when the tumor was first diagnosed
and were therefore “marker positive.” Persistent disease was
found in 62% of patients who had a normal CA-125 level at
the time of surgery. These findings have been confirmed in
other studies (495). Consequently, if the primary purpose of
the second-look laparotomy is to determine whether the
patient has residual ovarian cancer, an elevated CA-125 level
makes such a procedure unnecessary.

A second-look laparotomy itself is intended as a thorough re-
exploration of the peritoneal cavity and selected retroperitoneal
structures. Immediately prior to surgery, a pelvic examination
under anesthesia is performed. Cystoscopy and proctoscopy
may be useful in symptomatic patients or in those with prior
tumor involvement of the bladder or lower gastrointestinal tract.

The abdomen should be entered through a generous vertical
excision, extending from the pubic symphysis to well above the
umbilicus. If obvious tumor is found, frozen-section confirma-
tion should be obtained. The goal of the operation becomes
removal of as much tumor as possible. If no obvious tumor is
found, the surgeon must undertake a meticulous, systematic
search for areas of occult tumor. Saline washings are obtained
from multiple sites within the peritoneal cavity, usually including
the pelvis, both paracolic gutters, and the undersurfaces of both
hemidiaphragms. All adhesions should be lysed and portions
submitted for histologic analysis since adhesions often form at
the site of tumor nodules. The upper abdomen should be
explored carefully, with any suspicious areas biopsied. The resid-
ual omentum should be palpated, as should the aortic lymph
nodes. The intestines must be carefully examined. A thorough
exploration of the pelvic cavity is performed. Throughout this
evaluation, particular attention should be paid to areas where
residual disease was left at the initial operation. If suspicious
areas are identified, frozen-section confirmation should be
obtained and areas of tumor resected as completely as possible.

If no tumor is identified, a series of biopsies is performed
from areas that may harbor occult disease. The stumps of the
infundibulopelvic ligaments, which carry the ovarian blood
and lymphatic supplies, should be identified in the retroperi-
toneum and biopsied. Other surgical pedicles in the pelvis
should be examined and biopsied if suspicious. If the uterus
was not removed at the initial operation, hysterectomy should
be performed. Peritoneal biopsies should be taken from multiple
sites within the abdominal cavity, including the pelvis, paracolic
gutters, and both hemidiaphragms. Some have suggested the
use of a laparoscope or sterile proctoscope to facilitate inspection
of the diaphragms. Any remaining areas of omentum should
be removed. Many surgeons remove the appendix if present.
Para-aortic and pelvic lymph nodes should be thoroughly sam-
pled. A second-look operation at which no tumor is identified
will take several hours and will produce 20 to 30 individual
biopsy specimens.

In previous years, there have been many published series on
second-look laparotomy. Table 25.16 summarizes several reports
in which about 55% of the patients with no clinical evidence of
disease were found to have cancer present at re-exploration
(496). These findings are a clear indication of our current inabil-
ity to identify persistent cancer by noninvasive means.

Several clinical and histologic factors have been shown to
relate to the likelihood of tumor being found at the time of sec-
ond-look laparotomy. The most important factors are stage and
the volume of tumor remaining following initial cytoreductive

Chapter 25: Epithelial Ovarian Cancer 811

Barakat_CH25-763-836.qxd  3/2/09  1:13 PM  Page 811



surgery. As shown in Table 25.17, patients with stage III and IV
disease had a substantially lower proportion of negative sec-
ond-look operations than did those with stage I and II, 33%
versus 70% to 80%, respectively.

The amount of residual disease remaining following the ini-
tial operation for ovarian cancer is also a major determinant of
the likelihood of disease being found at the time of second-look
laparotomy. Table 25.18 summarizes pooled data on 1,797
patients, providing information on the relationship of the
extent of residual disease following primary surgery to findings
at second look. Patients with suboptimal residual disease after
primary surgery had only a 23% likelihood of a negative sec-
ond look as compared to 50% for those with optimum residual
and 72% in those with no known residual tumor. Many series
have included stage I patients in their analysis of the effect of
residual disease on findings at second-look laparotomy. As all
stage I patients would be included in the no-residual-disease
group, this would account, in part, for the improved prognosis
of this group. Even considering this bias, there seems to be a
strong correlation between extent of residual disease and the
likelihood of finding disease at re-exploration.

The histologic grade of the tumor, as distinct from the cell
type, has been shown to be a significant prognostic factor,
although it has been suggested that, in advanced-stage patients
treated with platinum-containing chemotherapy, grade may be
of less importance. Numerous series have correlated the surgi-
cal findings at a re-exploration with tumor grade (Table 25.19).
Earlier series demonstrated a stronger relationship between
grade and second-look findings, perhaps because more of the
patients in these series were treated with chemotherapeutic reg-
imens that did not contain platinum. Overall, women with
poorly differentiated tumors seem to have a somewhat lower
chance of having a negative second-look laparotomy, although

it should be remembered that these data are not controlled for
other important prognostic variables, including stage and the
amount of residual tumor.

Second-look laparotomy is a highly invasive diagnostic
procedure that results in significant expense, discomfort, and
time in the hospital for the patient; however, it is associated
with little serious medical morbidity. Although many reports
on second-look surgery have not discussed complications,
among seven major series published since 1980 that specifi-
cally report complications, no deaths were seen in 682 opera-
tions (376). The most common complications were infections
of the surgical wound (6.3%), the urinary tract (5.6%), and
the lungs (2.8%).

The finding of large-volume residual tumor carries a grave
prognosis. In some series, when survival is reported separately
for patients with gross tumor, approximately 80% died within 
3 years of second-look laparotomy. Patients who have only
microscopic disease detected at second look fare considerably
better. Copeland et al. (497) reported on 50 patients with
microscopic disease followed for a median of 40 months
from second look. Survival rates were 96% and 71% at 2 and
5 years, respectively.

Because even the most carefully performed second-look
operation may miss microscopic areas of tumor, and because
ovarian cancer may occasionally spread beyond the areas
assessed at surgery, a negative second-look operation is not
synonymous with cure of cancer. Papers reporting the inci-
dence of recurrence following negative second-look laparo-
tomy have often included patients treated with different
chemotherapeutic regimens for variable durations and fol-
lowed for relatively short periods of time. This has made the
true incidence of and the risk factors for recurrence following
negative second-look laparotomy difficult to determine. In an
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FINDINGS AT SECOND-LOOK LAPAROTOMY RELATED
TO STAGE OF DISEASE FROM 31 COMBINED SERIES

TA B L E  2 5 . 1 7

Stage No. negative Total patients % negative

I 268 331 81
II 190 276 69
III 441 1,120 39
IV 59 177 33

Source: Modified with permission from Barter JF, Barnes WA. Second-
look laparotomy. In: Rubin SC, Sutton GP, eds. Ovarian Cancer. 
New York: McGraw-Hill; 1993:269–300.

FINDINGS AT SECOND-LOOK LAPAROTOMY BY
EXTENT OF RESIDUAL DISEASE FOLLOWING
PRIMARY CYTOREDUCTION

TA B L E  2 5 . 1 8

Residual No. negative Total patients % negative

None 331 460 72
Optimala 330 655 50
Suboptimala 158 682 23

aOriginal investigator’s definition.
Source: Modified with permission from Barter JF, Barnes WA. Second-
look laparotomy. In: Rubin SC, Sutton GP, eds. Ovarian Cancer. 
New York: McGraw-Hill; 1993:269–300.

FINDINGS AT SECOND-LOOK LAPAROTOMY
RELATED TO HISTOLOGIC GRADE

TA B L E  2 5 . 1 9  

Grade No. negative Total patients % negative

1 163 283 58
2 167 389 43
3 259 619 42

Source: Modified with permission from Barter JF, Barnes WA.
Second-look laparotomy. In: Rubin SC, Sutton GP, eds. Ovarian
Cancer. New York: McGraw-Hill; 1993:269–300.

FINDINGS AT SECOND-LOOK LAPAROTOMY FROM
71 COMBINED SERIES

TA B L E  2 5 . 1 6

Finding Number %

No tumor found 2,417 47
Tumor found 2,773 53
Total 5,190 100

Source: Modified with permission from Barter JF, Barnes WA. Second-
look laparotomy. In: Rubin SC, Sutton GP, eds. Ovarian Cancer. 
New York: McGraw-Hill; 1993:269–300.
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old review that included 12 reports published from 1980 to
1986, it was calculated that the overall recurrence rate was
18%, including 10.9% in stages I and II and 26% for patients
with stage III or IV disease (316). In 1988, Rubin et al. (498)
reported a 50% risk of recurrence following a negative sec-
ond-look laparotomy in patients treated with platinum-based
chemotherapy. A multivariate analysis demonstrated that
stage, histologic grade, and extent of residual disease remain-
ing after primary cytoreduction were significant predictors of
recurrence following a negative second look. 

These results have been substantiated in the multicenter
setting. In the GOG trial of intraperitoneal 32P versus observa-
tion after negative second-look laparotomy, 64% of patients
relapsed at a median follow-up of 63 months (341); in the
EORTC trial of intraperitoneal cisplatin versus observation
after negative second-look laparotomy, 52% of patients had
relapsed with a median follow-up of 8 years (436). 

There is presently no evidence that any type of additional
therapy can improve survival in patients who do achieve a surgi-
cally confirmed complete remission, or that introducing further
treatment earlier for patients who have residual disease without
clinical signs or symptoms is of benefit. There is also no evidence
that second-look laparotomy per se is a therapeutic procedure
(499). Although there are no prospective trials in which patients
in a clinical complete remission have been randomized either to
a second-look operation or to medical follow-up, retrospective
studies comparing the survival of patients who underwent a
second-look laparotomy versus patients in whom a second-look
was not performed have failed to show any difference in sur-
vival. Consequently, most gynecologic oncologists no longer
consider second-look laparotomy a routine procedure in
patients who achieve a complete remission.

An alternative to second-look laparotomy is second-look
laparoscopy. A second-look laparoscopy is usually performed
as a same-day procedure with patients being discharged home
the day of surgery or 1 day postoperatively. With modern
laparoscopic techniques, a second-look laparoscopy provides
excellent visualization and access to the peritoneal and
extraperitoneal spaces where ovarian cancer may be detected.
The laparoscopic approach is associated with less operating
time, fewer complications, less blood loss, fewer or less costly
hospital charges, and shorter hospitalization than laparotomy.
The majority of cases can be completed by the laparoscopic
approach, with approximately 10% to 15% of cases requiring
conversion to laparotomy to complete the procedure satisfac-
torily. If a second-look operation is planned, the laparoscopic
approach should be considered as the initial step as it may pro-
vide all the necessary information and avoid the potential mor-
bidity and hospitalization associated with the open approach.

Data from GOG protocol 158, comparing carboplatin and
paclitaxel versus cisplatin and paclitaxel in optimal residual
stage III ovarian cancer patients, have a bearing on the issue of
second-look laparotomy (394). Although not randomly allo-
cated to a second look, almost 400 patients (50%) in this study
elected the procedure. Approximately half of them had no evi-
dence of disease at second-look laparotomy. Patients with resid-
ual disease at the second look underwent a variety of treatments
with the majority of patients receiving more systemic
chemotherapy with paclitaxel and carboplatin. There was no
difference in progression-free or overall survival between the
patients electing second-look laparotomy and those declining
the procedure and treated only at the time of clinical progres-
sion. The group with the pathologically documented complete
remission had better overall survival than the group with resid-
ual disease at the second look. Consequently, the potential value
of a second-look surgery to identify patients who could benefit
from immediate treatment of residual disease was not substanti-
ated in this study. Given the fact that many of these patients who
had optimal residual disease following their initial surgery had

no disease or only small-volume disease found at the second
look, relatively few, if any, would be expected to benefit from
secondary cytoreduction during the operation. The usefulness
of a second-look laparotomy to assess the results of therapy
accurately in the setting of a clinical trial is unequivocal.
However, in a nonclinical trial situation, there appears to be lit-
tle justification for a second-look laparotomy merely to obtain
prognostic information. If, on the other hand, therapeutic deci-
sions will be based upon findings at second look, such a proce-
dure may be justified. However, the patient must be aware that
there is no evidence that any form of subsequent therapy has
been shown to significantly prolong survival. These observa-
tions are consistent with the recommendations from the 1994
NIH Consensus Conference.

As second-look procedures are not commonly per-
formed, recent reports have explored the prognostic use of
stratifying CA-125 levels within the normal range at com-
pletion of chemotherapy. Juretzka et al. found that patients
with a CA-125 of less than or equal to 12 U/mL at the com-
pletion of primary chemotherapy had median overall and
progression-free survivals of 5.8 years and 2.8 years versus
3.7 years and 1.7 years for those with a CA-125 of greater
than 12 U/mL (500). 

Follow-Up of Patients in Remission

Most patients with ovarian cancer who enter a clinical complete
remission have been followed with a combination of pelvic
examinations, computerized abdominal tomograms, and moni-
toring of serum CA-125 levels. However, none of these has
been shown to decrease symptoms or improve survival. Unlike
the situation in general screening, rise in CA-125 after primary
treatment for ovarian cancer is fairly specific, particularly if a
confirmatory test is obtained. One older study reported the
median lead time to clinical progression from a doubling of CA-
125 above the upper limits of normal was 63 days (501).
However, a significant proportion of patients (approximately
30%) may have lead times of greater than 6 months. How early
salvage therapy should be started in this situation remains con-
troversial. On the one hand, general belief is that treatment is
likely to be more effective when disease burden is smaller. On
the other hand, second-line chemotherapy is not curative, and
many women, once started on salvage chemotherapy, will be on
chemotherapy for the rest of their lives. In Europe, the Medical
Research Council (OV-05) and the European Organization for
the Research and Treatment of Cancer (EORTC 55955) have
completed accrual to a phase 3 trial in which women with clini-
cal response to first-line platinum therapy are followed with
serial CA-125 levels and are randomized to initiate treatment at
the time of biochemical recurrence versus waiting until the time
of clinical evidence of recurrence. Results should help determine
if there is any benefit to starting treatment earlier. In addition,
the GOG has conducted a randomized trial comparing tamox-
ifen to thalidomide for the therapy of women who have CA-125
marker elevation but no measurable recurrence of disease;
results should be available soon. 

In premenopausal women with ovarian cancer, the initial
staging and cytoreductive laparotomy results in a surgical cas-
tration. Consequently, these women frequently experience hot
flashes, and those who do achieve long-term survival are at
increased risk for osteoporosis. There is epidemiologic evi-
dence (described above) that estrogen replacement therapy
slightly increases the risk of developing ovarian cancer 
de novo, and antiestrogens, such as tamoxifen, may produce
tumor shrinkage in a small subset of women with advanced
ovarian cancer. However, one small randomized, controlled
trial (502) has reported that estrogen replacement therapy has
no detrimental effect on disease-free or overall survival in
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women with ovarian cancer. The risks of deep venous throm-
bosis must be weighed against the symptomatic benefits.
Short-term use of estrogen replacement therapy, particularly
in symptomatic women who were premenopausal prior to
their surgery for ovarian cancer, is reasonable.

Uses of CA-125 in Ovarian Cancer Treatment 

As discussed above, the current usefulness of CA-125 for
screening is limited, in part because many stage I ovarian can-
cers are not associated with an elevated serum level of CA-125,
and a variety of nonmalignant conditions can elevate CA-125,
particularly in premenopausal women. It is clear that CA-125
nadir after completion of primary therapy has prognostic
value, but as there are no clinical interventions known to
improve outcomes for those women who do not have a low
nadir. CA-125 is widely used to monitor for cancer recurrence,
as described above.

CA-125 may also be useful to monitor the effectiveness of
second-line chemotherapy, decreasing the need for supplement-
ing imaging. A number of studies have created CA-125 response
definitions, such as 50% or 75% decline to qualify as a response
(503). These have been compared to radiographic outcomes,
suggesting that they may be similar to standard response criteria
(504), may overestimate response compared to WHO criteria
(505), or may be better at predicting prognostic outcomes com-
pared to response evaluation criteria in solid tumors (RECIST)
(506). In general these criteria have been developed to assist in
providing clinical trial outcomes data, not as guidance for treat-
ment of individual patients. False-positive rates (i.e., CA-125 is
decreasing, but disease is clearly progressing) are 2% to 3% and
false-negative rates (i.e., disease is responding but CA-125 is not
decreasing) are about 20% with platinum/paclitaxel therapy
(504). The false-positive rate would be higher if more minor
decreases in CA-125 were used to indicate clinical benefit.
Particular caution should be used in discontinuing a therapy pre-
maturely based solely on rise in CA-125. Sabbatini et al.
reported that only half of patients who eventually had a CA-125
decline with liposomal doxorubicin therapy had a decline prior
to the second cycle of therapy (507). Removal of ascites will
affect CA-125 levels; renal dysfunction does not (508). 

TREATMENT OF PERSISTENT/
RECURRENT DISEASE

Secondary Cytoreductive Surgery

The benefit of secondary cytoreductive operations in ovarian
cancer, at the time of second-look laparotomy or otherwise,
has not been clearly demonstrated. Since about one half of
patients who do undergo second-look laparotomy will have
disease found, and in about 80% of these patients macroscopic
disease will be present, approximately 40% of all patients hav-
ing second-look laparotomy are candidates for secondary
cytoreduction. Technically, secondary cytoreduction can be
accomplished, with reported success rates ranging from 24%
to 84% (509–512). There is less information available, how-
ever, on the effect of secondary cytoreduction on survival.
Chambers et al. (513) concluded that residual tumor size fol-
lowing secondary cytoreduction did not influence survival
after comparing 23 patients with microscopic residual disease
and 6 with macroscopic disease. Luesley et al. (511) found no
survival benefit in patients cytoreduced to microscopic disease
compared to patients with residual macroscopic disease or
small-volume gross residual disease. On the other hand,

Podratz et al. (514) reported an actuarial 4-year survival rate
of 55% in patients with microscopic residual disease compared
to 19% for those with macroscopic disease. In a series reported
by Hoskins et al. (510), patients cytoreduced to microscopic
residual disease at the time of the second look had a 5-year sur-
vival of 51%. This was similar to the survival of patients found
to have only microscopic disease at the second look, and was
significantly better than the survival in patients left with gross
disease. Lippman et al. (515) examined the effect of extensive
tumor resection at second-look laparotomy on survival for
patients with �2 cm gross residual disease. Patients undergo-
ing optimum resection (�2 cm residual tumor) had a signifi-
cantly better survival than those undergoing suboptimal resec-
tion, suggesting that there is a survival benefit associated with
optimal cytoreduction at second-look laparotomy.

Segna et al. (512) reported on 100 patients with advanced
ovarian cancer initially treated with cisplatin-based therapy who
were explored at the time of recurrence. Sixty-one percent of
patients were left with optimal (�2 cm) disease after secondary
cytoreduction. These patients had a significant improvement in
their median survival compared with patients with suboptimal
residual disease (27 vs. 9 months, p � 0.0001).

More recently, Salani et al. (516) reported on 55 patients
who underwent secondary cytoreduction for recurrent epithelial
ovarian cancer after a complete response to initial chemother-
apy, at least a 12-month interval from initial diagnosis to recur-
rence, and in whom preoperative imaging studies showed five
or fewer sites of recurrence. Complete macroscopic cytoreduc-
tion was achieved in 41 patients (74.5%). Independent predic-
tors of overall survival were a diagnosis-to-recurrence interval
of 18 months or greater, only one to two sites of recurrence on
preoperative imaging, and no macroscopic residual disease after
the secondary surgery. 

In a recent review article on secondary cytoreductive
surgery for recurrent ovarian cancer, Hauspy and Covens
(517) examined 17 publications on the subject, and concluded
that patients with favorable characteristics such as a long dis-
ease-free interval, good performance status, and a single or
few small intra-abdominal sites of recurrence may benefit
from secondary cytoreduction. It appears that, in patients
whose tumors remain sensitive to chemotherapy, cytoreduc-
tion to small-volume disease prior to secondary chemotherapy
can be of benefit. The GOG is currently conducting a trial
assessing the value of secondary cytoreductive surgery in the
setting of platinum-sensitive disease.

Second-Line Chemotherapy

Ovarian cancer that is resistant to primary chemotherapy or
recurs at some point after primary chemotherapy is generally
not curable. Nonetheless, a group of women with recurrent dis-
ease will have tumors that remain very sensitive to chemother-
apy, and will clearly benefit from further treatment. Eisenhauer
et al. analyzed results for 704 patients who had recurrence or
persistent disease after primary platinum-based therapy and
were treated on a variety of second-line chemotherapy trials
(461). Independent predictors of response to second-line therapy
were bulk of disease less than 5 cm, fewer sites of disease, and
serous histology. Time to recurrence since primary therapy,
when analyzed as a continuous variable, was not indepen-
dently prognostic, and was closely correlated with tumor size.
However, time to recurrence from completion of primary plat-
inum-based chemotherapy is clinically readily available and
quantifiable, and has come into common use as the primary
means of predicting which patients are most likely to benefit
from further treatment, in particular from further platinum-
based treatment. In 1991 Markman et al. published results of
an influential retrospective review of 72 patients who had
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responded to an initial platinum-based therapy and were subse-
quently retreated with a platinum-based regimen (518).
Response rate for women with a “platinum-free interval” of 5
to 12 months was 27%, for 13 to 24 months was 33%, and for
over 24 months was 59%. Women who had a greater than 
24-month interval with no therapy (as opposed to just no plat-
inum-based therapy) had a 77% response rate with a 32% rate
of surgical complete remission. The terms “platinum resistant”
and “platinum refractory” are used somewhat variably in the
literature, and are sometimes subdivided into “primary” and
“secondary” platinum resistance, which may have different
implications for survival or benefit to future therapies. Perhaps
the most common usage is to define “platinum-resistant”
tumors as those with a treatment-free interval of less than 
6 months since previous platinum therapy. The GOG defines
ovarian cancers with progression on platinum-based therapy as
“platinum refractory,” those that recur less than 6 months after
completion of platinum-based therapy as “platinum resistant,”
and those that recur more than 6 months after completing treat-
ment with a platinum-based regimen as “platinum sensitive”
(short for “potentially platinum sensitive”). In general, tumors
resistant to platinum are more resistant to any cytotoxic agent.
Women with primary platinum-refractory therapy have a very
poor prognosis, and response to any subsequent treatment
is unlikely. Patients with a complete response to second-line
platinum therapy will usually have a shorter time to recurrence
after the second treatment regimen than after the first (519),
and recurrent ovarian cancers eventually become resistant to
platinum and all other therapies. 

While the categories of “platinum sensitivity” are useful
shorthand predictors of likelihood of response to further treat-
ment, and are practical for designing and reporting clinical trials
to estimate whether similar groups of patients are being studied
across studies, they must be combined with clinical judgment in
selecting therapy in individual cases. For example, a woman
with stage I clear cell carcinoma that recurs with diffuse disease
7 months after completion of adjuvant chemotherapy probably
had no response to treatment at all, and her cancer will likely be
refractory to further therapy. On the other hand, a woman with
suboptimally debulked stage IV serous carcinoma that responds
completely to primary chemotherapy and has a rise in CA-125
five months later probably has chemotherapy-sensitive disease
and is very likely to have some tumor shrinkage with a second
line of treatment. The effects of prolonged consolidation therapy
on future disease sensitivity have not been well studied, and are
likely to vary with the agent used. Women who have tumors that
repeatedly respond to a variety of therapies can sometimes be
retreated with an agent to which their tumor had previously
developed resistance after sufficient time has elapsed. For exam-
ple, Kavanagh et al. published results describing 3 women with
less than a complete response to primary platinum therapy who
had a subsequent response to taxane therapy and over a year
since their previous platinum therapy who then obtained a par-
tial response to single-agent carboplatin (520). Finally, survival
and sensitivity to treatment may sometimes be separable issues,
and this should be taken into account in therapy planning. A few
ovarian cancers (borderline tumors being one end of the spec-
trum) will be unresponsive to treatment but slow growing and
associated with relatively longer survival.

General principles of treating recurrent disease include:

1. Although platinum-sensitive tumors are more sensitive
than platinum-resistant tumors to any cytotoxic agent
tested to date, most data suggest platinum compounds are
the most active single agents in women with platinum-
sensitive recurrent disease.

2. Platinum-based combinations produce superior response
rates and progression-free survival compared with single-
agent platinum therapy in women with platinum-sensitive

disease; the effect on overall survival is less certain. In
women with platinum-resistant disease, combination
therapy has never been shown to provide any benefit.

3. No agents except possibly taxanes have consistently pro-
duced response rates over 20% in women with platinum-
resistant disease. 

4. Treatment must be recognized as primarily palliative,
and decisions about treatment regimens should include
patient convenience and toxicity as well as efficacy.

Single Agents in Platinum-Sensitive Disease

Response rates in multicenter trials testing single-agent cisplatin
or carboplatin in women with platinum-sensitive disease are
30% to 50% (521,522), and, as discussed above, tend to be
higher in women with a longer platinum-free interval. Response
rates in multicenter trials to single-agent paclitaxel, topotecan,
or liposomal doxorubicin in platinum-sensitive disease have
generally been in the range of 20% to 30% (521,523), although
one randomized phase 2 study comparing single-agent pacli-
taxel to a cyclophosphamide, doxorubicin, cisplatin combina-
tion therapy in women with platinum-sensitive disease reported
a response rate of 45% for single-agent paclitaxel (vs. 55% for
the platinum-based combination) (524). It is always difficult to
compare activity of agents across trials because of bias as to
which patients are entered on the various studies and variation
in the rigidity of determination of response and progression-free
interval. There are few randomized data comparing single-
agent platinum compounds to other single agents in women
with platinum-sensitive disease. The EORTC randomized 86
women to either single-agent paclitaxel or single-agent oxali-
platin. Responses among the 63 platinum-resistant patients
were 5 out of 31 (16%) for paclitaxel and 2 out of 32 (6%)
for oxaliplatin. Responses among the platinum-sensitive
patients were 2 out of 10 (20%) for paclitaxel and 5 out of 13
(38%) for oxaliplatin (525).

Repeated courses of carboplatin therapy place patients at
risk for hypersensitivity reactions. The incidence in patients
treated with seven or more cycles of platinum-based therapy
(typically the second dose of the second regimen) has been
reported to be 27% (526). These reactions occur during drug
infusion and are associated with flushing, nausea, and hyper-
tension. Atypical hypersensitivity reactions, occurring after
drug infusion, have also been described (527). A number of
desensitization protocols have been published and appear to
be generally effective (528); moreover, not all patients allergic
to carboplatin will be allergic to cisplatin. However, the reac-
tions are frightening and may be fatal, and desensitization
protocols are time consuming for the patient and decrease the
convenience of carboplatin therapy. Routine use of diphenhy-
dramine premedication has been reported to produce a non-
significant decrease in reaction rate (529). 

Platinum-Based Combination Therapy 
in Platinum-Sensitive Disease

Results of several retrospective analyses of carboplatin/
paclitaxel combination therapy in women with platinum-
sensitive disease showed strikingly high response rates of 70%
to 90% (530,531), and raised the question of whether combi-
nation therapy was superior to single-agent therapy in this set-
ting. There have now been several randomized trials comparing
platinum-based combination therapy to single-agent platinum
therapy (Table 25.20) (521,522,524,532,533,534). As a group
they show a superior response rate and superior progression-
free survival with combination therapy. Results regarding over-
all survival are conflicting. Only the ICON4/AGO-OVAR-2.2,
a combined analysis of two parallel trials comparing paclitaxel
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plus platinum to “conventional platinum-based chemotherapy”
(71% received single-agent carboplatin, 17% cisplatin/
doxorubicin/ cyclophosphamide, and 12% other nontaxane
platinum-based regimens), showed convincing survival benefit;
the absolute improvement in overall survival was 5 months
(from 24 months to 29 months) (534). Seventy-five percent of
patients entered had a treatment-free interval of more than 
12 months. The rate of grade 2 or greater neuropathy on the
combination arm was 20%. Only about 40% of the patients
had received prior taxane therapy, and this has raised concerns
about the generalizability of the results (although there was no
significant statistical interaction between survival benefit and
prior taxane therapy). This trial also does not in any way
address the question of whether sequential therapy might pro-
duce the same overall survival results as combination therapy. It
was noted that only 31% of patients in the nontaxane arm
received taxane therapy at the time of progression. 

It is interesting that the ICON4 trial showed superior sur-
vival with a platinum/taxol combination compared to single-
agent platinum in women with relapsed disease, whereas the
ICON3 trial conducted by the same investigators showed no
advantage with the addition of paclitaxel to front-line therapy.
It is possible that the recurrent group of tumors, albeit non-
curable, are overall more chemotherapy sensitive than the
group of tumors initially presenting, as the majority of com-
pletely resistatant to therapy will not have survived to recur.
Hence the differences between combination and single-agent
therapy will be more obvious. However, there may be other
unexplained factors as well.

The GCIC trial randomizing women to carboplatin and to
carboplatin plus gemcitabine was not powered to show an
overall survival difference; however, despite a superior
response rate and progression-free interval with combination
treatment, there is no evidence of a trend to survival benefit
(530). There were no differences in quality of life scores
between the two arms of that trial; the primary difference in
toxicities was increased hematologic toxicity of the combina-
tion regimen, with 27% versus 8% grade 3/4 anemia, 70%
versus 12% grade 3/4 neutropenia, and 35% versus 11%
grade 3/4 thrombocytopenia.

As with front-line therapy, it could be hypothesized that com-
bination therapy in the second-line setting will not produce any
overall survival when compared to an appropriately designed
sequential regimen, and may well produce more toxicity. The
argument could be made that combination therapy is appropri-
ate even if there is no survival benefit since (a) there would be
more likely resolution of symptoms (if there are any symptoms
to resolve); (b) improved quality of life due to decreased anxiety
during the time of nonprogressing disease might overcome any
decreased quality of life due to increased toxicity (not proven);
(c) most convincingly, if a complete response is obtained, there
would be higher likelihood of a meaningful period of time off
chemotherapy (as the majority of patients in the United States
are not given prolonged chemotherapy holidays in the presence
of visible disease). It should be kept in mind that only a minority
of patients achieve a complete response even with combination
therapy; CR rate was 14.6% to the gemcitabine/carboplatin
combination in the GCIG trial, and 27% to carboplatin/
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SINGLE-AGENT THERAPY VERSUS COMBINATION THERAPY IN PLATINUM-SENSITIVE 
RECURRENT OVARIAN CANCER 

TA B L E  2 5 . 2 0

Author (year) n Regimen RR Median PFS Median OS

Bolis 2001 (Ref 532) 190 Carboplatin 56% 3 yr 3 yr
12% 29%

Carboplatin 62% 3 yr 3 yr 
� p � NS 25% 42%
epidoxorubicin p � NS

Cantu 2002 (Ref 524) 97 Paclitaxel 45% 9 mo 26 mo
CAP 55% 16 mo 35 mo

p � NS

Parmar (ICON4/AGO-OVAR 2.2) 802 Platinuma 54% 10 mo 24 mo
(2003) (Ref 534) Platinum 66% 13 mo 29 mo

� p � 0.06
paclitaxel

Pfisterer (2006) (Ref 522) 356 Carboplatin 31% 5.8 mo 17.3 mo
Carboplatin 47% 8.6 mo 18 mo 
� p � 0.0016 p � 0.0031
gemcitabine

Gonzalez-Martin (2005) 81 Carboplatin 50% — 73 wk
(Ref 521) Carboplatin 75% — Not yet reached

�
paclitaxel

Alberts (2008) Ref 533 61 Carboplatin 32% 8 mo 18 mo
Carboplatin 67% 12 mo 26 mo
� p � 0.02 p � 0.06 p � 0.02
liposomal/doxorubicin

Note: CAP, cisplatin/doxorubicin/cyclophosphamide; NS, not significant; OS, overall survival; PFS, progression-free survival; RR, response rate.
acontrol arm in CAP or single agent carboplatin
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paclitaxel in the GEICO trial. Nonetheless, platinum-based
combinations have become the usual treatment in the United
States for women who relapse more than 12 months after the
completion of primary therapy, with single-agent therapy usual
in women who have an initial treatment-free interval of less than
6 months, and individualized decisions in those with a 6- to 
12-month treatment-free interval.

Treatment of Platinum-Resistant Disease—
Randomized Trials of Nonplatinum Chemotherapy

Several phase 3 randomized trials have been informative in
guiding our treatment of platinum-resistant disease, although
several of them also included women with platinum-sensitive
tumors (Table 25.21). Together they show that response rates
to conventional single-agent therapy in this group of women
are about 10%, median progression-free survival is about 3 to
4 months, and median overall survival is 9 to 12 months. 

In 1997 ten Bokkel Huinink et al. published a trial per-
formed before paclitaxel was a part of standard front-line ther-
apy. Patients who progressed during or after platinum-based
therapy received either topotecan 1.5 mg/m2 daily for 5 days or
paclitaxel 175 mg/m2. Overall response rates were 20.5% and
13.2% in the topotecan and paclitaxel group, respectively 
(p � 0.138). Response rates in the platinum-resistant subgroup
were 13% for topotecan and 7% for paclitaxel. Twenty-five
percent of patients treated with topotecan experienced neu-
tropenic fever, and 25% had grade 4 thrombocytopenia. A large
number of patients (110) crossed over to the alternative drug
as third-line therapy. Thirteen percent of topotecan-treated
patients responded to paclitaxel and 10% of paclitaxel-treated
patients responded to topotecan (535). 

Another phase 3 trial in women who were platinum pre-
treated but paclitaxel naïve has been reported in abstract form
only (536). O’Byrne et al. randomized women to paclitaxel
versus liposomal doxorubicin; the trial is underpowered as it
stopped early when paclitaxel became commercially available.
No significant differences between the agents were seen in
either platinum-sensitive or platinum-resistant patients.

Topotecan and pegylated liposomal doxorubicin were com-
pared in a phase 3 trial of 474 women who did not respond to or
progressed after first-line platinum-based therapy. The majority
had received prior paclitaxel. Patients were randomized to

topotecan 1.5 mg/m2 days 1 to 5 every 3 weeks versus liposomal
doxorubicin 50 mg/m2 every 4 weeks (523). Overall response
rates to liposomal doxorubicin and topotecan were 20% and
17%; in the platinum-resistant group they were 12% and 7%.
Progression-free survival for platinum-resistant patients was 
9 weeks for liposomal doxorubicin and 14 weeks for topotecan;
overall survivals were 36 weeks and 41 weeks. At final analy-
sis, there was an 18% reduction in the risk of death for
patients treated with liposomal doxorubicin (537). However,
this was observed primarily in women with platinum-sensitive
disease; survival with the two agents was similar in platinum-
refractory disease. This trial confirmed that there are a small
number of patients with platinum-refractory disease who have
relatively prolonged survival. The 3-year survival for women
with platinum-refractory disease treated with liposomal dox-
orubicin was 13.8% (9.5% for topotecan). Twenty-two percent
of patients treated with liposomal doxorubicin experienced
grade 3 palmar-plantar erythrodysesthesia. Seventy-seven percent
of patients on topotecan experienced grade 3/4 neutropenia
and 28% had grade 3/4 thrombocytopenia.

A small trial randomized 234 women who had recurred
within 12 months of initial platinum-based therapy (median 
3 months) to single-agent paclitaxel versus epidoxorubicin
plus paclitaxel (537). The response rate was 37% for the com-
bination and 47% for single-agent paclitaxel; median survival
was 12 months and 14 months, respectively. 

Mutch et al. (538) compared pegylated liposomal doxoru-
bicin 50 mg/m2 every 4 weeks to gemcitabine 1,000 mg/m2 on
days 1 and 8 every 21 days in 195 women with platinum-resis-
tant or refractory ovarian cancer. One or two prior chemother-
apy regimens were permitted, and platinum resistance was
defined according to exposure to the most recent platinum-
based regimen. Response rates were 6.1% for gemcitabine and
8.3% for liposomal doxorubicin; progression-free and overall
survivals were similar for the two regimens. One hundred thirty
patients crossed over to the alternate therapy; the response rate
in those who crossed over to gem-citabine was 7.6%; in those
who crossed over to liposomal doxorubicin it was 4.7%.
Liposomal doxorubicin was associatd with more grade 2/3
mucositis (16%) and palmar-plantar erythrodysesthesia (20%);
gemcitabine was associated with more grade 3/4 neutropenia
(38%), fatigue (11%), and nausea and vomiting (12%). Four
patients in each arm experienced febrile neutropenia.
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PHASE 3 TRIALS OF SINGLE-AGENT THERAPY

TA B L E  2 5 . 2 1

Platinum  Platinum- 
Overall sensitive resistant Median Median

Author (year) n Regimen RR RR RR PFS OS

ten Bokkel Humink 226 (119 res) Paclitaxel 13% 20% 7% 14 wk 43 wk
(1997) (Ref 535) Topotecan 21% 29% 13% 23 wk 61 wk

Gordon (2001) 474 (154 res) Liposomal doxorubicin 20% 28% 12% 18 wk 60 wk
(Ref 523) Topotecan 17% 29% 7% 17 wk 57 wk

O’Byrne (2002) 214 (n/a) Liposomal doxorubicin 18% n/a n/a 22 wk 46 wk
(Ref 536) Paclitaxel 22% n/a n/a 22 wk 56 wk

Gore (2002) 266 (152 res) Oral topotecan 13% 19% 8% 13 wk 51 wk
(Ref 549) IV topotecan 20% 36% 8% 17 wk 58 wk

Mutch (2007) 195 (all res) Liposomal doxorubicin — — 8.3% 3.1 mo 13.5 mo
(Ref 538) Gemcitabine — — 6.1% 3.6 mo 12.7 mo

Note: IV, intravenous; n/a, not available; OS, overall survival; PFS, progression-free survival; res, platinum-resistant; RR, response rate; wk, weeks;
mo, months.
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Agents Useful in Treatment of Platinum-Resistant
Disease

A list of agents with some activity in the treatment of platinum-
resistant recurrent ovarian cancer is shown in Table 25.22.
Taxanes, liposomal doxorubicin, topotecan, and gemcitabine
have been studied in randomized trials, as discussed above. They
are discussed in slightly more detail below. Hexamethamelamine
(altretamine) is an older alkylating agent with the advantages
(patient convenience) and disadvantages (inappropriate for
patients with episodic or partial small bowel obstruction, lim-
ited availability for patients without good insurance coverage
for outpatient medication) of an oral therapy. It is rarely used,
as it produces significant amounts of neuropathy, nausea, and
vomiting. A GOG phase 2 trial of single-agent hexamethame-
lamine in women with platinum-resistant ovarian cancer
demonstrated a 10% response rate and a 21% rate of grade 3
emesis (539). Oral etoposide, a topoisomerase II inhibitor, is
better tolerated and may be slightly more active; however, it is
leukemogenic, which has limited enthusiasm for attempts to
incorporate it into front-line therapy. Interestingly, IV etopo-
side appears to have minimal activity in women with pre-
treated ovarian cancer. Ifosfamide has produced response rates
of 10% to 20%, but the toxicities, hematologic and neuro-
logic, are excessive compared to those of other available
agents, and it is also rarely used (540). Response rates were not
noticeably better in women who had not received a prior alky-
lating agent (i.e., cyclophosphamide). Irinotecan is associated
with substantial diarrhea and nausea (541), which can be par-
ticularly troublesome in ovarian cancer patients with some pre-
existing level of bowel dysfunction; it will hopefully be better
tolerated as part of the ongoing front-line international trial
for clear cell carcinoma. Epothilones are a group of investiga-
tional antitubulin agents with activity against platinum-refrac-
tory ovarian cancer. However, they cause neuropathy, and their
eventual place in the armamentarium against ovarian cancer
remains to be established.

Hormonal therapies such as tamoxifen and antiangiogenics
such as bevacizumab are discussed below. Response rates to
hormonal treatment by modern standards are hard to gauge,
as most of the trials are quite old; however, it does appear that
selected patients may respond and toxicities are minimal.
Antiangiogenics appear very promising in the treatment of
ovarian cancer. None, including bevacizumab, are currently
FDA approved for the treatment of ovarian cancer, all are
exceedingly expensive, and bevacizumab has been associated

with a number of toxicities, including an increased number of
bowel perforations.

Taxanes. Although in most parts of the world, taxane
therapy is part of front-line treatment for ovarian cancer, tax-
anes remain very useful in treating recurrent disease. Both
weekly paclitaxel (542,543) and docetaxel (544) have shown
response rates of 20% to 30% in women who recurred within
6 months of primary platinum-taxane–based combination
therapy. Weekly paclitaxel is particularly useful, as it tends to
be less myelotoxic than many other regimens.

Interest in the use of weekly paclitaxel had been stimulated by
results in women with metastatic breast cancer in whom weekly
paclitaxel at a dose of 80 mg/m2 per week produced less myelo-
suppression and a superior response rate and overall survival
when compared to a schedule of 175 mg/m2 per week (545).
However, the same superiority has not yet been documented in
ovarian cancer. Rosenberg et al. randomized 208 patients with
pretreated ovarian cancer to every-3-week paclitaxel at 200
mg/m2 per week or weekly paclitaxel at a dose of 67 mg/m2 per
week (with the goal to have similar total doses of paclitaxel in the
trial arm). There was no difference in efficacy between the two
arms, but less toxicity (other than fingernail toxicity) in the
weekly arm (546). This paclitaxel dose, however, is lower than
the 80 mg/m2 most commonly used in current therapy. Weekly
administration of paclitaxel has resulted in about a 20% objec-
tive response rate in ovarian cancer patients with clinically
defined resistance to platinum and standard every-3-week pacli-
taxel (543). 

ABI-007 is a newer taxane with the advantage that it does
not require steroid premedication to avoid hypersensitivity
reactions. However, its activity in patients resistant to platinum/
paclitaxel therapy remains to be defined.

Topotecan. Topotecan, a topoisomerase I inhibitor, is
FDA approved for the treatment of recurrent ovarian cancer,
and as discussed above, is as effective as or more effective
than paclitaxel or liposomal doxorubicin in women with
platinum-resistant disease. However, the FDA-approved
schedule of 1.5 mg/m2 daily � 5 every 3 weeks is not a con-
venient regimen and has proved more myelosuppressive than
most treating physicians deem reasonable in the palliative set-
ting. Lower starting doses of 1.0 to 1.25 mg/m2 are more
commonly employed, although their efficacy is not as well
documented. Individuals at increased risk for myelotoxicity
include those with impaired renal function, older age, exten-
sive prior therapy, or prior pelvic irradiation. 

Weekly bolus topotecan has been shown to have some
activity in a number of small trials, and has come into com-
mon use (547). The maximum tolerated dose (MTD) in phase
1 studies was 4 mg/m2 with dose-limiting toxicities of anemia,
chronic fatigue, and gastrointestinal distress. However, there
are no data showing that the weekly schedule is as effective as
the daily � 5 schedule. A preliminary report presented on a
randomized phase 2 trial of topotecan 4 mg/m2 3 weeks out 
of 4 versus topotecan 1.25 mg/m2 daily � 5 in women with
platinum-resistant ovarian cancer showed a numerically lower
response rate for the weekly schedule (2 of 28 vs. 5 of 21 for
the daily � 5 regimen) (548).

As shown in Table 25.21, Gore et al. randomized women
who had failed one prior platinum-based regimen to oral
topotecan (which is not currently available) or IV topotecan
1.5 mg/m2 per day every 21 days. The authors separated out
response rates for platinum-refractory (progressive or stable
disease during primary chemotherapy) and platinum-resistant
disease (initial response but relapse within 6 months of com-
pleting chemotherapy; these two categories are combined in
the table). For women with platinum-refractory disease, the
response to IV topotecan was 5%; for those with platinum-
resistant disease it was 11% (549).
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AGENTS IN TREATMENT OF PLATINUM-
REFRACTORY OVARIAN CANCER 
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Hexamethamelamine
Bevacizumab
Docetaxel
Epirubicin
po Etoposide
Gemcitabine
Ifosfamide
Tamoxifen
Weekly paclitaxel
Topotecan
Vinorelbine 
Pegylated liposomal doxorubicin
Irinotecan 
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Liposomal Doxorubicin. Liposomal doxorubicin is also
FDA approved for the treatment of recurrent ovarian cancer.
The every-4-week schedule of administration is convenient,
and the lack of alopecia is attractive to patients. However, the
high incidence of palmar-plantar erythrodysesthesia is unap-
pealing for a palliative regimen. Markman et al. published a
nonrandomized phase 2 trial suggesting that the there was only
a 12% incidence of grade 2 and no grade 3 palmar-plantar
erythrodysesthesia when the starting dose was lowered from
50 mg/m2 to 40 mg/m2. The response rate was 9%; all patients
were platinum/paclitaxel resistant with a median of two prior
regimens (550).

Gemcitabine. As discussed above, gemcitabine has modest
activity in the treatment of recurrent ovarian cancer. Based on
experimental models, it was hypothesized that combining
gemcitabine with cisplatin might reverse platinum resistance.
Cisplatin-resistant cells upregulate nucleotide excision repair
complexes, which are thought to be inhibited by gemcitabine.
Preclinical models suggested synergy between cisplatin and
gemcitabine in platinum-resistant cell lines. However, while
some early clinical reports appeared promising, a multicenter
GOG trial of the combination as second-line therapy in
women with platinum-resistant ovarian cancer reported a
response rate of only 16% (551).

Hormonal Therapy

The ovary is an endocrine organ. There is evidence (discussed
above) for the role of endocrine factors in the etiology of ovar-
ian cancer, and ovarian cancers frequently express estrogen
and progesterone receptors. Multiple attempts have therefore
been made to treat ovarian carcinoma with hormonal therapy,
including progestins, antiestrogens, and gonadotropin-releasing
hormone (GnRH) analogs. The response rates generally are
quite low, in the range of 10% (552). It seems clear that some
patients respond, but there are no good means of selecting
them. Many of the trials were performed decades ago, before
steroid receptor analysis was available, and the role of steroid
receptors in predicating response of ovarian carcinomas to hor-
monal therapy remains unclear. Of note, over 90% of serous
borderline ovarian tumors are estrogen-receptor positive (367),
and there are case reports of major responses to tamoxifen
(553,554), leuprolide (368), and anastrozole (369).

Progestins/Antiprogestins

As discussed above, progesterone appears to play a protective
role in the etiology of ovarian cancer. The protective role of
pregnancy may be due to the tenfold increase in maternal cir-
culating progesterone levels as well as suppression of ovula-
tion. Combination oral contraceptive formulations with high
progestin potency appear to be associated with a greater reduc-
tion in ovarian cancer risk than those with low progestin
potency. In addition, overexpression of progesterone receptor
(PR) has been found to be a favorable prognostic factor in
women with invasive ovarian cancer. The most commonly
reported progestins in the treatment of gynecologic malignan-
cies are medroxyprogesterone acetate and megestrol acetate. A
review of 13 trials of 10 patients or more (432 patients total)
revealed a major response rate of 7.2%, with stable disease in
10.9%. Progestins have well-documented activity in the treat-
ment of recurrent endometrial carcinoma, and it has therefore
been hypothesized that they will have activity in the endometri-
oid subset of ovarian cancers, which tend to express high levels
of progesterone receptors. One series of 43 patients with ovar-
ian endometrioid carcinoma using medroxyprogesterone
acetate as first-line therapy postsurgery or postradiotherapy

was reported in 1982. Eighty-four percent of the patients
had well-differentiated disease. Forty-one of them under-
went second-look laparotomy after 6 to 8 months of therapy.
Twenty-three had evidence of tumor regression and eight had
no evidence of disease. Tumor regression was observed in 68%
of the 31 cancers that were positive for both estrogen receptor
(ER) and PR and in none of the cancers that did not express
either receptor (553). In one phase 2 study of megestrol acetate
in 36 platinum-refractory ovarian cancer patients, three com-
plete responders were observed; all had tumors of endometri-
oid histology (554). 

RU486 (mifepristone) is a synthetic antiprogestin that com-
petitively binds the progesterone receptor (as well as the gluco-
corticoid receptor) and inhibits ovarian cancer cell growth 
in vitro. One phase 2 trial using RU486 in the treatment of
platinum-resistant ovarian cancer patients has been reported
with a 26.5% response rate, including one complete response 
of over 3 years’ duration (555). Seven of the nine responders
had grade 3 tumors. Rash was the primary treatment-limiting
toxicity.

Estrogen Therapy/Estrogen Progestin Combinations

Diethylstilbestrol (DES), which was formerly used to treat
endocrine-response breast cancer, has also been tested in the
management of ovarian cancer, based on the hypothesis that it
would inhibit gonadotropin production. One series published
in 1963 reported on 14 ovarian carcinoma patients treated with
15 to 30 mg DES daily. There were two objective responses last-
ing more than a year and two patients with disappearance of
ascites and an increased sense of well-being (556). 

Estrogens and tamoxifen have the ability to upregulate
progesterone receptor expression, and have therefore been
used to try to improve the benefit observed with progestin
therapy. Two trials treated women with sequential ethinyl
estradiol 50 µg per day and medroyprogesterone acetate 
200 mg per day with response rates of 14% and 17%
(557,558). Some patients required dose reduction of the
ethinyl estradiol because of severe nausea. Two trials have also
treated women with sequential tamoxifen and progestins; no
responses were observed (559,560). 

Tamoxifen

Tamoxifen is a selective estrogen receptor modulator (SERM)
with estrogen agonist activity on some tissues (such as bone)
and antagonist activity on breast cancers. One review of 18 tri-
als including 648 patients testing tamoxifen in the treatment of
advanced ovarian cancer found an overall 13% response rate
(561). There was marked heterogeneity in the response rates,
suggesting that selection bias (for unknown factors) may be
very important. A randomized controlled trial comparing
tamoxifen to triptorelin showed no responses in either arm
(562). The relationship between hormone receptor status and
response to tamoxifen (or other hormonal therapy) is not clear.
In the 1980s the GOG conducted a trial of tamoxifen 20 mg po
bid (twice the dose commonly used in the treatment of breast
cancer) in 105 women with previously treated ovarian cancer.
There was an overall 17% response rate, including 13% com-
plete responses. Eight of the nine patients achieving a complete
response had elevated levels of estrogen receptor (563).
However, the difference in response by estrogen receptor status
was not statistically significant. It has been suggested that
tamoxifen might be an appropriate therapy for women with
small-volume asymptomatic recurrences. The GOG has com-
pleted a randomized trial comparing tamoxifen to thalidomide
for the therapy of women who have CA-125 marker elevation
but no measurable recurrence of disease, and results should be
available soon.
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GnRH Agonists

GnRH receptors are expressed on about 80% of ovarian can-
cers. A summary of 12 published trials using GnRH agonists in
women with recurrent ovarian cancer noted an overall 5.7%
response rate and a disease stabilization rate of 21% with only
one complete responder (552). In the largest trial, which was
conducted by the EORTC, there were no responders among 68
evaluable patients. One report suggested that responses may
be more frequent in low-grade tumors. As low-grade ovarian
cancers may respond less well to chemotherapy, and as GnRH
agonists have very low toxicity in postmenopausal women,
they are a reasonable option for this group of tumors. Like
other hormonal therapies, they may also be active against
stromal tumors. Of 12 patients treated in four reports of the
use of GnRH agonists for ovarian granulosa cell tumors, there
were 4 patients with a partial response and 4 with stable dis-
ease (552). 

GnRH antagonists cause rapid suppression of gonadotropin
secretion without the initial gonadotropin release caused by
GnRH agonists. There has been one trial of the GnRH antago-
nist cetrorelix in 17 patients with ovarian or müllerian carci-
noma refractory to platinum chemotherapy. Three patients
(18%) experienced a partial remission (564).

Aromatase Inhibitors

The major source of estrogen (principally estrone) in post-
menopausal women is aromatization of androstenedione in
the skin and adipose tissues. Commercially available third-
generation aromatase inhibitors include anastrazole, letrozole,
and exemestane. Five phase 2 trials of aromatase inhibitors
have reported 7 major responses among 179 patients with
measurable disease  by RECIST (Response Evaluation Criteria
in Solid Tumors) critera (4%) and 16 CA-125 responses
among 124 patients with CA-125 evaluable disease (13%)
(552). One report suggested that higher ER, lower HER2, and
higher EGFR were associated with CA-125 stable or respon-
sive disease (565). 

Androgen/Antiandrogen Therapy

About half of ovarian cancers have been reported to express
the androgen receptor (552). As discussed above (under
Pathogenesis) there is also some epidemiologic evidence sup-
porting a role of androgens in the genesis of ovarian cancer.
Two studies of androgen therapy did not report any objective
responses (566). Two small studies of the nonsteroidal antian-
drogen flutamide noted response rates of 4.3% and 8.7% and
disease stabilization rates of 8.7% and 28%.

Front-Line Chemohormonal Therapy

Most of the trials of single-agent hormonal therapy have been
in pretreated patients. There have been several small negative
randomized studies comparing chemohormonal therapy to
chemotherapy in patients with previously untreated advanced
disease. Schwartz et al. treated 100 patients with the combina-
tion of doxorubin plus cisplatin. Half were randomized to
concomitant tamoxifen. There was no difference in overall or
progression-free survival between the groups (567). Similarly,
Emons et al. enrolled 135 patients to a prospective double-
blinded, randomized trial comparing chemotherapy with
chemotherapy plus triptorelin (568). There was no difference
between the groups in response, survival, or time to disease
progression. Finally, a small randomized trial of 71 patients
showed no differences between chemotherapy and chemother-
apy plus medroxyprogesterone acetate (569). 

SELECTED ISSUES IN PALLIATIVE
CARE

Palliative Radiotherapy

Radiation therapy as a palliative modality in ovarian cancer is
often neglected, but may be very useful if the sole or dominant
symptomatic problem for the patient is localized to a site and
volume that may be safely encompassed in a radiation field. For
example, a fixed pelvic mass eroding the vaginal mucosa causing
bleeding, pain, or bowel or bladder dysfunction may occur with-
out obvious disseminated symptomatic peritoneal disease.
Tumor regression or symptomatic relief can often be obtained in
these situations from local irradiation. Similarly, radiation may
be employed to treat localized masses elsewhere in the abdomen,
such as the retroperitoneal nodes. Palliative irradiation may also
be useful for extra-abdominal disease, particularly supraclavicu-
lar or inguinal node masses and bony or brain metastases. 

Limited data are available from the literature concerning
the palliative efficacy of radiation therapy in these settings
(570–572). Using large single-fraction irradiation, one to three
fractions of 10 Gy, investigators at the M.D. Anderson Cancer
Center reported overall response rates of 55% and 71%
among ovarian cancer patients palliated for pain and bleeding,
respectively. However, 6 of 42 patients so treated did develop
severe bowel radiation injury that may be attributable to the
large fractions employed. Another report of palliative radia-
tion therapy used after initial management with cisplatin-con-
taining regimens documented that radiation therapy produced
a mean symptom-free interval of 8.5 months in a group of
patients with a median survival of 19.5 months (572). A study
from Fox Chase Cancer Center (570) reported the use of frac-
tionated palliative irradiation in 33 patients with symptomatic
ovarian cancer in 47 irradiated sites. For the entire group, com-
plete palliative response was seen in 51% of patients, and over-
all palliative responses occurred in 79%. The median duration
of palliation was 4 months, which reflected palliation until
death in 90% of cases. Vaginal or rectal bleeding was controlled
in 90% and 85%, respectively, and pain relief occurred in 83%.
A range of radiation doses was employed, but it is unclear
whether patients with better performance status received the
higher doses. Palliation was improved in those with higher
Karnofsky performance status and in those who received bio-
logically effective doses (BED) of at least 44 Gy (e.g., 35 Gy in
14 fractions). In a recently reported study from the Memorial
Sloan-Kettering Cancer Center, variable doses of palliative irra-
diation were given to a group of 33 patients with platinum-
refractory disease who had not previously received paclitaxel.
Complete subjective or objective responses were observed in
70% (571). Firm recommendations on the optimal dose for pal-
liation cannot be made; none of the papers provides sufficient
detail to do a multivariate analysis of factors predictive of the
observed palliative response. Also, the palliative dose fractiona-
tion schemes employed do not allow the construction of a dose-
response curve. However, it is clear that durable palliation may
be achieved with local radiation therapy for ovarian cancer
recurring after cisplatin-based chemotherapy, particularly in
patients with good performance status.

Palliative Surgery for Obstruction

For the majority of women with ovarian cancer, the disease
eventually progresses within the abdominal cavity. Such tumor
growth often produces compromise of the intestinal lumen,
leading to intestinal obstruction that requires hospitalization
for intravenous hydration and decompression of the intestinal
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tract. Since these patients generally have no impairment of
other vital organ systems, they are often completely alert and
in little or no pain. If conservative measures fail to result in
relief of the obstruction, the patient and her physician must
then confront a difficult decision: prolonged in-hospital (or at-
home) intravenous hydration and gastric decompression, or an
attempt at surgical relief of the obstruction. In making this
decision, one must consider a number of factors, including the
patient’s overall physical condition, the current status of her
cancer and future therapeutic options, the site of the intestinal
obstruction, and the extent of her prior therapy, including
prior surgical procedures, intraperitoneal chemotherapy, and
radiation therapy. A number of investigators have attempted to
identify clinical factors that would allow selection of patients
unlikely to benefit from surgery for intestinal obstruction so
that these women might be saved exploration. Krebs and
Goplerud (574) identified a series of variables, including
advanced age, poor nutritional status, the presence of palpable
tumor masses, the presence of ascites, and a history of previous
radiation therapy to the pelvis or whole abdomen, that were
associated with a poor outcome. Other studies (515) have
reported that the serum albumin level, nutritional status, and
the amount of residual ovarian cancer at the completion of
bowel obstruction surgery were significantly associated with
postoperative survival. On the other hand, in one study (575),
no clinical features could be identified that would predict oper-
ability or survival following surgery. These differences may be
accounted for, in part, by variation in patient selection and pre-
operative and postoperative care.

The site of intestinal obstruction in ovarian cancer patients
is most commonly the small intestine. If the patient is felt to be
an operative candidate, consideration should be given to the
use of preoperative total parenteral nutrition to improve the
patient’s nutritional status and decrease the risk of periopera-
tive complications related to malnutrition. Total parenteral
nutrition is generally not indicated in patients in whom no
surgery is planned. In a series of 54 operations performed for
intestinal obstruction in ovarian cancer patients, Rubin et al.
(576) reported that the site of obstruction was in the small
intestine in 44%, the large intestine in 33%, and involved both
small and large intestines in the remaining 22% of cases. 
A definitive surgical procedure for relief of obstruction was
performed in 79% of the patients in this series; the remaining
patients were explored and judged to be inoperable. Among
the patients undergoing a definitive procedure, about 80%
were discharged from the hospital with restoration of intestinal
function sufficient to allow a regular or low-residue diet. The
mean postsurgical survival among these patients was 
6.8 months. In a more recent report from the Memorial Sloan-
Kettering Cancer Center (577), the investigators retrospec-
tively reviewed all patients undergoing surgery for intestinal
obstruction due to recurrent ovarian cancer from 1994 to
1999. During the study period, 68 operations were performed
on 64 patients. The mean time from original diagnosis of ovar-
ian cancer to obstruction was 2.8 years. Surgical correction
(intestinal surgery performed for relief of obstruction) was
attained in 57 of 68 (84%) cases. Successful palliation (the
ability to tolerate a regular or low-residue diet at least 60 days
postoperatively) was achieved in 71% of cases in which surgi-
cal correction was possible. The rate of major surgical morbid-
ity was 22%. There was one death from pulmonary embolus
and one from peritonitis. Two other deaths occurred because
of progression of disease, for an overall perioperative mortality
rate of 6%. Postoperative chemotherapy was administered in
45 of 57 (79%) cases in which surgical correction was possible.
The median survival of the entire cohort was 8 months. If
surgery resulted in successful palliation, median survival was
11.6 versus 3.9 months for all other patients. Although sur-
vival is relatively brief, by restoring intestinal function, at least

temporarily, these patients can leave the hospital and enjoy an
improved quality of life for their remaining months. In the
absence of criteria that clearly predict operability, survival, and
quality of life following surgery for intestinal obstruction in
ovarian cancer patients, an active surgical approach should
remain a management option. For patients who are deemed to
be unsuitable for surgical exploration or found to be inopera-
ble at exploration, gastrostomy, which can usually be accom-
plished percutaneously, offers a more comfortable alternative
to prolonged nasogastric drainage (577). 

Management of Ascites

Ascites is a common finding at the time of initial presentation in
patients with advanced ovarian cancer. Generally, ascites does
not produce any significant discomfort or respiratory embar-
rassment. Although the fluid may reaccumulate in the days fol-
lowing initial surgery, once chemotherapy is begun, it usually
resolves quickly. In the occasional patient in whom massive
ascites causes respiratory compromise, either before or after
surgery, paracentesis may be performed safely for temporary
relief prior to the initiation of chemotherapy. Cruikshank and
Buchsbaum (578), using hemodynamic monitoring, showed that
large quantities of ascites can be rapidly removed from ovarian
cancer patients without untoward effects. This also appears to
have little significant effect on serum proteins. The failure of
ascites to resolve after the initiation of chemotherapy or its reap-
pearance later in the course of treatment is an indication of lack
of response to treatment and a grave prognostic sign.

Although the majority of patients with advanced ovarian
cancer will eventually experience progression of disease, most
do not develop clinically significant ascites. For those who do,
therapeutic options are limited. Instillation of bleomycin into
the peritoneal cavity as a nonspecific sclerotic agent has been
reported but has been minimally effective in ovarian cancer
(579,580). Experience with implanted peritoneovenous shunts
has been poor, with a significant rate of blockage and the risk
of embolization and implantation of tumor cells (581). In the
absence of effective therapy for the patient’s underlying can-
cer, it is usually not currently possible to control ascites other
than on a temporary basis. The potential antiascites effects of
the antiangiogenic agents are intriguing. An ongoing double-
blind randomized trial is testing the effectiveness of single-
agent intravenous VEGF trap for the control of ascites in
women who have failed all other therapy for ovarian cancer. A
preliminary abstract reported on nine patients (three with
colon cancer, three with breast cancer, two with uterine can-
cer, and one with ovarian cancer) who had ascites that had
reaccumulated within 2 weeks of paracentesis and were
treated with a single dose of intraperitoneal bevacizumab
monthly. No patient had a major antitumor response, but no
patient had reaccumulation of ascites within 2 months (582). 

NEW DIRECTIONS

Molecular Targeted Therapies

The group of newer targeted therapies with the most promise
in the treatment of epithelial ovarian cancer to date is the
antiangiogenic agents. None of the other available agents has
shown appreciable activity, even though ovarian cancers
express a number of the putative targets.

Agents Targeting Angiogenesis

Angiogenesis is crucial in the development of many cancers,
including ovarian cancer. The most clinically advanced
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antiangiogenic therapeutics target vascular endothelial growth
factor and its receptors, and a few of these are discussed below.
Many other antiangiogenic agents are in various stages of devel-
opment, and are of interest for the treatment of ovarian cancer.
Most currently available anti-VEGF and anti-VEGF receptor
(VEGFR) agents share (to a varying degree) a tendency to cause
hypertension, and appropriate monitoring and treatment of
blood pressure is critical to the safe use of these drugs.

Anti-VEGF Agents. Elevated vascular endothelial growth
factor (VEGF or VEGF-A) expression occurs in all stages of
ovarian cancer and is associated with poor prognosis, includ-
ing shorter survival. In addition, VEGF (which is also known
as vascular permeability factor) overexpression is directly
associated with the production of ascitic fluid. 

Bevacizumab is a humanized anti-VEGF monoclonal anti-
body that is currently FDA approved in the United States for
the treatment of advanced colon cancer in combination with
chemotherapy. Prospective trials have reported activity of sin-
gle-agent bevacizumab against pretreated ovarian cancer to be
in the range of 15% to 20%. The GOG evaluated single-agent
bevacizumab in 63 patients who had one to two prior regimens
of cytotoxic chemotherapy. The overall response rate was 21%
with a median response duration of 10 months (583). Twenty-
five of 62 patients had a progression-free survival (PFS) of �6
months. Cannistra et al. evaluated 44 patients with platinum-
resistant disease that progressed after second-line topotecan or
liposomal doxorubicin. The overall response rate was 16%
(7 out of 44) (584). Another trial evaluated the combination of
bevacizumab and metronomic (daily low-dose) oral cyclophos-
phamide. Fifty-six percent of patients were progression-free at
6 months and the overall response rate was 24% (585).

There has been caution in rapidly introducing bevacizumab
into clinical use because (a) like many other newer anticancer
agents, it is exceedingly expensive, and (b) it appears to cause
an increased rate of bowel perforation. The study of Cannistra
et al. described above closed early due to the higher than
expected number of gastrointestinal perforations (5 out of
44), 1 of which was fatal. This led the NCI to alert investiga-
tors via an investigational new drug (IND) action letter dated
October 4, 2005, of the risk of gastrointestinal perforation in
ovarian cancer patients treated with bevacizumab (586).
Despite this risk, the responses seen in heavily pretreated
women and the durability of some of the responses observed
have raised considerable interest in the treatment of ovarian
cancer with bevacizumab. As discussed above, two random-
ized trials are currently testing the addition of bevacizumab to
first-line therapy, one in the GOG (GOG 218) (Fig. 25.35) and
one in the European Cooperative Group (ICON7). In the
GOG trial bevacizumab/placebo is not given until the second
cycle of chemotherapy to allow for adequate postoperative
healing, and patients with any evidence of bowel obstruction
are excluded. An early safety analysis was part of the study
design, and the data and safety monitoring board did not rec-
ommend early stopping of the trial.

Another anti-VEGF agent of interest, which is not currently
commercially available, is VEGF-Trap. VEGF-Trap is a high
affinity soluble decoy receptor that comprises portions of 
the extracellular domains of both VEGFR-1 and VEGFR-2.
Preliminary clinical trial reports suggest it has some activity
against ovarian cancers that are platinum resistant (587).
Preclinical data suggest that VEGF-Trap inhibits ascites in ani-
mal models, and it is currently being tested for the control of
ascites in ovarian cancer patients who have failed other avail-
able treatments. 

VEGF Receptor Tyrosine Kinase Inhibitors. VEGF actions
are mediated through binding to receptor tyrosine kinases,
including VEGFR-1(Flt-1) and VEGFR-2(KDR; whose murine
form is known as Flk-1). Both are found predominantly on the
surfaces of vascular endothelial cells. Numerous small molecule

inhibitors of VEGF receptor tyrosine kinase are in clinical
development. Many of these also inhibit other kinases of rele-
vance, such as platelet-derived growth factor (PDGF) receptors.
Single-agent phase 2 trials of sorafenib, sunitinib, and
AZD2171 are under way or completed, and results are awaited
with interest.

Thalidomide. Thalidomide is an interesting agent with doc-
umented activity in the treatment of erythema nodosum lepro-
sum and multiple myeloma. Its mechanism of action is not well
understood; it possesses both antiangiogenic and immunomod-
ulatory properties. Complications are generally dose related
and include somnolence, constipation, neuropathy, and throm-
bosis. An initial phase 2 trial including 19 patients with ovarian
cancer showed no responses (588), but subsequent studies have
documented CA-125 decreases and up to 18% partial responses
in heavily pretreated ovarian cancer patients, with some of the
responses lasting over a year (589,590). A phase 2 trial of the
thalidomide derivative lenalidomide in 20 patients produced no
major responses and only 4 patients with stable disease for 
6 months or more. However, this was a particularly heavily
pretreated group of patients with a median of five prior
chemotherapy regimens (591). The GOG is currently conduct-
ing a randomized trial comparing tamoxifen to thalidomide for
the therapy of women who have CA-125 marker elevation but
no measurable recurrence of disease.

Agents Targeting Human Epidermal Growth 
Factor Receptor Family 

The human epidermal growth factor receptor (HER) family com-
prises four transmembrane receptors, HER-1 (also called EGFR),
HER-2 (HER2/neu, the target of trastuzumab), HER-3, and
HER-4. The HER-1, -2, and -4 proteins are transmembrane tyro-
sine kinases that are autophosphorylated after homo- or 
heterodimerization, triggering a series of downstream events that
ultimately affect cellular proliferation and survival. HER-3 does
not possess tyrosine kinase activity, but can dimerize with other
HER proteins. HER-1, -3, and -4 require ligand binding to
dimerize; HER-2 has no known ligand, and can adopt a fixed
conformation resembling a ligand-activated state, making it con-
stitutively available for dimerization in the absence of a ligand
(592). HER receptors are overexpressed or dysregulated in a
variety of solid tumors, and a number of monoclonal antibodies
and small molecule tyrosine kinase inhibitors of this pathway
have been approved for use in different solid tumors. However,
with the exception of HER2 gene amplification in breast cancer,
molecular predictors of tumor response to these agents have been
elusive. EGFR overexpression is no longer believed to accurately
predict for response to the anti-EGFR monoclonal antibodies in
colon cancer. While mutations in the tyrosine kinase domain of
EGFR may predict response of lung cancers to the EGFR tyrosine
kinase inhibitors (593), there also appears to be benefit in
patients whose lung cancers do not have such a mutation. Results
of immunohistochemical staining for EGFR in epithelial ovarian
cancer tumor samples have varied widely, with detectable expres-
sion reported in 19% to 92% (594). Most studies suggest that
dysregulation of EGFR in ovarian cancer is associated with
worse survival. However, therapy targeting EGFR or HER2 has
had minimal activity against ovarian cancers to date. 

EGFR Tyrosine Kinase Inhibitors. As a group, the EGFR
tyrosine kinase inhibitors tend to cause acneiform rash and diar-
rhea. It has been suggested that development of a rash predicts
for longer survival with EGFR tyrosine kinase inhibitor treat-
ment across tumor types. Several phase 2 trials using single-
agent anti-EGFR small molecule tyrosine kinase inhibitors in
women with pretreated ovarian cancer have been reported.
Gordon et al. used single-agent erlotinib to treat 34 patients with
refractory (up to three prior regimens with disease progression
within 6 months of most recent therapy) EGFR-positive disease
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(594). Two of 34 patients achieved a partial response (PR) (6%).
Neither responder had strong EGFR expression; both had grade
2 rash. Patients with any grade rash had a significantly longer
survival than those without (9.9 vs. 3.6 months, p � 0.009). The
GOG reported on a phase 2 trial of gefitinib in women with up
to two prior regimens and a platinum-free interval of less than
12 months (595). One of 27 evaluable patients (4%) had an
objective partial response with a progression-free survival time
of about 27 months. Forty-two percent of patients had EGFR
expression (1� or higher); exploratory analysis suggested an
association between EGFR expression and progression-free sur-
vival. Grade 3 skin toxicity was also associated with improved
progression-free survival. Only one of the 25 tumors examined
had a mutation in exons 18-21 of the EGFR; this was in the
patient with a partial response. The investigators also sequenced
exons 18-21 of the EGFR in 32 additional cases of invasive
epithelial ovarian cancer; one mutation was found. Two other
phase 2 trials of gefitinib, one of which combined it with tamox-
ifen, reported no clinical responses (596,597). 

The EORTC/GCIG is currently conducting a phase 3 trial of
erlotinib for 2 years versus observation in women with respond-
ing or stable disease after first-line platinum-based therapy. 

Anti-EGFR Monoclonal Antibodies. Cetuximab is an anti-
EGFR monoclonal antibody FDA approved in the United
States for the treatment of colon cancer. A phase 2 trial of
cetuximab in women with pretreated ovarian cancer and was
stopped after first stage as it produced only one response
among the first 25 women treated (598). A phase 2 trial of
matuzumab (EMD72000), a humanized anti-EGFR mono-
clonal antibody, produced no responses in 37 women with
platinum-resistant EGFR-positive ovarian cancer (599). 

Anti-HER2 Monoclonal Antibodies. Trastuzumab is an
anti-HER2 monoclonal antibody approved for the treatment of
breast cancer. The best predictor for response to trastuzumab
in breast cancer patients appears to be tumor amplification of
the HER2 gene. This is clinically tested by fluorescent in situ
hybridization (FISH). Immunohistochemical staining for
HER2 overexpression appears to be less predictive. HER2
overexpression has been reported in 11% to 30% of primary
ovarian carcinomas, but in a higher percentage of women
with metastatic or recurrent disease, including some in whom
the primary tumor did not overexpress HER2 (600). In a
phase 2 trial of trastuzumab conducted by the GOG only
11.2% of women with progressive or recurrent ovarian cancer
had tumors that stained 2� or 3� for HER2 (601). Among
women whose cancers were HER2 2� or 3�, only 7.3% had
a major response to trastuzumab (one CR, two PR). Gene
amplification was not assessed in this study. 

Pertuzumab is a monoclonal antibody that binds to an epi-
tope on HER2 distinct from the trastuzumab-binding site, and
prevents dimerization of HER2 with other receptors. HER2
amplification or overexpression does not appear to be necessary
for antitumor activity. A randomized phase 2 trial testing two
different doses of pertuzumab enrolled heavily pretreated ovar-
ian cancer patients (median of five prior chemotherapy regi-
mens). Five of 123 patients treated had a partial response.
Where possible, fresh tumor biopsies were obtained for devel-
opment of predictive testing, and there was a trend to improved
progression-free survival for women with phospho-HER2�
tumors (602). Preliminary results of a subsequent trial that ran-
domized women with platinum-resistant disease to gemcitabine
or gemcitabine plus pertuzumab showed a 5% response rate for
gemcitabine versus 14% for the combination (603). 

Other Targeted Agents

Imatinib is a receptor tyrosine kinase inhibitor with potent
activity against abl (including the bcr-abl fusion protein found
in chronic myelogenous leukemia [CML]), platelet-derived

growth factor receptor, and c-kit. It is FDA approved in the
United States for use in the treatment of CML and gastroin-
testinal stromal tumors (GIST, many of which have gain-of-
function c-kit mutations). While numerous reports have sug-
gested that many ovarian carcinomas express c-kit and its
ligand, stem cell factor (SCF), and they may also express
platelet-derived growth factor receptor (PDGFR) (604,605),
trials of imatinib in ovarian cancer have not reported any
activity to date (604,606,607). 

Src tyrosine kinase has been found to be overexpressed in
both mouse and human ovarian cancer cells as well as in
human primary ovarian cancers, and trials of src inhibitors,
such as dasatinib, are planned or under way in ovarian cancer.
Likewise, abnormalities of the PI3K/Akt pathway are com-
mon, and agents affecting this pathway, such as the mTOR
inhibitor temsirolimus, are being tested in ovarian cancer.

Immunologic Therapies

It has long been known that immune therapies, such as IL2, have
some activity in the treatment of ovarian cancer. Immune ther-
apy has been of particular interest in ovarian cancer since the
provocative observation by Zhang et al. that among patients in
clinical complete remission the presence of intratumoral T cells
was a strongly favorably prognostic factor (Fig. 25.37) (608).
CD3� tumor-infiltrating T cells were detected within tumor
cell islets in 102 of 186 tumors (54.8%). The 5-year survival
rate was 38% for patients whose tumors contained T cells
compared to 4.5% for patients without tumor-infiltrating T
cells. While clinical results of immune therapy have been disap-
pointing to date, vigorous investigation of a large number of
immune strategies has continued, and these have recently been
reviewed (609). Several phase 3 trials are planned or ongoing.

Oregovomab is a murine monoclonal antibody that binds
with high affinity to circulating CA-125. The oregovomab–CA-
125 complex is processed by antigen-processing cells, such as
macrophages and dendritic cells. CA-125–specific antibodies,
T-helper cells, and cytotoxic T cells (CTLs) are subsequently
produced, demonstrating both a humoral and cellular response.
This is referred to as an “anti-idiotype vaccine” approach. In a
randomized, placebo-controlled trial, 145 patients with stage III
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Katsaros D, et al. Intratumoral T cells, recurrence and survival in epithe-
lial ovarian cancer. N Engl J Med 2003;348:203–213.
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or IV epithelial ovarian cancer received intravenous oregov-
omab at first clinical remission (457). There was no overall dif-
ference in time to progression between the two groups.
However, in a retrospective analysis, it was found that for a
subgroup of patients (�2 cm of residual tumor at debulking,
CA-125 �65 U/mL before third cycle, and CA-125 �35 U/mL
at entry), time to progression for those receiving oregovomab
was significantly better (24 vs. 10.8 months). Using the eligibil-
ity criteria of the subgroup, the investigators have completed
enrollment to the phase 3 Immunotherapy Pivotal Ovarian
Cancer Trials I and II with 354 patients. These results should be
available soon. 

Another anti-idiotypic monoclonal antibody is abagovomab
(formerly ACA-125). An international, multicenter, randomized
phase 3 trial of abagovomab versus placebo in stage III or IV
epithelial ovarian cancer patients, with an accrual goal of 870
patients, began accruing patients in 2007 under the direction of
the Arbeitsgemeinschaft Gynäkologische Onkologie group and
the Cooperative Ovarian Cancer Group for Immunotherapy.
Eligible patients have completed standard debulking and plat-
inum with taxane-based chemotherapy (intravenous or intraperi-
toneal) and are in complete remission. The end points of this
study are progression-free and overall survival.

Another vaccine trial planned is a phase 3 randomized
study of a multivalent antigen-KLH construct by investigators
at Memorial Sloan-Kettering Cancer Center for patients with
epithelial ovarian cancer in second complete remission with
progression-free survival as the study end point. 

Other New Directions

Aberrant DNA methylation is a frequent epigenetic event in
ovarian cancer and represents an additional source of poten-
tial molecular markers. Wei et al. (610) investigated CpG
island hypermethylation across stages III and IV ovarian
tumors. Hierarchical clustering revealed two tumor groups
with distinctly different methylation profiles. The duration of
progression-free survival after chemotherapy was significantly
shorter for patients whose tumors contained high levels of
concurrent methylation compared to patients whose tumors
had lower tumor methylation levels. These data suggest that
CpG island methylation is associated with early disease recur-
rence after chemotherapy. The differential methylation
hybridization assay they developed also identified a group of
CpG island loci that are potentially useful as epigenetic mark-
ers for predicting treatment outcome in ovarian cancer
patients. Demethylating agents and histone deacetylase
inhibitors are currently being studied in ovarian cancer. 

Additional large-scale studies are in progress to correlate
the gene expression profiles in patients with advanced ovarian
cancer and survival. Such analyses may identify patients with
advanced-stage disease in whom standard therapy is likely to
be ineffective and who may be candidates for experimental
treatments. Differential gene expression profiles will also be
essential in the identification of novel molecular targets.
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Abundant hemorrhage, necrosis, or cystic areas in a well-fixed
tumor should raise the question of a mixed germ cell tumor.
Microscopically, dysgerminomas display nests and cords of
primitive-appearing germ cells with clear to eosinophilic cyto-
plasm and prominent cytoplasmic borders (Fig. 26.1). Nuclei
are enlarged but they are not pleomorphic. Mitoses may be
numerous, and the number of mitotic figures does not have any
therapeutic or prognostic significance. Nests of tumor cells are
separated by fibrous trabeculae that contain lymphocytes and,
sometimes, granulomas. Syncytiotrophoblast cells are present in
about 3% of dysgerminomas.

Dysgerminomas contain cytoplasmic glycogen that can be
demonstrated with a periodic acid-Schiff (PAS) stain. These
tumors display diffuse staining for placenta-like alkaline phos-
phatase (PLAP), usually with accentuation of the cytoplasmic
membrane. Positive staining of dysgerminomas for c-kit (3)
and the nuclear transcription factor OCT 3/4 (4) is helpful in
confirming this diagnosis. Dysgerminoma is the only ovarian
germ cell tumor that displays c-kit staining (5). Both dysger-
minoma and embryonal carcinoma stain for OCT 3/4. In con-
trast to embryonal carcinoma, dysgerminoma does not stain
for CD30. Syncytiotrophoblast cells present in dysgermino-
mas display human chorionic gonadotropin (hCG) staining. In
contrast to choriocarcinoma, the syncytiotrophoblast cells in
dysgerminomas are not admixed with cytotrophoblast cells.
Dysgerminomas do not produce alpha fetoprotein (AFP), a
finding that may be helpful in distinguishing them from the
solid variant of yolk sac tumor. Optimal and prompt fixation
of the surgical specimen facilitates the correct diagnosis. Poor
fixation can result in artifacts that mimic embryonal carci-
noma and yolk sac tumor histology.

Yolk Sac Tumor

Yolk sac tumor (endodermal sinus tumor) is the second most
common ovarian germ cell tumor, accounting for 22% of ovar-
ian germ cell tumors studied at the Armed Forces Institute of
Pathology (AFIP) (2,6). These tumors grow very rapidly, often
becoming clinically evident in less than one month.

Ovarian yolk sac tumors are typically large and unilateral,
although metastasis to the opposite ovary may occur. These
tumors have a smooth external surface unless rupture or inva-
sion into surrounding structures has occurred. On cut section,
these neoplasms are tan to gray, with abundant hemorrhage
and necrosis. They may be partially solid, but they usually
contain cysts that vary in size from a few millimeters to several
centimeters in diameter. The cut surface appears mucoid,
slimy, or gelatinous. Yolk sac tumor (6) displays many differ-
ent histologic patterns (7). The most common microscopic

INTRODUCTION
Significant improvements in the management of ovarian germ
cell tumors have been achieved during the past two decades.
The development of more effective chemotherapy regimens is
clearly the leading cause for improved outcome for these
patients. In addition, advancements in other disciplines led to
the development of a more precise surgical staging system,
improved radiographic imaging, more sophisticated pathology
techniques, as well as improved supportive care and symptom
control. A substantial majority of patients with ovarian germ
cell tumors are long-term survivors and suffer minimal mor-
bidity from treatment. Fertility-sparing surgical procedures
enable a large proportion of young women with ovarian germ
cell tumors to preserve their reproductive potential. These
results illustrate the value of collaboration between different
specialties (surgery, medical oncology, pathology, imaging). 

PATHOLOGY
The current World Health Organization (WHO) classification
of ovarian germ cell tumors includes dysgerminoma, yolk sac
tumor, embryonal carcinoma, polyembryoma, nongestational
choriocarcinoma, mixed germ cell tumors, and teratomas
(immature, mature, and monodermal types) (1). Primitive
germ cell tumors account for 2% to 3% of all ovarian cancers
and occur usually in young women. The peak age incidence
for development of these tumors is the early 20s. The pathol-
ogy of these neoplasms is discussed in the same order as the
listing in the current WHO classification. 

Dysgerminoma

Dysgerminoma represents the most common ovarian malignant
germ cell tumor (2). Most dysgerminomas are seen in patients
with a normal karyotype, but dysgerminoma is the most fre-
quent ovarian neoplasm in patients with gonadal dysgenesis.
Five percent to 10% are associated with gonadoblastomas in
sexually maldeveloped patients. Most dysgerminomas occur in
normal females who usually present with abdominal enlarge-
ment, a mass, or pain due to torsion. About 10% of dysgermi-
nomas are bilateral on gross examination and another 10%
have microscopic involvement of the contralateral ovary.
Association with gonadoblastoma increases the risk of bilateral
involvement by dysgerminoma. 

On gross examination, dysgerminomas are usually large,
white to gray, fleshy, lobulated masses that usually have no more
than very focal areas of hemorrhage or necrosis on cut section.
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pattern in primary ovarian tumors is the reticular or microcys-
tic pattern (Fig. 26.2). The tumor has a mesh-like pattern and
it displays a network of flattened or cuboidal epithelial cells
with varying degrees of atypia. The endodermal sinus (fes-
toon) pattern contains Schiller-Duvall bodies (Fig. 26.3) that
have a central capillary surrounded by connective tissue and a
peripheral layer of columnar cells. These structures are situ-
ated in cavities lined by yolk sac tumor cells. When present,
Schiller-Duvall bodies are diagnostic of yolk sac tumor. Other
less common variants of yolk sac tumor include hepatoid,
polyvesicular vitteline, enteric, endometrioid, solid, parietal,
and mesenchymal patterns. Most patterns of yolk sac tumor
may contain eosinophilic hyaline globules that are PAS posi-
tive and diastase resistant. These globules may be seen in
non–germ cell tumors and they are not specific for yolk sac
tumor. They do not contain AFP. Yolk sac tumors generally
display cytoplasmic staining for cytokeratin and AFP,
although the parietal pattern of yolk sac tumor typically does
not contain AFP. Therefore, serum AFP is a useful marker for
yolk sac tumor, although a negative serum AFP does not
exclude the disease. Chemotherapy has resulted in the appear-
ance of AFP-negative parietal yolk sac tumor after eradication

of AFP positive patterns of the tumor (8). Enteric glands in
yolk sac tumor may be carcinoembryonic antigen (CEA) posi-
tive. Some types of yolk sac tumor need to be differentiated
from endometrioid and clear cell tumors of the ovary. Germ
cell tumors usually occur in younger patients than epithelial
ovarian tumors, but the lack of staining for cytokeratin 7 and
epithelial membrane antigen supports a diagnosis of yolk sac
tumor (9) in controversial neoplasms.

Embryonal Carcinoma

Embryonal carcinoma is rarely seen in the ovary, in contrast to
its frequent occurrence in the testis. Only 14 cases were identi-
fied during a period of 30 years at the AFIP (10), and there
have been no recent large series of these tumors. Embryonal
carcinoma of the ovary is usually associated with yolk sac
tumor in mixed germ cell tumors. On gross examination,
embryonal carcinoma characteristically displays areas of hem-
orrhage and necrosis. Microscopically, this tumor is composed
of very crowded cells that display overlapping nuclei in paraf-
fin sections. The nuclei are very pleomorphic and they contain
large, prominent nucleoli. The mitotic rate is high in these
tumors. Glandular, solid, and papillary patterns may be seen.
Vascular invasion is common. Embryonal carcinoma stains
positively for PLAP, pancytokeratin (AE1/AE3 and CAM 5.2),
CD30, and OCT 3/4. In contrast to seminoma, embryonal
carcinoma does not display c-kit staining. Some embryonal
carcinomas display focal AFP positivity that may represent
partial transformation to yolk sac tumor. Syncytiotrophoblast
cells may be present. They produce hCG, but they are not
accompanied by admixed cytotrophoblast cells unless chorio-
carcinoma is also present.

Polyembryoma

Polyembryoma is a very rare malignant ovarian tumor (2). In
the few cases reported, the embryoid bodies characteristic of
this germ cell tumor have coexisted with other germ cell
tumor types. The microscopic appearance of embryoid bodies
(11) with an embryonic disc separating a yolk sac and an
amniotic cavity may actually be due to an admixture of yolk
sac tumor and embryonal carcinoma.

838 Section III: Disease Sites

FIGURE 26.1. Dysgerminoma. This neoplasm has nests of cells with
clear cytoplasm and enlarged hyperchromatic nuclei. Fibrous septae
containing lymphocytes separate nests of tumor.

FIGURE 26.2. Reticular pattern of yolk sac tumor. There is a mesh-
like arrangement of cuboidal tumor cells.

FIGURE 26.3. Schiller-Duvall bodies, papillary structures with cen-
tral blood vessels, are seen in the endodermal sinus pattern of yolk
sac tumor.
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Choriocarcinoma

Primary nongestational ovarian choriocarcinoma is rare (12). It
is most often seen as a component of mixed germ cell tumors of
the ovary (13,14). Choriocarcinomas display abundant hemor-
rhage and necrosis on gross examination (Fig. 26.4).
Microscopically, these neoplasms show a plexiform pattern
composed of an admixture of syncytiotrophoblast and cytotro-
phoblast cells (Fig. 26.5). Syncytiotrophoblastic giant cells have
abundant eosinophilic to amphophilic cytoplasm that contains
multiple atypical, hyperchromatic nuclei. Cytotrophoblast cells
are round and often have well-defined cell borders, clear to
lightly eosinophilic cytoplasm, and single, atypical nuclei.
Numerous mitoses are present. Choriocarcinoma spreads by
blood vessel invasion that is easy to identify in these tumors.
Cytotrophoblast cells do not produce hCG. Syncytiotrophoblast
cells are formed from cytotrophoblast cells, and syncytiotro-
phoblast does produce hCG. Choriocarcinoma may also stain
for cytokeratins, epithelial membrane antigen, and carcinoem-
bryonic antigen. Nongestational choriocarcinoma must be dis-
tinguished from gestational choriocarcinoma because the former

has a worse prognosis and requires more aggressive therapy.
Identification of paternal genetic material indicates that the
tumor is of gestational origin (15).

Mixed Germ Cell Tumors

Mixed germ cell tumors of the ovary contain two or more dif-
ferent types of germ cell neoplasm, either intimately admixed
or as separate foci within the tumor (13,14). They are much
less common in the ovary than in the testis. They accounted
for only 8% of malignant ovarian germ cell tumors acces-
sioned at the AFIP over a period of 30 years (13).

Malignant mixed germ cell tumors are large, unilateral neo-
plasms, but the gross appearance on the cut surface depends on
the particular type of germ cell tumor present. The most com-
mon germ cell tumor element in the AFIP series was dysgermi-
noma (80%), followed by yolk sac tumor (70%), teratoma
(53%), choriocarcinoma (20%), and embryonal carcinoma
(13%) (13). The most frequent combination has been dysger-
minoma and yolk sac tumor. Syncytiotrophoblast may occur
either as a component of choriocarcinoma or as isolated cells
in other germ cell tumor elements. The diagnosis and progno-
sis of malignant mixed germ cell tumors depend on adequate
tumor sampling in order to detect small areas of different types
of germ cell tumor. Thorough sampling is essential because the
types of tumor identified may affect therapy and prognosis.

Teratomas

Teratomas are germ cell tumors that contain tissue derived
from two or three embryonic layers. Teratomas are subclassi-
fied according to whether the tumor elements represent mature
or immature tissue types. In addition, monodermal and highly
specialized teratomas are composed of a predominance of one
tissue type such as thyroid tissue (struma ovarii). This discus-
sion of the pathology of ovarian tumors will address predomi-
nantly mature and immature teratomas in adult women. In
contrast to other ovarian germ cell tumor types, ovarian ter-
atomas do not contain 12p amplification (16,17). Ovarian ter-
atomas apparently arise by parthenogenesis.

Most teratomas are mature cystic teratomas that contain
differentiated tissue components such as skin, cartilage, glia,
glandular elements, and bone. Any tissue type present in adults
may be represented in teratomas. The widest variety of tissue
types is characteristically identified in a nodule in the wall of
the cystic neoplasms. Mature cystic teratomas represent benign
neoplasms unless they contain a somatic malignancy such as
squamous carcinoma, papillary thyroid carcinoma, or other
non–germ cell tumors arising in differentiated elements of the
teratoma.

Immature teratomas in adult women, in contrast to mature
cystic teratomas, are uncommon tumors. They represent
about 3% of all ovarian teratomas, but immature teratomas
are the third most common form of malignant ovarian germ
cell tumors. Very limited amounts of immature tissue occur-
ring in mature cystic teratomas does not seem to alter the
prognosis of those tumors (18), but immature tissue in solid
teratomas represents a malignant tumor that can disseminate
and metastasize.

Most immature ovarian teratomas are unilateral neo-
plasms, although they can metastasize to the opposite ovary
and they can also be associated with mature teratoma in the
opposite ovary. Immature teratomas are predominantly solid
tumors, but they may contain some cystic areas. The cut sur-
face of immature teratomas is soft and fleshy or encephaloid
in appearance (Fig. 26.6). Areas of hemorrhage and necrosis
are common. Microscopically, these tumors contain a variety
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FIGURE 26.4. Choriocarcinoma. This ovarian neoplasm is extremely
hemorrhagic.

FIGURE 26.5. Choriocarcinoma. Syncytiotrophoblast cells have dark
cytoplasm and multiple atypical nuclei. Cytotrophoblast cells have
lighter cytoplasm and single atypical nuclei. Both cell types are admixed
in choriocarcinoma. Areas of hemorrhage and necrosis are common.
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of mature and immature tissue components. The immature
elements almost always consist of immature neural tissue in
the form of small, round blue cells focally organized into
rosettes and tubules (Fig. 26.7). There is a correlation between
disease prognosis and the degree of immaturity in the ter-
atoma. The three-tiered grading system is still the one most
often used (19). Grade 1 neoplasms display some immaturity,
but the immature neural tissue does not exceed in aggregate
the area of one low-power field (40�) in any slide. Grade 2
teratomas contain more immaturity, but immature neural tis-
sue occupies no more than an area equal to three low-power
fields in any slide. Grade 3 neoplasms contain immature
neural tissue that occupies an area greater than three low-
power fields in at least one slide (20). Mature tissue is easily
identified in grade 1 tumors. It is present to a lesser extent in
grade 2 neoplasms and may be absent altogether in grade 
3 immature teratomas. The amount of mitotic activity and
immature neural tissue with rosettes and tubules also increases
with increasing tumor grade. Some authors prefer classifying
immature teratomas as either low (grade 1) or high (grades 2
and 3) grade teratomas. In patients whose neoplasm has dis-
seminated beyond the ovary, the grade of the tumor metastasis
is important in predicting survival and determining treatment.

Occasionally, patients may have peritoneal implants that con-
tain only mature tissue, but these mature glial implants may
represent host tissue and not actual tumor implants (21). It is
extremely important to sample peritoneal disease thoroughly
in order that foci of immature teratoma (that may coexist with
mature glia) are identified.

A rare, but distinct entity deserves mention. The poorly dif-
ferentiated small cell carcinoma of the ovary, classically asso-
ciated with hypercalcemia (22), may have germ cell origin, as
suggested by immunostaining for alpha-1-antitrypsin, pres-
ence of PAS-positive intracellular globules, presence of foci of
intercellular basement membrane material, and focal laminin
immunoreactivity (23). These tumors usually occur in young
women and are invariably associated with a dismal prognosis
(24,25). Treatment with germ cell type chemotherapy regimen
is probably justified, although data are scant and inconclusive,
given the rarity of such tumors. 

Biologically, ovarian germ cell tumors, like testis cancer, are
derived from primordial germ cells, which undergo defective
meiosis. Karyotypic abnormalities are common and include
aneuploidy or chromosomal rearrangements. In contrast,
benign teratomas have a normal karyotype. One report notes
chromosomal abnormalities in 7% of mature teratomas (26,27).
Analysis of centromeric heteromorphisms suggests that 65% to
70% of benign teratomas result from a post-meiosis I type error
(homozygotes), while the remaining 30% to 35% are caused by
defective meiosis I, as demonstrated by heterozygosity of cen-
tromeric markers (26). Among malignant ovarian germ cell
tumors, aneuploidy and chromosomal translocations or trunca-
tions similar to those encountered in testicular carcinoma have
been widely reported (28,29). The presence of an isochromo-
some 12p (i12p) has been noted in ovarian tumors (30), albeit
less commonly than in testis cancer. Other chromosomal aberra-
tions such as loss or gain in chromosomes 1, 11, 12, 16, and X
can be identified (31). The association between dysgerminoma
and dysgenetic gonads (32) is well recognized and should be
managed accordingly, as will be discussed.

CLINICAL FEATURES
Malignant germ cell tumors of the ovary occur mainly in girls
and young women. In the University of Texas M. D. Anderson
Cancer Center (UTMDACC) series, the age of the patients
ranged from 6 to 40 years, with a median age of 16 to 20
years, depending upon histologic type (33).

Signs and symptoms in these patients are rather consistent.
Abdominal pain associated with a palpable pelvic-abdominal
mass is present in approximately 85% of patients (14,34,35).
Approximately 10% of patients present with acute abdominal
pain, usually caused by rupture, hemorrhage, or ovarian tor-
sion. This finding is somewhat more common in patients with
endodermal sinus tumor or mixed germ cell tumors and is fre-
quently misdiagnosed as acute appendicitis. Less common
signs and symptoms include abdominal distention (35%),
fever (10%), and vaginal bleeding (10%). A few patients
exhibit isosexual precocity, presumably due to hCG produc-
tion by tumor cells.

In a small percentage of cases, ovarian germ cell tumors
occur during pregnancy or in the immediate postpartum
period (34). In the series reported by Gordon et al., 20 of 158
patients with dysgerminoma were diagnosed during preg-
nancy or after delivery (36). Nondysgerminomatous ovarian
tumors occur less frequently during pregnancy, but rare cases
have been reported (37–40). Marked increase in AFP heralds
the presence of a germ cell tumor with yolk sac component. By
and large, patients with ovarian tumors diagnosed during
pregnancy can be treated successfully, without compromising
the health of the fetus. Surgical resection of tumors and
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FIGURE 26.6. Ovarian immature teratoma. The neoplasm is pre-
dominantly solid and has a soft, encephaloid appearance.

FIGURE 26.7. Ovarian immature teratoma. Immature neural tissue
forms tubules.
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chemotherapy have been performed safely in mid and third
trimesters. However, rapid disease progression or pregnancy
termination/miscarriage have been recorded, especially for
nondysgerminomatous tumors (41). 

Many germ cell tumors possess the unique property of pro-
ducing biologic markers that are detectable in serum. The
development of specific and sensitive radioimmunoassay tech-
niques to measure hCG and AFP led to dramatic improvement
in patient monitoring. Serial measurements of serum markers
aid the diagnosis and, more importantly, are useful for moni-
toring response to treatment and detection of subclinical
recurrences. Table 26.1 illustrates typical findings in the sera
of patients with various tumor histologic types. Endodermal
sinus tumor and choriocarcinoma are prototypes for AFP and
hCG production, respectively. Embryonal carcinoma can
secrete both hCG and AFP, but most commonly produces hCG.
Mixed tumors may produce either, both, or none of the mark-
ers, depending on the type and quantity of elements present.
Dysgerminoma is commonly devoid of hormonal production,
although a small percentage of tumors produce low levels of
hCG, if multinucleated syncytiotrophoblastic giant cells are
present. The presence of an elevated level of AFP or high level
of hCG (�100 U/mL) denotes the presence of tumor elements
other than dysgerminoma. Therapy should be adjusted
accordingly (see below). Although immature teratomas are
associated with negative markers, a few tumors can produce
AFP. A third tumor marker is lactic dehydrogenase (LDH),
which is frequently elevated in patients with dysgerminoma or
other germ cell tumors. Unfortunately, it is less specific than
hCG or AFP, which limits its usefulness. CA-125 can also be
nonspecifically elevated in patients with ovarian germ cell
tumors (42). 

SURGERY

Operative Findings

Malignant germ cell tumors of the ovary tend to be quite large.
In the UTMDACC series, these tumors ranged in size from 7 to
40 cm, with a median size of 16 cm (14). Predominance of right-
sided over left-sided involvement was noted. Bilaterality of
tumor involvement (especially true stage IB disease) is exceed-
ingly rare except for dysgerminoma. Bilateral involvement
occurs in 10% to 15% of dysgerminoma patients (36,43–46).
For nondysgerminomatous tumors, bilateral involvement signi-
fies either advanced disease with metastatic spread to the con-
tralateral ovary or the presence of a mixed germ cell tumor with
prominent dysgerminoma component. 

Ascites may be noted in approximately 20% of cases.
Rupture of tumors, either preoperatively or intraoperatively, can
occur in approximately 20% of cases. Torsion of the ovarian
pedicle was documented in 5% of patients in the UTMDACC
series.

Benign cystic teratoma is associated with malignant germ
cell tumors in 5% to 10% of cases. These coexistent ter-
atomas may occur in the ipsilateral ovary, in the contralateral
ovary, or bilaterally. Likewise, a pre-existing gonadoblastoma
may be noted in association with dysgerminoma and dysge-
netic gonads related to a 46,XY karyotype (32,47–49). 

Malignant germ cell tumors generally spread in one of two
ways: along the peritoneal surface or through lymphatic dissemi-
nation. Although the relative frequency of these two principal
mechanisms is difficult to discern, it is generally accepted that
these neoplasms more commonly metastasize to lymph nodes
than epithelial tumors. The high prevalence of inadequate staging
procedures makes the true incidence of lymph node involvement
uncertain. It is our impression that although still uncommon,
malignant germ cell tumors have a somewhat greater predilection
than epithelial tumors to metastasize hematogenously to
parenchyma of liver or lung. The stage distribution is also very
different from that of epithelial tumors. In most large series,
approximately 60% to 70% of tumors will be stage I (36). The
next most common stage is III, accounting for 25% to 30% of
tumors. Stages II and IV are relatively uncommon.

Extent of Primary Surgery

The initial treatment approach for a patient suspected of hav-
ing a malignant ovarian germ cell tumor is surgery, both for
diagnosis and for therapy. After an adequate vertical midline
incision, a thorough determination of disease extent by inspec-
tion and palpation should be made. If the disease is confined
to one or both ovaries, it is imperative that proper staging
biopsies be performed (see below).

The type of primary operative procedure depends upon the
surgical findings. Because many of these patients are young
women, for whom preservation of fertility is a priority, mini-
mizing the surgical resection while ensuring removal of tumor
bulk must be thoughtfully balanced. As noted previously,
bilateral ovarian involvement is rare, except for the case of
pure dysgerminoma. Bilateral involvement may be found in
cases of advanced disease (stages II-IV), in which there is
metastasis from one ovary to the opposite gonad, or in cases
of mixed germ cell tumors with dysgerminoma component.
Therefore, fertility-sparing unilateral salpingo-oophorectomy
with preservation of the contralateral ovary and of the uterus
can be performed in most patients (50–52). If the contralateral
ovary appears grossly normal on careful inspection, it should
be left undisturbed. However, in the case of pure dysgermi-
noma, biopsy may be considered, because occult or micro-
scopic tumor involvement occurs in a small percentage of
patients. Unnecessary biopsy, however, may result in future
infertility due to peritoneal adhesions or ovarian failure. If the
contralateral ovary appears abnormally enlarged, a biopsy or
ovarian cystectomy should be performed. If frozen examina-
tion reveals a dysgenetic gonad, or if there are clinical indica-
tions suggesting a hermaphrodite phenotype, then bilateral
salpingo-oophorectomy is indicated. However, it is difficult to
establish this diagnosis on frozen section. This determination
should preferably be made by determining a normal female
karyotype preoperatively. If benign cystic teratoma is found in
the contralateral ovary, an event that can occur in 5% to 10%
of patients, then ovarian cystectomy with preservation of
remaining normal ovarian tissue is recommended.

An important problem, albeit rare, is bilateral gonadal
involvement in a patient who desires to preserve fertility and
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SERUM TUMOR MARKERS IN MALIGNANT GERM
CELL TUMORS OF THE OVARY

TA B L E  2 6 . 1

Histology AFP hCG

Dysgerminoma � �
Endodermal sinus tumor � �
Immature teratoma � �
Mixed germ cell tumor � �
Choriocarcinoma � �
Embryonal carcinoma � �
Polyembryoma � �
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who is a candidate for postoperative chemotherapy. There are
no data regarding the ability of chemotherapy to eradicate a
primary ovarian tumor. In testis cancer, there are presumptive
data suggesting that tumor may persist after chemotherapy in
the gonad and that the testis may be a drug sanctuary. In
exceptional situations, it may be reasonable to preserve an
involved ovary in a patient who will be receiving chemother-
apy. However, it is conceivable that ovarian preservation
could increase the risk for recurrence in these selected cases.
The decision to preserve an involved ovary is difficult and
must be made carefully considering the patient’s wishes. 

The advent of in vitro fertilization technology also has an
impact on operative management (53). Convention has dic-
tated that if a bilateral salpingo-oophorectomy is necessary, a
hysterectomy should also be performed. However, with current
assisted reproduction technologies (ART) involving donor
oocyte and hormonal support, a woman without ovaries could
potentially sustain a normal intrauterine pregnancy. Similarly,
if the uterus and one ovary are resected because of tumor
involvement, current techniques provide the opportunity for
oocyte retrieval from the remaining ovary, in vitro fertilization
with sperm from her male partner, and embryo implantation
into a surrogate’s uterus. As the field of ART is evolving, tradi-
tional guidelines concerning surgical treatment in young
patients with gynecologic tumors have to be thoughtfully
adapted to individual circumstances.

Surgical Staging

Surgical staging information is essential for determining
extent of disease, providing prognostic information, and
guiding postoperative management. A meticulous approach
is important for every patient, but is of critical importance
for those patients with early clinical disease in order to detect
the presence of occult or microscopic metastases. Staging of
ovarian germ cell tumors follows the same principles applic-
able to epithelial ovarian tumors, as described by the
International Federation of Gynecologists and Obstetricians
(FIGO, Table 26.2). Proper staging procedures consist of the
following:

1. Although a transverse incision is cosmetically superior,
a vertical midline incision is usually necessary for ade-
quate exposure, appropriate staging biopsies, and resec-
tion of large pelvic tumors or metastatic disease in the
upper abdomen.

2. Ascites, if present, should be evacuated and submitted
for cytologic analysis. If no peritoneal fluid is noted,
cytologic washings of the pelvis and bilateral paracolic
gutters should be performed prior to manipulation of
the intraperitoneal contents.

3. The entire peritoneal cavity and its structures should be
carefully inspected and palpated in a methodical manner.
We generally prefer to start with the subphrenic spaces
and move caudad toward the pelvis. The subdiaphrag-
matic areas, omentum, colon, all peritoneal surfaces, the
entire retroperitoneum, and small intestinal serosa and
mesentery should be checked. If any suspicious areas are
noted, they should be submitted for biopsy or excised.

4. Next, the primary ovarian tumor and pelvis should be
examined. Both ovaries should be carefully assessed for
size, presence of obvious tumor involvement, capsular
rupture, external excrescences, or adherence to sur-
rounding structures.

5. If disease seems to be limited, i.e., confined to the ovary
or localized to the pelvis, then random staging biopsies of
structures at risk should be performed. These sites should
include the omentum (with generous biopsies from multi-
ple areas) and the peritoneal surfaces of the following
sites: bilateral paracolic gutters, cul-de-sac, lateral pelvic
walls, vesicouterine reflection, and subdiaphragmatic
areas. Any adhesions should also be generously sampled.

6. The para-aortic and bilateral pelvic lymph node–bearing
areas should be carefully palpated. Any suspicious nodes
should be excised or sampled. If no suspicious areas are
detected, these areas should be sampled. There is no evi-
dence that a complete para-aortic and/or pelvic lym-
phadenectomy is advantageous.

7. If obvious gross metastatic disease is present, it should
be excised if feasible, or at least sampled to document
disease extent. The concept of cytoreductive surgery is
discussed below.

842 Section III: Disease Sites

FIGO STAGING OF OVARIAN GERM CELL TUMORS

TA B L E  2 6 . 2

Stage Description

I Tumor limited to ovaries.
IA Tumor limited to one ovary, no ascites, intact capsule.
IB Tumor limited to both ovaries, no ascites, intact capsule.
IC Tumor either stage IA or IB, but with ascites present containing malignant cells or 

with ovarian capsule involvement or rupture or with positive peritoneal washings.
II Tumor involving one or both ovaries with extension to the pelvis.
IIA Extension to uterus or tubes.
IIB Involvement of both ovaries with pelvic extension.
IIC Tumor either stage IIA or IIB, but with ascites present containing malignant cells or 

with ovarian capsule involvement or rupture or with positive peritoneal washings.
III Tumor involving one or both ovaries with tumor implants outside the pelvis or with 

positive retroperitoneal or inguinal lymph nodes. Superficial liver metastases 
qualify as stage III.

IIIA Tumor limited to the pelvis with negative nodes but with microscopic seeding of the 
abdominal peritoneal surface.

IIIB Negative nodes, tumor implants in the abdominal cavity �2 cm.
IIIC Positive nodes or tumor implants in the abdominal cavity �2 cm.
IV Distant metastases present.

Note: FIGO, International Federation of Gynecologists and Obstetricians. 
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The gynecologic literature is replete with examples of inad-
equate surgical staging. Most patients still undergo initial
surgery in community hospitals and are inadequately staged.
Upon referral of such a patient to a university or tertiary care
center, the oncologist is faced with the dilemma of inadequate
staging information. In such cases, postoperative studies
including computed tomography (CT) of the abdomen are rec-
ommended. If histopathologic and limited anatomic informa-
tion from the first surgery clearly indicates the use of systemic
chemotherapy, it is generally inadvisable to consider re-
exploration solely for the purpose of precise staging infor-
mation. Reoperation to complete comprehensive staging
may be appropriate under clinical circumstances where
careful surveillance observation after complete staging may
be a sensible alternative to chemotherapy.

Cytoreductive Surgery

If widely spread tumor is encountered at initial surgery, it is
recommended that the same principles concerning cytoreduc-
tive surgery applied in the surgical management of advanced
epithelial ovarian cancer be followed. Specifically, as much
tumor should be resected as is technically feasible and safe.
However, because of their rarity, there is scant information in
the literature on the impact of cytoreductive surgery of malig-
nant germ cell tumors.

In a study of the Gynecologic Oncology Group (GOG),
Slayton et al. found that 15 of 54 (28%) patients with com-
pletely resected disease at primary surgery failed chemotherapy
with a combination of vincristine, dactinomycin, and cyclophos-
phamide (VAC), as opposed to 15 of 22 (68%) patients with
incompletely resected disease treated with the same regimen
(54). Furthermore, a higher percentage of patients with bulky
postoperative residual disease (82%) failed chemotherapy com-
pared to those with minimal residual disease (55%). In a subse-
quent GOG study reported by Williams et al., patients received
the combination regimen of cisplatin, vinblastine, and
bleomycin (PVB). In this study patients with nondysgermino-
matous tumors and clinically nonmeasurable disease after
surgery had a greater likelihood of remaining progression-free
than those with measurable disease (65% vs. 34%) (55). In
addition, patients who had been surgically debulked to optimal
disease had an outcome intermediate between patients with
suboptimal disease and those with optimal disease without
debulking.

Even with epithelial tumors, the relative influence of tumor
biology, surgical skill, and tumor aggressiveness remains uncer-
tain. Germ cell tumors, especially dysgerminomas, are generally
much more chemosensitive than epithelial ovarian tumors.
Therefore, aggressive resection of metastatic disease in these
cases, especially resection of bulky retroperitoneal nodes, is
questionable. The surgeon must exercise thoughtful and mature
intraoperative judgment when encountering such situations,
carefully weighing the risks of cytoreductive maneuvers in the
setting of chemosensitive tumors. There is no substitute for sur-
gical experience and a clear understanding of the biologic
behavior of these neoplasms. Even in the face of extensive
metastatic disease, it is possible to perform a fertility-sparing
procedure with preservation of a normal contralateral ovary.

The value of secondary cytoreductive surgery in the manage-
ment of malignant ovarian germ cell tumors is even less clear
than that of primary cytoreductive surgery. Although secondary
cytoreduction is of questionable benefit for patients with refrac-
tory epithelial ovarian cancer (56,57), germ cell tumors are rel-
atively more chemosensitive than epithelial tumors and more
likely to respond to second-line therapy. Therefore, if a patient
has an isolated focus of persistent tumor after first-line
chemotherapy in an area such as the lung, liver, retroperitoneum,

or brain, then surgical extirpation should be considered before
changing chemotherapy regimens. Although this clinical situa-
tion is extremely rare, it has been observed in other situations
involving chemosensitive tumors, such as gestational tro-
phoblastic disease and testicular cancer.

Unlike testis cancer, the finding of a residual mass after com-
pletion of chemotherapy is less common in patients with ovar-
ian germ cell tumors because these women are likely to have
considerable tumor debulking at the time of the diagnostic sur-
gical procedure and thus enter chemotherapy with significantly
less tumor burden. At completion of chemotherapy, men with
nonseminomatous tumors or seminoma may have persistent
mature teratoma or desmoplastic fibrosis. In patients with
bulky dysgerminoma, residual masses after chemotherapy are
very likely to represent desmoplastic fibrosis. Although a num-
ber of patients with pure ovarian immature teratomas or mixed
germ cell tumors have persistent mature teratoma at the com-
pletion of chemotherapy, as documented by second-look
laparotomy (58), the majority are left with multiple small peri-
toneal implants rather than with a dominant mass. However, it
is now recognized that occasional patients who have received
chemotherapy for immature teratoma or mixed germ cell tumor
containing teratoma will have bulky residual teratoma after
chemotherapy. The natural history or biologic implications of
this finding are not clear. In testis cancer, patients with bulky
residual teratoma may experience slow progression of tumor
(59) or may develop overtly malignant tumors over time
(60–63). There are similar anecdotal reports of progressive
mature teratoma in ovarian germ cell tumor patients after
chemotherapy (64–66). Considering this information, it seems
appropriate to resect persistent masses in patients with negative
markers after chemotherapy for germ cell tumors containing
immature teratoma. If viable neoplasm is found, additional
chemotherapy should be considered. However, if only mature
teratoma is resected, observation is generally recommended.

Second-Look Laparotomy

Since 1960, second-look laparotomy was included in the rou-
tine management of patients with epithelial ovarian cancer to
assess disease status after a fixed interval of chemotherapy. It
was only natural that such an approach would be extrapo-
lated to the management of patients with malignant ovarian
germ cell tumors. In a review of the experience with second-
look laparotomy at UTMDACC, findings were negative in 52
of 53 patients (67). The one patient with positive findings at
second-look laparotomy had an elevated AFP level prior to
surgery, which accurately predicted residual disease. This
patient received subsequent chemotherapy with PVB, entering
prolonged remission. Of the patients with negative findings,
one woman relapsed 9 months after the negative second-look
surgery and subsequently died. Thirteen patients in this series
had biopsy-proven evidence of residual mature teratoma (so-
called “chemotherapeutic retroconversion”) at second-look
laparotomy; treatment was discontinued in all patients and
none developed recurrence. Thus, in this series, second-look
surgery did not add prognostic information or alter the thera-
peutic management of patients. The role of second-look
surgery is further obscured in the setting of advancement in
imaging techniques (CT scanning, positron emission tomogra-
phy [PET], magnetic resonance imaging [MRI]) and in an era
where tumor marker measurements are part of routine care of
patients with germ cell tumors.

The GOG experience with second-look laparotomy in ovar-
ian germ cell tumors has been reviewed (58). One hundred and
seventeen patients enrolled prospectively on one of three GOG
protocols using cisplatin-based chemotherapy after initial surgi-
cal staging and cytoreduction (GOG protocols 45, 78, and 90)
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underwent second-look surgical procedures. Of these, 45 surgi-
cal procedures were performed in patients who received three
courses of bleomycin, etoposide, and cisplatin (BEP) after com-
plete tumor resection. In this subgroup, 38 patients had negative
findings, 2 patients had immature teratoma, and 5 patients had
mature teratoma. One of the patients with residual immature
teratoma received further chemotherapy and one did not. Both
of them and the rest of the patients are disease-free. One patient
with negative second-look surgery findings subsequently
relapsed and succumbed to disease. Hence, in the subgroup of
patients with completely resected primary ovarian germ cell
tumors, the benefit of second-look surgery is nil. In contrast, 72
patients in this series treated with similar chemotherapy had
advanced, incompletely resected tumor before beginning adju-
vant treatment. In this subgroup, 48 patients did not have ter-
atoma elements in their primary tumor. At second-look surgery,
45 patients had no residual tumor and 3 patients displayed per-
sistent endodermal sinus tumor or embryonal carcinoma. All
three of the latter patients are dead despite further treatment.
Five patients with negative second-look laparotomies recurred,
of which only one was salvaged with chemotherapy. Thus, the
value of second-look surgery in patients with incompletely
resected germ cell tumors not containing teratoma is arguably
minimal. However, in the subgroup of patients with incom-
pletely resected tumors containing teratoma elements (total of
24 patients), second-look surgery had an impact on subsequent
management. Of these patients, 16 were found to have mature
teratoma at second look, which was bulky or progressive in 7
cases. Four additional patients were found to have residual
immature teratoma. Fourteen of the total 16 patients with ter-
atoma and 6 of the 7 women with bulky residual tumor remain
disease-free after surgical resection. Therefore, while second-
look laparotomy is not necessary in patients with tumor com-
pletely resected primarily or in those patients with initially
incompletely resected tumor not containing teratoma, clinical
benefit can be derived in those patients with incompletely
resected primary tumor that contains elements of teratoma
(Table 26.3).

Advances in imaging technology, including the advent of
PET scanning, may further obviate the need for surgical 
re-exploration. While PET scan is sensitive for detecting active
(malignant) tumor, its usefulness in evaluating residual mature
teratoma is more limited (68–71). A positive PET scan in the
setting of a residual mass after treatment is highly indicative of
viable tumor, and when used in conjunction with traditional
radiographic techniques (CT scan, MRI) and tumor marker

determinations, it can predict relapses with accuracy (72). A
recent series demonstrates that in patients with residual masses
after treatment for seminoma, a positive PET scan is strong evi-
dence that the residual mass contains persistent tumor. In con-
trast, if the PET scan is negative, the residual mass is very
unlikely to contain tumor. The specificity of the PET scan in
this situation was 100%, the sensitivity was 80%, and the pos-
itive and negative predictive values were 100% and 95%,
respectively (73). Although studies using PET scanning in ovar-
ian germ cell tumors are scant, the concepts are very similar
and can be extrapolated from the testis cancer literature.

CHEMOTHERAPY FOR OVARIAN
GERM CELL TUMORS

Chemotherapy: From VAC to PEB

One of the great triumphs of cancer treatment in the 1970s
and 1980s was the development of effective chemotherapy for
testicular germ cell tumors (74,75). The lessons learned from
prospective, randomized trials in testis cancer have been
applied to ovarian germ cell tumors. Presently, the over-
whelming majority of patients with ovarian germ cell tumors
survive their disease with the judicious use of surgery and 
cisplatin-based combination chemotherapy. There are many
similarities, but also a few important differences between
testis cancer and ovarian germ cell tumors. 

Historically, the first regimens used successfully for women
with ovarian germ cell tumors were VAC (vincristine, dactino-
mycin, and cyclophosphamide) or VAC-type regimens. Such
treatment had curative potential, especially in early-stage dis-
ease. However, among patients with advanced disease, the
number of long-term survivors after VAC therapy remained
under 50%. In the series reported from UTMDACC, although
86% of patients with stage I tumors were cured with VAC, the
efficacy of the regimen was significantly less for patients with
advanced disease (33). Only 57% of stage II patients and 50%
of patients with stage III achieved long-term control. The two
patients with stage IV tumors succumbed to disease. Similarly,
in a study of the GOG, only 7 out of 22 patients with incom-
pletely resected ovarian tumors achieved long-term disease
control after treatment with VAC, as compared to 39 of 54
patients with completely resected tumors (76). In this report,
11 of 15 patients with stage III and both patients with stage IV

844 Section III: Disease Sites

RESULTS OF SECOND-LOOK SURGERY IN PATIENTS ENROLLED 
ON GOG PROTOCOLS

TA B L E  2 6 . 3

Positive second look: Negative second look:  
progression-free/ progression-free/

Primary surgery Total number total number total number

Completely resected tumor 45 7/7a 37/38
Incompletely resected tumor

Teratoma present 24 16/20b 4/4
Teratoma absent 48 0/3c 41/45

Note: GOG, Gynecologic Oncology Group.
aFive mature teratomas and two immature teratomas. 
bSixteen mature teratomas and four immature teratomas.
cThree embryonal carcinoma and yolk sac tumors.
Source: Reprinted with permission from Williams SD, Blessing JA, DiSaia PJ, et al. Second-look 
laparotomy in ovarian germ cell tumors: the Gynecologic Oncology Group experience. Gynecol Oncol
1994;52:287–291.
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disease failed within 12 months of follow-up. These data sug-
gest that VAC chemotherapy was insufficient for the treatment
of advanced-stage and/or incompletely resected ovarian germ
cell tumors.

Because of the experience gained from the treatment of
testicular germ cell tumors demonstrating the superiority of 
cisplatin-based regimens, new platinum-based regimens were
tested in patients with ovarian germ cell tumors. Gershenson et
al. reported the efficacy of cisplatin, vinblastine, and bleomycin
(PVB) in a small series of patients treated at UTMDACC
(77). Among 15 patients, 7 received PVB in the adjuvant setting
and 9 received the combination at the time of recurrence. Six of
seven patients treated with PVB up front are long-term survivors.
Among them, three patients had optimally debulked stage III
disease. 

Subsequently, the PVB combination was evaluated prospec-
tively in a GOG protocol (GOG 45) (55). In this series, 47 of 89
patients with nondysgerminomatous ovarian tumors (53%)
were disease-free with a median follow-up of 52 months. The
latest treatment failure occurred at 28 months. Eight other
patients had durable remissions with second-line therapy and a
few other patients had nonprogressive or slowly progressive
immature teratoma. Thus, the 4-year overall survival was
approximately 70%. Of note, 29% of patients enrolled in this
trial had received prior radiation or chemotherapy, which might
have negatively affected the overall outcome. As discussed previ-
ously, patients who were debulked to optimal disease fared better
than those who were not. Histologic type and marker elevation
before treatment were not associated with adverse outcome.
However, even among patients with nonmeasurable, and pre-
sumably small-volume disease, and without prior treatment, 8 of
30 patients treated with PVB ultimately failed.

In testis cancer, subsequent experience documented that
etoposide is at least equivalent to vinblastine and produces
improved survival in patients with high tumor volume (75).
Furthermore, the use of etoposide in place of vinblastine led to
reduced neurologic toxicity, abdominal pain, and constipation.
The latter two adverse effects are particularly important for
patients with ovarian tumors, as many will have had recent
abdominal surgery. These observations led to the evaluation of
the combination of bleomycin, etoposide, and cisplatin (BEP;
Table 26.4) in patients with ovarian germ cell tumors. In a series
from UTMDACC, long-term remissions were recorded in 25 of
26 patients treated with BEP (78). The only patient who suc-
cumbed to disease had been incompliant with treatment, monitor-
ing, and follow-up. In this report, four patients with measurable
disease after surgery had complete remissions after BEP treat-
ment. This led to a prospective GOG study evaluating BEP in
patients with ovarian germ cell tumors (79). The regimen was
highly effective, with 91 of 93 enrolled patients being free of dis-
ease at follow-up. Based on these data, although BEP and VAC
have not been prospectively compared, BEP emerged as the pre-
ferred regimen for patients with ovarian germ cell tumors. 

The inclusion of cisplatin in the treatment of ovarian
tumors resulted indisputably in an improvement in survival
and disease control, as shown by the results of GOG studies,

as well as by other clinical series (80–82). The results of therapy
are summarized in Table 26.5.

Differences in Outcome for Patients With
Completely Resected Tumors Versus

Advanced-Stage Disease

It is clear that several prognostic factors impact the outcome of
patients with ovarian germ cell tumors and that there are
important differences between testicular and ovarian germ cell
neoplasms. Debulking surgery plays a central role in the man-
agement of ovarian tumors, but has a less important role in
testis cancer. In the hands of an experienced surgeon, the major-
ity of women with ovarian tumors are debulked to minimal and
often clinically undetectable disease before starting chemother-
apy. Therefore, unlike patients with testis cancer, most women
who are candidates for chemotherapy have minimal or no
residual disease. However, even in this circumstance, there
seems to be little doubt that adjuvant therapy is appropriate in
the majority of cases. The anticipated risk of relapse with
surgery alone in patients with advanced disease is as high as
75% to 80%. Particularly, patients with embryonal carcinoma,
endodermal sinus tumors, and mixed tumors containing these
elements are considered to be at very high risk of recurrence
without postoperative therapy. This risk can be minimized by
the use of adjuvant chemotherapy. In GOG protocol 78, 50 of
51 patients with completely resected ovarian germ cell tumors
remained without evidence of disease when three cycles of BEP
were given adjuvantly. Other studies using cisplatin-based ther-
apy have given similar results (Table 26.6). The recommended
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THE BEP REGIMENa

TA B L E  2 6 . 4

Cisplatin 20 mg/m2 days 1–5
Etoposide (VP-16) 100 mg/m2 days 1–5
Bleomycin 30 units IV weekly

Note: BEP, bleomycin, etoposide, and cisplatin; IV, intravenously.
aThree to four courses given at 21-day intervals.

ADJUVANT CHEMOTHERAPY

TA B L E  2 6 . 5

Progression-
Institution Regimen free/total (%)

GOG (66) BEP 89/93 (96)
Australia (51) Multiple 9/10 (90)
Hospital 12 de Octubre (32) PVB or BEP 9/9 (100)
M. D. Anderson (18) PVB 4/4 (100)
Instituto Nazionale Tumori (3) PVB 9/10 (90)
M. D. Anderson (19) BEP 20/20 (100)

Note: BEP, bleomycin, etoposide, and cisplatin; GOG, Gynecologic
Oncology Group; PVB, cisplatin, vinblastine, bleomycin.

CHEMOTHERAPY OF ADVANCED DISEASE

TA B L E  2 6 . 6

Progression-
Institution Regimen free/total (%)

GOG (67) PVB 47/89 (53)
Australia (51) Multiple 42/46 (91)
Hospital 12 de Octubre (32) PVB or BEP 15/19 (79)
M. D. Anderson (18) PVB 7/11 (64)
Instituto Nazionale Tumor (13) PVB 7/14 (50)
M. D. Anderson (19) BEP 5/6 (83)

Note: BEP, bleomycin, etoposide, and cisplatin; GOG, Gynecologic
Oncology Group; PVB, cisplatin, vinblastine, bleomycin.
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treatment for most patients (with the exception of patients with
grade 1, stage IA immature teratoma or stage IA dysgerminoma)
is adjuvant chemotherapy with three courses of BEP. Virtually all
patients with early-stage or completely resected disease will sur-
vive after careful surgical staging and cisplatin-based adjuvant
chemotherapy. More recently, clinical series and observations
are beginning to suggest that surveillance with careful follow-up
after surgery may be an acceptable alternative for carefully
selected patients, as discussed below. Given the fact that surgery
followed by chemotherapy is curative for most patients, this
course of action should be taken only after very careful consid-
eration. Further studies are needed in this area. 

In contrast, most clinical series have shown worse clinical
outcome for patients with metastatic disease or with incom-
pletely resected tumors (Table 26.7). Current clinical trials in
testicular cancer separate patients with small tumor volume
and a resultant excellent prognosis from those with bulky
tumor or liver and brain involvement (83). Patients in the for-
mer group are usually complete responders to chemotherapy
and long-term survivors, whereas only about 50% to 60% of
the latter patients are cured. Hence, clinical trials for patients
with good prognostic factors investigate shorter or less toxic
chemotherapy aiming at minimizing toxicity (84), while pre-
serving efficacy. In contrast, clinical trials for patients with
high-risk disease evaluate more intensive chemotherapy regi-
mens with the goal of improving the likelihood of cure
(85,86). For instance, high-dose chemotherapy (HDCT) with
stem-cell rescue was investigated for patients with high-risk
testicular cancer in a multi-institutional clinical protocol
(Eastern Cooperative Oncology Group [ECOG] protocol
3894). Patients considered to have high risk for relapse were
randomized to receive four cycles of BEP (control arm) versus
two cycles of BEP followed by HDCT with autologous stem-
cell rescue in the form of two (tandem) courses using carbo-
platin, etoposide, and cyclophosphamide as a conditioning
regimen (experimental arm). The 1-year durable complete
response rate was 52% after BEP � HDCT and 48% after
BEP alone (p � 0.53) (87). The trial disproved the concept
that more aggressive chemotherapy in the first-line setting
improves outcome of high-risk testicular cancer patients. 

This is not the case for patients with incompletely resected
or advanced ovarian germ cell tumors. Except for the sub-
group of patients with dysgerminoma, there are no identifi-
able patients who have a sufficiently high cure rate to warrant
less intensive therapy. Clinical prognosticators for outcome of
malignant ovarian germ cell tumors are stage at diagnosis and
increase in tumor markers (88). However, a dependable risk
stratification, such as the one used for testis tumors, is not cur-
rently in use. Whether this reflects an inherent biologic differ-
ence between ovarian germ cell tumors and testis cancer or
merely an underestimation of tumor volume because of
intraperitoneal spread is not clear.

Management of Residual 
or Recurrent Disease

The large majority of patients with ovarian germ cell tumors
are cured with surgery and platinum-based chemotherapy.
However, a small percentage of patients have persistent or pro-
gressive disease during treatment or recur after completion of
treatment. Like in testis cancer, these treatment failures are cat-
egorized as platinum-resistant (progression during or within 
4 to 6 weeks of completing treatment) or platinum-sensitive
(recurrence beyond 6 weeks from platinum-based therapy). 

Most recurrences occur within 24 months from primary
treatment. In a series from the UTMDACC, 42 treatment fail-
ures were identified among 160 patients with ovarian germ
cell tumors treated between 1970 and 1990 (89). Treatment
failure in these patients was attributed to inadequate surgery
in 14 patients, inadequate radiation in 5 patients, inadequate
chemotherapy in 16 patients (underdosing and noncompli-
ance), treatment-related toxicity in 1 patient, and unidentifi-
able causes in 6 patients. A significant number of patients
included in this series had received VAC-based chemotherapy,
which might have accounted for the higher than expected rate
of recurrence. 

Given the high curability rate of ovarian germ cell tumors
with primary treatment, the management of recurrent disease
represents a complex and often difficult issue, and should
preferably be performed in a specialized center. Data to guide
the management of patients with recurrent ovarian germ cell
tumors are scant and largely extrapolated from the clinical
experience with testicular cancer. The single most important
prognostic factor in patients with testis cancer is whether or not
they are refractory to cisplatin. The likelihood of cure with
high-dose salvage therapy in patients who relapse from a com-
plete remission after initial therapy is as high as 60% or more.
On the other hand, in patients who are truly cisplatin refrac-
tory, the likelihood of long-term survival and cure is signifi-
cantly less, but fully 30% to 40% of these patients will be long-
term survivors. Approximately 30% of patients with recurrent
platinum-sensitive testis cancer can be salvaged with second-line
chemotherapy (vinblastine, ifosfamide, platinum [VeIP]) (85).
However, there is now strong evidence that high-dose therapy
with carboplatin, etoposide with or without cyclophosphamide
or ifosfamide, and stem-cell rescue is superior to standard dose
salvage therapy for these patients (90,91). Generally, in patients
who are not cisplatin refractory, one course of standard dose
therapy, usually cisplatin, vinblastine, and ifosfamide, is given.
If an initial response is seen, then two subsequent courses of
high-dose chemotherapy (carboplatin and etoposide) with
stem-cell rescue are given (92). A recent report from Indiana
University describes this approach among 184 patients with
recurrent testicular cancer. At a median follow-up of 48
months, 116 patients were in complete remission. Remarkably,
of 40 patients who were platinum refractory, 18 are disease-free
after high-dose chemotherapy (93). While this approach has not
been prospectively tested in women with recurrent platinum-sensi-
tive ovarian germ cell tumors, because of the small numbers of
patients, the concepts are very similar and support the use of
high-dose therapy in this setting. Referral to a specialized center
for management of recurrent disease is desirable. 

Active agents in the setting of recurrence after high-dose
chemotherapy include ifosfamide, taxane, and gemcitabine
(94–97). In a phase 2 trial from Indiana University, the com-
bination of gemcitabine and paclitaxel induced objective
responses in 10 of 31 patients who had recurred after high-
dose chemotherapy. Of those, five patients were free of dis-
ease at 2 years after treatment (97). Referral for treatment
with investigational agents for recurrent, refractory disease is
appropriate. 

846 Section III: Disease Sites

A TYPICAL ANTIEMETIC REGIMEN

TA B L E  2 6 . 7

Granisetron 1 mg IV 30 min prior to cisplatin daily for 5 days
or
Ondanesietron 0.15 mg/kg IV 30 min prior and 4 hours after 

cisplatin daily for 5 days
plus
Dexamethasone 20 mg IV 30 min prior to cisplatin on days 

1 and 2
Plus
Aprepitant 125 mg po on day 1 and 80 mg po on days 2 and 

3, prior to cisplatin infusion
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Immediate Toxicity of Chemotherapy

Acute adverse effects of chemotherapy can be substantial and
these patients should be treated by physicians experienced in
their management. About 25% of patients develop febrile 
neutropenic episodes during chemotherapy and require hospi-
talization and broad-spectrum antibiotics (98). Cisplatin can
be associated with nephrotoxicity. This adverse event can 
be avoided by ensuring adequate hydration during and imme-
diately after chemotherapy and by avoidance of aminoglyco-
side antibiotics. Bleomycin can cause pulmonary fibrosis (98).
Pulmonary function testing is frequently used to follow these
patients. However, the value of carbon monoxide diffusion
capacity to predict early lung disease has been challenged (99).
The most effective method for monitoring germ cell tumor
patients is careful physical examination of the chest. Findings
of early bleomycin lung disease are a lag or diminished expan-
sion of one hemithorax or fine basilar rales that do not clear
with cough. These findings can be very subtle but if present
mandate immediate discontinuation of bleomycin. It is impor-
tant to note that randomized trials in good-prognosis testis
cancer have suggested that bleomycin is an important compo-
nent of the treatment regimen, particularly if only three courses
of therapy are given (100,101). Other randomized trials have
shown that carboplatin is inferior to cisplatin and cannot be
substituted for cisplatin without worsening therapeutic out-
come (102,103). 

Patients with advanced ovarian germ cell tumors should
receive three to four courses of treatment given in full dose
and on schedule. There is presumptive evidence in testis can-
cer that the timeliness of chemotherapy may be associated
with outcome. Thus, treatment is given regardless of hemato-
logic parameters on the scheduled day of treatment. The
impact of the hematopoietic growth factors (granulocyte
colony-stimulating factor [G-CSF], granulocyte-macrophage
colony-stimulating factor [GM-CSF]) on the management of
the myelosuppressive complications of this chemotherapy has
not been precisely defined. As most patients will not develop
neutropenic fever or infection, hematopoietic growth factors
are not routinely necessary (104). It is reasonable to use
hematopoietic growth factors to avoid dose reductions for
patients with previous episodes of neutropenic fever or in
unusually ill patients who are at a higher risk of myelosup-
pressive complications, or those who received prior radiother-
apy. Modern antiemetic therapy, an example of which is
shown in Table 26.7, has greatly lessened chemotherapy-
induced emesis. By following these guidelines and providing
supportive care as indicated, virtually all patients can be
treated on schedule, in full or nearly full dose. Chemotherapy-
related mortality should be less than 1%. Late effects of
chemotherapy are discussed below.

Immature Teratoma

The situation of patients with immature teratoma (IT) is more
complex. Immature teratomas are categorized as grade 1, 2, or
3 depending on the amount of immature neuroepithelium in the
tumor, based on Kurman and Norris’s system (2), which was
later modified by Norris (19). Our current appreciation of
recurrence risk in these patients is based on an early study by
Norris (19). This report demonstrated that prognosis of
patients with IT directly relates to tumor grade. Specifically,
only 1 of 14 patients with grade 1 IT recurred, while 13 of 26
patients with grade 2 and 3 tumors recurred. This study set the
current standard of care for women with stage I teratoma,
which is surveillance for grade 1 immature teratoma and adju-
vant chemotherapy with three courses of BEP for patients with

grade 2 and 3 tumors (4). However, a significant limitation of
the Norris report is the probable underestimation of tumor
stage. Hence, in the modern era of complete surgical staging of
ovarian neoplasms, it might be appropriate to reconsider the
role of routine adjuvant therapy in these patients. Obviously,
such an approach must be done with great caution, as surgery
followed by adjuvant therapy cures virtually all patients with
localized high-grade teratoma. However, it is possible that the
risk of relapse is sufficiently low in a defined population of well-
staged patients as to warrant clinical observation. This could be
accomplished with careful follow-up, such that relapsing
patients would be diagnosed with small-volume tumor and
cured with subsequent salvage chemotherapy. While some
issues are different in testis cancer, a deferral of chemotherapy
has been shown to be an appropriate therapeutic alternative for
resected stage II tumors and clinical stage I disease. Surveillance
for stage I ovarian IT is supported by experience from several
groups.

First, an Intergroup study of the Pediatric Oncology Group
and the Children’s Cancer Group reported that surveillance
after complete surgical resection in 41 girls with ovarian
immature teratoma was sufficient (105,106). Only one recur-
rence (which was salvaged with BEP) was noted during 24
months of follow-up. Of note is that in this series, 13 patients
had grade 2 and 3 IT, and 10 patients had mixed tumors con-
taining IT plus yolk sac tumor (5). 

Second, investigators at Mount Vernon and Charing Cross
Hospitals in England have observed 15 patients with stage IA
tumors after initial surgical treatment (107). Of these, nine
patients had grade 2 or 3 immature teratoma and six had ele-
ments of endodermal sinus tumor. There were three recurrences
in this series, one of nine in the pure immature teratoma group
and two of six in the mixed histology group. Two of these
patients were salvaged with chemotherapy and one patient died
of pulmonary embolus. Of note is that the patient who died
became pregnant 4 months after diagnosis and could not be fol-
lowed adequately due to her pregnancy.

Third, investigators at the University of Milan reported the
clinical outcome in a group of 32 patients with pure ovarian IT
followed prospectively (108). In this group, nine patients had
grade 2 and 3 stage IA immature teratomas and were treated
with surgery and intensive surveillance. Only two recurrences
were noted in this group. They consisted of one case of mature
teratoma and one case of gliosis. The mature teratoma was
resected and the patient with gliosis was followed without treat-
ment. Both patients are alive and well and never received
chemotherapy. Furthermore, among four patients with stage IC
tumors treated with surgical resection and surveillance, there
was one case of gliosis and one recurrence with mature tissue,
which was resected (no chemotherapy). All patients are cur-
rently free of disease.

When considering these issues, it is important to not over-
state the toxicities of adjuvant therapy. In earlier times,
chemotherapy-induced emesis was a very significant problem.
However, with modern antiemetics such as the 5HT3 antago-
nists, emesis is greatly reduced and, while unpleasant, rarely is a
major complication of chemotherapy. Acute treatment-related
mortality, particularly from bleomycin-related lung disease, is
also rare. In GOG protocol 78, there were no toxic deaths
among 93 patients. Nonetheless, chemotherapy is certainly
unpleasant, produces universal alopecia and occasionally severe
emesis, and has a remote risk of serious acute toxicity and drug-
induced mortality. Considering this information, it may be
appropriate to consider surveillance with careful follow-up in
well-staged adult patients with ovarian stage IA immature ter-
atoma. While this concept is supported by evidence derived
from the pediatric literature and two small clinical series as dis-
cussed, this hypothesis has not been tested prospectively and
should be approached with caution.

Chapter 26: Ovarian Germ Cell Tumors 847

Barakat_CH26-837-854.qxd  2/27/09  8:54 PM  Page 847



DYSGERMINOMA
Dysgerminoma is the female equivalent of seminoma. This
disease differs from its nondysgerminomatous counterparts in
several respects. First, it is more likely to be localized to the
ovary at the time of diagnosis (stage I). Bilateral involvement
is more common, as is its spread to retroperitoneal lymph
nodes. While less relevant now than before the era of modern
chemotherapy, dysgerminoma is very sensitive to radiation
(36,45,109).

Observation for Stage I Tumors

As many as 75% to 80% of dysgerminoma patients used to be
considered stage I at diagnosis (44,110). However, with more
precise surgical staging, as done currently, the true figure is prob-
ably somewhat less. Traditionally, most of these women received
postoperative radiotherapy. Given the fact that pelvic radiother-
apy is associated with a high incidence of gonadal dysfunction
and sterility, an alternative option for low-risk patients who
desire to maintain fertility is postsurgical clinical surveillance
(111). In a previous era, clinical observation was deemed appro-
priate for women with tumors less than 10 cm and without con-
tralateral ovarian involvement, while adjuvant radiotherapy was
recommended for larger tumors (112). The size-based distinc-
tion was subsequently called into question (110,113). In a series
reported by LaPolla et al., seven of nine patients with stage IA
dysgerminoma followed without postoperative radiotherapy
remained disease-free (110). All but one had tumors greater than
10 cm. In another report, among 14 patients with stage IA dys-
germinoma treated with surveillance, 5 recurred. Of those, four
patients were salvaged with radiation and one was salvaged with
radiation followed by chemotherapy. All stage IA patients are
alive, free of disease (109). Similarly, Gordon et al. reported that
the 5-year survival among 72 patients with stage IA pure dysger-
minoma treated conservatively was 95% (36). The recurrence
rate in this case series was 17%, with four deaths attributable to
disease. However, in this series salvage chemotherapy was
offered to only one patient, which may explain the unfavorable
outcomes. A report from Mount Vernon and Charing Cross
Hospitals quoted two relapses among nine patients with stage
IA dysgerminoma treated with observation. Both were cured
with salvage chemotherapy (114). A summary of reports using
observation after surgery in stage I dysgerminoma is presented in
Table 26.8.

Currently, patients with well-staged IA dysgerminoma can be
observed after unilateral salpingo-oophorectomy, regardless of
the size of the primary tumor, if preservation of fertility is an
issue. Careful follow-up is required, because as many as 15% to

25% of patients will experience a recurrence. However, because
of the tumor’s chemosensitivity, virtually all dysgerminoma
patients can be salvaged successfully at the time of recurrence, if
adequate follow-up and early detection have been accomplished.

Radiation Therapy

In the past, many stage I patients and all patients with higher
stage tumors received radiotherapy. DePalo et al. recommended
radiation therapy for all stage I-III patients (44). Radiation ther-
apy was delivered to the ipsilateral hemipelvis (with shielding of
the contralateral ovary and the head of the femur) and to the
para-aortic nodes. A single field incorporating these areas was
used. In either case, the upper limit of the field was set at T10-11.
The lower limit of the spinal field was at the L4-5 level. They
recommended that all stage IB patients receive postoperative
radiation therapy to the whole pelvis and para-aortic nodes. For
stage III retroperitoneal disease they offered curative radiation
therapy set up in the same fashion as for stage I with the addi-
tion of a prophylactic field including the mediastinum and supr-
aclavicular nodes. In the presence of peritoneal involvement, the
whole abdomen and pelvis, mediastinum, and supraclavicular
nodes were irradiated. They gave 30 Gy (7.5 to 9 Gy per week)
as prophylactic irradiation. For curative irradiation, 35 to 40 Gy
total dose was given and a boost (10 Gy) was delivered to
involved nodes. When irradiating above the diaphragm, DePalo
et al. gave 30 Gy 3 to 6 weeks after completion of irradiation
below the diaphragm. When irradiating the entire abdominal
cavity the fields were similar to those used for epithelial tumors.
They gave a total dose of 25 Gy (6 to 7.5 Gy per week). The kid-
neys were shielded. Similarly, Lawson and Adler reported giving
30 Gy (10 Gy per week) to pelvic and para-aortic fields (115). In
their series, only two patients were treated to the whole
abdomen, one with moving strip technique and one with open
fields. The patient treated with moving strip technique received
22.5 Gy to the whole abdomen and 45 Gy to the pelvis.

Others reported similar treatment plans. Freed et al. gave
external pelvic irradiation for disease limited to the pelvis (20
to 30 Gy in 2 to 3 weeks) (116). If the para-aortic nodes were
positive histologically or by lymphangiogram, the fields were
extended to cover this area. In this case, prophylactic radia-
tion therapy to the mediastinum and supraclavicular nodes
was also given. If extranodal spread or intra-abdominal dis-
ease was found, total abdominal therapy (25 to 30 Gy in 3 to
5 weeks) with a pelvic boost (15 to 20 Gy in 1.5 to 3 weeks)
and para-aortic boost (15 Gy in 2 weeks) were recommended
(112,116,117). 

Historically, patients with testicular seminoma received
prophylactic treatment to the mediastinum. However, over

848 Section III: Disease Sites

RESULTS OF CLINICAL SURVEILLANCE AFTER SURGERY IN PATIENTS 
WITH STAGE IA DYSGERMINOMA 

TA B L E  2 6 . 8

Progression-free/ Overall survival/
Institution Period total number (%) total number (%)

AFIP (34) �1969 46/57 (80%) 52/57 (91%)
Hopkins (36) 1930–1981 58/72 (80%) 67/72 (94%)
Mayo Clinic (109) 1950–1984 9/14 (64%) 14/14 (100%)
Iowa Hospitals (110) 1935–1985 7/7 (100%) 7/7 (100%)
M. D. Anderson (112) �1976 5/5 (100%) 5/5 (100%)
Mount Vernon Hospital (107) 1973–1995 6/9 (66%) 9/9 (100%)

Note: AFIP, Armed Forces Institute of Pathology.

Barakat_CH26-837-854.qxd  2/27/09  8:54 PM  Page 848



time this line of reasoning has been challenged (118).
Currently, most investigators consider that this form of treat-
ment is obsolete because of the small number of patients who
would derive a potential benefit and because of the subse-
quent reduced tolerance for chemotherapy in this population.
Furthermore, considering the recent developments in the field
of chemotherapy, it is accepted that primary chemotherapy is
equally or more effective than irradiation of extensive normal
tissue volumes, and is substantially less likely to compromise
salvage therapy when patients relapse after primary therapy.
Given that most patients will be cured of their ovarian tumors,
and that most patients are young at the time of diagnosis,
some consideration should also be given to the delayed car-
cinogenic effects of intermediate-dose radiation. Although this
issue has not been specifically addressed in women with ovar-
ian germ cell tumors, it is logical to extrapolate from the expe-
rience of younger women who are frequently successfully
treated with radiation for cancer of the uterine cervix, and in
whom the risk of second malignancies (both within and
remote from the primary radiation fields) is increased 2 or 
3 decades following successful initial treatment (119).

Results of radiation therapy are reasonably good. DePalo 
et al. reported that all 13 stage I patients (12 stage IA and 1
with stage IB) treated with radiotherapy were alive and free of
disease with a median follow-up of 77 months (44). The 5-year
relapse-free survival for 12 stage III patients was 61.4% and the
overall survival was 89.5%. Median follow-up was 67 months.
Only one death was reported in this group. Earlier, DePalo et al.
reported 100% overall 5-year survival and 90% recurrence-free
5-year survival in 31 stage IA, IB, and IC patients (44). At 
4 years, the overall survival was 80% and the recurrence-free sur-
vival was 57% in stage III patients. Lawson and Adler reported
that 10 of 14 stage I-III patients were alive with a median follow-
up of 54 months (115). In this small series there was no correla-
tion between survival and the stage of disease or the size of the
primary tumor. Others reported similar results with overall pro-
gression-free rates varying between 70% and 90% (Table 26.9)
(45,46). However, despite the remarkable radiosensitivity of dys-
germinoma, radiotherapy is rarely performed nowadays, since
chemotherapy is equally or more effective, less toxic, and less
likely to compromise gonadal function.

Chemotherapy

There is an increasing amount of information available about
chemotherapy for patients with advanced ovarian dysgermi-
noma. Dysgerminoma is very responsive to cisplatin-based

chemotherapy, even more so than tumors other than dysgermi-
noma (78,121). Since 1984, patients with advanced dysgermi-
noma were eligible for GOG protocols. Patients enrolled in these
studies received three to four courses of PVB or BEP. In a com-
bined analysis, 20 patients were evaluated (122). All had stage
III or IV disease and most of them had suboptimal (greater than
2 cm) residual tumor. Overall, with a median follow-up of 26
months, 19 of the 20 women were disease-free. Among 11
patients with clinically measurable tumor, 10 had complete
responses to chemotherapy. Fourteen patients who underwent
second-look laparotomy had completely negative results. Thus,
it appears that nearly all patients with advanced dysgerminoma
treated with chemotherapy will be durable complete responders. 

Considering that patients with stage III dysgerminoma
would require extensive radiation and still carry a risk of fail-
ure and that such patients probably fare worse with subse-
quent chemotherapy, it is clear that these patients should be
treated primarily with chemotherapy. For most, the preferred
adjuvant therapy is BEP. This regimen almost invariably pre-
vents recurrence in nondysgerminomatous tumors and cer-
tainly will do so in dysgerminoma. Most patients treated with
BEP will retain fertility. An alternative regimen tested by the
GOG consists of a 3-day regimen with carboplatin and etopo-
side. On this protocol, all 39 patients with pure dysgermi-
noma remained free of disease at a median follow-up of 7.8
years (123). Although highly active, this regimen is not recom-
mended for routine use, because significantly less experience
has been accumulated with its use and because of the concern
that this regimen is not as effective in tumors containing non-
dysgerminomatous elements. 

The implications of elevated hCG or AFP levels in patients
with dysgerminoma should be emphasized. These tumor mark-
ers are usually increased in patients with nondygerminomatous
tumors. Therefore, AFP elevation denotes the presence of ele-
ments other than dysgerminoma and treatment should be tai-
lored accordingly. An elevated hCG level can occasionally be
seen in pure dysgerminoma. This finding should not alter ther-
apy, but prompt reexamination of the tumor specimen to deter-
mine whether syncytiotrophoblastic cells are present, or if the
tumor contains nondysgerminomatous elements.

In summary, the majority of dysgerminoma patients have
stage I disease at diagnosis. These patients can be treated with
unilateral salpingo-oophorectomy, and if fertility is an issue,
they can be observed carefully with regular pelvic exams,
abdominal computerized tomography, and tumor markers
including LDH. Fifteen percent to 25% of patients treated with
surveillance recur and will require chemotherapy. In patients
with more advanced disease, the risk of recurrence is significant
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EFFECTS OF RADIOTHERAPY IN WOMEN WITH PURE DYSGERMINOMA

TA B L E  2 6 . 9

Progression-free/total 
Institution Period Stage number of patients (%)

AFIP (34) 1969 I-III 12/14 (85%)
Mayo Clinic (109) 1950–1984 I-IV 16/20 (80%)
M. D. Anderson (112) 1947–1974 I-III 26/31 (84%)
Florence (46) 1960–1983 IC-III 21/26 (80%)
NCI Milan (44) 1970–1982 I-III 21/25 (84%)
Iowa Hospitals (110) 1935–1985 I-III 12/13 (92%)
Sweden (45) 1927–1984 I-IV 49/60 (83%)
Egypt (120) 1978–1989 II-III 10/15 (66%)
Prince of Whales Hospital (115) 1969–1983 II-III 10/14 (72%)

Note: AFIP, Armed Forces Institute of Pathology; NCI, National Cancer Institute.
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enough to warrant adjuvant treatment. Alternatives are chemo-
therapy or radiation. For the majority of patients, chemother-
apy is the clear choice because of ease of administration, 
predictable and minimal toxicity, and fertility-sparing proper-
ties. Chemotherapy is recommended also for patients with
metastatic or incompletely resected tumor and for patients who
recur after previous radiotherapy. Radiation might be consid-
ered as initial treatment in unusual circumstances, such as older
patients or in those with serious concomitant illness that would
preclude the use of systemic chemotherapy. 

LATE EFFECTS OF TREATMENT
As the prognosis of patients with malignant ovarian germ cell
tumors has dramatically improved with the evolution of mod-
ern combination chemotherapy, attention is focused on late
effects of therapy. There is a considerable body of literature on
the late effects of treatment in testicular cancer patients, yet the
information available for women with ovarian germ cell
tumors remains scant. However, many analogies can be drawn.

Sequelae of Surgery

Young patients with malignant ovarian germ cell tumors
undergo at least one, if not multiple, surgical procedures.
Although there is no available information on the long-term
effects of surgery on these patients, future infertility related to
pelvic surgery with subsequent peritoneal and tubal adhesions
is well described. Therefore, meticulous surgical technique
and avoidance of unnecessary operative maneuvers (e.g.,
biopsy of a normal contralateral ovary) are required for pre-
venting future complications (50,124,125). Another cause of
infertility in this population is unnecessary bilateral salpingo-
oophorectomy and hysterectomy. The UTMDACC series
includes several patients who underwent surgical sterilization
without good indication before referral to their center. It is
expected that this phenomenon will be less frequent, as infor-
mation concerning the outcome of treated patients with ovar-
ian germ cell tumors will be more widely disseminated. In a
series from Milan, among 55 patients treated with fertility-
sparing surgery, without further chemotherapy, 12 out of 
12 patients who attempted conception became pregnant and
12 normal deliveries were recorded (126). Two additional
pregnancies occurred in this group and resulted in termina-
tion, one of which was due to in-uterus detection of fetal mal-
formation. Recently, Gershenson et al. reported the findings of
GOG protocol 9901 (127). Among 132 survivors of ovarian
germ cell tumors treated with surgery and platinum-based
chemotherapy, 71 patients had fertility-sparing procedures. Of
those fertile survivors, 62 (87.3%) maintained menstrual peri-
ods and 24 survivors reported 37 successful pregnancies.
Although the survivors reported increased incidence of gyne-
cologic problems and diminished sexual pleasure, they also
tended to have stronger, more positive relationships with their
significant others (127).

As with any group of patients with history of pelvic surgery,
patients with malignant ovarian germ cell tumors may develop
functional cysts in the residual ovary. Muram et al. reported
his experience with 27 patients with ovarian germ cell tumors
who underwent unilateral salpingo-oophorectomy and were
followed for 12 to 215 months after completion of therapy
(128). Of the 18 patients who maintained ovarian function,
13 (72%) developed functional cysts during follow-up. A trial
of oral contraceptives and serial ovarian surveillance with
sonography is helpful in distinguishing functional cysts from
tumor recurrence.

Sequelae of Radiation Therapy

There is limited information about the late effects of radiother-
apy in dysgerminoma patients. In a review of the late effects of
radiotherapy in patients receiving abdominal therapy for ovar-
ian dysgerminoma at UTMDACC, there was a small increase
in reported dyspareunia and the number of bowel movements
(111). Somewhat surprisingly, at a median follow-up of 12
years, none of 43 patients treated with radiotherapy developed
small-bowel obstruction. No other significant intestinal or
bladder problems were recorded. As expected, none of the
patients treated with radiation conceived. 

Although the late effects of radiotherapy in this population
seem to be few with the notable exception of gonadal failure
(129), these observations may soon be of only historical inter-
est. As discussed earlier, there has been a strong trend away
from radiotherapy and toward chemotherapy as the preferred
postoperative therapy of dysgerminoma patients. Concern
over preservation of gonadal function has been the driving
force behind this transition (43,130).

Sequelae of Chemotherapy

The evolutionary development and refinement of combination
chemotherapy have resulted in the cure of a high percentage of
patients with chemosensitive tumors, such as lymphomas, tes-
ticular cancer, gestational trophoblastic disease, and malignant
ovarian germ cell tumors. Within the last few years, several
reports have described the long-term effects of chemotherapy
in cancer survivors. As expected, most reports refer to the more
common lymphomas and testicular cancers.

A recently recognized effect of chemotherapy used for the
treatment of germ cell tumors is the risk of secondary malignan-
cies. The epipodophyllotoxins teniposide and etoposide are
associated with the development of acute myelogenous leukemia
(AML) with certain morphologic and cytogenetic features
(131–135). This treatment complication appears to be dose
(131,132) and schedule dependent (134). Of 348 male germ cell
tumor patients receiving three to four courses of BEP as first-line
therapy at Indiana University, 2 developed etoposide-related
leukemia. None of 67 patients who received only three courses
developed AML (131). Similarly, in the study reported by
Pedersen-Bjergaard et al., 5 of 212 patients developed acute
leukemia or myelodysplastic syndrome after etoposide therapy
(132). However, all patients who developed AML received more
than 2,000 mg/m2 of etoposide. None of the 130 patients who
received less than this dose developed AML. Morphologically,
these leukemias are monocytic or myelomonocytic (M4 or M5).
Characteristic chromosomal translocations (mostly involving
the 11q23 region) are frequently, but not always, present.
Leukemia after etoposide treatment occurs within 2 to 3 years
compared to alkylating agent–induced AML, which has a longer
latency period. Late occurrence of chronic myelogenous
leukemia after treatment of testis cancer was reported (136). In
the GOG protocol testing the efficacy of BEP in women with
ovarian germ cell tumors, one case of AML was recorded among
91 patients treated (79). An additional case of lymphoma was
diagnosed during follow-up in this series, yet a correlation
between chemotherapy and lymphoproliferative disorders has
not been reported to date.

Taking these issues into account, most clinicians consider
BEP as the chemotherapy regimen of choice. The incidence of
second neoplasms is quite low, particularly in patients receiv-
ing low cumulative etoposide doses. The continued use of
etoposide over vinblastine is based on its superior efficacy
demonstrated in testis cancer (75). Furthermore, vinblastine-
induced abdominal pain and ileus are troublesome for some
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patients, particularly for those who underwent abdominal
surgery, such as women with ovarian germ cell tumors. The
risk/benefit ratio continues to favor etoposide over vinblastine.

There also continues to be considerable focus on the long-
term effects of chemotherapy on gonadal function. Studies of
patients with a variety of cancers suggest that, although ovarian
dysfunction or failure is a risk of chemotherapy, the majority
of survivors can anticipate normal menstrual and reproduc-
tive function (137–139). Factors such as older age at initia-
tion of therapy, greater cumulative drug dose (140), and
longer duration of therapy (139) have an adverse effect on
future gonadal function. Successful pregnancies after treat-
ment with combination chemotherapy have been well docu-
mented in other types of malignancies, including Hodgkin’s
disease, non-Hodgkin’s lymphomas, and leukemia. There are
similar reports in patients with malignant ovarian germ cell
tumors (126,141–144).

In a review of the UTMDACC series (141), 27 (68%) of 40
patients who had retained a normal contralateral ovary and
uterus maintained regular menses consistently after comple-
tion of chemotherapy, and 33 (83%) were having regular
menses at the time of follow-up. Of 16 patients who had
attempted to become pregnant, 12 were successful. One
patient had an elective first-trimester abortion and the other
11 patients bore 22 healthy infants over time, none of which
had a major birth defect. In a series from Milan, among 169
patients with ovarian germ cell tumors, 138 underwent fertil-
ity-sparing surgery, and of these 81 underwent adjuvant
chemotherapy (126). After treatment, all but one woman
recovered menstrual function and 55 conceptions were
recorded. Forty normal full-term babies were delivered. There
were four babies with congenital malformations, one in a
patient who did not receive chemotherapy and three in
women who had received chemotherapy (the difference was
not statistically significant). 

Although limited reports are available concerning other
late effects of chemotherapy in patients with ovarian germ cell
tumors (145,146), there are several articles on this topic
involving patients with testicular cancer (147–152). In male
patients who received cisplatin-based combination regimens,
principally PVB, late toxicities included high-tone hearing loss
(147), neurotoxicity (147,150,152), Raynaud’s phenomenon
(148,152), ischemic heart disease (152,153), hypertension
(152), renal dysfunction (152), and pulmonary toxicity
(149,151). Fortunately, despite these observations, most
patients have excellent overall health and functional status
(151). Indeed, in a prospective study of immediate chemother-
apy versus observation and chemotherapy at the time of
relapse in patients with early-stage testis cancer, the patients
treated with chemotherapy had only an increased incidence of
paresthesias compared to the patients who were monitored
without chemotherapy (154). Hypertension, cardiac disease,
and stroke were rare and of similar incidence in chemotherapy-
treated and untreated patients at a median follow-up of 
5.1 years. Interestingly, the late effects of treatment are more
pronounced among children receiving treatment for germ cell
tumors (145). Specifically, neurotoxicity, growth abnormali-
ties, pulmonary toxicity, and gastrointestinal toxicity have
been reported in a higher proportion than in adult patients.
The GOG recently completed an analysis evaluating the qual-
ity of life and psychosocial characteristics of survivors of ovar-
ian germ cell tumors compared to matched controls. In this
analysis, the survivors appeared to be well adjusted, were able
to develop strong relationships, and were free of significant
depression (155). The impact on fertility was modest or none
in patients undergoing fertility-sparing surgeries (127).
Overall, these women appeared to be free of any major physi-
cal illnesses at a median follow-up of 10 years (Williams SD,
personal communication).

SUMMARY
Virtually all patients with early-stage, completely resected
ovarian germ cell tumors survive after careful surgical staging
and three courses of adjuvant BEP. Furthermore, 50% to 80%
of patients with incompletely resected or advanced tumors are
expected to be long-term survivors. Current and future clinical
trials should address the latter group of patients in an effort to
improve therapeutic results. Acute toxicity of treatment is rel-
atively modest. An important, but fortunately unusual late
complication of treatment is etoposide-induced leukemia.
However, patients receiving the usually administered cumula-
tive dose of etoposide are at low risk for developing AML.
Otherwise, late consequences of chemotherapy are limited.
Efforts should concentrate on fertility preservation for
patients who desire subsequent pregnancies.

The majority of dysgerminoma patients have stage I disease
at diagnosis. These patients usually can be treated with unilat-
eral salpingo-oophorectomy and careful postoperative obser-
vation without adjuvant treatment. Chemotherapy is offered
at the time of recurrence. In patients with more advanced but
resected disease, risk of recurrence is significant enough to
warrant up-front adjuvant treatment, which for most patients
is chemotherapy because of its near universal effectiveness and
limited impact on fertility. In patients with incompletely
resected tumor or for patients who recur after previous radia-
tion, chemotherapy similar to that given for tumors other than
dysgerminoma is appropriate.

Surgery continues to have a pivotal role in the management
of all patients with ovarian germ cell tumors. Initial careful
surgical staging is important for selection of appropriate subse-
quent therapy. The role of cytoreductive surgery is under study
but the evidence supports its judicious use. However, an opera-
tion done strictly for debulking when the diagnosis is estab-
lished does not seem warranted. Second-look laparotomy is
not necessary in patients who have no residual tumor after
their initial surgical procedure and who receive adjuvant
chemotherapy. This procedure also does not seem warranted in
patients with advanced tumors without elements of teratoma.
However, patients with incompletely resected tumors contain-
ing teratoma elements are likely to benefit from such surgery. 

The judicious use of surgery followed by chemotherapy will
cure the majority of patients with ovarian germ cell tumors, at
the expense of minimal and predictable immediate and late
toxicities. In most circumstances fertility can be preserved.
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SCST family may be androgenic or estrogenic if their stroma is
stimulated to undergo luteinization.

GRANULOSA CELL TUMORS
Although granulosa cell tumors (GCTs) of the ovary were ini-
tially described by Rokitansky in 1859 (7), the etiopathogene-
sis of these neoplasms remains ill defined. At least in part, this
is a reflection of the low incidence of GCTs, and hence the lim-
ited number of cases witnessed at any single institution. To our
knowledge, there are no recognized risk factors for the devel-
opment of GCTs (4,8). Reproductive factors, including the use
of fertility-promoting agents and oral contraceptives, do not
correlate consistently with the development of disease. Unkila-
Kallio et al. (9) studied a possible link between fertility-pro-
moting agents and GCTs using the nationwide Finnish Cancer
Registry. They analyzed the occurrence of GCTs in Finland
during the time period 1965 to 1994 against sales statistics for
ovulation inducers. In fact, the incidence of GCTs declined by
nearly 40% from 1965–1969 to 1985–1994, whereas the use
of clomiphene citrate increased 13-fold and that of human
menopausal gonadotropin increased 200-fold. Of interest, oral
contraceptive use increased fivefold. No hereditary predisposi-
tion for any of the sex cord–stromal tumors has been identified
(10). Of note, a recent case report described the occurrence of
adult GCTs in two first-degree relatives (11). Granulosa cell
tumors comprise only 5% of all ovarian malignancies and
account for approximately 70% of malignant sex cord–stromal
tumors (4–6,12–19). The annual incidence of GCTs in the
United States and other developed countries varies from 0.4 to
1.7 cases per 100,000 women (5,6,8,18,20,21). Quirk and
Natarajan reported histology-specific age-adjusted ovarian
cancer incidence rates that were standardized to the recently
adopted year 2000 U.S. standard population (22). They uti-
lized data gathered from the Surveillance, Epidemiology, and
End Results (SEER) Program for the years 1992–1999. Out of
a total of 23,484 microscopically confirmed cases of primary
ovarian cancer, 293 (1.2%) were of sex cord–stromal origin.
Although GCTs have been diagnosed from infancy through the
tenth decade of life, the peak incidence for these tumors occurs
during the perimenopausal decade. The average age at the time
of diagnosis in over 750 cases was 52 years (4–6,13,15–18).
Considering that GCTs occurring after the third decade of life
appear to be histologically distinct in most instances from
those occurring in children and younger adults, the clinical and
pathologic characteristics for the juvenile and adult GCTs will
be addressed separately.

The intraovarian matrix that supports the germ cells and is
covered by the surface epithelium consists of cells originating
from the sex cords and mesenchyme of the embryonic gonad.
Granulosa cells and Sertoli cells, generally considered to be
homologous, are derived from the sex cord cells, whereas the
pluripotential mesenchymal cells are the precursors of the
theca cells, Leydig cells, and fibroblasts. Neoplastic transfor-
mation of these cellular constituents, either singly or in various
combinations collectively, results in neoplasms that are termed
sex cord–stromal tumors (SCSTs). The classification of the sex
cord–stromal tumors provides the template from which this
chapter endeavors to stratify and define these tumor entities
according to their morphologic characteristics (Table 27.1).

The SCSTs are estimated to account for approximately 7%
of all malignant ovarian neoplasms (1). Although SCSTs
account for a decreasing proportion of all ovarian malignan-
cies with advancing age, the annual age-related incidence con-
tinues to increase through the seventh decade of life (2).
Overall, the majority of these tumors are benign or of low
malignant potential and are associated with a favorable long-
term prognosis. In addition, a significant proportion of SCSTs
are diagnosed in patients prior to age 40 years and have the
potential to produce a variety of steroid hormones. Hence,
adequate knowledge of the natural history of each of these
tumors is imperative to diagnose and individualize appropri-
ately definitive surgical and adjuvant therapy.

Sex cord–stromal tumors account for nearly 90% of all
functioning ovarian neoplasms (3). With the exception of
fibromas, the clinical presentation of patients with SCSTs 
is frequently governed by the clinical manifestations resulting
from the endocrinologic abnormalities. Excessive estrogen
production, whether from increased tumor synthesis or
peripheral conversion of androgens, influences end-organ
responses, which are usually age-dependent and can range
from isosexual precocious puberty to menometrorrhagia to
postmenopausal bleeding. In addition, the associated risks for
endometrial cancer and possibly breast cancer must be recog-
nized (4–6). Conversely, the rapid onset of signs ranging from
early defeminization to frank virilization heralds a hyperan-
drogenic state. Elevated circulating levels of testosterone
and/or androstenedione provide strong evidence for the pres-
ence of an SCST. Although granulosa cell, theca cell, and
Sertoli cell tumors are generally considered to be estrogenic,
and Sertoli–Leydig cell and steroid cell tumors are predomi-
nantly androgenic, the functional endocrinologic capacities of
these tumors are impossible to predict based on their morpho-
logic features. It should also be noted that miscellaneous ovar-
ian tumors, both primary and metastatic, that are not in the
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Granulosa Cell Tumors: Adult Type

Adult-type granulosa cell tumors (AGCTs), as histologically
described below, account for 95% of all GCTs. The majority of
patients will present with one or a combination of the follow-
ing clinical symptoms: abnormal vaginal bleeding, abdominal
distention, and abdominal pain (5,6,15–18,23). The latter
symptoms are most frequently attributable to the gross size of
the tumor at the time of diagnosis, with the majority exceeding
10 cm in diameter and many exceeding 15 cm (5,16,18). In one
series, 12% had ascites at diagnosis (23). In many series,
menometrorrhagia, oligomenorrhea, or amenorrhea in pre-
menopausal women or bleeding in postmenopausal women is
the most common reason for seeking medical assistance. These
and other clinical manifestations such as breast tenderness,
uterine myohypertrophy, and endometrial hyperplasia are con-
sistent with the presence of an estrogen-secreting tumor.

The endocrine function of AGCTs, specifically the produc-
tion of estrogens, has been repeatedly demonstrated by assess-
ment of the end organ, the endometrium, and measurements
of peripheral levels of estrogen before and after surgery. In a
detailed retrospective analysis of endometrial specimens from
patients (n � 69) with GCTs, Gusberg and Kardon (24)
observed histologic features consistent with unopposed estro-
gen, including atypical adenomatous hyperplasia in 42% of
the evaluated cohort, adenocarcinoma in situ (4) in 5%, and
invasive adenocarcinoma in 22%. Similarly, Evans et al. (4)
noted endometrial hyperplasia in 55% and adenocarcinoma
in 13% of their GCT study population. Other investigators
have corroborated the high prevalence of glandular hyperpla-
sia and have reported adenocarcinoma frequencies ranging
from 3% to 27% (5,6,13,15–18,25,26). Selective ovarian

venous catheterizations during surgery have documented hor-
monal production, including the secretion of large quantities
of estrogen from the ovary harboring the GCT. The return of
serum estrogen to physiologic levels after definitive treatment
has been witnessed repeatedly. Occasionally, patients with
GCTs present with endometrial changes (decidual reaction of
the stroma or secretory characteristics of the glands) consis-
tent with tumor production of progesterone (27). Rarely, viril-
izing changes such as oligomenorrhea, hirsutism, and other
masculinizing signs may accompany GCTs (28–30).

Pathology

AGCTs have an average diameter of approximately 12 cm,
but a subset, 10% to 15% of the cases, are small and not
appreciated on pelvic examination (31). Most characteristi-
cally, they are predominantly cystic with numerous locules
filled with fluid or clotted blood and separated by solid tissue
(Fig. 27.1), or they are solid with large areas of hemorrhage.
The solid tissue may be gray-white or yellow and soft or firm.
A rare tumor is cystic, usually thin walled, but occasionally
thick walled, and multilocular or unilocular (29).

Microscopic examination reveals an almost exclusive popu-
lation of granulosa cells or, more often, an additional compo-
nent of theca cells, fibroblasts, or both. The granulosa cells grow
in a wide variety of patterns. The better-differentiated tumors
usually have microfollicular, macrofollicular, insular, or trabecu-
lar patterns. The microfollicular pattern is characterized by
numerous small cavities (Call-Exner bodies) (Fig. 27.2) that may
contain eosinophilic fluid, one or a few degenerating nuclei,
hyalinized basement-membrane material, or rarely, basophilic
fluid. The microfollicles are typically separated by well-differen-
tiated granulosa cells that contain scanty cytoplasm and pale,
angular or oval, often grooved nuclei arranged haphazardly in
relation to one another and to the follicles. The uncommon
macrofollicular pattern is characterized by cysts lined by well-
differentiated granulosa cells beneath which theca cells are pre-
sent. The trabecular and insular forms of granulosa cell tumors
are characterized by bands and islands of granulosa cells sepa-
rated by fibromatous or thecomatous stroma. The less well-
differentiated forms of the adult granulosa cell tumor typically
have a water silk (moire silk), gyriform, or diffuse (sarcomatoid)
pattern alone or in combination. The first two patterns are man-
ifested by parallel undulating or zigzag rows of granulosa cells,
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CLASSIFICATION OF SEX CORD–STROMAL TUMORS

TA B L E  2 7 . 1

GRANULOSA-STROMAL CELL TUMORS
Granulosa cell tumor
Adult type
Juvenile type
Tumors in the thecoma-fibroma group
Thecoma
Fibroma-fibrosarcoma
Sclerosing stromal tumor

SERTOLI-STROMAL CELL TUMORS
Sertoli cell tumor
Leydig cell tumor
Sertoli–Leydig cell tumor
Well differentiated
Of intermediate differentiation
Poorly differentiated
With heterologous elements
Retiform
Mixed

SEX CORD TUMOR WITH ANNULAR TUBULES
Unclassified
Gynandroblastoma
Steroid cell tumors

Stromal luteoma
Leydig cell tumor
Hilus cell tumor
Leydig cell tumor, nonhilar type
Steroid cell tumor not otherwise specified

FIGURE 27.1. Granulosa cell tumor. The sectioned surface is com-
posed predominantly of multiple cysts filled with blood. Source:
Reprinted with permission from Case Records of the Massachusetts
General Hospital, Case 89–1961. N Engl J Med 1961;265:1210–1214.
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generally in single file, whereas the diffuse form is characterized
by a monotonous, patternless cellular growth. In some adult
granulosa cell tumors, the neoplastic cells have moderate to
abundant quantities of dense or vacuolated cytoplasms; the term
luteinized granulosa cell tumor is appropriate when such cells
predominate (27). The cells in GCTs usually have round to oval,
pale, and often grooved nuclei (Fig. 27.2), but rarely the cells are
spindle shaped, resembling a cellular fibroma or low-grade
fibrosarcoma; mitotic figures may be numerous, but are rarely
atypical. There is usually only mild nuclear atypia, but approxi-
mately 2% of tumors contain mononucleate and multinucleate
cells with large, bizarre, hyperchromatic nuclei, the presence of
which does not appear to worsen the prognosis (32).

Natural History

Adult granulosa cell tumors are low-grade malignancies with
a propensity to remain localized and demonstrate indolent
growth. Ninety percent are stage I at diagnosis (26). The 10-
year survival rate for stage I disease ranges from 86% to 96%;
for more advanced disease at diagnosis, 26% to 49% (26).
Bilaterality is infrequent (less than 10%) (23). For patients
who recur, the median time to recurrence is 6 years. The
median survival after recurrence is 5.6 years, consistent with
indolent growth features (4,13). Tumor rupture occurred in
22% of a series of 97 cases (23). A unique feature of GCTs is
the occurrence of recurrences at extended time intervals from
primary therapy, suggesting the presence of persistent occult
disease with a very indolent growth rate. Numerous investiga-
tors have witnessed recurrences more than a decade after pri-
mary treatment (33,34).

Prognostic Factors

The staging system for GCTs is the same as that used for
epithelial ovarian cancer (International Federation of
Gynecology and Obstetrics, FIGO). Whereas surgical stage has
been recognized as the most important prognostic factor for
GCTs, tumor size, rupture, histologic subtype, nuclear atypia,
and mitotic activity have been correlated with survival with
varying degrees of success (8,35,36). As noted above, GCTs are
large and therefore prone to rupture. Rupture appears to
adversely impact survival in stage I patients, justifying stratifi-
cation as stage IC (13). However, the prognostic importance of
positive cytology and surface involvement is less defined in
stage I GCTs (8). Larger, well-characterized series are necessary
to clarify these apparent discrepancies. Traditionally, tumor

size was considered to be prognostically significant but appears
to lose independent predictability when assessed according to
stage (5,14,18,20). Both the increasing degree of nuclear atypia
and the increasing mitotic frequency per 10 high-power fields
(HPFs) have been correlated inversely with prognosis.
Specimens from patients with more advanced disease were
associated with a higher grade of atypia and/or more mitotic
figures (5,13,14,18). Of note is the observation that nuclear
grade, despite its somewhat subjective assessment, has been
reported to be a reliable prognostic indicator in stage I cases
(13,18). The significance of histologic subtypes and ploidy sta-
tus has been debated and they appear to be of minimal value.
Several investigative groups (4,5,12–14,18) have failed to con-
firm Kottmeier’s (37) report of the prognostic importance of
histologic patterns alone in GCTs. Similarly, the reported stud-
ies utilizing flow cytometric analysis of DNA content have
been inconsistent. Klemi et al. (38) reported a significant sur-
vival advantage for patients with tumors demonstrating 
normal ploidy and/or an S-phase fraction of less than 6%. In
contrast, other investigators have suggested that nondiploid
GCTs are infrequently encountered (39,40). Chadha et al. (39)
observed three of five aneuploid tumors from a sample popula-
tion of 43 pathologically diagnosed GCTs to be vimentin nega-
tive but positive for cytokeratin and epithelial membrane anti-
gen, and therefore cautioned that such highly aneuploid
tumors may represent undifferentiated carcinomas. Indeed, it is
clear that some series of GCTs in the literature are “contami-
nated” by the inclusion of undifferentiated carcinomas not
otherwise specified or recently recognized entities, such as the
large cell carcinoma of hypercalcemic type. Series with unusu-
ally large numbers of late-stage or poor-prognosis cases should
accordingly be evaluated cautiously.

Investigators have analyzed several potential molecular
markers, including p53 status, telomerase, Ki-67, c-myc, and
HER2/neu in GCTs (41–45). To date, no molecular marker pro-
vides prognostic information for GCTs beyond what is known
from stage and histopathologic parameters.

Ala-Fossi et al. stained 30 GCTs for the inhibin subunit. All
24 stage I and II tumors were positive, whereas 4 of 6 stage II
to IV tumors were negative. Those that were negative were
poorly differentiated and exhibited rapid disease progression.
Whether other observers would have accepted these tumors as
valid granulosa cell tumors is a concern. Stage was the sole
independent prognostic factor (46).

Serum Markers

Recognizing that the majority of patients presenting with
advanced GCTs will recur, the identification of a specific
serum tumor marker(s) would facilitate early detection of
recurrent disease and monitoring of treatment effectiveness
(4,5,16,18). As noted above, serum estrogens are generally
produced by GCTs and have been utilized as an indicator of
disease status (47). Unfortunately, serum estradiol levels are
occasionally not elevated, and more frequently are only mar-
ginally increased. Hence, they are not ideal for monitoring in a
significant number of cases. Several proteins derived from
granulosa cells, including inhibin, follicle-regulating protein,
and müllerian-inhibiting substance, are readily assayable in
serum and forwarded as useful diagnostic monitoring markers
(48–56). In a prospective evaluation of 27 patients with GCTs,
Jobling et al. (50) demonstrated that serum inhibin levels are
typically elevated sevenfold above normal follicular phase levels
prior to primary surgical management and can become elevated
again several months prior to clinical detection of recurrent
disease. In recent years, inhibin and calretinin have become
available as markers that can be evaluated immunohistochem-
ically to assist in the diagnosis of GCTs and, for that matter,
other SCSTs (57).
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FIGURE 27.2. Granulosa cell tumor, adult type, microfollicular pat-
tern. Several nests of granulose cells with small oval and angular
nuclei enclose multiple Call-Exner bodies.
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Granulosa Cell Tumors: Juvenile Type

Ovarian neoplasms are relatively rare in childhood and adoles-
cence, and when encountered, the majority are of germ cell
origin, with only 5% to 7% being SCSTs. The latter, which con-
sists predominantly of the granulosa cell type in this age group,
demonstrates a tumor biology that appears to be different from
the typical granulosa cell tumor (AGCT) considered above (58).
Approximately 90% of the granulosa cell tumors diagnosed in
prepubertal girls and in most women less than 30 years of age
will be of the juvenile type (JGCT). In a clinicopathologic analy-
sis of 125 cases of JGCT, 44% of the tumors occurred prior to
age 10 years and only 3% after the third decade of life (59). The
majority of prepubertal patients present with clinical evidence
of isosexual precocious pseudopuberty, which may include
breast enlargement, development of pubic hair, increased vagi-
nal secretions, advanced somatic development, and other sec-
ondary sex characteristics (59–63). Serum estradiol levels were
reported as being elevated in 17 of 17 cases of JGCTs and
pseudopuberty (61). In addition, elevated levels of serum prog-
esterone (six of ten) and testosterone (six of eight) were likewise
observed, as well as suppressed levels of luteinizing hormone
and follicle-stimulating hormone. The occasional patient will
harbor an androgen-secreting JGCT accompanied by viriliza-
tion (59,61,62). Although the signs of either precocious
pseudopuberty or virilization are dramatic, the most consistent
clinical sign at presentation in patients with JGCTs is increas-
ing abdominal girth. Young et al. (59) indicated that in only 
2 of 113 nonpregnant patients with JGCTs was the treating
physician unable to palpate a mass on abdominal, pelvic,
and/or rectal examination. Abdominal pain, dysuria, and
constipation may occur. Infrequently, a surgical emergency is
encountered following spontaneous rupture or torsion of the
enlarged ovary. Juvenile granulosa cell tumors can occur in
infants, in whom the prognosis appears to be more favorable
than in older individuals (64). Hasiakos et al. describe a
recent case of JGCT associated with pregnancy and review
the literature (65).

The frequency of bilaterality for JGCTs is estimated to be
5%, similar to AGCTs (66). When stage was assigned based
on surgical and histologic parameters, 88% were stage IA, 2%
stage IB, 8% stage IC, and 3% stage II. As noted, extraovarian
spread is infrequently encountered at exploration, whereas
rupture of the tumor is noted in approximately 10% of cases.
Ascites contributes to the abdominal distention in 10% to
36% of cases (59,61).

JGCTs have been reported in association with enchondro-
matosis alone (Ollier’s disease) or concomitantly with heman-
giomas (Maffucci’s syndrome) (61,67–69). Individuals with
these relatively uncommon mesodermal dysplasias generally
present prior to puberty and frequently develop secondary neo-
plasms, most commonly sarcomas, after the second decade of
life. Juvenile granulosa cell tumors are the next most frequent
tumor associated with these disorders and become evident dur-
ing the first and second decades of life. These observations
appear to imply more than coincidental occurrences and sug-
gest a generalized mesodermal dysplasia, perhaps contributing
to the pathogenesis of these neoplastic processes. In addition,
congenital bilateral JGCTs of the ovary have been reported in
leprechaunism, a disease characterized by insulin resistance
resulting from an insulin-receptor defect (70).

Pathology

The appearances of JGCTs are similar to the adult form; a
solid and cystic neoplasm, in which the cysts contain hemor-
rhagic fluid, is common (59,60,63). Uniformly solid and uni-
formly cystic neoplasms are also encountered; the latter may
be multilocular or, in rare instances, unilocular. The solid

component is typically yellow-tan or gray and occasionally
exhibits extensive necrosis, hemorrhage, or both.

Microscopic examination typically reveals a predominantly
solid cellular tumor with focal follicle formation, but occasion-
ally, a uniformly solid or a uniformly follicular pattern is seen.
In the solid areas, the neoplastic cells may be arranged diffusely
or as multiple nodules of various sizes. The follicles typically
vary in size and shape; Call-Exner bodies are rarely encoun-
tered, and the follicles rarely reach the large size of those in the
macrofollicular AGCT. The follicular lumens in the juvenile
tumor contain eosinophilic or basophilic fluid, which stains
with mucicarmine in approximately two of three cases.

The two characteristic cytologic features of the neoplastic
juvenile granulosa cells that distinguish them from those of
AGCT are their generally rounded, hyperchromatic nuclei,
which almost always lack grooves, and their almost invariable
moderate to abundant eosinophilic or vacuolated (luteinized)
cytoplasm (Fig. 27.3). Nuclear atypia in JGCTs varies from
minimal to marked; in approximately 13% of the cases, severe
degrees are present. The mitotic rate also varies greatly but is
generally higher than that seen in AGCTs, often being five or
more per HPF (59,63).

Natural History

In the initial series by Young et al., 98% of 125 patients with
JGCTs were less than 35 years of age, and 78% were 20 years
or less (59). Notwithstanding the customary presenting 
complaint of increased abdominal girth and the clinical docu-
mentation of a large mass (64% �10 cm), 90% of the JGCTs
analyzed by Young et al. (59) were stage IA or IB. The corre-
sponding survival rate for these patients with an average fol-
low-up of 3.5 years was 97%. Included were nine stage IA2
patients with rupture of the tumor, all of whom were alive and
free of disease. Patients presenting with associated isosexual
pseudoprecocious puberty may have a more favorable prog-
nosis. Assessing 80 such cases accrued from 212 reported
JGCTs, only two cancer-related deaths (2.5%) were observed.
Presumably, the clinical manifestations lead to early medical
intervention and reflect the excellent outcomes (59,61–63).

Although the early symptoms and presentation with local-
ized disease are similar to AGCTs, several behavioral charac-
teristics are notably different when comparing these histologic
variants. Although the natural history of the adult form fre-
quently includes a latency period with recurrences remote
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FIGURE 27.3. Granulosa cell tumor, juvenile type. A nodule of tumor
is composed of large cells with abundant cytoplasm and slightly pleomor-
phic, hyperchromatic nuclei.
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from initial diagnosis, the juvenile counterpart is characteristi-
cally aggressive in advanced stages and the time to relapse and
death of limited duration. Thirteen cases of stage II, III, or IV
disease were abstracted from three analyses with a combined
sample size of 180 patients (59,61,62). Of these 13 cases, only
three patients (23%) were alive when reported, and notably,
the recurrences and deaths occurred within a relatively brief
interval. In contrast to the AGCTs, recurrences of JCGTs
occur early, usually within 3 years of the diagnosis (59,61,63).

Prognostic Factors

Young et al. (59) noted surgical stage to represent the most reli-
able prognostic indicator. Tumor size, mitotic activity, and
nuclear atypia appeared to be significant when tumors were ana-
lyzed without regard to stage. However, these parameters lost
discriminating value when applied to only stages IA1 and IB1
tumors. In that series, rupture did not correlate with outcome.
Schneider et al. reported on a group of 54 sex cord–stromal
tumors in children and adolescents from Germany (45 JGCTs
and 9 others) (71). They addressed the outcome of patients
with “accidental” stage IC disease, defined as violation of the
tumor capsule during surgery, versus “natural” stage IC tumors,
with preoperative rupture or malignant ascites. Among 
12 patients with accidental stage IC disease, there were no recur-
rences. In contrast, five of the nine patients with natural stage IC
disease recurred (p � 0.001). Assessment of DNA content via
flow cytometry in JGCTs demonstrated that nearly half of such
tumors harbored nondiploid patterns (72,73). Jacoby et al. (72)
were unable to correlate DNA ploidy or S-phase fraction (SPF)
with either stage of disease or prognosis in patients with local-
ized disease. In the series by Schneider et al., mitotic activity cor-
related with prognosis (71). There were no relapses in 
35 patients whose tumors exhibited low or moderate mitotic
activity. Among those with high mitotic activity (�19 mitoses
per 10 HPFs), approximately half recurred.

Although the information in the literature is limited, the
various tumor markers as discussed above for AGCTs would
appear to be applicable to JGCTs for the monitoring of
advanced disease.

TUMORS IN THE THECOMA-
FIBROMA GROUP

Considering that the ovarian stromal cell is the precursor of
both fibroblasts and theca cells, pure thecomas and pure
fibromas appear to represent extremes in a continuum, with a
significant percentage of the tumors having admixtures of
lipid-laden, steroid-secreting cells and collagen-producing
spindle cells. Nonetheless, the vast majority of tumors in the
thecoma-fibroma group are readily subcategorized based on
relatively distinct clinical and histologic characteristics. The
major subcategories include thecoma, fibroma-fibrosarcoma,
and the sclerosing stromal cell tumor.

Thecoma

Theca cell tumors (TCTs), or thecomas (Fig. 27.4), are com-
posed of lipid-laden stromal cells, occasionally demonstrating
luteinization, and are almost invariably clinically benign
(4,74,75). Thecomas account for approximately 1% of ovar-
ian neoplasms and occur at a more advanced age than other
sex cord–stromal tumors. The majority of patients are in their
sixth and seventh decades at the time of diagnosis (4,74).
Combining two large series totaling over 140 patients, less
than 10% presented prior to age 30 years. Notably, the
luteinized tumors are an exception to this generalization, with

30% occurring in women before their fourth decade of life
(76). Assessing a compendium of nearly 300 cases, bilaterality
occurs with a frequency of approximately 2% and extraovar-
ian spread occurs rarely if at all (4,74,75,77).

The primary presenting signs and symptoms in patients
with TCTs are abnormal genital bleeding and/or an abdomi-
nal/pelvic mass (74,75,77). The former urges initiation of
medical intervention in the majority of postmenopausal
patients, whereas an increasing abdominal girth or a palpable
mass is more frequently the main presenting complaint of pre-
menopausal patients. Lesion size has been reported to vary
from �1 to 40 cm in diameter (74,75,77). Ascites is occasion-
ally encountered.

Thecomas are considered to be among the most hormon-
ally active of the sex cord–stromal tumors. The abnormal
bleeding encountered in 60% of patients is presumably attrib-
utable to excess estrogen production (74,75). In the series
reported by Evans et al. (4), endometrial hyperplasia was
observed in 37% of the evaluable patients, and adenocarci-
noma consistent with an unopposed estrogen effect was docu-
mented in an additional 27%. All the uterine cancers were
well differentiated and minimally invasive, but two patients
subsequently died of endometrial carcinoma. Other coexisting
uterine pathologic findings potentially influenced by elevated
circulating estrogen levels included leiomyomata, myohyper-
trophy, and endometrial polyps. Conversely, Zhang et al. (76)
noted that nearly one half of the evaluated luteinized theco-
mas were either nonfunctional or androgenic, resulting in a
relatively significant frequency of masculinization.

An enigmatic tumor that has been considered to be a vari-
ant of luteinized thecoma has been associated with sclerosing
peritonitis (78). These tumors are often bilateral and fre-
quently have a brisk mitotic rate, but have not been shown to
have a metastatic potential. Sclerosing peritonitis has, how-
ever, been fatal owing to complications pursuant to it.

Fibroma-Fibrosarcoma

Fibromas represent the most commonly encountered sex
cord–stromal tumor, accounting for approximately 4% of all
ovarian neoplasms. These endocrine-inert tumors are seldom
bilateral and vary in size from microscopic to extremely large
masses. Although infrequently diagnosed prior to age 30 years,
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FIGURE 27.4. Thecoma. The tumor is composed of a mass of clear,
vacuolated cells with round to oval nuclei intersected by bands of fibro-
matous tissue. Source: Reprinted with permission from Morris JM,
Scully RE. Endocrine Pathology of the Ovary. St. Louis: Mosby; 1958.
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fibromas can occur at any age; the average age of diagnosis is
the latter half of the fifth decade of life (79). These tumors
become more edematous as their size increases, which is fre-
quently accompanied by the escape of increasing quantities of
fluid from the tumor surfaces. Ascites is detected in association
with 10% to 15% of ovarian fibromas exceeding a diameter of
10 cm (80). Furthermore, 1% of patients develop a hydrotho-
rax in addition to the hydroperitoneum, both resulting from
excessive fluid loss from the ovarian fibroma (Meigs’ syn-
drome) (81). Gorlin’s syndrome represents an inherited predis-
position to the development of ovarian fibromas along with
several other abnormalities, the most frequent of which is the
appearance of basal-cell nevi at an early age (82).

Although ovarian fibromas are generally considered to be
benign lesions, approximately 10% will demonstrate increased
cellularity and varying degrees of pleomorphorism and mitotic
activity. Fibromatous tumors characterized histologically by an
increased cellular density and brisk mitotic activity are desig-
nated cellular fibromas and are considered to be tumors of low
malignant potential, particularly if ruptured or associated with
adhesions (83). In contrast, fibrosarcomas are highly malignant
neoplasms. These tumors are distinguished by their greater cel-
lular density and, most notably, moderate to marked pleomor-
phorism (84).

Sclerosing Stromal Cell Tumors

Sclerosing stromal cell tumors (SSTs) were initially described
by Chalvardjian and Scully (85) in 1973 as a distinct subgroup
within the thecoma-fibroma family of ovarian tumors.
Accounting for less than 5% of sex cord–stromal tumors, this
relatively rare tumor characteristically differentiates itself his-
tologically and clinically from both thecomas and fibromas
(86,87). Histologically, the presence of pseudolobulation of
cellular areas separated by edematous connective tissue,
increased vascularity, and prominent areas of sclerosis are dis-
tinguishing features. Clinically, SSTs commonly become mani-
fest during the second and third decades of life, with 80%
being diagnosed prior to age 30 years, which is unique among
ovarian stromal tumors (88). The signs and symptoms that
most commonly necessitate medical evaluation include men-
strual irregularities and/or pelvic pain (89). Despite the relatively
large tumor size, which ranges from clinically undetectable to
20 cm or more in greatest diameter, ascites is seldom encoun-
tered; this further contrasts SSTs from fibromas (89). In con-
trast to thecomas, SSTs were originally considered to be inac-
tive endocrinologically (85). However, a limited number of
cases have been subsequently reported in which steroidogenic
activity has been clinically demonstrable (89–92). To date, all
SSTs have been clinically benign, and with one exception (93),
all have been unilateral. Although a recent report noted an ele-
vated CA-125 level, which the investigators speculated was
perhaps nonspecific (94), no specific tumor marker has been
identified for SSTs to date.

Natural History

Thecomas, fibromas, and sclerosing stromal tumors are con-
sidered to be benign ovarian neoplasms, and any associated
morbidity or mortality that would be encountered would be
attributed to the treatment modalities or the sequelae of con-
current disease (4,74,77,79,95). Examples of the latter are
deaths from endometrial carcinoma resulting from the unop-
posed estrogen produced by the thecomas (4). Although sev-
eral cases of “malignant thecomas” have been reported, criti-
cal reappraisal of such tumors invariably results in histologic
reassignment as sarcomas or diffuse granulosa cell tumors
(96). Furthermore, DNA ploidy assessment in both thecomas

and fibromas not infrequently demonstrates aneuploid pat-
terns that do not correlate with prognosis, rendering the sig-
nificance of these observations questionable (97).

Prognostic Factors

The prognosis for patients diagnosed with cellular fibromas is
generally considered to be quite favorable. Recurrences of these
tumors of low malignant potential are generally correlated with
adherent disease, rupture, or incomplete removal at the time of
primary cytoreduction (83). Fibrosarcomas are associated with
an extremely poor prognosis, but are fortunately rare.

SERTOLI STROMAL 
CELL TUMORS

Neoplasms arising in the ovary exhibiting morphologic char-
acteristics similar to those of the testes during various stages
of gonadogenesis were recognized and elegantly described by
Meyer (98,99). He reasoned that the origin of these tumors
was the male blastema and coined the term arrhenoblastoma.
Considering the functional nature of these male homologs and
the varying degrees of associated defeminization and/or mas-
culinization, the term androblastoma was also adopted.
However, Morris and Scully (100), in 1958, contended that
both designations implied masculinization, which is fre-
quently absent, and furthermore facilitated the inclusion of a
variety of unrelated androgen-producing ovarian tumors.
Therefore, they recommended the adoption of the morpho-
logic designation Sertoli–Leydig cell tumor (SLCT), which
also allowed a consistent nomenclature for the general classifi-
cation of sex cord–stromal tumors of the ovary. The SLCTs
include tumors composed of Sertoli cells only, Leydig cells
only, and a combination of Sertoli and Leydig cells.

Sertoli Cell Tumors

Sertoli cell tumors are rare, accounting for less than 5% of all
SLCTs (88). The average age at presentation is about 30 years,
but this lesion can occur at any age. Evidence of estrogen pro-
duction has been observed in approximately two thirds of the
reported cases. Consistent with excess estrogen production,
isosexual precocious puberty has been witnessed during the
first decade of life, menstrual disorders during the reproduc-
tive decades, and postmenopausal bleeding in the decades
after the climacteric. Reflecting tumor size (average 9 cm),
capsular distention and/or adnexal torsion, and abdominal
distention and/or pain are frequent complaints. Pelvic exami-
nation generally confirms the presence of the tumor under
these circumstances. The frequency with which excessive renin
production has been associated with Sertoli cells appears to
exceed mere chance (101–103). Evaluation of refractory
hypertension and hypokalemia has rarely eventuated in the
discovery of a Sertoli cell tumor as the origin of the excess
renin. An occasional Sertoli cell tumor has arisen in a patient
with the Peutz-Jeghers syndrome (PJS) (104).

Pathology

On gross examination, these rare tumors are typically solid,
lobulated, and yellow (88,105). Microscopic examination typ-
ically shows hollow or solid tubules lined by cells that usually
have relatively bland cytologic features, but rare tumors
exhibit moderate to severe nuclear atypia. In most tumors, a
tubular pattern predominates, but occasionally a diffuse pat-
tern is conspicuous.
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Prognosis

The great majority of these rare tumors have been unilateral
stage I lesions. The greater majority of Sertoli cell tumors are
well differentiated, and only rare tumors are malignant (88).
Excision of the tumor results in prompt resolution of the
hyperestrogenic state. (Leydig cell tumors are discussed in the
section on steroid cell tumors below.)

Sertoli–Leydig Cell Tumors

SLCTs are extremely uncommon, accounting for less than
0.2% of all ovarian tumors. As implied by their designation,
the tumors contain both Sertoli and Leydig cell elements.
Many of the clinical characteristics are related to the degree of
histologic differentiation and the presence of a retiform pattern
and/or heterologous elements (described below). The average
patient age at diagnosis is approximately 25 years, with the
majority (70% to 75%) of the tumors becoming clinically
manifest during the second and third decades of life. Less than
10% occur either prior to menarche or after the climacterium.
Patients harboring well-differentiated tumors present at an
average age of 35 years, or 10 years later than patients with
intermediate or poorly differentiated lesions. Conversely,
tumors with retiform patterns are generally detected 10 years
earlier than the intermediate and poorly differentiated tumors
(106–108). Based on the compiled data from three reported
series totaling over 300 patients, the frequency of extraovarian
spread of disease at the time of diagnosis is approximately 2%
to 3%. In addition, the likelihood of encountering bilateral
tumors is even less frequent (106–108).

The most frequent complaints at the time of presentation of
these generally healthy adolescents and young adults are men-
strual disorders, virilization, and nonspecific symptoms resulting
from an abdominal mass. Nearly one half of the patients experi-
ence sufficient abdominal pain or discomfort or note abdominal
distention or palpate a mass on self-examination to prompt pro-
fessional assessment. Whereas capsular distention and/or intrale-
sional hemorrhage or necrosis of the tumor and/or adjacent 
visceral compression by the tumor account for the associated
chronic or intermittent pain, acute abdominal pain necessitating
emergency intervention invariably reflects vascular compromise
from torsion. While lesion size varies according to histologic dif-
ferentiation (approximately 5 cm for well-differentiated tumors
to �15 cm for poorly differentiated tumors), abdominal, vagi-
nal, and/or rectal examination readily identifies an adnexal mass
in approximately 95% of symptomatic patients. The most com-
mon premonitory symptoms, namely, menstrual disorders and
subtle androgenic manifestations, predate by several months,
and less often, by years, the recognition of the overt clinical signs
or symptoms. Irregular bleeding, oligomenorrhea, and post-
menopausal bleeding, retrospectively, have been attributed to
either excess androgens or estrogens. The etiology of the latter is
presumably the peripheral conversion of androgens to estrogens
or, rarely, from an estrogen-secreting SLCT. Frank virilization
occurs in 35% of the patients with SLCTs, and another 10% to
15% have some clinical manifestations consistent with andro-
gen excess. The most frequent androgenic symptom complex
encountered includes amenorrhea, voice deepening, and hir-
sutism. In addition, breast atrophy, clitorimegaly, loss of female
contour, and temporal hair recession, for example, are signs of
masculinization witnessed in patients with SLCTs (106–108).
The prevalence of androgenic manifestations appears to be inde-
pendent of the degree of histologic differentiation but is
observed less frequently in heterologous SLCTs and only occa-
sionally in patients harboring retiform lesions (107,109–112).
Although the preoperative diagnosis of SLCT in the absence of
androgenic excess may be impossible, this neoplastic entity

should constitute the primary preoperative diagnosis in patients
with androgenic manifestations presenting during the second
through the fourth decades of life with a unilaterally palpable
adnexal mass.

Uncommonly, estrogen manifestations are witnessed in the
context of presumed end-organ estrogenic responses, including
postmenopausal bleeding and endometrial polyp formation,
hyperplasia, and adenocarcinoma. Cautious interpretation of
such observations is required, realizing that peripheral conver-
sion of androgens to estrogens may be as plausible as a primary
estrogen-secreting SLCT. As expected from the clinical findings,
most patients demonstrating signs of defeminization or viriliza-
tion have elevated plasma testosterone levels (106–108).
Whereas plasma androstenedione may occasionally be elevated,
the urinary 17-ketosteroids, including dehydroepiandrosterone,
are usually normal, with the occasional patient presenting with a
slightly elevated level. An elevated testosterone/androstenedione
ratio generally suggests the presence of an androgen-secreting
ovarian tumor, most likely an SLCT. Recognizing that certain
gonadotropin-releasing hormone (GnRH) agonists modulate
androgen production by down-regulating gonadotropin levels
and through a direct effect on the ovary, Pascale et al. (113)
demonstrated successful suppression of testosterone and
androstenedione in five virilized women with the administration
of GnRH agonists. Their data suggest that androgen-secreting
tumors of the ovary appear to be less autonomous than such
tumors originating in the adrenal gland. Surgical excision of the
SLCTs results in a precipitous drop in androgen levels and, over
time, partial to complete resolution of the clinical manifestations
associated with androgen excess is observed.

The coexistence of other diseases with SLCTs has been
chronicled. The frequency with which thyroid disease is
observed in these patients appears to exceed mere chance.
Furthermore, several cases of other mesenchymal tumors have
occurred in patients with SLCTs, including sarcoma botryoides
of the cervix as well as Ollier’s disease (107,114). The latter is
a rare disease, but it is associated with other sex cord–stromal
tumors, specifically JGCTs, as noted above. Finally, a tendency
toward familial occurrence appears to exist (107).

Pathology

Gross Features. Sertoli–Leydig cell tumors vary in size
from small to huge masses, but most are between 5 and 15 cm
in diameter. The majority are solid, often yellow, and lobu-
lated (Fig. 27.5), but many are solid and cystic. Pure cystic
tumors are exceptionally rare, in contrast to the situation with
granulosa cell tumors. Poorly differentiated tumors tend to be
larger than those more differentiated, and contain areas of
hemorrhage and necrosis more frequently (107). Tumors with
heterologous or retiform components are more often cystic
than other tumors in this category (109,110,112,115). The
heterologous tumors occasionally simulate mucinous cystic
tumors on gross examination, and retiform tumors may con-
tain large edematous intracystic papillae, resembling serous
papillary tumors, or may be soft and spongy with varying
degrees of cystification (112).

Microscopic Features. Well-differentiated SLCTs are char-
acterized by a predominantly tubular pattern (116). On low-
power examination, a nodular architecture is often conspicu-
ous, with fibrous bands intersecting lobules composed of small,
round, hollow, or, less often, solid tubules lined by well-differ-
entiated cells and separated by variable numbers of Leydig cells.
Rarely the tubules appear pseudoendometrioid (117).

Sertoli–Leydig cell tumors of intermediate and poor differen-
tiation form a continuum characterized by a variety of patterns
and combinations of cell types (106–108). Some tumors exhibit
intermediate differentiation in some areas and poor differen-
tiation in others, and less commonly, tumors of intermediate
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differentiation contain well-differentiated foci. Both the Sertoli
cells and the Leydig cells may exhibit varying degrees of imma-
turity. In tumors of intermediate differentiation, immature
Sertoli cells have small, round, oval, or angular nuclei and gen-
erally scanty cytoplasm and are arranged typically in ill-defined
masses, often creating a lobulated appearance on low power;
solid and hollow tubules, nests, broad columns of Sertoli cells,
and, most characteristically, thin cords resembling the sex cords
of the embryonic testis are often present (Fig. 27.6). These struc-
tures are separated by stroma, which ranges from fibromatous
to densely cellular to edematous, and typically contains clusters
of well-differentiated Leydig cells (Fig. 27.6). Cysts containing
eosinophilic secretion may be present and create a thyroid-like
appearance, and follicle-like spaces are encountered rarely. The
Sertoli cell and Leydig cell elements, singly or in combination,
may contain varying and sometimes large amounts of lipid in
the form of small or large droplets. When a significant amount

of the stromal component is made up of immature cellular mes-
enchymal tissue with high mitotic activity resembling a nonspe-
cific sarcoma, the tumor is poorly differentiated.

Fifteen percent of SLCTs have a substantial retiform com-
ponent, and are so designated because they are composed of a
network of elongated tubules and cysts, both of which may
contain papillae, resembling the rete testis (32). This pattern is
usually accompanied by other patterns of SLCTs, but some-
times an entire tumor has a retiform pattern.

Heterologous elements occur in approximately 20% of
Sertoli cell tumors (113,118). In a series of these tumors,
18% contain glands and cysts lined by moderately to well-
differentiated intestinal-type epithelium (113). Mesenchymal
heterologous elements, encountered in 5% of Sertoli cell tumors,
include islands of cartilage arising on a sarcomatous back-
ground, areas of embryonal rhabdomyosarcoma, or both (118).

Natural History

SLCTs display characteristics that differ markedly from their
epithelial counterparts, notably in regard to their malignant
potential. Despite an average size of approximately 16 cm,
only 2% to 3% of SLCTs have demonstrable extraovarian
spread at the time of detection. Furthermore, Young et al. (59)
identified only 29 clinically malignant cases in their series of
220 SLCTs having variable observation intervals, and they
noted an 18% malignancy rate among 164 patients with ade-
quate follow-up. At least in part, the more favorable progno-
sis reflects the abrupt onset of androgenic manifestations and
the early detection of nonspecific symptoms, which promote
prompt medical assessment. Nevertheless, the natural history
of the malignant variant includes early recurrences, with
approximately two thirds becoming evident within 1 year of
treatment and only 6% to 7% recurring after 5 years. The
abdominal cavity (including the pelvis) and the retroperitoneal
nodes are the most frequent sites for recurrences. In addition,
the contralateral ovary, lungs, liver, and bone are other
reported sites of recurrent metastatic disease. The collective
salvage rates in patients with clinically malignant disease are
low, with extrapolated estimates being less than 20%.

Prognostic Factors

Stage is the most important predictor of outcome in SLCTs.
Fortunately, 97% of SLCTs are reportedly stage I at diagnosis,
and less than 20% of these localized tumors become clinically
malignant. The most cogent phenotypic prognostic determi-
nant for stage I SLCTs is the degree of histologic differentia-
tion (106–108). Approximately one half of the reported
SLCTs are of intermediate differentiation, 10% are well differ-
entiated, 20% are heterologous, and the remainder are poorly
differentiated. No extraovarian spread or subsequent recur-
rences were encountered by Young and Scully (116) among 23
well-differentiated SLCTs. However, approximately 10% of
intermediate and 60% of poorly differentiated tumors as well
as 20% of heterologous tumors demonstrated clinically malig-
nant behavior (107). The heterologous tumors contain either
endodermal elements such as gastrointestinal epithelium and
carcinoids or mesenchymal elements including skeletal mus-
cles and/or cartilage. The endodermal elements are typically
associated with intermediately differentiated homologous ele-
ments and represent 75% of the heterologous SLCTs. Their
corresponding prognosis parallels that of the intermediately
differentiated homologous tumors. In contrast, heterologous
tumors containing mesenchymal elements account for 5% of
all SLCTs and invariably coexist with a poorly differentiated
homologous component. The clinically aggressive malignant
behavior of poorly differentiated heterologous tumors is wit-
nessed in the extremely low survival (107).
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FIGURE 27.5. Sertoli–Leydig cell tumor. The sectioned surface of the
tumor is focally lobulated and was yellow in the fresh state.

FIGURE 27.6. Sertoli–Leydig cell tumor, intermediate differentiation.
Nests of large Leydig cells (arrow) lie among bands of immature Sertoli
cells. Source: Reprinted with permission from Morris JM, Scully RE.
Endocrine Pathology of the Ovary. St. Louis: Mosby; 1958.
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Retiform patterns, tumor size, mitotic activity, and tumor
rupture appear to increase in frequency as the degree of tumor
differentiation decreases (106–108). Approximately 10% of
neoplasms express histologic patterns resembling the rete
testis. They are more commonly observed in younger patients
(average age 15 years) and are generally larger, possibly sec-
ondary to the less frequent association of androgenic manifes-
tations and hence a later clinical presentation (109–112).
Sertoli–Leydig cell tumors harboring a retiform pattern are
associated with a 20% malignancy rate, significantly higher
than the 12% nonretiform SLCT rate. Young and Scully (112)
noted that 14 of 25 retiform cases were of intermediate differ-
entiation, with 1 demonstrating poorly differentiated homo-
logous histology and 10 exhibiting heterologous elements 
(3 intermediate and 7 poorly differentiated). Arguably, the less
favorable prognosis reflects the frequency of associated het-
erologous and/or poorly differentiated homologous lesions.
This concept is supported by the findings that the majority of
the metastatic lesions do not contain retiform patterns (112).
However, the adverse characteristics of the retiform compo-
nent are witnessed when examining tumors of intermediate dif-
ferentiation. Although only 4 of over 100 reported intermedi-
ately differentiated SLCTs were clinically malignant, 3 of the 4
contained retiform patterns (107).

Tumor size, mitotic activity, and tumor rupture have been
reported to influence prognosis (106,107). The size, mitotic
index, and rupture frequency appear to increase as histologic
dedifferentiation increases. Notwithstanding these associa-
tions, substratification of intermediate and poorly differenti-
ated lesions according to these parameters identifies signifi-
cant prognostic differences.

The frequency of androgen excess has been addressed
above, with 50% or more of patients diagnosed with SLCTs
either directly or indirectly displaying clinical manifestations
of hyperandrogenism. Serum testosterone levels are invariably
elevated when virilization is present, and selective venous
catheterization has documented the ovary as the site of origin
(119,120). In addition, immunostaining was positive for
testosterone in eight SLCTs analyzed, including a limited num-
ber of tumors from patients without clinical signs or symp-
toms of androgen excess (2,121). The Leydig cells, as antici-
pated, were shown to be the cell of origin for the synthesis of
testosterone. Following cytoreductive surgery, the serum
testosterone levels are rapidly cleared from the circulation and
have been reported on occasion to increase again as a function
of the burden of recurrent metastatic disease.

Other unique secretory products, namely, inhibin and alpha
fetoprotein (AFP), have been reported in a limited number of
SLCTs and are proteins generally equated with GCTs and germ
cell tumors, respectively (110,112,120–122). In addition to
GCTs, the Sertoli and Leydig cells have been shown to produce
inhibin in testicular tissues, and presumably these same cell
types are the site of origin in the SLCTs. Motoyama et al. (122)
summarized the literature and reported the 14th case of an ele-
vated serum AFP accompanying SLCTs. A clinically malignant
course was appreciated in 43% of the described population,
which had a mean age of 16 years. In addition, the majority
(57%) was described as having a retiform component, a fre-
quency substantially higher than the 10% usually seen in larger
SLCT samples. Perhaps preferential AFP sampling accounts for
a portion of this seemingly unusually high frequency in that,
histologically, the retiform pattern may be confused with an
endodermal sinus tumor, particularly in the absence of clinical
androgenic manifestations. The Sertoli and Leydig cells appear
to be the cells of origin for AFP within the tumor. Employing
immunostaining, Gagnon et al. (121) confirmed that Leydig
cells appear to be the predominant site for AFP synthesis, but
Sertoli cells are also capable of producing this oncoprotein.
Testing four retiform and four nonretiform SLCTs, they

demonstrated a 50% positivity rate in both histologic sub-
types. The precise frequency of both inhibin and AFP positivity
and their correlation with disease activity await larger confir-
matory assessments.

OVARIAN SEX CORD TUMOR
WITH ANNULAR TUBULES

In 1970, Scully (66) described a limited series of unique ovar-
ian tumors characterized by either simple or complex ring-
shaped tubules and proposed the morphologic designation
ovarian sex cord tumor with annular tubules (SCTATs). The
distinctive cellular elements of these neoplasms were judged to
be histologically representative of an intermediate between
Sertoli cell and granulosa cell tumors. Shen et al. (123)
reported that SCTATs accounted for 6% of the sex cord
tumors treated at their institution. An association with PJS was
likewise recognized, and in a subsequent report of 74 cases of
SCTAT, Young et al. (124) noted that approximately one in
three SCTATs occurred in patients with PJS. Ovarian sex cord
tumors with annular tubules occurring in association with PJS
are typically small (many microscopic), multifocal, calcified,
and bilateral. The average age of presentation is the early to
mid portion of the fourth decade of life (124,125). The non-
PJS tumors are considerably larger, seldom multifocal or calci-
fied, and invariably unilateral. The average age of these
patients is the mid to latter portion of the third decade of life.

Abnormal vaginal bleeding is the most common presenting
complaint, including menstrual irregularities during the repro-
ductive era and postmenopausal bleeding during the mature
years. Menometrorrhagia followed by prolonged episodes of
amenorrhea is commonly experienced in the non-PJS patients.
Abdominal pain or discomfort is less frequently encountered but
generally accompanies grossly involved adnexa or other inciden-
tal pelvic pathology. In addition, the signs and symptoms accom-
panying intussusception secondary to colonic polyp formation
may be manifested in PJS-associated patients. The majority of
PJS-associated SCTATs are not detectable via clinical examina-
tion and are appreciated unexpectedly during surgical or patho-
logic assessment. In contrast, the majority of non-PJS SCTATs
are palpable on abdominal and/or vaginal examination.
Although these tumors are seldom encountered during the first
decade of life, isosexual precocity is invariably witnessed when
SCTATs are diagnosed in affected children (124–127).

Considering the rarity of both PJS, an autosomal dominant
disorder, and SCTAT, the frequency of concurrency of these two
processes suggests a potential linkage in their pathogenesis.
Approximately 36% of SCTATs are observed in patients with
PJS. In addition, 15% of PJS-associated SCTATs also develop
adenoma malignum of the cervix, a neoplasm that defies early
diagnosis and is associated with a relatively high mortality rate
(124,128–130). A recent report of 34 patients with PJS demon-
strated a significantly elevated risk (relative risk � 20.3) of
breast and gynecologic malignancies in women (131); 1 patient
had a Sertoli–Leydig tumor and 3 had sex cord tumors with
annular tubules. The PJS gene was mapped to chromosome
19p13.3 (132) and was later identified as a novel serine threo-
nine kinase, STK11 (133). Because of the wide variety of malig-
nancies occurring in individuals with PJS, STK11 is believed to
function as a general tumor-suppressor gene.

Contingent on the patient’s age, precocious puberty, men-
strual irregularities, or postmenopausal bleeding are clinical
manifestations of SCTATs, indirectly attesting to their endocrine
activity (124–128,130,134,135). These signs of hyperestro-
genism and the corresponding effects on the endometrium were
readily recognized in the initial description of these unique
tumors (58). Numerous reports have confirmed the presence of
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endometrial hyperplasia and/or polyp formation, particularly in
PJS-associated SCTATs. Although similar signs in endometrial
histology can be observed in non-PJS SCTATs, clinical histories
of menorrhagia followed by episodes of amenorrhea are more
frequently obtained (123–126,134,135). Endometrial sampling
in a limited population of such patients has demonstrated a
spectrum from atrophic glandular to secretory or decidualized
endometrium suggestive of significant levels of progesterone
production (123,125,135). Assessment of circulating steroid 
levels has confirmed the presence of excessive estrogen in essen-
tially all SCTAT cases (123,134–136). However, normal proges-
terone levels have been observed in PJS-associated tumors, but
elevated quantities of progesterone have been documented in
non-PJS patients (123,134–136). Shen et al. (123) demonstrated
elevated estrogen and progesterone levels (and normal testos-
terone levels) in two SCTAT patients without PJS having docu-
mented glandular atrophy and decidual stromal changes.
Utilizing selective ovarian venous sampling, Crain (135) demon-
strated a significant progesterone gradient between peripheral
and ovarian venous serum in a non-PJS patient with pseudode-
cidual changes of the endometrium. Complete resolution of the
manifestations attributed to these hormonal imbalances has
been routinely witnessed with surgical extirpation of the ovarian
neoplasm.

Pathology

Grossly, the PJS-associated tumors are solid and yellow. The
non–PJS-associated neoplasms may be similar, but in some
cases, they are solid and cystic or mostly cystic. This tumor is
characterized microscopically by the presence of simple and
complex annular tubules (Fig. 27.7). The simple tubules have
the shape of a ring, with the nuclei oriented around the
periphery and around a central hyalinized body composed of
basement membrane material; an intervening anuclear cyto-
plasmic zone forms the major component of the ring. The
more numerous complex tubules are rounded structures made
up of intercommunicating rings revolving around multiple
hyaline bodies. In patients with PJS, the tumors are typically
multifocal and exhibit calcification.

Prognostic Factors

Notwithstanding their histologic similarities, the differences in
the natural history and hence long-term prognosis for SCTATs
associated with PJS and SCTATs independent of PJS are readily

apparent. Those detected in women with PJS are benign.
Important in the management of this entity, however, is the
recognition that approximately 15% of these patients will har-
bor an adenoma malignum of the cervix (AMC). As a result of
delayed declaration of symptoms, the diagnosis of AMC is fre-
quently made following examination of the hysterectomy spec-
imen. As evident in the recent review by Srivatsa et al. (130),
the prognosis for PJS patients with SCTAT and AMC is omi-
nous, reflecting high AMC recurrence rates and refractoriness
to treatment.

Based on the compiled data from four reported series totaling
63 patients with SCTATs without clinically apparent PJS, the
clinical malignancy rate approximated 20% (123–126). Primary
extraovarian extension and/or the recurrence frequency has been
correlated with the original tumor size and mitotic activity. The
tumor characteristically has a relatively long doubling time, a
propensity for lymphatic dissemination, and an aptness to
remain lateralized. As the primary ovarian lesion is invariably
unilateral, the lymphatic metastases are invariably ipsilateral,
extending within the confines from the paraaortic region to the
supraclavicular area. The nature of the retroperitoneal metas-
tases generally facilitates surgical resection and repeat cytore-
duction. The tumor’s indolent growth pattern, coupled with the
relative ease of resection, affords patients extended palliation.

Because SCTATs possess characteristics of both granulosa
cells and Sertoli cells, tumor markers elicited by either or both
cell types might find utility in the diagnosis and surveillance of
these tumors as well. The observed increased serum estrogen
levels and the corresponding clinical manifestations recognized
with SCTATs suggest utility in monitoring hormone levels.
Unfortunately, serum estradiol lacks adequate sensitivity, par-
ticularly when the residual tumor volume is limited. However,
recent reports demonstrate the potential value and sensitivity of
two unique secretory proteins as tumor markers for SCTATs.
Gustafson et al. (136) illustrated the applicability of monitoring
serum inhibin and müllerian-inhibiting substance (MIS) in the
management of a patient with advanced, recurrent SCTAT.
More recently, Puls et al. (137) likewise reported an excellent
correlation between serum inhibin and MIS levels and the clini-
cal status of a patient with SCTAT during chemotherapy
administration. The ultimate utility of these tumor markers
awaits accrual of sufficient numbers of patients with SCTATs to
address adequately sensitivity and specificity issues.

SEX CORD–STROMAL TUMORS,
UNCLASSIFIED

This ill-defined group of tumors, which accounts for less than
10% of those in the sex cord–stromal category, comprises
those in which a predominant pattern of testicular or ovarian
differentiation is not clearly recognizable. Talerman et al.
(138) have recently segregated from within this category a
group of tumors for which they have proposed the designation
“diffuse nonlobular androblastoma.” The six ovarian tumors
they reported were mostly estrogenic and had a predominant
diffuse proliferation of cells resembling theca cells, granulosa
cells, or both, but five of the six cases also contained steroid-
type cells and tubules typical of Sertoli cell neoplasia.

Sex cord–stromal tumors may be particularly difficult to
subclassify when they occur in pregnant patients because of
alterations in their usual clinical and pathologic features
(139). Their nature is rarely suggested clinically because dur-
ing pregnancy estrogenic manifestations are not recognizable,
and androgenic manifestations are rare. In one study, 17% of
36 SCSTs that were removed during pregnancy were placed in
the unclassified group, and many of those that were classified
in the granulosa cell or Sertoli–Leydig cell category had large
areas with an indifferent appearance (139).

864 Section III: Disease Sites

FIGURE 27.7. Sex cord tumor with annular tubules. Numerous
rounded tubules encircle multiple hyaline bodies.
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Gynandroblastoma

Gynandroblastoma is an extremely rare SCST if strict mor-
phologic criteria are followed to establish the diagnosis.
Microscopically, these tumors must demonstrate readily iden-
tifiable (at least 10%) granulosa cells and tubules of Sertoli
cells. Not surprisingly, the corresponding stromal cells,
namely, theca and/or Leydig cells, may also be present in vary-
ing degrees. Martin-Jimenez et al. (140) recently reviewed the
world literature and were able to identify only 17 authenti-
cated cases of gynandroblastoma. Patients presented at an
average age of 29.5 years (range 16 to 65 years) with primary
symptoms of menstrual disturbances consistent with the pre-
dominant functional status of the tumor. Commonly, a hyper-
androgenic clinical profile is elicited, but signs and symptoms
of excessive estrogens or no endocrine manifestations can be
encountered. Amenorrhea, hirsutism, and clitorimegaly are
frequently noted in association with elevated testosterone 
levels. Conversely, the common end-organ responses to hyper-
estrogenism include menometrorrhagia, postmenopausal
bleeding, and endometrial hyperplasia. Although the unilat-
eral masses are typically small, 75% are palpable prior to sur-
gical exploration and are characterized by well-differentiated
ovarian and testicular constituent elements. Regardless of the
associated hormonal activity, gynandroblastomas are consid-
ered to be tumors of low malignant potential. To date, only a
single case was reported to have been clinically malignant and
resulted in death of the patient (141). Recently, a gynandrob-
lastoma in pregnancy was reported (142).

Steroid Cell Tumors

Steroid cell tumors (SCTs) constitute only 0.1% of all ovarian
neoplasms. The predominant components of these tumors are
steroid hormone–secreting cells including lutein cells, Leydig
cells, and adrenocortical cells. Until recently, the term lipid cell
tumors was applied to these neoplasms, but Hayes and Scully
(143) noted that 25% of such designated tumors did not con-
tain appreciable intracellular fat. Hence, the functional desig-
nation steroid cell tumors was suggested and stratified into
three subclasses: stromal luteoma, Leydig cell tumor, and
steroid cell tumors not otherwise specified. The first two cate-
gories are essentially invariably benign, but some in the third
group are malignant.

Stromal Luteoma

In 1964, Scully et al. (144) described the stromal luteoma as a
distinctive type of steroid cell tumor. These relatively small
(�3 cm) tumors are localized within the parenchyma of the
ovary and account for approximately 25% of SCTs. They are
thought to arise from luteinized stromal cells or their precur-
sors. Histologically, the adjacent ovarian matrix as well as the
contralateral ovary demonstrate stromal hyperthecosis in the
vast majority of cases. The distinction between nodular hyper-
thecosis and stromal luteomas has been arbitrarily based on
size, with lesions �5 mm being referred to as nodular hyper-
thecosis. In contrast to stromal hyperthecosis, stromal luteo-
mas are rarely bilateral.

The average age at which stromal luteomas are diagnosed is
the latter half of the sixth decade of life, with 80% occurring
after the climacterium (143). Considering that the predominant
functional profile is estrogenic, the result of either direct tumor
secretion or peripheral conversion of androgens, it is not surpris-
ing that abnormal vaginal bleeding is the primary complaint. In
a series of 25 cases reported by Hayes and Scully (143), infor-
mation regarding the histologic architecture of the endometrium
was known for 17 cases, which included 14 cases of hyperplasia
and a single case of a well-differentiated adenocarcinoma of the

endometrium. Conversely, 12% of the patients presented with
clinical manifestations of hyperandrogenism. In their analysis,
20% of the tumors were functionally quiescent and were
detected incidentally during histologic assessment of surgical
specimens processed for a variety of other indications.

Prognostic Factors. Considering the small size and lack of
atypical histology, the posttreatment course is benign. To date,
we are unaware of a single adverse outcome. Any untoward
sequelae related to the stromal luteoma would presumably
reflect secondary events from prolonged excessive hormone
secretions such as an endometrial carcinoma.

Leydig Cell Tumors

Leydig cell tumors account for only 15% to 20% of SCTs.
Histologically, the cellular elements are indistinguishable from
lutein cells or adrenocortical cells except for the presence of
crystals of Reinke, a requirement based on either light or elec-
tron microscopy for definitive diagnosis. Roth and Sternberg
(145) subdivided these tumors according to location and possi-
bly the cell of origin, namely, Leydig cell tumors of hilar type
versus nonhilar type. Whereas the latter presumably arise from
ovarian stromal cells and are extremely rare, the former tumors
are located in the hilus of the ovary and encroach on or extend
into the ovarian stroma in varying degrees. Other tumors con-
taining features of Leydig cell tumors (such as location in the
ovarian hilus or adjacent to nonmedullated nerve fibers, loca-
tion within a continuum of hilar cell hyperplasia, fibrinoid vas-
cular changes in the tumor, clustering of cells around vessels)
but lacking crystals of Reinke are preferably categorized as
steroid cell tumors not otherwise specified (146). By combining
two reviews (146,147) that summarize the English-language lit-
erature prior to and after 1966, 38 Reinke-positive cases afford-
ing adequate abstraction were identified. These invariably uni-
lateral tumors are typically small, ranging in size from 0.7 to 
15 cm, with a mean of 2.7 cm, and are therefore frequently not
detectable via clinical examination or pelvic imaging. Similar to
stromal luteomas, the age of diagnosis is 58 years (range, 37 to
86 years), with only a small percentage occurring prior to the
climacterium. The initial clinical manifestations are usually con-
sistent with a hyperandrogenic state. Overt signs of virilization
are observed in greater than 80% of the patients. These include
one or more of the following: hirsutism, acne, deepening of the
voice, breast atrophy, clitorimegaly, and male-pattern baldness.
In contrast to the frequently dramatic onset and progression of
virilization witnessed with SLCTs, ovarian Leydig cell tumors are
generally characterized by a more indolent course. Paraskevas
and Scully (146) reported an interval of 7 years between recog-
nized onset of signs and symptoms of androgen excess and diag-
nosis. Analysis of serum androgens demonstrated testosterone to
be consistently elevated while urinary 17-ketosteroids were nor-
mal or marginally increased. These observations suggest minimal
production of androstenedione or dehydroepiandrosterone by
these tumors.

Conversely, estrogenic manifestations are occasionally wit-
nessed, such as irregular menses or postmenopausal bleeding
(146,147). Pathologic assessment of the uterus may reveal
endometrial hyperplasia, polyp formation, and/or carcinoma
in the presence or absence of leiomyomata and/or myohyper-
trophy. Whether the hyperestrogenic features are a result of
tumor secretion of estrogens or peripheral conversion of
androgens to estrogens remains to be ascertained.

Prognostic Factors. In a review of the English literature
through 1988, 38 Reinke-positive cases were accrued and only
a single case of a clinically malignant lesion was identified
(146,147). Based on tumor size (15 cm) alone, this sole exam-
ple might be considered to be an outlier. Hence, similar to
stromal luteomas, ovarian Leydig cell tumors are essentially
benign neoplasms with the primary postsurgical concerns con-
sisting of regression of the androgen-induced alterations.
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Generally speaking, significant regression is witnessed, but
significant residual sequelae are appreciated in approximately
one half of the patients.

Steroid Cell Tumors Not Otherwise Specified

Neoplasms identified as steroid cell tumors but lacking the spe-
cific characteristics of stromal luteomas or Leydig cell tumors
are collectively classified as steroid cell tumors not otherwise
specified (SCTNOS). These tumors constitute the majority of
steroid cell tumors and undoubtedly include both Leydig cell
tumors and stromal luteomas that fail to meet specific identifi-
cation criteria already noted. Although serving as a catchment
for an undefined percentage of steroid hormone–secreting
tumors, as a group, the SCTNOS have nonetheless unique char-
acteristics. The natural history and biology of these tumors are
significantly different when compared to Leydig cell tumors or
stromal luteomas.

Although the average age at presentation of patients har-
boring SCTNOS is 43 years (10 to 15 years earlier than stromal
luteomas and/or Leydig cell tumors), these tumors have been
diagnosed from early childhood to the ninth decade of life
(148). In addition, these generally solid yellow tumors are
larger than the other SCTs. The average size at diagnosis
approximates 8.5 cm (range, 1.2 to 45.0 cm). Furthermore, a
higher frequency of bilaterality (5%) in advanced disease is
encountered with these neoplasms. In their review of 63 col-
lated cases, Hayes and Scully (148) reported that 81% of cases
had localized disease (stage I), 6% had stage II disease, and
13% had stage III or IV disease. Curiously, they noted the
average age (54 years) of patients with advanced disease was
10 years older than the group as a whole. At least in part,
these findings reflect the absence of documented advanced
malignancies during the first two decades of life.

Clinical signs and/or symptoms of androgen excess ranging
from heterosexual precocity in prepubertal girls to amenor-
rhea, hirsutism, and/or virilization during the reproductive
and/or postmenopausal ages prompt the majority of patients
to seek medical advice (148,149). Not infrequently, the dura-
tion of these androgenic changes may have extended over
many years (150). Additional concerns at presentation include
increasing abdominal girth reflecting tumor size and, rarely,
ascites, abdominal pain, cushingoid symptoms, and irregular
uterine bleeding. The latter may represent clinical manifesta-
tions of estrogen excess (148,151), which has been suggested
to occur at a frequency of 6% to 23%. Whether the source of
estrogen is de novo synthesis by the tumor or from peripheral
conversion of androgens remains to be determined. Isosexual
precocious pseudopuberty has been detected in young girls
harboring SCTNOS (148,152,153). An additional 10% to
15% of patients are asymptomatic, with tumors being
detected incidentally during routine pelvic examination or at
the time of hysterectomy or other surgical interventions.

The steroid hormone–secreting capacities of SCTNOS are
more diverse than those of most sex cord–stromal tumors.
Whereas approximately one in four patients does not demon-
strate clinical manifestations of hormonal imbalances, the major-
ity of patients with SCTNOS have evidence of androgen excess
(10% to 15% estrogen excess) and a lesser percentage of cortisol
excess. These excesses are demonstrable via assessment of end-
organ responses and serum/plasma steroid levels. Whereas ele-
vated plasma levels of corticosteroids are typically observed in
conjunction with SCTNOS, the number of overt presentations
with Cushing’s syndrome is limited (152,154–156). However,
17% of the clinically malignant tumors reported by Hayes and
Scully (148) were associated with Cushing’s syndrome. The
serum testosterone and androstenedione levels are invariably ele-
vated, as are urinary 17-ketosteroids; presumably, the latter
reflect the level of excess androstenedione production.

Pathology.
Gross Features. The tumors are typically solid, well cir-

cumscribed, occasionally lobulated (Fig. 27.8), and average
8.4 cm in diameter (148). Approximately 5% are bilateral.
They are typically yellow or orange but are occasionally red,
dark brown, or black. Necrosis, hemorrhage, and cystic
degeneration are occasionally observed.

Microscopic Features. On microscopic examination, the
tumor cells are typically arranged diffusely but occasionally
grow in nests, irregular clusters, thin cords, and columns. The
polygonal to rounded tumor cells have distinct cell borders,
central nuclei, and moderate to abundant amounts of cyto-
plasm that varies from eosinophilic and granular to vacuo-
lated and spongy (Fig. 27.9). In approximately 60% of the
cases, nuclear atypia is absent or minimal and mitotic activity
is low (less than two mitotic figures [MFs] per 10 HPFs). In
the remaining cases, grades 1 to 3 nuclear atypia (Fig. 27.3) is
present, usually associated with an increase in mitotic activity
(up to 15 MFs per 10 HPFs).

866 Section III: Disease Sites

FIGURE 27.8. Steroid cell tumor, unclassified. The sectioned surface
of the tumor is lobulated and was yellow-orange in the fresh state.
This tumor was from a 9-year-old virilized girl.

FIGURE 27.9. Steroid cell tumor. The tumor cells are large and
rounded and laden with lipid vacuoles. Source: Reprinted with per-
mission from Hayes MC, Scully RE. Ovarian steroid cell tumors not
otherwise specified [lipid cell tumors]: a clinicopathologic analysis of
63 cases. Am J Surg Pathol 1987;11:835–845.
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Prognosis. In contrast to the benign natural history of both
ovarian Leydig cell tumors and stromal luteomas, SCTNOS are
associated with a relatively high rate of clinical malignancy. In
the largest series in the literature, 43% of patients with follow-
up of 3 or more years demonstrated extraovarian disease either
at primary surgery or during subsequent follow-up (157).
Unfortunately, to date, salvage therapy has been abysmal.
Multiple factors appear to correlate with the frequency of dis-
seminated disease including age, stage, tumor size, mitotic
activity, tumor necrosis, hemorrhage, and symptoms of
Cushing’s syndrome. The average age of patients with clinical
malignancies was 16 years older than patients without metasta-
tic disease and having had 3 or more years of observation. No
clinically malignant cases have been reported to date in patients
less than 20 years of age. All malignant SCTNOS were reported
to measure 7 cm or more in greatest diameter (148). In fact,
78% of all tumors 7 cm or larger were malignant, whereas only
21% of all benign tumors exceeded this dimension. The most
cogent determinant correlating with malignant potential was
mitotic activity, with 92% of malignant tumors displaying two
or more MFs per 10 HPFs. Similarly, in the presence of necrosis,
86% were malignant; if hemorrhage was present, 77% were
malignant. In addition, three of four patients (17% of all malig-
nant cases) with recognizable Cushing’s syndrome harbored
clinically malignant disease (148).

Although the majority of recurrences become clinically man-
ifest within 3 years of diagnosis, Hayes and Scully (148)
reported that 22% of recurrences occurred after 3 years and
that, in fact, all of these cases occurred after 5 years; the longest
interval witnessed was 19 years. Therefore, the duration of
posttreatment surveillance should be adjusted accordingly. The
only currently available utilizable markers for SCTNOS include
the steroid hormones that were elevated prior to definitive
treatment.

TREATMENT
The definitive management of sex cord–stromal tumors is
dependent on one or more of the following therapeutic deter-
minants: surgical stage, histologic subtype, patient’s age and
desire for fertility preservation, and various prognostic fac-
tors. Surgery alone is sufficient for several SCSTs lacking
malignant potential, whereas postoperative adjunctive ther-
apy generally should be considered for patients with advanced
disease and Sertoli–Leydig cell tumors with poor differentia-
tion or heterologous elements (158).

Operative Management

Surgery remains the cornerstone of treatment for patients with
SCSTs. Definitive therapy for SCSTs commences with an abdom-
inal exploration through an adequate vertical midline incision.
Following securing of peritoneal washings for cytologic assess-
ment, inspection and palpation of the viscera are conducted to
detect macroscopic disease. Fertility-sparing surgery with unilat-
eral salpingo-oophorectomy seems to be appropriate manage-
ment for patients with stage IA disease who are desirous of
retaining their reproductive potential. In a review of the 1988 to
2001 SEER database, Zhang et al. identified 376 patients with
ovarian SCST (159). The survival for the group of 110 patients
with stage I-II disease who underwent conservative surgery with-
out hysterectomy was similar to that of patients who underwent
standard surgery. For older patients or those with advanced-stage
disease or bilateral ovarian involvement, abdominal hysterec-
tomy and bilateral salpingo-oophorectomy are usually indicated.
Frozen section examination of the ovarian tumor should be per-
formed to confirm the diagnosis of a sex cord–stromal tumor.

Resection of the ovarian tumor will constitute sufficient therapy
for the essentially benign neoplasms, including thecomas; fibro-
mas; gynandroblastomas; stromal luteomas; and Leydig cell,
sclerosing stromal, Sertoli cell, and well-differentiated SLCTs.
Furthermore, sex cord tumors with annular tubules associated
with PJS are also considered to be benign and can be similarly
managed, but it is imperative that the endocervix be evaluated
and subsequently monitored for the potential development of an
adenoma malignum of the cervix. Conversely, histologic confir-
mation of granulosa cell tumors, intermediate or poorly differ-
entiated Sertoli–Leydig cell tumors, sex cord–stromal tumors
with annular tubules (independent of PJS), and steroid cell
tumors not otherwise specified will require definitive surgical
staging. This includes multiple biopsies from high-yield sites,
omentectomy, and pelvic and para-aortic lymph node sam-
pling/dissection, although the benefit of comprehensive staging
in those tumors has not been established. However, recent evi-
dence from a retrospective review of the Memorial Sloan-
Kettering Cancer Center experience calls into question the neces-
sity of performing a retroperitoneal lymphadenectomy in the
absence of any grossly suspicious lymph nodes (160). Of 68
patients with granulosa cell tumors, 16 (24%) underwent a
pelvic lymph node sampling, and 13 (19%) also had a para-
aortic lymph node sampling at primary surgery or re-staging
surgery. All lymph nodes in these cases were negative for
metastatic tumor. In addition, of 34 patients with recurrent
granulosa cell tumors, 2 recurred in the retroperitoneum only; 
2 in the pelvis and retroperitoneum; and 1 in the pelvis, abdomen,
and retroperitoneum. Overall, approximately 15% of first
recurrences appeared to involve the retroperitoneum.

Following careful surgical staging and in the absence of
extraovarian disease, conservation of the uterus and contralat-
eral ovary is reasonable in patients wishing preservation of fer-
tility. However, when electing conservative, fertility-sparing
treatment, a thorough curettage must be performed in all
patients with estrogen-producing tumors whether they are con-
sidered to be benign or potentially malignant (4). If fertility is
not an issue or if extraovarian spread of disease is documented,
a hysterectomy and residual salpingo-oophorectomy should be
performed. Although no scientific evidence exists pertaining to
the efficacy of cytoreduction in SCSTs, based on the benefits
observed with their epithelial counterparts, we endorse an
aggressive maximum effort at primary surgery if metastatic
disease is encountered. The value of secondary tumor reduc-
tion continues to be controversial but appears to be meritori-
ous in the more indolent tumor types such as GCTs and
SCTATs (those not associated with PJS). Repeat cytoreduction
frequently affords these patients extended palliation. It is there-
fore mandatory that the surgeon have adequate familiarity
with the natural history of the various SCSTs and the technical
expertise to facilitate optimal surgical management.

Postoperative Management and Management
of Recurrent Disease

Granulosa Cell Tumors (Adult)

The vast majority of women with stage I disease have an
excellent prognosis after surgery alone and do not require
adjuvant therapy. For those with stage IC disease, considera-
tion can be given to adjuvant therapy on an individualized
basis. Most women presenting with stages II to IV disease
would be advised to have postoperative therapy depending on
their individual characteristics.

Whereas some investigators have reported improved out-
comes in patients treated with adjuvant radiation therapy,
other investigators have found no clear value to the use of
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adjuvant radiation therapy (4,6,16,161). Because of the rarity
of granulosa cell tumor, it is difficult to conduct prospective
trials in these patients. Two retrospective reports provide
some data on the use of radiotherapy. Savage et al. reviewed
the courses of 62 women treated for adult GCTs at the Royal
Marsden Hospital from 1969 to 1995 (162). Thirty-eight
(61%) had stage I disease. Eleven of the stage I patients had
adjuvant pelvic radiation. The 10-year disease-free survival of
these patients was 77% versus 78% for stage I patients treated
with surgery alone. Unfortunately, neither complete surgical
staging information nor the features that led to the selection of
patients for adjuvant radiation was provided. For eight
patients with inoperable disease (or residual disease postoper-
atively), radiation resulted in complete responses in four
(50%) that lasted 16 months to 5 years.

Wolf et al. reported on 34 patients with GCTs treated with
radiation at the M. D. Anderson Cancer Center, 14 of whom
had measurable disease (161). Six of the 14 (43%) had a clin-
ical complete response. Three of the responders were alive
without evidence of disease 10 to 21 years after radiation.

The Gynecologic Oncology Group (GOG) has reported the
largest series of women with ovarian SCSTs treated with
chemotherapy. They used four cycles of cisplatin, bleomycin,
and etoposide (BEP) (163). Eligible patients had incompletely
resected stage II to IV or recurrent disease. Seventy-five
patients entered but 18 were ineligible because of incorrect his-
tology or disease status. Of the 57 eligible patients, 41 had
recurrent disease and 16 had primary disease. Thirty-nine had
gross residual disease following surgery. Forty-eight had GCTs,
seven had SLCTs, one had a malignant thecoma, and one had
an unclassified SCST. This chemotherapy combination was
considered to be active, with 11 of 16 primary-disease patients
and 21 of 41 recurrent-disease patients remaining progression
free at a median follow-up of 3 years. Recognizing the pro-
longed natural history of these tumors, longer follow-up of this
cohort will be important. The regimen was fairly toxic, with
two bleomycin-related fatalities among the first six patients
treated with the initial bleomycin dose of 20 U/m2 (maximum
30 U) weekly for 9 weeks. The bleomycin dose was then
reduced (20 U/m2 every 3 weeks � four cycles) with no mention
of further toxicity. Grade 4 myelotoxicity occurred in 61% of
the patients. The value of bleomycin in the treatment of this
tumor type remains in question (164).

Gershenson et al. (165) also reported on the use of BEP in a
group of nine women with poor-prognosis SCSTs of the ovary
(seven had metastatic disease). The median progression-free sur-
vival was 14 months, with a median survival time of 28 months.
These investigators, in the same publication, describe activity
with paclitaxel in patients with granulose cell tumors who have
failed platinum-based therapies. In an earlier series, Gershenson
et al. (157) found that cisplatin, doxorubicin, and cyclophos-
phamide were shown to have activity in the treatment of
metastatic ovarian stromal tumors, including two Sertoli–Leydig
cell tumors. The overall response rate was 63% in this series.

The management of patients with recurrent disease must be
individualized. Given the characteristic indolent growth pattern
of GCTs, with long disease-free intervals, surgical resection of
disease recurrence is often the initial step in the management of
appropriate patients. Pecorelli et al. treated 38 patients with
advanced (n � 7) or recurrent (n � 31) GCTs with cisplatin,
vinblastine, and bleomycin (PVB) on a prospective trial through
the European Organization for Research and Treatment of
Cancer (EORTC) (166). Of the seven women who presented
with advanced disease (stages II to IV), one was alive and dis-
ease-free at 81 months. Five died between 4 and 12 months
after the start of PVB, and another was alive with disease at 
2 months. Among the 31 women with recurrent disease, 7 were
alive without further evidence of disease from 24 to 81 months
from the start of PVB. Consistent with the indolent course

observed with GCTs in some women, another 11 women were
alive with disease at a mean of 45 months from the start of PVB
(median 39 months).

The wisdom of using a germ cell–like regimen for stromal
tumors is questionable. Uygun et al. reported on a small
series of 11 women with recurrent GCTs (167). Most had
cyclophoshamide, Adriamycin (doxorubicin), and cisplatin (CAP)
in the adjuvant setting. Four were treated with cyclophos-
phamide and cisplatin for recurrence and survived 35 to 73
months after recurrence.

Recently, there has been increasing interest in the use of tax-
anes in SCSTs. A case report documented a dramatic response to
paclitaxel in a patient with a GCT 2 years following cessation of
platinum-based therapy (168). Subsequently, Brown et al.
reported a retrospective review of the M. D. Anderson Cancer
Center experience with taxane therapy in 44 patients with newly
diagnosed or recurrent SCSTs (169). Eleven patients received
paclitaxel and a platinum drug for newly diagnosed SCST; all
were alive at the time of the study, with a median follow-up of
52 months. Of 37 patients treated with a taxane for recurrent
SCST, 7 had no measurable disease after secondary cytoreduc-
tive surgery, and 30 had measurable disease. The response rate
in the latter cohort was 42%. In a follow-up study, Brown et al.
retrospectively compared the efficacy and side effects of taxanes,
with or without platinum, to the combination of BEP (170). The
outcomes of the two groups were similar, but the side effects
associated with the BEP regimen appeared to be greater. The
authors concluded that taxane and platinum chemotherapy war-
rants further investigation in SCSTs. The GOG is currently con-
ducting a phase 2 trial of paclitaxel in women with stromal
tumors with measurable disease (GOG protocol 187)—either
previously untreated or recurrent. In addition, a GOG random-
ized phase 2 study of paclitaxel and carboplatin versus BEP in
patients with SCSTs is planned in the near future. 

Considerable rationale exists for the utilization of hormone-
based approaches in GCTs. A proportion of these tumors
express steroid hormone receptors (171). Responses of GCTs,
occasionally long term, to medroxyprogesterone acetate and to
GnRH antagonists have been reported (172–176). Fishman et
al. (177) treated six patients with recurrent or persistent GCTs
with monthly intramuscular injections of leuprolide acetate.
Four patients had received prior cisplatinum-based chemother-
apy. Five patients had evaluable disease: two had partial
responses and three had stable disease. The leuprolide was well
tolerated.

Granulosa Cell Tumors (Juvenile)

Calaminus et al. (178) reported the outcome of 33 patients with
JGCTs—24 treated with surgery alone and 9 with surgery and
cisplatinum-based chemotherapy. There have been six relapses,
with 60 months median follow-up: 2 of 20 stage IA, 2 of 8 stage
IC, and 2 of 5 stage IIC to IIIC. Three patients with stage IIC to
IIIC disease treated with adjuvant cisplatinum-based therapy
remain disease free at 46 to 66 months after diagnosis.
Furthermore, Powell and Otis (179) reported short-term disease
control in two teenagers with stage III JGCTs following surgery
and cisplatinum-based chemotherapy.

German investigators published their 15-year experience
(1985 to 2000) with 54 sex cord–stromal tumors in children
and adolescents (71). Forty-five were JGCTs. Twelve received
adjuvant chemotherapy for stages IC to IIIC disease. BEP and
cisplatin, etoposide, and ifosfamide (PEI) were the most com-
monly used regimens. Six patients remained in remission after
adjuvant chemotherapy from 15 to 106 months later. A sev-
enth developed a contralateral JGCT 10 years after her initial
primary tumor. Five of the 12 have recurred, 3 of whom died
16 to 28 months from diagnosis.
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Powell et al. have reported a patient with long-term disease-
free survival following salvage chemotherapy for recurrent
JGCT (180). The patient had presented with stage IIIC disease
initially treated by resection of all gross disease followed by car-
boplatin and etoposide for six cycles. She recurred 13 months
later with limited disease in the liver and a mass at the inferior
aspect of the spleen. She underwent gross total resection fol-
lowed by six cycles of bleomycin and paclitaxel. She was dis-
ease-free 44 months later, delivering a normal baby at cesarean
section.

Sertoli–Leydig Cell Tumors

Therapy for those few individuals presenting with high-stage
SLCTs, as well as for individuals with recurrent disease, must
be individualized. The effectiveness of radiation therapy is
unknown (108). Reports exist of responses to vincristine,
actinomycin D, and cyclophosphamide (VAC) and cisplat-
inum, doxorubicin, and cyclophosphamide (157,181).
Schneider et al. reported three patients with SLCTs who were
treated with platinum-based chemotherapy (71). One patient
with stage IC disease with intermediate differentiation received
two cycles of the combination of cisplatin and etoposide and
was disease free at 47 months. Two other patients, both of
whom had stage IC poorly differentiated SLCTs, were dead of
tumor at 7 and 19 months after receiving either BEP or PEI.
Given the functional hormonal nature of many of these neo-
plasms, consideration could also be given to some form of hor-
monal manipulation, such as luteinizing hormone–releasing
agonists or antagonists (182).

Sex Cord Tumor With Annular Tubules

Given the rarity of this tumor, the collective experience with
systemic therapy for SCTATs is scant. Their endocrine activities
suggest that the tumors may retain responsiveness to perturba-
tion of gonadotropin levels. A recent case report documents a
complete response to etoposide, bleomycin, and cisplatinum in
a patient with recurrent SCTAT (137).

MOLECULAR PATHOGENESIS
Our current knowledge regarding various autocrine and
endocrine regulatory mechanisms influencing ovarian function,
the overexpression of inhibin in several SCSTs, the alterations in
ovarian steroidogenesis, and the changes in circulating
gonadotropin levels in SCSTs provide several probable clues
regarding the pathogenesis of these tumors. Investigations to
date exploring the interactive regulatory mechanisms of inhibin,
activin, follistatin, and follicle-stimulating hormone (FSH) have
predominantly utilized GCTs. Follicle-stimulating hormone pro-
vides a fundamental regulatory role in the differentiation
processes of granulosa cells during the early stages of follicle
development. Specifically, FSH stimulates cell proliferation
(mitosis), increases the availability of cell-surface prolactin and
luteinizing hormone receptors, and induces aromatase activity,
resulting in increased estradiol production. Other growth-
regulatory factors such as insulin-like growth factor and epider-
mal growth factor modulate these actions, including the
enhancement of the mitogenic effects of FSH. In addition, FSH
secretion from the anterior pituitary is modulated in part by the
serum levels of inhibin, activin, and estrogens and/or androgens.

Inhibin, a heterodimeric glycoprotein hormone composed of
an alpha-subunit and one of two beta-subunits, is secreted by
the granulosa cells of the ovary (183). Inhibin A consists of
alpha and beta A; inhibin B, alpha and beta B. Petraglia et al.

(184) studied the molecular form of inhibin in adult GCTs and
epithelial ovarian cancers. Serum inhibin B was dramatically
increased in eight of nine patients with GCTs. Inhibin A was
slightly increased in all patients. Its major physiologic function is
to inhibit the secretion of FSH by the anterior pituitary gland
(185). Inhibin is expressed in excessive quantities by GCTs.
Although it maintains its regulatory function pertaining to FSH
suppression, it appears to be ineffective in controlling estrogen
production and cell proliferation within the gonad. Robertson 
et al. have recently reviewed the various serum-based assays for
inhibin (186).

Activin, also a peptide hormone of ovarian granulosa cell
origin, is composed of two beta subunits that are identical to
those of inhibin. In contrast to inhibin, activin stimulates the
secretion of FSH, induces the production of estradiol while
having a negative impact on progesterone production, and
serves as a promoter of differentiation of granulosa cells (185). 

Several investigative teams are pursuing studies to elucidate
the underlying genetic and biologic changes that give rise to sex
cord–stromal tumors, especially granulosa cell tumors. Lin et al.
performed comparative genomic hybridization of a set of 37
adult-type granulosa cell tumors (36 primaries, 1 recurrence)
obtained from five hospitals in Taiwan (187). All patients had
stage I disease except for one stage III patient with limited dis-
ease at initial diagnosis. Twenty-two (61%) of the 36 primary
tumors had chromosomal imbalances. The nonrandom changes
included loss of 22q in 31% of tumors, gain of chromosome 14
in 25% of tumors, and gain of chromosome 12 in 14% of
tumors. Monosomy 22 frequently coexisted with trisomy 14.
High-level amplification, as can be seen in many aggressive car-
cinomas, was not detected in any of these granulosa cell tumors.
Findings were similar to those reported by Mayr et al. (188). As
a sole abnormality, trisomy 12 has also been found in fibromas
and fibroepitheliomas, in addition to granulosa cell tumors
(189,190). Menczer et al. looked for HER2/neu expression in 12
granulosa cell tumors and saw no immunohistochemical stain-
ing (191). An Austrian group looked at the immunohistochemi-
cal expression of the HER family of receptors—HER1 (EGFR),
HER2, HER3, and HER4—in 38 adult granulosa cell tumors
and two of the juvenile type (192). Thirty-one cases (77.5%)
were positive for at least one of the receptors (EGFR, HER3, or
HER4). None of the 40 cases showed a positive reaction for
HER2. Twenty-six of 40 (65%) showed reactivity for EGFR.
HER3 and HER4 expression were observed in 18 (45%) and 23
(57.5%) tumors, respectively. Kusamura et al. also looked for
HER2 expression in 18 granulosa cell tumors: all cases were
negative (193). They also showed a markedly low likelihood of
immunohistochemical staining for p53 and low proliferative
indices in these tumors. 

Chu et al. examined the estrogen receptor isoform gene
expression in a small series of granulosa cell tumors and
serous cystoadenocarcinomas of the ovary (four of each)
(194). They saw widespread expression of estrogen receptor
(ER)-alpha in both tumor types but at relatively low levels,
similar to or less than what is seen in the endometrium. 
ER-beta expression in the granulosa cell tumors, however, was
several-fold higher than that of ER-alpha. Fuller and Chu
have provided an informative review of various signaling
pathways that are important in the regulation of growth, dif-
ferentiation, and apoptosis of normal granulosa cells, which
may contribute to the molecular pathogenesis of GCTs (195).
Because of the important role of the insulin-like growth factor
(IGF) system in development of the dominant follicle, and its
contribution to epithelial ovarian cancer, Alexiadis et al.
characterized the expression of several components of the
IGF system in a series of nine granulosa cell tumors (196).
Interestingly, pregnancy-associated plasma protein-A expres-
sion was highest in the granulosa cell tumors. PAPP-A is a
metalloproteinase synthesized by granulosa cells, the activity
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of which leads to increased IGF bioavailability. Anttonen et al.
studied samples from a cohort of 80 GCT patients from the
University of Helsinki and examined several growth regula-
tory factors known to be important in normal granulosa cell
function, including anti-müllerian hormone, inhibin alpha,
and GATA transcription factors (197). They found a correla-
tion between high GATA-4 expression and higher likelihood
of recurrence.

The natural history of sex cord–stromal tumors is uniquely
different from that of their epithelial counterparts and provides
an intriguing tumor model. The vast majority of these neo-
plasms are characteristically of low malignant potential. They
are typically unilateral and remain localized, retain hormone-
secreting functions, and infrequently develop recurrences,
many of which are delayed. In contrast, a small percentage of
otherwise phenotypically similar tumors demonstrate a more
virulent course and are generally refractory to therapy. The
SCST subtypes display a bimodal age distribution, notably
with JGCTs, SSCTs, SLCTs, and SCTATs occurring predomi-
nantly during the first three decades of life. Furthermore, the
association of these tumors with several uncommon congenital
disease entities, such as enchondromatosis, leprechaunism, and
PJS, occurs at frequencies that exceed mere chance. Uniquely,
several of these functioning neoplasms, including AGCTs,
JGCTs, SLCTs, and SCTATs, overexpress growth-regulatory
substances including inhibin, müllerian-inhibiting substance,
and follicle-regulating protein. Given the limited number of
ovarian SCSTs available for study, our current understanding
of the mechanism of oncogenesis in these tumors is under-
standably limited.

SUMMARY
The principal problem related to the study of SCSTs and the
development of effective therapy is their rarity. Although this
interesting group of tumors has been studied extensively
from a histologic standpoint, there are surprisingly few fea-
tures that distinguish tumors that are more likely to recur or
have aggressive behavior, and much of the information is
conflicting.

Surgery remains the cornerstone of treatment for patients
with SCSTs. Furthermore, for young patients desirous of fer-
tility preservation, fertility-sparing surgery is possible in a
large proportion related to the propensity of these tumors to
be unilateral and nonmetastatic. Patients who appear to have
a worse prognosis and for whom postoperative therapy would
appear to be indicated include those with metastatic SCSTs of
any histotype and those with stage I poorly differentiated
Sertoli–Leydig cell tumors. For patients with SCSTs confined
to the ovary, postoperative therapy is not recommended. For
those with stage IC disease, the issue of postoperative therapy
is unresolved.

Standard postoperative treatment consists of platinum-
based chemotherapy. The BEP regimen is currently the most
popular combination. However, this is a relatively toxic regi-
men; hence, the interest in alternative combinations, such as
taxane/platinum chemotherapy. However, more study of this
latter combination is warranted. An upcoming GOG study
should help resolve this issue.

Beyond platinum-based chemotherapy, there is no consen-
sus concerning recommended second-line or salvage therapy.
Hormonal medications clearly have some degree of activity in
granulosa cell tumors. In addition, there is probably a limited
role for radiation. This gap in our armamentarium under-
scores the need for novel target-based therapeutics developed
through the study of the genes and pathways involved in the
pathogenesis of these neoplasms.
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40 years have a five- to tenfold greater risk of having a com-
plete molar gestation. In fact, one out of three pregnancies 
in women over 50 years of age are molar and the risk of develop-
ing GTN is significantly increased as well. Ova from older
women may be more susceptible to abnormal fertilizations.

The risk for both complete and partial molar pregnancy
(partial hydatidiform mole [PHM]) is increased in women
with a history of prior spontaneous abortion and infertility
(11). Compared with women with no previous miscarriage,
the risk for complete and partial mole was 3.1 and 1.9, respec-
tively, among women with two or more prior miscarriages.
Difficulty in conception or infertility problems were associated
with an odds risk of 2.4 and 3.2, respectively, for complete and
partial mole.

Certain epidemiologic features of complete and partial
molar pregnancy differ markedly. Parazzini et al. (12)
reported that the risk for partial mole was not associated with
maternal age. Additionally, the risk for partial mole has been
reported to be associated with the use of oral contraceptives
and a history of irregular menstruation, but not with dietary
factors (13). Therefore, in contrast to CHM, the risk for par-
tial mole appears to be associated with reproductive history
rather than dietary factors.

The risk for CCA and GTN has been observed in a case-
control study to be related to hormonal factors (14). Women
with light menstrual flow and menarche after the age of 12
years were noted to be at increased risk for CCA. Additionally,
Palmer et al. (15) reported that the prior use of oral contracep-
tives was associated with an increased risk for CCA.

Immunobiology

The remarkable curability of GTN may be partly attributable
to a host immunologic response to paternal antigens expressed
on trophoblastic cells (16). The prognosis of patients with ges-
tational CCA has been related to the intensity of lymphocytic
and monocytic infiltration at the tumor-host interface (17).
Because the lymphocytes and macrophages that infiltrate gesta-
tional CCA are probably exposed to paternal antigens and
oncoproteins, the immune cells may become activated.
Immunologically active cells may promote the regression of
GTN through their release of cytokines. Cytokines have been
reported to inhibit the proliferation of CCA cells in vitro and to
increase the human leukocyte antigen (HLA) expression of
CCA cells in vitro, thereby increasing immunogenicity (18–20).

It has been theorized that the development and progression
of persistent GTN may be favored by histocompatibility

Molar pregnancy and gestational trophoblastic neoplasms
(GTN) comprise a group of interrelated diseases including
complete and partial molar pregnancy, invasive mole, placental-
site trophoblastic tumor (PSTT), and choriocarcinoma (CCA)
that have varying propensities for local invasion and metastasis.
GTN are one of the rare human malignancies that are highly
curable with chemotherapy even with widespread metastases
(1–4). Although GTN most commonly follow a molar preg-
nancy, they may develop after any gestation. Important
advances have been made in the diagnosis, treatment, and
follow-up of patients with molar pregnancy and GTN over
the past 5 years. This chapter reviews these advances and dis-
cusses basic principles in the management of patients with
molar pregnancy and persistent GTN.

EPIDEMIOLOGY
The reported incidence of GTN varies dramatically in different
regions of the world (5). The frequency of molar pregnancy in
Asian countries is seven to ten times greater than the reported
incidence in North America or Europe (6). Whereas hydatidi-
form mole occurs in Taiwan in 1 per 125 pregnancies, the inci-
dence of molar gestation in the United States is about 1 per
1,500 live births. Variations in the incidence rates of molar preg-
nancy partly result from differences between reporting hospital-
based versus population-based data. Jeffers et al. (7), reporting a
study from Ireland where all products of conception from first-
and second-trimester abortions were referred for pathologic
examination, found the incidence of complete and partial mole
was 1:1,945 and 1:695 pregnancies, respectively.

The high incidence of molar pregnancy in some populations
has been attributed to socioeconomic and nutritional factors.
We have observed in a case-control study that the risk for com-
plete molar pregnancy progressively increases with decreasing
levels of consumption of dietary carotene (vitamin A precursor)
and animal fat (8). Parazzini et al. (9) also reported from Italy
that low carotene consumption was associated with an increased
risk of molar gestations and their sequelae. Global regions with
a high incidence of vitamin A deficiency correspond to areas
with a high frequency of molar pregnancy. Vitamin A deficiency
in the rhesus monkey produces degeneration of the seminiferous
epithelium with production of primitive spermatogonia and
spermatocytes (10). Dietary factors such as carotene may there-
fore partly explain the regional variations in the incidence of
complete molar pregnancy.

The risk of having a complete hydatidiform mole (CHM) also
increases with advanced maternal age (6). Women older than age
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between the patient and her partner. If the patient and her part-
ner are histocompatible, the trophoblastic tumor that bears
paternal antigens may not be immunogenic in the maternal host.
The intensity of the host’s immunologic response may depend
upon the immunogenicity of the trophoblastic tumor. However,
histocompatibility between the patient and her partner does not
appear to be a prerequisite for the development or persistence of
GTN (21,22). The HLA system may, however, influence the clin-
ical course of rapidly progressive and fatal GTN. Tomoda et al.
(23) reported that drug-resistant CCA was associated with
increased histocompatibility between the patient and her part-
ner. Similarly, Morgensen et al. (24) observed that histocompati-
bility between patients and partners was associated with a
greater risk of metastatic disease.

Because all chromosomes in a CHM are paternal in origin,
a CHM is a complete allograft and may stimulate a vigorous
immunologic response by the maternal host. There is evidence
for both a cellular and humoral immune response to CHM. As
compared with normal placentas, molar implantation sites
have a fivefold increased infiltration by helper T cells (25).
Circulating immune complexes have also been measured in
patients with CHM and have been noted to increase as the
patient entered gonadotropin remission (26).

Circulating immune complexes in patients with complete
moles have been demonstrated to contain paternal HLA anti-
gen (27). The maternal host with a complete mole is therefore
sensitized to paternal HLA. The distribution of HLA antigen
in molar chorionic villi has been determined by immunofluo-
rescence assays (28). HLA A, B, and C antigens were detected
on the stromal cells of molar chorionic villi but not on the vil-
lous trophoblast. However, the molar villous fluid that bathes
the stromal cells does not contain soluble HLA antigen (29).
The maternal host may therefore be sensitized to paternal
HLA antigen when the villous trophoblast layer is disrupted
and HLA-positive villous stromal cells are released into the
maternal circulation.

Molecular Pathogenesis

Several growth factors and oncogenes have been studied in
molar tissues and CCA (11). Increased expression of p53 and
c-fms has been observed in CHM and increased ras and c-myc
RNA has been measured in CCA (30–32).

We have investigated the expression of various growth fac-
tors and oncogenes in normal placenta, complete and partial
mole, and CCA (33,34). Complete mole and CCA were charac-
terized by overexpression of c-myc, c-erbB2, and bcl-2 and these
oncoproteins may be important in the pathogenesis of GTN.
Expression of c-fms protein did not differ between normal pla-
centa and GTN. CHM and CCA were also characterized by
increased expression of p53, p21, Rb, and MdM2. The p53 gene
was studied to detect any mutation in 22 complete moles and 11
CCAs that had increased expression of p53. Because only one
nonsense mutation in p53 was detected by polymerase chain
reaction analysis, it is likely that the overexpressed p53 protein
was wild type. Although studies have identified increased
expression of several growth factors in GTN, the precise molec-
ular pathogenesis has not been determined (35).

It was observed that the level of expression of epidermal
growth factor receptor (EGFR) in CCA and the syncytiotro-
phoblast and cytotrophoblast of CHM was significantly greater
than the expression of EGFR in syncytiotrophoblast and cytotro-
phoblast of placenta and PHM (36). This observation was con-
sistent in both immunohistochemical and in situ hybridization
studies. In CHM, strong expression of EGFR and c-erbB3 in the
extravillous trophoblasts was significantly associated with the
development of postmolar tumor. The EGFR-related family of
oncogenes may be important in the pathogenesis of GTN.

Extracellular proteinases such as matrix metallopro-
teinases (MMPs) are thought to be important in modulating
both cell-matrix interactions and the degradation of the
basement membrane necessary for invasion and metastasis.
CCA exhibits significantly stronger expression of MMP-1 
and MMP-2 and decreased expression of tissue inhibitor of
MMP-1 (TIMP-1) than the syncytiotrophoblast of complete
and partial mole and normal placenta (37). The increased
expression of MMP-1 and MMP-2 and decreased expression
of TIMP-1 in CCA may contribute to the invasiveness of
choriocarcinoma cells.

Certain genes are normally expressed on either the mater-
nal or paternal allele, and this occurrence is described as
parental imprinting. Modification of parental imprinting has
been associated with tumor formation, and CHMs and CCAs
have relaxation of parental imprinting (38). Relaxation 
in parental imprinting may be important in the pathogenesis
of GTN. 

cDNA microarray analysis has been utilized to study dif-
ferential gene expression in GTN. Kim et al. investigated
differential gene expression in CHMs as compared to nor-
mal placenta and identified 91 upregulated genes and 122
downregulated genes (39). The differentially expressed
genes need to be further studied to determine which may
play an important role in the biology of GTN. Vegh et al.
studied differential gene expression in CCA as compared to
normal placenta using cDNA expression assay. CCA cells
have marked downregulation of heat shock protein-27,
which may contribute to the marked sensitivity of this
tumor to chemotherapy (40). 

Studies of loss of heterozygosity have been performed to
identify potential tumor suppressor genes that may be impor-
tant in the pathogenesis of GTN. Matsuda et al. demonstrated
homozygous deletions of one or more markers in the 7p12-
q11.23 region of seven of eight CCA cell lines indicating that
deletion in this region may be important in the pathogenesis of
this malignancy (41). In contrast, Ahmed et al. (42) did not
identify significant loss of heterozygosity in chromosome 7 in
a series of 12 choriocarcinomas. Furthermore, Burke et al.
(43) reported no detectable deletions on 7q11.2 and 8p12-p21
in 14 cases of GTN after CHM. Molecular biologic studies
continue to try to identify the key genetic events that are criti-
cal in the pathogenesis of GTN.

MOLAR PREGNANCY

Pathologic and Chromosomal Features

Hydatidiform moles may be categorized as either complete or
partial based upon gross morphology, histopathology, and
karyotype (Table 28.1). CHMs have no identifiable embryonic
or fetal tissues. The chorionic villi have generalized swelling
and diffuse trophoblastic hyperplasia and the implantation-site
trophoblast has diffuse, marked atypia (Fig. 28.1) (44,45).
Complete moles usually have a 46,XX karyotype, and the
molar chromosomes are derived entirely from paternal origin
(46). Most complete moles appear to arise from an anuclear
empty ovum that has been fertilized by a haploid (23X) sperm,
which then duplicates its own chromosomes (47). Whereas
most complete moles have a 46,XX chromosomal pattern,
approximately 10% of complete moles have a 46,XY kary-
otype (48). The 46,XY complete mole arises from fertilization
of an anuclear empty ovum by two sperm. Whereas chromo-
somes in the complete mole are entirely of paternal origin, the
mitochondrial DNA is of maternal origin (49).

Recent reports have shed light on the rare occurrence of famil-
ial recurrent hydatidiform mole (FRHM), which is characterized
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by recurrent complete hydatidiform moles of biparental, rather
than the more usual androgenetic, origin. Although the specific
gene defect in these families has not been identified, genetic map-
ping has shown that in most families the gene responsible is
located in a 1.1 Mb region on chromosome 19q13.4 (50).
Mutations in this gene result in dysregulation of imprinting in
the female germ line with abnormal development of both embry-
onic and extraembryonic tissue. Subsequent pregnancies in
women diagnosed with this condition are likely to be CHM.
Molar pregnancies in women with FRHM are associated with
consanguinity and have a risk of progressing to GTN similar to
that of androgenetic CHM.

During the 1960s and 1970s, CHMs were primarily diag-
nosed in the second trimester. However, currently, most
patients with complete moles are diagnosed in the first
trimester both in the United States and abroad (51–53). The
pathologic characteristics of a first-trimester complete mole
are different from the classic features in the second trimester.
Mosher et al. (54) compared pathologic findings of 23 current
complete moles (1994 through 1997; mean gestational age,
8.5 weeks) with 20 historic complete moles (1969 through
1975; mean gestational age, 17 weeks). Histologically, current
complete moles had a smaller mean maximal villous diameter

(5.7 vs. 8.2 mm), less circumferential trophoblastic hyperpla-
sia (39% vs. 75%), more primitive villous stroma (70% vs.
10%), and less global necrosis (22% vs. 54%). Currently,
complete moles are often characterized by subtle morphologic
alterations that may result in their misclassification as partial
moles or nonmolar spontaneous abortions. Similarly, Keep et al.
(55) described that early complete moles were characterized
by focal trophoblastic hyperplasia, minimal villous cavitation,
and a hypercellular primitive stroma.

PHMs are characterized by the following pathologic fea-
tures: (a) varying-sized chorionic villi with focal swelling and
focal trophoblastic hyperplasia; (b) focal, mild atypia of
implantation-site trophoblast; (c) marked villous scalloping
and prominent stromal trophoblastic inclusions; and (d) iden-
tifiable fetal or embryonic tissues (Fig. 28.2) (56). Partial
moles generally have a triploid karyotype, which results from
the fertilization of an apparently normal ovum by two sperm
(57). Lawler et al. (58) and Lage et al. (59) reported that 93%
and 90%, respectively, of partial moles were triploid. When
fetuses are identified with partial moles, they generally have
stigmata of triploidy including growth retardation and multi-
ple congenital anomalies. Genest et al. (60) reviewed 19 puta-
tive nontriploid PHMs using standardized histologic diagnostic
criteria and repeat flow cytometry, and none of these cases on
re-evaluation was convincingly a nontriploid partial mole.
Nontriploid partial moles may not exist.

Early diagnosis and intervention has made the pathologic
diagnosis of CHM challenging because the characteristic histo-
logic features have become more subtle. Recently biomarkers
have emerged that take advantage of imprinted genes to distin-
guish CHM from other entities. Because CHM results from
diandry, paternally imprinted gene products, which are nor-
mally expressed only from maternally derived chromosomes,
should be absent. Studies have recently shown that immuno-
histochemistry for p57 (paternally imprinted, maternally
expressed gene products) is useful for confirming the diagnosis
of CHM (61). Nuclei of decidua (maternally derived tissue)
and extra villous trophoblast of all types of gestations stain
positively for p57. Almost all complete moles have absent (or
near absent) villous stromal and cytotrophoblastic nuclear
activity for p57, while all other types of gestations (including
partial moles) show nuclear reactivity in more than 25% of vil-
lous stromal and cytotrophoblastic nuclei. Fisher et al. (62)
have shown that maternal chromosome 11 is retained in the
rare cases of CHM exhibiting p57 staining.
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COMPLETE VERSUS PARTIAL MOLAR PREGNANCY:
HISTOPATHOLOGIC AND CHROMOSOMAL
FEATURES

TA B L E  2 8 . 1

Complete mole Partial mole

Fetal or embryonic tissue Absent Present
Hydropic swelling of villi Diffuse Focal
Trophoblastic hyperplasia Diffuse Focal
Scalloping of chorionic villi Absent Present
Trophoblastic stromal Absent Present

inclusions
Implantation-site Marked atypia Mild atypia

trophoblast
Karyotype 46, XX (mainly); Triploid, 

46, XY 69, XXY, 
69, XYY

FIGURE 28.1. Photomicrograph of a complete hydatidiform mole
showing chorionic villi with generalized swelling and diffuse tro-
phoblastic hyperplasia. (Magnification � 20)

FIGURE 28.2. Photomicrograph of a partial hydatidiform mole
demonstrating varying-sized chorionic villi with focal swelling and
focal trophoblastic hyperplasia. (Magnification � 50)
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Presenting Signs and Symptoms

Complete Hydatidiform Mole

The clinical presentation of a CHM has changed dramatically
over the past two decades. Whereas CHM was usually diag-
nosed in the second trimester in the 1960s and 1970s, the diag-
nosis of CHM is now generally made in the first trimester (63).
Earlier diagnosis is most likely attributable to the availability of
accurate and sensitive tests for human chorionic gonadotropin
(hCG) and the widespread use of ultrasound. The diagnosis of
CHM is now often made before the classic clinical signs and
symptoms develop. Soto-Wright et al. (53) investigated the clini-
cal presentation and outcome of patients with CHM at the New
England Trophoblastic Disease Center (NETDC) between 1988
and 1993 as compared with patients between 1965 and 1975.

Vaginal Bleeding. Vaginal bleeding is the most common
presenting symptom in patients with CHM, occurring in 89%
to 97% of cases (63–65). Retained blood may undergo oxida-
tion and prune juice–like fluid may leak from the endometrial
cavity. Molar chorionic villi may separate from the decidua
and disrupt vessels, leading to the distension of the endometrial
cavity by large volumes of retained blood. Because bleeding used
to be prolonged, occult, and considerable, 54% of our patients
used to present with anemia (hemoglobin �10 g/100 mL).
Vaginal bleeding continues to be the most common presenting
symptom, occurring in 84% of our current patients. However,
anemia was present in only 5% of our current patients with
complete mole.

Theca Lutein Ovarian Cysts. The reported frequency of
theca lutein ovarian cysts depends upon the method of diag-
nosis. Ultrasonography detected theca lutein ovarian cysts
(�5 cm in diameter) in 23 (46%) of 50 patients with molar
pregnancy (66). However, clinical examination detected theca
lutein ovarian cysts in 26% of patients with molar pregnancy
(67). Although theca lutein cysts are generally 6 to 12 cm in
diameter, they may enlarge to more than 20 cm in size. They
are usually multicystic and bilateral and contain serosan-
guineous or amber-colored fluid. Although theca lutein cysts
are usually detected at the time of presentation, they may
develop rapidly after molar evacuation.

Theca lutein cysts are detected exclusively in patients with
very high serum hCG levels and result from hyperstimulation
of the ovaries by high circulating levels of hCG (68). Other
signs of ovarian hyperstimulation may infrequently develop,
including ascites and pleural effusion. Theca lutein cysts gen-
erally resolve over an interval of 8 weeks (67).

Torsion or rupture of theca lutein ovarian cysts occurs infre-
quently. Kohorn (69) reported that 3 (2.3%) of 127 patients
with molar pregnancy developed torsion of ovarian theca lutein
cysts. Similarly, Montz et al. (67) noted that only 2 of 102
patients with theca lutein cysts developed torsion or rupture. 
If patients develop severe symptoms of pelvic or abdominal
pressure or pain, theca lutein cysts may be decompressed by
ultrasound-directed or laparoscopic aspiration (70). Ovarian
rupture or torsion may also be managed by laparoscopy.

Excessive Uterine Size. Uterine size was excessively
enlarged as compared with gestational age in about 38% to
51% of patients with complete moles (44,64,65). Both
retained blood and chorionic tissues may expand the uterine
cavity. Excessive uterine enlargement is commonly associated
with markedly elevated hCG values from trophoblastic prolif-
eration and overgrowth. Among current patients at the
NETDC, excessive uterine size was diagnosed at presentation
in only 28% of patients.

Hyperemesis Gravidarum. Hyperemesis requiring antiemetic
therapy used to develop in 20% to 26% of patients with com-
plete moles (44,69). Hyperemesis was associated with excessive

uterine enlargement and high hCG values. High circulating lev-
els of estrogen have been proposed as a cause of hyperemesis
(71). Although hyperemesis used to be a common problem,
only 8% of our current patients present with hyperemesis.

Preeclampsia. Preeclampsia used to be observed in 12% to
27% of patients with complete moles (64,72). Preeclampsia
primarily developed in patients with excessive uterine size and
high hCG levels. Eclamptic convulsions developed rarely. In
contrast, between 1988 and 1993, only 1 of 74 patients with
CHM presented with preeclampsia at the NETDC.

Hyperthyroidism. Laboratory evidence of hyperthyroidism
commonly used to be present in patients with complete moles.
Galton et al. (73) reported that all 11 patients with CHM had
elevated thyroid function tests before molar evacuation.
Hyperthyroidism occurred almost exclusively in patients with
very high hCG values. There are conflicting data whether
hCG is a thyroid stimulator in patients with molar pregnancy.
Amir et al. (74) found no significant correlation between
serum hCG levels and free T4 and T3 index values in 47
patients with complete mole. Similarly, Nagataki et al. (75)
found no correlation between free T4 and hCG in ten patients.
However, highly purified hCG may have intrinsic thyroid-
stimulating activity, and some studies do report correlations
between serum levels of hCG and total T4 and T3 (76).

Patients with poorly controlled or untreated hyperthy-
roidism may develop thyroid storm at the time of anesthesia
induction and evacuation. Thyroid storm may be character-
ized by hyperthermia, delirium, coma, atrial fibrillation, and
cardiovascular collapse. The diagnosis of thyroid storm must
be made clinically so that treatment can be promptly insti-
tuted and not await the return of laboratory confirmation.
Many of the cardiovascular and metabolic complications of
thyroid storm may be prevented or reversed by the adminis-
tration of beta-adrenergic blocking agents. A pulmonary
artery catheter may be helpful to guide fluid replacement and
to monitor cardiovascular status.

Between 1988 and 1993, none of our 74 patients with com-
plete moles had clinical evidence of hyperthyroidism. However,
during the past decade, one patient with a complete mole and a
pre-evacuation hCG level of 1.4 million mIU/mL developed
clinical and laboratory evidence of hyperthyroidism and
required beta-adrenergic blockers to treat tachyarrhythmia.

Respiratory Insufficiency. Twiggs et al. (77) observed that
12 (27%) of 44 patients with a CHM of at least 16-weeks size
developed pulmonary complications. Respiratory insuffi-
ciency used to develop in 2% of our patients with complete
moles (72). Pulmonary compromise was generally observed in
patients with excessive uterine size and high hCG levels—the
same group of patients who are at risk for preeclampsia and
hyperthyroidism. During the past decade, none of our patients
with complete moles developed respiratory failure.

Patients may present with anxiety, confusion, tachypnea, and
tachycardia in the recovery room after molar evacuation.
Pulmonary insufficiency is multifactorial and results not only
from embolization of molar tissue to the pulmonary vasculature,
but also the cardiovascular complications of thyroid storm,
preeclampsia, and massive fluid replacement. Chest radiography
may show bilateral pulmonary infiltrates, and auscultation of
the chest usually reveals diffuse rales. Arterial blood gases may
indicate respiratory alkalosis and hypoxia. With appropriate
cardiovascular and respiratory support, the signs and symptoms
of respiratory distress usually resolve within 72 hours. However,
it is vital to recognize that some patients may require mechanical
ventilation to provide adequate oxygenation.

Partial Hydatidiform Mole

Patients with PHM usually do not present with the classic
clinical features that are characteristic of a CHM. These
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patients generally present with the signs and symptoms of
missed or incomplete abortion. Eighty-one patients were fol-
lowed with partial moles at the NETDC between January 1979
and August 1984 (78). Excessive uterine size and preeclampsia
were detected in only three and two patients, respectively.
Szulman and Surti (56) and Czernobilsky et al. (79) reported
that only 9 (11%) of 81 and 2 (8%) of 25 patients with partial
moles had excessive uterine enlargement. Preeclampsia was
reported in both studies in only 4% of patients. None of our
patients had prominent theca lutein ovarian cysts, hyperthy-
roidism, or hyperemesis. The diagnosis of partial mole is usu-
ally made after histologic review of curettage specimens. In
contrast to CHM, the gestational age at diagnosis and present-
ing symptoms of PHM have not appreciably changed in recent
years (80).

Ultrasonography and Diagnosis 
of Hydatidiform Mole

Ultrasonography is a sensitive and reliable technique for
detecting CHM. Because of marked swelling of the chorionic
villi, a complete mole produces a characteristic vesicular sono-
graphic pattern. However, it may be difficult to distinguish an
early complete mole from degenerating chorionic tissues, since
small molar chorionic villi in the first trimester may be diffi-
cult to visualize on ultrasound. However, despite smaller
chorionic villi, ultrasound is still able to detect most first-
trimester complete moles (81). An elevated hCG measurement
at the time of sonography may help to differentiate an early
complete mole from a missed abortion (82).

Ultrasonography may also contribute to the diagnosis of
PHM. Two sonographic findings are significantly associated
with the diagnosis of partial mole: focal cystic changes in the
placenta and a ratio of the transverse to anteroposterior
dimension of the gestational sac �1.5 (83). Changes in the
shape of the gestational sac may be part of the embryopathy
of triploidy. When both findings were present, the positive
predictive value for partial mole was 87%. On rare occasions,
the sonogram will show the presence of a fetus with multiple
congenital anomalies associated with a focally hydropic pla-
centa. Naumoff et al. (84) also reported that partial moles
may exhibit cystic spaces within the placenta with a growth-
retarded fetus.

hCG Measurement and Diagnosis 
of Hydatidiform Mole

Patients with CHM commonly have markedly elevated pre-
evacuation hCG levels. Menczer et al. (85) reported that 30
(41%) of 74 patients with complete moles had pre-evacuation
hCG values greater than 100,000 mIU/mL. Similarly, Genest
et al. (86) noted that 46% of 153 patients with complete
moles who were managed at the NETDC between 1980 and
1990 had pre-evacuation hCG levels above 100,000 mIU/mL.
The measurement of markedly elevated hCG values is there-
fore suggestive of the diagnosis of complete mole.

Patients with PHM less commonly present with markedly
elevated hCG values. Czernobilsky et al. (79) reported that
only 1 of 17 patients with partial moles presented with a uri-
nary hCG value �300,000 mIU/mL. Likewise, we noted that
only 2 of 30 patients with partial moles at the NETDC pre-
sented with hCG levels �100,000 mIU/mL (78).

Complete and partial moles also differ in their levels of free
�- and �-subunits of hCG. Whereas complete moles have
higher levels of percentage free �-hCG, partial moles have
higher levels of percentage free �-hCG (87,88). The mean

ratios of percentage free �-hCG to free �-hCG in complete
and partial moles are 20.9 and 2.4, respectively.

Natural History of Molar Pregnancy 
and Prognostic Factors

CHMs are well recognized to have the potential for developing
uterine invasion or distant spread. Following molar evacua-
tion, uterine invasion and metastasis occur in 15% and 4% of
the patients, respectively (89). Although complete moles are
now being diagnosed earlier in pregnancy, the incidence of
postmolar tumors has not been affected (52,53).

Whereas the incidence of postmolar tumor is reported from
18% to 29% in the United States, the incidence of postmolar
GTN in Western Europe is reported from 8% to 10% of patients
(2,64,69,90–94). Most centers in the United States define
postmolar persistent GTN by the presence of a re-elevation or
persistent plateau in hCG for at least 3 consecutive weeks.
However, the definition of persistent disease does vary among
American centers (95). The criteria for persistent GTN in
Western Europe have been more stringent than American def-
initions. At the Charing Cross Hospital in London, the criteria
for postmolar persistent tumors were (a) hCG �20,000 IU/L
more than 4 weeks after evacuation; (b) progressively rising
hCG levels, with a minimum of three rising values over 2 to 3
weeks; (c) metastasis to the liver, kidney, brain, or gastroin-
testinal tract; (d) metastasis to lung larger than 2 cm in diame-
ter or three or more in number; or (e) persistent hCG level 4 to
6 months after evacuation. The use of less stringent diagnostic
criteria for postmolar tumors in the United States is partly
motivated by the concern that some patients may be lost to
follow-up. Among 333 recent patients with molar pregnancy
at our center, 122 (37%) patients did not complete the entire
hormonal follow-up and 13 (4%) patients were lost to follow-
up without attaining even one undetectable hCG value (96).
Furthermore, Massad et al. (97) observed that among 40 indi-
gent women with molar pregnancy, 33 (82%) did not fully
comply with hCG follow-up and 5 (13%) were lost to follow-up
before remission.

We reviewed 858 patients with CHM to identify factors that
predispose to postmolar tumors (63). At the time of presenta-
tion, 41% of the patients had the following signs of marked tro-
phoblastic proliferation: (a) hCG level �100,000 mIU/mL; (b)
uterine size greater than gestational age; and (c) theca lutein
cysts �6 cm in diameter. After evacuation, 31.0% of these
patients developed uterine invasion and 8.8% developed metas-
tases. The risk for persistent tumors is considerably less for
patients who do not present with signs of marked trophoblastic
growth. Following molar evacuation, only 3.4% of these
patients developed invasion and 0.6% developed metastases.
Similarly, Curry et al. (64) and Morrow (98) reported postmo-
lar tumors in 57% and 55% of patients, respectively, with
excessive uterine size and theca lutein ovarian cysts. Therefore,
patients with CHM who exhibit markedly elevated hCG levels
and excessive uterine size are at increased risk of developing
postmolar tumors, and are categorized as “high risk.”

An increased risk of postmolar GTN has also been
observed in women older than age 40 years. Tow (99) and 
Xia et al. (100) reported that 37% and 33%, respectively, 
of women more than 40 years old with complete molar preg-
nancy developed persistent tumors. In women over age 
50 years, postmolar tumors were reported to have developed
in 56% of patients (101). Complete moles in older women are
more frequently aneuploid, and this may be related to their
increased potential for local invasion and metastasis (102).

Patients with repetitive molar pregnancy are also at
increased risk of developing persistent tumors in their later
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episodes of molar gestation. Between June 1965 and December
2001, we treated 34 patients with repeat molar gestations at
the NETDC (103). Postmolar tumors developed following
their first mole in 4 (20%) of 20 complete moles and in none of
14 partial moles. However, postmolar tumors developed fol-
lowing the second mole in 8 (44.4%) of 18 complete moles and
2 (12.5%) of 16 partial moles. Parazzini et al. (104) also
reported a threefold increased risk of postmolar tumors in
patients with repetitive molar disease.

The risk for persistent GTN has been reported to be
increased in CHM with marked trophoblastic hyperplasia and
atypia, high free �-hCG levels, and heterozygous genotype.
However, data concerning these three potential prognostic
variables are inconsistent and conflicting (58,86,87,104–109). 

The risk of developing GTN following PHM has been
reported from 0% to 11%. Hancock et al. (110), summarizing
the data from ten centers, reported that 73 of 7,155 patients
(1.0%) required chemotherapy after evacuation of a partial
mole. In a series of 240 patients who were followed for PHM at
the NETDC, 16 (6.6%) developed nonmetastatic GTN (111).
Only one of these patients presented with the classic signs and
symptoms of molar disease including excessive uterine enlarge-
ment, theca lutein ovarian cysts, and high hCG levels. Fifteen
(94%) patients were thought to have a missed abortion before
evacuation. Our patients with partial moles who developed per-
sistent disease did not have clinical features that distinguished
them from other patients with partial moles. Flow cytometric
studies of partial moles that developed persistent tumors
showed a triploid pattern in 11 (85%) of 13 cases with inter-
pretable histograms (112). A recent update of our experience
with partial moles found that 22 of 390 patients (5.6%) devel-
oped GTN, and that pre-evacuation clinical symptoms did not
distinguish those patients at risk for persistence (113).

Multiple Conceptions With Molar Pregnancy
and Coexisting Fetuses

Twin pregnancy consisting of a CHM and a coexisting fetus has
been estimated to occur in 1 per 22,000 to 100,000 pregnancies
(114). We have reported our experience with 8 cases of twin
pregnancy with complete mole and a coexisting fetus and
reviewed 14 additional published cases by other researchers
(115). Furthermore, we described one case of a partial mole
coexisting with a normal fetus and placenta. As compared with
singleton complete moles, twin pregnancies consisting of com-
plete moles and coexisting fetuses have higher pre-evacuation
hCG levels, have larger uteri, and are diagnosed later in preg-
nancy (116–118). GTN developed in 12 (55%) of 22 cases and
5 (22.7%) had metastatic tumor. Limited information is avail-
able to guide antenatal management of multiple gestations with
complete moles and coexisting fetuses. These pregnancies are at
risk for hemorrhage and preeclampsia. However, no patient
died from obstetric or neoplastic complications, and five fetuses
survived and no anomalies were detected. The increased avail-
ability of ovulation-induction drugs may result in more multiple
gestations involving a molar pregnancy. While patients should
be advised of the potential risks of neoplastic and obstetrical
complications, it is appropriate in many cases to carefully mon-
itor the course of the pregnancy in the hope that delivery at via-
bility can be accomplished.

Surgical Evacuation

After diagnosing a molar pregnancy, the patient should be
carefully evaluated to identify the potential presence of medical
complications including preeclampsia, electrolyte imbalance,
hyperthyroidism, and anemia that might complicate surgical

evacuation. The patient is first stabilized and then a decision
must be made concerning the most appropriate method of
evacuation.

If the patient no longer desires to preserve fertility, hys-
terectomy may be performed. Prominent theca lutein ovarian
cysts may be aspirated at the time of surgery. Patients should
be counseled that although hysterectomy eliminates the risks
of local invasion, it does not prevent metastasis. 

Suction curettage is the preferred method of evacuation
regardless of uterine size in patients who desire to preserve fer-
tility (119,120). As the cervix is being dilated, the surgeon
may encounter brisk uterine bleeding due to the passage of
retained blood. Shortly after commencing suction evacuation,
uterine bleeding is generally well controlled and the uterus
rapidly regresses in size. If the uterus is larger than 14-weeks
size, one hand should be placed on top of the fundus and the
uterus should be massaged to stimulate uterine contraction.
When suction evacuation is thought to be complete, a sharp
curettage should be performed to remove any residual chori-
onic tissue. Patients who are Rh negative should receive Rh
immune globulin at the time of evacuation because Rh D fac-
tor is expressed on trophoblast.

Role of Prophylactic Chemotherapy

The use of prophylactic chemotherapy at the time of molar
evacuation remains controversial (121). However, several
investigators have reported that chemoprophylaxis reduces
the risk of postmolar tumor (91,122).

Kim et al. (123) performed a randomized, prospective trial
of chemoprophylaxis in patients with complete mole.
Chemoprophylaxis significantly reduced the incidence of post-
molar tumor from 47% to 14% in patients with high-risk
complete moles. However, chemoprophylaxis did not signifi-
cantly influence the occurrence of persistent tumors in patients
with low-risk complete moles. Similarly, Limpongsanurak
(124) demonstrated in a double-blind randomized, controlled
trial that actinomycin D (ACT D) reduced postmolar tumor in
patients with high-risk complete moles from 50.0% to 13.8%.

We have also reported that prophylactic ACT D reduces the
risk of persistent GTN in patients with high-risk complete moles
(89). Only 10 (11%) of 93 patients with high-risk complete
moles developed postmolar tumor after prophylactic ACT D.
Chemoprophylaxis failure more commonly occurred in patients
with markedly elevated hCG values. Prophylactic chemotherapy
may be of benefit in patients with high-risk complete moles, par-
ticularly when hormonal follow-up is unavailable or unreliable.

Hormonal Follow-Up

After molar evacuation, all patients must be followed with
hCG measurements to ensure remission. Patients should be
followed with weekly hCG values until they are normal for 
3 weeks and then monthly values until they are normal for 
6 months. After achieving nondetectable hCG levels, the risk
of relapse appears to be very low (113,125). In fact, several
recent studies have confirmed that after obtaining a nonde-
tectable serum hCG level, the risk of developing GTN following
molar evacuation approaches zero (113,126). As more data is
published it is possible that hCG follow-up can be safely
abbreviated.

It is also possible to utilize hCG regression curves to develop
criteria that determine a patient’s risk of developing GTN or
achieving remission after molar evacuation. Growdon et al.
(127) observed that an hCG level of �199 mIU/mL in the 3rd
through 8th week following partial molar evacuation was asso-
ciated with at least a 35% risk of GTN. Similarly, Wolfberg et al.
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(128) reported that postevacuation hCG levels could be used to
predict both GTN and remission within a few weeks of molar
evacuation in a study of 1,029 women diagnosed with CHM
between 1973 and 2001. These data demonstrated that within 3
weeks of molar evacuation, more than half the women in the
cohort had their risk of GTN modified to either �50% or �9%.

Patients are encouraged to use effective contraception dur-
ing the entire interval of follow-up. Intrauterine devices should
not be inserted until the patient achieves normal hCG levels
because of the risk of uterine perforation, bleeding, and infec-
tion if residual tumor is present. If the patient does not desire
surgical sterilization, she is then confronted with the choice of
using either hormonal contraceptives or barrier methods.

The incidence of postmolar tumor has been reported to be
increased in patients who used oral contraceptives (129).
However, data from the NETDC (130), the Gynecologic
Oncology Group (131), and the Brewer Center (130) indicate
that oral contraceptives do not increase the risk of postmolar
trophoblastic disease. Ho Yuen and Burch (132) also reported
that the use of oral contraceptives containing 50 �g or less of
estrogen was not associated with an increased risk of postmolar
tumor. They speculated that the conflicting data concerning
the use of oral contraceptives and the risk of postmolar tumor
may be explained by differences in the dosage of estrogen. We
therefore believe that oral contraceptives may be safely pre-
scribed after molar evacuation.

GESTATIONAL TROPHOBLASTIC
NEOPLASMS

Pathologic Considerations

After a molar pregnancy, persistent GTN may have the histo-
logic pattern of either molar tissue or CCA. However, follow-
ing a miscarriage or term pregnancy, GTN characteristically
has only the histologic features of CCA (133). Gestational
CCA does not contain chorionic villi, but is composed of
sheets of both anaplastic cyto- and syncytiotrophoblasts. Since
tubal moles can metastasize, the histologic pattern of GTN
following an ectopic pregnancy can be either molar or CCA.

Placental-site trophoblastic tumor (PSTT) is an uncommon
variant of CCA (134). This tumor is composed almost entirely of
mononuclear intermediate trophoblast and does not contain
chorionic villi. Because PSTTs secrete very small amounts of
hCG, a large tumor burden may be present before hCG levels are
detectable (135). PSTTs are associated with a higher percentage
of free �-hCG, which can contribute to diagnosis (136,137).

Natural History

Nonmetastatic Disease

Locally invasive GTN develops in 15% of patients following
evacuation of a complete mole and infrequently after other ges-
tations (89). An invasive trophoblastic tumor may perforate
through the myometrium, producing intraperitoneal bleeding, or
erode into uterine vessels, causing vaginal hemorrhage (Fig. 28.3).
A bulky necrotic tumor may also serve as a nidus for infection.

Metastatic Disease

Metastatic GTN occurs in 4% of patients after evacuation of
CHM and infrequently after other pregnancies (89). GTN
usually metastasizes as CCA because of its propensity for
early vascular invasion with widespread dissemination. The
most common metastatic sites are the lung (80%), vagina

(30%), brain (10%), and liver (10%). Because trophoblastic
tumors are perfused by fragile vessels, metastases are often
hemorrhagic. Patients may present with signs and symptoms
of bleeding from metastases such as hemoptysis, intraperi-
toneal bleeding, or acute neurologic deficits. Cerebral and
hepatic metastases are uncommon unless there is concurrent
involvement of the lungs and/or vagina.

Trophoblastic tumors produce four principal radiologic pat-
terns in the lung: (a) pleural effusion, (b) alveolar or snowstorm
pattern, (c) discrete rounded densities, or (d) embolic pattern
caused by pulmonary arterial occlusion (138–141). Patients may
develop pulmonary hypertension in the absence of substantial
parenchymal involvement. The extent of pulmonary involvement
may differ greatly among centers owing to differences in the fre-
quency of early detection. In Saudi Arabia, Bakri et al. (141)
reported that �50% opacification of the lungs, pleural effusion,
and more than ten metastases were present in 33%, 48%, and
43% of patients, respectively, with pulmonary involvement. In
contrast, in the United States, patients with pulmonary metas-
tases generally have small nodules on chest radiography and
infrequently present with prominent respiratory symptoms.

Patients with pulmonary metastases commonly have
asymptomatic lesions on chest radiography or may present
with dyspnea, chest pain, cough, or hemoptysis. Trophoblastic
emboli may cause pulmonary arterial occlusion and lead 
to right-heart strain and pulmonary hypertension (142).
Gynecologic symptoms may be minimal or absent and the
antecedent pregnancy may be remote in time. The patient may
be thought to have a primary pulmonary disease because res-
piratory symptoms may be dramatic. Unfortunately, the diag-
nosis of GTN may only be considered and established after
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FIGURE 28.3. Uterine choriocarcinoma invading and replacing fun-
dal myometrium.
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the performance of a thoracotomy. The diagnosis of GTN
should be considered in any woman in the reproductive age
group with unexplained systemic or pulmonary symptoms.

Early respiratory failure requiring mechanical ventilation
may develop in patients with extensive pulmonary involvement.
Kelly et al. (143) and Bakri et al. (141) reported 100% mortality
in 11 and 8 patients, respectively, with early respiratory failure.
However, Vaccarello et al. (144) reported one patient who was
cured following mechanical ventilation for respiratory failure.
Risk factors for early respiratory failure within 1 month of
presentation include �50% lung opacification, dyspnea, ane-
mia, cyanosis, and pulmonary hypertension. With chemother-
apy, patients may develop bleeding into metastatic sites and
potentially worse pulmonary symptoms and radiologic find-
ings. Importantly, Kelly et al. (143) also noted that reducing
the initial dose of chemotherapy did not protect against early
respiratory failure and recommended administering intensive
chemotherapy at the outset. 

Vaginal lesions may present with irregular bleeding or puru-
lent discharge and are most commonly located in the fornices
or suburethrally. Vaginal metastases are highly vascular and
may bleed vigorously if biopsied. Biopsy of vaginal metastases
should be absolutely avoided; the desire to avoid hemorrhage
should supersede the interest of obtaining an unequivocal
pathologic diagnosis.

Most patients with cerebral metastases are symptomatic
and present with vomiting, seizures, headache, hemiparesis,
slurred speech, or visual disturbances (145–150). Neurologic
symptoms usually result from increased intracranial pressure
or intracerebral bleeding. Bakri et al. (147) and Athanassiou
et al. (149) reported that 20 of 23 patients (87%) and 66 of 69
patients (96%), respectively, with brain involvement had neu-
rologic complaints. Furthermore, Liu et al. (150) reported that
all 34 patients with brain metastases presented with neuro-
logic symptoms. 

Patients with liver metastases less commonly present with
symptoms that are related to hepatic involvement. Bakri et al.
(151) noted that only 5 (26%) of 19 patients with liver metas-
tases presented with jaundice, intra-abdominal bleeding, or
epigastric pain. Patients with liver metastases generally pre-
sented with symptoms related to pulmonary, vaginal, or cerebral
involvement.

Staging System

The International Federation of Gynecology and Obstetrics
(FIGO) reports data on GTN using an anatomic staging system
(Table 28.2). Staging enables a comparable reporting of data,
which is critical to allow objective comparison of treatment
results (152). Stage I includes all patients with persistently ele-
vated hCG levels and tumor confined to the uterus. Stage II com-
prises all patients with tumor outside of the uterus but localized
to the vagina and/or pelvis. Stage III includes all patients with
pulmonary metastases with or without uterine, vaginal, or pelvic
involvement. Stage IV patients have far-advanced disease with
involvement of the brain, liver, kidneys, or gastrointestinal tract.
Patients with stage IV disease are most likely to be resistant to
chemotherapy. Stage IV tumors generally have the histologic
pattern of CCA and commonly follow a nonmolar pregnancy,
with protracted delays in diagnosis and large tumor burdens.

It is also helpful to use prognostic variables to predict 
the likelihood of drug resistance and to assist in selecting appro-
priate chemotherapy. The World Health Organization (WHO)
has published a prognostic scoring system based on one pub-
lished by Bagshawe in 1976 (1) that reliably predicts the poten-
tial for chemotherapy resistance (Table 28.3). The current
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FIGO ANATOMIC STAGING FOR GESTATIONAL
TROPHOBLASTIC NEOPLASIA

TA B L E  2 8 . 2

Stage I Disease confined to the uterus
Stage II GTN extends outside of the uterus, but 

is limited to the genital structures 
(adnexa, vagina, broad ligament)

Stage III GTN extends to the lungs, with or 
without known genital tract 
involvement

Stage IV All other metastatic sites

Note: FIGO, International Federation of Gynecology and Obstetrics;
GTN, gestational trophoblastic neoplasia.

MODIFIED WHO PROGNOSTIC SCORING SYSTEM AS ADAPTED BY FIGO

TA B L E  2 8 . 3  

Scores 0 1 2 4

Age �40 �40 — —
Antecedent pregnancy Mole Abortion Term —
Interval months from �4 4–7 7–13 �13

index pregnancy
Pretreatment serum �1000 �10,000 �100,000 �100,000

hCG (IU/L)
Largest tumor size — 3 to �5 cm �5 cm —

(including uterus)
Site of metastases Lung Spleen/kidney GI Liver/brain
Number of metastases — 1–4 5–8 �8
Previous failed — — Single drug Two or more

chemotherapy drugs

Note: Format for reporting to FIGO Annual Report: In order to stage and allot a risk factor score, a
patient’s diagnosis is allocated to a stage as represented by a Roman numeral: I, II, III, and IV. This is then
separated by a colon from the sum of all the actual risk factor scores expressed in arabic numerals, e.g.,
stage II:4, stage IV:9. This stage and score will be alloted for each patient. FIGO, International Federation
of Gynecology and Obstetrics; WHO, World Health Organization.
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FIGO staging system combines both anatomic staging and the
prognostic scoring system. When the prognostic score is 7 or
greater, the patient is considered to be “high-risk” and requires
intensive combination chemotherapy for optimal results. In
general, patients with stage I disease have a low-risk score and
patients with stage IV disease have a high-risk score. Therefore,
the distinction between low and high risk primarily applies to
stages II and III. The variables that are included in the prognos-
tic score include (a) tumor volume (hCG level, size of metas-
tases, and number of metastases); (b) site of involvement; (c)
prior chemotherapy exposure; and (d) duration of disease. In
1965, Ross et al. (153) reported that patients with high hCG
levels, prolonged delays in diagnosis, and brain or liver metas-
tases were relatively resistant to single-agent chemotherapy.
Hammond et al. (154) further observed in 1973 that patients
with prior chemotherapy or an antecedent term pregnancy were
also relatively unresponsive to single-agent chemotherapy.
Several investigators have since strongly confirmed the impor-
tance and reliability of these prognostic factors (155–162).

Choriocarcinoma following term pregnancy has been
noted to be a poor-prognosis factor and to have some distinc-
tive clinical features (163–167). We reviewed our experience
with post-term CCA at the NETDC from 1964 to 1996 (164).
Seven (16%) of 44 patients presented with clinical evidence of
maternal-fetal bleeding, resulting in severe anemia and nonim-
mune hydrops or third-trimester bleeding. Although none of
the infants had evidence of metastatic CCA, rare cases of fetal
involvement have been reported and generally have resulted in
fetal death. The time interval from delivery to diagnosis, sites
of metastases, and pretreatment hCG level were all significant
risk factors in predicting outcome. All 31 patients with a
WHO score �8 survived, whereas 6 of 13 (46%) patients
with a WHO score �8 died. A recent retrospective multicen-
ter cohort study in the Netherlands of 68 patients with CCA
by Lok et al. (167) concluded that although antecedent term
pregnancy is considered an adverse prognostic factor in GTN,
current survival is comparable to the general survival in high-
risk patients with optimal therapy. 

Diagnostic Evaluation

The optimal management of a GTN requires a thorough eval-
uation of the extent of the disease prior to treatment. All
patients should undergo a thorough assessment including a
complete history and physical examination; a baseline hCG
level; hepatic, thyroid, and renal function tests; and chest radi-
ograph. If the chest x-ray is negative a computed tomographic
(CT) scan should be obtained. Asymptomatic patients with a
normal pelvic examination and negative chest CT are very
unlikely to have liver or brain metastases identified by further
radiographic studies. However, patients with vaginal or lung
metastases and/or a pathologic diagnosis of choriocarcinoma
should undergo either a CT scan or magnetic resonance imag-
ing (MRI) scan of the head and abdomen to exclude brain and
liver involvement.

Cerebral involvement may also be assessed by measuring
hCG levels in the cerebrospinal fluid (CSF). Bagshawe and
Harland (168) reported that the plasma/CSF hCG ratio tends
to be �60 in the presence of brain metastases. However, a sin-
gle plasma/CSF hCG ratio may be misleading because very
rapid changes in plasma hCG values may not be promptly
reflected in the CSF (169). For example, Bakri et al. (170)
observed that the serum/CSF hCG ratio was �60 in five of ten
patients with cerebral involvement.

Pelvic ultrasonography may be useful to detect extensive
uterine involvement by trophoblastic tumor and to identify sites
of resistant uterine disease (171). However, ultrasound should
not be performed merely to document nonmetastatic disease

(172). The sensitivity of ultrasonography may be further
enhanced by the use of color flow Doppler as well as the vaginal
probe (173–175). Ultrasonography may be helpful to select
patients who will benefit from hysterectomy because it can accu-
rately detect an extensive uterine trophoblastic tumor (176).

Management

Stage I

Tables 28.4 and 28.5 review the NETDC protocol for the
management of stage I disease and the results of therapy. The
selection of treatment is based mainly on the patient’s desire to
preserve fertility. If the patient no longer wishes to retain fer-
tility, hysterectomy with adjuvant single-agent chemotherapy
may be performed as primary treatment. Adjuvant chemother-
apy is administered for three reasons: (a) to reduce the likeli-
hood of disseminating viable tumor cells at surgery, (b) to
maintain a cytotoxic level of chemotherapy in the blood-
stream and tissues in case viable tumor cells are disseminated
at surgery, and (c) to treat any occult metastases that may
already be present at the time of surgery. Occult pulmonary
metastases may be detected by CT scan in about 40% of
patients with presumed nonmetastatic disease (177,178).
Chemotherapy may be safely administered at the time of hys-
terectomy without increasing operative complications. Thirty-
two patients were treated by primary hysterectomy and
adjuvant chemotherapy at the NETDC and all achieved com-
plete remission with no additional therapy.

Single-agent chemotherapy is the preferred treatment in
patients with stage I disease who desire to retain fertility.
Primary single-agent chemotherapy induced complete remis-
sion in 419 (84%) of 502 patients with stage I GTN. The
remaining 83 resistant patients subsequently attained remis-
sion with either combination chemotherapy or surgical inter-
vention. If the patient is resistant to chemotherapy and wants
to preserve fertility, local uterine resection may be considered.
When local resection is planned, ultrasound, MRI, arteriogra-
phy, and/or positron emission tomography (PET) scan may
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TREATMENT PROTOCOLS FOR STAGE I GTN (NEW
ENGLAND TROPHOBLASTIC DISEASE CENTER)

TA B L E  2 8 . 4

INITIAL
Sequential MTX/ACT D
Hysterectomy (with adjunctive single-agent chemotherapy)

RESISTANT TO BOTH SINGLE AGENTS
MAC
EMACO, if MAC fails
Hysterectomy (with adjunctive multiagent chemotherapy)
Local uterine resection (for localized lesion, to preserve fertility)

FOLLOW-UP
Twelve consecutive months of normal hCG levels
Contraception mandatory

Note: ACT D, actinomycin D; EMACO, etoposide, methotrexate,
actinomycin D, cyclophosphamide (Cytoxan), vincristine (Oncovin);
GTN, gestational trophoblastic neoplasia; hCG, human chorionic
gonadotropin; MAC, methotrexate, actinomycin D, cyclophos-
phamide (Cytoxan); MTX, methotrexate.
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identify the site of resistant tumor (179,180). Two of our
patients who underwent local uterine resection achieved
remission, and one of these patients had a later term delivery
by cesarean section.

Nonmetastatic PSTT should be treated with primary hys-
terectomy because this tumor responds poorly to chemother-
apy. However, despite its relative resistance to chemotherapy,
long-term survivors with metastatic disease have been reported
with the use of combination chemotherapy (134,181–184).
Papadopoulos et al. (181), in reviewing the clinical experience
with 34 patients with PSTT at the Charing Cross Hospital,
found that a long interval from the antecedent pregnancy to clin-
ical presentation was the most important prognostic factor.
Whereas all 27 patients survived when the interval from the
antecedent pregnancy was less than 4 years, all 7 patients died
when the time interval exceeded 4 years. Similarly, Lathrop
et al. (135) reported in a review of 43 patients that all ten fatal
cases of PSTT had a more than 2-year interval from antecedent
pregnancy to diagnosis. However, whereas Lathrop et al.
reported that the mitotic rate was prognostically important,
Papadopoulos et al. also observed that the mitotic rate of PSTT
was not related to outcome.

Stages II and III

The NETDC protocol for the management of stage II and III
disease and the results of treatment are outlined in Tables 28.6,
28.7, and 28.8. Low-risk patients (prognostic score �7) can be
optimally treated with primary single-agent chemotherapy.
High-risk patients (prognostic score 7 or above) should receive
combination chemotherapy as the primary modality (185).

Between July 1965 and June 2006, 28 patients with stage II
disease were treated at the NETDC and all achieved remission.
Single-agent chemotherapy induced complete remission in 16 of
20 (80%) low-risk patients. In contrast, only two of eight high-
risk patients achieved remission with single-agent treatment. 

Single-agent chemotherapy is well recognized to be effective
as primary treatment in low-risk metastatic GTN (185,186).
Summarizing the experience from four centers, single-agent
chemotherapy induced complete remission in 128 (87.1%) of
147 patients with low-risk metastatic GTN (186–190). All
patients who were resistant to single-agent chemotherapy later
achieved remission with combination chemotherapy except
two patients reported by Ayhan et al. (188).

Vaginal metastases may bleed profusely because they are
highly vascular and friable. Bleeding may be controlled by
packing the hemorrhagic lesion or performing wide local exci-
sion. Infrequently, angiographic embolization of the hypogas-
tric arteries may be required to control hemorrhage from
vaginal metastases. Yingna et al. (191) reported that 18
(35.3%) of 51 patients with vaginal metastases presented with
vaginal hemorrhage. Bleeding was controlled by vaginal pack-
ing in 16 patients and angiographic embolization in 2 patients.
Tse et al. (192) in a 20-year retrospective study confirmed that
angiographic embolization appeared to be an attractive and
promising alternative to hysterectomy and arterial ligation.
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STAGE I. CONFINED TO THE UTERINE CORPUS (NEW ENGLAND 
TROPHOBLASTIC DISEASE CENTER, JULY 1965 TO JUNE 2006)

TA B L E  2 8 . 5

Remission therapy No. of patients (%) No. of remissions (%)

INITIAL THERAPY 460 (85)
Sequential MTX/ACT D 419 (77)
Hysterectomy, local resection 32 (6)
Other 9 (2)

RESISTANT THERAPY 83 (5)
MAC 17 (3)
EMA, EMACO, other 51 (9)
Hysterectomy, local resection, etc. 15 (3)

TOTAL 543 (100) 543 (100)

Note: ACT D, actinomycin D; EMA, etoposide, methotrexate, actinomycin D; EMACO, etoposide,
methotrexate, actinomycin D, cyclophosphamide (Cytoxan), vincristine (Oncovin); MAC, methotrexate,
actinomycin D, cyclophosphamide (Cytoxan); MTX, methotrexate.

TREATMENT PROTOCOL FOR STAGES II AND III GTN
(NEW ENGLAND TROPHOBLASTIC DISEASE CENTER)

TA B L E  2 8 . 6

LOW RISK
Initial therapy Sequential MTX/ACT D
Resistant therapy MAC or EMACO

Surgery, as indicated

HIGH RISK
Initial therapy EMACO
Resistant therapy EMAEP; VBP

FOLLOW-UP
Twelve consecutive 

months of nondetectable 
hCG levels

Contraception for 12 months

Note: ACT D, actinomycin D; EMACO, etoposide, methotrexate,
actinomycin D, cyclophosphamide (Cytoxan), vincristine (Oncovin);
EMAEP, etoposide, methotrexate, actinomycin D, carboplatin; GTN,
gestational trophoblastic neoplasia; hCG, human chorionic
gonadotropin; MAC, methotrexate, actinomycin D, cyclophos-
phamide (Cytoxan); MTX, methotrexate; VBP, vinblastine (Velban),
bleomycin, carboplatin.

Barakat_CH28-875-896.qxd  2/26/09  5:13 PM  Page 884



Between July 1965 and June 2006, 161 patients with stage
III tumors were managed at the NETDC and 160 (99.3%)
attained complete remission. Single-agent chemotherapy
induced complete remission in 82% of patients with low-risk
disease and in 27% with high-risk disease. All but one patient
who was resistant to single-agent treatment later achieved
remission with combination chemotherapy.

Thoracotomy has a limited role in the management of
stage III GTN. Thoracotomy should be performed if the
diagnosis is seriously in doubt. Furthermore, if a patient has 
a persistent viable pulmonary nodule despite intensive
chemotherapy, pulmonary resection may be performed (193).
However, an extensive metastatic survey should be obtained
to exclude other sites of persistent tumor. It is important to
emphasize that fibrotic nodules may persist indefinitely on the

chest radiograph after complete hCG remission is achieved
(194). If a metastasis is persistent on radiography, but is of
questionable viability, either a scan with a radioisotope-
labeled antibody to hCG or a PET scan may be useful (180). A
radioisotope hCG or PET scan may also be helpful in identify-
ing occult sites of viable tumor (195). Tomoda et al. (196)
reviewed their experience with pulmonary resection in 
19 patients with chemotherapy-resistant GTN. They proposed
the following guidelines for successful resection: (a) good sur-
gical candidate, (b) primary malignancy is controlled, (c) no
evidence of other metastatic sites, (d) pulmonary metastasis is
limited to one lung, and (e) hCG level is �1,000 mIU/mL.
Complete remission was achieved in 14 of 15 patients who
met all five criteria, but in none of the 4 patients who had
one or more unfavorable clinical features. Similarly, Jones 
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STAGE II. METASTASES TO PELVIS AND VAGINA (NEW ENGLAND 
TROPHOBLASTIC DISEASE CENTER, JULY 1965 TO JUNE 2006)

TA B L E  2 8 . 7

Remission therapy No. of patients (%) No. of remissions (%)

LOW RISK 20 (72)
Initial therapy

Sequential MTX/ACT D 16 (80)
Resistant therapy

MAC, EMACO 4 (20)

HIGH RISK 8 (28)
Initial therapy

Sequential MTX/ACT D 2 (25)
MAC 4 (50)

Resistant therapy
MAC, other 2 (25)

TOTAL 28 (100) 28 (100)

Note: ACT D, actinomycin D; EMACO, etoposide, methotrexate, actinomycin D, cyclophosphamide
(Cytoxan), vincristine (Oncovin); MAC, methotrexate, actinomycin D, cyclophosphamide (Cytoxan);
MTX, methotrexate.

STAGE III. METASTASES TO LUNG (NEW ENGLAND TROPHOBLASTIC DISEASE
CENTER, JULY 1965 TO JUNE 2006)

TA B L E  2 8 . 8

Remission therapy No. of patients (%) No. of remissions (%)

LOW RISK 110 (68)
Initial therapy

Sequential MTX, ACT 90 (82)
Resistant therapy

MAC, EMACO, EMAEP 20 (18)

HIGH RISK 51 (32)
Initial therapy

Sequential MTX/ACT D 14 (27)
MAC, EMACO 27 (53)

Resistant therapy
EMAEP, VBP 9 (18)

TOTAL 161 (100) 160/161 (99)

Note: ACT D, actinomycin D; EMACO, etoposide, methotrexate, actinomycin D, cyclophosphamide
(Cytoxan), vincristine (Oncovin); EMAEP, etoposide, methotrexate, actinomycin D, carboplatin; MAC,
methotrexate, actinomycin D, cyclophosphamide (Cytoxan); MTX, methotrexate; VBP, vinblastine
(Velban), bleomycin, carboplatin.
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et al. (197) reported that six (66.7%) of nine carefully selected
patients with drug-resistant pulmonary GTN attained com-
plete remission following lung resection. Several investigators
have reported that undetectable hCG levels within 1 to 2
weeks of resection of a solitary pulmonary nodule are highly
predictive of a favorable outcome (198–202). Survival follow-
ing salvage surgery is influenced by the number of preopera-
tive chemotherapy regimens, number of disease sites, and the
WHO score.

Hysterectomy may be required in patients with metastatic
GTN to control uterine hemorrhage or sepsis. Furthermore, in
patients with bulky uterine tumor, hysterectomy may reduce the
tumor burden and thereby limit the need for chemotherapy.
Hammond et al. (203) reported that patients who underwent
hysterectomy had a shorter duration of hospitalization and
chemotherapy. Angiographic embolization can also be effective
in the management of profuse uterine bleeding in lieu of
hysterectomy, especially in those patients who are hemodynam-
ically stable and wish to retain their fertility potential (192).

Stage IV

Tables 28.9 and 28.10 outline the NETDC protocol for the
management of stage IV disease and the results of treatment.
These patients are at high risk for developing rapidly progres-
sive disease despite intensive therapy.

All patients with stage IV disease should be treated with
intensive combination chemotherapy and the selective use of
radiation therapy and surgery (2,37). Before 1975, only 6
(30%) of 20 patients with stage IV disease attained complete
remission. However, after 1975, 16 (80%) of 20 patients with
stage IV tumors achieved remission. This dramatic improve-
ment in survival resulted from the introduction of intensive
multimodal therapy early in the course of treatment.

The management of hepatic metastases is particularly diffi-
cult and challenging. Hepatic resection may be required to con-
trol bleeding or to excise resistant tumor. Grumbine et al. (204)
reported the use of selective occlusion of the hepatic arteries and
concurrent combination chemotherapy in a patient with bleed-
ing liver metastases who ultimately attained remission.
Importantly, Wong et al. (205) noted that nine of ten patients
with hepatic involvement achieved complete remission with pri-
mary intensive combination chemotherapy without any hepatic
irradiation. Bakri et al. (151) similarly reported that five of eight
(62.5%) patients with liver metastases who were treated with
combination chemotherapy alone attained complete remission.

If cerebral metastases are detected, irradiation is promptly
instituted at the NETDC. The presence of multiple lesions
requires treatment to the whole head, while a solitary lesion
can be treated locally. Solitary lesions can also be resected
(206). The risk of spontaneous cerebral hemorrhage is
reduced by the concurrent use of chemotherapy and brain
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TREATMENT PROTOCOL FOR STAGE IV GTN (NEW ENGLAND 
TROPHOBLASTIC DISEASE CENTER, JULY 1965 TO JUNE 2006)

TA B L E  2 8 . 9

INITIAL
EMACO 
With brain metastases—radiation; craniotomy for peripheral lesions
With liver metastases—embolization; resection to manage complications

RESISTANT
Salvage chemotherapy—EMAEP; VBP; experimental protocols
Surgery, as indicated

FOLLOW-UP
Weekly hCG levels until undetectable for 3 weeks, then monthly for 24 months
Contraception for 24 months

Note: EMACO, etoposide, methotrexate, actinomycin D, cyclophosphamide (Cytoxan), vincristine
(Oncovin); EMAEP, etoposide, methotrexate, actinomycin D, carboplatin; GTN, gestational trophoblastic
neoplasia; hCG, human chorionic gonadotropin; VBP, vinblastine (Velban), bleomycin, carboplatin.

STAGE IV. DISTANT METASTASES (NEW ENGLAND TROPHOBLASTIC DISEASE
CENTER, JULY 1965 TO JUNE 2006)

TA B L E  2 8 . 1 0

Remission therapy No. of patients (%) No. of remissions (%)

Before 1975 20
Sequential MTX/ACT D 5 (25)
MAC 1 (5)

After and including 1975 20
Sequential MTX/ACT D 2 (10)
MAC, EMA, EMACO, etc. 14 (70)

Note: ACT D, actinomycin D; EMACO, etoposide, methotrexate, actinomycin D, cyclophosphamide
(Cytoxan), vincristine (Oncovin); EMA, etoposide, methotrexate, actinomycin D; MAC, methotrexate,
actinomycin D, cyclophosphamide (Cytoxan); MTX, methotrexate.
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irradiation (207). Brain irradiation may also be tumoricidal.
Yordan et al. (208) reported that deaths due to central nervous
system involvement occurred in 11 (44%) of 25 patients
treated with chemotherapy alone, but in none of 18 patients
treated with brain irradiation and chemotherapy.

However, Newlands et al. (145) have reported excellent
remission rates in patients with cerebral metastases who were
treated with chemotherapy alone. Thirty of 35 (86%) patients
with cerebral lesions achieved sustained remission with inten-
sive combination chemotherapy including high-dose intra-
venous and intrathecal methotrexate (MTX). None of their
patients received external beam brain irradiation.

In addition to its efficacy in removing solitary peripheral
metastases, craniotomy is most useful for the management of life-
threatening complications, which then allows the opportunity for
chemotherapy to induce a complete remission. Infrequently, cere-
bral metastases that prove resistant to chemotherapy may be
amenable to resection. Evans et al. (206) reported complete
remission in three of four patients who underwent craniotomy to
relieve intracranial pressure, and in two of three patients under-
going craniotomy for resection of chemotherapy-resistant tumor.
Athanassiou et al. (149) similarly reported that four of five
patients undergoing craniotomy for acute intracranial complica-
tions were ultimately cured. They also observed that most
patients with cerebral metastases who achieve remission gener-
ally have no residual neurologic deficits.

Follow-Up

All patients with stage I, II, and III GTN should be followed
with weekly hCG tests until normal for 3 consecutive weeks,
and then monthly for 12 months. Patients are encouraged to use
contraception during the entire interval of follow-up. Patients
with stage IV disease are followed with weekly hCG values until
normal for 3 weeks and then monthly for 24 months. These
patients require prolonged follow-up because they have an
increased risk of late recurrence.

False-Positive hCG Tests

It is important for clinicians to recognize that hCG molecules in
GTN are more degraded or heterogeneous in serum than they
are in normal pregnancy (209). Trophoblastic disease samples
contain high proportions of free �-hCG, nicked hCG, and 
�-core fragment (210). When monitoring patients with GTN, it
is therefore desirable to use an assay that detects not only intact
hCG, but also all of its metabolites and fragments (211–214).

Many hCG assays have a degree of cross reactivity with
luteinizing hormone. Following multiple courses of combina-
tion chemotherapy, ovarian steroidal function may be dam-
aged, particularly in patients in their late 30s and 40s. When
ovarian function is damaged, luteinizing hormone levels may
rise, and owing to cross reactivity, the patient may be falsely
thought to have persistent low levels of hCG. Patients who
receive combination chemotherapy should therefore be placed
on oral contraceptives to suppress luteinizing hormone levels
and prevent problems with cross reactivity.

It is important to emphasize that some patients may have a
false-positive elevation in serum hCG measurement owing to
the presence of circulating heterophilic antibody called “phan-
tom hCG” (211). These patients with phantom hCG or phan-
tom CCA often have no clear antecedent pregnancy and no
progressive rise in their hCG levels. The possibility of false-
positive hCG measurement should be assessed by sending
both serum and urine samples to a reference hCG laboratory.
Patients with phantom hCG generally have no measurable
hCG in a parallel urine sample.

Quiescent GTN

Low-level “real” hCG has recently been recognized as a new
clinical entity called quiescent GTN that presents a clinical
challenge to physicians who treat patients with GTN. These
patients have had a molar pregnancy or other type of GTN
and the hCG level initially regresses, but persists at very low
levels (mostly in the nonhyperglycosylated form) for many
weeks or months. In these women, extensive workup reveals
no lesion in the uterus or elsewhere, and administering
chemotherapy is not effective. In these patients careful follow-
up is recommended, since approximately 6% to 10% will ulti-
mately relapse with rising hCG levels. At that point in time,
chemotherapy will prove effective. In all such patients who
develop active disease, hyperglycosylated hCG is the major
component of the hCG present (214–217). 

Recurrent GTN

Mutch et al. (218) reported recurrences after initial remission
in 2% of patients with nonmetastatic GTN, 4% of patients
with good-prognosis metastatic GTN, and 13% of patients
with poor-prognosis disease. Relapses developed within 3 and
18 months in 50% and 85% of patients, respectively.
Similarly, we observed relapse after initial remission in 2.9%
of stage I, 8.3% of stage II, 4.2% of stage III, and 9.1% of
stage IV patients (219). The mean time to recurrence from the
last nondetectable hCG level was 6 months, and this did not
differ among the four FIGO stages. All patients with stage I,
II, and III GTN who developed recurrence were subsequently
cured, whereas both stage IV patients with recurrences died.
Recently, Ngan et al. (220), reporting on a 20-year experience
treating GTN in Hong Kong, observed that the median inter-
val from remission to relapse was 6.5 months. They concluded
that the most important risk factors for recurrence were attrib-
utable to patients who defaulted treatment or follow-up, and
those who presented with massive disease. Yang et al. (221) in
studying 901 patients with GTN who received treatment in
Beijing reported a mean interval from remission to relapse of
15.3 months. The four recurrence-associated risk factors in
this study identified by multivariate analysis were (a) clinical
stage, (b) an interval of �12 months between the antecedent
pregnancy and the start of chemotherapy, (c) a negative blood
�-hCG titer after seven courses of chemotherapy, and (d) less
than two courses of consolidation chemotherapy .

Chemotherapy

Single-Agent Chemotherapy

In 1956, Li et al. (222) reported the dramatic cure of metasta-
tic CCA in three women by using MTX. In 1961, Hertz et al.
(223) reviewed the initial 5-year experience with chemother-
apy in treating metastatic GTN. Importantly, MTX alone
induced complete remission in 28 (44%) of 63 patients with
metastatic disease. After achieving impressive results in
patients with metastatic disease, Hertz et al. (224) used MTX
as the primary treatment of nonmetastatic GTN. Complete
remission was attained in all 16 women with nonmetastatic
disease by administering MTX alone. Chemotherapy, there-
fore, obviated the need for hysterectomy and enabled patients
to attain cure while retaining their fertility. Although MTX
induced cure in many patients, it was still necessary to identify
other active chemotherapeutic agents. Ross et al. (225) first
used actinomycin D (ACT D) in 13 patients with MTX-resistant
GTN and 6 (46%) patients attained complete remission.
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Since the early 1960s, MTX and ACT D have remained the
two central drugs in the treatment of patients with GTN.

Single-agent chemotherapy with either ACT D or MTX has
induced comparable and excellent remission rates in both
nonmetastatic and metastatic GTN (226). An optimal regimen
should maximize the cure rate while minimizing toxicity.
Many protocols have been evaluated for administering ACT D
and MTX as single agents in nonmetastatic and low-risk
metastatic GTN (190,226–236). Several regimens of ACT D
and MTX have induced complete remission in 70% to 100%
of patients with nonmetastatic GTN and in 50% to 70% of
patients with low-risk metastatic disease. Fortunately, if a
patient develops resistance to the initial single-agent
chemotherapeutic treatment, it is still likely that the patient
may achieve remission with an alternative single agent.

In 1964, Bagshawe and Wilde (237) first reported adminis-
tering MTX with folinic acid (MTX/FA) to reduce chemother-
apeutic toxicity. MTX/FA has remained the primary treatment
of nonmetastatic and low-risk metastatic GTN at the Charing
Cross Hospital. Although MTX/FA is highly effective, resis-
tance develops in 20%, and ACT D is then used sequentially. 

MTX/FA has been the preferred single-agent regimen in the
treatment of GTN at the NETDC since 1974 (238–240).
Between September 1974 and September 1984, 185 patients
with GTN were treated with primary MTX/FA at the NETDC.
Complete remission was induced with MTX/FA in 162 (87.6%)
patients, and 132 (81.5%) of these patients required only one
course of MTX/FA to achieve remission. MTX/FA induced
remission in 147 (90.2%) of 163 patients with stage I and in 15
(68.2%) of 22 patients with low-risk stages II and III. Among
the 23 patients who were resistant to MTX/FA, 14 (61%)
achieved remission with ACT D and remission was accom-
plished with combination chemotherapy in the remaining 9.
Toxicity to MTX/FA including thrombocytopenia, granulocy-
topenia, and hepatotoxicity occurred in only 11 (5.9%), 3
(1.6%), and 26 (14.1%) patients, respectively. No patient
required platelet transfusions or developed sepsis due to myelo-
suppression, and no patient developed alopecia. MTX/FA not
only induces an excellent remission rate with minimal toxicity,
but also effectively limits chemotherapy exposure (241). The
MTX/FA regimen is administered over 8 days (MTX 1 mg/kg
intramuscularly on days 1, 3, 5, and 7 and folinic acid 0.1 mg/kg
intramuscularly or orally on days 2, 4, 6, and 8), and its effec-
tiveness may be partly attributable to the prolonged exposure to
MTX. When we infused MTX at a higher dosage (300 mg/m2)
over 12 hours and 30 minutes, the remission rate declined to
69% in patients with nonmetastatic disease (242).

Whereas MTX and ACT D are the two most commonly
used single agents in the treatment of GTN in the United
States and in most of the world, 5-fluorouracil (5FU) has been
the preferred single-agent chemotherapy in China. Sung et al.
(243) reported that 5FU induced complete remission in 93%
of patients with stage I and in 86% of patients with stage II
GTN. Etoposide has also been utilized as a single agent in the
management of both nonmetastatic and metastatic disease
with considerable success (244).

Combination Chemotherapy

Modified triple therapy with MTX/FA, ACT D, and cyclophos-
phamide had been the preferred combination drug regimen at
the NETDC (245). However, triple therapy is inadequate as an
initial treatment in patients with high-risk metastatic disease
(prognostic score 7 or �7). Summarizing the experience from
six centers, triple therapy induced complete remission in 47
(51%) of 92 patients with metastatic GTN and a high-risk
WHO score (154–158,160, 188,189,245–247).

Etoposide (VP16) has been demonstrated to be a highly
active antitumor agent in GTN. Primary oral etoposide induced

complete sustained remission in 56 (93.3%) of 60 patients with
nonmetastatic or low-risk metastatic disease (244). Bagshawe
(248) reported an 83% remission rate in patients with metasta-
tic disease and a high-risk score using a combination regimen
that included etoposide. This regimen (EMACO) includes
etoposide, MTX, ACT D, cyclophosphamide, and vincristine
(Oncovin) and is currently the preferred treatment for patients
with high-risk metastatic GTN. Bolis et al. (249), Lurain et al.
(250), and Soper et al. (251) have similarly reported that
EMACO induced complete remission in 13 (76%) of 17, in 20
(67%) of 30, and in 4 (67%) of 6 patients, respectively, with
metastatic GTN and a high-risk score. Furthermore, Bower et al.
(252) and Kim et al. (253) reported that primary EMACO
induced remission in 130 (86.1%) of 151 patients and in 87
(90.6%) of 96 patients, respectively, with high-risk metastatic
GTN. Therefore, EMACO is highly effective as primary therapy,
inducing complete remission in 70% to 90% of patients with
high-risk metastatic GTN.

If patients experience resistance to EMACO, they may then
successfully be treated with a modification of this regimen by
substituting etoposide and cisplatin on day 8 (EMAEP)
(250–255). Bower et al. (252) reported that EMAEP induced
remission, alone or in conjunction with surgery, in 16 (76%)
of 21 patients who were resistant to EMACO. Lurain et al.
(250) also noted the efficacy of using platinum. He observed
that eight of ten patients (80%) resistant to EMACO were
placed in remission with platinum-based chemotherapy. When
patients develop resistance to EMACO, surgical intervention
may also be necessary to remove sites of resistant tumor
(255,256).

Unfortunately, the use of etoposide has been reported to
increase the risk of later secondary tumors including myeloid
leukemia, melanoma, colon cancer, and breast cancer (257).
The relative risk for leukemia, melanoma, colon cancer, and
breast cancer was increased by 16.6%, 3.4%, 4.6%, and
5.8%, respectively, in patients who received �2 gms/M2. The
increased risk for breast cancer did not become apparent until
after 25 years. Among all patients who were treated with
etoposide, 1.5% subsequently developed leukemia. Etoposide
should therefore be used only with high-risk metastatic dis-
ease. When patients with nonmetastatic and low-risk metasta-
tic GTN experience resistance to MTX and ACT D, it is
reasonable to consider administering triple therapy before
treatment with regimens containing etoposide (258).

Second-line therapy with cisplatin, vinblastine, and
bleomycin (PUB) may also be effective in patients with drug-
resistant GTN. Gordon et al. (259), DuBeshter et al. (260), and
Azab et al. (261) reported that PUB induced complete remission
in 2 of 11 patients, 4 of 7 patients, and 5 of 8 patients, respec-
tively, with drug-resistant GTN.

The potential role of autologous bone marrow transplanta-
tion or stem-cell rescue in GTN has yet to be defined. However,
individual cases have been reported where high-dose chemother-
apy with autologous bone marrow or stem-cell support has
induced complete remission in patients with refractory GTN
(262,263).

Despite the efficacy of the well-recognized regimens used in
treating GTN, efforts continue to identify new agents that are
effective in treating patients with resistance. Although ifos-
famide and paclitaxel (Taxol) are both active in treating GTN,
further studies must be performed to determine their potential
role in either primary treatment or second-line therapy
(264,265). Osborne et al. (266) have reported that a novel
three-drug doublet regimen, consisting of paclitaxel, etoposide,
and cisplatin (TE/TO), induced complete remission in two
patients with relapsed high-risk GTN. Wan et al. (267) ana-
lyzed the efficacy of floxuridine (FUDR)-containing regimens
in the treatment of patients with invasive mole and CCA, some
of whom had shown resistance to other regimens. Twenty-one
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patients with drug-resistant GTN received FUDR-containing
regimens and all patients achieved remission. Matsui et al.
(268) found that 5FU in combination with ACT D could also
be used as salvage therapy and induced complete remission in
9 of 11 (82%) patients with drug-resistant GTN.

Patients who require combination chemotherapy should be
treated intensively to attain remission. Treatment delay or
dose reduction due to chemotherapy-induced neutropenia
may contribute to tumor resistance and treatment failure.
Since the goal of therapy is cure of the disease, unnecessary
treatment delays and dose reduction must be avoided, particu-
larly in high-risk patients. Recombinant hematopoietic
growth factors and platelet transfusion should be used. We
administer combination chemotherapy as frequently as toxic-
ity permits until the patient attains three consecutive normal
hCG values. After the patient achieves normal hCG levels,
three additional courses of chemotherapy are administered to
reduce the risk of relapse.

Subsequent Pregnancies

Pregnancies After Hydatidiform Mole

Patients with CHM can anticipate normal reproduction in the
future (103). Patients with complete moles who were treated
at the NETDC had 1,278 later pregnancies between June
1965 and November 2001. These pregnancies resulted in 877
(68.6%) full-term live births, 95 (7.4%) premature deliveries,
11 (0.9%) ectopic pregnancies, and seven (0.5%) stillbirths
(Table 28.11). First-trimester spontaneous abortion occurred
in 221 (17.3%) pregnancies, and major and minor congenital
malformations were detected in only 40 (4.1%) infants.
Primary cesarean section was performed in only 70 (18.8%)
of 373 subsequent full-term and premature births between
January 1979 and November 2001.

Limited information is available regarding the later preg-
nancy experience in patients with partial moles (Table 28.12).
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SUBSEQUENT PREGNANCIES IN PATIENTS WITH COMPLETE MOLE 
(NEW ENGLAND TROPHOBLASTIC DISEASE CENTER, JUNE 1, 1965, 
TO NOVEMBER 20, 2001)

TA B L E  2 8 . 1 1

Outcome No. of patients %

Term delivery 877 68.6
Stillbirth 7 0.5
Premature delivery 95 7.4
Spontaneous abortion

First trimester 221 17.3
Second trimester 8 0.6

Therapeutic abortion 41 3.2
Ectopic pregnancy 11 0.9
Repeat molar pregnancy 18 1.4
Total pregnancies 1,278
Congenital malformations (major and minor) 40/979 (4.1)
Primary cesarean section 70/373 (18.8)a

aJanuary 1979 to November 2001.

SUBSEQUENT PREGNANCIES IN PATIENTS WITH PARTIAL MOLE 
(NEW ENGLAND TROPHOBLASTIC DISEASE CENTER, JUNE 1, 1965, 
TO NOVEMBER 20, 2001)

TA B L E  2 8 . 1 2

Outcome No. of patients %

Term delivery 189 75.3
Stillbirth 1 0.4
Premature delivery 4 1.6
Spontaneous abortion

First trimester 38 15.1
Second trimester 1 0.4

Therapeutic abortion 11 4.4
Ectopic pregnancy 1 0.4
Repeat molar pregnancy 6 2.4
Total pregnancies 251
Congenital malformations (major and minor) 3/194 (1.5)
Primary cesarean section 29/194 (14.9)a

aJanuary 1979 to November 2001.
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Between June 1965 and November 2001, patients with partial
moles at the NETDC had 251 subsequent gestations that
resulted in 189 (75.3%) full-term live births, one (0.4%) still-
birth, one (0.4%) ectopic pregnancy, and four (1.6%) prema-
ture deliveries. First-trimester spontaneous abortion occurred
in 38 (15.1%) pregnancies, and major or minor congenital
anomalies were detected in only three (1.5%) infants. The pre-
liminary data concerning subsequent conceptions after partial
moles are therefore reassuring.

When a patient has had a molar pregnancy, she is at
increased risk of developing molar disease in later conceptions
(269,270). Thirty-four (1:150) of our patients have had at least
two molar gestations between June 1965 and November 2001
(101). Patients may have an initial complete or partial mole
and then in a later pregnancy develop the other type of molar
disease. Following two episodes of molar pregnancy, our 
34 patients had 35 later conceptions, resulting in 20 (57.1%)
full-term deliveries, seven (20%) molar pregnancies (six com-
plete, one partial), three (8.6%) spontaneous abortions, one
(2.9%) ectopic pregnancy, one intrauterine fetal death, and
three (8.6%) therapeutic abortions. Bagshawe et al. (271) also
reported that the risk of molar disease following two episodes
of molar pregnancy was 15%. In six of our cases, the medical
records clearly indicated that the patient had a different part-
ner at the time of conception of different molar pregnancies
(272). Patients with molar gestation appear to be at increased
risk for later molar disease even with a different partner.

It therefore seems prudent to obtain an ultrasound in the
first trimester of any subsequent pregnancy to confirm normal
gestational development. An hCG measurement should also
be obtained 6 weeks after the completion of any future preg-
nancy to exclude occult trophoblastic disease.

Pregnancies After GTN

Patients with successfully treated GTN can also generally
expect normal reproduction in the future (103). Patients with
GTN who were treated with chemotherapy at the NETDC
had 581 pregnancies between June 1965 and November 2001.
These later pregnancies resulted in 393 (67.6%) full-term live
births, 35 (6.0%) premature deliveries, seven (1.2%) ectopic
pregnancies, and nine (1.5%) stillbirths (Table 28.13). First-
trimester spontaneous abortion occurred in 92 (15.8%) preg-
nancies and major and minor congenital anomalies were

detected in only ten (2.3%) infants. It is particularly reassur-
ing that the frequency of congenital malformations is not
increased because chemotherapy may be teratogenic and
mutagenic. Primary cesarean section was performed in only
68 (20.3%) of 335 subsequent full-term and premature deliv-
eries between January 1979 and November 2001. Later preg-
nancies have no increased risk for obstetric complications
either prenatally or intrapartum.

Summarizing the experience from the NETDC with eight
other centers, following chemotherapy for GTN, data have
been reported concerning the outcome of 2,657 later pregnan-
cies (273–280). These subsequent pregnancies resulted in
2,038 (76.7%) live births, 71 (5.3%) premature deliveries, 34
(1.3%) stillbirths, and 378 (14.2%) spontaneous abortions.
Although the frequency of stillbirth appears to be somewhat
increased, congenital malformations were noted in only 37
infants (1.8%), which is consistent with the general popula-
tion. Woolas et al. (280) noted that there was no difference in
either the conception rate or pregnancy outcome between
women treated with single-agent MTX and those receiving
combination chemotherapy. Furthermore, only 7% of women
who wished to become pregnant following chemotherapy for
GTN failed to conceive.

In general, patients who achieve primary remission with
various kinds of chemotherapy may anticipate a normal future
reproductive outcome. Patients occasionally become pregnant
before the recommended 12-month follow-up period has
elapsed. When a patient’s hCG level re-elevates after complet-
ing chemotherapy, the use of ultrasound enables the clinician
to distinguish between an intercurrent pregnancy and disease
recurrence. Matsui et al. (281) have reported that pregnancies
that occur within 6 months following remission are at
increased risk of abnormalities, including spontaneous miscar-
riage, stillbirths, and repeat moles.

Psychosocial Consequences of GTN

Women who develop GTN may experience significant mood
disturbance, marital and sexual problems, and concerns over
future fertility (282–285). Because GTN is a consequence of
pregnancy, patients and their partners must confront the loss of
a pregnancy at the same time they face concerns regarding
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SUBSEQUENT PREGNANCIES IN PATIENTS WITH GESTATIONAL
TROPHOBLASTIC TUMORS (NEW ENGLAND TROPHOBLASTIC DISEASE
CENTER, JUNE 1, 1965, TO NOVEMBER 30, 2001)

TA B L E  2 8 . 1 3

Outcome No. of patients %

Term delivery 393 67.6
Stillbirth 9 1.5
Premature delivery 35 6.0
Spontaneous abortion

First trimester 92 15.8
Second trimester 7 1.2

Therapeutic abortion 28 4.8
Ectopic pregnancy 7 1.2
Repeat molar pregnancy 8 1.4
Total pregnancies 581
Congenital malformations (major and minor) 10/437 (2.3)
Primary cesarean section 68/335 (20.3)a

aJanuary 1979 to November 2001.

Barakat_CH28-875-896.qxd  3/2/09  5:46 PM  Page 890



malignancy. Patients may experience clinically significant levels
of anxiety, fatigue, anger, confusion, sexual problems, and con-
cern for future pregnancy that may last for protracted periods of
time. Particularly, patients with metastatic disease and active dis-
ease are at risk for severe psychologic reactions. Psychosocial
assessments and interventions should be provided to patients
with GTN and their partners, and should be targeted particu-
larly to patients in the metastatic and active disease groups. The
psychologic and social stresses related to persistent GTN may
last for many years beyond achieving complete remission. Even
5 to 10 years after attaining complete remission, 51% of
patients indicate that they would be somewhat likely to very
likely to participate in a counseling program today to discuss
psychosocial issues raised by having had GTN.
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and progesterone, as demonstrated in the WHI (2). Analysis
showed that the risk of breast cancer among women using
estrogen and progesterone was increased by 24% compared to
placebo. A separate arm of the WHI randomized women with
a prior hysterectomy to conjugated equine estrogen (CEE) versus
placebo, and in that study, the use of CEE was not associated
with an increased risk of breast cancer (3). Unlike hormone
replacement therapy, there is no evidence that oral contracep-
tive (OCP) use increases risk. A large population-based case-
control study examining the risk of breast cancer among
women who previously used or were currently using OCPs
included over 9,000 women aged 35 to 64 (half of whom had
breast cancer) (4). The reported relative risk was 1.0 (95% CI,
0.8 to 1.3) among women currently using OCPs and 0.9 (95%
CI, 0.8 to 1.0) among prior users. In addition, neither race nor
family history was associated with a greater risk of breast can-
cer among OCP users.

Apart from endocrine risk factors, sociodemographic risks
have also been established. Breast cancer is an age-related
phenomenon, with peak incidence after 40. Family history
is also a strong epidemiologic risk factor, although it accounts
for less than 10% of cases of breast cancer. Clinical models
can now be employed to predict the risk of breast cancer.
Among those in common use are the Gail and Claus models
(Table 29.1) (5,6). Although they have been widely used in the
African American and other minority populations, they have
not been validated sufficiently. 

Beyond classification of risk based on family history, the
identification of genetic mutations that are passed in an
autosomal-dominant fashion has been an important scientific
breakthrough. Among the most significant was the identifica-
tion of mutations at BRCA1, localized to chromosome 17q21,
and BRCA2 on chromosome 13q12-13, both of which confer
a risk for breast cancer as high as 80% among carriers (7,8). A
specific BRCA1 mutation, 185delAG, has been identified in
over 20% of Jewish women younger than 40 years of age.
Other mutations known to carry an increased risk are those
involving p53 in the Li-Fraumeni syndrome (associated with
other cancers including sarcoma, leukemia, melanoma, gas-
trointestinal carcinomas, and brain tumors), CHEK-2, and
PTEN mutations associated with Cowden syndrome (mental
retardation associated with increased incidence of hamar-
tomas, endometrial cancer, and noncancerous brain tumors).

Work evaluating the long-term effects of environmental fac-
tors has established prior radiation exposure as an additional
risk factor. The therapeutic use of mantle-field radiation in
women with Hodgkin’s disease and the sequelae of the atomic
bombing of Japan in World War II identified the heightened
risks of breast cancer, particularly in young women (9,10).

INTRODUCTION
Breast cancer is a worldwide problem and affects more than
1.2 million women every year, making it the most common
cancer diagnosis in women. Treatment paradigms require an
understanding of the natural history of the disease including
the various patterns of metastases and recurrence, and both
the prognostic and predictive factors that may influence both
response to treatment and overall survival. In addition, the
complexities that govern medical and surgical decisions make
the management of breast cancer far more complicated than
that of other disease sites. This chapter provides the essential
information regarding breast cancer with an emphasis on
recent developments. It stresses an interdisciplinary view of
disease management by providing the foundational aspects of
breast disease and treatment. 

EPIDEMIOLOGY 
Each year about 180,510 women and 2,030 men are diagnosed
with breast cancer in the United States (1). It is estimated that
one in eight women will be diagnosed with breast cancer in their
lifetime. Beginning in the late 1990s a shift in the incidence of
breast cancer in the United States was noted. The steady increase
in breast cancer diagnosis seen in the 1950s started to decline in
1999 and continued into 2003. The decline in the annual inci-
dence between 2002 and 2003 was limited to women over the
age of 50. Whether the declining use of hormone replacement
therapy following publication of the Women’s Health Initiative
(WHI) results, utilization of mammographic screening and ear-
lier diagnosis of disease, or a combination of these factors
explains this trend continues to be an area of investigation.
Mortality from breast cancer has been steadily declining since
1990, at a rate of 3.3% in women under 50 and 2.0% per year
in older women (1). Still, over 40,000 women will succumb to
breast cancer, making it second only to lung cancer. 

RISK FACTORS
Risk factors for breast cancer have been well characterized.
Breast cancer is 100 times more frequent in women than in
men. Factors associated with an increased exposure to estrogen
have also been elucidated including early menarche, late
menopause, later age at first pregnancy, or nulliparity. The use
of hormone replacement therapy has been confirmed as a risk
factor, although mostly limited to the combined use of estrogen

DON S. DIZON, TREVOR TEJADA-BERGES, MARGARET M. STEINHOFF, 
C. JAMES SUNG, SUSAN L. KOELLIKER, HANAN I. KHALIL, 
BRIGID O’CONNOR, STEPHANIE MacAUSLAND, CHARU TANEJA, 
ROBERT D. LEGARE, AND JENNIFER S. GASS

CHAPTER 29 ■ BREAST CANCER

897

Barakat_CH29-897-946.qxd  3/2/09  5:30 PM  Page 897



Among modifiable risk factors, obesity, weight gain in later
life, and the consumption of alcohol have been identified in
prospective observational studies (11). The association of
environmentally found trace elements and breast cancer risk
has also been evaluated with unconvincing results in general. 

An association has been made between breast cancer risk
and breast findings. Among the best described risk factors is
the association between breast cancer and a history of biopsies
for benign breast disease. In a study by Hartmann et al. the rel-
ative risk for breast cancer ranged from 1.27 for nonprolifera-
tive lesions to 1.88 for proliferative lesions without atypia to
4.24 in lesions with atypia, and this risk persisted for as long as
25 years after biopsy (12). A recent report from Worsham et al.
evaluated the same risks in an inner-city clinic and reported
that African American women with benign breast lesions faced
similar risks in developing breast cancer (13). More recently,
Boyd et al. reported on the association between risk and breast
density (measured in percentage of the total breast) (14). Using
1,112 matched case-control pairs they determined the associa-
tion between risk and reported that women with density of
75% or greater had a significantly increased risk of breast cancer
(odds ratio, 4.7; 95% CI, 3.0 to 7.4), with younger women
notably at greatest risk.

ANATOMY
The breast is a modified sweat gland composed of two compo-
nents: the large ducts and the terminal duct–lobular unit (TDLU),
surrounded by adipose and fibrous tissue, lymphatics, nerves,
and blood vessels. The surface of the breast is attached to the
underlying fibrous tissue by way of Cooper’s ligaments, and the
mammary gland lies over the pectoralis major muscle, extending
vertically along the second to sixth ribs and horizontally from the

sternum to the anterior midaxillary line. The axillary tail com-
prises mammary tissue as well and extends laterally from the
chest wall into the axilla. The large duct system of subsegmental,
segmental, and lactiferous ducts converge and empty onto the
nipple. The TDLU is the most distal part of this branching ductal
system, and is felt to be the site of origin of most pathologic enti-
ties of the breast, including fibrocystic changes, ductal hyper-
plasias, and the majority of carcinomas (15,16). It is connected to
the subsegmental ducts and represents the secretory unit of the
gland (Fig. 29.1). 
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MODELS FOR ESTIMATING RISK FOR BREAST CANCER

TA B L E  2 9 . 1  

Gaila Clausb

Source Breast Cancer Detection Cancer and Steroid 
Demonstration Project Hormone Study (n � 9,418)

(n � 284,780)

Personal risk factors Age Age
Age at menarche
Prior breast biopsies
Age at first live birth

Family history Number of maternal first-degree Number of relatives with breast 
relatives with breast cancer cancer (beyond first-degree 

relatives) and ages of onset

Calculations Absolute riskc at 5 years Lifetime risk up to 80 years old
Lifetime risk up to 90 years old

Limitations Excludes paternal history Excludes other risk factors
Excludes ovarian cancer history May underestimate risk in 
Does not use pathologic findings families with three or more

from breast biopsy family members with 
Does not account for age of onset breast cancer

of breast cancer among family
Not validated in other ethnic groups

aGail MH, Brinton LA, Byar DP, et al. Projecting individualized probabilities of developing breast cancer
for white females who are being examined annually. J Natl Cancer Inst 1989;81(24):1879–1886.
bClaus EB, Risch N, Thompson WD. Autosomal dominant inheritance of early-onset breast cancer.
Implications for risk prediction. Cancer 1994;73(3):643–651.
cRisk defined for invasive breast cancer only.

FIGURE 29.1. Normal breast lobules. Three terminal duct–lobular
units are surrounded by adipose and fibrous tissue.
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Mobility of the breast tissue over the chest wall is through
the retromammary bursa, which lies between the superficial
and deep fascia. The lymphatic system of the breast is vast,
comprising a network over the entire surface of the chest, neck,
and abdomen, with increased density under the axilla. There
are three main lymphatic pathways of the breast: (a) the axillary
pathway, which drains the upper and lower halves of the breast
into the lateral axillary nodal chain; (b) the transpectoral path-
way, which drains into the supraclavicular nodes; and (c) the
internal mammary pathway, draining the inner halves of the
breast, into the nodes of the internal mammary chain.

NATURAL HISTORY 
OF BREAST CANCER

Breast cancers can occur with predictable features. For exam-
ple, it is more likely to be diagnosed in the central or outer
quadrants of the breast than in the inner regions (17). It has
also been reported to be more commonly involving the left
breast; a study of 2,139 cases of breast cancer in Iceland
showed that 13% more breast cancers occurred in the left
breast versus the right (18). 

Within the breast, cancer travels along ducts (intraductal
carcinoma), and the process of invasion begins when the
tumor erodes through the basement membrane. Continued
growth results as the tumor spreads along adjacent lobules,
breast lymphatics, perineural tumors, and vascular spaces.
When it involves the dermal lymphatics, the overlying dermis
becomes edematous and red with the classic appearance of
peau d’orange. Continued growth of the primary tumor can
result in the involvement of the pectoralis and intercostal mus-
cles, ribs, and the clavicle. 

While less frequently encountered, locally advanced or
metastatic disease at diagnosis still occurs in clinical practice.
Tumor spread can occur locally by direct extension, lymphati-
cally, or via intravascular means. Lymphatic spread of tumor
from the breast travels to the locoregional nodes of the
chest—the axillary, intramammary, and supraclavicular nodal
basins—and increasing tumor size is a well-known predictor
of nodal involvement. A medial or central lesion of the breast
is more likely to metastasize to the internal mammary nodes
than outer quadrant lesions, and this has been theorized to
explain their worse prognosis compared to upper outer breast
tumors (17). Vascular invasion can be observed, even with
small tumors. 

Metastatic disease from breast cancer can occur in any organ
site. Lee reported on presentations of metastatic breast cancer
among over 2,000 women who had died of disease (Fig. 29.2)
(19). The most commonly involved organs were the lungs,
bones, nodes, and liver. The pleural space, adrenal glands, and

brain represented the next most commonly involved sites.
Regarding survival, bloom compared a group of women with
untreated breast cancer to a cohort of patients treated with radi-
cal or modified radical mastectomy, with or without irradiation,
and reported an overall 10-year survival of 3.6% in the
untreated cohort, versus 34% in the treated group (20).

Theories on the spread of breast cancer have been used as a
foundation for subsequent treatment, and have evolved over
time. Under Halsted, the notion that cancer arose from one
location and travelled contiguously by lymphatics to reach local
and distant locations was borne. Hence, treatment with the en
bloc resection of the breast and lymphatics was felt to present
the best opportunity for cure. Still, it was clear that even with
agressive surgery and removal of the lymphatics from the breast,
women still died of breast cancer. In a seminal paper by
Valagussa et al. the overall survival among women with node-
negative disease was reported to be 60%, those with up to three
nodes positive at 54%, and at 26% in those with more than
three positive nodes. This showed that contiguous lymphatic
spread alone could not explain survival outcomes (21). 

The theory of breast cancer as a systemic disease was
brought forward in 1980 by Dr. Bernard Fisher (22). Breast
tumors were seen as a marker of this systemic syndrome, just as
neuropathy would be a marker of advanced diabetes mellitus.
Hence, nodal disease was not simply an extension of a primary
breast cancer process, but rather a marker of disease already
spread. This theory holds that achieving local control will not
have an impact on overall survival and argues for the use of sys-
temic treatment in order to effect the best outcome. Recently,
however, a meta-analysis on the use of adjuvant radiation by
the Early Breast Cancer Trialists’ Collaborative has called this
theory into question. In that analysis the use of adjuvant radia-
tion not only improved local control but also reduced annual
mortality by 13% after the 2nd year of follow-up (23).

It is likely that breast tumors express variable degrees of
malignancy. Hellman argued that “synthesis” between Halsted
and Fisher’s theories was required (24). Recognizing that the size
of tumor is proportional to the risk of metastases, he suggested
that small and large tumors behave differently, and carried dif-
ferent prognoses. Whereas small tumors were a manifestation of
a locoregional process and therefore were curable with treat-
ment, larger tumors included a heterogenous population of cell
types, including those more likely to proliferate and be more
malignant—features that made them more likely to metastasize.
As such, the larger tumors were likely to be associated with sys-
temic disease. Defining cure as “that proportion of the treated
group that has the same survival as an age-adjusted peer popu-
lation,” he estimated that over 80% of women with tumors less
than 1 cm in size were curable and that this was manifest at
10 years of follow-up (24). In summary, he again stressed the
importance of local control for small tumors, while emphasizing
the importance of systemic control in larger breast cancers.
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FIGURE 29.2. Pattern of metastatic disease
from breast cancer based on an autopsy
series of over 2,000 women.
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CLINICAL PRESENTATION 
OF BREAST CANCER

Today the most common presentation is with an abnormal
mammogram, although patients continue to present with a
painless or slightly tender breast mass. In younger women, a
delay in diagnosis may be attributed to benign causes such as
recent trauma, changes with pregnancy, or due to breast-feeding.
For those women presenting with a mass, the patient may
ultimately present with breast tenderness, skin changes, bloody
nipple discharge, or changes in the shape and size of the breast,
with or without axillary adenopathy. Rarely will women pre-
sent with axillary nodal disease but no evidence of a breast pri-
mary, otherwise known as occult breast carcinoma. Lastly,
inflammatory breast cancer (IBC) presents as a tender, red, and
swollen breast, often mistaken for mastitis. A crusting rash
emanating from the nipple is sine qua non for Paget’s disease of
the breast, which is almost uniformly associated with an
underlying malignancy. Fortunately, with the increase in
screening following publication of the National Institutes of
Health (NIH) Consensus Statement in 1978, patients rarely
present with metastatic disease (25).

IMAGING STUDIES 
OF THE BREAST

Introduction

Breast imaging is performed as a screening tool in asymptomatic
women to detect early cancer or as a diagnostic examination
in women suspected of having breast cancer or previously
treated for breast cancer. Mammography remains the most
widely used technique for screening, and is the only modality
proven to decrease mortality. Computer-aided detection (CAD),
a tool designed to help the radiologist improve the detection
of breast cancer, is now available and more frequently used
by interpreting radiologists. In addition to mammography,
ultrasound (US) and magnetic resonance imaging (MRI) now
serve as adjunct tools in the diagnostic setting or for high-risk
screening. Finally, breast tomosynthesis may prove to be an
important tool in detection of early breast cancer. 

Mammography

The purpose of screening mammography is the early detection
of clinically unsuspected breast cancer in asymptomatic women.
The efficacy has been widely established by multiple randomized,
controlled trials, which have analyzed large-scale populations
with and without screening over long time intervals. These
studies show that screening mammography is associated with
an 18% to 45% reduction in breast cancer mortality compared
with unscreened groups (26–28). In 2003, the American Cancer
Society (ACS) updated its guidelines for early detection of
breast cancer based on results of an expert panel that reviewed
evidence of early detection trials since the last guidelines were
published in 1997 (29). A prior controversy regarding screening
mammography in women 40 to 49 years of age was addressed
as part of this review with the finding that contemporary
studies did demonstrate the benefit of screening for this age
group (28–30). Therefore, current guidelines recommend
annual screening mammography beginning at age 40, with
women at high risk of developing breast cancer beginning
earlier than age 40.

There is no recommendation for age at which screening
should stop; if an older individual is in reasonably good health,
would be a candidate for treatment, and has a life expectancy of
more than 3 to 5 years, continuing with screening mammogra-
phy is recommended. There is consensus with the ACS,
American College of Radiology (ACR), and the National
Cancer Institute (NCI) for routine screening beginning at age
40. However, the NCI recommends mammography only every
1 to 2 years after age 40. The cost-effectiveness of age-related
screening mammography has been assessed using the Markov
model (30). The marginal cost per year–life saved varies from
$18,800 to $16,100 for age groups including women ages 40 to
79, which is within the range of other generally acceptable diag-
nostic and therapeutic medical procedures.

Despite the success of screening mammography, the sensi-
tivity of mammography ranges from 80% to 90%, largely
because of insufficient contrast between normal and abnormal
breast tissue (31–33). In a screening population, approxi-
mately 10% of patients will be “recalled” for additional imag-
ing (i.e., additional mammographic views, spot compression
views, or ultrasound evaluation). Of all positive screening
examinations, approximately 5% to 10% will have a diagno-
sis of cancer, and of all recommended biopsies, 25% to 40%
will be positive for cancer. 

The screening mammogram is an x-ray of the breast, with
two views of each breast obtained, a top-to-bottom (cranio-
caudad, or CC) view and an angled side-to-side (mediolateral
oblique, MLO) view. The images can be recorded on film or
stored digitally on a computer. Two views of each breast are
needed to optimize the amount of breast tissue included on
each mammogram, minimize overcalling disease because of
superimposed tissue on a single view, and decreasing the like-
lihood of obscuring a cancer by overlapping tissue on a single
view. In some patients, particularly those with larger breasts,
more than four views are obtained by the technologist to
ensure that all the breast tissue is included on the images. 

Patients who present with concerning signs or symptoms
such as mastalgia, a palpable mass, skin thickening, nipple
retraction, or nipple discharge require a mammogram as a
diagnostic study. Diagnostic mammograms are also indicated
in patients recalled for further mammographic evaluation, and
those with a personal history of breast cancer, and may be
considered in patients with breast augmentation. In the latter,
this may be considered diagnostic because of the increased
effort and time involved with obtaining necessary views.
However, given that this is a procedural reason (as opposed to
the workup of a suspicious finding), patients with breast aug-
mentation should be audited within the group undergoing
mammography as a screening test.

Mammography practice in the United States is rigidly regu-
lated by the Food and Drug Administration (FDA) under the
Mammography Quality Standards Act (MQSA) of 1992 (34).
The MQSA mandates extensive follow-up and outcome mon-
itoring of all facilities and interpreting radiologists. Recall
rates, biopsy recommendations and results, and cancer detec-
tion rates must be analyzed for each interpreting radiologist.
Cancer staging must be recorded to include histologic type,
size, nodal status, and grade. It also requires analysis of any
known false-negative mammograms and mandates that the
facility send a letter to each patient informing her of the
results of her mammogram and a formal report to the refer-
ring physician. It is federally mandated that the report include
a final assessment category providing guidance and manage-
ment recommendations. 

The Breast Imaging Reporting and Data System (BIRADS),
first published in 1993, is a lexicon developed by the ACR to
standardize terminology used in reporting findings on mam-
mograms (35). It includes terms for describing features of
masses (shapes and margins) and calcifications (morphology
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and distribution). It defines final assessment categories to
describe the radiologist’s level of suspicion about a mammo-
graphic abnormality, to comply with the federally mandated
MQSA regulations. All mammograms must be assessed with a
final BIRADS category of 0 to 6 (Table 29.2). The report must
include the date of comparison films, the indication for the
examination (screening, recall, clinical finding, or follow-up),
an assessment of overall breast composition to indicate the rel-
ative possibility that a lesion may be hidden by normal tissue,
limiting the sensitivity of the examination (Table 29.3), a
description of any significant findings, and an overall summary
impression. 
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BIRADS (BREAST IMAGING AND REPORTING DATA SYSTEM) ASSESSMENT
CATEGORIES 

TA B L E  2 9 . 2  

Category Interpretation

0 Mammographic assessment is incomplete
Additional imaging evaluation and/or prior mammograms required 

for comparison 
Used in screening situations

1 Negative
No mammographic evidence of malignancy

2 Normal, but describes a benign finding
No mammographic evidence of malignancy

3 Probably benign finding—initial short interval follow-up suggested
Finding with less than 2% risk of malignancy, not expected to change 

over interval
4 Suspicious abnormality—biopsy should be considered

Findings do not have classic appearance of malignancy, but greater probability 
than category 3

5 Highly suggestive of malignancy—appropriate action should be taken
Finding had greater than 95% probability of being malignant

6 Known biopsy-proven malignancy-appropriate action should be taken
Used for lesions identified on imaging studies with biopsy proof of malignancy 

prior to definitive therapy

Note: It is federally mandated that all mammography reports give a final assessment category.
Source: American College of Radiology BIRADS—Mammography. 4th ed. Reston, VA: American College
of Radiology; 2003.

MAMMOGRAPHIC ASSESSMENT OF OVERALL BREAST COMPOSITION—THE
OVERALL ASSESSMENT OF VOLUME OF ATTENUATING TISSUES IN BREAST,
WHICH INDICATES THE RELATIVE POSSIBILITY THAT A LESION IS HIDDEN BY
NORMAL TISSUE AND INDICATES THE SENSITIVITY OF THE EXAMINATION

TA B L E  2 9 . 3  

Glandular proportion of 
Mammographic description total breast tissue (%)

The breast is almost entirely fat �25
Scattered fibroglandular densities present 25–50
The breast tissue is heterogeneously dense; this may 51–75

obscure detection of small masses
The breast tissue is extremely dense; this may lower �75

the sensitivity of mammography

Source: American College of Radiology BIRADS—Mammography. 4th ed. Reston, VA: American College
of Radiology; 2003.

A mammographic mass is defined as a space-occupying lesion
seen in two projections, whereas an “asymmetry” is a potential
mass seen only in a single projection (Fig. 29.3). Describing a
mass must encompass its shape, margins, and density. Masses
that are irregular in shape, with indistinct or spiculated margins,
and of high density are the most worrisome for malignancy,
whereas round or oval masses with circumscribed (well-defined)
margins are more likely benign. Calcifications are described by
type and distribution. Those that are larger, coarser, smoothly
marginated, and more easily seen are likely benign, while those
that are very fine, pleomorphic, or linear are more likely to be
malignant (Fig. 29.4). The distribution may be telling as well;
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diffuse and scattered calcifications are more likely benign, while
grouped or clustered, linear, or segmental calcifications are
more worrisome. The side of any abnormality, location by
quadrant or clock face, and depth should be included in the
description. 

Film Versus Digital Mammography

Film mammography is extremely effective and has been
widely accepted as a screening modality for the past 20 to 30
years. With this technique, the mammography images are
recorded as hard copy on film and developed by the technolo-
gist, then presented to the radiologist for review. Digital mam-
mography, however, uses a digital detector to replace the
screen film of conventional mammography. Radiation trans-
mitted through the breast is absorbed by an electronic detec-
tor, with a response faithful over a wide range of intensities.
The recorded information can be displayed using computer
image–processing techniques to allow selective settings of
image brightness and contrast without need for further expo-
sure to patients. The lower system noise would be expected to
enhance the visibility of subtle contrast differences between
tumors and normal background tissue. With digital imaging,
the processes of image acquisition, storage, and display are
separated, allowing optimization of each (36,37). In addition,
the average patient dose of radiation is slightly lower than that
of film mammography, and examination time for each patient
is shorter. The disadvantages of digital mammography are the
cost of equipment, which is 1.5 to four times as much as film
systems, and the slightly longer interpretation time by the
radiologist (38).

Early clinical trials showed equivalent diagnostic accuracy
between digital and screen-film mammography (39–43). The
Senographe 2000D screening trial demonstrated a significant
decrease in recall rate for digital (11.8%) versus screen film
(14.9%), as well as a decrease in biopsy rate (43). In the
Digital Mammographic Imaging Screening Trial (DMIST),
49,528 asymptomatic women presenting for screening
mammography at 33 sites in the United States and Canada
underwent both digital and film mammography, with the
examinations interpreted independently by two radiologists (38).
While the diagnostic accuracy of digital and film mammography
was similar overall, the accuracy of digital mammography was
significantly higher than that of film mammography in the
following groups: women under the age of 50 years, women
with heterogeneously dense or extremely dense breasts on
mammography, and premenopausal or perimenopausal women.
This finding is significant because it is widely recognized that
increased density on mammography decreases the sensitivity
of the technique (44–48). In addition, the major limitation of
mammography is that cancer can be hidden by adjacent breast
tissue. Digital mammography addresses this issue by allowing
for contrast adjustment, which can bring out the visibility of a
mass in this setting. 

Computer-Aided Detection

CAD was first approved by the FDA in 1998. It aims to iden-
tify suspicious findings on mammogram which can assist radi-
ologic interpretation. Initial studies demonstrated increased
sensitivity of cancer detection when CAD was added to
screening programs, with increased rates of cancer detection
reported between 7.62% to 19.5% (49–52). Cupples et al.
showed a particular improvement of small cancer detection by
CAD, with a 164% increased cancer detection rate of invasive
cancers less than 1 cm (49). Because of the reported improve-
ment of breast cancer detection, Medicare and many insurers
reimburse for use of CAD. 

902 Section III: Disease Sites

FIGURE 29.3. Right craniocaudad mammographic view shows a
spiculated mass in the outer breast. Biopsy showed poorly differenti-
ated invasive mixed ductal and lobular carcinoma.

FIGURE 29.4. Magnification view of right breast calcifications
shows linear and branching calcifications, which at biopsy were duct
carcinoma in situ.
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However, the increased detection rate with CAD has come
at the cost of increased recalls and increased rate of biopsy
(53–55). Recently a large-scale study conducted by Fenton et al.
determined the association between use of CAD at mammo-
graphic facilities and performance of screening mammography
during 1998 to 2002 (56). In that study, 223,135 women were
screened at 43 facilities in three states, with and without the
assistance of CAD. The specificity of screening decreased from
90.2% without CAD to 87.2% with CAD, and the biopsy rate
increased by 19.7% with CAD. There was no statistically sig-
nificant change in sensitivity with or without CAD, although
there was a trend toward an increase in sensitivity. Overall,
the increased rate of biopsy resulting from use of CAD was
not clearly associated with improved detection of invasive
cancer. Of the cancer detected by CAD, there was a trend
toward more ductal carcinoma in situ detection than invasive
cancer, which may be clinically important. Although there
were a large number of women included in the study, the num-
ber of cancers was still relatively small, making it difficult to
judge whether the benefits of routine use of CAD outweigh its
harms (i.e., increased biopsy rate). 

Ultrasound

Ultrasonography is used as a targeted examination, most often
to determine the cystic versus solid nature of a mass. It has been
shown to be effective in determining the likelihood of benign
versus malignant breast masses (Fig. 29.5) (57). Prevalence
studies in women with radiographically dense breasts have
shown that three to four cancers per 1,000 women are detected
by ultrasound only (57–62). However, the limitations of breast
ultrasound as a screening tool are well known: it requires a
skilled operator, is labor intensive, and there is currently no
standardized examination technique or interpretation criteria.
Moreover, it does not detect microcalcifications, which may be
the hallmark of in situ breast cancer. Finally, it has a high false-
positive rate and is less sensitive than breast MRI (59,60,62).
Therefore, it is unlikely that screening breast US will become
widely used in the United States.

Tomosynthesis

Tomosynthesis is a three-dimensional mammographic tech-
nique that allows improved visualization over mammography

by minimizing effects of overlapping tissue. The acquisition of
images mimics conventional mammography with breast posi-
tioning and compression. The x-ray tube takes multiple low-dose
exposures from many angles, resulting in a digital data set that
can be reconstructed into tomographic sections through the
breast. The images can be obtained in a CC, MLO, or 90-degree
lateral projection. It is currently undergoing testing, but shows
great promise. Tomosynthesis may reduce the rate of false-
positive mammograms, and thus decrease the recall rate, by
minimizing the effects of overlapping tissue. In this way it may
have more impact in women with dense breasts.

Poplack et al. compared the image quality of tomosynthesis
with conventional mammography (63). Ninety-eight women
with 99 screening recalls were evaluated with tomosynthesis of
the affected breast. Image quality by tomosynthesis was found
to be equivalent in 52% and superior in 37% of patients com-
pared to mammogram. In addition, many findings on mammo-
gram would not be recalled with tomosynthesis, suggesting
that it could reduce recall rates by 40%. 

Of breast findings, masses are better seen on tomosynthesis,
but calcifications are better seen on diagnostic mammography.
This may be attributed to motion-related blur due to the some-
what long (19 seconds) exposure time of the tomosynthesis. In
addition, images are reconstructed at 1 mm thickness slices,
which may be too thin to ably demonstrate the clustered distri-
bution of calcifications. 

It remains to be seen whether tomosynthesis can be per-
formed in one projection, which would minimize radiation
dose and the length of examination, or whether two views will
be needed. Rafferty et al. presented data on 34 patients sched-
uled for biopsy by performing tomosynthesis in both the CC
and MLO projections, finding that most lesions (65%) were
equally visible on both, but 9% were only seen on the CC
view; all of these potentially missed lesions were malignant
(64). Today, we believe that tomosynthesis will require imag-
ing in both projections for optimal lesion visualization. 

The cost of tomosynthesis has yet to be determined. It is
expected that the technique will be substantially less expensive
than breast MRI and will not require an injection, which may
make this advantageous in screening high-risk women. Larger-
scale trials will need to be performed to evaluate who will best
benefit from the examination as opposed to conventional
mammography.

Breast MRI 

MRI of the breast has evolved over the past 2 decades from a
research tool to the most sensitive imaging modality in the
detection of invasive breast cancer. Contrast-enhanced breast
MRI is increasingly being incorporated in the clinical evalua-
tion of breast cancer (65). For breast lesion detection, intra-
venous injection of gadolinium-based contrast is needed as
contrast enhancement to allow visualization of breast cancer
against the background of glandular tissue. This distinction
relies on the determination that tumor angiogenesis and sur-
rounding tissue permeability allow contrast uptake within can-
cer (66). That is, a significant number of invasive tumors
demonstrate rapid wash in of contrast and wash out with time
(67). Significant overlap between enhancement pattern of
benign and malignant processes exists, which must be recog-
nized, and which lowers the specificity of breast MRI. As such,
analysis of breast MR-enhancing lesions involves analyzing
both lesion morphology and kinetics of enhancement to provide
the most specificity in lesion characterization (68). For example,
spiculated morphology and rim enhancement are features
highly predictive of malignancy, while circumscribed margins
with persistent kinetics (increasing enhancement with time)
suggest a benign etiology (Fig. 29.6) (69,70). 
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FIGURE 29.5. Targeted breast ultrasound demonstrating a heteroge-
neous solid mass with irregular margins measuring 1.9 cm.
Ultrasound guidance was used to place a wire for subsequent localiza-
tion and wide local excision of the patient’s known infiltrating ductal
carcinoma.
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Variable protocols for MRI imaging of the breast exist.
However, technical prerequisites for standard imaging have been
set by the ACR for proper imaging and diagnosis. In general,
MRI breast imaging should be performed with a dedicated
breast coil, using at least a 1.5-tesla magnet and imaging extents
to optimize high spatial and temporal resolution. 

Technical advances in breast MRI have led to improved
sensitivity for the detection of invasive breast cancer currently
reported to be between 89% and 100% (71,72). Although
previous studies in ductal carcinoma in situ (DCIS) (Fig. 29.7A,B)
showed low and variable sensitivities, with improved techniques
contemporary studies report higher sensitivity of up to 89%
(73,74). In one multicenter prospective study, MRI had higher
sensitivity than mammography in detecting DCIS, including
both DCIS with associated invasive component and multicen-
tric disease (75). Recent advances introduced the use of a
CAD system in interpretation of breast MRI and data suggest
that CAD significantly improves discrimination between
benign and malignant masses (76). As the first step in regulat-
ing analysis and reporting of this new technique, the ACR
developed a new BIRADS MRI lexicon incorporating new
terminology and specific descriptors of breast MRI findings.
Continued effort for standardization is a work in progress.

Screening Breast MRI 

Breast MRI may be used as a screening modality and mammog-
raphy. In a study by Morris et al., mammographically occult
breast cancer was detected by screening breast MRI in 4% of
high-risk women, with a positive predictive value (PPV) of 24%
(77). A subsequent meta-analysis by Liberman including 1,305
women at high risk found that MRI detected cancer in 34%
(range 24% to 89%) of women who had a biopsy based on
MRI findings and in 4% (range 2% to 7%) of all high-risk
women (78). For women with BRCA1 gene mutations, MRI is
a very sensitive screening tool when used in conjunction with
mammography. In a multicenter multimodality prospective trial
by Sardanelli et al. that looked at screening in women with
genetic-familial risk for breast cancer, MRI had a sensitivity of
94% and a PPV of 63% (79). 

Recently, the American Cancer Society published new
guidelines for high-risk screening with MRI, based on scien-
tific evidence and expert opinion (Table 29.4) (80). According
to the new guidelines, high risk is defined as a lifetime risk of
20% to 25% or more, BRCA gene mutation carrier or first-
degree relative of BRCA carrier, women treated at an early age
with chest radiation, and hereditary syndromes that put
women at high risk for breast cancer. Currently there are no
data to support or refute annual breast MRI in women with a
personal history of breast cancer or with high-risk lesions, and
these patients are to be assessed on a case-by-case basis and
may be referred by the breast specialist to a screening breast
MRI if deemed necessary.

Breast MRI also serves to screen the contralateral breast in
women with recently diagnosed breast cancer. A recent multi-
center, prospective trial evaluating contralateral breast cancer
in women with recently proven breast cancer found clinically
and mammographically occult breast cancer in 3.1% of 969
women, with a sensitivity of 91% and a negative predictive
value of 99% (81).

Diagnostic Breast MRI 

There are several clinical scenarios in which breast MRI
may serve as an adjunct to mammography. One of the most
common is preoperative staging of a newly diagnosed inva-
sive cancer or DCIS. Breast MRI can delineate clinically and
mammographically occult additional disease including in situ
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FIGURE 29.6. Breast MRI in a 55-year-old woman with biopsy-
proven infiltrating ductal carcinoma. It shows spiculated morphology
and rim enhancement, features that are highly specific for carcinoma.

FIGURE 29.7. Breast MRI demonstrating DCIS in a 45-year-old woman with a positive biopsy for high-
grade DCIS. A: Preoperative breast MR with post contrast subtraction image shows clumped linear non-
mass enhancement in the medial breast corresponding to known DCIS. B: Post contrast subtraction
image more inferiorly shows more extensive involvement than the mammogram with linear enhancement
extending in a ductal distribution from posterior depth to the nipple.
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disease associated with invasive cancer and its extent, and it
can detect noncalcified DCIS. Liberman et al. found that 48%
of women who underwent preoperative MRI of the breast had
additional foci of disease unsuspected by mammography (82).
As such, the addition of breast MRI can aid in surgical plan-
ning, including decisions regarding the role of mastectomy or
the consideration for neoadjuvant chemotherapy. In one study
by Fischer et al., surgical management of patients was changed
by 14.3% (83). It is advisable to biopsy additional suspicious
foci detected by MRI to avoid overestimation of disease and
unnecessary mastectomy. 

Breast MRI can be added to the workup of an inconclusive
mammographic finding. In this setting, however, the negative
predictive value of MRI is imperfect and a negative MRI should
be interpreted cautiously. If a mammographic or sonographic
finding is suspicious, a stereotactic or sonographic biopsy should
be performed, regardless of the MRI results. 

MRI is not the best test for the exclusion of malignancy in the
workup of mammographic calcifications, and suspicious micro-
calcifications should undergo core biopsy. A helpful role of MRI
in such clinical scenarios would be to delineate the extent of dis-
ease and to rule out an underlying occult invasive component.
For women presenting with suspicious clinical findings for
breast cancer and negative conventional imaging tests, MRI of
the breast has an added value. These instances include a woman
with a palpable suspicious mass, women with metastatic axillary
lymph nodes but no mammographically defined breast primary,
and those with pathologic unilateral nipple discharge or Paget’s
disease and a negative mammogram and ultrasound.

MRI: Other Indications

In patients presenting with an increasing mammographic den-
sity at the lumpectomy site following breast conservation ther-
apy, MRI is the most sensitive test for evaluating for recurrent
disease with high specificity and negative predictive value. In

addition, MRI has a role in determining the response to
neoadjuvant chemotherapy and it is more reliable than mam-
mography or US in that respect. However, while MRI may not
show residual enhancement following chemotherapy, it is not
100% accurate in the detection of residual disease, and a 23%
risk of underestimation has been reported (84). 

THE WORKUP FOR SUSPECTED
BREAST CANCER

The diagnostic workup begins with the mammogram, with a
marker placed at the site of the lesion (if not already done).
Focal compression, magnification, and tangential images may
be required to allow for better visualization of the mass, eval-
uate any associated calcifications, and to displace it from the
surrounding breast. Ultrasound of the lesion is typically per-
formed to further characterize the lesion as solid or cystic, and
to give its dimensions. This may be particularly indicated in
nonspiculated lesions, and those in which the differential
includes benign lesions, such as fibroadenoma. 

Patients presenting with a suspicious breast mass or other
concerning imaging should undergo image-guided core needle
biopsy using a large-gauge needle to establish diagnosis. This
has been championed as the preferred technique over fine-
needle aspiration or diagnostic excision for many reasons.
First, it avoids unnecessary surgery in approximately 80% of
BIRADS category 4 patients who require biopsy to establish if
a lesion is benign. It also allows the surgeon to plan an onco-
logic procedure at the time of the index operation. Further, in
cases of invasive carcinoma, it allows characterization of his-
tology, grade, hormone-receptor status, and HER2/neu status,
all of which are necessary to develop medical and surgical
planning, including the role of nodal mapping. Although
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INDICATIONS FOR ANNUAL BREAST MRI SCREENING IN ASSOCIATION 
WITH MAMMOGRAPHY

TA B L E  2 9 . 4  

EVIDENCE-BASED RECOMMENDATIONS
Confirmed BRCA mutation carrier status
Untested but with first-degree relative with positive BRCA mutation status
Estimated lifetime risk of developing disease �20% (based on risk models)

EXPERT OPINION
Recommended
Prior radiotherapy to the chest wall (between ages 10 and 30)
Patients (and first-degree relatives) with predisposing cancer syndromes:

Li-Fraumeni syndrome 
Cowden sydrome
Bannayan-Riley-Ruvacalba sydrome

No recommendation (for or against)
Estimated lifetime risk 15% to �20% (based on risk models)
Lobular proliferative disease (LCIS or ALH)
Atypical ductal hyperplasia (ADH)
Mammographic heterogeneity or density
Women with personal history of breast cancer (including DCIS)

Not recommended
Estimated lifetime risk �15%

Note: ALH, atypical lobular hyperplasia; DCIS, ductal carcinoma in situ; LCIS, lobular carcinoma in situ.
Source: Saslow D, Boetes C, Burke W, et al. American Cancer Society guidelines for breast screening with
MRI as an adjunct to mammography. CA Cancer J Clin 2007;57(2):75–89.
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fine-needle aspiration provides a quick and inexpensive means
of evaluation, it is rarely sufficient to distinguish in situ from
invasive disease and provides insufficient material for charac-
terization of hormone and HER2/neu receptor status. 

Core biopsy may be performed with stereotactic, sono-
graphic, or MRI guidance, and all are acceptable methods. If
the mammographic abnormality consists of suspicious calci-
fications without a mass, then stereotactic biopsy is per-
formed. A specimen radiograph is required to document that
calcifications are present in the specimen. With the increased
refinement of ultrasonography and the increased portability

of ultrasound units, there has been a shift to ultrasound core
biopsy performed in radiology or in the surgeon’s office.
MRI-guided core biopsy is performed for MRI-detected
lesions that have no mammographic or sonographic corre-
late. In all cases, a clip should be deployed at the end of the
procedure followed by a mammogram to confirm its place-
ment. Evaluation for concordance between pathology and
imaging is then required. If a lack of concordance is discov-
ered, excisional biopsy is required. For patients presenting
with a palpable mass, biopsy under image guidance is still
preferred. 
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AJCC CLASSIFICATION OF BREAST CANCER

TA B L E  2 9 . 5  

TUMOR (T)
Tx Cannot be assessed
T0 No primary tumor
Tis In situ disease
T1 Tumor �2 cm

T1mic Microinvasive, �0.1 cm
T1a 0.1 cm � T �0.5 cm
T1b 0.5 cm � T �1.0 cm
T1c 1.0 cm � T �2.0 cm

T2 Tumor �2 cm, but �5 cm
T3 Tumor �5 cm
T4 Tumor of any size with:

T4a Chest wall extension
T4b Edema or ulceration of skin, or satellite nodules
T4c Both (a) and (b)
T4d Inflammatory carcinoma

REGIONAL NODES (N)a

Clinical (c) Pathologic (p)

Nx Cannot be assessed No nodes assessed
N0 No nodes involved Designations in N0 (� or –):

N0(I): detected by IHC
N0(mol): detected by RT-PCR

N1 Movable axillary node(s) N1mic: micrometastases, up to 2 mm
N1a: 1–3 nodes
N1b: microscopically involved 

internal mammary node, 
not clinically apparent

N1c: both a and b

N2
N2a Fixed or matted node(s) Four to nine nodes positive
N2b Clinically apparent mammary Clinically apparent internal mammary

nodes; axillary node negative node involvement, no axillary 
nodes (�)

N3
N3a Positive infraclavicular node(s) Ten or more positive nodes
N3b Positive mammary � axillary Internal mammary nodes and axillary 

node(s) nodes involved
N3c Positive supraclavicular node(s) Supraclavicular nodes involved

METASTASES (M)
Mx Not assessed
M0 No distant metastases
M1 Distant metastases

Note: AJCC, American Joint Commission on Cancer; IHC, immunohistochemistry; RT-PCR, reverse
transcription polymerase chain reaction.
aRegional nodal involvement refers to ipsilateral disease only.

Barakat_CH29-897-946.qxd  2/27/09  2:24 PM  Page 906



The major complications of biopsy are predominantly
hemorrhage and infection, although these are rare and occur
in less than 0.5% of biopsies performed (85). 

An ultrasound of the axilla with fine-needle aspiration
(US-FNA) may also be considered as part of the workup of a
woman with a confirmed breast cancer on biopsy. Sonographic
characteristics of the suspicious node includes size greater
than 1 cm, loss of fatty hilum, cortical hypertrophy, and hypo-
echogenic parenchyma. In a study from the M. D. Anderson
Cancer Center, the overall sensitivity of US-FNA was 86%,
specificity was 100%, positive predictive value was 100%, and
the negative predictive value was 67% (86). Identification of a
positive node by fine-needle aspiration negates the need for a sen-
tinel node biopsy and commits the patient to axillary dissection,
and the identification of node-positive disease by US-FNA has
been shown to reduce the number of sentinel node biopsy pro-
cedures by up to 15%. For those with a negative fine-needle
aspiration, sentinel node biopsy is still required (87,88).

STAGING
The staging of breast cancer requires a full characterization of
the primary tumor, including size, grade, biologic characteri-
zation of estrogen and progesterone receptor expression, and
whether overamplification of overexpression of the HER2/neu
oncogene is present. Lymphatic or vascular invasion of the
primary tumor should be characterized as well as the nodal
status of the tumor. In the asymptomatic patient, metastatic
involvement can be ruled out clinically by physical exam, routine
hematologic and chemistry profiles, and chest x-ray. For patients
presenting with concerning symptoms, further evaluation with
positron emission tomography (PET), bone scan, and/or com-
puted tomography (CT) scan of the chest and abdomen may
be required. 

The staging of breast cancer follows the American Joint
Commission on Cancer (AJCC) system which uses the tumor (T),
node (N), and metastasis (M) classification (TNM, Tables 29.5
and 29.6) (89). The new classification moves supraclavicular
nodal involvement from M1 to N3 disease. In addition, the
revised 2003 version of the staging system includes new tech-
nologies for nodal evaluation using immunohistochemistry
(IHC) and reverse transcription polymerase chain reaction
(RT-PCR) (mol) in the node-negative category. For example, a
patient can be node negative but positive by these techniques,
allowing for a designation of N0(I�) if positive by IHC or
N0(mol�) if positive by RT-PCR. Within node-positive patients,

classification also allows the designation of microscopic tumor
deposits up to 0.1 cm in diameter as node positive with isolated
tumor cells [N0(ITC)]. If a patient undergoes sentinel node
evaluation only without formal axillary node dissection, the
prefix “sn” is used [pN(sn)], and if staging occurs after primary
chemotherapy the designation of “y” is used (yTNM). 

BREAST PATHOLOGY

Fibrocystic Changes

The breast ducts and lobules can show a wide range of benign
nonproliferative and proliferative epithelial lesions. Nonpro-
liferative lesions include cysts (macroscopic and microscopic),
duct ectasia, fibrosis, and apocrine metaplasia. Proliferative
lesions were first separated into different risk categories based
on the work of Dupont and Page (90). Patterns associated
with a mildly increased risk (~twofold) of subsequent breast
carcinoma are considered proliferative changes, and include
usual ductal epithelial hyperplasia (Fig. 29.8), lobular hyper-
plasia, sclerosing adenosis, radial scars, and intraductal papil-
lomas (12,90). Both sclerosing adenosis (Fig. 29.9) and radial
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STAGING OF BREAST CANCER

TA B L E  2 9 . 6

AJCC T N M

Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage IIA T0-1 N1 M0

T2 N0 M0
Stage IIB T2 N1 M0

T3 N0 M0
Stage IIIA T0-T3 N2 M0

T3 N1 M0
Stage IIIB T4 N0-N2 M0
Stage IV Any T Any N M1

Note: AJCC, American Joint Commission on Cancer; M, metastases;
N, node; T, tumor.

FIGURE 29.8. Ductal hyperplasia. Slightly expanded ducts are filled
with hyperplastic ductal epithelial cells and myoepithelial cells in an
irregular fenestrated growth pattern.

FIGURE 29.9. Sclerosing adenosis. A well-developed lobulocentric
distribution of dilated ducts and overgrowth of spindly myoepithelial
cells may be mistaken as malignancy in core biopsy or frozen section.
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scar (Fig. 29.10) show distortion of normal breast architec-
ture, and this irregular gland pattern may mimic an invasive
carcinoma. These benign proliferations maintain a normal
myoepithelial cell layer, which can be highlighted by special
stains. Intraductal papillomas have fibrovascular cores lined
by myoepithelial cells and one or more layers of epithelial
cells. Papillomas involving large ducts near the nipple are the
most frequent cause of bloody nipple discharge.

Atypical ductal hyperplasia (ADH) and atypical lobular
hyperplasia (ALH) are associated with a higher increased risk
of subsequent breast cancer, and in most studies it is increased
fivefold (12,90,91). ADH is characterized by architectural pat-
terns approaching those of in situ carcinoma (Fig. 29.11),
while ALH shows expansion of the lobule by a loose,
monomorphic cell population (Fig. 29.12). Reproducibility of
the diagnosis of atypical ductal hyperplasia has been aided by
more uniform criteria now used by most pathologists (92).
However, there is still controversy as to whether size criteria
should be used to separate ADH from low-grade ductal carci-
noma in situ (two completely involved ducts or 2 mm).
Excision is recommended for ADH found on core biopsy, as up
to 30% of cases will have carcinoma (in situ or invasive) found
on evaluation of the surrounding tissue (93). ADH can also
involve a radial scar or intraductal papilloma (Fig. 29.13).

A newly appreciated group of lesions are columnar cell
change, columnar cell hyperplasia, and flat epithelial atypia
(FEA, Fig. 29.14). These lesions were originally described by
Azzopardi and their significance has been reappraised due to
their frequent association with mammographically detected
microcalcifications (94–96). More recently, it has been noted
that flat epithelial atypia has a high association with low-
grade ductal carcinoma in situ and invasive tubular carcinoma
(97–99). Molecular studies may be able to further characterize
these lesions and their role in breast carcinogenesis. Currently,
excision is recommended for atypical lesions (ADH, lobular
carcinoma in situ [LCIS], FEA, and radial scar) identified on
needle core biopsy.

In Situ Carcinoma

Ductal Carcinoma In Situ

Ductal carcinoma in situ (DCIS) or intraductal carcinoma is a
heterogenous group of lesions with the proliferation of malig-
nant cells confined within the ductal system. It is the most com-
mon type of noninvasive breast cancer currently. Historically,
DCIS presented as a palpable mass and accounted for 1% to 2%
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FIGURE 29.12. Atypical lobular hyperplasia. The lobular glands are
somewhat expanded with a loose monomorphic cell population.

FIGURE 29.10. Radial scar. A stellate lesion with irregular ducts
radiating from the elastotic center; the entrapped glands may mimic
an invasive ductal carcinoma.

FIGURE 29.11. Atypical ductal hyperplasia. The proliferation has a
cribriform growth pattern approaching that of a ductal carcinoma in
situ but the microlumens are more irregular in sizes and shapes.

FIGURE 29.13. Intraductal papilloma. A well-circumscribed papil-
lary proliferation fills a dilated duct. The presence of fibrovascular
core of the papillae indicates a benign lesion.
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of positive biopsies. With screening it is now most commonly
identified as clustered microcalcifications on a mammogram and
accounts for approximately 20% of all mammographic abnor-
malities. DCIS is considered a precancerous lesion and it is esti-
mated that approximately 30% of untreated DCIS cases become
invasive within 10 years with almost all invasive lesions occur-
ring in the same quadrant as the index lesion (100). 

Traditionally, DCIS was classified on its architectural pat-
tern, often dichotomized as comedo and noncomedo types,
and solid, cribriform, micropapillary, clinging, and papillary
types of noncomedo patterns were described (101). However,
it is recognized that combinations of these patterns are not
uncommon in a biopsy. Several grading schemes incorporating
both architectural and nuclear features have been proposed,
but the Holland version, where nuclear features predominate,
was most reproducible in one study (102,103). The presence
of intraluminal necrosis and calcifications is usually noted,
along with the nuclear grade and pattern(s).

Comedo-type DCIS (comedocarcinoma) shows a solid
proliferation of large, pleomorphic nuclear grade 3 epithelial
cells with numerous mitoses and central necrosis containing

cellular debris, so-called “comedo-necrosis” (Fig. 29.15). The
necrotic material often becomes calcified and these coarse
calcifications have a distinctive mammographic appearance
outlining the ductal system (“casting calcifications”). Periductal
fibrosis and inflammation is common in comedo-type DCIS
and can be a diagnostic problem, as microinvasion is a feature
more likely associated with comedo-type DCIS than other
patterns (104,105). Extension of the large pleomorphic cells
into the distal lobular unit is a pattern known as “canceriza-
tion of lobules.”

The solid, cribriform, papillary, and micropapillary patterns
of noncomedo DCIS are usually composed of uniform low-grade
or intermediate-grade nuclei. Cribriform patterns show smooth,
rounded, “punched-out” spaces (Fig. 29.16). The micropapillary
subtype (Fig. 29.17) does not contain fibrovascular cores, whereas
papillary DCIS does. The “clinging” or “flat” type of DCIS
may have either low- or high-grade nuclei. Microcalcifications
may be associated with these noncomedo patterns and may be
detected by mammography. Their pattern of distribution is less
specific than that of comedo DCIS and may be similar to that
seen in benign conditions. 
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FIGURE 29.14. Flat epithelial hyperplasia. This is a columnar lesion
characterized by mildly atypical epithelial cells which may represent a
precursor of or the earliest morphologically recognizable form of low-
grade ductal carcinoma in situ.

FIGURE 29.15. Comedo-type ductal carcinoma in situ. Markedly
expanded ducts are filled with high-grade neoplastic ductal cells with
central necrosis and calcifications.

FIGURE 29.16. Cribriform ductal carcinoma in situ. Expanded duct
is filled with low- to intermediate-grade neoplastic cells forming sec-
ondary rigid cribriform microlumens.

FIGURE 29.17. Micropapillary ductal carcinoma in situ. Low-grade
neoplastic ductal cells form papillary fronds in an expanded duct. The
papillary fronds lack fibrovascular core.
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Paget’s Disease of the Nipple

Paget’s disease of the nipple reflects direct extension of ductal
carcinoma in situ, usually high grade, into the lactiferous
ducts and adjacent skin (Fig. 29.18). The DCIS may or may
not be accompanied by invasive carcinoma. Histologically, the
Paget cells are large, round cells with prominent nucleoli and
pale cytoplasm. They occur singly within the layers of the epi-
dermis, or may form groups at the dermal-epidermal junction.
Treatment is dictated by whether the underlying tumor is in
situ or invasive.

Lobular Carcinoma In Situ

LCIS was first described by Foote and Stewart in 1941 and
has been an enigma ever since (106). It is a multicentric lesion,
with no identifying features on gross or radiographic evalua-
tion, and is often found as an incidental finding in biopsies
performed for another reason. In classic LCIS, the lobule is
distended by a monomorphic population of small uniform
cells with round nuclei and scant cytoplasm (Fig. 29.19). The
cells may extend into the adjacent duct, growing beneath the
normal ductal epithelium, a pattern known as “pagetoid

spread.” There is continuing controversy as to whether LCIS
is an obligate precursor of invasive lobular carcinoma, or just
a marker of overall increased cancer risk in either breast
(107,108). 

LCIS increases the risk equally for ipsilateral and contralat-
eral breast cancer, unlike DCIS, which increases the risk of
ipsilateral breast cancer, and approximately 20% to 30% of
LCIS patients will go on to develop invasive breast cancer
within a median of 15 to 20 years (107,109). Patients with
biopsy-diagnosed ALH or LCIS should be referred for surgical
treatment given this risk. Of those who undergo definitive
excision, carcinoma will be discovered at final pathologic
analysis in 14% to 38% of patients (93,110,111). Plemorphic
LCIS is a recently described subtype of LCIS that may confer a
more agressive phenotype. While similar in architecture to
typical LCIS, the neoplastic cells show a larger degree of pleo-
morphism with distinctly larger nuclei (112). 

Invasive Carcinoma

Invasive carcinoma of the breast is defined by the presence of
stromal invasion, usually manifest by a fibrotic, desmoplastic
stromal reaction around the invading cells. Tumor may be
microinvasive (�1 mm) within an area of DCIS, or may form
an obvious tumor mass, clinically or radiographically. Tumors
are classified by the pattern of growth into ductal and lobular
forms. Breast carcinoma is surgically staged using the AJCC
staging system based on the size of the invasive component,
and synoptic checklist reporting using templates devised by
the College of American Pathologists aids in ensuring that all
important pathologic features are documented. DCIS may be
focally present next to the invasive component or intermixed
with invasive tumor. The term “EIC” denotes a tumor with an
extensive in situ component, defined as at least 25% of the
tumor mass. 

Invasive Ductal Carcinoma

The majority of invasive tumors of the breast are ductal and
have varying morphologic patterns that have led to several
subclassifications. Most of the special types listed below are
distinguished because they have an extremely good progno-
sis. The majority of tumors (~75%) have no specific features
and are designated carcinoma, not otherwise specified
(NOS) or carcinoma of no special type (NST). These tumors
may be composed of small glands, tubules, solid cords, or
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FIGURE 29.19. Lobular carcinoma in situ. An expanded lobule is
markedly distended by a monomorphic population of small uniform
cells. The underlying lobular architecture is still recognizable.

FIGURE 29.18. Paget’s disease. Large, round, pale neoplastic cells
occur singly within the epidermis, mimicking malignant melanoma,
which could be easily distinguished using positive immunohistochem-
ical staining for carcinoembryonic antigen and negative for Melan-A
and HMB-45.

FIGURE 29.20. Invasive ductal carcinoma. Small solid cords of neo-
plastic cells with moderate to severe cytologic atypia are surrounded
by a fibrous stroma.
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nests of cells with varying degrees of cytologic atypia surrounded
by a reactive (desmoplastic) fibrous stroma (Fig. 29.20). The
recommended grading system is the Nottingham modification
of the Bloom-Richardson system, which is based on adding
scores for architectural pattern, nuclear pleomorphism, and
mitotic count (Table 29.7) (113). Grade 1 tumors (well differ-
entiated) have 3 to 5 points, grade 2 tumors (moderately dif-
ferentiated) have 6 to 7 points, and grade 3 tumors (poorly 
differentiated) have 8 to 9 points. Although initially applied
only to invasive ductal carcinoma, this system can also be
applied to invasive lobular carcinomas and has been validated
in numerous studies (114). 

Mucinous Carcinoma. Mucinous (or colloid) carcinoma
usually occurs in postmenopausal women. The tumor is well
circumscribed and may have a gelatinous gross appearance.
Microscopically, nests of uniform small cells are surrounded
by pools of mucin (Fig. 29.21). The in situ component is min-
imal, but may also show intraductal mucin production. Pure
mucinous tumors are low grade and have an excellent progno-
sis with a low rate of lymph node metastasis (115). This is not
true, however, of mixed carcinomas with a prominent nonmu-
cinous, usual invasive ductal carcinoma component.

Tubular Carcinoma. Tubular carcinoma is a well-differen-
tiated invasive carcinoma composed of small glands or tubules
that can be difficult to distinguish from some benign lesions,
especially radial scars. The tubules are arranged haphazardly,
often with a surrounding cellular stroma (Fig. 29.22). They
are somewhat angular with open lumens and are lined by a
single layer of monomorphic epithelial cells. Myoepithelial
cells are absent, and immunohistochemistry for myoepithelial
markers is helpful in confirming the diagnosis on needle
biopsy. If the tumor is composed of at least 75% tubules and
has grade 1 nuclei, the prognosis is considered to be excellent
(116). Invasive tubular carcinoma is often associated with a
low-grade micropapillary or cribriform ductal carcinoma in
situ or adjacent atypical columnar cell lesions (98). Tubular
carcinomas are small, usually less than 1 cm, and are fre-
quently detected by screening mammography. Tumors with a
component of usual invasive ductal carcinoma should not be
included in this category. Invasive cribriform carcinoma,
which also has a good prognosis, may be mixed with tubular
carcinoma. 

Medullary Carcinoma. Medullary carcinomas occur more
commonly in women under 50 and have a higher frequency
in BRCA1 mutation carriers. Clinically, the tumor is well cir-
cumscribed and may mimic a fibroadenoma. Microscopically,
the tumor is composed of solid syncytial sheets of large
anaplastic cells with pleomorphic nuclei, prominent nucleoli,
and abundant mitotic figures (Fig. 29.23). Gland formation 
is absent. The tumor has a pushing border and is surrounded
by a dense lymphoplasmacytic infiltrate. Despite being anaplas-
tic, however, tumors with this strict morphology and no
component of typical invasive ductal carcinoma have a good
prognosis.

Micropapillary Carcinoma. Micropapillary carcinoma is a
recently described entity with a characteristic morphology,
high incidence of positive nodes at presentation despite small
tumor size, and poor overall survival (117,118). The tumor is
composed of small clusters of malignant cells floating within
small clear spaces resembling lymphatic channels (Fig. 29.24).
Most tumors have high nuclear grade and true lymphatic
space invasion. A component of usual invasive ductal carci-
noma may be present.

Papillary Carcinoma. Papillary carcinoma is a rare sub-
type, and the majority of cases are felt to represent an in situ
tumor, frequently termed “intracystic papillary carcinoma.”
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MODIFIED BLOOM-RICHARDSON GRADING SCHEME

TA B L E  2 9 . 7

Score

TUBULE AND GLAND FORMATION
Majority of tumor (�75%) 1
Moderate degree (10% to 75%) 2
Little or none (�10%) 3

NUCLEAR PLEOMORPHISM
Small, regular, uniform cells 1
Moderate increase in size and variablity 2
Marked variation 3

MITOTIC COUNT (0.152 mm FIELD AREA)a

0–5 1
6–10 2
�11 3

aAdjust for different field areas.

FIGURE 29.21. Mucinous carcinoma. Nests of low-grade neoplastic
cells in a cribriform pattern are surrounded by a large pool of mucin.

FIGURE 29.22. Tubular carcinoma. Well-formed angular, oval, and
tubular glands with a single layer of neoplastic ductal cells diffusely
infiltrate a desmoplastic fibrous stroma.
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The lesion forms a well-circumscribed mass, and may have
ductal carcinoma in situ present in adjacent ducts or foci of
typical invasive carcinoma around the periphery of the main
mass (Fig. 29.25). A recent study suggests that these are
indeed invasive carcinomas without the myoepithelial layer
that defines an in situ lesion (119). They have traditionally
been treated as in situ lesions and have an overall excellent
prognosis (120). 

Inflammatory Carcinoma. The term “inflammatory carci-
noma” originated as a clinical term to describe a patient pre-
senting with a reddened edematous breast suggesting mastitis.
Skin biopsies from such patients often show tumor thrombi in
dermal lymphatic channels (Fig. 29.26), but this is not true in
every case.

Invasive Lobular Carcinoma

Invasive lobular carcinoma comprises about 10% of all breast
cancers. The classic form of invasive lobular carcinoma is
composed of small monotonous tumor cells with scant cyto-
plasm growing in linear columns (“Indian file”) or in concentric

(“targetoid”) patterns around normal ducts and lobules 
(Fig. 29.27). A mild stromal desmoplastic reaction may be
present around the tumor cells, but many invasive lobular car-
cinomas do not form a discrete tumor mass. This diffuse
growth pattern can be a problem when attempting conservative
surgical excision, and tumors are frequently upstaged after
surgery (121). 

Variant forms of lobular carcinoma include alveolar,
solid, and trabecular patterns composed of the same
monomorphic small cells. Signet ring–cell carcinoma, in
which the cells contain prominent intracytoplasmic vacuoles,
is considered a variant of invasive lobular carcinoma due to
its similar growth patterns. Another variant is pleomorphic
lobular carcinoma, where the columns of cells show marked
nuclear atypia.

Tubulolobular Carcinoma. This tumor shows a mixture
of invasive lobular and tubular carcinoma growth patterns
with low-grade nuclei. The mixed architectural pattern par-
allels the expression of markers of ductal and lobular dif-
ferentiation, and these tumors appear to have a good prog-
nosis (122). 

912 Section III: Disease Sites

FIGURE 29.23. Medullary carcinoma. Highly pleomorphic neoplas-
tic cells in a syncytial pattern are surrounded by a diffuse lymphocytic
infiltrate.

FIGURE 29.24. Invasive micropapillary carcinoma. Small clusters of
intermediate-grade neoplastic cells lie within small, clear spaces of a
fibrocollagenous stroma mimicking tumor cells in lymphatic spaces.

FIGURE 29.25. Solid or intracystic papillary carcinoma. Whole-
mount section shows a well-circumscribed tumor with branching
network of fibrovascular stroma. A cystic formation is not necessary
for the diagnosis.

FIGURE 29.26. Inflammatory carcinoma. Carcinomatous emboli are
present in dilated dermal lymphatics.
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Other Tumors

Metaplastic Carcinoma

The term “metaplastic carcinoma” is used to describe tumors
with prominent morphologic patterns different from usual
ductal and lobular patterns (Fig. 29.28). The term encom-
passes epithelial tumors (carcinomas) showing squamous cell
differentiation, monophasic spindle cell carcinoma, and
biphasic tumors with both epithelial and mesenchymal ele-
ments. Spindle cell (sarcomatoid) carcinomas express epithelial
markers (cytokeratins) despite their spindle cell morphology,
and are aggressive tumors with a high rate of extranodal
metastases (123). Biphasic tumors (biphasic sarcomatoid car-
cinoma or carcinosarcoma) may contain heterologous ele-
ments, such as malignant cartilage or bone. These rare but
aggressive tumors tend to be estrogen receptor (ER), proges-
terone receptor (PR), and HER2/neu negative, but in a case
series from the Swedish Cancer Institute, survival outcomes
did not appear different from matched typical breast cancer
cases (124). 

Phyllodes Tumors

Phyllodes tumors, formerly known as “cystosarcoma phyl-
lodes,” are biphasic tumors similar to fibroadenomas with a
spectrum of morphology and biologic behavior. The median
age is 45, which is several decades higher than fibroade-
noma. These tumors are grossly well circumscribed, but are
infiltrative on microscopic examination. They are composed
of benign glandular elements with a prominent stromal
component showing varying degrees of hypercellularity,
nuclear atypia, and mitotic activity. The older term “cys-
tosarcoma phyllodes” refers to the leaf-like architectural
pattern with intervening cystic spaces. Although features
such as size, mitotic activity, and cellular atypia correlate
with clinical behavior, attempts to reliably divide these
tumors into benign and malignant forms are not always suc-
cessful. The lower- grade tumors tend to recur, especially if
incompletely excised, due to the subtle infiltrative margin.
Obvious malignant tumors may have stromal overgrowth,
which portends a worse prognosis (125,126). Overall,
lymph node metastases are uncommon and surgery is the
primary treatment.

Angiosarcoma

Angiosarcoma is the most common primary sarcoma of the
breast, and may be associated with previous radiation therapy.
The tumors are composed of anastomosing vascular channels
lined by endothelial cells that range from mildly atypical to
frankly malignant. The distinction between a benign angioma
and a low-grade angiosarcoma can be difficult on a small
biopsy. Overall 5-year survival is around 60% with multi-
modality therapy (127,128). Other histologic patterns of pri-
mary breast sarcoma also occur.

GENOMIC CLASSIFICATION 
OF BREAST CANCER

Our understanding of breast cancer has begun to evolve with
the use of modern technology, and gene expression studies
have heightened our understanding of breast cancers as being
composed of heterogenous tumor subtypes with distinct bio-
logic features. In a seminal paper, Perou et al. characterized 65
breast specimens from 42 patients with breast cancer, includ-
ing 20 sampled pre- and postchemotherapy and 2 with node-
positive disease (129). They demonstrated that breast tumors
could be subdivided based on their genomic signature into
distinct molecular types: luminal/ER positive, normal breast-
like, basal/epithelial cell enriched, erb/B2 amplified, and an
unknown cohort. Sorlie et al. later expanded this study into a
classification of 78 tumors, and were able to separate the
luminal group into three subtypes: luminal A tumors had the
highest expression of ER genes; luminal B had low to moder-
ate expression of luminal-specific genes; and luminal C was
characterized by low expression of the luminal-specific genes
and expression of genes of unknown function, but were also
seen in the erb/B2 and basal classes of breast tumors (130).
Inclusion of a BRCA1 cohort into a later study also demon-
strated the propensity of these tumors to fall into the basal
subgroup (131). 

Bertucci et al. sought to correlate molecular subtypes with
pathologic characteristics routinely evaluated in breast cancer
(132). Statistically significant differences in tumor grade, ER
status, PR status, HER2/neu status, and p53 staining were
noted in luminal A tumors, erb/B2 amplified, and basal-like
tumors. The vast majority of luminal A tumors in this study
were non–high grade (73%), ER positive (100%), PR positive
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FIGURE 29.27. Invasive lobular carcinoma. Small monotonous
tumor cells invade in linear “Indian file” pattern.

FIGURE 29.28. Metaplastic carcinoma. This is a poorly differentiated
invasive carcinoma. To the right is an area of squamous differentiation.
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(96%), HER2/neu negative (96%), and p53 negative (85%).
In contrast, the basal tumors were predominantly the oppo-
site: grade 3 (88%), ER negative (94%), PR negative (94%),
HER2/neu positive (100%), and p53 positive (53%). The
erb/B2 amplified cohort had the biggest mix of features: grade
2 or 3 (100%), ER negative (93%), PR negative (80%),
HER2/neu positive (100%), and p53 negative (53%). Even
more important than the determination of these molecular
subtypes, Sorlie et al. demonstrated that the classification also
separated tumors prognostically, with luminal A tumors being
associated with the highest probability of remaining alive and
disease-free while basal tumors were associated with poor sur-
vival outcomes (130). These data have been replicated in other
reports (132,133). 

PROGNOSTIC AND PREDICTIVE
FACTORS

In breast cancer, there are clinical and biologic factors that
can inform the anticipated responses to a given therapy (pre-
dictive factors) and those that are independently associated
with survival outcomes, whether it be recurrence or death
from breast cancer (prognostic factors). Understanding such
factors holds the key to making decisions regarding therapy
for the patient with breast cancer. For patients whose prog-
nosis is good, chemotherapy may hold little benefit and may
not be recommended. Alternatively, endocrine therapy and
the use of biologic agents, such as trastuzumab, may depend
on the presence of factors that will predict tumor respon-
siveness, which may ultimately translate into a survival
advantage. 

Of the known prognostic factors in breast cancer, the most
widely accepted are defined surgically. Axillary node involve-
ment is a strong predictor of both relapse risk and mortality,
and risks increase with the number of nodes involved by
metastatic breast cancer. Tumor size is also a well-established
prognostic factor, with increasing size associated with a
greater number of involved nodes and a shorter time to recur-
rence. The presence of lymphovascular invasion and high
tumor grade also portends a worse prognosis. 

Histologically, tumors associated with mutations in either
BRCA1 or BRCA2 are high-grade invasive ductal carcinomas.
BRCA1 mutation–associated breast cancers are usually triple
negative and express basal markers (134). This is in contrast
to BRCA2 mutation–associated tumors, which are usually ER
positive and express a luminal A phenotype (135). 

The most commonly cited biologic factor associated with
prognosis is the estrogen and progesterone receptor status.
Estrogen interacting with nuclear ERs regulates cell growth,
proliferation, and differentiation of normal breast epithelium,
and those carcinomas that express ER. PR is an ER-regulated
gene product with similar implications. Hormone receptors
can be measured biochemically by ligand binding assays or by
IHC techniques using monoclonal antibodies directed against
the receptor protein, and correlation between the two tech-
niques is high (136). With today’s smaller tumors usually diag-
nosed by needle core biopsy, IHC is the preferred method of
analysis. This method also allows distinction between invasive
tumor, in situ tumor, and nontumor elements. Heterogeneity
exists within tumors, and most laboratories now report posi-
tivity by the percentage of cells stained or use a semiquantita-
tive scale (137). However, hormonal status is a relatively weak
prognostic indicator, and measurement of ER in breast cancers
is performed to predict the response of an invasive tumor to
endocrine therapy, or the benefit of hormonal therapy for risk
reduction in cases of in situ carcinoma. Patients with ER- and/or
PR-positive disease are expected to benefit from hormonal

agents. Alternatively, patients with hormone-positive disease
may not derive a significant benefit from chemotherapy (138). 

Recently, survivin, a member of the inhibitor of apoptosis
(IAP) family, has been proposed as a prognostic factor. In one
study, 293 cases of invasive breast cancer were assayed for sur-
vivin, showing that 60% were positive (139). In a multivariate
analysis, survivin was shown to be significantly associated with
relapse-free (p � 0.001) and overall survival (p � 0.01). This
was independent of age, tumor size, tumor grade, nodal status,
and estrogen receptor.

Other biologic factors have been proposed as prognostic,
including Ki-67, a nuclear antigen that is not expressed at G0
but is detected in the G1 through M phases, the fraction of
cells in S phase, and DNA ploidy analysis. However, these fac-
tors have yet to be validated in statistically robust studies, and
are not recommended for use in daily practice (140). 

HER2/neu or c-erbB2 is an oncogene whose protein
product is a membrane receptor tyrosine kinase. Amplification
of HER2/neu is seen in most cases of comedo-type ductal
carcinoma in situ and in about 20% to 30% of invasive ductal
carcinoma, usually of high grade. It can be detected by immuno-
histochemistry for the protein product or by gene amplification
techniques, such as fluorescence in situ hybridization (FISH)
or chromogenic in situ hybridization (CISH). Increased copy
number is closely associated with elevated protein expression.
Amplification of HER2/neu, and this used to confer a poor
prognosis in breast cancer (141). However, with the advent of
trastuzumab, a monoclonal antibody directed against the
HER2/neu receptor, women with HER2/neu amplified breast
cancers have gained significantly in their survival outcomes; as
such it is no longer correct to consider it a prognostic factor, but
rather to use it as a predictive factor for the selection of treat-
ment (142–144). 

The American Society of Clinical Oncology and College of
American Pathologists recently published a joint guideline
containing an algorithm for testing, interpretation, and
reporting, as well as requirements for standardization and val-
idation of testing techniques (145). A positive HER2/neu
result is 3� IHC staining, defined as uniform intense mem-
brane staining of �30% of invasive tumor cells (Fig. 29.29) or
a FISH result of more than six HER2 gene copies per nucleus
or a FISH ratio (HER2 signals to chromosome 17 signals) of
more than 2.2. Implementation of these guidelines will result
in more reproducible results between laboratories.

A subset of breast carcinomas is negative for the usual
markers ER, PR, and HER2/neu, and are referred to as triple
negative. These tumors express cytokeratins 5/6, which
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FIGURE 29.29. Positive HER2/neu. Strong (3�) HER2/neu membrane
immunoreactivity is seen in this invasive ductal carcinoma.
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denotes a basal phenotype, in contrast to the luminal cell phe-
notype of most breast carcinomas (146,147). These tumors
are characteristically high grade, have a central hyalinized scar
or necrosis, occur in younger women, and are associated with
poor survival (148,149). Many metaplastic carcinomas fall
into this group of tumors. Most triple-negative tumors are
positive for epidermal growth factor receptor (EGFR), which
may provide a target for future therapy (146).

GENERAL MANAGEMENT 
OF BREAST CANCER

SURGICAL CONSIDERATIONS

Historical Perspective

Early descriptions of breast disease date back to ancient
Chinese and Egyptian civilizations, and those of breast malig-
nancy date back to Hippocrates and Celsus. The predominat-
ing theories of Hippocrates and Galen’s four bodily humours
were taken as dogma until the 1700s, when LeDran proposed
the revolutionary concept of lymphatic spread. Evolutions in
surgical treatment of breast cancer, however, awaited the
introduction of anesthesia and Listerian antisepsis. 

Faced with a high incidence of local recurrence and the
understanding that cancer growth and spread occurred in an
“orderly sequential process,” the radical mastectomy was
championed as an attempt to get at “the roots” of the tumor.
At the same time, surgeons suggested that the axillary nodes
be removed as part of the operation on breast cancer, given the
propensity of nodal involvement. 

The earliest description of the mastectomy was by Jean
Petit, but Charles Moore and Sir Joseph Lister are credited
with advocating the more radical approach by incorporating
the division of the pectoral muscles when performing a mas-
tectomy, which allowed for improved exposure of the axil-
lary contents. The subsequent groundwork by Pancoast,
Gross, and Moore of London led to the reports of Willie
Meyer and William Halsted, who simultaneously published
papers advocating the systematic removal of nodes in conti-
nuity with the primary cancer in 1894 (150,151). These
papers presented a systemically applied approach to the rad-
ical mastectomy and offered a standardized technique of
lymphadenectomy in breast cancer in an anatomically logical
and exact manner. Technically, the procedure involved an en
bloc resection of the breast, the pectoralis major and minor,

and a full axillary dissection, levels I-III. In so doing, the
local recurrence rate dropped from nearly 50%–80% to 6%,
and the reported 3-year cure rate was 38.3% (152). So suc-
cessful was this operation that it became the yardstick
against which all other interventions would be measured.
Even with this breakthrough, Halsted recognized that node
negativity did not ensure survival. 

The extension of the operation was explored by surgeons
in Europe and the United States, including operations that
involved resection of the supraclavicular nodes (Halsted) or
the internal mammary nodes (Handey), and extension of
surgery into the neck and/or mediastinum (Urban and
Wangensteen) (153,154). However, these increasingly exten-
sive surgeries did not improve overall survival, but did
increase operative mortality, and thus were largely aban-
doned. Simultaneously, Sir Geoffrey Keynes first described the
role of radiation therapy (RT) in local control of cancer in
1930, and Robert McWhirter first demonstrated that axillary
radiation was effective in locoregional control in breast cancer
(155). This presaged the controversy regarding surgical resec-
tion versus radiotherapy for locoregional control and its rela-
tionship to survival. 

Advances in medicine and public health between 1880 and
the mid-1900s led to improvements in breast cancer detection
and smaller tumors, which led surgeons to explore options
beyond the radical mastectomy. It was not until the 1970s, how-
ever, that the surgical trend for breast cancer management was
deliberately directed toward less aggressive approaches (156). 

Modern History

Over a decade after the first randomized clinical trial evaluating
the outcomes of breast conservation combined with postoper-
ative radiation versus mastectomy revealed no difference in
either overall survival or in breast recurrence between treatment
groups, the National Surgical Breast and Bowel Project (NSABP)
launched a series of trials where the underlying construct was
that breast cancer was systemic at origin, and therefore the
technique of surgery was less important than systemic therapy.
Because the dogma was that it is the systemic disease that con-
trols survival, the group accepted negative margins delineated
as “no tumor at ink” and this qualification would distinguish
NSABP trials from other investigations. In total, six major
prospective, randomized trials were initiated between 1972
and 1983 and are summarized in Table 29.8. 

The NSABP B-06 trial compared modified radical mastec-
tomy to lumpectomy with or without breast irradiation in
1,851 patients with stage I-II breast cancer (157). At 20 years
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RANDOMIZED TRIALS COMPARING BREAST CONSERVATION THERAPY (BCT) AND MASTECTOMY (MAS)

TA B L E  2 9 . 8

Local recurrence (%) Overall survival (%) Follow-up (years)

Trial BCT Mas BCT Mas

Milan (158) 7 4 65 65 18
Institut Gustave-Roussy (160) 9 14 73 65 15
NSABP B-06 (157) 10 8 63 59 20
NCI (161) 19 6 77 75 10
EORTC (162) 20 12 65 66 10
Danish Breast Cancer Group (159) 3 4 79 82 6

Note: EORTC, European Organization for Research and Treatment of Cancer; NCI, National Cancer Institute; NSABP, National Surgical Breast 
and Bowel Project.
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of follow-up, there was no significant difference in either
disease-free or overall survival. Additionally, whole breast
irradiation was found to reduce local recurrence in patients
who received breast conservation. With these results, breast
conservation therapy (BCT) was rightfully established as the
standard of care. A similar trial was reported by Veronesi et al.
for the National Tumor Institute of Milan (158). Over 700
women with tumors under 2 cm were randomized to mastec-
tomy versus quadrantectomy with axillary dissection followed
by radiotherapy. Adjuvant chemotherapy using cyclophos-
phamide, methotrexate, and 5-fluorouracil (CMF) was admin-
istered to all patients with node-positive disease. With 20 years
of follow-up, the actuarial disease-free and overall survivals
were similar in both groups. The Danish Cooperative Group
conducted a similar study of 895 patients and once more
showed that with 6 years of follow-up, equivalent rates of local
recurrence and overall survival were achieved (159). Finally,
Arriagada et al. reported the results of a randomized trial
involving 179 patients treated at the Institut Gustave-Roussy
and once more demonstrated an equivalent disease-free and
overall survival (160). Notable studies from the NCI and
European Organization for Research and Treatment of Cancer
(EORTC) showed a higher risk for local recurrences with
breast conservation compared to mastectomy, but these studies
were flawed for either inadequate margin assessment or frank
margin involvement, respectively (161,162). 

In the final analysis, the weight of evidence supports equiv-
alence of breast conservation therapy versus radical or modi-
fied radical mastectomy for early-stage breast cancer. The
NSABP trials rigorously and systematically both challenged
and advanced breast cancer surgical technique and systemic
therapy. Ongoing debate about which patients were candi-
dates for BCT continued for decades, ultimately landing at the
determination based on the breast-to-tumor volume ratio,
absence of multicentric disease, and eligibility for postlumpec-
tomy radiation (163). 

The NSABP applied similar methodology in evaluating the
benefit of surgery and radiation in the management of ductal
carcinoma in situ (DCIS). From the NSABP B-17 and B-24 trials
we learned that lumpectomy with radiation achieved the low-
est rate of local recurrence but did not affect overall survival,
and that tamoxifen could decrease not only ipsilateral recur-
rence but also contralateral new disease (164). NSABP B-32
compared axillary dissection to sentinel node biopsy in the
management of the clinically negative axilla and demonstrated
the success of sentinel node mapping in predicting the axilla
(165). Most recently, the results of the second prevention trial
from the NSABP, P-2 (Study of Tamoxifen And Raloxifine
trial), demonstrated the equivalent efficacy of raloxifine for
risk reduction of a new primary in postmenopausal women,
but with a reduction in untoward side effects such as throm-
boembolic events, cataracts, and endometrial carcinoma, the
latter not achieving statistical significance (166). 

In Situ Disease

In the past DCIS was managed, like any breast cancer, by
mastectomy. This was effective from a cancer point of view
and resulted in a local recurrence rate of only 1% (167).
Interestingly, at a time when breast conservation surgery was
being advocated for invasive breast cancer, total mastectomy
was still the standard of care for DCIS. Current therapies have
since evolved based on extrapolation of the trials of breast
conservation therapy with total mastectomy in invasive breast
cancer, although there are no phase 3 studies comparing
breast conservation therapy with total mastectomy in DCIS. 

Currently, DCIS is treated by wide local excision which is
now the standard of care. Margin status and size of the lesion

appear to be significant factors related to risk of recurrence
(168,169). Silverstein et al. created the Van Nuys Prognostic
Index (VNPI) by combining pathologic classification (non–
high-grade nuclei without necrosis; non–high-grade nuclei with
necrosis; high-grade nuclei), tumor size, and closest margin width
(170). The VNPI score ranges from 4 to12 and has been shown
to stratify the risk of local recurrence after breast-conserving
surgery. However, with respect to lesion size, accuracy is often
problematic at pathologic evaluation because most DCIS is not
grossly evident, yet it is not practical to submit all tissue from an
excisional biopsy for microscopic evaluation. Most pathologists
rectify this by sectioning of the biopsy specimen guided by the
type of lesion and radiographic findings. Of note, mammogra-
phy can often give a more accurate size of the lesion, though
only in tumors that are entirely marked by calcifications. Margin
width is most easily measured microscopically in perpendicular
sections, which is only possible if the margins are inked in color,
which is a prerequisite for identification of each margin.

The indications for mastectomy for DCIS are (a) persistent
positive margins; (b) multicentric disease, i.e., DCIS involving
more than one quadrant; (c) cosmetically unacceptable breast
conservation surgery due to a large DCIS process in a compar-
atively small breast. For these cases a total or skin-sparing
mastectomy with sentinel lymph node biopsy is most clearly
recommended, to ensure that the opportunity for lymphatic
mapping will not have been sacrificed should occult invasive
disease be identified on final pathology.

The role of sentinel node biopsy in DCIS treated with
lumpectomy is less clear. Some have advocated for sentinel
node biopsy in DCIS treated by lumpectomy when the diagno-
sis is based on a core needle biopsy since the risk of an inva-
sive cancer at definitive excision ranges between 10% and
20%. In the largest series of sentinel node biopsy for pure
DCIS, a 5% rate of nodal metastasis was described; however,
70% of these metastases were detected only by immunohisto-
chemical (IHC) staining (171). Others have suggested stratify-
ing the risk of invasion based on retrospective studies,
acknowledging that the implications of IHC-positive nodes
are unclear, especially in the context of known disease-specific
survival from DCIS of 99% (172). Taking into account the
published literature, consideration of lymphatic mapping is
reasonable for a span of DCIS greater than 4 cm or a mass on
mammography, palpable DCIS, high-grade DCIS, and in the
presence or question of microinvasion (173). 

Early Invasive Disease

Early invasive breast cancer is almost uniformly diagnosed by
imaging modalities. Although breast MRI has emerged as a
valuable adjunct in the diagnostic evaluation of breast cancer,
its widespread use as a screening tool has yet to be largely real-
ized. Therefore, the majority of patients will present with
lesions that have been identified by mammography. 

Once the diagnosis of invasive cancer is established in early-
stage disease, surgical planning starts. A thorough history and
physical examination are essential to establish both the patient’s
presentation and extent of clinically apparent disease, and to
screen for contraindications to breast conservation therapy or
to adjuvant radiation therapy, such as connective tissue disor-
ders or prior irradiation. Particular attention to the location of
the tumor, its palpability, fixation to the skin or underlying
chest wall, cutaneous changes, nipple irregularities, and
regional nodal assessment are paramount. 

Breast conservation surgery should aim to resect the pri-
mary tumor with clear margins. This can be achieved either
with the needle localization technique, or one of the other many
techniques that have been described in the literature to localize
the lesion, such as intraoperative ultrasound localization 
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or radioisotope-guided resection (174,175). The ideal margin
for breast cancer in a wide local excision has been a well-pub-
lished challenge; after all, an acceptable margin for one
pathology may not be appropriate for another. In an exhaus-
tive review of the technique and significance of the surgical
margin for invasive breast cancer, Singletary analyzed 38 rep-
resentative studies examining the impact of surgical margin on
local recurrence (176). Although it is difficult to discern a dis-
tinction between the significance of 1-, 2-, 3-, or greater than
5-mm margins in patients with invasive breast cancer treated
with whole breast irradiation with tumor bed boost, she
demonstrated an increased local recurrence rate in patients
with positive margins. Young age, large tumor size, postive
lymph nodes, and the absence of systemic chemotherapy or
endocrine therapy were identified as significant independent
predictors of locoregional recurrence. The time-dependent
nature of recurrence is further elaborated by Neuschatz et al.,
who showed that graded tumor bed escalation in breast irradi-
ation may establish equivalence in local recurrence for
involved margins initially, but that after 5 years of follow-up,
the local failure in the close/positive margin groups becomes
apparent (177). 

Intraoperative margin analysis to ensure adequacy has
been explored primarily using frozen section analysis, touch
prep, or intraoperative imaging. A promising technique of
treating potential positive margins is the use of intraoperative
radiofrequency ablation, where a multipronged probe is
deployed into the surrounding breast tissue at the completion
of the lumpectomy before wound closure (178). Ablation is
performed under ultrasound visualization for 15 minutes.
Twenty-five percent of patients avoided returning for re-excision
due to close margins evident on final pathologic analysis.
However, longer follow-up is needed to ensure that the local
recurrence remains low.

Locally Advanced Breast Cancer

Locally advanced breast cancer is variously defined as pri-
mary tumor size greater than 3 to 5 cm, involvement of the
chest wall, skin ulceration or satellitosis, and/or positive
axillary nodes (179,180). Approximately 6% of breast can-
cers in the United States present as locally advanced breast
cancer (LABC). These patients are candidates for neoadju-
vant chemotherapy or endocrine therapy, which results in a
higher rate of breast conservation, without a reduction in
either disease-free or overall survival (181). Additionally,
neoadjuvant therapy has not been shown to increase the
complication rate of surgery or delay the onset of further
postoperative treatment. From a biologic standpoint, neoad-
juvant therapy provides the opportunity to assess the
chemosensivity of breast tumors in vivo. The use of neoadju-
vant chemotherapy does result in a 30% to 40% decrease in
the incidence of axillary nodal involvement, and up to a
20% complete response in responding patients (182–184).
Although neoadjuvant chemotherapy has not been shown to
improve survival in locally advanced breast cancer, it has
demonstrated that up to 80% of patients have significant
breast tumor shrinkage and only 2% to 3% will have progres-
sion of disease (180,181).

Approximately 25% of patients who were not candidates
for breast conservation before treatment were able to conserve
their breast after the administration of neoadjuvant
chemotherapy. Data from the NSABP B-18 trial demonstrated
that patients who achieved a pathologic complete response
(pCR) have better survival than those who were partial
responders (182). Kuerer et al. also demonstrated that the
presence of residual disease in the axillary lymph nodes was a

predicator of poor outcome and was associated with a higher
incidence of locoregional (14% vs. 5% in patients achieving a
pCR in the nodes) and distant metastases (41 vs. 15%) (184). In
this study the eradication of nodal metastases was associated
with improved survival. In addition, a pathologic complete
response to neoadjuvant therapy has been more commonly
noted in younger patients and in tumors that are estrogen
receptor–negative cancer, high grade, and ductal. Cancers with
a high proportion of intraductal cancer are also less likely to
shrink significantly. Neoadjuvant endocrine therapy has been
used mainly in older women with estrogen receptor–positive
disease; aromatase inhibitors are more effective than tamoxifen
in inducing a local response, but pCR is rare with endocrine
therapy alone.

A core biopsy of the breast is used to establish diagnosis and
to obtain prognostic histologic features of the primary tumor.
Multiple cores allow for staining for receptors and HER2/neu. A
negative biopsy in the setting of a clinically suspicious or domi-
nant breast mass should prompt additional workup with open
biopsy. If the patient could be a candidate for breast conserva-
tion with appropriate down staging of tumor size, a microclip
should be placed in the breast. This facilitates later identification
of the cancer site in case of complete response to neoadjuvant
therapy. Additionally, axillary evaluation is also required to
establish the nodal stage. For palpable disease a needle biopsy
can be performed, with sentinel node biopsy being reserved for
nonpalpable disease. 

However, clinical examination of the axilla remains unreli-
able, with reported false-negative examination in 21% to
42% of cases (182,185,186). Hence, it is important to identify
other methods of accurately staging the axilla before initiation
of treatment. Ultrasound combined with physical examination
has been shown to increase the reliability of axillary evalua-
tion (187). Further, fine-needle aspiration cytology of suspi-
cious nodes, defined as size greater than 1 cm, loss of fatty
hilum, cortical hypertrophy, and hypoechogenic parenchyma,
has a reported sensitivity and specificity of 36% to 92% and
69% to 100%, respectively (86,87,188). In a study of 103
cases of indeterminate or suspicious-appearing lymph nodes
from the M. D. Anderson Cancer Center, only 11% of node-
positive patients were missed by ultrasound-guided cytology
(86). All cases with three or more positive nodes, and 93% of
cases where the size of the metastatic deposit was greater than
5 mm, could be identified by this technique. In this study, the
overall sensitivity of US-FNA was 86%, specificity was 100%,
positive predictive value was 100%, and the negative predic-
tive value was 67%. Despite this, the false-negative rate of 
US-FNA remains 15% to 20% in the reported literature and a
major limitation of ultrasound remains the inability to detect
metastases less than 5 mm in size. While the identification of
node-positive disease by US-FNA can reduce the number of
sentinel lymph node biopsy (SLNB) procedures by up to 15%
and identify those patients who would not otherwise be candi-
dates for neoadjuvant chemotherapy, sentinel node biopsy is
still required in those patients who are node negative based on
US-FNA (87,88). Re-evaluation of the axilla after neoadju-
vant therapy has also been reported in small studies to be pre-
dictive of axillary downstaging (187).

The timing of sentinel node biopsy in the US-FNA node-neg-
ative patient relative to chemotherapy remains controversial.
Small single-institution studies demonstrate the feasibility of
lymphatic mapping subsequent to neoadjuvant chemotherapy,
and described a false-negative rate of 9%, which is comparable
to the NSABP B-32 trial results for sentinel node biopsy in
patients undergoing primary surgery. However, given the poten-
tial downstaging of the axilla, there remain concerns about
establishing the extent of nodal involvement as patients with
greater than four positive nodes will have alteration in radiation
therapy field distribution. Chagpar et al. have attempted to

Chapter 29: Breast Cancer 917

Barakat_CH29-897-946.qxd  2/27/09  2:24 PM  Page 917



develop a nomogram to assist in identifying those patients more
likely to require extended field radiotherapy (189).

All patients with locally advanced breast cancer should
undergo a baseline bone scan and CT scans of the chest,
abdomen, and pelvis since 30% of these patients have
metastatic disease (190). Patients are clinically assessed for
response after two to three cycles, and radiologic response can
also be recorded at this time. If no response is present, a deci-
sion is made to continue with surgery if possible, or to change
systemic therapy. Prior to surgical decisions being made,
reimaging of the breast should be performed as clinical exam-
ination alone is unreliable (191–194). Occasional patients will
have residual microcalcifications or DCIS while the invasive
cancer has a complete pathologic response (195). The con-
traindications for breast conservation after neoadjuvant
chemotherapy are similar to those for primary breast conser-
vation therapy and include residual tumor �5 cm, skin edema
or involvement, chest wall fixation, diffuse calcifications on
postchemotherapy mammogram, multicentric disease, and
contraindications to radiation therapy. As the risk of local
recurrence after breast conservation in patients undergoing
neoadjuvant therapy is slightly higher, the use of postmastec-
tomy radiation in patients with larger cancers is recommended
(181,196). Neoadjuvant endocrine therapy in hormone receptor–
positive patients has also been shown to be effective.

Immediate reconstruction in patients with locally advanced
breast cancer undergoing mastectomy has been shown to have
a slightly higher rate of complications and results in a delay in
treatment, as well as problems with cosmesis when postmas-
tectomy radiation therapy is required. Given the multiple
issues that are at play in the patient desiring immediate recon-
struction, early consultations with both plastic surgeon and
radiation oncologist should be performed, preferably before
any surgery takes place.

Management of the Axilla

Although the clinical implications of axillary lymph node
involvement has taken a varied course over the years, it still
remains a major prognostic indicator of survival in breast can-
cer (197). Additionally, an axillary dissection remains of value
in improving local control in patients with clinically positive
axillae, though this has not translated into improved survival. 

The largest prospective, randomized trial evaluating the
role of axillary lymphadenectomy was the NSABP B-04 trial
(197). In this trial, 1,079 women underwent radical mastec-
tomy including an axillary dissection, total mastectomy with
axillary radiation, or total mastectomy alone. Of note,
patients did not receive systemic therapy on study. The results
showed an axillary recurrence rate of 5% in clinically node-
negative patients treated with surgery or irradiation compared
to 20% when the axilla was observed. However, there was no
difference in the rate of distant metastases or in survival in
clinically node-negative breast cancer patients after 25 years.
Most patients with axillary recurrence were salvaged by the
performance of a delayed axillary dissection, whereas one
patient had inoperable regional disease. This study thus
demonstrated that leaving behind axillary nodes with metasta-
tic disease had no significant impact on the overall outcome of
the disease. 

Cabanes et al. reported the results of a randomized trial of
breast conservation therapy with breast irradiation, with or
without axillary dissection in clinically node-negative patients,
and showed a survival benefit for axillary dissection (198).
However, this could be explained by the greater use of adju-
vant chemotherapy and radiation in patients with positive
nodes discovered at axillary dissection, whereas patients who
were observed did not undergo these treatments. The rate of

axillary recurrence without axillary dissection was only 7 of
332 (2%), compared to 3 of 326 (1%), even when an axillary
dissection had been performed. In another study of 401
patients with T1 breast cancer (�2 cm) treated only with tan-
gential breast radiation ports without an axillary dissection or
sampling, Greco et al. reported that only 25 patients (7.5%)
subsequently developed clinically suspicious axillary nodes,
although at biopsy only 19 of the 25 patients had a histologic
confirmed axillary relapse (199). 

A Danish randomized trial compared an extended radical
mastectomy with nodal resection to total mastectomy with
postoperative radiation, showing similar survival and suggest-
ing that axillary radiation might be an acceptable alternative
to surgical dissection of the axilla (200). Similarly, the 30-year
results of a randomized trial of 737 patients treated with a
radical mastectomy versus an extended radical mastectomy
with internal mammary lymphadenectomy and with no adju-
vant therapy demonstrated that the involvement of the inter-
nal mammary nodes was a predictor of poor outcome, but did
not demonstrate a survival benefit (201). 

In contrast, a meta-analysis reported a 5% survival advan-
tage with axillary dissection versus observation (202). This has
been questioned since the trials on which this meta-analyis were
based have since been updated, reflecting no survival advantage
with axillary dissection, though maintaining a lower axillary
recurrence rate with axillary dissection (203). Few women in
the era when the trials included in this meta-analysis were per-
formed had mammographically identified or nonpalpable
tumors, and few received chemotherapy. Thus, extrapolation of
these data to contemporary breast cancer management is quite
difficult, given the changes in presentation of breast cancer.

A complete axillary dissection involves removal of the level
I-II nodal tissue from the axilla. This is defined as the space
bounded by the pectoral muscles anteriorly, the latissimus
dorsi muscle posteriorly, and superiorly by the axillary vein.
The nerves to the latissimus dorsi and serratus anterior are
preserved. If possible, the intercostobrachial nerve is also pre-
served to decrease the risk of arm paresthesias. Level III nodes,
which can be accessed only by dividing the pectoral tendon,
are usually not removed. These are included in the radiation
field, which is recommended if multiple nodes are involved.

Sentinel Node Biopsy

The concept of sentinel lymph node biopsy was designed to
evaluate the stage of the disease in lieu of lymphadenectomy. It
has revolutionized the surgical management of the axilla, and
largely replaced axillary dissection in the node-negative axilla.
In a recent meta-analysis involving 69 trials run between 1970
and 2003 and over 8,000 patients, the false-negative rate aver-
aged 7.3% across studies (ranging from 0% to 29%) (204).

Donald Morton et al. pioneered lymphatic mapping in the
surgical management of melanoma (205). The simplicity and
elegance of this technique were overwhelming and led to its
adoption in several malignancies, but none as robustly as
breast cancer. Armando Guiliano championed the blue-dye-only
technique using lymphazurin dye to identify the sentinel
nodes, and the radioisotopic technique followed 1 year later,
which is credited to Krag (165,206). Currently, a combination of
these techniques has become most widely employed, although
continued controversy persists on the different techniques of
injection, whether it be peritumoral or subareolar or subdermal
(207,208). Although all are likely successful in the majority of
patients, the peritumoral technique may be important for
posteriorly situated lesions. The subareolar technique may not
drain to the internal mammary nodes (209). 

Following injection of isotope, the dissection begins with 
a separate axillary incision. Dissection is taken down to the
clavipectoral fascia, which is opened. The axilla is interrogated
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with a handheld receiving device, and further exploration for
the “hot” node is performed. The node is carefully dissected
from the surrounding tissue, paying attention to close dissec-
tion, as the critical motor nerves have not been identified. Each
node is subsequently removed and counted over 10 seconds;
if more than one node comes out together they should be
separated. The node with the highest count becomes the
benchmark and all nodes with greater than 10% activity are
considered sentinel nodes. If blue dye is used, any blue node or
node with a blue-stained lymphatic adjacent is a sentinel node.
The sentinel nodes may be hot, blue, or hot and blue. Each
technique used independently gives a 90% identification rate,
and 95% when combined. Each agent’s benefits are inherently
obvious: the visualization of the blue dye, and the audibility of
the isotope. Before completion of the procedure, the axilla must
be digitally evaluated for any palpable nodes, as false negativity
is common with nodes replaced by tumor. Furthermore, care to
try to identify low-lying nodes in the axillary tail of the breast
is useful. While lymphatic mapping to the internal mammary
chain has been performed, its impact on outcome remains
unclear. 

It has now been demonstrated that sentinel lymph node
evaluation is feasible, and accurately predicts the regional
nodal status (205,206,210). The analysis of the few removed
sentinel lymph nodes enabled pathologists to do multiple
sections and a far more careful analysis of a few nodes,
rather than a single section of the 10 to 20 nodes usually
obtained from an axillary dissection. This detailed examina-
tion has sharply increased (by 20% to 30%) the proportion
of “positive” nodes. 

Intraoperative assessment of sentinel lymph nodes using
touch imprints and routine IHC staining is used by some to
enable an immediate therapeutic lymphadenectomy if the nodes
were positive, thus sparing the patient from a second procedure.
However, intraoperative assessment may have unacceptable
rates of false-negative results, ranging from 36% to 71% (211).
The increased yield of small macrometastases and micrometas-
tases from regional lymph nodes by use of multiple thin sections
and immunohistochemistry had been well demonstrated even in
the presentinel lymph node era, and led to the recommendation
for the current careful pathologic analysis of sentinel lymph
nodes (212–215). With the technique of sentinel lymph node
biopsy and the pathologic analysis now relatively standardized,
the more recent focus is on the clinical significance of “positive”
sentinel nodes. The most recent sixth edition of the AJCC
Staging Manual defines nodal metastases less than 0.2 mm in
extent and detected by IHC only as N0(ITC), indicating the
uncertain prognostic implication of these minor cancer cell dis-
coveries. Not all “positive” sentinel lymph nodes require a sub-
sequent therapeutic lymphadenectomy since studies have
shown low risk of regional nodal recurrence after observation
only for patients with a positive sentinel lymph node (216).
This thesis formed the hypothesis of the American College of
Surgeons Oncology Group (ACOSOG) Z-11 trial, which
randomized women with sentinel node positive breast cancer
to observation only or completion axillary dissection.
Unfortunately, this study closed early due to poor accrual,
but results are expected in the near future.

Yet even now we strive to ascertain which of the patients
with a positive sentinel node need to return for axillary node
dissection. Nomograms have been developed to assist in this
decision-making process, and the rate of completion axillary
dissection has fallen off as these data have matured, likely rec-
ognizing that the extent of nodal involvement will not affect
chemotherapeutic recommendations (217,218). Furthermore,
in an appropriately performed sentinel node biopsy, bulky dis-
ease should not be left behind. 

Current data suggest that with smaller tumor size in the era
of mammographic screening, only 30% of breast cancers are

node positive at presentation. In approximately 50% to 60%,
the only positive node is the sentinel node. Data from the
NSABP B-04 and other trials performed before the routine use
of systemic chemotherapy demonstrated no survival benefit in
removing the axillary lymph nodes for occult disease. 

The use of axillary dissection comes at a cost to the patient.
The incidence of lymphedema after axillary dissection and
after axillary radiation is similar (15% to 25%) and is higher
when the two are combined. Overall, 50% to 70% of patients
have some complaint after axillary dissection, including
restricted shoulder motion (17%), intercosto-brachial nerve
numbness (78%), and pain (25%) (186). Though these prob-
lems are not life threatening, their effect on the quality of life
is significant (219).

Oncoplastic Surgery

Subsequent to the revolutionary advances taking surgeons from
radical mastectomy to lumpectomy and axillary dissection, there
remained a cohort of patients who required mastectomy to
either resect their disease adequately or had significant risk of
future breast carcinoma such that breast conservation was
deemed inappropriate. For these patients, continuing with the
standard simple mastectomy, and nodal evaluation lagged
behind advances already achieved. But over the past 15 years,
immediate reconstruction after mastectomy has been docu-
mented to be both safe, from an oncological perspective, and
psychologically beneficial to the patient's well-being (220).
Simmon et al. have championed a more ideal technique of com-
plete resection of the breast while preserving unaffected struc-
tures (221). Her landmark article compared recurrence patterns
in women treated by skin-sparing mastectomy (SSM) versus
non–skin-sparing mastectomy and demonstrated local recur-
rence rates of 3.90% and 3.25%, respectively, with an equiva-
lent distant recurrence rate of 3.9% at 5 years. 

SSM involves resection of the nipple areolar complex and
nodal evaluation, but preservation of the entire overlying skin.
Although initially reserved for early-stage breast cancer, Foster
et al. have shown that SSM can be used in locally advanced
breast cancer stages IIB and III with comparable local recur-
rence (222). A recent analysis of recurrence patterns revealed
that local recurrence is usually in the same quadrant as the
disease and is more common with high-grade DCIS or grade 
3 invasive tumors (223). 

Further analysis led Simmons to advance the concept of
areola-sparing mastectomy, advocating that the perserved
areola would enhance nipple reconstruction (224). Although
retrospective, it suggested that malignant involvement of the
areola was uncommon (0.9%), whereas involvement of the
nipple was present in 11% of patients. Ultimately, the idea of
nipple preservation has been pursued. While long-term results
available in the European literature suggest comparable rates
of success in appropriately selected patients, i.e., small periph-
eral tumors, the local recurrence rates remain higher (25%)
than in the U.S. experience (225,226). The Milan group has
used intraoperative radiotherapy to reduce recurrence, but the
risk of nipple necrosis is approximately 10% in most series
(227). Intraoperative frozen section analysis of the subareolar
ductal system to exclude occult disease is reported at 98.5%,
but this is likely to be dependent on local expertise. The sensi-
tivity of the perserved nipple areolar complex ranges widely in
the literature.

While the reconstructed breast proved to appear more nat-
ural, the desire for improved breast conservation has remained
paramount, where we can provide not only the greatest assur-
ance of nipple/areolar function, but, to a lesser extent, mini-
mize the sense of “violation” by the patient. Taking techniques
from breast reduction, breast surgeons have now expanded
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their armamentarium in achieving cosmetically desirable
lumpectomy. Incorporation of mastopexy with lumpectomy
has yielded successful results that translate to improved cosme-
sis for patients with lesions in ptotic breasts, as well as tech-
niques of local tissue transfer that diminish skin retraction post
lumpectomy (228).

CHEMOTHERAPY

Adjuvant Therapy

An important principle in the adjuvant use of chemotherapy is
the concept of dose intensity. This issue governs the treatment
in breast cancer following evidence suggesting that reductions
in planned dosing may have an adverse impact on survival
outcomes that are often quoted to our patients. In 1995,
Bonadonna et al. reported the effect of dose intensity as part
of an analysis on the effectiveness of adjuvant cyclophos-
phamide, methotrexate, and 5-fluorouracil (CMF) following
radical mastectomy for women with node-positive breast can-
cer (229). Groups were stratified by the percentage of planned
dose actually received (also known as relative dose intensity
today). If patients received at least 85% of the planned dose,
estimated relapse-free and overall survival at 20 years was
over 50%. However, below this, 20-year survival dropped to
approximately 30%. Of even more concern was the determi-
nation that patients receiving less than or equal to 65% of the
planned dose experienced similar survival outcomes to those
women who did not receive chemotherapy. Similar data have
been reported by Lyman et al. (230). 

Early Breast Cancer Trialists’ Collaborative 
Group Meta-analyses

Ever since the effectiveness of treating metastatic disease with
systemic therapy was established, the role of chemotherapy in
the treatment of breast cancer has been evaluated in numerous
clinical trials. To place this into a proper perspective, the Early
Breast Cancer Trialists’ Collaborative Group (EBCTCG) has
performed meta-analyses of all randomized trials performed
evaluating the adjuvant treatment of breast cancer, provided
that at least 5 years of follow-up is provided. These analyses
are performed every 5 years with the first performed in 1985.
In the EBCTCG, all trials evaluating a similar intervention
(doxorubicin-based therapy) are grouped for subsequent
analysis. Baseline risks are defined by the “control” group,
which may or may not be a placebo. 

In 1998, the meta-analysis included 23,000 women from
randomized trials looking into the role of chemotherapy (231).
In 47 trials randomization was to polychemotherapy versus no
chemotherapy (n � 18,000); in 11 trials it was longer versus
short-duration treatments (n � 6,000); and in 11 randomiza-
tion was to anthracycline-based versus cyclophosphamide (C),
methotrexate (M), and 5-fluorouracil (F), collectively referred
to as CMF (n � 6,000). The use of multiagent chemotherapy
was found to reduce the annual risk of relapse by 35% in
women under 50 and 20% in women aged 50 to 69. For mor-
tality, the reduction was 27% for women under 50 and 11%
for women aged 50 to 69. 

In 2005, the overview on the use of chemotherapy reported
the endpoints of risk reduction at 10 and 15 years (232). The
analysis included 8,000 women treated on an anthracycline-
containing treatment (CAF, cyclophosphamide, doxorubicin,
5-fluorouracil or FEC, 5-fluorouracil, epirubicin, cyclophos-
phamide) versus placebo; 14,000 women on trials of CMF versus
placebo; and an additional 14,000 women on athracycline-
based versus CMF-type treatment. Again, no trial was included
that used taxanes or trastuzumab. The meta-analysis showed

that women under 50 benefited from the use of an anthracycline-
containing regimen, which resulted in a reduction in the annual
breast cancer death rate by 38%. Women 50 to 60 years old
also benefited, with a risk reduction of 20%. These results
support the gains made for adjuvant chemotherapy in not only
reducing 5-year recurrence rates, but also affecting 15-year
survival.

Treatment of Node-Positive 
Breast Cancer: Taxanes

Among the most important agents for breast cancer, and not
considered in the published meta-analyses, is the role of tax-
anes in the treatment for breast cancer. Paclitaxel was first
used in metastatic breast cancer in a study conducted by the
NCI (233). In that trial of 25 patients, a 56% response rate
was obtained including 12% who had a complete response.
Since that time it has been utilized in numerous schedules and
doses, confirming its activity in node-positive breast cancers.
The first reported trial in the adjuvant setting was by Hudis 
et al. at Memorial Sloan-Kettering Cancer Center (234). In that
study, patients with breast cancer with four or more positive
nodes were treated at 14-day intervals. The drugs adminis-
tered were doxorubicin (A) 90 mg/m2 for three cycles, pacli-
taxel (T) 250 mg/m2 over 24 hours for three cycles, followed
by cyclophosphamide (C) 3,000 mg/m2 for three cycles. Forty-
two patients were treated on this regimen with over 90% dose-
intensity given. At 4 years, the actuarial disease-free survival
was 78%, suggesting this as a feasible and active regimen. 

The role of paclitaxel in the adjuvant treatment for all
women with node-positive breast cancer has been studied.
Hayes et al. recently reported findings from a retrospective
analysis of Cancer and Leukemia Group B (CALGB) 9344/
INT0148, which evaluated the benefit of four cycles of pacli-
taxel after four cycles of AC (235). With 10 years of follow-
up, paclitaxel continued to show overall improvements in
both disease-free (HR 0.81; 95% CI, 0.73 to 0.91) and overall
survival (HR 0.81; 95% CI, 0.72 to 0.92). Of more interest
was their analysis evaluating interactions between paclitaxel
response, HER2/neu status, and ER status. Their analysis
showed that HER2/neu positivity (by either IHC or FISH) pre-
dicted improvements in disease-free and overall survival from
the AC followed by paclitaxel. However, no benefit of paclitaxel
was suggested in women with tumors that were positive for
ER but negative for HER2/neu.

The concept of dose-dense therapy was tested against stan-
dard every-3-week treatment using paclitaxel in the Cancer
and Leukemia Group B Trial, CALGB 9741 (236). Over 2,000
women with node-positive invasive breast cancer were
enrolled in this two-by-two randomized trial evaluating
chemotherapy delivered every 2 (dose-dense) versus every 
3 weeks with the second randomization to sequential single-
agent therapy of A 60 mg/m2, followed by C 600 mg/m2,
followed by T 175 mg/m2, with each given for four cycles, or
combination AC for four cycles followed by T for four cycles
(AC → T). Women randomized to the every-2-week treatments
were given growth factors to support hematopoietic recovery.
At a median of 36 months follow-up, dose-dense therapy was
associated with improvements in both disease-free (risk ratio
[RR], 0.74) and overall survival (RR, 0.69). Four-year disease-
free survival (DFS) was 82% with dose-dense therapy compared
to 75% for treatment every 3 weeks. Survival outcomes were
similar by drug sequence (AC → T or sequence A, C, T). 

Another trial evaluating taxane versus no-taxane adjuvant
treatment was conducted by the Breast Cancer International
Research Group, the BCIRG 001 trial (237). In this study
almost 1,500 women were randomized to docetaxel 75 mg/m2,
A 50 mg/m2, and C 500 mg/m2 (TAC) versus F 400 mg/m2, A
50 mg/m2, and C 500 mg/m2 (FAC). Compared to FAC,
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treatment with TAC resulted in improved 5-year DFS, 75%
versus 68%, respectively (p � 0.001), and overall survival,
87% versus 81%, respectively, p � 0.008. The prophylactic
utilization of myeloid growth factors has enabled treatment
on time with both of these schedules, which are in and of
themselves significantly myelosuppressive.

Given the activity of taxanes in the adjuvant therapy in
node-positive disease, studies now seek to address whether
anthracyclines are required. One of the first to address this
question was conducted by U.S. Oncology and evaluated AC
versus a nonanthracycline regimen of TC (docetaxel 75 mg/m2

and cyclophosphamide 600 mg/m2) (238). This trial enrolled
over 1,000 women with stage I-III breast cancer following
definitive excision. At a median follow-up of 5 years, TC was
associated with a significant increase in DFS over AC (86%
vs. 80%, respectively, p � 0.015) with similar overall survival
(OS) (90% vs. 87%, respectively, p � 0.13). TC treatment
was associated with increased myalgias, athralgias, edema,
and episodes of febrile neutropenia over AC treatment.

Considering emerging data, there is no clear standard of
care for women with node-positive breast cancer. In addition,
recent data support the contention that treatment recommen-
dations should be tailored to the features of the individual
patient’s breast cancer. This has been most evidently demon-
strated when it comes to hormone receptor expression. In a
recent meta-analysis involving over 6,000 women treated on
adjuvant node-positive breast cancer trials conducted by
CALGB, Berry et al. reported that the benefits of chemother-
apy were larger in women with ER-negative disease, where the
risk reduction in both recurrence and death was 55%, trans-
lating into a 16.7% absolute improvement in overall survival
at 10 years. This contrasts to the estimates for women with
ER-positive disease where the reduction in the relative risk of
recurrence was estimated at 26% and in the risk of death was
23%. This translated into an approximate 4% absolute bene-
fit in overall survival (138).

Adjuvant Treatment of Node-Negative 
Breast Cancer

Adjuvant therapy clinical trials have often sought to include
patients with node-negative disease on the basis of poor prog-
nostic factors (large tumor size, ER-negative disease,
HER2/neu positivity, and high-grade features). Thus, there
have been few trials defining the appropriate chemotherapy
management specifically in women with node-negative breast
cancer. A large rationale for this approach is that the progno-
sis for women with small tumors (defined as under 1 cm) with-
out node involvement remains favorable such that the benefits
of chemotherapy are likely minimal. For those with tumors
above 1 cm, receptor positivity has played a role, especially
given the profound effect of endocrine therapy in both reduc-
ing risk of relapse and improving overall survival. In this
group, women at high risk or with receptor-negative disease
are often considered for adjuvant chemotherapy and several
important trials bear mentioning. 

The NSABP recently reported an update on trials where
women with node-negative ER-negative tumors were enrolled
(239). The trials included B-13 (n � 760 assigned to observa-
tion vs. MF), B-19 (n � 1,095 assigned to MF vs. CMF), and
B-23 (n � 2,008 assigned to CMF vs. AC). The analysis
showed steady gains in overall survival with the use of MF
versus observation (HR � 0.75; 95% CI, 0.58 to 0.98) and
then CMF versus MF (HR � 0.71; 95% CI, 0.55 to 0.92).
However, with 8 years median follow-up, the use of AC did
not demonstrate continued gains in overall survival compared
to CMF (HR � 0.92; 95% CI, 0.79 to 1.27), nor did it show
improvements in relapse-free survival (HR � 1.0). 

Linden et al. reported the results of a Southwest Oncology
Group (SWOG) trial, which tested single-agent sequential A
then C versus combination AC in women with high-risk node-
negative or low-risk node-positive breast cancer (240). The
study enrolled 3,176 patients between 1994 and 1997 and no
difference in OS at 5 years was seen: 88% AC versus 89% A
then C. However, sequenced therapy showed much higher
grade 4 hemotoxicity. 

Recommendations for the adjuvant treatment in this popu-
lation often require an individualized approach based on risk
of recurrence, and several tools are currently available to aid
the clinician in decision making. Among them is Adjuvant! On-
line (241). Developed by Peter Ravdin et al., this computer-
based program takes into account multiple clinical factors
including age, presence of comorbidities, ER status, tumor
grade, and nodal involvement in calculating a baseline 10-year
risk for both recurrence and death (242). Using Surveillance,
Epidemiology, and End Results (SEER) data, overview results
on the use of chemotherapy and endocrine therapy, and results
of contemporary clinical trials, the relative benefits of
endocrine therapy, chemotherapy, or a sequential approach of
the two are calculated. To make it more understandable, a
graphic depiction is included which gives estimates of lives
saved out of 100 women treated with each strategy. 

For women with node-negative disease, the FDA has
approved a genomic microarray for clinical use. Commercially
marketed as the MammaPrint assay, it stratifies patients based
on an expression signature into those with a good versus bad
prognosis. It was validated in a study using 295 women with
stage I-II breast cancers that were node negative (n � 151) or
positive (n � 144) and under 53 years old (243). In this series,
180 women fell into the poor prognosis category. Their 10-year
survival rate was 54.6% � 4.4% with a 10-year relapse-free
survival rate of 50.6 � 4.4%. For the 115 with a good progno-
sis, the corresponding figures were 94.5% � 2.6% and 85.2 �
4.3%. It is currently approved for T1-2, node-negative patients
regardless of ER status. However, rigorous specimen processing
is required including at least a 5 mm biopsy obtained within 1
hour of surgery, which must be placed in the provided preserva-
tive overnight and up to 1 month in a �20° freezer. 

An additional option for risk stratification is the Oncotype
DX. Unlike the MammaPrint, it can be performed on repre-
sentative archived tissue of the primary breast cancer. The
assay uses a risk algorithm based on the expression of 21
genes (16 cancer genes representing groups of proliferative,
invasion, HER2, and estrogen-receptor–associated genes and
five reference genes). Scoring in these groups is then used to
assign a recurrence score (RS) (244). In testing Oncotype DX,
data from the prospective trial NSABP B-14, which enrolled
658 women with T1-2, node-negative, ER-positive tumors on
tamoxifen for 5 years followed by randomization to further
tamoxifen therapy versus placebo, was used. Using tumor
specimens from this trial, 51% of patients were assigned to a
low-risk category (RS �18) and had less than a 7% rate of
distant recurrence at 10 years. Twenty-two percent were placed
into an intermediate risk category and had a 14.3% rate of distant
disease, and 27% were assigned the high-risk category (RS�31)
and had a 30.5% rate of distant recurrence. Although such
information may help guide discussion of who may not need
chemotherapy, there are obvious limitations of the Oncotype
DX assay as it cannot predict chemotherapeutic benefits, nor
does the RS predict breast cancer–specific mortality. 

Adjuvant Treatment: HER2/neu-Positive 
Breast Cancers

Among the biggest findings in the last 5 years is the use of
trastuzumab in adjuvant therapy for women with HER2/neu-
positive breast cancer, now considered the standard of care in
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women with high-risk node-negative breast cancer (defined as
tumor size �2 cm if ER positive or �1 cm if ER negative) and
those with node-positive breast cancer. The trials that have
helped establish this standard are summarized in Table 29.9.
The NSABP B-31 trial enrolled 2,043 women to AC/T every 3
weeks or AC every 3 weeks for four cycles followed by T for
12 weeks with trastuzumab followed by trastuzumab consoli-
dation to complete 1 year. During this same period, the
NCCTG 98311 trial enrolled 3,000 women to every-3-week
AC for four cycles followed by weekly T as a control arm ver-
sus the same followed by 1 year of trastuzumab or T given
with trastuzumab followed by trastuzumab consolidation to a
total of 1 year. The results were reported in a combined analysis
and showed that adjuvant trastuzumab resulted in improvements
in both 4-year disease-free survival (HR � 0.48, p � 0.0001)
and overall survival (HR � 0.67, p � 0.015) (245). Several
studies have also confirmed the benefits of trastuzumab in the
adjuvant setting (246–248). 

The duration of consolidation required continues to be an
area of evaluation. Although the majority of trials have com-
pared observation to 1 year of trastuzumab, the FinHER evalu-
ated the benefits of 9 weeks of chemotherapy with or without
trastuzumab (248). In that trial, those women who were
HER2/neu positive were randomized to chemotherapy (vinorel-
bine or docetaxel) with or without trastuzumab, followed by
FEC. Two-hundred and thirty-two women were enrolled and
they reported that adding trastuzumab to chemotherapy
improved disease-free survival (89.6% vs. 76.8% without
trastuzumab, p � 0.01) and showed a trend toward improved
overall survival (94.8% vs. 88%, p � 0.07). 

In addition, although the standard of care has been set for
women with high-risk node-negative disease, another issue yet
to be determined is whether all women with HER2/neu-positive
invasive breast cancer warrant trastuzumab, regardless of
tumor size. The consideration of the benefits, particularly in
those with tumors less than 1 cm in size, must be weighed
against the risks of trastuzumab therapy, especially if it follows
anthracycline-based treatment. 

Neoadjuvant Chemotherapy: 
Considerations and Outcomes

Neoadjuvant, or primary, therapy has become a standard option
in the management of locally advanced breast cancer. The ratio-
nale for its use is historically based on the use of primary
chemotherapy in inflammatory and advanced breast cancer,
where chemotherapy was shown to be an effective treatment
with the potential to provide a long-lasting remission in other-
wise poor-prognosis patients. Currently neoadjuvant therapy
allows patients facing a mastectomy the option of breast conser-
vation by downstaging the primary tumor while not adversely
impacting survival endpoints. In addition, it provides a measure
of chemotherapy effectiveness to the intact cancer, which may
guide prognosis, particularly in the patient experiencing a patho-
logic complete remission. 

NSABP B-18 was a large randomized trial evaluating neoad-
juvant therapy. The primary endpoint of the study was surgical
and was measured by the proportion achieving breast conserva-
tion surgery (249). In this trial, 1,523 women with operable breast
cancer were randomly assigned to AC every 3 weeks for four
cycles preoperatively or postoperatively. In women treated with
neoadjuvant AC, 81% underwent breast conservation surgery,
compared to 57% treated with adjuvant therapy. For women
with tumors �5 cm, preoperative chemotherapy increased the
rate of breast conservation by 175%. Neither overall survival nor
disease-free survival was affected by primary or adjuvant AC
therapy, suggesting that the timing of systemic chemotherapy
will not affect breast cancer outcome. However, this trial also
suggested that among those who are treated with primary
chemotherapy, final pathologic findings predict survival, and
those who achieve a pathologic complete response (pCR) have the
best prognosis. Among the factors that were associated with a
pCR were being ER negative, ductal histology, being HER2/neu
positive, and a high histologic grade. These factors have been used
to construct nomograms to predict the likelihood of achieving a
pCR for women being considered for this approach (250). 
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Disease-free Overall 
Trial N Arms survival (%) p value survival (%) p value

NSABP B-31 (245) 2,043 AC →T 67.1 86.6
�0.0001 0.015a

NCCTG 98311 (245) 3,000 AC →T � Tr 85.3 91.4

HERA (246) 5,081 Observation 74 89.2
Tr 80.6 �0.0001 92.4 �0.0051
Tr 	 24 mo NR NR

BCIRG 006 (247) 3,222 AC → Doc 77 86
AC → Doc � Tr 83 �0.00001 92 0.004b

Carbo � Doc � Tr 82 91

FinHER (248) 210 Chemo 	 9 wk → FEC 76.8 88
0.01 0.07c

Chemo � Tr 	 9 wk → FEC 89.6 94.8

Notes: A, doxorubicin; BCIRG, Breast Cancer International Research Group; C, cyclophosphamide; Carbo, carboplatin; Doc, docetaxel; FEC, 
5-fluorouracil, epirubicin, cyclophosphamide; FinHER, ; HERA, ; NCCTG, North Central Cancer Treatment Group; NSABP, National Surgical
Breast and Bowel Project; T, paclitaxel; Tr, trastuzumab. Unless otherwise stated, trastuzumab treatment was for a total duration of 1 year.
aJoint analysis of 3,351 women (1,679 receiving AC → T; 1,672 receiving trastuzumab) reported survival analysis at 4 years.
bThe second interim analysis reported survival endpoints at 4 years.
cOne thousand and ten women were randomized in the FinHER trial to vinorelbine versus docetaxel, followed by FEC. The subgroup with
HER2/neu-positive disease underwent additional randomization to trastuzumab or no trastuzumab.
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Although women with a pCR after neoadjuvant chemo-
therapy have a very good prognosis, the opposite is also true.
Women who do not achieve complete pathologic response
tend to be at highest risk for relapse, but there is no clear con-
sensus on the best treatment approach following surgery.
While women with ER-positive tumors are candidates for
endocrine therapy and those with HER2/neu-positive tumors
are candidates for extended trastuzumab therapy, the use of
further chemotherapy is of unclear benefit, and no random-
ized trials to date have addressed this issue. Considering the
paucity of data on “adjuvant treatment” after neoadjuvant
therapy, referral to appropriate clinical trials is encouraged.
Completed randomized trials of primary chemotherapy are
summarized at the end of this chapter. At this time, primary
chemotherapy should be reserved for patients where the
results of neoadjuvant treatment might positively impact cos-
metic results or facilitate breast and/or axillary surgery. 

Metastatic Breast Cancer

Patients who recur or develop metastatic breast cancer do not
comprise a homogenous group and prognosis is guided by the
sites of cancer involvement. Women with bone-only metasta-
tic disease may survive for years following their diagnosis,
while those who recur in the visceral organs (liver or lungs
most commonly) face a more guarded prognosis. Current
national practice guidelines stratify treatment options based
on biologic factors and recommend first-, second-, and even
third-line endocrine therapies for women with ER-positive
disease; trastuzumab-based therapies are recommended for
women whose tumors are HER2/neu positive. Women with
visceral disease, are otherwise symptomatic, have hormone
receptor–negative cancers, and/or are HER2/neu negative are
treated with chemotherapy. In addition, the palliative intent of
treatment in this context reinforces the importance of consid-
ering the patient’s wishes when choosing treatments. A young
mother may be willing to undergo significant toxicity if there
is a chance for a second remission, while an older woman may
not want agressive therapy, opting instead to maintain her
quality of life as much as possible. 

Multiple agents are active in metastatic breast cancer, and
both single-agent and combination therapies are reasonable
choices. Perhaps one of the biggest controversies is whether to
use single-agent sequential therapies or combination treatment
for metastatic breast cancer. A meta-anlysis by Fossati et al.
evaluated the role of polychemotherapy versus single-agent
therapy in this population (251). The meta-analysis incorpo-
rated 12 trials and over 1,900 women and showed that poly-
chemotherapy afforded an 18% proportional reduction in
mortality (HR 0.82; 95% CI, 0.75 to 0.90). However, it has
been criticized because none of the trials included taxane ther-
apies, nor did the meta-analysis evaluate sequential single-
agent treatments. 

In the intergroup trial sponsored by the Eastern Cooperative
Oncology Group, ECOG 1193, over 670 women with metasta-
tic breast cancer were randomized to doxorubicin and pacli-
taxel (AT) in combination or as single agents (252). It showed
that the overall response rates were significantly improved with
AT, compared to either single-agent doxorubicin or paclitaxel
(47% vs. 36%, p � 0.007, and 34%, p � 0.004, respectively).
In addition, median time to treatment failure was improved
with the combination to 8 months, compared to 5.8 months
with doxorubicin (p � 0.003) and 6 months with paclitaxel
(p � 0.009). However, there was no difference in overall sur-
vival in any of these arms (22.4 months with AT, 19.1 months
with doxorubicin, 22.5 months with paclitaxel). Sequential
therapy was also shown to be beneficial in this trial where
approximately 56% of patients randomized to doxorubicin

crossed over to paclitaxel and vice versa, and in each case 20%
of patients experienced a response. The median time to treat-
ment failure following crossover was 4 months in both single-
agent arms. Given the higher response rate seen in this trial,
combination therapy continues to be an acceptable choice for
some patients. Recently, two combinations have received FDA
approval for metastatic breast cancer: capecitabine/docetaxel
and gemcitabine/paclitaxel (253,254). A newer taxane that
utilizes nanotechnology to package paclitaxel into albumin,
nAb-paclitaxel, has also been approved recently as single-agent
therapy (255). Another drug, ixabepilone, an epothilone B 
analog that stabilizes microtubules and therefore works similarly
to paclitaxel, received approval in the treatment of metastatic
breast cancer, in combination with capecitabine or as a single
agent. Most notably, however, it has been approved in women
whose tumors are resistant or refractory to standard agents
including anthracyclines, taxanes, and capecitabine. In the lat-
ter approval, 126 patients were treated on a single-arm trial
using a dose of ixabepilone 40 mg/m2 as a 3-hour infusion on
day 1 of a 21-day cycle. Eighty-eight percent of patients had
received more than two lines of prior therapy (256). The overall
response rate was 18% with an additional 50% achieving
stable disease. Median progression-free survival was 3 months
and overall survival in this heavily treated cohort was almost 
9 months. The major toxicity included grade 3-4 sensory neu-
ropathy in 14% of patients, fatigue/asthenia in 13%, myalgia in
8%, and stomatitis in 6%. 

Biologic therapies are another area of active investigation.
The most recent FDA approval was for the combination of
capecitabine and the dual tyrosine kinase inhibitor lapatinib for
the treatment of HER2/neu-positive breast cancer following pro-
gression on trastuzumab-based therapy. The approval was based
on an interim analysis of a multicenter randomized trial com-
paring capecitabine monotherapy (2,500 mg/m2 per day) versus
capecitabine (2,000 mg/m2 per day) with lapatinib (1,250
mg/day) for 14 days of a 21-day cycle (257). Combination ther-
apy increased time to progression (HR 0.49; 95% CI, 0.34 to
0.71) with a median time to progression reported of 8.4 months,
compared to 4.4 months in those randomized to capecitabine
alone. Antiangiogenesis agents such as bevacizumab continue to
be evaluated in clinical trials in the neoadjuvant, adjuvant, and
metastatic settings.

ENDOCRINE THERAPY
The role of endocrine therapy has grown significantly over the
past several years as both our understanding of breast cancer
has matured and new therapeutic options have developed. It
has become increasingly clear that endocrine therapy is the
backbone of treatment for hormonally responsive breast can-
cer, independent of stage.

Adjuvant Endocrine Therapy

Perhaps no data set has been more instructive in helping to
define the benefit of adjuvant hormonal therapy than the
meta-analysis generated by the Early Breast Cancer Trialists’
Collaborative Group (232). One of the principles appreci-
ated through this overview analysis is that the proportional
benefit of a given treatment is constant through risk groups
(e.g., stage) and that the absolute benefit changes based on
the estimated risk of systemic recurrence. For instance, if
hormonal therapy decreases the risk of cancer recurrence by
30% in a given individual, the absolute benefit would be 3%
if the 10-year risk of relapse were 10%, but 18% if the 10-year
risk of relapse were 60%. This concept of proportional and
absolute benefit from adjuvant therapy is a guiding principle
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when women are counseled regarding treatment options in
the adjuvant setting.

Expression of the estrogen receptor or the progesterone
receptor is predictive of response to hormonal therapy.
Therefore, essentially any woman with invasive breast can-
cer should receive adjuvant hormonal therapy if her tumor is
estrogen receptor positive (ER�) and/or progesterone recep-
tor positive (PR�). Conversely, hormonal therapy is inap-
propriate in the ER�/PR� setting. The choices for treatment
and duration of therapy continue to be the subject of active
investigation.

Tamoxifen was the first hormonal agent used in the adju-
vant setting for breast cancer (258,259). As a selective estrogen
receptor modulator (SERM), tamoxifen has differential effects
on various tissues. While tamoxifen may achieve its beneficial
effect in the treatment of breast cancer through multiple
means, the principal mode of action appears to be through
competitive binding to the estrogen receptor. By preventing
estrogen binding, translocation and nuclear binding of the
estrogen receptor are inhibited, altering transcriptional and
posttranscriptional events mediated by the receptor. The antag-
onistic properties of tamoxifen toward breast cancer are con-
trasted with its agonistic effects on other tissues, such as bone
and uterus. Tamoxifen, like estrogen, improves bone mineral
density in postmenopausal women and is a risk factor for
endometrial cancer. Tamoxifen may negatively affect bone den-
sity in premenopausal women. The risk of endometrial cancer
with the use of tamoxifen is estimated at three- to fourfold over
the general population risk, though the risk is likely lower in
premenopausal women and perhaps close to the general popu-
lation risk as demonstrated in the NSABP P-1 trial (260). It is
recommended that women on tamoxifen follow general guide-
lines for gynecologic screening and follow-up but, importantly,
report any menstrual changes, dysfunctional uterine bleeding,
or other symptoms to their gynecologist (261). Women should
discuss the use of tamoxifen with their gynecologist to ensure
that they are being properly evaluated. 

Another important risk associated with tamoxifen is that
of venous thrombosis. While perhaps less so in premenopausal
women, as demonstrated by the NSABP P-1 trial, tamoxifen
has an approximate fourfold increase in risk for deep venous
thrombosis (DVT) over the general population risk (260).
This risk is sometimes described as similar to that associated
with the use of oral contraceptives and may influence choice
of hormonal therapy in the postmenopausal setting. Other
potential side effects of tamoxifen include hot flashes, weight
gain, mood changes, increased vaginal discharge, cataracts,
and rarely retinal abnormalities. Several studies have sug-
gested an increase in risk of stroke with tamoxifen. Tamoxifen
can increase fertility by increasing ovarian stimulation and is a
teratogen and is therefore contraindicated during pregnancy.
Moreover, premenopausal women on tamoxifen need to
ensure appropriate contraception as it is possible to become
pregnant while on this medication.

Benefit from the use of tamoxifen in the adjuvant setting
has been demonstrated in multiple clinical trials. The Scottish
tamoxifen trial published in The Lancet in 1987 evaluated the
use of tamoxifen 20 mg daily for 5 years in 1,312 pre-
menopausal node-negative or postmenopausal women with
any nodal status (258). This trial defined tamoxifen as an
effective adjuvant in node-negative and node-positive patients
as well as in the pre- and postmenopausal setting and is con-
sidered a landmark trial. NSABP B-14 evaluated the use of
tamoxifen versus placebo for 5 years in 869 premenopausal
and 1,949 postmenopausal women with node-negative breast
cancer, demonstrating statistically significant improvement in
disease-free and overall survival with the use of tamoxifen
(259). Although multiple dosing strategies have been tried,
there is no demonstrated dose-response curve between 20 and

40 mg. Thus, 20 mg per day is the recommended dose cur-
rently. Five years of tamoxifen appears to have equal efficacy
to 10 years of therapy with less toxicity and is more effective
than 2 years of therapy (262,263). Therefore, 5 years of treat-
ment is recommended. We generally estimate that the propor-
tional benefit of tamoxifen in the adjuvant setting ranges
from 30% to 50% in reducing the odds of systemic cancer
recurrence (138). 

Another decision-making tool in women who have an
option of endocrine therapy or chemotherapy is the Oncotype
DX assay. Using 668 available paraffin blocks from the B-14
trial, Paik et al. evaluated 16 cancer-related genes to define an
algorithm to assess risk of recurrence at 10 years (244). By
creating a continuum of recurrence score based on gene
expression analysis, three risk groups were broken out: low
risk, intermediate risk, and high risk. Looking at this group of
node-negative hormone receptor–positive women, all of whom
received tamoxifen, individuals in the low-risk category did
not appear to benefit from the addition of chemotherapy to
tamoxifen and are likely best served by hormonal therapy
alone. Women in the high-risk group likely benefit from the
addition of chemotherapy to hormonal therapy. Whether hor-
monal therapy alone is adequate in the intermediate risk
group is less clear and is currently being studied in a prospec-
tive, randomized trial. Gene- and protein-expression prognos-
tic and predictive models will continue to be developed to aid
in defining appropriate therapy across risk groups and will
complement established prognostic and predictive factors
such as tumor size, grade, receptor status, nodal involvement,
and Her2 overexpression. 

While tamoxifen remains the only established hormonal
agent in premenopausal women, choices in the postmenopausal
setting have increased through the study and development of aro-
matase inhibitors. Initially, through the study of first-generation
aromatase inhibitors such as aminoglutethimide, these agents
were found to be effective therapy for postmenopausal women.
Aromatase inhibitors block estrogen production by preventing
conversion of androgens produced by the adrenal gland, such
as androstenedione, to estrogens, such as estrone, which is
later converted to estradiol. This block occurs in the breast as
well as in peripheral tissues such as adipose tissue. The result-
ing decrease in circulating estrogen has been demonstrated
through multiple clinical trials to be effective treatment for
receptor-positive breast cancer. Of the three commercially
available aromatase inhibitors, anastrozole and letrozole are
nonsteroidal while exemestane is a steroidal aromatase inhibitor.
There are currently no demonstrable differences in efficacy or
toxicity among these three products. Toxicities of aromatase
inhibitors commonly include hot flashes and joint or muscle
aches. Unlike tamoxifen, aromatase inhibitors can contribute to
osteopenia and osteoporosis, and therefore bone density should
be followed carefully in women receiving these medicines.
Other possible side effects include hypertension, gastrointestinal
disturbance, depression, urovaginal symptoms, and possibly
cardiac events. Aromatase inhibitors are not associated with
an increased risk of endometrial cancer and have a lower risk
for DVT compared to tamoxifen.

Several studies have demonstrated the efficacy of aromatase
inhibitors in the adjuvant setting. The ATAC trial is the largest
prospective adjuvant trial in breast cancer, randomizing 9,300
postmenopausal women to tamoxifen, anastrozole, or the
combination (264). With a median follow-up of 47 months,
there was a statistically significant benefit in disease-free sur-
vival of anastrozole over tamoxifen with a hazards ratio of
0.82 in estrogen receptor–positive patients. There was no benefit
with the combination. The Coombes trial randomized 4,700
postmenopausal women to tamoxifen for 2 to 3 years followed
by either tamoxifen or exemestane to complete 5 years of adju-
vant therapy (265). With a median follow-up of 55.7 months,
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there was a statistically significant benefit in disease-free sur-
vival for the inclusion of the aromatase inhibitor with a hazard
ratio of 0.76 and a modest benefit to overall survival with a
hazard ratio of 0.83. Lastly, the Goss trial studied the addition
of letrozole after 5 years of tamoxifen and showed a statisti-
cally significant benefit to the inclusion of an aromatase
inhibitor with a median follow-up of 30 months and a hazard
ratio of 0.58 (266). The Breast International Group (BIG) 1-98
study prospectively randomized 8,010 postmenopausal
women with hormone receptor–positive breast cancer to either
tamoxifen for 5 years, letrozole for 5 years, tamoxifen for 2
years switching to letrozole for 3 years, or letrozole for 2 years
switching to tamoxifen for 3 years. After a median follow-up
of 26 months, the two groups that were assigned letrozole ini-
tially had a statistically significant improvement in disease-
free survival with a hazard ratio of 0.81 (267). A follow-up
analysis of this trial published in 2007 focused on the groups
receiving either continuous tamoxifen or letrozole for 5 years
(268). At a median follow-up of 51 months, there was an
18% improvement in disease-free survival with a hazard ratio
of 0.82 favoring letrozole.

Based on these four trials, it is recommended that all post-
menopausal women receiving adjuvant hormonal therapy
receive at least 2 to 3 years of an aromatase inhibitor (AI) unless
contraindicated, and treatment with an AI beyond 5 years is the
subject of current investigation. We await further data from the
BIG 1-98 trial to assess the benefit of sequential versus continu-
ous therapy.

The degree of benefit and choice of hormonal therapy may
be further influenced by primary tumor characteristics. The
level of expression and potentially the relative expression of
estrogen- and progesterone-receptor positivity on the surface
of breast cancer cells are predictive of the responsiveness of
the tumor to hormonal manipulation (265). It is therefore
important to incorporate the degree of ER and PR positivity
into adjuvant therapy decisions. The differential expression of
ER and PR may also be important in defining response to spe-
cific hormonal agents and this remains an area of active inves-
tigation. The differential benefit to tamoxifen and aromatase
inhibitors in the postmenopausal ER�/Her2� setting also
requires further study.

Ovarian Ablation

Ovarian ablation (OA) has long been explored as a therapeu-
tic option for women with breast cancer. As the ovaries are the
major source for estrogen, silencing the ovaries via surgical
oophorectomy, radiotherapy, or the use of gonadotropin-
releasing hormone (GnRH) analogues may provide a benefit,
although controversy continues as to its role in modern breast
cancer management. The EBCTCG overview on ovarian abla-
tion included 12 trials that compared OA by surgery or radia-
tion to control and encompassed 2,012 women with early
breast cancer (269). The meta-analysis concluded that OA
was associated with both disease-free and overall survival
advantages when compared to observation. At 15 years, 52%
were alive of those who underwent OA, compared to 46%
who did not (p � 0.001) and 45% were disease-free, com-
pared to 39% (p � 0.0007). When trials using OA versus
chemotherapy following breast surgery were analyzed, how-
ever, the benefits of OA were more modest and did not achieve
statistical significance. Still, among women who do not receive
chemotherapy, OA may play a role in management. 

Since the meta-analysis, several results have been published
in this area. The International Breast Cancer Study Group
(IBCSG) Trial VIII randomized 1,063 women with node-nega-
tive breast cancer to chemotherapy (CMF) versus goserelin (G)
versus CMF followed by G (270). Of note, 30% of women in

this study had ER-negative disease. Restricting the analysis to
women with ER-positive disease, the 5-year disease-free sur-
vival (DFS) in those treated with either chemotherapy or
goserelin alone was 81%; for those receiving sequential ther-
apy there was a trend toward improved 5-year DFS at 86%.
Arriagada et al. randomized 926 women with node-positive or
grade 2-3 tumors who had completed surgery and chemother-
apy to ovarian ablation (by surgery or with triptorelin) or
observation (271). Of the cohort, 63% were ER positive.
Estimated 10-year disease-free and overall survivals were sim-
ilar in both groups, though subgroup analysis suggested that
women under 40 who had ER-positive disease benefited sig-
nificantly. Finally, the TABLE study (Takeda Adjuvant Breast
cancer study with Leuprolide Acetate) published their results
with 5.8 years of follow-up (272). Six-hundred ninety-nine
women with ER-positive node-positive disease enrolled in this
trial comparing CMF to leuprolide acetate (LA). Disease-free
survival at 5 years was similar (63.9% with CMF vs. 63.4%
with LA, p � 0.83) but overall survival favored LA over CMF
(81% vs. 71.9%, p � 0.05). 

Contemporary trials will hopefully provide more guidance
as to the role of ovarian ablation in women with hormone-
positive breast cancer. This is an especially important issue
given the marginal benefits of chemotherapy in women with
ER-positive breast cancer and the availability of antiestrogen
endocrine therapy. Whether ovarian ablation adds an addi-
tional benefit to endocrine therapy remains a question not suf-
ficiently addressed. 

Endocrine Therapy in Metastatic 
Breast Cancer

Hormonal therapy is optimal initial therapy in the setting of
stage IV hormone receptor–positive breast cancer unless aggres-
sive recurrence mandates chemotherapy to maximize time to
response (e.g., significant hepatic metastasis). Options include
ovarian suppression in the premenopausal setting with or with-
out the addition of tamoxifen or an aromatase inhibitor, or even
tamoxifen alone. In the postmenopausal setting, tamoxifen or
aromatase inhibitors are initial appropriate options, with data
suggesting that aromatase inhibitors might be more effective as
first-line therapy when compared to tamoxifen and have more
favorable toxicity profiles (273). Fulvestrant is a pure anti-
estrogen approved for use in the postmenopausal setting and is
given by monthly intramuscular injection. Data from the
EFFECT trial demonstrate equivalence to exemestane as second-
line therapy after use of a nonsteroidal aromatase inhibitor
(274). The goal of treating recurrent disease is palliative, trying
to prolong survival while maximizing quality of life and mini-
mizing treatment-related toxicities. Response to initial hormonal
therapy can be predictive of response to subsequent hormonal
treatments, which can be achieved with serial enodcrine agents
over many years (273,275). Hormonal resistance can evolve
over time, necessitating the use of chemotherapy for cancer
control. The mechanisms behind the evolution of hormonal
resistance and strategies to reinduce hormonal sensitivity in
stage IV breast cancer are actively being investigated.

Neoadjuvant Endocrine Therapy

As in the adjuvant and metastatic setting, hormonal therapy
can also be beneficial for women presenting with locally
advanced breast cancer. If chemotherapy is not being
employed, neoadjuvant (preoperative) hormonal therapy in
the hormonally positive setting can be important in increasing
the ability to surgically resect the primary tumor as well as to
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increase the ability for breast-conserving surgery. Studies sug-
gest that neoadjuvant aromatase inhibitors are superior to
tamoxifen in the postmenopausal setting. 

Endocrine Therapy for Prevention

The use of tamoxifen in early adjuvant trials appeared to have
the benefit of decreasing the risk of second primary breast
tumors. As well, tamoxifen in the NSABP B-24 trial has
demonstrated a decreased risk of invasive and in situ disease
in women with a history of ductal carcinoma in situ (DCIS)
(164). Based on these findings, the NSABP has studied the use
of tamoxifen in high-risk women. Requiring a Gail model risk
for developing breast cancer over 5 years of at least 1.66%,
the NSABP randomized over 13,000 high-risk women 35 years
of age or older to receive tamoxifen or placebo (260). After a
median follow-up of 69 months, tamoxifen decreased the risk
of breast cancer by approximately 50%. Women with atypical
ductal hyperplasia (ADH), which, like lobular carcinoma in
situ (LCIS), is a risk factor for subsequent breast cancer, had
the greatest benefit for breast cancer risk reduction of 86%.
The incorporation of tamoxifen as a risk reduction strategy
has been limited, however, based on potential toxicity and on
the modest absolute benefits it likely provides. For example, if
a woman has a risk for developing breast cancer of 1% per
year, the absolute benefit of tamoxifen as risk reduction would
be 0.5% per year. 

To maintain efficacy and decrease toxicity, the NSABP P-2
trial (STAR trial) studied the use of tamoxifen or another
SERM, raloxifine, as prevention for high-risk postmenopausal
women (166). Published in 2006, raloxifine appeared similar
to tamoxifen in decreasing the risk of invasive breast cancer
but was less effective in decreasing the risk of DCIS, which
appears counterintuitive and requires further study. Raloxifine
was associated with a reduced incidence of endometrial cancer
compared to tamoxifen, though this was not a statistically sig-
nificant finding. Overall, it did provide a more favorable toxi-
city profile.

Still, based on these two trials, both raloxifine and tamoxifen
are FDA approved for cancer prevention. While tamoxifen
can be used in both pre- and postmenopausal women, raloxifine
is reserved as a risk-reducing agent only in postmenopausal
women who would have met risk eligibility for the NSABP P-2
trial. Further efforts to study risk reduction, such as the benefit
of aromatase inhibitors compared to raloxifine, have been
thwarted by the lack of NCI funding.

RADIATION THERAPY
Radiation therapy is a well-established treatment modality in
breast cancer, and for women with localized, operable breast
cancer, breast conservation surgery followed by radiation pro-
vides as effective treatment as mastectomy. It is noteworthy,
however, that one of the first studies to compare radical mas-
tectomy with breast conservation surgery and radiation was
negative (276). The study, reported by Atkins et al., showed a
high degree of unacceptable local recurrences and inferior sur-
vival rates with the use of radiation. Further examination of
the trial design, however, showed that the dose of radiation
was insufficient compared to modern standards; most patients
received only 35 to 38 Gy. In addition, the radical mastectomy
group ultimately received adjuvant nodal radiation, including
to the internal mammary nodes. Fortunately, this did not deter
other investigators. 

The NSABP B-04 trial was one of the first to evaluate
nodal irradiation and total mastectomy to radical mastectomy
in lymph node–positive patients (277). It was followed by the

EORTC 10801 trial, which compared breast conservation
(with radiotherapy) versus mastectomy, and this trial also
showed equivalent survival (both disease-free and overall sur-
vival) endpoints (162). However, the rate of locoregional
recurrence was significantly different, with a rate of 20% in
those treated with breast conservation and 12% in those
treated with mastectomy (p � 0.01). Examination of results
was noteworthy in that 50% of the lumpectomy specimens
had positive margins. With adoption of the “negative margin,”
however, the subsequent trial, NSABP B-06, showed a decrease
in local recurrence with lumpectomy and axillary lymph node
dissection from 39.2% in those not receiving radiation com-
pared with 14.3% for those treated with adjuvant radiation
(197). These results were confirmed by the Milan III trial of
quadrantectomy plus axillary lymph node dissection with and
without radiation therapy (278). 

In 1989 the NSABP initiated the B-21 trial for all age
women with tumors up to 1 cm, estrogen receptor–positive,
lymph node–negative invasive breast cancer (279). Women
were randomized to adjuvant treatment with tamoxifen alone
versus radiation plus placebo versus tamoxifen plus radiation
with primary endpoints of in-breast tumor recurrence (IBTR)
and incidence of contralateral breast cancer (CBC). This study
enrolled over 1,000 women and showed that tamoxifen was
not as effective in preventing IBTR as radiation when given as
single therapies, and that both were less effective then tamox-
ifen plus radiation; the incidence of IBTR at 8 years was
16.5%, 9.3%, and 2.8%, respectively. However, the rates of
distant recurrences were similar between the groups and, in
fact, no overall survival advantage was seen with any of the
modalities used; 8-year overall survival was 93% in the tamox-
ifen group, 94% in the radiation group, and 93% in those
receiving both (p � 0.93). 

Besides work evaluating the role of radiation in small
breast tumors, research into the role of radiation therapy
among older cohorts of women has been evaluated recently. 
A Canadian trial examined the possibility of omitting radiation
for women 50 years and older with node-negative tumors less
than or equal to 5 cm. Participants (n � 769) were randomized
following lumpectomy to tamoxifen alone or with radiation,
though it is notable that the majority of patients were over 60
with tumors less than 3 cm (280). At 5 years the addition of
radiation led to a significant decrease in local recurrence in the
breast and axilla, 7.7% without versus 0.6% with radiation.
However, there was no difference noted in the rate of distant
recurrence or overall survival. A subsequent trial by CALGB
evaluated the additional benefit of radiotherapy in women
over 70 years old treated by lumpectomy and tamoxifen and
showed similar results (281). While the rate of local recur-
rence was higher among women who did not receive radiation
(4% vs. 1% in those who received breast radiation, p � 0.001),
there were no other differences in distant disease or 5-year
overall survival.

Although individual trials failed to show an improvement
in overall survival with the use of adjuvant radiotherapy, the
Early Breast Cancer Trialists’ Collaborative Group meta-
analysis of radiation after both breast-conserving surgery and
mastectomy demonstrated a small but significant overall sur-
vival benefit for radiation therapy, with a gain at 15 years of
5.3% and 4.4%, respectively (282). Radiation produced a
70% reduction in the risk of local recurrence irrespective of
age, tumor grade/size/estrogen receptor status, or amount of
nodal disease, which corresponded to a 17% to 19% absolute
reduction in 5-year local recurrence. This was demonstrated
despite an excess of mortality in the radiation arms from
causes other than breast cancer—namely, lung cancer and car-
diac disease. Most local recurrences (~75%) were discovered
within the first 5 years and appeared nearby the primary tumor.
These should be considered “true recurrences,” whereas those
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occurring beyond 5 years were more likely to represent new
primary breast cancers (282).

The value of including the nodal areas in the radiation field
for patients with positive lymph nodes remains controversial
and we await the results of currently enrolling trials including
EORTC 22922, which is evaluating the role of radiotherapy
to the internal mammary and supraclavicular regions in stage
I-III patients. A similar trial by the National Cancer Institute
of Canada is ongoing. In the absence of randomized data,
radiation is considered for patients with multiple positive
lymph nodes. 

The standard radiation therapy field after breast conserva-
tion surgery encompasses the entire breast tissue plus or minus
some or all the regional lymph nodes (axillary/supraclavicular/
internal mammary) depending on the extent of the axillary-
node dissection as well as the pathologic findings in those
nodes dissected. In those patients requiring chemotherapy it is
usual for it to precede radiation therapy, and a recent update
on a study from the Joint Center for Radiation Therapy found
no difference in local control, site of first failure, time to any
event, distant metastasis–free survival, or overall survival
when chemotherapy was given before or after radiation ther-
apy (283). In this study, the delivery of chemotherapy before
radiation was notably beneficial for patients with greater than
or equal to four positive lymph nodes, and the delivery of
radiation prior to chemotherapy appeared to benefit patients
with close but not positive margins.

For women who undergo a mastectomy and are deemed to
be at high risk for local failure, postchemotherapy irradiation to
the chest wall and regional lymphatics is indicated. Criteria that
are used to consider one “high risk” has been reconsidered on
the basis of randomized trials published in the late 1990s. The
Danish Breast Cancer Cooperative Group (DBCCG) conducted a
randomized trial involving 1,708 premenopausal women with
pathologic stage II or III breast cancer who were randomized to
CMF with or without irradiation of the chest wall and regional
nodes (284). Radiation therapy was associated with a reduction
in locoregional recurrence (alone or with evidence of distant
disease) over those who received chemotherapy only, 9% versus
32%, respectively (p � 0.001). It was also associated with a
survival benefit at 10 years where 54% who received radiation
were alive, compared to 45% who had received CMF only
(p � 0.001). Ragaz et al. reported on a similar trial comparing
CMF with or without radiation therapy, but in 318 post-
menopausal women with node-positive disease (285). In this
group of women, the addition of radiation therapy was asso-
ciated with a significant reduction in the rate of recurrence
(relative risk, 0.67; 99% CI, 0.50 to 0.90) and in mortality
(relative risk, 0.71; 95% CI, 0.51 to 0.99). In 1999, the results of
DBCCG trial 82c, which randomized stage II-III postmenopausal
women to tamoxifen with or without radiation, was published
(286). Over 1,300 women were enrolled, but tamoxifen in this
trial was prescribed as 30 mg daily for only 1 year. With a median
follow-up of over 10 years, radiation therapy was associated
with a significant reduction in locoregional recurrence, 8%
versus 35% with 1 year of tamoxifen (p � 0.001). Overall
survival was 45% and 36%, respectively (p � 0.03). 

In Situ Breast Disease

Approximately 20% of patients treated with local excision
alone for DCIS have a recurrence, with about half of these
recurrences being invasive cancer. Given this, radiation is
often delivered as a means of risk reduction. To date, three
randomized trials have compared excision alone with excision
followed by whole breast radiation therapy and all demon-
strated that radiation therapy reduces the risk of a subsequent
breast event by 38% to 62% (287–289). 

The NSABP B-17 trial enrolled over 800 women with
localized DCIS to lumpectomy with or without radiation and
showed a statistically significant reduction in both noninva-
sive in-breast tumor recurrence (IBTR, 13.4% without radia-
tion vs. 8.2% with radiation, p � 0.007) and invasive IBTR
(13.4% vs. 3.9%, respectively, p � 0.0001) (289). EORTC
10853 enrolled over 1,000 women with surgically excised
DCIS up to 5 cm in widest diameter to observation or radia-
tion (288). The reported 4-year local relapse rate was 84%
and 91%, respectively (p � 0.005) with similar reductions
seen in both invasive and noninvasive recurrences. Finally,
Houghton et al. reported on a 2 	 2 randomized trial in this
population where over 1,700 women were randomized to
both radiation and tamoxifen, either as a single agent, or to no
further therapy (287). Although reported follow-up was only
1 year, recurrent DCIS was already shown to be reduced with
tamoxifen treatment (HR 0.68; 95% CI, 0.49 to 0.96).
Radiation was shown to reduce the incidence of both ipsilat-
eral invasive (HR 0.45; 95% CI, 0.24 to 0.85) and noninva-
sive disease (HR 0.36; 95% CI, 0.19 to 0.66). The issue of
tamoxifen therapy and radiation therapy has been further
addressed by the NSABP. Unlike the prior study, the B24 trial
showed that the addition of tamoxifen further reduced the
number of invasive breast cancer events by 50% and did so in
both breasts, but had a nonsignificant effect on reducing the
DCIS recurrences (290). 

Finally, a recent meta-analysis of the role of radiation in
breast conservation therapy for DCIS demonstrated an
approximate 60% reduction in local recurrence (291). The
greatest benefit was seen with high-grade lesions and/or posi-
tive margins, but all age groups benefited, and as expected
there was no difference in distant metastases or survival rates. 

Radiation Therapy in Recurrent Disease

Palliative radiation for painful or recurrent locoregional dis-
ease in the chest wall or regional lymphatics is quite effective
and has also been used to treat lesions involving the bone,
brain, spinal cord, liver, and lung among other areas. Many of
these lesions are now being treated on stereotactic body radio-
therapy (SBRT) trials whereby a limited number of large frac-
tions are delivered to a well-localized site (292). Palliative
radiation courses usually last from a one-time 8 Gy 1-day
treatment to a 2- to 3-week course of 2.5 to 3 Gy per fraction
for a total dose of 30 to 37.5 Gy. There is less concern about
the late effects associated with these large fractions given that
most of these patients may not survive long enough to experi-
ence them. This stands in contrast to the 6- to 8-week course
of low-dose-per-fraction radiation usually used to treat local-
ized disease where the focus is on both cure and minimizing
long-term/late side effects of radiation therapy.

Radiation Therapy Techniques 
for the Intact Breast

Following breast conservation surgery, the entire residual
breast tissue, along with a small portion of the underlying
chest wall and lung, is included in the irradiated volume,
although careful attention to these areas is given to limit their
exposure. Before treatment, patients undergo a planning ses-
sion or simulation to ensure the radiation field has been
mapped out. It is essential that the plan be consistently applied
on a day-to-day basis to ensure the uniformity of treatment.
Small tattoos are placed to ensure proper localization on a
daily basis. In women who require retreatment for chest wall
disease, they also serve to define the original field to avoid
overlapping fields (Fig. 29.30).
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Photon energies of 4 to 6 MV are preferred to treat the
breast. Energies greater than 6 MV may underdose superficial
tissue beneath the skin surface, but may be helpful in large
breasts to decrease the integral breast dose, and wedges are
used to achieve uniform dose distributions. It is usually unnec-
essary to apply bolus (tissue equivalent material) to the skin as
it is not at risk for recurrence, unlike in the postmastectomy
setting where the bolus is applied to the mastectomy scar to
increase dose superficially.

As the excised tumor bed may also harbor microscopic foci
of disease, a radiation boost to the tumor bed is often given and
consists of a series of an additional five to eight treatments
directed to the tumor bed plus a 1.5- to 2-cm margin. However,
the need for a boost if the surgical margins at breast excision
are clear is controversial. The EORTC 22881-10882 trial
involved over 5,500 women with stage I or II breast cancer who
were randomly assigned to whole breast treatment with or
without a “boost” dose of 16 Gy (293). At 10 years, the rate of
local relapse was 10.2% in the no-boost group and was 6.2 %
in the boost group (p � 0.0001), but there was no difference in
overall survival noted (82% in both arms). A subsequent trial
from France was also conducted with similar reduction in local
relapse with a 10 Gy boost dose (294). 

Irradiation of Regional Lymphatics

Most tangential breast fields include at least level I axillary
lymph nodes inadvertently. The low axilla (levels I and II) is

treated along with the supraclavicular field when there is
extranodal/capular invasion, when greater than 50% of the
lymph nodes removed are involved with carcinoma, or in the
absence of an adequate axillary dissection. The supraclavicu-
lar field is extended inferiorly to the second rib or angle of
Louie to cover the axilla while the lateral border falls off the
anterior axillary fold of skin (Fig. 29.31). A supplemental dose
delivered by a posterior axillary boost (PAB) ensures complete
radiation therapy has been accomplished (Fig. 29.32). An
EORTC trial is ongoing whereby patients with a positive sen-
tinel lymph node are randomized to axillary radiation without
axillary lymph node dissection or to axillary lymph node dis-
section in an attempt to avoid extra surgery in these patients. 

Irradiation of the supraclavicular area is indicated in
women with three or more axillary nodes involved. For pur-
poses of radiation planning, surgical clips in the area of axillary
dissection provide a useful guide to the design of this radiation
field. Ideally, the humeral head is shielded without compro-
mising coverage of the high axillary lymph nodes (level III).

928 Section III: Disease Sites

FIGURE 29.30. Medial breast/chest wall tangential field with axil-
lary lymph node levels I, II, III and supraclavicular nodes outlined.
Source: Reprinted with permission from Goodman RL, Grann A,
Saracco P, et al. The relationship between radiation fields and regional
lymph nodes in carcinoma of the breast. Int J Radiat Oncol Biol Phys
2001;50(1):101.

FIGURE 29.31. A right-sided supraclavicular field including the
supraclavicular nodes as well as the axillary lymph node levels II and
III as outlined. Source: Reprinted with permission from Goodman RL,
Grann A, Saracco P, Needham MF. The relationship between radia-
tion fields and regional lymph nodes in carcinoma of the breast. Int J
Radiat Oncol Biol Phys 50(1):102.

FIGURE 29.32. A left-sided posterior axillary boost (PAB) field
showing the nearby levels I, II, and III axillary lymph nodes as well as
the supraclavicular nodes as outlined. Source: Reprinted with permis-
sion from Goodman RL, Grann A, Saracco P, et al. The relationship
between radiation fields and regional lymph nodes in carcinoma of
the breast. Int J Radiat Oncol Biol Phys 50(1):103.
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The total dose delivered to the supraclavicular field is 46 to
50.8 Gy. If supraclavicular node involvement is documented
on biopsy, this area may be treated with a “boost” as well. 

Radiotherapy to the internal mammary lymph nodes
remains unresolved, although the internal mammary nodes
(IMNs) are not considered to be a necessity in most patients
since most patients who would be “at risk” are usually candi-
dates for adjuvant endocrine or chemotherapy. Still, it may be
an appropriate consideration in women with medial breast
tumors, those with tumors larger than 2 to 3 cm, those with
multiple involved axillary nodes, or those with biopsy-proven
or radiographically suspected IMN involvement. If treatment
is recommended, the lymph nodes should be outlined using the
CT obtained at simulation by covering the first three inter-
costal spaces medially while limiting the heart dose as much as
possible on the left side (295). Active breathing control devices
have been used to spare the heart dose, whereby radiation is
delivered during maximum inspiration when the heart is
pushed out of the radiation field by the expanded lung (296). 

Irradiation Dose to the Contralateral Breast

A dose of 0.5 to 2 Gy to the contralateral breast has been
reported in women receiving a dose of 50 Gy to the intact
breast with the use of tangential fields (297). As expected,
radiation fields encompassing the regional lymph nodes
increase the dose to the contralateral breast significantly. A
detailed dosimetric study demonstrated that most of the scat-
ter dose received by the opposite breast originates in the colli-
mator and accessories of the accelerator and can be signifi-
cantly decreased by increasing the distance between the source
and the patient’s skin (298). The use of independent jaws com-
bined with beam splitters following the contour of the chest
wall of the patient can be very helpful in decreasing the dose
to the contralateral breast. Most breast radiation plans
include a lateral and medial wedge. The medial wedge, how-
ever, contributes most to the contralateral breast dose, and
attempts at treatment without this wedge have been successful
with a resultant decrease in contralateral breast dose without
a significant decrease in dose homogeneity in the treated
breast (299). The clinical significance of the inadvertent radia-
tion dose to the opposite breast is uncertain, with various
studies failing to show an increased risk of contralateral breast
cancer (300–302). 

Irradiation Techniques to the Chest Wall

For women undergoing chest wall radiation following mastec-
tomy, the technique in large part is determined by their
anatomy, and the area treated includes the chest wall and
supraclavicular fossa. If a patient has undergone an immediate
reconstruction, a three-field technique is used, with two tan-
gent fields directed at the chest wall and reconstruction with a
third, carefully matched field encompassing the supraclavicu-
lar nodal area and the apex of the axilla. Photon beams are in
the 4 to 6 MV range, and doses of 50 Gy over 5 weeks are
appropriate, with a boost dose of 10 Gy to the mastectomy
scar itself. For patients undergoing mastectomy in whom adju-
vant radiation is being considered, simultaneous consultations
involving plastic surgery and radiation oncology are recom-
mended before surgery to discuss the timing and appropriate-
ness of reconstruction and radiotherapy. In most cases, the
reconstruction should occur after the radiation is completed to
increase the probability of implant viability and cosmesis of
the reconstructed breast (303). 

For women who recur in the chest wall or regional nodes,
treatment should be approached with curative intent. If possi-
ble, surgical resection remains the best option for long-term
disease control and adjuvant radiotherapy may increase this
likelihood. The radiation fields are similar to the approach for

the postmastectomy patient in terms of field design and dose.
If palpable disease remains following resection, a boost is used
to increase the total dose over 50 Gy in the affected field.

FOLLOW-UP CARE
Women treated for a diagnosis of breast cancer should be
examined every 3 to 4 months for the first 2 to 3 years, then
every 4 to 6 months to year 5, and then annually. Ideally, vis-
its should be split among a woman’s multiple providers,
including her surgeon, medical oncologist, radiation oncolo-
gist, and her primary care providers. Cancer follow-up
requires history and physical with careful attention to new or
increasing symptoms. For example, new bone pain that wakes
one up from sleep may be a sign of new onset bone metastases
and would require a bone scan. For the asymptomatic patient,
there is no role for surveillance lab work, tumor markers such
as CEA, CA 15-3, and CA 27-29, or radiographic testing and
they are not recommended (304). Although they may lead to
an earlier diagnosis of metastatic disease, there is no evidence
that they impact survival (305). Attention to screening should
be emphasized annually, and this includes tracking dates of
mammography, breast MRI in high-risk patients, and screen-
ing colonoscopy (if over the age of 50 or earlier in the presence
of a family history of colon cancer). Addressing health risks
should be a part of routine follow-up, including smoking ces-
sation and discussion of alcohol use. Finally, screening for
issues such as sexual dysfunction, depression, and anxiety is
important, as they are known to be issues in cancer survivors
and can profoundly affect long-term quality of life.

SEQUELAE OF TREATMENT
The multidisciplinary treatment program can be difficult for
women. Each modality has its own set of side effects and the
duration of treatment (up to or more than 1 year in some
cases) can exert a psychological and emotional toll. 

Women who have received chemotherapy report difficulties
with short-term memory (“chemo-brain”) which may or may
not resolve with time, and if severe, can even have an impact
on a woman’s ability to work. Unfortunately, the magnitude of
the problem remains poorly characterized. Both doxorubicin
and trastuzumab can affect cardiac function, which may not
be reversed with the passage of time. In a recent review of 
trials that evaluated trastuzumab into anthracyline-containing
adjuvant treatment, as much as 4% of patients experienced
congestive heart failure, going as high as 14% in the NSABP
B-31 trial, which in some cases was not reversed (306).
Fatigue is an almost universal consequence of chemotherapy,
worsens with each successive cycle, and may take a year or
more to resolve. Severe menopausal symptoms and acceler-
ated bone loss are potential issues for the premenopausal
woman who experiences chemotherapy-induced amenorrhea.
Treatments for hot flashes are readily available and include
use of antidepressants, gabapentin, and vaginal estrogen
preparations. Caution is required with the use of vaginal
estrogen tablets, particularly in women with hormone-positive
breast cancers, as the impact of even low subclinical rises in
estrogen levels on effectiveness of antiestrogen agents (espe-
cially the aromatase inhibitors) and consequently on tumor
relapse is unknown. Recently the empiric use of the bisphos-
phonate residronate was evaluated in this population in a ran-
domized, placebo-controlled trial and demonstrated that
treatment significantly increased bone mineral density at both
the hip (by 1.3%) and the spine (by 1.2%), compared to
placebo where decreases of 0.9% at the spine and 0.8% at the
hip were seen (p � 0.01) (307). The Cancer and Leukemia
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Group B has recently completed a similar trial (CALGB
79809) evaluating the use of zoledronic acid compared to
placebo and results are awaited. Finally, a recently described
arthralgia syndrome can accompany treatment with the aro-
matase inhibitors, and may lead to cessation of this therapy in
some patients (308). The incidence and etiology of this have
yet to be elucidated.

Besides the side effects of chemotherapy, there are sequelae
from radiation treatment that may occur acutely or follow the
end of treatment, taking months to years after treatment to
manifest. The most common acute effects of radiation therapy
include fatigue, skin irritation, breast swelling, and general
breast discomfort; other side effects include muscle pain (in
motion), incision-site pain, and rib pain. In one series, 31% of
patients complained of breast swelling and approximately
20% complained of breast pain following radiation therapy
after breast-conserving surgery (309). In another, approxi-
mately 10% to 15% of patients developed moist desquama-
tion during their treatment (310). Generally, this occurs in the
inframammary fold and can be treated conservatively. Very
rarely, a patient will need a break for any of the above condi-
tions. Almost all patients experience some form of fatigue,
which is generally mild and manageable and improves over
time. Most patients recover to baseline within 2 months after
completion of the radiation treatment. 

Of the late effects of radiation treatment in a woman who
has undergone breast conservation, perhaps one of the most
disturbing can be impaired cosmesis secondary to fibrosis and
atrophy (311). Cosmetic outcome has been directly related to
adjuvant chemotherapy, the dose of radiation, fraction size, and
the degree of surgery (311,312). Whole breast radiotherapy
doses greater than 50 Gy as well as total dose to the tumor site
greater than 65 Gy have been shown to adversely affect
cosmesis (313). Abner et al. reported on the cosmesis out-
comes in 1,625 patients receiving BCT and chemotherapy,
showing that long-term cosmesis was remarkably worse for
those receiving concurrent and sequential chemoradiation as
compared to radiation alone (314). Excellent cosmesis was
seen in 56% of patients receiving sequential therapy versus
32% for concurrent chemoradiation and 75% for no adjuvant
chemotherapy. 

Arm edema is also one of the most feared late-term compli-
cations of radiation treatment, and the incidence of this com-
plication is related to the extent of axillary surgery and
regional radiation (315–320). Arm edema is found in only a
few percent of women who undergo sentinel lymph node
biopsy, level I-II dissection, or radiation alone, and adding
nonaxillary radiation to a more limited surgery does not sub-
stantially increase the risk of arm edema (321,322). However,
women who experience axillary node dissection and axillary
radiation have a significantly higher risk of arm edema
(323,324). In one report that included 200 women treated for
early-stage breast cancer, arm edema developed in 38% of
those treated with axillary node dissection plus axillary radia-
tion compared to 7% to 9% of those undergoing either axil-
lary node dissection or axillary radiotherapy (323).

Symptomatic pneumonitis is an infrequent occurrence after
breast conservation surgery and is noted 1 to several months
after irradiation (325). Patients present with dry cough (88%),
shortness of breath (35%), or fever (53%). On radiographic
studies a pulmonary infiltrate is observed in the irradiated
volume (326). The risk of radiation pneumonitis is directly
related to the volume of irradiated lung and is approximately
5% when treating the chest wall where there is minimal lung
volume in the field (326,327). The risk increases when a
supraclavicular field is added or the internal mammary nodes
are treated (328,329). Concurrent chemotherapy has also
been shown to increase the risk of pneumonitis. One study
showed that when patients treated with the three-field

technique received chemotherapy concurrently with irradiation,
the incidence of radiation pneumonitis was 8.8% (8 of 92)
compared with 1.3% (3 of 236) for those who received
sequential chemotherapy (329). Of note, when radiation was
given to the breast alone without chemotherapy the incidence
was 0.5% (6 of 1,296, p � 0.002). There have been conflict-
ing data involving increased risk of pneumonitis when taking
tamoxifen concurrently with radiation. Two studies found an
increased risk of pulmonary fibrosis, while a series from Fox
Chase Cancer Center did not show an increase in clinical radi-
ation pneumonitis (330–332).

Another concern related to breast radiation is cardiac toxi-
city. The most significant risk factors for this side effect include
older radiation techniques, the addition of chemotherapy, and
treatment of left-sided breast cancer. Fortunately, improve-
ment in radiation technique has substantially decreased late-
term cardiac complications, and most recent trials utilizing
modern radiation techniques have found no increase in car-
diovascular toxicity (333–336). Valagussa et al. reported on
cardiac effects after adjuvant chemotherapy and breast irradi-
ation for operable breast cancer (333). They retrospectively
evaluated 825 women in prospective trials with respect to
irradiation, with or without administration of doxorubicin;
360 patients had breast conservation therapy. With a median
follow-up of 80 months, the overall incidence of congestive
heart failure in all patients was 0.5%. Patients receiving dox-
orubicin chemotherapy without irradiation had a 0.8% inci-
dence of congestive heart failure. Patients receiving both dox-
orubicin and left-breast irradiation had an incidence of 2.6%,
and two fatalities secondary to congestive heart failure
occurred in this group. 

Brachial plexus dysfunction is another possible complica-
tion of regional nodal radiation therapy and must be distin-
guished from neuropathies caused by axillary dissection or
recurrence. Pierce et al., in a review of 1,624 patients, reported
brachial plexus involvement in 1.8% of patients, though
other investigators have found the incidence to be less than 1%
(321,332,337). 

Pregnancy and Fertility in the 
Breast Cancer Survivor

It has been reported that approximately 5% to 15% of young
breast cancer survivors will become pregnant following treat-
ment (338). Currently, there are no prospective studies evalu-
ating the safety of a subsequent pregnancy after a diagnosis of
breast cancer, but several retrospective studies have demon-
strated no worsening of survival or increased risk of recur-
rence (339–342). Of interest, a number of studies report that
pregnancy is associated with an improved survival, though the
issue of the “healthy mother effect” as a potential confounder
has been reported (339). That is, only women who feel physi-
cally and emotionally healthy will attempt pregnancy while
those who continue to be affected by the disease do not.
Alternatively, it is possible that the high hormonal levels of
pregnancy have a beneficial effect given the documented anti-
tumor effects seen both in vitro and in animal models of high-
dose estrogens and progestins (338). 

Those women who become pregnant following breast can-
cer treatment may be able to breast-feed, though this has only
been reported in case series. Higgins and Haffty reported on
11 patients who subsequently experienced 13 pregnancies
(343). Lactation was possible in the treated breast in four of
ten women; in three, lactation was pharmacologically sup-
pressed. The time interval from initial treatment to delivery
did not appear to affect successful lactation. Still, this issue
will need to be studied in larger series.
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It may seem helpful to wait before attempting pregnancy
since this is the time of highest risk of recurrence, but the avail-
able data have not clearly shown a worse prognosis if preg-
nancy is achieved sooner. Discussing fertility options after
receiving treatment for breast cancer may be too late. Several
investigators have reported that women prefer to discuss these
issues at the time of treatment planning and early follow-up,
suggesting that options for preserving fertility should be
addressed early, including a referral to a fertility specialist as
needed (344,345). Recently, the American Society of Clinical
Oncology (ASCO) convened an expert panel to develop guide-
lines for fertility preservation and made similar recommenda-
tions (346). Still, concerns that embryo banking will inappro-
priately delay necessary treatment for newly diagnosed patients
have been raised. A recent report by Madriagno et al. compared
time intervals between egg retrieval and treatment in 23 newly
diagnosed women with breast cancer. He reported that there was
no delay, with average time from first consult to egg retrieval of
33 days, and time from definitive surgery to start of chemother-
apy at 47 days. This suggests that embryo banking could be
incorporated into the workup and surgical management of new
breast cancer patients, again emphasizing the importance of
early referral to reproductive specialists (347).

SPECIAL CONSIDERATIONS

Breast Cancer in Pregnancy

Pregnancy-associated breast cancer is defined as cancer diagnosed
during pregnancy, lactation, or up to 12 months postpartum
(348). Among women of child-bearing potential, approximately
13% of breast cancers will occur in this group, and among
women younger than 40 years an estimated 10% will be pregnant
(349,350). As increasing numbers of women delay pregnancy,
many speculate that the incidence of pregnancy-associated breast
cancer will increase. 

Most women diagnosed with pregnancy-associated breast
cancer present with a painless breast mass. While the differen-
tial diagnosis of a palpable mass during pregnancy involves a
majority of benign masses, including lactating adenomas,
fibroadenomas, and galactoceles, evaluation is warranted if pal-
pable findings persist. Clinical breast examination is limited in a
pregnant patient due to hormonally induced breast engorge-
ment. Similarly, the usefulness of mammography during preg-
nancy has been questioned; however, recent studies show that
with proper abdominal shielding, the irradiation dose to the
fetus from a standard two-view mammography is less than 50.5
µGy, which is within the limits considered acceptable during
pregnancy and well below the threshold exposure of 10 rad
(100 mGy), where the estimated risk of fetal malformation and
central nervous system (CNS) problems is 1% (351). 

Studies on the effectiveness of imaging in pregnant cancer
patients are limited. Yang et al. performed a retrospective
study of 23 women with 24 cancers diagnosed during preg-
nancy (352). Of those who underwent preoperative mammog-
raphy, radiographic findings were “positive” in 18 out of 20
cancers (90%) despite dense breast parenchymal patterns; the
addition of ultrasonography was noted to be 100% sensitive.
Although MRI has been used during pregnancy, the gadolin-
ium required for a meaningful breast study crosses the pla-
centa and is associated with fetal abnormalities in animals
(category C), and thus contrast-enhanced breast MRI cannot
be recommended (348).

As happens for nonpregnant women, negative findings on
breast imaging should not delay obtaining definitive diagnosis
in a persistently palpable mass. Currently ultrasound-guided
core biopsies can be performed safely and this is the preferred

method for diagnosis. Despite concerns to the contrary,
reports of milk fistulae are rare (353). 

Historically, studies reported that pregnancy-associated
breast cancer had a dismal prognosis with survival rates of less
than 20% at 5 years (354–356). These statistics may have
reflected the later diagnosis of these lesions, as pregnancy-asso-
ciated cancers are typically larger and more often node positive
(56% to 89%) compared to nonpregnant women (38% to
54%) (357,358). In addition, patients diagnosed in pregnancy
frequently have high-grade tumors, are hormone negative, and
are HER2/neu positive (358–360). Therefore, after controlling
for these factors, patient age and stage of diagnosis at presenta-
tion, the overall prognosis of patients appears similar to nonpreg-
nant women, and the 5- and 10-year survival for node-negative
and node-positive pregnancy-associated breast cancer ranges
from 60% to 100% and 31% to 52%, respectively (348,351).

There is no role for termination to improve prognosis, and
it is not considered a therapeutic option. The safety of surgical
intervention during pregnancy is well established, and modi-
fied radical mastectomy is considered the standard of care.
This approach virtually eliminates the need for irradiation and
allows optimal control of disease within the axilla. However,
breast conservation is increasingly seen as a reasonable alter-
native to pregnant women, particularly if diagnosis is made in
the latter second and third trimesters, when breast irradiation
can be safely delayed until the postpartum period. In addition,
for the patient presenting with locally advanced disease, the
increased use of neoadjuvant chemotherapy allows a delay in
definitive surgical management and a concomitant delay in
postoperative radiotherapy (348). While full axillary dissection
remains the most common approach to lymph node evalua-
tion in pregnant patients, increasing reports have documented
the efficacy and safety of sentinel lymph node biopsy despite
the numerous concerns raised regarding the risk of fetal irradi-
ation with use of radiocolloid in pregnancy (361–363). Still,
sentinel node biopsy in pregnant women has not been system-
atically evaluated. Currently, it is considered reasonable to
offer to pregnant patients but only after appropriate counsel-
ing. It is important to remember that both isosulfan blue dye
and methylene blue dye are classified as pregnancy category C
drugs, and intra-amniotic injection of methylene blue has been
associated with hemolytic anemia, hyperbilirubinemia, methe-
moglobinemia, duodenal atresia, deep blue staining of the
newborn, and even fetal death (364–367). Whether subareolar
injections of dye would result in a similar outcome is unclear;
however, its use is generally not recommended.

Most experts consider postoperative therapeutic irradia-
tion during pregnancy to be contraindicated. If breast conser-
vation is chosen, adjuvant radiotherapy is typically delayed
until the postpartum period. However, this perspective has
recently been challenged by some who feel that the risks of
radiation to the fetus are overestimated (368). Kal et al. argue
that fetal exposure to radiotherapy can be sufficiently reduced
by proper shielding, resulting in fetal exposure doses that fall
below accepted threshold doses. Unfortunately, the lack of
prospective data continues to make the use of radiotherapy
during pregnancy contraindicated. 

Given the high prevalence of node-positive disease among
women diagnosed with breast cancer during pregnancy,
chemotherapy plays a crucial role in both the adjuvant and
neoadjuvant treatment of these women. The effects of chemother-
apy on fetal development and growth vary depending on ges-
tational age. When administered during the first trimester,
chemotherapy can result in high rates of miscarriages and
malformations (369). As a result, chemotherapy is generally
contraindicated during this period of organogenesis. Outside
of the first trimester, chemotherapy has proven to be safe,
although all chemotherapy agents are still considered category
D agents. The overall incidence of major fetal malformations
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following administration of chemotherapy in the second and
third trimesters is reported to be ~3%, which is similar to the
estimated baseline population risk of major congenital malfor-
mations (2% to 3%) (370). The most commonly reported side
effects are fetal growth restriction, low birth weight, preterm
delivery, and transient leukopenia of the newborn. 

Several prospective case series have reported on the use
of anthracycline-based chemotherapy administered every 3 to
4 weeks during the second and third trimesters (371,372).
Hahn et al. reported that among 57 women treated with FAC
in the second and third trimesters, there were no stillbirths
reported, and no miscarriages or perinatal deaths (371). The
most common neonatal complication was respiratory distress
and 10% required ventilatory support; one child developed a
subarachnoid hemorrhage in association with thrombocy-
topenia and neutropenia. The potential risk of anthracycline-
associated fetal cardiotoxicity later in life during childhood or
adulthood remains a concern for those fetuses exposed to
chemotherapy in utero. Despite this, Meyer-Wittkopf et al.
were not able to identify any abnormalities on echocardio-
grams performed in utero and up to 2 years of age in infants
exposed to doxorubicin and cyclophosphamide starting at 
24 weeks gestation (373). Aviles and Neri reported on a
cohort of 84 children born to mothers who received combi-
nation chemotherapy during pregnancy for hematologic
malignancies (374). Physical, neurologic, and psychologic
development was normal for all children and there were no
malignancies diagnosed in this group of children. At present,
the dosing recommendations for chemotherapy during preg-
nancy are weight based. Current recommendations are to
avoid the administration of chemotherapy approximately 
1 month before delivery to minimize the possibility of infectious
complications or hemorrhage from pancytopenia to either the
mother or the fetus. The use of trastuzumab is limited to case
reports and currently is considered a category B drug in preg-
nancy. There are no long-term data available of children
following exposure to endocrine agents, such as tamoxifen, 
in utero. However, tamoxifen remains contraindicated in
pregnancy and the use of nonhormonal contraception is rec-
ommended during tamoxifen treatment and for 2 months
after stopping, due to its extended half-life (375).

Breast Cancer in the Elderly

Age is a well-characterized risk factor for the development of
breast cancer. Yet despite the high prevalence of breast cancer
in older women, there is substantial evidence that they are less
likely to receive standard care (376,377). Defining the optimal
treatment strategies for these women is complicated by the
relatively few numbers of women over 65 enrolled in multi-
institituional trials. Barriers to recruitment of older women to
multi-institutional trials likely include “physician bias” and/or
“patient and family bias,” based on the fear that patients may
not tolerate treatment or that the potential toxicity does not
outweigh the potential benefits of the treatment (378). 

Studies indicate that the survival from breast cancer
appears to be worse among older women, though the factors
underlying this finding remain unclear (379,380). Although
breast cancer presentation in older women may be more
advanced at diagnosis, they also tend to be more indolent with
a more favorable biologic profile and overall less aggressive
disease than in younger women. Multiple studies have shown
that breast cancer in older women is typically well- or moder-
ately differentiated, node negative, estrogen and progesterone
receptor positive, and HER2/neu negative (115,381,382).

Older patients tolerate surgery, including breast-conserving
surgery or mastectomy, as well as their younger counterparts,
and the operative mortality of patients who are in reasonable

health with a reasonable functional status is negligible (383).
Careful preoperative screening will identify the small group of
women who would suffer significant morbidity and/or mortal-
ity from surgery. 

Some have questioned the benefit of axillary evaluation in
elderly women, particularly in the presence of endocrine-
responsive disease, but several studies have shown not only that
it is feasible, but that treatment decisions are still made on the
basis of the nodal status. The International Breast Cancer Study
Group compared the outcome of axillary clearance versus no
clearance in women older than 60 years (median age, 74 years)
with clinically negative, operable breast cancer (384). All
women with endocrine-responsive breast cancer received 5
years of tamoxifen. Although axillary relapse was not the pri-
mary endpoint, the results were reassuring and showed a low
local relapse rate of 2% after 5 years of follow-up. McMahon et
al. reviewed the outcomes of 261 women who were 70 years of
age or older who underwent a sentinel lymph node (SLN)
biopsy (385). The overall SLN identification rate was 97.1%
and sentinel node status was associated with significantly differ-
ent rates of systemic therapy for tumors less than 2 cm, but not
with larger tumors. Finally, despite earlier studies suggesting
that primary medical treatment with tamoxifen was as effective
as surgery for the treatment of operable breast cancer in elderly
patients, more recent randomized studies have demonstrated a
more favorable outcome following surgical management of
these patients. In one, women treated with surgery plus tamox-
ifen had a 70% relapse-free survival as compared to 47% for
those treated with tamoxifen alone (386). Subsequent studies
have yielded similar results, and have been confirmed by a
recent Cochrane group meta-analysis (387–389). 

The role of radiotherapy in older women has also been
subjected to trials. In a Canadian trial patients 50 years of age
or older with tumors up to 5 cm who had been treated with
surgery and tamoxifen were randomized to adjuvant radio-
therapy or observation (280). The local recurrence rate among
women who underwent radiation and those who did not was
0.6% and 7.7%, respectively. Similarly, CALGB conducted
a trial in women 70 years or older and found no significant
differences between those who did not and those who did
undergo radiation therapy regarding subsequent mastectomy
rates, distant metastases, or overall survival. However, the rate
of locoregional recurrences was significantly different (1% in
those who underwent radiotherapy vs. 4% in those who did
not, p � 0.001) (281). Based on this, radiotherapy might be
reasonably with held in the older patient who takes endocrine
therapy following surgery. 

The confirmed benefit of adjuvant hormonal therapy and
the associated risk profiles of the available agents must be
considered in the older patient. Tamoxifen may cause endome-
trial cancer, though rarely, and is associated with an increased
risk of thromboembolic disease. As such, it is generally not
recommended in patients with small (�1 cm) node-negative
tumors in the presence of other serious comorbid conditions,
particularly if their life expectancy is less than 10 years, as the
benefits of endocrine manipulation are not likely to be realized
(390). Although the aromatase inhibitors have been shown to
be less of a risk in causing endometrial cancer or thromboembolic
disease, they did statistically increase the risk of bone fractures
compared to tamoxifen (264,268). In addition to bony dis-
ease, letrozole demonstrated significant increases in cardiac
events compared to tamoxifen, including grade 3-5 ischemic
disease (0.6% vs. 1.1%, respectively, p � 0.013), and in con-
gestive heart failure (0.1% vs. 0.5%, respectively, p � 0.006)
(268). For the estimated 30% of older patients with tumors
negative for ER/PR receptor expression, decisions about
chemotherapy must take into account tumor characteristics,
the ensuing risk of relapse, and one’s competing comorbidities.
Still, chemotherapy may be an option especially in healthy
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elderly women with hormone receptor–negative tumors con-
sidered at high risk, particularly if their estimated life
expectancy would otherwise exceed 5 years (391). Still, the
optimal chemotherapy regimens, doses, and schedules for
elderly patients remain undefined.

Disparities in Breast Cancer 

There is a relative paucity of data regarding outcomes among
other ethnic groups, such as Latinas, and hence much of what
we have learned about disparities among ethnic minority
women we have learned from work done with the African
American (AA) community. The impact of racial disparities on
breast cancer survival has been the subject of multiple studies.
Specifically, it has been well documented that despite a consis-
tently higher incidence of breast cancer among white women
when compared to AA women, AA women still suffer the
greater mortality from breast cancer (350). 

Many attribute the widening racial disparity to the fact that
racial and ethnic minorities in the United States often receive
less than adequate health care. Health insurance coverage and
socioeconomic status have been described as important factors
associated with general medical outcomes, but do not entirely
explain the disparities in breast cancer in ethnic minority
women. Newman and Martin conducted a meta-analysis of
studies reporting on survival of AA versus white patients with
breast cancer (392). After adjusting for socioeconomic status,
age, and stage of diagnosis, they found that AA women still
experienced a higher risk of mortality, with a mortality hazard
ratio of 1.27 (95% CI, 1.18 to 1.38) Similarly, Field et al. eval-
uated survival among AA and white breast cancer patients
receiving care through the Cancer Research Network, which
covers patients using managed care health plans (393). Despite
similar health coverage and access to care, 5-year survival was
lower for AA women (74% vs. 82%). They concluded that
among women with invasive breast cancer, being insured and
having access to medical care does not eliminate the survival
disparity for AA women. More recently, Jatoi et al. evaluated
the medical records of 23,612 women diagnosed and treated
for primary breast carcinoma through the Department of
Defense health care system (394). They reported that when AA
women were compared to white women, the hazard ratio
for survival was 1.27 in those diagnosed between 1980 and
1984, but it had increased to 1.85 between 1995 and 1999.
Therefore, it appears that inequalities in access to health care,
while a reality for many AA women in the United States, are
not solely responsible for the racial disparities evident among
women diagnosed with breast cancer. 

Some argue that differences in tumor biology or other
extrinsic factors account for a significant proportion of the dis-
parity evidenced (395,396). It is documented that AA women
are diagnosed at a younger age compared to white women and
that, compared to white women, AA women experience a
higher incidence of disease before 45 years and declining rates
after 50 years of age. Reproductive history–related risk factors
have been suggested as an explanation for the younger age dis-
tribution noted among AA women (397). In addition, reports
suggest that a higher frequency of aggressive subtypes of infil-
trating ductal carcinoma are present among AA women, such
as medullary, basaloid, and inflammatory breast cancer
(398,399). Finally, studies have also demonstrated a higher
prevalence of high-grade, hormone receptor–negative, and
triple-negative breast cancer among AA women with more
advanced stages of disease at diagnosis (400,401).

Disparities in the delivery of adjuvant chemotherapy to
eligible patients also may account for disparities among AA
women, and studies continue to demonstrate this disturbing
trend. For example, White et al. reported that among 1,263

patients with node-positive breast cancer eligible for chemo-
therapy, 85.3% of white women received the indicated treat-
ment, compared to 78.7% of AA and Latina patients (402).
More recently, Bickell et al. reported data from six New York
City hospitals and found that AA patients were twice as likely
to be under-treated with regard to chemotherapy, radiation
therapy, and/or endocrine therapy compared with white
patients (403). Similar data suggest that surgical therapies,
such as sentinel node biopsies and breast reconstruction, are
impacted as well (403–406).

Effective evaluation of the determinants of racial dispari-
ties in breast cancer treatment will require adequate participa-
tion in randomized clinical trials, which means that efforts to
increase the proportion of patients offered trials and address-
ing eligibility so more women qualify for trials are needed. In
one study, only 21% of AA patients were offered a clinical
trial, compared to 42% of white patients (404). In another,
evaluating barriers to enrollment of minorities into clinical
trials, Adams-Campbell et al. reported that among 235 AA
patients with breast cancer, only 8.5% were deemed eligible
for trial participation; most were excluded due to comorbid
disease (407). 

Documented racial disparities exist in the incidence, treat-
ment, and outcomes of women with breast cancer. Of great
concern, the mortality among AA women diagnosed with
breast cancer exceeds that of white women, despite a lower
prevalence of disease overall. The determinants of these dis-
parities are likely multifactorial, and despite numerous studies
evaluating breast cancer treatment among AA women, they
remain incompletely understood. Data evaluating other ethnic
groups are limited, and emphasizes the need for continued
studies into this area of breast cancer research.

FUTURE DIRECTIONS
The evolution in breast therapy continues to move at a very fast
pace, with new technologies under development that may trans-
form the landscape of breast surgical practice, medical care, and
radiation techniques. These will be briefly summarized.

Surgery: Contemporary Strategies

The literature is replete with reports of the successful use of
thermal ablation of lung, liver, bone, adrenal, kidney, and
prostate in both the metastatic and primary setting. Advances
in the understanding of thermal biology, and advances in both
the delivery systems and tumor imaging systems have
extended this therapeutic option to other tumor sites, includ-
ing breast cancer. The initial reports of ablative techniques in
breast cancer therapy focused on radiofrequency ablation
(RFA) (408). However, this technique suffered from two seri-
ous flaws. First, thermal heating is associated with intense dis-
comfort for the patient; second, visualization of the treatment
zone is severely compromised when RFA is administered with
ultrasound guidance. 

Cryoablation represents an alternative to radiofrequency
ablation and may be ideally suited to breast cancer therapy
(409). First, the majority of invasive breast cancers are identi-
fied by mammography, and characterized and biopsied under
ultrasound guidance, making the small handheld ultrasound
probe an ideal modality to guide breast therapeutic interven-
tions. In addition, cryoablation produces a ball of frozen tissue
that is imminently visible under ultrasound, in direct con-
tradistinction to thermally heated tissue. The cryoablative
process involves a freeze-thaw-freeze cycle that results in tis-
sue destruction through intracellular ice formation, causing
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cellular wall disruption, subsequent osmotic injury, and delayed
microvascular disruption leading to tissue ischemia. The usual
treatment time for sub 4 cm lesions is 30 minutes. In a prospec-
tive, randomized trial, 310 patients undergoing lumpectomy for
a diagnosis of breast cancer were randomized to cryoassisted
localization (CAL) or needle-wire localization (NWL) (410).
Comparisons between the CAL and NWL groups showed no
differences in positive margins (for invasive tumor) (28% vs.
31%, respectively) or in re-excision rates. The volume of tissue
removed was significantly less with CAL (49 mL) compared to
NWL (66 mL, p � 0.002). Of note, there was a trend for a
higher positive margin rate for in situ disease with CAL (30%)
versus NWL (18%, p � 0.052). The American College of
Surgeons Oncology Group is preparing a study evaluating the
sensitivity of MRI to detect residual disease after a course of
therapeutic cryoablation for infiltrating ductal carcinomas less
than 1.5 cm. As we have abandoned axillary dissection for sen-
tinel nodes, so we may in a select group of patients abandon
wide local excision for in situ ablation.

Medical Therapy: Redefining Standard of
Care and Incorporating New Technology 

Currently there is no one standard of care in the treatment of
breast cancer. Multiple options exist at every stage along the
continuum of care for the breast cancer patient. However,
ongoing clinical trials will help define appropriate therapies for
our patients. The NSABP B-38 trial is a node-positive random-
ized trial directly comparing dose-dense AC/T to the TAC
regimen given every 3 weeks, and compares them to a novel
regimen of dose-dense AC followed by paclitaxel and gem-
citabine. This trial will help to establish the standard of care in
this population. For women with node-negative disease, there is
the NSABP B-36 trial, which randomizes women to four cycles
of AC versus six cycles of 5-FU, cyclophosphamide, and the
novel anthracycline, epirubicin (FEC). Other trials continue to
explore drug sequence, such as the Hellenic Oncology Research
group trial of epirubicin and docetaxel, as combination or
sequential therapy. The NSABP B-42 trial will address the ques-
tion of extended endocrine therapy by randomizing women
completing 5 years of endocrine therapy (in at least 2 of which they
must have used an aromatase inhibitor) to letrozole or placebo. 

Novel regimens also continue to be explored. In the
BCIRG-006 trial, women with HER2/neu-positive breast can-
cers are being randomized to anthracycline-containing and
non-anthracycline–containing regimens. In arm I patients
receive AC followed by docetaxel; in arm 2, patients will
receive AC followed by docetaxel and trastuzumab followed
by 1 year of consolidation trastuzumab; and arm 3 patients
receive a platinum (carboplatin or cisplatin) and docetaxel fol-
lowed by trastuzumab consolidation. Along with evaluation of
survival endpoints, this novel trial will also explore the com-
parative toxicity (including cardiotoxicity) of these regimens. 

PACCT-1 is the first trial from the NCI Program for the
Assessment of Clinical Cancer Tests. It is also known as the
TAILOR-Rx trial. Women with node-negative hormone-positive
breast cancers will undergo an Oncotype DX test for treatment
stratification. Patients who have a low recurrence score will
undergo endocrine therapy, while those with a high recurrence
score will undergo chemotherapy. Those with an indeterminate
recurrence score (RS 11-25) will be the subjects for randomiza-
tion to chemotherapy or endocrine therapy. This trial will be
the pivotal validation study for the Oncotype DX assay and, if
positive, will likely lead to its more widespread use in tailoring
cancer therapy in this population. 

The role of biologics will also be further examined. Most
notable in this area will be the role of bevacizumab in the
treatment of breast cancer. Contemporary trials are already

under way incorporating this agent in the neoadjuvant, adju-
vant, and recurrent disease setting. Already, important trials
have been reported on the use of bevacizumab in metastatic
breast cancer. One trial compared capecitabine with or with-
out bevacizumab as a second-line therapy for metastatic dis-
ease (411). Four hundred sixty-two women were enrolled in
this trial with a study endpoint of prolongation of progres-
sion-free survival. While the addition of bevacizumab
improved response rates (20% with combination vs. 9% with
capecitabine alone, p � 0.001), there was no difference in
either progression-free or overall survival seen. However, in a
first-line metastatic disease study, the combination of beva-
cizumab and paclitaxel was associated with an increased
response rate (30% vs. 14%, p � 0.0001) over paclitaxel
alone, and in improved progression-free survival (HR 0.48;
95% CI, 0.387 to 0.594) (412).

The incorporation of new technology will continue to be a
challenge. An example is the use of a recently developed assay
to detect circulating tumor cells (CTCs) in the plasma of breast
cancer patients. In the seminal paper published in the New
England Journal of Medicine, Cristofanilli et al. demonstrated
that the number of CTCs at baseline and then at first follow-
up were independent predictors of both progression-free (PFS)
and overall survival (OS) in women with breast cancer (413).
At baseline, CTCs of five or more were associated with a shorter
median PFS (2 vs. 7 months, p � 0.001) and median OS (10 vs.
�18 months, p � 0.001). At first follow-up, similar findings
emerged. Since then, Budd et al. showed that enumerating
CTCs was an earlier indication of disease status than radio-
logic imaging (414). In that trial, 138 patients on a new treat-
ment regimen underwent pretreatment and repeat imaging (at
a median of 10 weeks). CTC counts were also determined at 4
weeks following treatment initiation. He showed that among
patients who did not demonstrate radiologic evidence of pro-
gression, a CTC of five or more was associated with a median
overall survival of 15 months, which was significantly shorter
than for those with a CTC of less than five who had a median
OS of 27 months (p � 0.04). The exact role of this assay in the
clinic and its use in determining future treatment plans remain
an area of active investigation.

Finally, we continue to explore the role of ovarian suppres-
sion or ablation in the treatment of breast cancer. Two studies
currently ongoing include the SOFT (Suppression of Ovarian
Function) trial (BIG 2-02) and the TEXT (Tamoxifen and
Exemestane trial). In the SOFT trial, premenopausal women
who are ER and/or PR positive will undergo ovarian sup-
pression medically (using triptorelin), surgically, or by way of
ovarian radiation therapy. Subsequently, they will be random-
ized to tamoxifen or exemestane for 5 years. In the TEXT
trial, premenopausal patients will be randomized to a combi-
nation of triptorelin and exemestane or tamoxifen alone. In
both trials, patients may have undergone chemotherapy, but
must continue to menstruate to meet eligibility. These results
are eagerly awaited.

Evolving Techniques in Radiation Therapy

Accelerated Partial Breast Irradiation

Accelerated partial breast irradiation (APBI) generally entails
5 days of treatment twice a day, and is quickly becoming a treat-
ment of choice for many patients and physicians. Unlike tradi-
tional whole breast radiation, this method of radiation treats
only the part of the breast where the tumor was located. This
localized treatment can be theoretically validated by many
pathologic and clinical studies which demonstrate that the
majority of local recurrences in breast cancer are located in
the same quadrant as the original cancer (415,416). Patients
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at a higher risk of recurrence, including recurrences away from
the original tumor, should not be considered candidates for APBI.
However, there is no consensus about who belongs to this
group. The American Brachytherapy Society and the American
Society of Breast Surgeons have established separate, but sim-
ilar, criteria for administering APBI (Table 29.10) (417). 

There have been no completed phase 3 trials comparing
recent methods of APBI to conventional whole breast radia-
tion. However, institutional and phase 2 multicenter trials
investigating APBI have shown excellent local control rates
with low morbidity (418,419). The largest study compared
women who had APBI to equally matched, low-risk women
who received whole breast radiation, and APBI was associated
with similar local recurrence rates. However, the trial suffers
from limited follow-up and inclusion of highly selected
patients (420). Currently, there are four principal methods of
administering APBI: (a) multicatheter interstitial brachyther-
apy (interstitial), (b) balloon-based brachytherapy, (c) external
beam three-dimensional conformal radiotherapy (3D-CRT),
and (d) intraoperative radiotherapy (IORT). 

Interstitial Brachytherapy

Interstitial brachytherapy, the oldest APBI technique, involves
placing catheters surrounding the lumpectomy or seroma cav-
ity. Generally, the catheters will be placed postoperatively 1.0
to 1.5 cm apart, extending 1.5 to 2.0 cm beyond the lumpec-
tomy cavity. A typical implant will require between 14 and 20
catheters. Most commonly, high-dose-rate (HDR) is used with
a total of 34 Gy given in ten fractions over 5 days. Although
this form of APBI requires the highest level of skill, it is the
most adaptable and flexible technique. Any lumpectomy cav-
ity, regardless of size, shape, or location, can be assessed.
Because it is the oldest technique, it has the most mature data
(316,421). RTOG 95-17 enrolled 99 patients between 1997
and 2000 (316). The selection criteria was very broad, exclud-
ing greater than three involved lymph nodes, greater than 3 cm
tumors, positive margins, DCIS, and invasive lobular carci-
noma. At 3.7 years of median follow-up, the ipsilateral breast
tumor recurrence rate (IBTRR) was 3%. Grade 3 or 4 toxicity
was seen in 4% of the patients.

Intracavitary Balloon-Based Brachytherapy 

Intracavitary balloon-based brachytherapy uses a balloon
with a central catheter where an HDR source dwells. The bal-
loon comes in different sizes and shapes to accommodate var-
ious lumpectomy cavities. The insertion of the balloon into
the lumpectomy cavity is most often done after surgery, when
final pathology has been performed. An imaging device, usu-
ally either ultrasound or CT, is utilized in the placement of the

balloon. Generally, the physician prescribes 3.4 Gy per frac-
tion to 1 cm away from the center of the balloon. The total
dose is 34 Gy in ten fractions over 5 days. In contrast to the
multicatheter method of APBI, the MammoSite is very easy to
use. Neither the insertion nor the dosimetry requires as much
skill or experience, hence its popularity. However, the ability
to use the MammoSite is highly dependent upon the geometry
and location of the lumpectomy cavity. The radiation oncolo-
gist must work closely with the surgeon to ensure that the
cavity conforms to the balloon surface while maximizing
the balloon-to-skin distance. Often the surgeon must close
the cavity subcutaneously to improve the depth to the balloon
surface. The balloon occasionally ruptures, requiring replace-
ment of the balloon, reimaging, and replanning. Several acute
side effects are common with the MammoSite including ery-
thema, hyperpigmentation of the skin overlying the implant,
seroma formation, and breast tenderness. Other, less com-
mon side effects include moist desquamation, delayed heal-
ing, and infection. Chronic toxicity includes fat necrosis, skin
atrophy, telangiectasia, and fibrosis. Intracavitary ballon
therapy is fairly new; therefore, long-term data are limited.
The longest follow-up is 48 months, in which there have
been no local failures and good/excellent cosmesis in 82.5%
of the patients (422).

Three-Dimensional Conformal Radiation

3D-CRT is a newer technique in which multiple external radi-
ation beams are used to treat the lumpectomy cavity with a
margin. The lumpectomy cavity is identified by surgical clips
at the time of the CT planning session. The clinical target vol-
ume is expanded 5 mm to include movement secondary to
normal breathing and 10 mm for random and systematic com-
ponents of setup error (423). The planning tumor volume
(PTV) excludes the chest wall and 5 mm of skin. Patients are
treated with 3.85 Gy per fraction for a total of 38.5 Gy in ten
fractions over 5 days. This technique has become very popular
primarily because it does not involve a surgical procedure or
special equipment. Additionally, it has more homogeneity of
dose than the brachytherapy options. The primary disadvan-
tage is that larger volumes of normal breast tissue are irradi-
ated, restricting the number of candidates for this treatment. It
is recommended that 50% of the ipsilateral breast volume
receive �50% of the prescribed dose. The heart and lung vol-
umes must be below those for whole breast tangents.
Additionally, the patient’s setup must be reproducible. There
are no studies with long-term follow-up using modern frac-
tionation and techniques. However, a William Beaumont ret-
rospective study with 10 months median follow-up reported
61% of patients with grade 1 toxicity, 10% with grade 2, and
0% with grade 3 toxicity. The cosmetic results were rated as
good/excellent in all patients (420).

Intraoperative Accelerated Partial Breast Irradiation

IORT is utilized in a limited number of institutions that have an
adequate knowledge base, technology, and facilities. Currently,
there are three main devices available for IORT. The intrabeam
uses soft x-rays at 50 kv, while the Mobitron and Novac7 use
electrons at 4 to 12 MeV. The intrabeam machine delivers a
dose of 20 to 22 Gy to the tumor bed and about 5 to 7 Gy 1 cm
from the tumor bed. An applicator of varying sizes is placed in
the tumor bed and, if necessary, the chest wall and skin can be
protected by a tungsten-filled material. The advantage of the
IORT is one of convenience to the patient, who completes all
local treatment at one time. Early and late side effects are
minimal secondary to the small volume of tissue irradiation.
Unfortunately, long-term data are lacking on the safety and
effectiveness of using IORT as the sole method of radiation
treatment.
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SELECTION CRITERIA FOR ACCELERATED PARTIAL
BREAST IRRADIATION

TA B L E  2 9 . 1 0

Criteria ABS ASBS

Age �45 �45
Histology IDC IDC or DCIS
Size �3 cm �3 cm
Margin Negative Negative microscopic margin
Axillary node Negative Negative

status

Note: ABS, American Brachytherapy Society; ASBS American Society
of Breast Surgeons; DCIS, ductal carcinoma in situ; IDC, invasive
ductal carcinoma.
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SUMMARY OF CONTEMPORARY
CLINICAL TRIALS

Surgical

NSABP B-32 

NSABP B-32 (165) examined whether sentinel node biopsy
was equivalent to axillary dissection but with less toxicity
among women with a clinically node-negative breast cancer.
This trial enrolled 5,611 women who were randomly assigned
to sentinel node biopsy followed by full axillary dissection
(group 1) or sentinel node biopsy alone (group 2), provided it
was negative. All women with a positive sentinel node biopsy
underwent an axillary dissection in this trial. Among group 1,
the overall accuracy of sentinel node biopsy was 97% with a
false-negative rate of 9.8%. Allergic reactions to blue dye
were seen in less than 1% of patients.

CALGB 9343/RTOG 9702

The CALGB trial (281) was opened to women over the age of
70 with early estrogen receptor–positive breast cancer (T1N0)
treated by lumpectomy. It enrolled 636 women who were ran-
domized to tamoxifen with or without adjuvant breast radio-
therapy. The primary endpoints were time to local, regional,
or distant recurrence, breast cancer–specific and overall sur-
vival. After 5 years of follow-up, overall survival was 87%
with radiotherapy compared to 86% in those who did not
undergo radiation (p � 0.94). The incidence of local failure
was 1% versus 5%, respectively. Both groups experienced a
2% incidence of breast cancer–specific mortality. These data
support the treatment of women over 70 without adjuvant
radiation therapy, provided they are candidates for endocrine
treatment following surgery.

Prevention

NSABP P-2 (STAR Trial): Study 
of Tamoxifen and Raloxifine

This was a prospective randomized double-blind trial compar-
ing raloxifine 60 mg/day to tamoxifen 20 mg/day as primary
prevention of invasive breast cancer (166). Eligible patients
were 35 and over and in general good health. Postmenopausal
women with a be at high risk for breast cancer based on the
Gail model risk score. Patients with ALH or ADH were eligible,
but those with DCIS were excluded. This trial enrolled 19,747
postmenopausal women with a mean risk of 4.03% based on
the Gail model. There was no difference in diagnoses of inva-
sive breast cancer with raloxifine or tamoxifen (relative risk
[RR], 1.02; 95% CI, 0.82 to 1.28), but there was an increase in
the diagnosis of noninvasive breast cancers with raloxifine com-
pared with tamoxifen (RR 1.40; 95% CI, 0.98 to 2.00). Uterine
cancer was less frequently diagnosed with raloxifine (RR 0.62;
95% CI, 0.35 to 1.08). 

Early Breast Cancer

ATAC: Anastrozole Versus Tamoxifen, 
Alone or in Combination

This was a trial involving 6,241 postmenopausal women with
early invasive breast cancer who were randomized to anastrozole
1 mg daily versus tamoxifen 20 mg daily versus anastrozole and

tamoxifen (264). Anastrozole was shown to improve disease-
free survival compared to tamoxifen (HR 0.87; 95% CI, 0.78 to
0.97), as well as time to recurrence (HR 0.79; 95% CI, 0.70 
to 0.90) and time to distant disease (HR 0.86; 95% CI, 0.74
to 0.99). Five-year overall survival was similar between the
two arms (84.3% with anastrozole vs. 83.8% with tamoxifen,
p � 0.7). Comparing anastrozole to tamoxifen, anastrozole
was associated with an increased risk of bone fractures (11%
vs. 7.7%, p � 0.0001) and musculoskeletal complaints
(35.6% vs. 29.4%, p � 0.0001). However, anastrozole had a
lower incidence of hot flashes (35.7% vs. 40.9%, p �
0.0001), vaginal bleeding (5.4% vs. 10.2%, p � 0.0001),
thromboembolic events (2.8% vs. 4.5%, p � 0.0006), and
ischemic cerebrovascular events (2.0% vs. 2.8%, p � 0.0006).
The incidence of uterine cancer was 0.2% with anastrozole,
compared to 0.8% with tamoxifen (p � 0.02). 

BIG 1-98: Breast International Group 1-98 Study

This was a four-arm trial involving 8,028 postmenopausal
women with hormone receptor–positive early breast cancer
(268). Arms in this trial were letrozole 2.5 mg daily versus
tamoxifen 20 mg daily versus letrozole followed by tamoxifen
versus tamoxifen followed by letrozole, with each arm treated
for 5 years. To date, data involving the 4,922 women random-
ized to letrozole or tamoxifen have been reported. At 51
months, letrozole is associated with improvement in disease-
free survival over tamoxifen (HR 0.82; 95% CI, 0.71 to 0.95)
but there is no difference in overall survival noted (HR 0.91;
95% CI, 0.75 to 1.11). 

MA-17

This trial enrolled 5,187 postmenopausal women who had
completed 5 years of tamoxifen and randomized them to
placebo or letrozole 2.5 mg daily (424). At 4 years, disease-free
survival was 94.4% in those receiving letrozole and 89.8% in
those receiving placebo (p � 0.001). Overall survival was similar
(95.4% vs. 95%, respectively). 

IES: Intergroup Exemestane Study

This was a randomized trial whereby 4,742 women completing
2 to 3 years of adjuvant tamoxifen therapy were randomized
to tamoxifen or exemestane 25 mg daily to complete 5 years
of total treatment (265). At 2.5 years, disease-free survival
favored switching to exemestane over continuing on tamoxifen
(HR 0.76; 95% CI, 0.66 to 0.88). At the time of report, there
was no difference in overall survival was seen.

ARNO-95

In this trial 3,200 postmenopausal women on tamoxifen for 
2 years were randomized to continuation of tamoxifen or
switching to anastrozole for 3 years (275). Disease-free survival
was prolonged with a switch to anastrozole (HR 0.66; 95% CI,
0.44 to 1.00). Unlike other trials, however, this showed that
sequencing treatment from tamoxifen to anastrozole was also
associated with a significant improvement in overall survival
(HR 0.53; 95% CI, 0.28 to 0.99). 

BCIRG 001

This trial enrolled 1,491 women with invasive breast cancer
with axillary node involvement to docetaxel 75 mg/m2, dox-
orubicin 50 mg/m2, and cyclophosphamide 500 mg/m2 (TAC)
or 5-fluorouracil 500 mg/m2, doxorubicin 50 mg/m2, and
cyclophosphamide 500 mg/m2 (FAC) (237). All patients received
six cycles of chemotherapy at 3-week intervals. At 55 months
median follow-up, 5-year disease-free survival was 75% versus
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68%, respectively (p � 0.001); 5-year overall survival was
87% versus 81%, respectively (p � 0.008). TAC was associ-
ated with increased grade 3/4 neutropenia (65.5% vs. 49.3%,
respectively; p � 0.001), febrile neutropenia (24.7% vs. 2.5%,
respectively; p � 0.001), and grade 3/4 anemia (4.3% vs.
1.6%, respectively; p � 0.001). 

CALGB 9741

This adjuvant chemotherapy trial evaluated the frequency and
sequencing of doxorubicin 60 mg/m2 (A), cyclophosphamide
600 mg/m2 (C), and paclitaxel 175 mg/m2 (T) over 3 hours in
a 2 	 2 factorial design (236). Patients were randomized to
either every-2-week (dose-dense) or every-3-week treatment
and to treatment using AC followed by T or to A then C then
T. Women randomized to dose-dense treatment were also
given prophylactic G-CSF. Results showed that dose-dense
therapy significantly improved disease-free (risk ratio [RR]
0.74, p � 0.01) and overall survival (RR 0.69, p � 0.013). At
4 years, dose-dense therapy was associated with an 82% sur-
vival, compared to 75% if treatment was administered every 
3 weeks. No differences were observed in the sequence of
treatment used.

NSABP B-31/NCCTG 98311

These two trials explored the role of adjuvant trastuzumab
in combination with chemotherapy in women with high-risk
node-negative (defined as tumor �1 cm if ER negative or tumor
�2 cm if ER positive) or node-positive HER2/neu-positive
breast cancer (245). The NSABP B-31 tested doxorubicin and
cylophosphamide followed by paclitaxel (AC/T) every 3 weeks
versus the same followed by 52 weeks of trastuzumab initi-
ated with the first dose of paclitaxel. The NCCTG trial
compared three arms consisting of AC followed by 12 weeks
of paclitaxel versus AC/weekly paclitaxel and 52 weeks of
trastuzumab (to start with paclitaxel) versus AC/weekly pacli-
taxel followed by 52 weeks of trastuzumab. In the combined
analysis, adjuvant trastuzumab improved disease-free (HR
0.48, p � 0.0001) and overall survival (HR 0.67, p � 0.015). 

Locally Advanced Breast Cancer

NSABP B-18

NSABP B-18 was a neoadjuvant trial that enrolled 1,523
women with T1-3, N0M0 invasive breast cancers (249).
Patients were randomized to preoperative AC versus postop-
erative AC. The rate of breast conservation was 67% versus
60%, respectively. The pathologic complete response (pCR)
rate to preoperative AC was 13%. At 9 years of follow-up,
survival is 69% and 70%, respectively (p � 0.80). Disease-
free survival is 55% and 53%, respectively (p � 0.50). The
rate of in-breast tumor recurrence was 10.7% versus 7.6%
(not significant). 

NSABP B-27

NSABP B-27 evaluated the role of docetaxel in patients with
operable breast cancer (425). In this trial 2,411 women were
randomized to preoperative AC versus preoperative AC/doc-
etaxel versus preoperative AC followed by postoperative
docetaxel. The pCR in those receiving AC was 13.7%; in
those receiving preoperative docetaxel it was 26.1%, p �
0.001. However, the frequency of breast conservation was
similar between those receiving AC (61%) and AC/docetaxel
(63%) as preoperative treatment (p � 0.70). The addition of
docetaxel did not improve overall survival.

Aberdeen Tax-301

The Tax-301 trial was designed with two phases of treatment
and 145 patients completed the planned eight cycles of treat-
ment (426). In the first phase, patients with locally advanced
breast cancer received a combination of cyclophosphamide,
vincristine, doxorubicin, and prednisolone (CVAP). Following
four cycles patients underwent clinical re-evaluation for
response. In the second stage, responding patients were ran-
domized to four cycles of docetaxel or continued with CVAP.
In those not responding, treatment was switched to docetaxel
for four cycles. The pCR rate was 31% in those receiving doc-
etaxel and 15% in those completing treatment with CVAP 
(p � 0.06). Of note, the pCR rate on docetaxel in patients
who did not respond to the initial treatment of CVAP was
only 2%. At surgery, the rate of breast conservation was sig-
nificantly higher in those women who sequenced to docetaxel
(67%) as opposed to continuing with CVAP (48%), p � 0.01.
Additionally, at 5 years of follow-up, overall survival was
97% in patients who received docetaxel, compared to 78% of
those who had completed eight cycles of CVAP.

SUMMARY
The field of breast oncology has evolved significantly, with
gains made in prevention, screening, diagnosis, and manage-
ment. All of this has led to a reduction in the mortality rate from
breast cancer with a resultant increase in the population who
are considered breast cancer survivors. Despite this, multiple
questions remain: How should new radiologic technologies,
such as tomosynthesis, be incorporated into routine screening
practice? Should breast MRI utilization be expanded to all
women with a new diagnosis of breast cancer? How can we
maximize the use of neoadjuvant chemotherapy in women
with invasive disease? How should we treat patients who have
persistent disease following primary chemotherapy? Is partial
breast radiation as safe as whole breast radiation? These are
only a few of the issues that oncology will need to address as
we look forward into the future.

Unlike the gynecologic malignancies, there is no one stan-
dard of care in the management of the patient with breast can-
cer. The indications for the use of chemotherapy continue to
evolve as evidence mounts that women with breast cancer
cannot be considered one and the same. Hormone receptor
status can predict who will benefit from endocrine therapy,
and appears to also predict who has little to gain from
chemotherapy. Our current understanding of the treatment
landscape in breast cancer has reinforced one point, that treat-
ment must be individualized, especially since multiple options
are considered reasonable. The evolution of breast cancer
management will undoubtedly continue as reasearchers seek
to define more targets for treatment and refine the appropriate
therapies for the patient with breast cancer, tailored to hor-
mone and HER2/neu status. Utilization of new technologies
for treatment and follow-up will be better characterized, such
as the use of accelerated partial breast irradiation or the use of
circulating tumor cells. Hopefully, we will continue to
improve the outcomes for our patients with breast cancer, and
increase the chances more women will be cured. 
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gram negatives and streptococci, enterococci, and coagulase-
negative staphylococcus are gram-positive bacteria isolated
from the lower female genital tract. These organisms provide
an important reference to local and invasive infections seen in
patients undergoing treatment for gynecologic malignancy.

In this chapter we provide an overview of infections encoun-
tered in patients receiving treatment for cancers involving the
female reproductive system. A detailed review of specific dis-
eases such as postsurgical abdominopelvic infections, febrile
neutropenia, and bacteremia is presented. A focused discussion
regarding the changing epidemiology of causative organisms,
the increasing rate of infection due to drug-resistant organisms,
and an update on new antimicrobial agents is briefly discussed. 

PATIENTS WITH FEVER
The factors that increase the risk for infection are shown in
Table 30.1. Knowledge of underlying predisposing factor(s) is
necessary in the selection of appropriate empiric therapy.
Antibiotic prophylaxis and/or recent treatment with broad-
spectrum antimicrobials increase the risk of breakthrough
infection due to less-drug-susceptible organisms and systemic
candidiasis. Awareness of specific cancer-therapy associated
risks and the host’s underlying immune dysfunction may allow
for proper selection of empiric antibiotic therapy in critically
ill patients prior to the results of microbiologic culture and
radiographic studies becoming available. It is important to
note that patients with gynecologic cancer may have a high
risk of polymicrobial infections due to the anatomic proximity
to the lower intestinal and urinary tracts. In certain infections,
such as deep-tissue abscess, cellulitis in patients with chronic
fistula tract, presence of large necrotic tumor, and history of
multiple instrumentization, the probability of polymicrobial
infection remains high (7). Furthermore, patients with a
known anaerobic bloodstream infection have a high proba-
bility of concurrent bacteremia due to aerobic organism(s) (7).
Patients with advanced cancer and history of radiation ther-
apy may develop obstruction to the pelvic venous and lym-
phatic flow, which increases the risk for cellulitis, abscess
formation, and septic thrombophlebitis. 

TUMOR RELATED 
The tumor-associated infections are dependent on the site and
extent of tumor involvement. In patients with an early stage of
locally involved cancer such as stage I cervical cancer, most

Patients with gynecologic cancer are susceptible to local and
systemic infection. The risk of developing an infection can arise
from a number of factors such as (a) tumor encroachment and
invasion of adjacent structures; (b) tumor necrosis; (c) compli-
cations arising from antineoplastic chemotherapy; (d) early and
late effects of abdominopelvic radiation therapy; (e) surgical
tumor excision and removal of internal organs; (f) structural
abnormalities resulting from surgical diversion procedures; and
(g) other causes that disrupt protective barriers in the lower and
upper female reproductive tract (1,2). 

The spectrum of causative organisms most frequently arises
from patients’ endogenous microflora. The vagina, lower uri-
nary tract, and intestinal tract colonization with bacteria and
yeast serve as important sources for infection. The normal aer-
obic and anaerobic vaginal bacterial flora may be altered in
patients undergoing antineoplastic therapy. Among factors
that influence changes in colonization are hormonal dys-
function, frequent exposure to broad-spectrum antimicrobial
agents, antineoplastic therapy, hospitalization, and instrumen-
tization. In a recent report, however, patients receiving exter-
nal-beam radiotherapy for gynecologic malignancy did not
experience changes in aerobic microflora in the vagina, cervix,
or rectum (3,4). Whereas a significant growth in vaginal yeasts
occurred during the first 2 weeks of radiation therapy mostly
due to Candida albicans and Candida tropicalis, the increase
of growth in Candida species returned to preradiation levels
after 4 weeks (5). Exposure to health care facilities, especially
centers that care for immunosuppressed cancer patients, has
been recognized as a major influence in promoting change in
cutaneous, orointestinal, and genitourinary microflora. The
changes in vaginal and lower urinary tract microflora occur
less commonly, even in patients following repeat exposure to
the hospital environment, and are often limited to patients
who undergo instrumentization. The health care–associated
organisms are often less susceptible to commonly prescribed
antibiotics and may lead to severe disease. It is, however,
important to appreciate that changes in a host’s microflora are
in most cases transient and restitution of normal intestinal and
vaginal flora occurs once factors promoting the change have
been removed. 

The female genital tract is rich in anaerobic microflora.
Bacteria belonging to Peptococcaceae are the most prominent
organisms in the normal vaginal flora. Quantitative vaginal
cultures in recent studies showed that anaerobic bacteria out-
numbered aerobic bacteria by nearly 10:1; peptococci, Lacto-
bacillus, Corynebacterium, Eubacterium, and Bacteroides
species are common organisms isolated (6). Escherichia coli,
Klebsiella species, and Enterobacter species are the aerobic
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infections remain localized to the vagina. Whereas in patients
with advanced cervical cancer infections may involve the fal-
lopian tubes or ovaries, leading to tubo-ovarian abscess, uter-
ine involvement may cause less frequently seen pyometra.
Extension of these infections to adjacent structures such as the
urinary tract presents as ascending pyelonephritis, rectal
abscess, and complicated peritonitis, which are serious and
difficult-to-treat infections (8,9). It is also important to note
that an infection may be the primary presentation of an undi-
agnosed malignancy involving the female reproductive tract.
In a study of postmenopausal women who presented with
tubo-ovarian abscess, nearly half of these patients were subse-
quently diagnosed with a gynecologic malignancy (10). There-
fore, a thorough investigation for possible underlying cancer
should be considered in postmenopausal women or those with
no risk factors for sexually transmitted diseases who present
with tubo-ovarian abscess or pyometra. 

In a large study conducted at the M. D. Anderson Cancer
Center, septicemia, pneumonia, and peritonitis in patients
with gynecologic cancer were associated with high infection-
associated mortality (11). In the last 2 decades, with early diag-
nosis, identification of factors associated with poor prognosis,
empiric antimicrobial therapy in patients at high risk of infection,
advances in antineoplastic and radiation therapy, and surgical
techniques have substantially improved outcomes in these
patients. The advances in improved outcomes for serious sys-
temic bacterial and yeast infections are in most part due to the
availability of well-tolerated broad-spectrum antimicrobial
agents. The recent emergence and spread of multidrug-resistant
(MDR) organisms, however, may abrogate these advances, and
even patients with solid-organ cancer with limited immune sup-
pression may develop life-threatening septicemia, pneumonia,
and peritonitis as was noted during the 1970s (11). 

SURGERY RELATED 
Patients undergoing surgery for cervical cancer have a higher
rate of infectious complications, while patients with endome-
trial cancer tolerate surgery better and have fewer infections
during the early and late postoperative period (12). Pelvic
exenteration is performed in patients with advanced and/or
treatment refractory cervical and upper reproductive tract

malignancy. Infections remain as serious morbidity following
pelvic exenteration; early postsurgical wound infection and
wound dehiscence are not uncommon (13,14). Urinary tract
infections are also frequently seen in patients with urinary fis-
tula and/or those who develop urethral obstruction. Studies
show that greater than 40% of patients undergoing pelvic
exenteration for gynecologic and rectal cancer had urinary
tract infection and wound dehiscence (13). Late infections
such as ascending pyelonephritis may be serious, as these
infections are often recurrent and seen in patients with usually
irreparable structural damage to the urinary reservoir, urethral
stenosis, and anastomosis obstruction. Ureterointestinal fis-
tula, stones in the urinary reservoir, and stenosis all contribute
to increased risk of infections, and unless the anatomical
abnormality is corrected, these patients remain at increased
risk for recurrent urinary tract infections and complications
arising from prolonged systemic antibiotic therapy and hospi-
talization. Empiric therapy includes adequate coverage for
possible polymicrobial infection, and the choice should include
drugs that provide adequate coverage for enteric coliforms,
enterococci, including vancomycin-resistant Enterococcus
species, especially in patients with known prior intestinal or
genitourinary tract colonization due to these drug-resistant
bacteria (15). As most infections in this setting may also have
an anaerobe as a co-pathogen, even in patients with negative
microbiologic evidence of anaerobic infection, antibiotic
selection should entertain non-representational negative anaer-
obic culture results. We recommend secondary suppressive
antimicrobial therapy in patients with recurrent deep pelvic
infection to reduce morbidity and subsequent hospitalization
and surgeries. It is critical to select high-risk patients judi-
ciously so patients are not given prolonged courses of broad-
spectrum antibiotics, which is the single most important
factor in promoting drug resistance in health care–associated
infections. 

Infections remain the main concern in patients following
radical vulvar resection and inguinal lymphadenectomy. Early
postoperative cellulitis is noted in nearly one third of patients
undergoing inguinal lymphadenectomy, and in over 20%
early surgical wound breakdown also occurred (16). Late
surgery-site cellulitis was noted in patients with chronic lym-
phedema, and in most patients the surgical wound was not
compromised (16).
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TA B L E  3 0 . 1

TUMOR RELATED 
Obstruction of gastrointestinal or urinary tract
Erosion into bowel, urinary tract, peritoneum, 

or retroperitoneal 
Necrosis of rapidly growing cancer promotes abscess 

formation 
Lymphatic obstruction 

SURGERY 
Aspiration pneumonia
Hospital-acquired pneumonia, including ventilator-associated 

pneumonia
Wound infection; skin, and skin structure infection
Tissue necrosis due to disruption of blood supply
Infected hematoma
Fistula tract communication between intestinal and urinary 

tracts 
Complicated peritonitis 

Septic deep thrombophelibitis
Fasciitis, myositis, and gas gangrene are rare complications

CHEMOTHERAPY
Febrile neutropenia
Pneumonia
Neutropenic enterocolitis 

RADIATION THERAPY
Enteritis
Urinary tract infection
Poor wound healing

CATHETER AND IMPLANTABLE DEVICES
Device infection
Peritonitis
Bloodstream infection
Urinary tract infection
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Wound Infection

Infected surgical wounds in patients following female geni-
tal tract surgery include Staphylococcus aureus, including
multidrug-resistant strains (MRSA) obtained from health
care microflora (health care associated; HA) or community
acquired (CA)-MRSA, which has now become the leading
source of MRSA in the United States. Streptococcus species
(group A, B, C, and G) are also common pathogens in this
population and nearly one third of infections, especially those
with involvement of the lower intestinal tract and urinary
tract, are less likely to be monomicrobial. 

In certain subpopulations of patients who have been receiv-
ing systemic corticosteroids for extended periods, patients with
morbid obesity, and those with poorly controlled diabetes
mellitus have a higher risk of developing postoperative wound
infections. Coagulase-negative Staphylococcus, Streptococcus
species, S. aureus, enteric gram-negative bacteria, and Bacteroides
species are potential pathogens. 

Patients who have a complicated hospital course following
surgery may develop infections due to organisms acquired
from the health care microenvironment. In critically ill
patients infections are treated empirically, and the spectrum of
causative organism(s) may not be available at the time of med-
ical decision making. Knowledge of regional and institutional
prevalence of drug-resistant organisms is required in prescrib-
ing an appropriate treatment regimen. The empiric therapy in
patients with prolonged hospitalization and anatomic abnor-
malities such as enterouretheral, entero- or rectovaginal, or
enterovesicular fistula increases the probability of recurrent
infection due to resistant HA–gram-negative bacteria such as
Pseudomonas species, extended-spectrum beta-lactamases-
producing Enterobacteriaceae, including E. coli. Other non-
fermentative gram-negative bacteria like Acinetobacter spp.
and Stenotrophomonas maltophilia are often resistant to a
wide spectrum of commonly used antibiotics, and treatment
for these MDR bacteria remains a daunting task (17,18). 

Intra-abdominal and Pelvic Abscess

An infected collection within the peritoneal cavity may
develop as a consequence of instrumentization, and breach in
the physical barriers may also occur in patients with necrotiz-
ing tumors. The secondary seeding of the intraperitoneal
tumor mass in patients with bloodstream infection arising
from a different primary source, such as the urinary tract, or
antineoplastic therapy–induced orointestinal mucositis may
also occur. The spectrum of causative organisms includes
enteric bacteria such as E. coli, Enterococcus, Staphylococcus
species, Bacteroides, and other anaerobes. Candida species
infection is less frequent in non-neutropenic patients, although
patients with high yeast counts in multiple body sites, expo-
sure to prolonged broad-spectrum antibiotics, poorly con-
trolled diabetes mellitus, systemic corticosteroid use, as well as
stay in critical care units and presence of foreign devices may
increase the risk for invasive candidiasis. 

Hematogenous or direct seeding of the retroperitoneal space
may lead to paraspinal and psoas abscess; these infections
escape early detection as patients may not have high-grade
fever, and increase in chronic low back pain remains subject to
interpretation. In the absence of a direct extension from the
intestinal or urinary tract, these retroperitoneal infections are
usually monomicrobial, and diagnosis requires prompt aspira-
tion of the infected collection. In tuberculosis endemic regions,
Mycobacterium tuberculosis must be considered in determining
the etiology of these infections, especially in patients in whom
the vertebral column is involved. 

Pelvic abscesses that develop after instrumentization or
following surgery are often polymicrobial and treatment is
directed toward normal intestinal tract and cutaneous
microflora.

Peritoneal infections following bowel perforation, anasto-
motic leaks, or fistula tracts may present with fever, abdominal
pain, and fistula drainage and/or surgical wound dehiscence.
Most infections, as expected, are polymicrobial and Enter-
obacteriaceae, S. aureus, Streptococcus, and Enterococcus
species including vancomycin-resistant strains are frequently
encountered. Bacteroides fragilis and Clostridium species are
common anaerobes; Fusobacterium, Peptostreptococcus, and
Eubacterium occur less frequently. Patients with peritoneal
infections following surgery involving the nonsterile bowel and
lower genitourinary tract may also have an increased risk for
Pseudomonas species infection. 

CHEMOTHERAPY AND 
RADIATION RELATED 

Patients receiving chemotherapy may have an increased risk of
infection; neutropenia for less than a week increases risk for
systemic bacterial infections due to S. aureus and Pseudomonas
species. Patients who remain neutropenic for longer than 
5 days are also at an increased risk for developing systemic
Candida species infection (1,2). Disruption of orointestinal and
genitourinary tract mucosa compromises an important barrier
in the prevention of bacterial and yeast invasion. In patients
with severe treatment-induced mucositis, alpha hemolytic
streptococcal and anaerobic septicemia may lead to devastating
consequences (19).

Radiation therapy in patients with vulvar, vaginal, and cer-
vical cancer causes microvascular damage to the tissue and
may lead to difficult-to-treat intestinal, vaginal, and urologic
complications. 

Increased doses of radiation for gynecologic cancer have
been associated with improved cancer-free survival (20).
However, with increased radiation dose, the rate of compli-
cations has also risen (21). Noninfectious complications
arising from high-dose radiotherapy include tissue and
bone necrosis, fistula formation, enteritis, and fibrosis that
may lead to vaginal, rectal, and ureteric stenosis, and
increased risk for secondary infection due to stagnation and
inadequate physiologic drainage (22). In rare cases, patients
with radiation-induced necrosis of pelvic bones may present
with osteomyelitis; for these patients, a challenging and multi-
faceted treatment approach may be needed for successful out-
comes (23). A patient with osteomyelitis in the setting of
radiation-induced bone necrosis may need surgical debride-
ment and an appropriate selection of antibiotics for a pro-
longed period. A high clinical suspicion remains critical in the
timely diagnosis of radiation-related infectious and noninfec-
tious complications. 

Bacteremia

Most hematogenous bloodstream infections in adult neu-
tropenic cancer patients are due to coagulase-negative Staphylo-
coccus, viridans streptococci, E. coli, Pseudomonas aeruginosa,
and S. aureus (24). In patients with solid-organ cancer, E. coli
and coagulase-negative Staphylococcus account for nearly 40%
of bacteremia, whereas Pseudomonas, S. aureus, and enterococ-
cal bloodstream infections account for 10% or less, each (25).
Klebsiella species, other Enterobacteriaceae, and S. maltophilia
are a serious concern and may become prominent bloodstream
infections in certain geographic regions. 
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Cancer patients with bacteremia who present with exten-
sive tissue involvement/infection are significantly less likely
to respond to antimicrobial therapy (26). Other factors asso-
ciated with poor prognosis in bacteremic patients with an
underlying malignancy include shock, infection due to mul-
tidrug-resistant bacteria, and Pseudomonas and Clostridium
species infection (26).

Bacteroides and Clostridium species are the most frequent
cause of anaerobic bacteremia, which is most frequently seen in
patients with abdominal and pelvic malignancy (26,27). Cancer
patients with nonsporulating anaerobes bacteremia, B. fragilis,
and Fusobacterium may be isolated more frequently compared
with Peptostreptococcus and Eubacterium species (28). Polymi-
crobial infections are more frequent in patients with anaerobic
bacteremia compared with aerobic bacterial infections. E. coli,
Pseudomonas, Klebsiella species, and among gram-positive
cocci, Streptococcus, Enterococcus, and Staphylococcus epider-
midis may accompany anaerobic bloodstream infection (28).
Concurrent candidemia is rarely seen in patients with anaerobic
bacteremia. Over 90% of patients with nonsporulating anaero-
bic bacteremia may also have a deep tissue abscess (28). The
authors suggest that all patients with gynecologic malignancy
who present with anaerobic bacteremia be thoroughly evaluated
for an infected abdominopelvic pelvic collection, which may not
be clinically apparent at the time of initial presentation. 

Clostridial bacteremia is often seen in patients with gas-
trointestinal or genitourinary cancer, and acute leukemia (29).
Nearly one third of patients with bacteremia with Clostridium
species alone and nearly half with polymicrobial infection pre-
sent with septic shock (29). Clostridium perfringens is a com-
mon species, and Clostridium septicum is a rare, albeit serious
infection seen mostly in patients with an intra-abdominal cancer
(29,30). Diffuse, rapidly spreading cellulitis involving the
abdominal wall, groin, and upper thigh area, gas gangrene,
and acute intravascular hemolysis indicate the possibility of
clostridial infection (29). Early appropriate therapy remains
critical in improved response and outcome for patients with
systemic anaerobic infection. 

Febrile Neutropenia

The organisms associated with infections in patients with
neutropenia are shown in Table 30.2. Pseudomonas spp. is a
well-recognized cause of serious systemic infections in
febrile neutropenic patients. The other nonfermentative
gram-negative bacteria such as S. maltophilia have emerged
and present as life-threatening pneumonia, bacteremia, or
deep-tissue infection; these infections are commonly resistant

to standard broad-spectrum antipseudomonal antibiotics,
and despite appropriate therapy response may remain sub-
optimum (17). Patients with peripheral blood neutrophil
counts of less than 500 have significantly higher risk of seri-
ous infection, especially if the duration of neutropenia is
more than 7 days (1,2). During the first 5 days of neutrope-
nia, bacterial infections are prominent; if neutropenia
extends beyond a week, invasive candidiasis becomes a con-
cern; and in patients with greater than 2 weeks of profound
neutropenia invasive mold infections such as aspergillosis
may be occasionally encountered. In most patients with
gynecologic malignancy, isolation of a mold even from ster-
ile samples does not indicate invasive fungal disease; in
patients with no known established predisposing factors
(31), these saprophytic molds usually represent colonization
or laboratory contamination (32). 

Catheter-Related Bloodstream Infection 

In patients with solid-organ cancer, nearly 70% of gram-
positive bacteremia is associated with an infected catheter;
similarly, 60% of gram-negative bacteria is also related to
an infected catheter, whereas only 19% of gram-negative
bacteremia in patients with hematologic cancer is due to an
infected catheter (33). Coagulase-negative Staphylococcus
remains the most commonly isolated organism in blood cul-
tures drawn from an indwelling central venous catheter and is
frequently regarded as catheter-related infection. Similarly,
S. aureus, including MRSA bacteremia, may result from an
infected indwelling catheter and successful therapy requires
selection of antimicrobial agents that penetrate the biofilm
and are effective against the nonplanktonic, stationary phase
of the bacteria (34). S. aureus bloodstream infections are
associated with high rates of complications (35). Patients
with solid-organ cancer with catheter-related S. aureus bac-
teremia have a fivefold higher probability of developing
intravascular complications such as septic thrombosis and
infective endocarditis (35). 

Patients with gynecologic malignancy have a higher rate of
postoperative infection, catheter malfunction, and unplanned
catheter removal following external intravascular catheter
compared with subcutaneous/implantable venous access
devices (36,37). Nearly one third of all intravascular catheters
were associated with delayed complications in this cancer
population; bacteremia was significantly more common in
patients with nonimplantable (Hickman catheters) versus
implantable (infusaport or peripheral access system ports)
indwelling intravenous devices (38). 
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TA B L E  3 0 . 2

GRAM-NEGATIVE ORGANISMS
Escherichia coli
Klebsiella spp.
Pseudomonas aeruginosa
Stenotrophomonas maltophilia
Enterobacter spp.

GRAM-POSITIVE ORGANISMS
Staphylococcus spp. including vancomycin-tolerant organisms
Staphylococcus aureus

Coagulase-negative Staphylococcus such as S. epidermidis
and S. saprophyticus

Beta-hemolytic streptococci, group A, B, G
Alpha-hemolytic streptococci (viridans streptococcus spp.)
Enterococcus spp. including vancomycin-resistant strains

FUNGIa

Candida spp. including C. albicans, C. glabrata, C. tropicalis, 
and C. parapsilosis

aPatients receiving multiple courses of fluconazole therapy or prolonged antifungal supression or prophylaxis are at higher risk for infections due to
drug-resistant C. glabrata and C. krusei.
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IMPLANTABLE DEVICE 
INFECTIONS 

Peritoneal, hepatic, and pleural implantable devices for
delivering chemotherapy or drainage of recurring malignant
effusions have been successfully used in the last decade.
These devices are well tolerated; major complications includ-
ing bowel perforation are uncommon, and serious infections
are seen in less than 5% of cases (39–44). Overall, infections are
seen in less than 20% of cases. While serious infections
including pocket infections are seldom noticed, when infec-
tions such as these do occur, they should be treated aggres-
sively, requiring prompt removal of the infected reservoir
and appropriate systemic antimicrobial therapy (39).
Abdominal pain and chemotherapy-related discomfort
remain the main problems with these chemotherapy infusion
devices. 

Urinary Tract Infection

Patients with gynecologic cancer have an increased risk for uri-
nary tract infection. The factors that promote infections are
listed in Table 30.3. Nearly one third of patients, while under-
going pelvic radiotherapy for gynecologic cancer, may have
symptoms of urinary tract infection at the onset of therapy or
develop infection during the course of radiation therapy (45).
Despite appropriate therapy, infections may recur and require
several courses of antibiotic therapy (45). Patients who have
undergone pelvic exenteration remain at increased risk for
ascending urinary tract infection (14); recurrent pyelonephritis
in these patients may lead to permanent renal damage. Older
patients with advanced gynecologic cancer are also being
considered for pelvic exenteration surgery (46). In these and
other patients with lower renal reserves, a severe episode of
pyelonephritis may precipitate irreversible dysfunction and
renal failure. We suggest that in selected high-risk patients, pre-
emptive antimicrobial therapy or even secondary antibiotic
prophylaxis be considered after an episode of urinary tract
infection. 

ANTIMICROBIAL AGENTS 
It is important to refer to the spectrum of local and regional
drug resistance among commonly encountered pathogens in
selecting appropriate antimicrobials, especially when treatment
is initiated empirically or in patients awaiting microbiologic
results. 

SURGICAL ANTIMICROBIAL 
PROPHYLAXIS

Operative Site

Guidelines for the administration of antibiotics to uninfected
patients undergoing pelvic surgical procedures were first pro-
posed by Ledger et al. in 1975 (47). Prophylactic antibiotics
are indicated for women undergoing pelvic surgery for malig-
nancy. There have been few studies evaluating this prophylaxis
in such cases. Recently, cefazolin was showed to be inferior to
cefotetan as a single-dose prophylaxis in women undergoing
elective abdominal hysterectomy (48). A placebo-controlled
trail showed that using a broad-spectrum cephalosporin plus
beta-lactamase inhibitor significantly reduced the risk of major
operation-site infection from 27% in patients not given antimi-
crobial prophylaxis, whereas none given antibiotic developed
operative-site infection (49). 

The overall postoperative infection rate has been as high as
46% and surgical-site infection is seen in nearly one fourth of
patients (50). The risk of postoperative infection is adversely
affected by prolonged duration of surgery for �5 hours, pres-
ence of remote infection at the time of surgery, and duration of
hospitalization for longer than 3 weeks; in patients with all
three risk factors the relative risk of infections increases to 7.3
compared to 3 in patients who have only one of these risk fac-
tors (50). Risk factors that have been associated with an
increased incidence of infection in patients undergoing surgery
for reproductive tract carcinoma include lower socioeconomic
status, preoperative colonization, failure to administer periop-
erative heparin, obesity, older patient age, a longer operative
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FACTORS PROMOTING URINARY TRACT INFECTIONS

TA B L E  3 0 . 3

TUMOR OBSTRUCTION
Retrograde urine flow leading to ascending pyelonephritis 
Stagnation in patients with outlet obstruction and abscess 

formation

INSTRUMENTIZATION
Cystoscopy-related introduction of pathogens
Dilatation of strictures

FOREIGN BODY
Urethral stent
Percutaneous nephrostomy tube placement/replacementa

Surgical drains for extended duration

RADIOTHERAPY
Inflammation of bladder mucosa
Suppression of local innate cellular and acellular immune response

SURGERY
Urinary diversions
Organ resection
Lymph node dissection 
Anastomotic leak
Chronic surgical wound breakdown

CHEMOTHERAPY
Neutropenia
Suppression of local immune surveillance and response 

to bacterial invasion
Mucosal damage and disruption

aPatients undergoing routine replacement of percutaneous nephrostomy tubes may develop transient bacteremia in the event of prior colonization.
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period, and a longer hospital stay before surgery (51,52).Extent
of surgery plays a central role in predicting probability and
severity of postoperative infections (12–14,52). However, these
risk factors were not uniform among investigators’ evaluations.

Clinical Investigation

The overall operative-site infection rate ranges from 6.7% to
44%. Interestingly, patients with preoperative cervical colo-
nization did not have an increase in postoperative complica-
tions including duration of hospitalization, operative time, or
febrile episodes compared with patients in whom no cervical
colonization was demonstrated (53). An overall decrease in
significant postoperative infections was reported in retrospec-
tive studies among patients undergoing radical hysterectomy
(54,55). The benefit, however, was thought to be associated
only with reduced local wound infections (56). 

Prospective data have not resolved this issue. Numbers of
patients in comparative arms have been small, and the data
may be, therefore, inadequate for detecting a statistically sig-
nificant infection rate. No significant difference in overall
operative-site infection was observed after preoperative
prophylaxis by the research groups Rosenshein et al. (57) and
Marsden et al. (58), but significantly lower incidences of infec-
tion were reported by Sevin et al. (59) and Micha et al. (60).
Sevin et al. reported that a short course (three doses) of prophy-
laxis was as effective as a long course (12 doses) in preventing
major infection after radical hysterectomy (61). If separate
operative-site data from prospective studies are combined, the
overall incidence of pelvic infection and wound infection was
significantly reduced by the administration of prophylactic
antimicrobials.

A cost-benefit analysis of three doses of cefazolin antimi-
crobial prophylaxis showed a 29% reduction in infectious
morbidity following vaginal hysterectomy and an 18% reduc-
tion in postoperative infections in patients following abdomi-
nal hysterectomy (62).

One patient population that has a significant surgical inci-
sion breakdown is that of women undergoing radical vulvec-
tomy. Anecdotal experience indicates the principal pathogens
to be S. aureus and S. epidermidis. The administration of
broad-spectrum medications, such as piperacillin or mezlocillin,
did not significantly reduce the incidence of postoperative
wound infection; 8 of 12 women undergoing radical vulvectomy
for vulvar carcinoma who were given single-dose piperacillin
or mezlocillin developed postoperative infections (63). Drain
sites fall into the same category. The foreign body undoubt-
edly contributes to the infections; local attention, rather than
parenteral or oral antibiotics, is the appropriate preventive
approach.

AGENT ADMINISTRATION
Intravenous administration of antibiotics is recommended to
achieve high serum and tissue drug concentration and should
be given before anesthesia. Antiobiotics administered to
women undergoing hysterectomy for benign indications by
suppository, by spray, and orally, with significant reduction
in operative-site infection (64–66). There are no similar data
for women undergoing hysterectomy for gynecologic cancer,
and these routes of administration are presently not advised. 

Timing of Drug Administration

The first dose of an antibiotic should be given intravenously in
the operating room. Combination regimens and prolonged

administration did not appear to offer superior infection pre-
vention when compared with that provided by a single agent
given once. If the interval between the first dose and opening
the vagina exceeds 2.5 to 3 hours, a second intravenous dose
should be given 15 to 30 minutes before the anticipated vagi-
nal entry. This conclusion is based on data provided by
Shapiro et al. (67). This has not been clinically studied, but
administration at longer fixed intervals has not enhanced pro-
tection at hysterectomy for benign indications. In patients
who are expected to undergo a prolonged surgical procedure
(�4 hours), the dose may be repeated after 4 to 6 hours.

Recommendations

Intravenous administration of 2 g cefazolin should be given
in the operating room. Cefazolin provides activity against
gram-negative and gram-positive aerobic and anaerobic bac-
teria; it is an uncommon therapeutic agent and is compara-
tively inexpensive—beneficial attributes for a prophylactic
antibiotic. A single dose of a prophylactic agent did not result
in the selection of a resistant species, as did three doses of
antibiotics at hysterectomy for benign disease (68). A 1-g dose
may suffice, but 2 g was superior to 1 g for vaginal hysterec-
tomy, and three 1-g doses over 16 hours were statistically infe-
rior to a single 2-g dose for cesarean delivery (69). A single
dose (1 g) of cefotetan was significantly (p � 0.05) superior to
1 g of cefazolin in preventing operative-site infection after
elective abdominal hysterectomy for benign diagnoses.
Although the cost per vial was higher, there was an overall
reduction in hospital costs owing to fewer infections and
shorter hospital stays (70). Kobamatsu et al. also found supe-
rior protection for women undergoing radical hysterectomy
when using expanded-spectrum cephalosporins compared
with first-generation agents (71). Other alternatives include
ampicillin-sulbactam, although there is little evidence to sup-
port this practice; similarly, using metronidazole as a single
agent may be less effective at preventing infection compared
with broad-spectrum cephalosporin agents (72). More prospec-
tive data are necessary in patients with gynecologic malignancy
undergoing surgery. 

If the patient is allergic to cephalosporins, or if she has a
history of a type I immediate hypersensitivity reaction to a
penicillin, and if she is not allergic to a tetracycline, the rec-
ommendation is 100 mg doxycycline orally at bedtime the
night before surgery and again the day of surgery about
3 hours before departure for the operating room. This regi-
men has been evaluated prospectively in Parkland Memorial
Hospital, but in a nonrandomized study using very few
patients and no control regimen. If the woman is allergic to
tetracycline, the recommendation is intravenous administra-
tion of 900 mg of clindamycin given preoperatively, as for
cefazolin. The new generation of fluoroquinolones such as
moxifloxacin may be particularly suited for the gynecologic
cancer patient scheduled for pelvic surgery because of its spec-
trum of activity and half-life. Further studies are needed. 

BOWEL PREPARATION

Unobstructed Bowel

There are approximately 1011 bacteria in a gram of feces,
making sepsis a major hazard if the colon is opened. It is desir-
able to reduce the patient’s normal colonic microflora to
diminish the postoperative infection rate in case it is necessary
to perform colonic resection and reanastomosis. Preparation
for colonoscopy is a regimen of clear liquids the day before
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surgery and 3 tablespoons of Fleet Phospho-Soda in one-half
cup of cool water at 4:00 PM and 6:00 PM the day before
surgery. Patients should be cautioned to drink eight to ten
8–fluid ounce glasses of clear liquids the day before surgery.
Additional clear fluid is acceptable. Some surgeons prefer to
add a Fleet enema 2 hours before surgery. An alternative
mechanical preparation is whole gut irrigation with chilled
polyethylene glycol and electrolyte therapy or a similar lavage
solution given orally at a rate of approximately 1 L/h until the
rectal effluent is clear, but for not more than 4 hours. A recent
multicenter, randomized trial has placed routine mechanical
bowel preparation practice into serious question; in patients
who underwent elective colorectal surgery, no difference in
anastomotic leak or other septic complications such as fascia
dehiscence were noted in the group who had preoperative
bowel preparation (73). 

In the antimicrobial approach, 1 g each of erythromycin
and neomycin is given orally at 1:00 PM, 2:00 PM, and
11:00 PM the day before surgery. This regimen was initially
proposed in 1971 by Nichols and Condon (74). An alternative
is 1 g each of metronidazole and neomycin at 2:00 PM and at
11:00 PM the day before surgery. There should be no need to
add further antimicrobial prophylaxis to 2 g of cefazolin or
other agents. Because this may alter hydration status and
serum electrolytes, many administer intravenous fluids to
patients undergoing mechanical bowel preparation (75).

Obstructed Bowel

There can be no mechanical prophylaxis for preoperative man-
agement of the obstructed bowel. Treatment principles include
fluid and electrolyte therapy with mechanical decompression
of the bowel from above and timed surgical intervention.
Women with mechanical intestinal obstruction immediately
after surgery may be able to be treated conservatively with
decompression only. If necessary, surgery should be performed
within 24 hours of the mechanical obstruction; these patients
have the lowest mortality rate. A dose of intravenous antibiotic
should be given in the operating room before the procedure,
with a second dose given in the recovery room, and a third
8 hours later if it is necessary to enter the bowel lumen. The
single-agent or combination regimen should provide broad
coverage of both gram-positive and gram-negative aerobic and
anaerobic bacterial species with a broader spectrum of antibac-
terial activity than with cefazolin. Evaluation has produced no
evidence for a superior regimen. A single agent usually suffices
unless the patient is septic, in which case triple antibiotics are
appropriate because therapy, not prophylaxis, is necessary.

CLINICAL SYNDROMES

Peritonitis and Intra-abdominal Abscess

Etiology

Infection in the patient with pelvic cancer most commonly
involves the pelvis and abdomen. The potential causes of infec-
tion include complications of the primary tumor, surgery, and
radiation therapy. The tumor can compromise the integrity of
the vaginal wall and allow seeding of endogenous vaginal flora
into the pelvic and peritoneal cavities. Previous antibiotics,
radiation therapy, and the tumor itself may alter the normal
genital flora. The tumor can also erode into the bowel and
allow entry of fecal material into the peritoneal cavity. Rare
cases of several other syndromes arising from untreated pelvic
tumor, including spontaneous clostridial gas gangrene and

pneumoperitoneum, have been reported (76,77). Peritonitis,
with or without abscess formation, may occur postoperatively
after hysterectomy or with bowel injury. Radiation therapy to
the pelvis can cause radiation enteritis, leading to a chronic
diarrheal syndrome, which may develop years after radiation
therapy is completed. These patients are also at higher risk for
bowel adhesions and subsequent obstruction, and subclinical
perforation may present as late insidious intra-abdominal or
deep pelvic abscess. 

Signs and Symptoms

In the patient with pelvic cancer, peritonitis may develop at
any time, including at initial diagnosis (e.g., tumor infiltration
of bowel), immediately postoperatively, or days or weeks after
surgery (e.g., tumor infiltration or radiation therapy). The
signs are generally dramatic and familiar: abdominal pain,
fever, and signs of peritoneal irritation. However, among post-
operative patients or patients who have received radiation or
corticosteroid therapy, the physical findings may resemble
those of a routine postoperative patient, making the diagnosis
more difficult. To ensure proper diagnosis, frequent examina-
tions and close observation are required.

Abscess formation can also occur in several settings. In some
patients, a subclinical microperforation of the bowel is success-
fully walled off by the body’s immune system, forming a peri-
colic or intraperitoneal abscess. This has been shown to occur 
7 to 10 days after microperforation (78). Fever or mechanical
obstruction may be the only presenting sign. Subphrenic, psoas,
or liver abscesses may present as a fever of unknown origin and
may require a methodical, diligent evaluation for diagnosis. A
fistula, usually caused by tumor but also occurring postopera-
tively, may form between any two organ systems, including the
bladder, vagina, bowel, or skin. Persistent suppuration despite
therapy or the presence of a feculent discharge from the skin,
bladder, or vagina may suggest the development of a fistula.

Diagnosis

The diagnosis of peritonitis is usually made on clinical grounds.
In patients who have clinical evidence of peritonitis but are
unable to undergo surgery because of bulky tumor, multiple
prior surgeries, or general debility, paracentesis with appropri-
ate cultures may be useful in guiding antibiotic therapy. Radio-
logic investigation is generally required to diagnose an abscess.
Regular plain x-ray films of the abdomen are seldom revealing.
A sonogram, computed tomographic (CT) scan, or magnetic
resonance image (MRI) of the abdomen may show the collec-
tion. A gallium scan may also be helpful. In a particularly con-
fusing case in which abnormalities of scans can represent an
abscess, metastatic tumor, or postoperative changes, a labeled
leukocyte scan may be required to diagnose the abscess with
certainty.

The diagnosis of a fistula requires demonstration of abnor-
mal drainage from one organ system to another. This can be
shown by intravenous or intravesical injection of dye for fistu-
lae arising from the bladder, oral or rectal instillation of dye
for those arising from the gastrointestinal tract, or a fistulo-
gram for a fistula involving the skin.

In all cases, laboratory abnormalities, including an elevated
leukocyte count, an elevated erythrocyte sedimentation rate,
and abnormal liver function tests, may suggest the diagnosis
and direct the workup. The microbiologic diagnosis in each of
these syndromes requires culture for aerobes and anaerobes.
Blood cultures are only rarely positive. Some patients may have
an unexplained bacteremia of enteric gram-negative rods or
anaerobes. This is probably from a microperforation of the
bowel. Any patient with pelvic tumor and enteric gram-negative
rods or anaerobic bacteremia should be radiologically evalu-
ated for evidence of perforation.
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Therapy

Acute, generalized peritonitis where gastrointestinal perforation
is suspected usually requires urgent surgery to irrigate the peri-
toneum and repair any perforation. Broad-spectrum antibiotic
coverage with agents such as cefoxitin, ticarcillin–clavulanic
acid, metronidazole, clindamycin with ampicillin, and an amino-
glycoside such as gentamicin is generally effective for the polymi-
crobial infection. Addition of the aminoglycoside is particularly
important for patients who have been recently or frequently hos-
pitalized or who have had past courses of antibiotics. These situ-
ations predispose the patient to the development of resistant
organisms.

Effective treatment of an abscess requires drainage. Percuta-
neous drainage is adequate in many cases, but laparotomy is
occasionally required. Large or persistent abscesses may require
placement of a suction drain. Patients with fistulae generally
require resection of the involved tissue.

For intra-abdominal infection, intravenous antibiotics
directed at the recovered bacteria should continue for at least
7 to 10 days after drainage. Some patients who have been on
antibiotics may have evidence of pus but no growth on cul-
tures. In this situation, broad-spectrum antibiotics directed at
enteric gram-negative rods and anaerobes should be adminis-
tered. Laboratory parameters such as leukocyte counts should
be followed to determine the exact duration.

Patients who are inoperable can be treated with chronic
suppressive therapy, intravenously or orally. Oral agents such
as amoxicillin–clavulanic acid (875 mg bid) or clindamycin
(450 mg q 6 to 8 hours) may be effective. Ciprofloxacin, mox-
ifloxacin, or levofloxacin alone should not be used in this sit-
uation because they provide limited enterococcal coverage.

Patients with infections due to vancomycin-resistant ente-
rococci and/or vancomycin-tolerant (79) Streptococcus or
Staphylococcus infections may be treated with daptomycin
(6 mg/kg daily) or linezolid (600 mg twice daily), usually in
combination with drugs with gram-negative and anaerobic
activity. The recently approved tigecycline has a broad spec-
trum of antimicrobials, including multidrug-resistant gram-
negative bacteria such as extended-spectrum beta-lactamase
positive E. coli, multidrug-resistant Acinetobacter, S. mal-
tophilia, vancomycin-resistant enterococci, and multidrug-
resistant S. aureus. There is limited clinical data for its use in
patients with gynecologic malignancy, and due to poor activ-
ity against Pseudomonas species it should be used cautiously.
Furthermore, emergence of drug-resistant bacteria or selection
of less-susceptible organisms remains a concern for widespread
use of drugs with broad-spectrum antimicrobial coverage.
Similarly, antipseudomonal carbapenems such as imipenem-
cilastatin and meropenem should also be reserved for seriously
ill patients with polymicrobial infection, as emergence and
spread of multidrug-resistant gram-negative bacteria are increas-
ing in immunosuppressed cancer patients (80). Ertapenem, a
carbapenem without antipseudomonal activity, was as effective
as piperacillin-tazobactam for the treatment of acute pelvic
infection (81), and can be administered as a single daily dose,
albeit due to lack of enterococcal coverage it is important to
select patients carefully. 

Urinary Tract Infection

Etiology

Many clinical situations predispose a patient to urinary tract
infection. Urinary tract infection continues to be the leading
cause of infectious morbidity in this population. One study
showed that half of the patients with pelvic cancer admitted to
the hospital because of infection had a urinary tract infection;

E. coli was the most common organism isolated (82). Another
report found that the frequency of urinary tract infections is
increased as much as threefold in patients undergoing pelvic
irradiation (20–22). Many patients who undergo pelvic surgery
require prolonged bladder catheterization, usually with a Foley
catheter. These patients may develop the well-recognized infec-
tious complications of chronic bladder catheterization, the
most common of which is recurrent infection. In addition,
tumor can cause urinary obstruction and subsequent infection.
The role of silver- or antibiotic-impregnated Foley catheters has
not yet been defined.

Signs and Symptoms

Some patients with gynecologic malignancy and urinary tract
infection have the familiar clinical picture of dysuria, fever,
flank or suprapubic tenderness, elevated leukocyte count, and
abnormal urinalysis. In many others, these signs and symptoms
are obscured by the rest of the clinical picture. For instance, a
postoperative patient may be expected to have abdominal ten-
derness, an elevated leukocyte count, and fever. The physician
should consider the entire clinical setting before embarking on
a course of therapy.

Diagnosis

Diagnosis is generally made on the basis of a urine culture, from
a “clean catch” or through a catheter, but the initial urinalysis
is extremely helpful. Pyuria is expected in any nongranulo-
cytopenic patient with a urinary tract infection. Gram stain of
urinary sediment can direct antibiotic therapy in advance of
the culture results. A common problem confronting the physi-
cian is when patients, especially those with indwelling catheters
or nephrostomy tubes, have positive urine cultures but do not
appear to be ill. Differentiating colonization from invasive
infection is never simple and requires clinical judgment. Any
patient who is not granulocytopenic should also have pyuria
along with positive urine cultures. The absence of pyuria in a
patient with a positive urine culture suggests the likelihood of
contamination/colonization. From a practical standpoint, in a
clinically stable patient, it is reasonable to withhold antibiotics
pending repeated urinalysis and urine culture. If an organism
persists, therapy should be considered.

Therapy

Therapy should be based on the sensitivity pattern of the
recovered organism, and intravenous antibiotics are reserved
for patients with drug-resistant bacteria and those with sys-
temic infection, ascending infection, or pyelonephritis. Opti-
mum duration of therapy in a patient with a urethral stent or a
permanent indwelling catheter is often difficult to determine. It
is virtually impossible to eradicate an infection in the presence
of a foreign body, and removal of the foreign object is the obvi-
ous therapy. However, removal is not always feasible. A patient
with a urinary tract infection and a foreign body in the urinary
collecting system should be considered for chronic suppressive
therapy if she has recurrent infection. In general, among
patients with gram-negative rods, chronic suppressive therapy
may include ampicillin, trimethoprim-sulfamethoxazole, doxy-
cycline, or an oral fluoroquinolone such as ciprofloxacin.
Patients with a chronic enterococcal infection may benefit from
chronic suppressive therapy with amoxicillin–clavulanic acid
(Augmentin) or amoxicillin alone or doxycycline. 

In patients with pyuria and fever in whom a urinary tract
infection is suspected, empiric antibiotic therapy should be
given pending urine culture results. Gram stain of urinary sediment
may be helpful in directing treatment. However, for those cases
in which Gram stain is not helpful, broad-spectrum coverage
should be given. For a patient who has had frequent or prolonged
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hospitalizations, effective coverage of potentially resistant
gram-negative rods dictates that two drugs be given, preferably
a beta-lactam and an aminoglycoside. Cefazolin (1 to 2 g IV,
q 8 hours) and gentamicin (4 to 5 mg/kg per day IV in three
divided doses) is a good empiric combination for many
patients. For more debilitated patients or those with prolonged
hospitalizations and frequent past courses of antibiotics, a
third-generation cephalosporin, such as ceftazidime (1 to 2 g IV,
q 8 hours), should be substituted for cefazolin. After culture
results are known, antibiotics can be adjusted and the spectrum
narrowed. For any gynecologic cancer patient with an unex-
plained predisposition to recurrent urinary tract infection, a full
investigation should be undertaken to exclude obstruction from
tumor as the cause.

Wound Infections

There are important variables that influence the development of
wound infection after surgery. These include hospital flora,
patient flora, operative technique and variables, patient nutri-
tion, and immunocompetency. Women being treated for repro-
ductive tract cancer may be at risk because of specific problems
with immunocompetency, possible prior chemotherapy or radio-
therapy, poor nutritional status, hypoproteinemia, or low socio-
economic status. Additional risk factors for incisional infection
include obesity and diabetes. Surgical variables include operative
procedures in excess of 4 hours, breaks in surgical technique,
excessive inoculum at the operative site, excessive cautery,
passive drains, shaving of the area in which the incision is
made immediately before surgery, and placement and types of
sutures. Infections may range from a mild cellulitis to a devas-
tating fasciitis, deep infection with myonecrosis, and mixed
anaerobic–aerobic synergistic abdominopelvic gangrene (83).

Cellulitis

Etiology. Cellulitis is a relatively frequent occurrence. The
presence of a foreign body in a wound is an unavoidable risk
factor in many cases, but this variable should be removed or
reduced as much as possible. Devitalized tissue, especially fat,
can also act as a foreign body. Excess cautery causes thermal
injury; the charred tissue may act as a foreign body. The pres-
ence of significant amounts of devitalized tissue usually pro-
duces a wound defect. A mechanical wound retractor can
cause fat necrosis, and there appears to be only minimal ability
to resorb these areas during wound healing. These areas should
be carefully identified and excised before closing the wound. If
drains are used, they should be closed, and drains should be
vacuumed. Drains should not exit through the wound but
rather through an adjacent puncture site, and they should be
removed as early as possible. S. aureus is recovered from 50%
or more of wound infections. If the operative procedure
involves transection of the vagina, the infections may harbor
other species of normal flora of the lower reproductive tract,
such as gram-positive and gram-negative anaerobes and Enter-
obacteriaceae. Cellulitis of the leg occurs with increased fre-
quency in patients after vulvectomy (84). The affected leg is
not always edematous. Group B beta-hemolytic streptococci
are frequently recovered. Prophylactic therapy with oral peni-
cillin may reduce recurrences in some patients (84).

Signs and Symptoms. Cellulitis is almost uniformly associ-
ated with pain and erythema in the incisional margins, with an
increase in local skin and tissue temperature, and many times
with fever. Incisions are usually tender at examination. Inci-
sional cellulitis may not become evident until the 4th postop-
erative day or later.

Diagnosis. The infected surgical incision should be explored.
This can frequently be performed at the bedside. Opposing

skin edges in such incisions are usually separated without diffi-
culty and may expose underlying purulent material, seromas,
hematomas, or any combination of these. The wound should be
explored thoroughly, and if the wound shows unusual features,
aerobic and anaerobic cultures should be obtained. Foreign bod-
ies such as sutures or drains should be removed, and obviously
necrotic areas should be removed after the patient has been
given parenteral pain medication. It is important to document
deep fascial integrity. If this cannot be done at the bedside, it
should be performed in the operating room.

Therapy. The wound should be packed open with fine-mesh
gauze approximated to the incisional margins. Gauze is used to
fill the intervening spaces after each dressing change. The dress-
ing is changed two to four times daily, with chemical and
mechanical debridement of necrotic areas. Commonly used
solutions are hydrogen peroxide, acetic acid, and Dakin’s solu-
tion (0.25% sodium hypochlorite). In general, these debriding
solutions should be removed from the wound with sterile nor-
mal saline before packing because they may impede healing.
Except in unusual instances, it is unnecessary to administer par-
enteral antimicrobials. These incisions may be left open to heal
by secondary intent, or they may be closed before discharge
from the hospital after the margins are completely granulated.
The optimal time for secondary closure is about the 4th day
after institution of wound therapy. Studies have shown that
normal wound healing occurs as long as the hematocrit exceeds
17%, but that a lower level will impede healing (85).

Necrotizing Fasciitis

Necrotizing fasciitis is a potentially life-threatening infection of
the soft tissues above deep fascia that can involve the abdomi-
nal wall or vulva with extension to the proximal thighs and
buttocks (85). There are several descriptive names for this
infection, such as beta-hemolytic streptococcal gangrene, hos-
pital gangrene, gram-negative anaerobic cutaneous gangrene,
nonclostridial gas gangrene, gangrenous erysipelas, or syner-
gistic necrotizing cellulitis, but the name used by most is that
coined by Wilson in 1952, that is, necrotizing fasciitis (86).
This significant infection has been reported in patients with
endometrial cancer following irradiation and hysterectomy
(87–89). It has also been found in endopelvic fascia, in a supra-
pubic catheter site during chemotherapy, in the vulva in dia-
betes, and after diagnostic laparoscopy (90–95). 

Etiology. Bacteria recovered from necrotizing fasciitis infec-
tious sites include anaerobes, particularly Peptostreptococcus,
Prevotella, and Bacteroides species, as well as E. faecalis, S.
aureus, and Enterobacteriaceae. These bacteria produce large
quantities of proteolytic and other enzymes and toxins that
allow rapid spread to contiguous tissues. Superficial vessels are
occluded, depriving the affected areas of oxygen, other nutri-
ents, and antibiotics. This deprivation interferes with bacterial
eradication. Patients at particularly high risk of developing this
infection include women older than 50 years of age and those
with arteriosclerotic heart disease, diabetes, or other chronic
diseases.

Signs and Symptoms. Early in the course of necrotizing
fasciitis, the signs and symptoms are those of any wound cel-
lulitis. Because there is no response to the usual methods of
therapy, antibiotic therapy will frequently be initiated. The
infection, however, seems to smolder initially, then rapidly pro-
gresses to involve the wound and to produce clinical sepsis.
Mortality rates for this infection have been as high as 76%. The
degree of disease evident on the skin is only a small fraction of
the total amount of tissue that is involved because the skin is
not the primary area of infection. Hallmarks of this infection
include excessive pain, edema that is unusual for the apparently
minimal degree of infection, and superficial tissue crepitance.
The skin overlying the affected area becomes blue or brown as
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the disease progresses, and there may be formation of bullae.
Edema progresses, and there may be seepage of grayish fluid
from the skin, which slips over underlying tissue and does not
bleed if cut. Lack of familiarity with this infection and failure to
recognize its signs may delay diagnosis. Even when recognized
and treated early, there is a high mortality rate.

Diagnosis. Diagnostic criteria as first outlined by Fisher et al.
include (96):

1. Extensive necrosis of the superficial fascia with wide-
spread undermining of surrounding tissue

2. A moderate to severe systemic toxic reaction
3. Absence of muscle involvement
4. Failure to demonstrate Clostridium species in the

wound or blood cultures
5. Absence of major vascular occlusion
6. Histologic demonstration of intense leukocytic infiltration,

focal necrosis of the superficial fascia and surrounding tis-
sues, and microvascular thrombosis 

Early diagnosis followed as soon as possible by appropriate
treatment produces the highest cure rate. Radiologic evalua-
tion, particularly with MRI, may confirm the diagnosis rapidly,
and should be ordered whenever the disease is suspected. The
average interval between diagnosis and initiation of treatment
is approximately 5 days. If the interval is 4 days or less, sur-
vival rates are high, but an interval of 7 days or more is more
likely to result in patient death because even intense antimicro-
bial therapy is rarely successful at this late stage.

Therapy. Although the administration of broad-spectrum
antimicrobials is important, wide and often disfiguring surgi-
cal debridement is the treatment required for preservation of
life. The excision must extend to areas that bleed. The areas of
debridement should be treated as are areas of burns. Adjunc-
tive therapy with whirlpool baths and perhaps hyperbaric
oxygen may be of use.

Clostridial Myonecrosis

Clostridial myonecrosis (gas gangrene) was described by
Altmeier (97). It is an infection that occurs in muscle and
adjacent tissues beneath the deep fascia and is seen most
commonly after trauma. However, it can be seen after intra-
abdominal surgery or surgery in an area that has been conta-
minated by feces. Mortality rates are about 25%, and
poor-prognosis factors are leukopenia, advanced age, renal
failure, and intravascular hemolysis.

Etiology. Clostridial myonecrosis is caused by C. perfringens
(80% to 95%), C. novyi (10% to 40%), or C. septicum (5% to
20%). It is usually seen in association with gastrointestinal
mucosal ulceration or perforation because Clostridium species
are normal inhabitants of the gastrointestinal tract. C. perfrin-
gens may be isolated from as many as 20% of the women with
upper genital tract infections not involving sexually transmit-
ted diseases. The mere presence of C. perfringens in a wound
does not mean that the patient will develop gas gangrene; it
develops in only 1% to 2% of wounds in which that species
can be isolated.

Signs and Symptoms. Early signs and symptoms of clostridial
myonecrosis are tense edema in tissue that is extremely tender
and pain that rapidly intensifies. If an incision is open, it is not
uncommon to see a swollen, herniated muscle. There is fre-
quently a serosanguinous, dirty discharge that has many gram-
positive or gram-variable rods but few leukocytes. There may
also be gas bubbles, and the secretions have a particularly
sweet, offensive odor. The surrounding tissue frequently has
crepitus. The skin becomes red to green-purple and then turns
yellow before becoming a characteristic bronze color. The usual
incubation period is about 2 to 3 days, but it can be as short
as 6 hours after the bacterial inoculation. With progression of

the infection, the patient becomes obviously ill, pale, and
sweaty, with increased pulse rate and decreased blood pressure.
Temperature is usually elevated, but hypothermia may occur
with shock.

Diagnosis. A positive wound culture may accompany the
characteristic signs and symptoms of clostridial myonecrosis.
X-ray films of the affected area frequently show gas deep in the
tissues. Blood cultures grow clostridia in approximately 15%
of the cases. It is common to find a decrease in hemoglobin and
an increase in circulating leukocytes. Involved muscle is pale
and edematous, with loss of elasticity, and it does not bleed or
contract with stimulation. Histologic findings demonstrate
coagulation necrosis of muscle fibers.

Therapy. Clostridial myonecrosis is another infection that
requires prompt and extensive debridement in the operating
room. Cultures must be performed, and because clostridia may
develop plasmid-mediated antibiotic resistance, repeated cultures
with sensitivity testing may be required if a patient is slow to
respond. In addition to wide debridement, the treatment of
choice is penicillin G at a dose of 1 to 2 million units every 2 to
3 hours. Gram stain also may indicate the presence of gram-
negative bacteria, in which case coverage should be provided for
those bacteria as well. Chloramphenicol is as effective against
Clostridium species as it is against many gram-negative species,
although seldom used. Metronidazole, imipenem, or clin-
damycin, all of which have good in vitro activity against C. per-
fringens, may be considered. Other antibiotics with good in vitro
activity include tetracycline, erythromycin, and rifampin. Hyper-
baric oxygen may be adjunctive, but its efficacy is uncertain.

Intraperitoneal Catheter Infections

Etiology

Delivery of chemotherapeutic agents through an intraperi-
toneal catheter has enabled physicians to deliver high concen-
trations of drug locally while decreasing systemic side effects
(42,98). However, intraperitoneal catheters can become
infected at the exit site, along the catheter tunnel, or secondary
peritonitis may occur in rare cases. S. epidermidis is the most
common organism followed by S. aureus and Streptococcus
species. Gram-negative bacilli and anaerobes, presumably from
the bowel, are also found, especially in patients with polymi-
crobial infections. Patients who have been treated for bacterial
peritonitis in the past may develop peritonitis due to Candida
species. 

Signs and Symptoms

With exit-site or tunnel infections, patients report discomfort
at the site. Patients with peritonitis may complain of diffuse
abdominal pain, with or without a change in bowel pattern.
Fever may be absent in peritonitis, making the diagnosis more
difficult because many patients with pelvic tumor have abdom-
inal pain. On examination, patients with exit-site or tunnel
infections have redness and sometimes have discharge where
the catheter has been inserted. Patients with peritonitis have
tenderness and frequently have abdominal rebound.

Diagnosis

Diagnosis of exit-site and tunnel infections is made clinically,
with support from a Gram stain and culture of any discharge.
Patients with suspected peritonitis should have withdrawal
of peritoneal fluid for cell count and microbiologic evaluation.
A rough guideline, derived from experience among patients
receiving continuous ambulatory peritoneal dialysis, is that
any leukocyte count in peritoneal fluid �100 cells/mm3 suggests
infection. Gram stain and culture should reveal the specific
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organism. Chemical peritonitis after instillation of chemother-
apy can mimic infectious peritonitis. Peritoneal fluid cultures
are often helpful in distinguishing between infectious versus
chemical peritonitis, although occasionally peritoneal fluid
cultures may not yield an organism, especially in infections
due to a fastidious organism. 

Therapy

For patients with peritonitis, systemic therapy is advised accord-
ing to the recovered organisms. Treatment should be continued
10 days or longer, with serial peritoneal fluid cell counts guiding
therapy. The peritoneum provides a large absorptive surface,
and antibiotics delivered intraperitoneally readily enter the
intravascular space; however, we suggest that intraperitoneal
antibiotic therapy should be reserved for patients with serious,
treatment-refractory infection. Treatment of fungal peritonitis is
a unique problem. Amphotericin B can cause adhesions if deliv-
ered intraperitoneally. Caspofungin appears to be the treatment
of choice for patients with intra-abdominal and peritoneal can-
didiasis (99). Fluconazole, which can be administered orally or
intravenously, was shown in one study of patients receiving con-
tinuous ambulatory peritoneal dialysis to effectively treat C.
albicans peritonitis and should be avoided in patients with Can-
dida glabrata and Candida krusei infection (100). Fluconazole
may be used for long-term therapy in patients with Candida
peritonitis who have responded to initial aggressive therapy
with amphotericin B or caspofungin therapy. 

Septic Pelvic Thrombophlebitis

Septic pelvic thrombophlebitis, also known as suppurative
pelvic thrombophlebitis, is a disorder that has been diagnosed
most frequently after antimicrobial therapy for pelvic infec-
tion after cesarean section or septic abortion, but it can be
seen as a complication of infection after any type of pelvic
surgery. The mortality rate observed in 1917 was 52% after
surgical therapy (101). Fortunately, this complication of pelvic
infection is now very rare. The use of antimicrobial prophy-
laxis and the enhanced antibacterial activity of current thera-
peutic regimens are presumed to be paramount in the
disappearance of this potentially lethal infection.

Etiology

Septic pelvic thrombophlebitis is clot formation in the pelvic
veins as a result of infection. It can be seen after hysterectomy,
other pelvic operative procedures including brachytherapy, and
in association with pelvic trauma or perirectal abscess. Classi-
cally, there is relative venous stasis before phlebitis that devel-
ops adjacent to pelvic infection. The intimal lining of the veins
is invaded by bacteria, including Enterobacteriaceae, especially
E. coli, aerobic and anaerobic streptococci, and Bacteroides.
The veins involved may be the ovarian, hypogastric, or uterine,
with essentially equal involvement in the right and left sides. If
common iliac veins are involved, clot formation is more fre-
quently seen on the left for unknown reasons. Infected clot
may embolize to the lungs, kidneys, liver, brain, and spleen.

Signs and Symptoms

A clinical diagnosis may not be readily evident. Presentation is
essentially that of a fever of unknown cause, and the physician
must rule out infections such as pyelonephritis, pneumonia,
and pelvic or abdominal abscess. The most frequent presenta-
tion currently seen is persistence of fever associated with
tachycardia after clinical response to antimicrobial therapy for
a pelvic infection. Physical examination is normal in most
instances, but it may be possible to palpate tender cords in the

vaginal fornices. In patients with bacteremia and septic emboli,
chills are observed in as many as 67% of the patients, pyrexia
may be elevated to 41°C, and the variations in temperature
may be quite hectic. Dyspnea, tachypnea, pleuritic pain, cough,
hemoptysis, restlessness, anxiety, and perhaps angina may all
be seen with septic embolization.

Diagnosis

Compatible clinical presentation and CT or MRI scan are
used for diagnosis (102). Criteria for diagnosis of venous
thrombosis using CT studies include enlargement of the
involved vein(s), sharply defined vessel walls enhanced by con-
trast media, and a low-density intraluminal mass (103). Diag-
nosis using MRI is based on intense intraluminal signals from
clot in involved veins and a lack of signal with normal blood
flow in uninvolved vessels; no contrast agent is needed. Blood
culture should be performed if there is suspicion of septicemia.
Tests for blood gases, a chest radiograph, and a ventilation-
perfusion scan should be performed if there is suspicion of
embolization. A gallium scintiscan may be necessary to iden-
tify very small septic embolic foci in the lungs.

Therapy

Early treatment of venous thrombosis was surgical (101). The
first to advocate the use of anticoagulants in addition to antibi-
otics were Schulman and Zatuchni (104). In some cases antibi-
otics alone may be adequate and can be used in patients in
whom anticoagulation can be detrimental (105). In the largest
published study of heparin therapy, the mean time to become
afebrile was 2.5 days, and the average duration of heparin therapy
was 8 days (106,107). It is unnecessary to initiate warfarin
sodium (Coumadin) therapy in patients without evidence of
emboli. Thromboembolism during or after treatment with
heparin has not been reported. Antibiotic therapy must be
continued. If there is significant improvement in the pulse
rate and temperature pattern within 12 to 48 hours after addi-
tion of heparin, reassessment is mandatory. Tr eatment with low-
molecular-weight heparin has not been studied or standardized
for this condition (108). Heparin therapy is not without compli-
cations. Between 2% and 5% of patients may have an allergic
reaction; bleeding occurs in 7% to 10% of patients; and the
most devastating effect is the development of the “white clot
syndrome” (109). This occurs in �1% of patients, but it may be
associated with major limb amputation in 20% of those suffer-
ing from it, and death has been reported for 50%. This phe-
nomenon is a paradoxical arterial platelet aggregation associated
with thrombocytopenia, and it should be suspected in patients
with decreasing platelet counts or an increasing requirement of
heparin to maintain adequate anticoagulation. The only current
indications for surgical intervention are embolization during
heparin therapy or lack of response. The usual intervention is
placement of a vena cava filter, which is a procedure usually
performed by an interventional radiologist.

Neutropenia and Fever

Etiology

Patients with severe neutropenia are at particularly high risk
for severe morbidity and mortality unless empiric intravenous
antibiotic therapy is instituted at the first evidence of fever or
clinical worsening. Most commonly, the febrile neutropenic
patient does not have an obvious source of fever. Even in those
with bacteremia, the source is rarely clinically evident. Bacteria
often enter the bloodstream through the gastrointestinal tract
because of the small chemotherapy-induced ulcerations of the
intestinal mucosa and the accompanying neutropenia and
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thrombocytopenia. Neutropenic patients may also develop a
clinically diagnosed group of infections, including pneumonia
and cellulitis. Neutropenic patients with these clinically diag-
nosed infections may progress very rapidly, may have exceed-
ingly subtle clinical signs and symptoms, and always require
early, aggressive therapy of their infections to achieve a response.

Signs and Symptoms

Fever is often the only complaint of patients with neutropenia
and bacteremia. Patients receiving chemotherapy should be
instructed to take their own temperature at home twice a day
(more frequently if a subjective feeling of fever develops) and
to contact their treating physician for temperatures above
38.0°C or 100.4°F.

Diagnosis

Diagnosis is made by blood culture. Of all febrile, neutropenic
patients from whom blood cultures are obtained, only 10% to
20% have an organism isolated. The others probably have
enough organisms to cause fever and illness, but an insufficient
load of organisms to be cultivated using current techniques.
Coagulase-negative Staphylococcus, S. aureus, streptococci, E.
coli, Klebsiella species, and Pseudomonas species are frequently
isolated bacteria (110). In a recent report of 2,142 patients with
febrile neutropenia, 499 (23%) patients developed bacteremia
due to gram-positive bacteria (57%), gram-negative bacteria
(34%) and polymicrobial infection was seen in 10% (111).
Mortality rates were lowest (5%) in patients with gram-positive
infection followed by 18% with gram-negative bacteremia, and
they were 13% in patients in whom polymicrobial bloodstream
infection was diagnosed (111). Polymicrobial infections are
often under-reported and neutropenic patients with intestinal
and genitourinary tract mucosal damage have a higher risk of
systemic infection due to multiple organisms (7).

Therapy

The Infectious Disease Society of America (IDSA) updates
guidelines for management of the patient with fever and neu-
tropenia. Full consideration of this complex topic is beyond the
scope of this chapter (112). In general, a febrile neutropenic
patient should receive antibiotics with activity against P. aerug-
inosa pending results of blood cultures. Numerous regimens are
effective, and their use should be determined according to sensi-
tivity patterns for P. aeruginosa at a given hospital. In general,
good results have been achieved with a beta-lactam antibiotic
(e.g., semisynthetic penicillin such as ticarcillin–clavulanic acid
or a third/fourth-generation cephalosporin such as ceftazidime
or cefipime) or a carbapenem (imipenem or meropenem) with or
without an aminoglycoside. Monitoring peak and trough levels
of aminoglycosides is recommended to limit ototoxicity and
nephrotoxicity. The choice of the specific aminoglycoside (e.g.,
gentamicin, tobramycin, amikacin) is dictated by the sensitivity
patterns in a given hospital. Once-daily dosing of aminoglyco-
sides is not recommended for the neutropenic patient but can be
given in other settings. The length of therapy for neutropenic
patients is determined by many factors and must be individual-
ized. Patients with prolonged neutropenia and fever should be
followed by an infectious disease specialist.

Fungal Infections

Etiology

Patients with pelvic cancer may be at risk for the development
of fungal infections, particularly those caused by Candida

species, including C. albicans, C. tropicalis, C. parapsilosis, and
C. glabrata (113). Infection may include fungemia, pelvic
abscess, or infected urinary stent in patients with extensive
pelvic disease and urinary outflow obstruction. Risk factors for
the development of invasive candidiasis include prolonged
courses (7 to 10 days) of intravenous broad-spectrum antibi-
otics; an intravenous catheter, particularly a central venous
catheter; major abdominal surgery; prolonged neutrocytopenia,
usually related to chemotherapy; and immunosuppressive ther-
apy, especially with corticosteroids (114).

Signs and Symptoms

Patients with the appropriate risk factors who have unex-
plained fevers may be fungemic. Other than fevers, which can
include rigors and hypotension and closely resemble bac-
teremia, there may be no other symptoms. Blood cultures are
positive in only 50% of the patients with autopsy-proven dis-
seminated candidiasis. Any blood culture positive for yeast
should be considered to be significant. A full evaluation for a
hidden source should be completed, including a thorough
re-evaluation with history and physical examination, and
appropriate laboratory tests that include repeat blood cul-
tures. An ophthalmoscopic examination to exclude endoph-
thalmitis should be performed since this complication may
occur in up to 5% to 15% of patients with fungemia.

Much has been written suggesting that any patient with
Candida species cultured from three sites (i.e., sputum, urine,
wound) should be considered to have invasive disease and
treated accordingly. Although somewhat helpful, antifungal
therapy in all patients meeting this criterion should not be ini-
tiated until a full evaluation is performed. In many cases, no
antifungal therapy will be required.

Candida species may cause urinary tract infection in a
patient with such indwelling devices as a Foley catheter, inter-
nal stents, or percutaneous nephrostomies. Rarely a “fungus
ball,” consisting of a matted mass of yeast, may cause urinary
obstruction.

Candida species almost never cause pneumonia except as a
preterminal event in a critically ill intensive care unit patient
or patients with refractory relapsed acute myelogenous
leukemia and prolonged severe neutropenia. Thus, recovery of
any yeast from a respiratory specimen should be considered to
be most likely due to oral thrush contaminating the culture.
Unlike patients with leukemia and recipients of allogeneic
hematopoietic stem cell transplantation, in patients with gyne-
cologic malignancy invasive mold disease is exceedingly rare.
Identification of filamentous fungi, such as Aspergillus, should
be approached with great caution and mold-active drug ther-
apy reserved for highly immunosuppressed patients with clini-
cal and radiographic evidence of invasive aspergillosis. Rarely,
patients with solid-organ cancer may present with non-
Aspergillus locally invasive disease due to drug-resistant
organisms (115).

Diagnosis

The diagnosis of a fungal infection is often quite difficult. The
physician must differentiate between invasive disease, which
must be treated, and colonization, which does not require
therapy. The recovery of fungi from a urine, sputum, or
wound culture does not necessarily mean that the fungus is
pathogenic, and clinical judgment must be used to determine
if a patient requires therapy. In general, cultures from sterile
sites (e.g., blood, cerebrospinal fluid, pleural or peritoneal
fluid) should be considered to represent invasive infection
until a full evaluation is done. Also, fungi recovered from the
initial specimen of drainage from an obstructed biliary or uri-
nary tract should be considered to be pathogenic.
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With most specimens however, the distinction between col-
onization and infection is not so simple. For urine, the pres-
ence or absence of pyuria is the simplest and most reliable
means of differentiation: Those without pyuria are very likely
only colonized and need no therapy. In such patients, a repeat
urinalysis and culture may clarify the situation.

Therapy

Treatment options for invasive candidiasis have expanded in
recent years. Amphotericin B and associated amphotericin B
products (AmBisome and Abelcet) have the longest record for
treatment of invasive fungal infections (113). The optimal
duration of therapy for candidemia is not well defined and
should be determined by individual responses. However, a
7- to 14-day course of therapy is probably adequate for most
episodes (113).

In addition to amphotericin B products, both intravenous
fluconazole therapy (400 mg daily) alone or in combination
with amphotericin B and caspofungin (70-mg load and then
50 daily IV) are highly effective for non-neutropenic patients
with fungemia (99,116,117). These agents offer comparable
effectiveness but have fewer side effects than the amphotericin
B products. 

Patients who have Candida species consistently cultured
from urine but no evidence of systemic fungal infection may
benefit from bladder irrigation with amphotericin B, which
reduces or eradicates bladder yeast colonization, and may pre-
vent invasive fungal infection. Fluconazole is increasingly
being given for this indication and appears to be effective.

Pneumonia

Etiology

Postoperative pneumonia remains a common cause of fever in
any surgical patient, including those with gynecologic cancer.
Infection may occur from aspiration during intubation or
extubation or from hypoaeration due to “splinting” in
patients with severe postoperative pain. Postobstructive pneu-
monia may occur in patients with tumor metastatic to the
lungs. In addition, pneumonia may occur in patients with
chemotherapy-induced neutropenia (see above).

Signs and Symptoms

The familiar signs and symptoms of pneumonia are cough,
fever, chest discomfort, and dyspnea and evidence of pul-
monary consolidation on lung examination.

Diagnosis

The diagnosis is usually suggested by the clinical situation and
by the findings on physical examination. These are further
supported by chest radiographs and sputum examination and
culture. Chest radiography may show consolidation. Gram-
negative organisms predominate in the mouth flora of hospi-
talized patients, so an aspiration pneumonia occurring in a
hospitalized patient is typically due to gram-negative rods.
Although thought by many to be a substantial contributor,
anaerobes seldom cause aspiration pneumonia in the hospital.

Therapy

Empiric, rather than pathogen-based, coverage of a postopera-
tive patient with clinical pneumonia is usually necessary and
varies according to the setting (118). For a patient who has
been hospitalized less than 3 days and has had no other recent
hospitalizations or recent courses of oral or intravenous antibi-
otics, single-drug therapy with levofloxacin or moxifloxacin is

adequate (118). For the patient who has been hospitalized for
a longer period or who has received recent antibiotics (increas-
ing the likelihood of infection due to resistant organisms), P.
aeruginosa should be covered by the addition of an aminogly-
coside such as gentamicin or tobramycin (3 to 5 mg/kg per day
in three divided doses), and a beta-lactam should be selected to
cover the usual isolates in that hospital. S. maltophilia is now
increasingly seen in cancer patients without traditional risk
factors such as severe neutropenia, prolonged stay in critical
care units, or mechanical ventilation (119). Treatment includes
high-dose trimethoprim-sulfamethoxazole (15 mg/kg in three
to four divided doses) in combination with a second drug to
which the bacteria are susceptible (17). Patients with drug-
resistant S. aureus pulmonary infection may present with
rapidly progressive, necrotizing pneumonia in a substantial
number of cases during influenza season; these infections are
especially serious postviral superinfections and require urgent,
appropriate antibiotic therapy. Vancomycin (1 g twice daily),
or linezolid (600 mg every 12 hours) may be given in patients
with severe pneumonia and history of recent influenza-like illness.
Therapy for patients with pneumonia should extend up to
10 to 14 days depending on clinical response. Various profes-
sional societies have codified recommendations for pneumonia
management (120).

Gastroenterologic Sources of Infection

Diarrhea Associated With Antibiotics 
or Chemotherapy

Etiology. Diarrhea is a common finding in patients under-
going treatment of gynecologic malignancy. In a study of 351
hospitalized women with gynecologic cancer, 12% developed
diarrhea during the course of their hospital stay; 10% had
diarrhea due to Clostridium difficile (121). In cancer patients
C. difficile diarrhea may be due to exposure to broad-spectrum
antibiotics or chemotherapy alone (121,122).

Signs and Symptoms. Antibiotic-associated diarrhea can
occur at any time during an antibiotic course and for at least a
month after discontinuation. Patients typically develop abdomi-
nal pain, fever, and frequent watery diarrhea defined as �5
bowel movements per day lasting for more than 48 hours; how-
ever, C. difficile colitis may sometimes cause abdominal pain and
fever without diarrhea. 

Diagnosis. Any patient with antibiotic- or chemotherapy-
associated diarrhea should have a full evaluation of stool,
including routine cultures and a test for evidence of C. difficile
toxin (123). In patients with a highly suspicious clinical presen-
tation but no evidence of C. difficile toxin in stool, sigmoid-
oscopy or colonoscopy may reveal the pathognomonic mucosal
pseudomembranes. One study has suggested that evaluation of
stool for C. difficile toxin is the only cost-effective test (121). A
markedly elevated white blood cell count may also be a clue to
diagnosis (124).

Therapy. Oral therapy with metronidazole (250 mg to 500 mg
four times daily for 2 to 4 weeks) is adequate to treat most
cases of antibiotic-associated diarrhea (122–124). Because of
continued reports of vancomycin-resistant bacteria (125), the
use of oral vancomycin is restricted in many hospitals. Oral
vancomycin should be given only to patients with proven C.
difficile diarrhea who have not responded to metronidazole.
Some patients may require repeated or prolonged courses of
metronidazole, particularly if their clinical course necessitates
continuation of the provocative agent (i.e., continued antibi-
otics or chemotherapy). Antidiarrheal compounds such as
Lomotil or Imodium should not be given routinely. If, how-
ever, diarrhea persists after appropriate tests and cultures,
symptomatic therapy should be considered. Nitazoxanide is a
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nitrothiazolide and effectively treats intestinal infestation of
Cryptosporidium and Giardia species; at low concentrations nita-
zoxanide also inhibits C. difficile. A recent trial showed that nita-
zoxanide 500 mg twice daily was as effective in eradicating C.
difficile as metronidazole given 250 mg four times daily (126).
Nitazoxanide may be used for patients with metronidazole-refrac-
tory or recurrent C. difficile colitis. 

Noninfectious Causes of Fever

Not all patients with gynecologic malignancy and fever have an
infection. Pulmonary embolus, drug-related fever, and tumor-
related fever represent the main noninfectious sources of fever,
but others, such as factitious fever and underlying collagen
vascular disorder, must also be considered. The use of procalci-
tonin and neopterin levels has been suggested to help distin-
guish between infected and noninfected patients, although
further studies are needed to validate these tests (127).

Pulmonary embolus should be considered in a bed-bound
or postoperative patient with any combination of fever, chest
pain, dyspnea, or an abnormal chest radiograph. Patients with
bulky pelvic tumors are also at risk. A high level of suspicion
is important and spiral chest CT scans or ventilation-perfusion
scans may establish the diagnosis; in rare instances a more
definite pulmonary angiogram may be performed. Therapy
remains anticoagulation with low-molecular-weight heparin.
For patients who are unable to tolerate these drugs or who
continue to have pulmonary emboli despite therapy, inferior
vena caval filters are required.

Any antibiotic may cause fever (128). Patients typically
develop fever and a diffuse maculopapular rash after several
days of therapy. Eosinophilia, although a helpful sign, is usu-
ally lacking. Mild elevations in liver function tests may be pre-
sent though nonspecific. Atypical presentations of drug fever,
including patients without rash or those who develop fever
weeks into therapy or after completion of therapy, can also
occur. The diagnosis is usually made by discontinuing the
antibiotic and observing the patient. It is important to remem-
ber that some drug fevers may take as long as a week to
resolve. Supportive measures, such as antipyretics and antipru-
ritics, may decrease symptoms.

The diagnosis of tumor fever can be made only after sys-
tematic exclusion of all other potential causes of fever. Most
patients with tumor fever have metastatic disease involving
the liver or lung. In these patients, the fever may be as high as
40°C, and chills may be absent; when not febrile, these
patients often feel relatively well. In patients suspected of having
tumor fever, a clinical trial of broad-spectrum antibiotics is
given. If the fever does not abate and no other clear infection
source is evident, the likelihood of tumor fever increases. 
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benefit, is usually unsuccessful in producing complete or long-
lasting remission. In many patients with this clinical syndrome,
it is most appropriate that the management plan involves
supportive and comfort measures only (i.e., transfusions,
antibiotic therapy, pain medications).

Current chemotherapy for gynecologic or other malignan-
cies is quite different from the prolonged alkylating agent ther-
apy reported to result in an unacceptably high incidence of
acute leukemia. In ovarian cancer, studies have demonstrated
that five or six treatment cycles or more prolonged treatment
regimens produce equivalent therapeutic results (response rates
and survival) (3,4). With fewer courses, both short-term (mar-
row suppression, emesis) and chronic side effects, including the
risk of acute leukemia, should be reduced.

Because the majority of reports that estimated the risk of
secondary leukemia after cytotoxic drug therapy in ovarian
cancer were from the pre-cisplatin chemotherapy era, an asso-
ciation between cisplatin and leukemia remains unsettled
(5–10). One report has suggested that the use of cisplatin in
ovarian cancer may increase the risk for the development of
acute leukemia by approximately fourfold (11). However, it is
important to note that essentially all patients who received cis-
platin in the pre-paclitaxel era also received an alkylating
agent (generally cyclophosphamide), a class of drugs known
to be leukemogenic (2,12). Based on all available data, it is
appropriate to state that even this small increase in the risk of
developing acute leukemia is an acceptable price to pay for the
substantial improvement in overall survival associated with
the use of platinum agents in ovarian cancer.

In view of the documented risk of acute leukemia associated
with the long-term use of alkylating agents in ovarian cancer
and the known low response rate of the disease to this class of
drugs (delivered at standard dose levels) in individuals who fail
an initial cisplatin-based regimen (13), the administration of
chronic oral alkylating agent therapy (chlorambucil, melphalan)
as a second- or third-line treatment is strongly discouraged.
Several studies have confirmed that the use of etoposide is
strongly associated with the development of acute leukemia
(14–17). This risk appears to be highly correlated with the
total cumulative dose of the drug administered over time.
Therefore, for diseases in which etoposide is an appropriate or
required component of treatment (e.g., germ cell tumors),
management of the malignancy should include the use of optimal
doses/schedules of the agent delivered for the minimal acceptable
number of cycles.

The treatment of a serious illness such as cancer always
involves the judicious search for a proper balance between
efficacy and toxicity. Although we strive to maximize cure and
minimize side effects, a certain acceptable level of treatment-
related complications is unavoidable. This chapter reviews the
management of the late complications of the major therapeu-
tic modalities used in cancer treatment: chemotherapy, radia-
tion therapy, and surgery. The distinction between the acute
and late complications of therapy is arbitrary; we consider late
toxic effects to be those that initially become clinically evident
more than several months after the initiation of therapy.

CHEMOTHERAPY
Anemia, myelosuppression, and thrombocytopenia, which are
among the most common acute complications of chemother-
apy, may persist for months after the completion of treatment.
In general, a delay in return of marrow function to normal
does not imply that the patient will experience any long-term
hematopoietic effects of treatment. However, if the patient
requires future treatment with marrow-toxic drugs, it is likely
that the marrow reserve will be limited.

Myelodysplastic Syndrome and Acute
Nonlymphocytic Leukemia

Perhaps the most feared long-term complication of the admin-
istration of chemotherapeutic agents is the potential for the
development of myelodysplasia and acute leukemia. Although
first recognized more than a decade ago in patients with
ovarian cancer treated with alkylating agents, it is now clearly
documented that the chronic administration of this class of
antineoplastic agents is associated with roughly a tenfold
increased risk for the development of acute nonlymphocytic
leukemia (1,2). Granulocytic leukemia is not a common disease;
only approximately 12,000 cases are diagnosed in the United
States each year. The peak incidence of secondary leukemia
occurs 4 to 5 years after chemotherapy administration; an
increased risk is noted for at least 8 years after the cessation of
cytotoxic drug treatment.

Survival after the diagnosis of treatment-related acute
nonlymphocytic leukemia is generally measured in months.
Specific antileukemia therapy, although occasionally of clinical
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Cardiac Toxicity

Doxorubicin, which has demonstrated activity in several gyne-
cologic malignancies, is an important component of a number
of commonly used treatment regimens (18). Its most serious
potential side effect is cardiac toxicity (19). Whereas acute
cardiac dysfunction (e.g., arrhythmias, pericarditis) may
occasionally be observed, chronic heart failure is much more
common. The incidence of subclinical and clinical congestive
heart failure is directly related to the cumulative dose of dox-
orubicin administered (20). Cardiac abnormalities are rarely
observed with a total doxorubicin dose �350 mg. With a
cumulative dose of �550 mg/m2, the incidence of cardiac
dysfunction is 1% to 10%.

Risk factors for cardiac toxicity necessitating a lowering
of the doxorubicin dose that can be safely administered
include a history of significant hypertension or pre-existing
cardiac disease, prior cardiac or mediastinal irradiation, and
age �70 years (19). Patients who have received cardiac irradi-
ation are at a particularly high risk for developing cardiac
complications even when the “safe” dose level of doxorubicin
is reduced by 50% (250 mg/m2) compared with those without
such a history.

Doxorubicin-induced heart injury is unique, and specific
histologic features are observed in tissue obtained through a
cardiac biopsy during a right-heart catheterization (21). When
morphologic abnormalities are graded, an objective scoring
system appears to correlate well with the severity of the under-
lying pathologic process. However, although the results of a
cardiac biopsy are predictive of future clinical symptoms, it is
not a practical procedure to use in routine clinical practice.

Evaluation of serial echocardiogram (ECG)-gated blood-
pool scans allows for a reasonably accurate assessment of the
effect of doxorubicin on cardiac function (22,23). In most
patients, a major drop in the cardiac ejection fraction is
observed before the onset of clinical symptoms, allowing for
discontinuation of the antineoplastic agent before more serious
damage results.

Treatment of doxorubicin-induced heart failure focuses on
improving myocardial contractility with afterload reduction
and diuresis. Many patients improve symptomatically. Continued
improvement in cardiac function has been noted more than a
year after initial symptoms are observed.

Several methods have been used in standard clinical practice
and experimentally to reduce the risk of the development of
chronic cardiac dysfunction associated with doxorubicin,
including administration by continuous infusion for several
days (rather than by bolus instillation) (24) and the use of dexra-
zoxane, the first drug demonstrated to reduce anthracycline-
induced cardiac injury (25). Neither technique appears to decrease
the antineoplastic activity of doxorubicin compared with stan-
dard bolus administration.

The combination of doxorubicin and paclitaxel can result
in an increased risk for cardiac toxicity compared with the use
of doxorubicin alone (12). The appropriate sequencing of the
drugs appears to reduce the risk of cardiac effects.

The combination of doxorubicin and herceptin (anti–HER2/
neu monoclonal antibody) also appears to potentiate the cardiac
toxicity of doxorubicin and to a lesser extent that of paclitaxel
(26). There is currently inadequate information available to
recommend specific management strategies to reduce the risk
of toxicity when either chemotherapeutic agent is combined
with this novel monoclonal antibody.

Although paclitaxel itself has been considered to be an agent
with potential cardiac toxicity, particularly in individuals with
pre-existing cardiac abnormalities, available data have suggested
that most individuals can safely receive the drug without concern
for the development of either acute (arrhythmias) or chronic
(congestive heart failure) cardiac toxicities (27).

Pulmonary Toxicity

Bleomycin, an antitumor antibiotic, is a common component
of the treatment regimen for patients with carcinoma of the
cervix and malignant germ cell tumors (18). The most serious
toxic effect of bleomycin is subacute or chronic interstitial
pneumonitis (28). This inflammatory process may progress to
a fibrotic stage, with subsequent significant impairment of
pulmonary function.

The most common early symptoms of bleomycin-induced
pulmonary toxicity are cough and dyspnea. Bibasilar pul-
monary infiltrates have been reported in as many as 5% of
patients who receive total cumulative doses of bleomycin
�450 mg. The incidence rises to 10% with higher cumulative
doses. However, it should be noted that severe pulmonary tox-
icity has been observed at total bleomycin doses �100 mg.

In addition to the cumulative dose received, other risk fac-
tors for bleomycin-induced pulmonary dysfunction include pre-
existing emphysema, age �70 years, single doses �25 mg/m2,
and prior chest irradiation.

An interesting, potentially serious complication of bleomycin
is the development of postoperative respiratory failure in
patients previously treated with this agent (29). It has been pos-
tulated that bleomycin makes the lung more susceptible to oxy-
gen toxicity. Lowering the inspired oxygen concentration during
surgery to an FIO2 of 0.24 and avoiding fluid overload during
surgery appear to substantially reduce the risk of postoperative
respiratory insufficiency.

The pathogenesis of bleomycin-induced pulmonary dys-
function is not completely understood. The agent produces an
inflammatory intra-alveolar infiltrate with edema, followed by
a proliferation of alveolar macrophages and subsequent inter-
stitial fibrosis. In experimental systems, high concentrations
achieved after bolus administration of bleomycin produced
more pulmonary damage than either continuous infusion or
delivery of low doses on a frequent dosing schedule. These data
provide strong support for the clinical use of the agent either as
a continuous intravenous infusion or on a low-dose weekly
bolus schedule.

No specific treatment exists for bleomycin pulmonary toxic-
ity except discontinuing the agent if pulmonary function tests,
particularly the carbon monoxide–diffusing capacity, demon-
strate a significant deterioration compared with baseline. Mild
worsening in pulmonary function (10% to 15%) is common in
patients treated with �240 mg of bleomycin. A more substantial
worsening observed in pulmonary function tests should lead to
the discontinuation of the antineoplastic drug. Steroid therapy
may help reduce inflammation and improve symptoms, but it has
little or no impact on established fibrotic lesions. Fortunately,
most patients with subclinical disease or mild symptoms demon-
strate improvement in symptoms, radiographic findings, and
pulmonary function tests.

Mitomycin C, an antineoplastic agent used in patients with
several gynecologic malignancies, can produce a syndrome
similar to bleomycin-induced pulmonary insufficiency (17).
Higher cumulative doses of the agent (20 mg/m2) appear to
increase the risk of mitomycin C–induced pulmonary dysfunc-
tion (30). Symptoms include cough and progressive dyspnea.
Corticosteroids may be helpful, but patients can develop pro-
gressive pulmonary insufficiency. As many as 5% to 7% of
patients treated with mitomycin C have been reported to have
clinical or subclinical evidence of pulmonary toxicity (30).

Neurotoxicity

The dose-limiting side effect of cisplatin, one of the most
important drugs in the management of gynecologic malignan-
cies, is neurotoxicity (31–33). The neurologic effects of cisplatin
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include peripheral sensory neuropathy, ototoxicity, retinal
toxicity, seizures, and autonomic dysfunction.

It is difficult to know the precise incidence of cisplatin-
induced neurotoxicity because most early reports only occa-
sionally noted this form of toxicity. In the past, the dose-limiting
toxicity of cisplatin was acute renal dysfunction, and in most
patients, it was not possible to administer high enough cumu-
lative doses of cisplatin to observe nervous system toxicity
(34). With the development of intensive hydration regimens, it
has become possible to significantly increase the amount of
cisplatin administered to individual patients.

Although cisplatin-induced neurotoxicity may occur after a
single dose, most reports suggest that the incidence of this
class of side effects increases with higher cumulative doses
(31). A summary of the oncologic literature reveals that the
incidence of cisplatin neurotoxicity is approximately 15%
with a total cumulative dose �300 mg/m2, but it rises to 85%
with doses of �300 mg/m2 (31).

The most common cisplatin-induced neurologic side effects
result from toxicity to the peripheral sensory nerves. Patients
complain of numbness, tingling, and paresthesia that involve the
feet, legs, hands, and arms. Symptoms generally begin in the feet
or hands and proceed proximally. Reflexes (ankle, knee) are lost,
and vibratory sensation is greatly diminished. With continued
treatment, patients may lose the ability to sense touch or pin-
prick. Ultimately, patients have difficulty walking and using
their hands for fine motion (e.g., writing, picking up a fork).

Fortunately, recovery after cisplatin-induced peripheral
neuropathy is common, although frequently not complete.
Improvement in symptoms has been noted more than 2 years
after the discontinuation of therapy, although most patients
begin to note improvement within several months of stopping
the antineoplastic drug.

Another important feature of cisplatin-induced neuropathy is
that the initial symptoms may develop months after the last
dose, and symptoms commonly worsen when the drug is
stopped, only to improve several months later. This factor makes
it difficult for the clinician to know whether a patient who expe-
riences a mild neuropathy should continue to receive the agent
because the ultimate severity of the current symptoms may not
be known until after the next dose is scheduled to be given.

Cisplatin administration may also cause tinnitus and hear-
ing loss in the high-frequency range (35). High-dose cisplatin
regimens (100 mg/m2 per dose) that achieve very high peak
plasma levels appear to result in a greater incidence of ototox-
icity than lower-dose regimens (35,36). Paclitaxel (Taxol) can
also produce a peripheral neuropathy, which is a dose-limiting
toxicity of the agent (37). The neuropathy has been noted to
worsen with higher cumulative dosing in some patients and to
persist for considerable periods of time (�6 months) (37).

The combination of paclitaxel and cisplatin has been shown
to have the potential to produce a higher incidence of periph-
eral neuropathy than either agent used alone. Of particular
concern is the combination of cisplatin (75 mg/m2) and 3-hour
infusion of paclitaxel (175 mg/m2), where several studies have
demonstrated a 20% to 25% incidence of severe (grade 3)
peripheral neuropathy (38,39).

Although less neurotoxic than cisplatin plus paclitaxel, com-
bination chemotherapy with carboplatin and paclitaxel, a com-
monly employed regimen in several gynecologic malignancies,
also has the potential to produce distressing symptoms associ-
ated with the development of a peripheral neuropathy (40).

Renal Insufficiency

Cisplatin is the chemotherapeutic agent most commonly asso-
ciated with renal compromise (34). Although the damage to the
kidney is reversible in most patients, persistent abnormalities

in renal function are common in patients who experience
acute toxicity. In addition, severe irreversible renal toxicity
secondary to cisplatin has been reported; fortunately, how-
ever, it is rare.

Cisplatin produces its nephrotoxic effects by damaging the
renal tubules. Vigorous saline diuresis has been shown to pre-
vent the development of major renal impairment in most
patients who receive this agent, although significant decreases
in creatinine clearance are common after standard cisplatin
treatment programs for ovarian cancer (400 to 600 mg/m2

cumulative dose).
In addition to abnormalities in renal function tests, hypo-

magnesemia secondary to renal magnesium wasting is com-
mon after cisplatin administration. Although this defect
generally does not result in clinical symptoms of hypomagne-
semia, renal magnesium wasting can be demonstrated in many
patients more than a year after discontinuation of cisplatin.

Mitomycin may also be associated with renal damage
and kidney failure of such severity that chronic dialysis is
required (41).

Infertility and Mutagenic Potential

One of the greatest concerns of younger female patients who
receive chemotherapy is its effect on fertility. The data that
directly address the influence of antineoplastic agents on fertil-
ity are limited because accurate figures on the incidence of
subsequent pregnancies are not available.

The development of amenorrhea during chemotherapy is
influenced by patient age, as well as the specific drug used.
Younger patients appear to be able to receive higher cumulative
doses of cytotoxic drugs than older women before amenorrhea
occurs (42). Existing data reveal that the majority of young
women treated with standard chemotherapy for gynecologic
malignancies, including the intensive regimens employed in
ovarian germ cell tumors, have an excellent chance to maintain
fertility (43–45).

One summary of the literature on the influence of chemother-
apy on ovarian function concludes that, if a woman continues to
menstruate after administration of cytotoxic antineoplastic ther-
apy, no therapy-related impairment in her ability to become preg-
nant should exist (42). However, it remains uncertain whether
such women will experience premature menopause; therefore, a
woman must consider this factor in any decisions about family
planning.

An additional important question about fertility is the risk
of an increase in congenital abnormalities in the children of
women treated with cytotoxic drug therapy. Again, although
the available data in the medical literature that address this
point are limited and conflicting, the consensus is that no signif-
icant increase of spontaneous abortions or fetal abnormalities
in pregnancies occurs in this setting, and fetal development
(including intellectual function) appears to be normal (46,47).

It is noteworthy that the administration of specific chemo-
therapeutic agents, most notably the antimetabolites (e.g.,
methotrexate), during early pregnancy is associated with the
development of fetal abnormalities (46). In addition, follow-
up of children exposed to antineoplastic agents in utero is of
limited duration, and the ultimate impact of such therapy will
be known only when long-term follow-up is available (47).

RADIATION THERAPY
Radiation therapy is used in the primary treatment of cervical,
vulvar, uterine, and vaginal carcinomas as well as in the adju-
vant setting and is often used as a palliative measure. Recent
advances such as chemoradiation have improved outcomes
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but toxicity and overall control for locoregionally advanced
tumors remain a concern (48–53). To combat toxicity, new
treatment modalities such as intensity-modulated radiation
therapy (IMRT), image-guided radiation therapy (IGRT), and
3D-based brachytherapy are under investigation as are radio-
protectors such as amifostine (Ethyol).

Despite advances, radiation inevitably leads to effects on
normal tissues that can be divided into two categories: acute
effects and late effects. Acute effects begin during a radiation
course at approximately 2,000 cGy with symptoms gradually
increasing during treatment and typically resolving completely
in 4 to 6 weeks. Late effects initially are manifest as early as 

1 month following the completion of therapy and can last a
lifetime. These effects can be seen in the skin, urinary tract,
gastrointestinal tract, and reproductive tract. A significant
correlation between the severity of acute effects and the develop-
ment of late effects has been controversial with some studies
finding a relationship (54–58).

Multiple grading systems have been used in the past to
quantify normal tissue reactions and complications. In 1983, the
Radiation Therapy Oncology Group (RTOG) published a mean-
ingful grading system for radiation complications (Table 31.1).
By 2007, most cooperative groups adopted a unified system to
make communication easier and more complete. The report-
ing systems used by both the Gynecologic Oncology Group
and the Radiation Therapy Oncology Group are the National
Cancer Institute Common Terminology Criteria for Adverse
Events and the Common Toxicity Criteria (found at the NCI
website address http://ctep.cancer.gov/reporting/ctc.html).

Normal tissue effects are influenced by dose fractionation,
field arrangement, total dose, volume irradiated, and inherent
tissue sensitivity. Some reports in the literature have demon-
strated a correlation between increased total external beam doses
and higher complication rates (Table 31.2). Radiobiologists
estimate that in the case of injury to the normal tissues, only
5% to 20% of the damage is repaired. The radiation-induced
late tissue effects are usually attributed to progressive obliter-
ative endarteritis that leads to decreased blood flow and sub-
sequent hypoxia and scarring (59). Further injury from
surgery, biopsy, or recurrent tumor will leave the tissues at
even greater risk for poor healing, ulceration, fistulization,
and necrosis. Table 31.3 lists tolerance of normal tissue to
therapeutic irradiation.

Bone Injury

The bony pelvis is weakened by radiotherapy due to progres-
sive microvascular obliteration leading to decreased osteoblast/
osteoclast function. The subsequent changes can lead to increased
fragility with subsequent stress fracture or outright necrosis
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RADIATION THERAPY ONCOLOGY GROUP
MORBIDITY GRADING SYSTEM

TA B L E  3 1 . 1

Grade Morbidity

1 Minor symptoms requiring no treatment
2 Symptoms responding to simple outpatient 

management; lifestyle (performance status) 
not affected

3 Distressing symptoms altering patient’s lifestyle 
(performance status); hospitalization for 
diagnosis or minor surgical intervention 
(e.g., urethral dilatation) may be required

4 Major surgical intervention (e.g., laparotomy, 
colostomy, cystectomy) or prolonged 
hospitalization is required

5 Fatal complications

Source: Reprinted with permission from Pilepich MV, Pajak T,
George FW, et al. Preliminary report on phase III RTOG studies 
of extended-field irradiation in carcinoma of the prostate. 
Am J Clin Oncol 1983;6:485–491.

INCIDENCE OF GRADE 2 AND 3 GASTROINTESTINAL COMPLICATIONS (RTOG
SCALE) IN RELATION TO EXTERNAL PELVIC IRRADIATION DOSE

TA B L E  3 1 . 2  

Reference No. of patients Whole pelvic dose (Gy) Complications (%)

Hamberger et al. (196) 192 40 3.1
111 50 10
15 60 20

Strockbine et al. (224) 11 30 0
341 40 3
85 50 8.5
331 60 12
63 70 26

(all grades 3–5 
complications)

Logsdon (225) 260 60 40
301 70 17
184 most �52 Gy 40
162 most �51 Gy 17

Note: RTOG, Radiation Therapy Oncology Group.
Source: Reprinted with permission from Logsdon MD, Eifel PJ. FIGO IIIB squamous cell carcinoma of the
cervix: an analysis of prognostic factors emphasizing the balance between external beam and intracavitary
radiation therapy. Int J Radiat Oncol Biol Phys 1999;43(4):763–775.
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affecting the pelvis and femoral bones (60,61). In addition, the
radiation profoundly affects the bone marrow both acutely
and permanently.

The incidence of asymptomatic insufficiency fractures fol-
lowing pelvic radiation for uterine cancer was found to range
from 34% to 89% but symptomatic fracture is lower at 13%.
(62–64). Diagnosis can be made with magnetic resonance
imaging (MRI) or bone scan. Presenting symptoms include
pelvic pain on average 1 year following completion of radio-
therapy. Expectant management or treatment with non-
steroidal anti-inflammatories can provide relief until recovery,
but multiple fractures are not infrequent. 

The quoted tolerance dose for the femoral head for a 5%
incidence of fracture at 5 years is 45 Gy and every effort
should be made to minimize the irradiation of the femoral
head (65). However, a review from Washington University
found a 15% incidence of femoral neck fracture at 15 years
when doses exceeded 42 Gy, especially in those women with
pre-existing osteoporosis or tobacco use (66). Postmenopausal
women with low estrogen are at particular risk and women
should be screened and treated for osteoporosis before and
after radiotherapy and treated with estrogens, calcium, and
bisphosphonates as appropriate. 

Finally, since approximately 40% of the bone marrow vol-
ume lies within the pelvis, large volume irradiation may lead
to subsequent changes in hematopoietic tissues with symp-
toms and signs manifested from 2 weeks to 2 months after the
completion of radiotherapy. Permanent bone marrow changes
can affect subsequent chemotherapeutic tolerance, necessitat-
ing the use of hematopoietic growth factors such as filgrastim
and erythropoietin (67). Use of IMRT has been shown to
decrease this effect (68–71).

Gastrointestinal Tract

The gastrointestinal tract is more susceptible to radiation
injury than other pelvic organs. This includes both acute and
late effects. In addition to pre-existing conditions such as
diverticulitis, pelvic inflammatory disease, age, body mass
index, tobacco use, and prior surgery may increase the likeli-
hood of radiation bowel damage (72,73). The tolerance
quoted for large bowel or rectum is 70 to 75 Gy and includes
patients who are treated with a combination of external radi-
ation and brachytherapy. The small bowel tolerance is quoted
as 45 Gy, but small bowel is relatively spared secondary to
episodic motion in and out of the radiation field. If the loops
of small bowel are immobilized secondary to adhesions from
tumor or prior surgery they are more susceptible to injury.
Anal tolerance is somewhat lower at 60 to 65 Gy with higher
doses potentially causing damage to the myenteric plexus and
subsequent dysfunction (74,75). Inclusion of the para-aortic
nodal chain also increases the likelihood of bowel injury as
more volume is included in the radiation field. One the most
common areas of injured bowel is the terminal ileum, espe-
cially when fixed in the right lower quadrant.

Radiation for intact cervical carcinoma usually includes
both external beam and brachytherapy. Historically a rectal point
was chosen to represent dose, but studies have demonstrated
this point to inadequately represent the full dose spectrum to
the rectum and sigmoid (76). In addition, intestinal injury has
not always correlated with dose to this point. With the advent
of computed tomography and magnetic resonance imaging in
planning of radiation, dose-volume histograms have been used
to better assess dose to intestinal structures (51,52,77,78).
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NORMAL TISSUE TOLERANCE TO THERAPEUTIC IRRADIATION

TA B L E  3 1 . 3

TD 5/5 volume TD 5/50 volume

Organ 1/3 2/3 3/3 1/3 2/3 3/3 Selected endpoints

Kidney 5,000 3,000a 2,300 — 4,000a 2,800 Clinical nephritis
Bladder N/A 8,000 6,500 N/A 8,500 8,000 Symptomatic bladder 

contracture and 
volume loss

Bone: femoral — — 5,200 — — 6,500 Necrosis
head

Skin 10 cm2 30 cm2 100 cm2 10 cm2 30 cm2 100 cm2 Telangiectasia, 
necrosis, ulceration

— — 5,000 — — 6,500 —
7,000 6,000 5,500 — — 7,000 —

Stomach 6,000 5,500 5,000 7,000 6,700 6,500 Ulceration/perforation
Small intestine 5,000 — 4,000a 6,000 — 5,500 Obstruction, 

perforation/fistula

Colon 5,500 — 4,500 6,500 — 5,500 Obstruction/perforation
Rectum Volume No volume 6,000 Volume No volume 8,000 Severe proctitis/

100 cm2 effect 100 cm2 effect necrosis/fistula, 
stenosis

Liver 5,000 3,500 3,000 5,500 4,500 4,000 Liver failure
Bone marrow 4,000 1,000 400 4,500 1,000 650 —
Spinal cord 5,000 5,000 4,700 7,000 7,000 — —

Note: N/A, not available; TD, total dose.
a�50% of volume does not make a significant change.
Source: Reprinted with permission from Emami B, Lyman J, Brown A, et al. Tolerance of normal tissue to therapeutic irradiation. Int J Radiat Oncol
Biol Phys 1991;21:109–113.
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The increased sensitivity of the gastrointestinal tract to
radiation is secondary to physiologic superficial cell turnover
and high cell division rates, with a cycle time of 12 to 15 hours
(79). As these cells die, rapid loss leads to initial thinning of
the mucosa followed by denuded epithelium, loss of fluids,
malabsorption, and diarrhea (80–82). These injuries usually
resolve at the completion of radiotherapy with the robust
regenerative capacity of these cells, but vascular endothelial
damage may lead to small vessel obliteration, fibrosis, tissue
hypoxia, and late damage (82–84).

Symptoms of acute radiation enteritis range from loose, fre-
quent stools and tenesmus to abdominal pain with severe
bloody diarrhea at times necessitating a treatment break and
fluid resuscitation. Symptoms usually start at about 20 Gy of
conventionally fractionated radiation. Early symptoms can be
managed with a low residue diet and oral loperamide or diphe-
noxylate. Oral intake stimulates the bowels so it is best to take
the antidiarrheal prior to meals and bedtime. One to two tablets
before meals and bedtime with a maximum of eight tablets a
day, titrated to bowel activity, will manage most patients. If the
patient has had a recent course of antibiotics or complains of
bloody diarrhea, Clostridium difficile colitis should be eliminated
as an aggravating factor. If the diarrhea is persistent despite
loperamide or diphenoxylate, Kaopectate, paregoric, or in extreme
cases somatostatin and bowel rest may be used. One should
pay particular attention to hydration status and electrolytes
with frequent, watery diarrhea and correct abnormalities as
needed. Proctitis and tenesmus can usually be managed with
Proctofoam HC or Cortifoam HC per rectum twice a day for
14 days or with anti-inflammatory suppositories such as
Anusol. Oral and rectal sucralfate has been used, but data
demonstrating its efficacy is lacking (85–87).

Long-term complications include tenesmus, urgency, hema-
tochezia, chronic intermittent diarrhea, bowel stricture,
obstruction, incontinence, and fistulas. Late toxicity to the gas-
trointestinal tract is estimated to be 1% per year for the first
2 years and then decreasing to 0.06% per year thereafter. Prior
surgery increases the risk of subsequent injury. Radiographically
a smooth, narrowed bowel with proximal dilatation suggests
injury, and direct visualization demonstrates pale mucosa with
superficial telangiectasias. Management includes intake of a low
residue diet, daily Metamucil, and loperamide or diphenoxylate
as needed. Telangiectasias can be locally but gingerly treated
with laser, and extreme cases of hematochezia may necessitate
sucralfate enema, intraluminal formalin, or surgical diversion
(88–90).

Genetic and Fetal Effects

Irradiation causes random damage to the DNA so generaliza-
tions are difficult. Differences in cell stage and type, dose rate,
sex, oxygenation, and species all affect the mutation rate and
repair. Data in models are difficult to extrapolate to humans
and direct evidence is scarce. There are certainly examples of
radiation-induced tumors such as an excess of skin cancers
with x-rays, lung cancer in pitchblende miners, bone tumors in
radium dial painters, and liver tumors in those given Thorotrast.
The Japanese survivors of the atomic bombs have been the
largest human group studied and results indicate an increase
in death from cancer (91). There are also reports of radiation-
induced increases in other diseases (92). Other studied popula-
tions including the Oak Ridge National Laboratory have also
contributed to the body of knowledge regarding increased
death rates and relationship to radiation exposure (93).

Radiation is thought to increase the spontaneous mutation
rate, not create unique mutations. The doubling dose (doubling
dose is the dose of radiation that will double the rate of spon-
taneous mutations) was initially based on animal data but the

atomic bomb data suggests that the doubling rate may be
higher than originally predicted from 1 to 2 Gy for acute
exposure and 4 Gy for chronic exposure (94). There is no
known threshold dose for the genetic effects of radiation. In
females permanent sterility is affected by age of exposure. The
published threshold is thought to be 2.5 to 6 Gy for acute
exposure in females.

Effects on the fetus are varied and depend on dose, dose
rate, and gestational age at exposure. After radiation one can
see embryonic, fetal, or neonatal death; growth retardation;
and/or malformations. The recommendation is to limit dose
for the entire gestational period to �0.5 rem (~0.5 cGy), with
monthly exposures limited to 0.05 rem. A therapeutic abortion
should be discussed with any woman exposed to �10 cGy
between 1 and 26 weeks gestation. Radiation for cervical car-
cinoma will result in fetal demise and spontaneous abortion
usually follows this. The peak in congenital malformations
occurs during major organogenesis (10 to 40 days). Later
exposure can lead to microcephaly and mental retardation,
especially from 8 to 15 weeks of gestation. In general it is
believed that high doses in the first 2 weeks primarily lead to
resorption. Irradiation from 4 to 16 weeks may precipitate
severe abnormalities such as deformity, stunted growth,
microcephaly, and mental retardation. With irradiation from
16 to 20 weeks mild microcephaly is seen but mental retarda-
tion and growth abnormalities are most common. Irradiation
after 30 weeks is unlikely to cause gross malformations (59). 

Genitourinary Tract

The quoted tolerance of the whole bladder is 65 Gy with an
increase in tolerance to 75 to 80 Gy when the high dose vol-
ume is limited (65). In gynecologic carcinoma external radia-
tion is often combined with brachytherapy that concentrates
dose in a specified area close to the tissue at risk. Historically,
low-dose-rate (LDR) radiation (dose rate 50 to 100 cGy/h)
has been used for brachytherapy, but high-dose-rate (HDR,
dose rate 100 to 300 Gy/min) is becoming more common. The
recommendation for HDR is to keep the bladder dose below
70% of the dose to point A, as toxicity correlates with total
dose to the bladder (95,96). With the adoption of dose-volume
histograms and experience with image-guided radiotherapy, a
more complete characterization of the tolerance of the bladder
may be achieved (97–99).

Acute radiation effects in the genitourinary tract may cause
symptoms such as frequency, urgency, dysuria, hematuria,
and/or bladder spasms. Histologically, the bladder wall
demonstrates submucosal edema with an inflammatory infil-
trate. As most patients are relatively or overtly immunocom-
promised from cancer, radiotherapy, and chemotherapy, it is
prudent to check a urinalysis and culture in symptomatic
patients. Pyridium may be successfully used for dysuria while
an antispasmodic such as oxybutynin chloride will help with
urinary spasms. Antibiotics should be prescribed to treat any
noted infection. 

Long-term bladder complications include ulceration, fis-
tula formation, ureteral stenosis, contracted bladder, and
hematuria. For curative early-stage cervical cancer the actuar-
ial rate of major urinary complications is estimated at 0.7%
per year for the initial 3 years and decreases to 0.25% per year
thereafter (100). Cystoscopy demonstrates areas of pallor or
intense erythema and petechiae with occasional ulceration.
With progressive small-vessel fibrosis from radiation, ulcers
may form. Biopsies should be avoided if the appearance is typ-
ical as further stress can precipitate fistulization (101). Fistulas
are most commonly seen in patients who have bladder inva-
sion by tumor, but can certainly be seen in its absence and like-
lihood is increased with prior surgery or brachytherapy.
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Fistulas are often surgically corrected, many times with uri-
nary diversion as radiated tissue exhibits a decreased healing
capacity. Ureteral stricture is an uncommon but well described
late radiation complication. The possibility of stricture is
increased when radical surgery is combined with radiation as
both modalities compromise blood supply (102,103). The
incidence of stricture has been estimated retrospectively to be
2.5% at 20 years and unilateral injury is more common than
bilateral. Recurrent disease should always be entertained in
the differential diagnosis of late ureteral stricture (104). For
hematuria, treatment can range from cystoscopic cauteriza-
tion of bleeding to cautious intravesical instillation of forma-
lin (105,106). Hyperbaric oxygen treatment has also been
used successfully for hemorrhagic cystitis following pelvic
radiation (107,108).

Lymphatics

Surgery or radiation alone in the pelvis or groin can lead to
lymphedema, but when combined the incidence of lym-
phedema increases (109,110). The prevalence of lymphedema
is quoted from 11% to 18% and is greater in those treated for
vulvar carcinoma with inguinofemoral lymphadenectomy and
adjuvant radiation (109,110). Symptoms may be unilateral or
bilateral and range from mild, soft, pitting edema to severe,
indurated, brawny edema placing the woman at risk for cel-
lulitis. Treatment includes compression stockings, massage,
elevation, and good skin and nail care to avoid infection.

Nerve Injury

Although rare, reports of sacral neuropathy with doses com-
monly used in cervical carcinoma have been reported (111).
Symptoms vary along a spectrum ranging from sensory changes
to muscle weakness and paralysis. An electromyogram (EMG)
will show injury similar to that seen in diabetes, and recurrent
tumor as a cause must be eliminated.

Reproductive Tract

Radiation has demonstrable effects on all the reproductive
organs but with varying sensitivities. The cervix and uterus can
tolerate an unusually high radiotherapy dose that translates
into a high locoregional control rate compared to other simi-
larly sized solid tumors. In fact, frank necrosis is uncommon
despite doses to point A exceeding 90 Gy (112). In addition,
the vaginal mucosa is relatively radioresistant, tolerating a
mucosal dose of 140 Gy prior to severe complications or
necrosis. In fact, more recent reports suggest this may be an
underestimate, and the tolerance may be closer to 175 Gy (113).
The distal vagina is more radiosensitive than the proximal
vagina and surface doses should be limited to 98 Gy (114). As
an end organ, the vulva is more radiosensitive than other
gynecologic tissues and doses should be limited to 50 to 70 Gy
(70 Gy only with gross disease and shrinking, limited fields).
Ovarian function after radiation is highly dependent on patient
age and radiation dose, but therapeutic radiation that includes
the ovaries will invariably lead to premature menopause. The
supporting cells of the meiotic oocytes are more radiosensitive
than the oocytes themselves, but without these cells estrogen
production ceases, and the follicles fail to develop. A dose of
24 Gy leads to granulosa cell death, sterilization, and menopause,
but the precipitating dose may be much lower in women over
40 years of age. Permanent sterility and menopause have been

reported with doses as low as 4 Gy (115,116). Those women
who desire fertility or preservation of ovarian function should
have options such as cryopreservation or ovarian transposi-
tion discussed (117–120).

Acutely the patient may have symptoms of vaginitis or vul-
vitis with pruritus, discharge, or denuded mucosa. Most
patients will experience at least patchy wet desquamation of
the vulva with therapeutic doses. Vulvar reactions are exacer-
bated by friction and the moisture typically present in this
area of the body. Acute vulvar symptoms may be managed by
two to three daily sitz baths with complete perineal drying by
either patting or using cool air as with a fan or hair dryer set
on cool. Undergarments should be cotton to allow “breath-
ing” and ointments should be avoided. Vaginal mucositis may
respond to gentle douching twice a day with a 1:10 mixture of
hydrogen peroxide in water.

After radiotherapy, the vagina may become dry, contracted,
and shortened with thinning of the mucosa, especially if the
patient is naturally or iatrogenically postmenopausal (121,122).
The effects on the vagina are long lasting and commonly inter-
fere with normal sexual functioning (123). If the patient is not
sexually active vaginal dilators should be prescribed to main-
tain a patent vagina. Other vaginal symptoms such as dryness
or pruritus may be alleviated by lubrication, and local and/or
systemic estrogen therapy (124,125). Examination will
demonstrate pale mucosa, telangiectasias, fibrosis, and/or
ulceration. Biopsies of abnormalities should be undertaken
cautiously as fistulas can form. Pap smears after radiotherapy
may show abnormal cells attributable to the radiation and
consultation with the pathologist and colposcopy should
always precede biopsy. If recognized early, most superficial
ulceration will heal with gentle use of douches. In cases of per-
nicious or deep ulceration, debridement and possibly hyper-
baric oxygen may be required with flap coverage once
granulation tissue has started. Late vulvar effects may include
atrophy and fibrosis, hypo- or hyperpigmentation, permanent
epilation, and telangiectasias. 

Long-term effects on the uterus and cervix are usually less
symptomatic, but atrophy and cervical stenosis are common.
Preservation of partial uterine function has been reported
despite the high doses used in curative radiotherapy and this
should be taken into account if hormone therapy is prescribed
(126). 

Women may or may not complain of sexual dysfunction
after treatment, but active investigation should remain the
responsibility of the treating physician as permanent
changes are inevitable. Dysfunction is often characterized by
lack of lubrication, dyspareunia, and loss of libido and
orgasm. This aspect of radiation has unfortunately been
poorly prospectively evaluated. In completed studies to
date, some degree of dysfunction after pelvic radiotherapy
commonly exists and improves with intervention (127,128).
Studies have demonstrated increased compliance with inter-
ventions if counseling is included as part of the recovery
process (129,130). The EROS device has been shown to cor-
rect sexual dysfunction in patients post radiotherapy by
increasing the blood flow to the clitoris with gentle suction
(131,132). Subsequent vascular engorgement then leads to
increased vaginal lubrication and a decrease in physiologic
dysfunction (133).

Strategies to Minimize Normal Tissue Injury

Strategies have developed over the years to help minimize
normal tissue damage including treatment of all fields each
day, use of a four-field technique, 3D conformal therapy with
blocking of normal structures, shrinking-field techniques,
prone position, and the use of belly boards to exclude bowel
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(134,135). Newer techniques such as IMRT and IGRT hold
promise to decrease acute and long-term toxicity. With the
introduction of high-dose-rate brachytherapy, fears were
raised that the increased dose rate would lead to higher com-
plications, but prospective studies have not demonstrated this
to be the case (136–139).

Intensity-Modulated Radiation Therapy

Intensity-modulated radiation therapy is becoming rapidly
adopted as the treatment of choice in many cancers. IMRT
uses highly sophisticated computer software and hardware to
shape the form and intensity of the radiation beam to con-
form more precisely to a patient’s tumor and to avoid the
normal tissues. It is standardly used in many centers for the
treatment of head and neck and prostate cancers and interest
is increasing in gynecologic cancer as well. A survey of IMRT
use in 2002 and repeated in 2004 demonstrated an increase
in any use from 32% to 73% of radiation oncologists and is
likely far higher today (140). The first American national
trial allowing the use of IMRT for gynecologic cancers for
postoperative endometrial and cervical cancers was opened
by the RTOG in March 2006. Interest in IMRT as a future
standard for gynecologic cancers has grown as several stud-
ies have demonstrated a decrease in hematologic, gastroin-
testinal, and genitourinary side effects (70,141–143). While
these early reports demonstrate success in an institutional
setting, national adoption will require standards and trials
demonstrating superiority, reproducibility, safety, and efficacy
(144–146). 

Image-Guided Radiation Therapy

Image-guided radiation therapy is in its infancy but holds
promise for more accurately targeting IMRT. Many linear
accelerators can now be equipped with on-board imaging that
includes conventional x-rays and computed tomography (CT)
scanners. With this technology, daily imaging of tumors or
normal tissues holds promise in allowing more accurate tissue
sparing and adaptation of treatment plans to organ motion or
tumor shrinkage (147,148).

3D Brachytherapy

Brachytherapy as an integral part of the successful treatment
of gynecologic cancers is undisputed as it allows for higher
control rates as well as decreased normal tissue toxicity
(149,150). Traditional low-dose-rate brachytherapy was
based on clinical experience and empirical rules established
with two-dimensional imaging. Doses are prescribed in two
systems, mg-hrs and dose to a point, point A. Both systems
have evolved over time and have clear limitations (151–153).
As imaging modalities improve with the advent of CT scan-
ners and MRI, brachytherapy equipment is adapted to include
systems designed to eliminate artifact and allow more accurate
evaluation. The three-dimensional view afforded by new
imaging has led clinicians and researchers in gynecologic
radiotherapy to investigate the actual doses received by target
and normal tissues. A standard nomenclature is being adopted
worldwide and data is being collected in a unified drive
toward volume-directed therapy. Hopefully, this new exami-
nation of the relationship of brachytherapy implants to exter-
nal radiotherapy, normal tissues, and tumor may also allow
increased control and decreased normal tissue toxicity
(89,99,100).

Radioprotectors

Over the years many therapies have been studied as radiopro-
tectors and sensitizers. One of the most promising is amifostine

(WR-2721; Ethyol). Amifostine is a compound extensively
studied by the Walter Reed Army Institute of Research for
radioprotection and has noted protective effects on the salivary
glands, bone marrow, oral mucosa, esophagus, intestinal
mucosa, and bladder mucosa (154,155).

The compound is an organic thiophosphate dephosphory-
lated to the active metabolite (WR-1065) in the tissue. The
differential protection of normal versus tumor tissue is due to
a differential concentration of tissue alkaline phosphatase and
pH differences that allow variable metabolite uptake (156).
The compound is rapidly absorbed into normal tissues with a
prolonged retention time and a differential concentration of
normal tissue:tumor of 100:1. After cellular uptake WR-1065
scavenges oxygen free radicals and by this mechanism affords
normal tissue radioprotection.

Several published studies have demonstrated the efficacy of
amifostine for normal tissue protection without sacrificing
tumoricidal effects. A phase 3 trial in head and neck cancers
demonstrated a statistically superior decrease in permanent
salivary gland damage (157). Two randomized trials in pelvic
radiation demonstrated a significant decrease in bladder and
gastrointestinal toxicity without compromising median sur-
vival or therapeutic response (158,159). The rectal cancer trial
of Liu et al. demonstrated a 50% reduction in toxicity in the
genitourinary and the gastrointestinal tract. Grade 3 and 
4 toxicity was seen in 14% of those treated without daily ami-
fostine compared to 0% treated with amifostine. The RTOG
has recently completed a phase 1/2 trial using amifostine as a
radioprotector for chemoradiotherapy for cervical carcinoma
when treating the pelvis and para-aortics. The results of this
trial are still forthcoming. Toxicities of amifostine include
hypotension and nausea. Subcutaneous administration has
decreased the incidence of hypotension, but nausea must be
actively managed, especially when combined with cisplatin
(160). Skin toxicity has also been seen with subcutaneous
administration.

SURGERY
The complications of surgery per se occur almost exclusively
in the perioperative period; therefore, a discussion of the role
of surgery as it pertains to the late effects of therapy of gyne-
cologic cancer is principally a discussion of the surgical man-
agement of irradiation injury to the intestinal and lower
urinary tracts. The management of intraoperative and early
postoperative complications, such as bleeding and surgical
damage to the urinary and intestinal tracts, is covered only
briefly in this chapter. Readers interested in detailed discus-
sions of these topics are referred to excellent texts on the subject
(161,162).

Intraoperative Urinary Tract Injuries

Intraoperative injury to the urinary tract is a relatively uncom-
mon occurrence during surgery for gynecologic cancer.
Recognized intraoperative injury to the ureter occurs in
approximately 1% of nonirradiated patients undergoing radi-
cal hysterectomy for cervical cancer (163). This represents a
significant improvement in the injury rate from series reported
before 1980. Injuries can occur by a variety of mechanisms, but
usually involve crushing or laceration of the ureter. Crushing
injuries typically involve clamping and/or ligation of the ureter.
When identified intraoperatively, the clamp or ligature should
be removed immediately and the ureter mobilized sufficiently
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from surrounding tissue so that it can be carefully inspected.
Observation over a period of time may be necessary to assess
the blood supply and extent of damage. Intravenous indigo
carmine can be administered if there is concern about urinary
leakage. If the ureter appears viable and there is no extravasa-
tion, the site of injury can be stented with a self-retaining stent
(single or double pigtail) passed through either a ureterotomy
or a cystotomy over a wire. The retroperitoneum near the site
of injury should also be drained with a closed suction drain.
Lesser degrees of injury such as those resulting from mass lig-
ation of the ureter may not require stenting; simply removing
the suture may suffice. Severe crushing injuries may require
resection of the damaged segment of ureter and, depending on
the site of the injury and the anatomy, either primary anasto-
mosis or reimplantation into the bladder. Stenting should also
be performed in these cases.

Ureteral lacerations that do not compromise the blood sup-
ply of the ureter can be closed primarily with absorbable
suture over a stent. Larger injuries or complete transections
will require primary repair or ureteroneocystostomy. Injuries
below the pelvic brim can generally be managed by uretero-
neocystostomy, with bladder mobilization and psoas muscle
hitch if required. Those above the pelvic brim are often best
managed by anastomosis, or intestinal interposition. Generally,
a ureteroneocystostomy should be performed when possible,
as the complication rate of this procedure is significantly
lower than with other types of anastomosis. Permanent suture
should never be used when suturing the uroendothelium.

Injuries above the pelvic brim can be managed with a variety
of techniques, including ureteroureteral anastomosis, transureter-
oureteral anastomosis, Boari flap, Demel technique, or intesti-
nal interposition. Intestinal interposition uses a portion of the
ilium as a ureteral extender and interposes a segment between
distal ureter and bladder. The two flaps described must be
raised carefully from medial to lateral, taking care to keep the
superior vesicle artery intact. This will help keep the flap well
vascularized. Transureteroureterostomy is potentially danger-
ous, because the function of both kidneys can be compromised
if there is a technical problem with the anastomosis and, in the
authors’ opinion, should be avoided.

Intraoperative bladder injuries occur in approximately 1%
to 2% of radical hysterectomy patients or other cases of radical
surgery. They are generally easily repaired with a two-layer
closure using absorbable suture, followed by bladder drainage
for 5 to 14 days. Irradiated bladders generally should be
drained longer than nonirradiated bladders.

Postoperative Urinary Tract Complications

With modern surgical techniques, the incidence of ureterovagi-
nal fistula following radical hysterectomy has fallen to 1% to
2% from a rate of 10% to 20% several decades ago. Most
become apparent from the 5th to the 14th day postoperatively.
Placement of a vaginal tampon and instillation of intravesical
methylene blue can allow discrimination of a bladder fistula
from a ureteral fistula. Intravenous indigo carmine intravenous
pyelography, cystoscopy, and retrograde pyelography may be
useful to define the site of the problem. Initial therapy of
ureterovaginal fistula is directed toward elimination of infec-
tion and maintenance of renal function. Retrograde stenting
should be attempted and, if successful, the stent should be left
in place for several months. This will often allow spontaneous
healing of the fistula. If a retrograde stent cannot be passed,
percutaneous nephrostomy and antegrade stenting should be
performed. If antegrade stenting cannot be accomplished,
nephrostomy drainage should be established, and a decision
made about the timing of surgical repair. If an active intraperi-
toneal urine leak is present, immediate repair is indicated. In

the absence of this, many authorities prefer to wait 6 to 8 weeks
before surgical repair, although there are also proponents of
routine immediate repair.

Postoperative vesicovaginal fistulas are less common follow-
ing radical hysterectomy and often heal spontaneously after
prolonged bladder drainage. If surgical repair is necessary,
many of these can be approached by the vaginal route. One of
the most troubling complications after radical hysterectomy for
cervical cancer is bladder dysfunction, a result of the necessary
disruption of the nerve supply to the bladder that occurs during
the radical pelvic dissection (164). Minor degrees of sensory
and motor dysfunction, detectable by cystometrogram, are seen
in essentially all patients, and approximately 2% to 3% of
patients will have long-term clinically significant difficulties
with bladder function that may require chronic intermittent
self-catheterization. Almost all patients have some element of
bladder dysfunction after radical hysterectomy, and their bladder
function should be monitored carefully.

Fistulas that occur after the patient has received a combina-
tion of radiation therapy and surgery are less likely to heal spon-
taneously and often require surgical intervention. Vesicovaginal
fistulas resulting from radiation injury almost always require sur-
gical correction. The repair can be achieved vaginally or abdomi-
nally. Vaginal repair often uses a portion of the bulbocavernosus
muscle (Martius flap) (165,166). This allows new blood supply
to be brought into the radiated field. Alternatively, abdominal
repair may require using a flap of nonirradiated tissue such as the
omentum between the bladder and vagina to improve the success
of repair by including additional blood supply.

Urinary diversion is often required to divert the urinary
stream in patients in whom it is felt a primary repair of the area
cannot be achieved. The type of diversion can be continent or
incontinent, depending on the clinical situation at the time that
the repair is needed. Also, it will depend on the patient’s will-
ingness to care for an extraneous device. If the patient already
has a colostomy, she may be more willing to care for such a
device. Early complications of urinary diversion include urine
leak and vascular complications. Urine leak that is clinically
important is seen approximately 5% of the time (167,168).
This may present as urine leaking from the perineum, incision,
or stoma or through a cutaneous drain. Evidence of leakage
may also manifest itself by fever with abscess formation, ileus,
or decreased urine output with a contemporaneous rise in BUN
or creatinine. Initial management should always be conserva-
tive. Percutaneous drains or nephrostomies can be placed by
interventional radiology for drainage of the urine or abscess.
The tracts will often close under appropriate conservative
management. Surgical intervention should be avoided, as the
operative mortality is exceedingly high. In the case of urinary
diversion, one can occasionally consider an “undiversion.” In
this situation, the urinary conduit is attached to the dome of
the bladder, reconnecting the urinary stream.

Penalever et al. (169) reported on the complications of con-
tinent urinary diversions. They observed a complication rate
of over 53% and a postoperative mortality of 9%. Early com-
plications included stricture or obstruction, anastomotic leak,
pyelonephritis, sepsis, and reservoir cutaneous fistula. Late
complications included stricture or obstruction, incontinence,
difficulty with catheterization, and urinary stones. All compli-
cations should be treated initially with drainage and nonoper-
ative intervention until the complication is stabilized, then
appropriate surgical management can be considered.

Intraoperative Intestinal Injuries

Intraoperative injury to the intestinal tract may occur from
time to time in patients undergoing surgery for gynecologic
cancers. Predisposing factors include prior extensive surgery,
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irradiation, inflammatory disease, and perhaps intraperi-
toneal chemotherapy. Intraoperative intestinal injuries gener-
ally lead to no serious sequelae, provided that the bowel has
been adequately prepared and the injuries are recognized and
repaired appropriately. The extent of the bowel preparation
should be tailored to the surgical procedure being performed
and the likelihood of intestinal injury. For high-risk patients
or for those in whom intestinal resection is contemplated, a
complete antibiotic and mechanical bowel preparation is
indicated (see Bowel Preparation section in Chapter 11). All
bowel preparations can cause dehydration, and special atten-
tion should be given to the elderly patient to prevent dehy-
dration with associated postoperative acute tubular necrosis;
this may mean administering intravenous fluids during the
bowel preparation.

Small injuries to the intestinal serosa usually do not require
repair. Larger injuries or those occurring in irradiated bowel
should be oversewn. Injuries that transgress both the serosa
and the muscular layers of the bowel wall can be recognized
by a bulging of the mucosa when gentle pressure is applied.
These should be repaired, generally with a single layer of
interrupted sutures. Injuries that enter the intestinal lumen
must be dealt with according to their site and severity, as well
as the condition of the intestine. Uncomplicated injuries to the
small intestine and to the well-prepared large intestine can
usually be closed primarily. A common technique uses a first
layer of continuous or interrupted absorbable suture, followed
by an interrupted layer of permanent suture, such as 3-0 silk
or Vicryl. In the presence of more extensive injury, vascular
compromise, tumor, or obstruction, a more extensive proce-
dure, such as resection and anastomosis, may be required. In
the case of injury to the unprepared large bowel, diverting
colostomy should be considered. 

Postoperative Intestinal Complications

The spectrum of postoperative intestinal complications
includes obstruction and leakage of intestinal contents.
Postoperative mechanical obstruction generally results from
adhesions forming in the early postoperative period. Initial
management should be conservative, including gastric decom-
pression and, possibly, intravenous nutritional support, as
many postoperative obstructions will resolve spontaneously.
Those that do not resolve with conservative management may
require surgical correction (170).

Leakage of intestinal contents can be a devastating compli-
cation. It may occur at the site of intestinal injury or anasto-
mosis or may develop spontaneously in unmanipulated bowel.
Predisposing factors include the presence of tumor and distal
obstruction. Prior radiation therapy not only increases the risk
of intestinal complications, but also makes their management
more difficult (discussed later in this chapter). Management
must be individualized, but basic principles include cessation
of oral intake, establishing a route of drainage for the leaking
intestinal contents, and treatment of infection. Emergency
operation and intestinal diversion may be required in the case
of gross intraperitoneal leakage of intestinal contents. In less
acute cases, such as enterocutaneous fistulas following surgery,
supportive management with gastric suction, total parenteral
nutrition, and the use of somatostatin may allow spontaneous
healing.

The use of automatic-stapling devices to perform low-rec-
tal anastomoses has greatly facilitated the avoidance of per-
manent colostomy in gynecologic cancer patients. The
technical feasibility of the anastomosis, however, must be
weighed against the risk of immediate and long-term compli-
cations. In patients at risk for poor healing of the anastomosis,
a diverting colostomy should be considered. If a leak does

occur postoperatively, simple diversion of the fecal stream usu-
ally prevents serious complications. The protective colostomy
or ileostomy should be well out of the irradiated field if possi-
ble. A small proportion of patients undergoing low-rectal anas-
tomosis with circular stapling devices will experience problems
with long-term stenosis of the stapled anastomosis. It is impor-
tant to use the largest staple cartridge that can be accommo-
dated by the patient’s intestinal lumen. Dilatation of the
anastomosis under anesthesia may be effective in relieving
symptomatic stenosis. Digital inspection of the anastomosis at
regular office visits can help prevent progressive or recurrent
stenosis. Very low anastomoses may also produce some degree of
fecal urgency and incontinence, probably related to loss of the
reservoir function of the rectal ampulla and denervation of the
sphincter itself during the procedure. Radical pelvic resections
as described above may also result in loss of bladder function
and lead to atonic bladder; therefore, postvoid residuals should
be checked during the postoperative period.

The reported frequency of anastomotic leaks varies signifi-
cantly, depending on the type of anastomosis and site. The
rate of clinical leak varies from 0% to 30%. This rate has been
shown to be even higher when integrity of the anastomosis is
investigated prospectively with water-soluble contrast mater-
ial. Rectal anastomoses have a higher complication rate than
all other anastomoses. The complication rate may also be
related to the distance from the anal verge. Authors from the
Mayo Clinic reported a 1% clinical leak rate in 402 patients
undergoing hand-sewn colon anastomosis. Almost 6% (5 of
107) of the patients’ colorectal anastomoses developed a leak
(171,172). Pelvic abscess following an anastomosis may occur
and is often heralded by high spiking fevers. The diagnosis is
usually confirmed by CT scan and is usually best treated by
percutaneous drainage under radiographic guidance (173).

A major long-term complication of colorectal anastomoses
is stricture. This may occur in as many as 3% of very low
anastomoses, particularly if the EEA stapler is used. The EEA
stapler allows lower anastomoses than hand-sewn, but at a
cost of increased risk of stricture, particularly if the area has
been irradiated (172,174). It is unusual in anastomoses of the
proximal rectum. The lower anastomoses, particularly those
below the peritoneal reflection, can be dilated. Other more
proximal strictures, including those of the small bowel, may
require surgical correction (175).

Another common complication in gynecologic cancer
patients is small bowel obstruction. Unfortunately, there is lit-
tle information on management of this problem in our
patients. Most of the management techniques are extrapolated
from the general surgery literature. Small bowel obstruction
presents with dilated loops of small bowel, air fluid levels, and
associated nausea and vomiting. If there is air in the rectum on
abdominal x-ray, the diagnosis of obstruction secondary to
ileus is made. This usually resolves with conservative manage-
ment and nasogastric suction over 1 to 7 days. Any surgical
procedure, whether peritoneal or extraperitoneal, may result
in an ileus. Treatment for adynamic ileus is bowel rest with
nasogastric (NG) suction. Some have advocated agents to
increase bowel motility, but this has not been shown to be
effective in any peer-reviewed publications.

Mechanical small bowel obstruction occurs in a significant
portion of patients with gynecologic malignancies. The differ-
ential diagnosis is ileus, fecal impaction ischemia, and, of course,
gastroenteritis. Treatment is immediate NG suction. This
problem requires immediate medical attention, but may no
longer require immediate surgical attention. It is now generally
accepted that a trial of conservative management is warranted
in cases of small bowel obstruction, provided that there is no
evidence of ischemic bowel or evidence of strangulation. The
majority of cases of partial small bowel obstruction resolve
with NG suction and electrolyte replacement, whereas fewer
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than 50% of cases of complete obstruction resolve with this treat-
ment and ultimately require surgical intervention (176–179).
The use of contrasted bowel studies is often helpful in distin-
guishing high-grade from low-grade obstruction and may be
helpful in determining the site of obstruction. The type of con-
trast used is controversial. Barium often yields a better study,
but can complicate subsequent operative procedures, as bar-
ium is quite caustic if spilled in the peritoneal cavity. Soluble
contrast is safer, but often is diluted to such a degree that the
study is not helpful (179). If one believes that there could be a
large bowel obstruction, an enema with contrast should be
performed before an upper GI study. If the obstruction is in
the distal small bowel, evaluation by enema can also be help-
ful if the patient has an incompetent ileocecal valve.

The timing and advisability of surgery on a patient who
has end-stage ovarian cancer are controversial and require
experience and associated judgment. If the physician feels that
the patient’s life expectancy is greater than 3 to 4 months and
that the surgery is technically feasible, it is reasonable to pro-
ceed. Patients with disseminated carcinomatosis often have
large segments of dysfunctional bowel, making resection nec-
essary if the obstruction is to be relieved, and the risk of fistula
is high. A gastrostomy tube and prolonged bowel rest should
be used in this setting.

Large bowel obstructions often present with progressive
symptoms of constipation and difficulty defecating. Once the
obstruction is complete, surgical intervention is mandatory to
avoid perforation at the cecum. The risk of cecal perforation
increases when the cecum acutely dilates to more than 10 cm.
Management is almost always a colostomy in the form of a
loop or end, depending on the clinical situation (180). A more
proximal obstruction may necessitate ileostomy with mucous
fistula formation.

Late medical complications of intestinal surgery include
those that follow extensive resection of the ileum and right
colon, which may produce chronic diarrhea from impaired
absorption of water, fat, and bile salts, and problems related
to poor absorption of nutrients, including the fat-soluble vita-
mins and vitamin B12.

Postoperative Incisional Complications

Incisional complications after surgery include varying degrees of
wound separation in the early postoperative period, as well as
incisional hernias that become apparent in the later postopera-
tive period. Superficial wound separations, involving only the
skin and subcutaneous tissues, are generally minor problems.
They may be managed by reclosure, if the tissues are in
good condition, or allowed to heal by secondary intention.
Wound separations involving the deep fascia are more serious.
Fortunately, the use of single-layer bulk closure of the abdomi-
nal wall, a kind of “internal retention” suture, has made fascial
dehiscence quite uncommon, even in high-risk patients. Fascial
dehiscence must, of course, be repaired emergently.

Wound infection occurs in approximately 4% of patients
undergoing a surgical procedure. The infection rate varies with
the type of patient, her medical characteristics, and the type of
wound. It is important to follow appropriate preoperative
measures to minimize the wound infection rate (161,162).

Incisional hernia is a long-term complication that is also
quite uncommon after single-layer bulk closure of the abdom-
inal wall. However, the reported rate of hernias in the gyneco-
logic oncology population is approximately 5% (181,182).
Incisional hernia occurs more often in patients who have factors
that adversely affect healing, such as advanced malignancy, poor
nutrition, and the use of radiation therapy and chemotherapy.
It is also more common in patients who have had multiple
prior operations and in those who have postoperative incisional

complications, such as infection. The need for elective repair
should be determined on an individual basis. Extensive her-
nias may require the use of a prosthetic material to bridge the
fascial gap.

Surgical Management of Radiation Injury

The Patterns of Care Outcome Study of cervical cancer pub-
lished in 1983 analyzed data on 706 patients treated with radi-
ation therapy at 163 institutions across the United States (183).
Major complications (those that required hospitalization)
occurred in 86 patients (12%). Fewer than half of these com-
plications required surgery for management.

Perez et al. (184), reporting on 811 patients with cervical
cancer treated at the Mallinckrodt Institute of Radiology (St.
Louis, Missouri, USA), found that complications requiring
surgery occurred in approximately 5% of patients. The most
common intestinal complications included rectovaginal fistula,
sigmoid stricture, small bowel obstruction, and sigmoid perfo-
ration. The most common urinary tract complications were
bladder ulcer, vesicovaginal fistula, and ureteral stricture. In
this report, irradiation dose and technique were the primary
clinical features related to risk of complications. No relation-
ship was demonstrated between complications and age or a
history of previous pelvic disease. As mentioned previously,
additional risk factors cited by other investigators include con-
ditions that predispose to atherosclerosis, such as diabetes and
hypertension (185). It is reasonable to estimate that approxi-
mately 5% to 7% of patients who undergo radiation therapy
for cervical cancer will experience major treatment complica-
tions including fistulas that require surgery. The incidence of
complications is significantly lower in women who receive irra-
diation for endometrial cancer, because of the lower central
doses used. On the other hand, patients who undergo whole-
abdominal irradiation as salvage treatment of ovarian cancer
after chemotherapy failure have a risk of major complications
reported in the range of 40% to 50% (186,187). Because of
the high morbidity and low efficacy, this treatment has gained
only limited acceptance.

Intestinal Tract

Radiation injury to the intestinal tract severe enough to
require surgery generally becomes manifest in the first 2 years
after treatment. In a series of 71 patients from the M. D.
Anderson Cancer Center who required surgery for radiation
injury to the small intestine, Smith et al. (188) reported that
48% of the injuries developed within 1 year after completion
of treatment and 74% developed within 2 years. Occasionally,
however, complications may develop much later, perhaps as a
result of the natural development of atherosclerosis that
accompanies aging.

The most common sites of intestinal injury in patients who
undergo pelvic irradiation are areas of the intestinal tract that
typically lie in the pelvic field. The ileum is the most frequent
site of injury, because of the greater radiosensitivity of the
small intestine compared with the colon. In a series from the
Mayo Clinic, Schmitt and Symmonds (189) reported that,
among 93 patients who underwent surgery for radiation injury
to the intestine, 78 (84%) had involvement of the ileum. The
rectosigmoid colon and the cecum are also frequent sites of
involvement.

The decision to operate on patients with radiation injury
must never be made lightly. Surgery may be required in the
management of radiation injury to the intestinal tract for palli-
ation of severe symptoms that fail to respond to the previously
outlined conservative management, as well as for relief of
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life-threatening complications, such as obstruction or perfora-
tion. In a review of all intestinal surgeries performed during a
3-year interval on the Gynecology Service at Memorial Sloan-
Kettering Cancer Center, Rubin et al. (190) reported that 79
(46%) of the 171 operations that involved intestinal surgery
were performed in previously irradiated patients. The most
common indications for these operations were intestinal
obstruction (44%) and intestinal fistula or perforation (32%)
that occurred in patients treated for cervical or corpus cancer.

Smith and DeCosse (15), in a review on radiation damage
to the small intestine, emphasized three phases that can be
applied to the management of radiation injury in all areas of
the intestinal tract: stabilization, evaluation, and surgery. The
patient’s fluid, electrolyte, and nutritional status should be
assessed and optimized before surgery; total parenteral nutri-
tion is often required. Some investigators have suggested that
the use of somatostatin to decrease gastrointestinal secretions
may promote the healing of enteric fistulas (191). As men-
tioned previously, in contrast to fistulas in the nonirradiated
intestine, those involving irradiated bowel only rarely heal
with a program of intestinal rest and parenteral alimentation.
In cases of bowel obstruction, intestinal intubation and decom-
pression should be performed preoperatively. If infection is
present, preoperative antibiotic therapy should be given.

Except in emergency situations, a careful evaluation of the
entire intestinal tract should be made before any contemplated
surgery. One should always bear in mind that recurrent cancer
may, in part, be responsible for the intestinal problems; if cancer
is present, the appropriate management may be altered.
Radiographic studies of the large and small intestine should be
performed. Cutaneous fistulas can be studied by injection of
contrast medium, and stomas can be explored endoscopically.
Evaluation of the ureters and bladder by intravenous pyelogram
and cystoscopy may also provide useful information. As Marks
and Mohiudden (192) pointed out, the extent of radiation injury
may be greater than anticipated, and the patient must under-
stand the possible need for intestinal or urinary diversion.

At operation, it is generally advisable to explore the entire
abdominal cavity. Intestinal adhesions are frequently encoun-
tered, making exploration a difficult undertaking. Irradiated
intestine must be handled with great care, and meticulous dis-
section must be used to lyse adhesions. Injuries to the intesti-
nal wall that may be trivial in the nonirradiated patient may
lead to fistulization of irradiated intestine. Frequently, in
patients with gynecologic cancer, the surgeon encounters a
matted mass of distal ileum densely fixed in the pelvis that is
the site of obstruction or fistula. It is often not possible to
release such a mass without damage to the involved intestine
and risk of injury to adjacent structures, such as the urinary
bladder and ureters, rectosigmoid colon, and major pelvic
blood vessels. The decision whether to resect or bypass such
an agglutinated mass of bowel may tax the judgment of even
the most experienced surgeon. In general, such masses are best
resected, particularly in the presence of intestinal necrosis,
perforation, abscess formation, and fistulization, if resection
can be accomplished without undue risk of gross contamina-
tion of the peritoneal cavity or damage to adjacent structures.
Bypass procedures may be more likely to lead to the develop-
ment of the blind-loop syndrome or to result in subsequent
spontaneous perforation or fistulization of diseased defunc-
tionalized intestine left in situ. In a series of 77 patients who
underwent surgery for radiation injury to the small intestine,
no difference in short-term complications was noted whether
patients underwent resection or bypass, although it is likely
that the two groups were not comparable in clinical features
(188). The authors did believe that the long-term complica-
tions of fistula formation and continued small bowel necrosis
could be avoided by primary resection. In patients with peri-
tonitis caused by perforation, Swan et al. (193) emphasized

the option of ileostomy to avoid the risk of a failed intestinal
anastomosis under these circumstances. In most cases, how-
ever, anastomosis can be performed. As pointed out by
Hoskins et al. (194), anastomosis in the irradiated terminal
ileum should be avoided by wide resection of the terminal
ileum and ascending colon with ileocolonic anastomosis.

Decisions about bypass or resection of irradiated small
intestine must also take into account the presence of enteric
fistulas that are draining via the vagina, bladder, or skin.
Smith et al. (195), reporting on 68 enteric fistulas managed on
the Gynecology Service at Memorial Sloan-Kettering Cancer
Center, emphasized that if fistulized loops cannot be resected,
they should be totally excluded from the intestinal stream to
minimize continued fistulous drainage. For example, in the
common case of a terminal ileal fistula, this exclusion may be
accomplished by dividing the ileum proximal to the fistula,
performing an ileocolonic anastomosis, bringing out the ileal
stump as a mucous fistula, and placing a staple line across the
ascending colon to prevent reflux of intestinal contents
through an incompetent ileocecal valve. The ultimate deci-
sions as to the operative management of patients with irradia-
tion injury to the small intestine must be in the hands of the
operating surgeon. Under appropriate circumstances, satisfac-
tory results may be obtained with either the resection or
bypass procedure.

The surgical management of radiation injury to the large
intestine presents a different set of considerations. Usually, the
injury is to the rectosigmoid, where it may be manifested as
proctitis, ulceration, stricture, perforation with abscess forma-
tion, or rectovaginal fistula (196). Lesser degrees of bleeding
may be controllable by dietary modifications, hydrocortisone-
containing enemas (Cortifoam, Proctofoam), or the use of the
endoscopic YAG laser (197). Surgery is required for bleeding
that fails to respond to conservative measures or is massive,
recurrent, or associated with perforation. Colostomy alone,
without resection of the involved intestinal segment, may be
sufficient in some cases to control the bleeding, presumably by
decreasing mechanical irritation and infection of the diseased
area of the colon. In more severe cases, excision of the rec-
tosigmoid is required, although this procedure may be techni-
cally difficult as a result of radiation fibrosis of the pelvic soft
tissues. Under favorable circumstances, restoration of intesti-
nal continuity by coloanal anastomosis may be feasible (198).
The refinement of surgical stapling instruments over the last
decade has extended the ability of the surgeon to perform such
low anastomoses successfully.

Patients with rectal perforation and abscess formation may
require urgent surgery after correction of fluid and electrolyte
imbalance. The extent of the surgical procedure depends on
the degree of radiation injury, the severity of the infection, and
the general condition of the patient. Often, a diverting
colostomy and drainage of the abscess control infection with-
out the increased morbidity that may result from attempts at
resection of the involved rectum. In chronic situations without
active severe infection, resection and low anastomosis with a
protective colostomy that can be closed several months after
satisfactory healing has been demonstrated to be efficacious
and may be considered.

Fistulization of the large intestine after pelvic radiation
therapy usually occurs between the rectum and the vagina.
Occasionally, the sigmoid colon or cecum may fistulize to the
vagina, cervix, uterine fundus, or urinary bladder. Because
these fistulas result from radiation necrosis of the intestinal
wall, simple closure is doomed to failure. After a radiographic
evaluation of the intestinal tract, generous biopsy specimens
of the fistulous tract should be taken. If recurrent cancer is
documented, a diverting colostomy is generally indicated for
relief of symptoms, and attention should be given to further
treatment of the cancer. If no evidence of recurrence is found,
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closure of the fistula can be attempted after fecal diversion.
Successful fistula repair requires the delivery of a new vascular
supply to the damaged area. Perhaps the simplest means of
accomplishing this task is to develop the bulbocavernosus fat
pad from the labium major for use as a vascular pedicle graft
between the rectum and vagina, as described by Martius
(199). Although short-term results appear satisfactory with this
technique (200), late breakdown can occur (201). Graham
(202) has described the use of the gracilis and rectus muscles
in the closure of large rectovaginal fistulas after irradiation
with good success. More recently, Bricker and Johnston (203)
have described an innovative technique that uses a folded piece
of normal colon as a patch over the fistula, with restoration of
intestinal continuity above the level of the fistula (Fig. 31.1).

Urinary Tract

Serious urinary tract complications after irradiation are some-
what less common than intestinal complications, presumably
because of the greater resistance of the urinary tract to the
damaging effects of ionizing radiation. Ureteral and bladder
injuries that result from irradiation most often become mani-
fest 1 to 3 years after therapy. In the series of Cushing et al.
(204), 12.3 months was the mean interval for major radiation-
related urinary tract complications to develop in patients
treated for carcinoma of the cervix. Ureteral injury occurred

at a median time of 18 months in the report by Muram et al.
(205), whereas the peak time of development of bladder
injuries was 2 to 3 years in Kottmeier’s (206) series. Occasionally,
complications occur much later. Ureteral fistula as a compli-
cation of radiation therapy alone in the absence of surgery or
recurrent cancer is extremely rare.

The incidence of ureteral stricture after pelvic radiation
therapy has markedly diminished with the refinement of irra-
diation techniques in recent years. Everett (207), writing in
1939, noted a 15% incidence of severe ureteral obstruction in
a small group of patients treated for carcinoma of the cervix.
Kaplan (208) noted a 1% incidence of postirradiation ureteral
obstruction in his patient population, but pointed out that this
figure was probably an underestimate because patients were
not routinely investigated. In the series of Underwood et al.
(209), symptomatic ureteral stricture occurred in only 0.33%
of 2,393 patients who underwent radiation therapy for carci-
noma of the cervix; however, pyelographic evidence of stric-
ture was noted in 4% of 100 asymptomatic patients studied 5
or more years after treatment. Villasanta (210) has pointed
out that ureteral stenosis generally occurs after cervicovaginal
necrosis and parametritis and must be considered at least in
part a complication of infection in irradiated patients. The
most common site of ureteral stricture after pelvic irradiation
appears to be 4 to 6 cm above the ureterovesical junction at
the point at which the ureter passes through the parametrium
(208), although obstruction may also occur at the ureterovesi-
cal junction (20) or may involve a long segment of ureter from
the pelvic brim downward (211).

Because most patients who develop ureteral obstruction
after irradiation for cancer of the cervix have recurrent cancer
as the cause of obstruction, a thorough evaluation for recur-
rence must be undertaken before appropriate management can
be determined. In addition to a complete physical examination
and routine laboratory tests, patients should generally undergo
an intravenous pyelogram. Creatinine clearance and isotope
renography can be performed to determine precisely the degree
of impairment of renal function. Computed tomography or
magnetic resonance imaging of the abdomen and pelvis should
be done to look for evidence of recurrent cancer, with needle
biopsies of suspicious areas performed under radiologic guid-
ance. All patients should undergo pelvic examination under
anesthesia, with cystoscopy. Biopsies of the cervix, parametrium,
and bladder may help detect recurrence. Antegrade or retrograde
pyelography may be needed to determine the site of obstruction
or the anatomy of the involved urinary tract. In some cases,
exploratory laparotomy may be needed to document recurrent
cancer; however, as Boronow (212) pointed out, given the lack
of effective therapy for recurrent cervical cancer after radiation
therapy, unless pelvic exenteration is contemplated, laparo-
tomy for diagnosis of recurrence is seldom indicated. However,
one must be wary of making a clinical diagnosis of recurrent
cancer in the absence of histologic confirmation. In an autopsy
series of 68 patients with fatal hydronephrosis and uremia,
Kirchoff (213) found radiation fibrosis only as the cause of uri-
nary obstruction in 18 patients.

Once recurrent cancer has been excluded, the site and
length of the ureteral stricture have been determined, and dif-
ferential renal function has been assessed, a plan of manage-
ment may be developed. If infection is present in an obstructed
renal unit, antibiotic treatment and decompression, usually by
percutaneous nephrostomy, should be undertaken. In general,
the goal of intervention is to eliminate infection and preserve
renal function. A patient with a mild degree of hydronephrosis
may be followed with serial evaluations. If significant impair-
ment of renal function is present or develops under observa-
tion, intervention is indicated. Temporary relief of obstruction
may be achieved by stenting of the ureter, either retrograde or
antegrade, with an internal self-retaining stent. Although
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FIGURE 31.1. Bricker’s technique for repair of postirradiation recto-
vaginal fistula. The proximal end of the colon is anastomosed end-on
to the fistula, or it can be increased by an antimesenteric slit to fit a larger
fistulous defect. Source: Reprinted with permission from Bricker EM,
Johnston WD. Repair of postirradiation rectovaginal fistula and stricture.
Surg Gynecol Obstet 1979;148:499–506.
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mechanical dilatation of radiation-related ureteral strictures
has been attempted, it usually does not produce lasting relief
of obstruction, probably owing to the intense degree of peri-
ureteral fibrosis present in these patients. Despite the common
assumption that ureteral stricture resulting from irradiation
should be a bilateral process, a summary of reports providing
information on laterality of involvement shows that, in
approximately 60% of patients, involvement was unilateral
(Table 31.4). Temporization does have the advantage of
allowing one to observe the patient for the development of
stricture on the opposite side, because bilateral involvement
may not always develop simultaneously.

If surgery is required, the specific operative intervention
depends on the site and extent of the damage and the remain-
ing renal function on the affected side. As reported by a num-
ber of authors, simple lysis of the ureter from its fibrotic bed
in the retroperitoneum is rarely successful in eliminating the
obstruction (190,214). In general, it is necessary to resect the
strictured segment of ureter and reconstruct the urinary tract
using healthy tissue. Patients who have been heavily irradiated
may have extensive fibrosis of the bladder, which makes direct
reimplantation of the ureter difficult, particularly if a proce-
dure such as bladder flap formation or psoas hitch is required
to bridge the gap between the bladder and the ureter. In
selected cases with minimal bladder fibrosis, satisfactory
results may be obtained by ureteroneocystostomy, implanting
the ureter into the lateral dome of the bladder, which usually
has received a lesser dose of radiation. Often, the most pru-
dent procedure is to interpose an isolated segment of intestine
between the healthy ureter and the bladder (215,216). This
bowel segment can also be used to increase bladder capacity if
it has been significantly diminished as a result of irradiation.
When considering how to reestablish intestinal continuity, one
must remember that the ileum generally is heavily irradiated.
Occasionally, a transureteroureterostomy above the irradiated
field is appropriate, although one is naturally hesitant about
the possibility of a complication that involves the opposite,
relatively normal ureter. In extreme cases with bilateral
ureteral injury or a bladder that can no longer function, uri-
nary diversion may be required. This procedure is discussed
fully in the section on pelvic exenteration, but may include
continent urinary diversion, transverse or sigmoid colon con-
duit, or a Bricker-type conduit.

The bladder is subject to a spectrum of injuries from irradi-
ation, which may produce sequelae including cystitis, hema-
turia, contracture, and occasionally severe necrosis and fistula
formation. Bladder fistulas after irradiation for cancer of the
cervix usually occur between the anterior vaginal wall and the
posterior bladder wall because this area of the bladder
receives the highest dose of radiation. In a series of 2,729
patients who underwent radiation therapy for cervical cancer
at the M. D. Anderson Cancer Center, 34 patients (1.2%)

experienced vesicovaginal fistula as a complication of irradia-
tion in the absence of recurrent cancer (217). The incidence of
fistula was related to the stage of the patient’s cancer, with
patients who had advanced-stage disease having a greater risk
of this complication.

Conventional techniques of vesicovaginal fistula repair that
involve wide mobilization of the fistulous tract and a layered
direct suture closure are usually not successful in the irradiated
patient because of the fibrosis, poor tissue mobility, and com-
promised blood supply that follow irradiation (212). In the M.
D. Anderson series, 20 patients underwent partial or complete
colpocleisis for repair of radiation-induced vesicovaginal fistula
(217). The authors were not enthusiastic about this technique,
because several procedures were frequently required to achieve
continence, coital function was often lost, and renal function
was not improved and in many cases deteriorated. More often,
once recurrent tumor has been ruled out and enough time has
elapsed to allow for maturation of the fistula margins, closure
may be attempted by a variety of techniques that involve the
mobilization of well-vascularized tissue into the area. Boronow
(212), who has contributed much to the subject, advises waiting
12 months between fistula formation and attempted closure.
Gracilis muscle, omentum, and bulbocavernosus muscle have
been used successfully (203,205,218,219).

Often, permanent urinary diversion is necessary. If one can
subsequently repair the bladder, it is possible to attach the uri-
nary conduit to the bladder dome in a procedure described by
Boronow as the “undiversion.”

In cases of bladder contracture that produces intolerable
symptoms unresponsive to conservative measures, such as
anticholinergic medications and bladder dilatation, augmenta-
tion cystoplasty may be indicated. Although some authors
have suggested that bladder excision and replacement is
preferable in radiation bladder disease (220), in the experience
of others augmentation generally suffices if the bladder
mucosa is not grossly abnormal (221). Techniques of augmen-
tation cystoplasty have been described using ileum, cecum, or
colon (222). In general, a nonirradiated segment of intestine
should be selected and detubularized to allow it to hold a
larger volume and ensure better healing (223).
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Although the prevalence of severe acute pain in patients
with gynecologic cancers has not been determined, and is
likely changing with the increasing use of minimally invasive
procedures, it is nonetheless presumed to be common and
potentially controllable in a very large majority of cases. As
more cancer surgeries are performed in the ambulatory set-
ting, the ability to provide adequate treatment in unmonitored
settings has become a greater challenge. 

Patients with cancer, and particularly those with advanced
disease, also experience numerous symptoms other than pain.
The most common of these symptoms are fatigue and anxiety
or depression. Acute treatment-related symptoms, such as
chemotherapy-induced nausea and vomiting, also are preva-
lent. In the aforementioned survey of patients with ovarian
cancer, the median number of symptoms per patient was nine
(range 0 to 25) (Table 32.1) (6). In addition to pain, the most
prevalent symptoms were fatigue (“lack of energy”), psycho-
logic distress (“worrying,” “feeling sad,” and “feeling ner-
vous”), and insomnia (“difficulty sleeping”). All of these
symptoms had a prevalence of �50%. Compared to norms,
approximately one third of the patients in this survey recorded
heightened psychologic distress. The most important predictor
of heightened distress was progressive impairment in physical
functioning.

Fatigue is one of the most common complications of cancer
and its treatment, and exemplifies the problem of concurrent
symptoms in the patient with significant pain. In a recent
analysis, patients perceived fatigue to be the most distressing
symptom adversely affecting quality of life (21). A defini-
tion proposed for the International Classification of Diseases
10th Revision–Clinical Modification (ICD-10-CM) stresses
the multidimensional nature of the phenomenon (22) and the
National Comprehensive Cancer Network 2007 guidelines
identified seven factors that should be assessed as potential
causes of prolonged fatigue, one of which is pain (others
include emotional distress, sleep disturbance, anemia, nutri-
tion, activity level, and other comorbidities) (23). Patients
with pain should be evaluated for meaningful concomitant
symptoms, and the assessment of other symptoms should
prompt an assessment of pain. 

ASSESSMENT OF CANCER PAIN
The assessment of chronic pain in patients with gynecologic
cancer requires an understanding of its phenomenology,
pathophysiology, and syndromes. Optimally, this assessment
must also consider the broad range of physical, psychologic,
and social disturbances concurrently experienced by these
patients. Patients with acute pain, particularly acute postoper-
ative pain, pose less complex management problems, but
could still potentially benefit from an ongoing comprehensive
assessment.

The heterogeneous patient population managed by gyneco-
logic oncologists presents a broad range of problems in pain
management. The incidence of cancer pain varies, depending
on the type of neoplasm, stage, and extent of spread. Acute
pains are highly prevalent, including the rather straightforward
incisional pain that follows surgical procedures. Chronic pain
occurs in the context of numerous other physical and psy-
chosocial symptoms, often in the population with advanced
disease. Effective relief of pain may improve mood, coping,
function, and other aspects of quality of life. Gynecologic
oncologists have the opportunity and obligation to effectively
treat pain. 

SCOPE OF THE PROBLEM
Pain is highly prevalent in the cancer population. Overall, 30%
to 50% of patients undergoing active antineoplastic therapy and
75% to 90% of those with advanced disease experience chronic
pain severe enough to warrant therapy (1–3). Although data
specific to gynecologic tumors are meager, those extant suggest
that the overall prevalence rates mirror these averages (1,4–6). 

A survey of patients with ovarian cancer illustrates the
prevalence and characteristics of chronic pain in this population
(6). The sample included 111 inpatients and 40 outpatients.
The median age was 55 years (range 23 to 86 years), and most
patients (82%) had stage III or IV disease at presentation and
active disease (69%) at the time of the survey. Forty-two per-
cent (n � 63) reported “persistent or frequent pain” during the
preceding 2 weeks. This pain had a median duration of 2 weeks
(range �1 to 756 weeks) and was usually abdominal/pelvic
(80%), frequent or almost constant (66%), and moderate to
severe. Most patients reported that pain caused moderate or
greater interference with various aspects of function, particu-
larly activity (68%), mood (62%), work (62%), and overall
enjoyment of life (61%). In a study of 97 outpatients with
breast cancer (54% metastatic disease), 47% of patients experi-
enced cancer-related pain substantially interfering with their
mood, quality of life, and functional status. The most prevalent
underlying pathology was postmastectomy syndrome (56%),
followed by pain from bone metastasis (26%).

Tissue injury related to the neoplasm itself is the most com-
mon cause of chronic cancer pain. Pain prevalence increases
with the extent of disease and can be as high as 80% among
populations with advanced illness (7). Chronic pain also may
be related to an antineoplastic treatment, such as surgery
(8–10), and in a small minority of patients, pain is unrelated
to either the malignancy or its treatment. 

Observational studies suggest that satisfactory relief of
chronic pain is possible in 70% to 90% of patients with cancer
(11–14). Undertreatment remains a serious problem, however
(15–19), despite the availability of well-accepted guidelines
for pain management (20).
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National medical organizations have developed guidelines in
an effort to more effectively detect and monitor pain. The Joint
Commission on Accreditation of Healthcare Organizations
developed a standard requiring that pain be assessed initially
and periodically in all hospitalized patients. The National Com-
prehensive Cancer Network 2007 Adult Cancer Pain Guidelines
require a formal pain assessment, measurement of pain intensity,
reassessment of pain intensity at specific intervals, psychosocial
support, and specific educational material (23).

Definition of Pain

According to the International Association for the Study of
Pain, pain is “an unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described
in terms of such damage” (24). Reported pain may be per-
ceived by the clinician to be greater than or less than the
observable degree of tissue injury. In the cancer population, a

physical process capable of explaining the pain can usually be
identified, but this does not obviate the need for a careful
assessment of other factors, including psychologic distur-
bances, that could be influencing the intensity of the pain or
contributing to pain-related distress.

The definition of pain can be further clarified by the dis-
tinctions among nociception, pain, and suffering (Fig. 32.1)
(25). Nociception is the activity produced in the afferent ner-
vous system by potentially tissue-damaging stimuli. Clinically,
nociception is inferred to exist whenever tissue damage is
identified. Pain is the perception of nociception and, like other
perceptions, can be determined by more than the activity in
the sensorineural apparatus alone. Although tissue damage
related to the tumor or its treatment is common in those with
cancer pain, a careful assessment is needed to infer the degree
to which the pain report is consistent with the nociception
presumed by the clinician on the basis of the physical findings.
In all cases, factors other than nociception, including neuro-
pathic processes that can sustain pain in the absence of ongoing
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PREVALENCE AND CHARACTERISTICS OF SYMPTOMS ASSOCIATED WITH OVARIAN CANCER (N � 151)

TA B L E  3 2 . 1  

Overall
Symptom prevalence (%) Intensitya (%) Frequencyb (%) Distressc (%)

Worrying 71.7 55.4 33.5 25.0
Lack of energy 68.6 52.6 37.3 28.0
Feeling sad 63.8 46.4 22.8 22.2
Pain 61.8 50.4 32.9 24.1
Feeling nervous 61.5 39.9 25.0 19.6
Difficulty sleeping 57.3 44.0 30.7 20.7
Dry mouth 45.6 30.2 18.8 8.7
Feeling drowsy 45.3 32.7 15.9 9.3
Feeling irritable 45.9 33.8 12.2 10.8
Numbness/tingling in hands/feet 42.7 24.0 26.0 9.3
“I don’t look like myself” 35.8 25.0 — 12.8
Nausea 35.6 18.8 9.4 8.1
Difficulty concentrating 34.7 16.0 7.3 11.3
Feeling bloated 34.7 26.0 17.3 8.7
Constipation 28.6 20.4 — 11.6
Lack of appetite 28.4 20.4 14.2 8.2
Change in the way food tastes 25.7 16.2 — 8.1
Hair loss 26.4 15.0 — 9.5
Cough 25.3 11.3 6.0 4.0
Itching 22.3 11.5 8.1 3.4
Diarrhea 20.8 10.1 6.0 4.0
Swelling of arms or legs 18.9 12.2 — 8.8
Shortness of breath 18.7 10.0 7.3 6.0
Weight loss 18.5 4.8 — 3.4
Problems with sexual interest or activity 17.6 14.9 10.9 6.8
Dizziness 16.2 5.4 2.7 2.7
Vomiting 13.3 8.7 3.3 6.0
Mouth sores 8.1 4.7 1.4 2.0
Nightmares 8.0 5.3 2.0 2.0
Problems with urination 7.3 5.3 4.0 3.3
Urinary accidents 7.4 4.1 0.7 1.4
Difficulty swallowing 5.4 3.4 2.7 2.0

aPercentage of sample describing the symptom as “moderate,” “severe,” or “very severe.”
bPercentage of sample describing the frequency of the symptom as “frequently” or “almost constantly.”
cPercentage of sample describing the distress associated with the symptom as “quite a bit” or “very much.”
Source: Reprinted with permission from Portenoy RK, Kornblith AB, Wong G, et al. Pain in ovarian cancer: prevalence, characteristics, and associ-
ated symptoms. Cancer 1994;74:907–915.
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tissue injury (see below) and psychologic disturbances, must
be evaluated as other potential determinants of the pain. The
failure to address these other factors while targeting therapy
at the sources of nociception can lead to a poor outcome in
which the focus of tissue damage is ameliorated but the pain
continues.

Suffering, or “total pain,” can be defined as a more global
aversive experience determined by numerous perceptions,
one of which may be pain (see below). Among the many
other factors that may contribute to suffering are the percep-
tion of physical deterioration, the experience of symptoms
other than pain, psychologic disturbances (e.g., depression
or anxiety), disruption in the family, social isolation, and
fear of death. Just as an inordinate focus on nociception,
rather than pain, can lead to interventions that reduce tissue
damage without alleviating symptoms, an emphasis on pain
management alone in patients with profound suffering deter-
mined by other factors can fail to influence favorably the
overall quality of life even if physical comfort is enhanced
(26,27).

Evaluation of the Pain Complaint

The comprehensive assessment of pain should include infor-
mation about temporal characteristics (onset and duration),
course (stable or changing since onset, relatively constant or
widely fluctuating), severity (both average and worst), loca-
tion, quality, and provocative and palliative factors. This
evaluation is complemented by information about the
patient’s extent of disease, related medical and psychosocial
conditions, present and past pain management strategies and
their outcomes, the impact of the pain on the patient’s daily
life and functioning, as well as the patient’s and family’s
knowledge of, expectations about, and goals for pain man-
agement. Risk factors for the undertreatment of the patient’s
cancer pain and risk factors for serious physical or psychi-
atric comorbidities (such as drug abuse) should also be
examined.

Characteristics of Pain

Intensity. The measurement and recording of pain inten-
sity is an essential element in the comprehensive assessment of
pain. Although more information than intensity alone is
needed to understand and manage cancer pain, a systematic
method for assessing intensity is foundational. The most com-
mon approaches are a verbal rating scale (none, mild, moder-
ate, severe, excruciating) and/or an 11-point numeric scale

(where 0 is no pain and 10 is the worst pain imaginable). A
visual analog scale (VAS) that uses a 10-cm line anchored at
one end by the words “no pain” or “least possible pain” and
at the other end by “worst possible pain” is another simple
and valid approach to pain measurement. The choice of scale
is less important than consistency in its use over time. Brief
assessment tools modeled on this approach also can be
applied to the intensity measurement of nonpain symptoms,
such as depression and fatigue. 

Multidimensional scales are available, but usually are uti-
lized in research settings. These scales provide a more compre-
hensive measure of the pain experience, often encompassing
such factors as function and quality of life. 

Temporal. Acute pain usually has a well-defined onset and
a readily identifiable cause (e.g., surgical incision). It may be
associated with anxiety, overt pain behaviors (moaning or gri-
macing), and signs of sympathetic hyperactivity (including
tachycardia, hypertension, and diaphoresis). In contrast,
chronic pain is characterized by an ill-defined onset and a pro-
longed, fluctuating course. Overt pain behaviors and sympa-
thetic hyperactivity are typically absent, and vegetative signs,
including lassitude, sleep disturbance, and anorexia, may be
present. A clinical depression evolves in some patients. Most
patients with chronic cancer pain also experience periodic
flares of pain, or “breakthrough pain,” an observation with
important therapeutic implications (see below).

Topographic. The distinctions among focal, multifocal,
and generalized pains may influence both the assessment and
treatment of the patient. Some therapies, such as nerve blocks
and cordotomy, depend on the specific location and extent of
the pain.

The distinction between focal and referred pain is similarly
important. Focal pains are experienced superficial to the
underlying nociceptive lesion, whereas referred pains are
experienced at a site distant from the nociceptive lesion.

Pain may be referred from a lesion involving any of a large
group of structures, including nerve, bone, muscle, or other
soft tissue, and viscera (28–30). Various subtypes can be distin-
guished: (a) pain referred anywhere along the course of an
injured peripheral nerve (such as pain in the thigh or knee from
a lumbar plexus lesion); (b) pain referred along a course of the
nerve supplied by a damaged nerve root (known as radicular
pain); (c) pain referred to the lower part of the body, usually
the feet and legs, from a lesion involving the spinal cord (called
funicular pain); and (d) pain referred to a site remote from the
nociceptive lesion and outside the dermatome affected by the
lesion (e.g., shoulder pain from diaphragmatic irritation).

Knowledge of pain referral patterns is needed in order to
target appropriate assessment procedures. For example, a
patient with recurrent cervical cancer who reports progressive
pain in the inguinal region may require evaluation of numer-
ous structures to identify the underlying nociceptive lesion,
including the subjacent pelvic bones and hip joint, pelvic side-
wall, paraspinal gutter at an upper lumbar spinal level, and
intraspinal region at the upper lumbar level.

Etiology

The etiology of acute pain is usually clear-cut. Further evalua-
tion to determine the underlying lesion or pathophysiology of
the pain is not indicated unless the course varies from the
expected. In contrast, the etiology of chronic cancer-related
pain may be more difficult to characterize. In most cases, pain
is due to direct invasion of pain-sensitive structures by the
neoplasm (24,25,31). The structures most often involved are
bone and neural tissue, but pain can also occur when there is
an obstruction of hollow viscus, distention of organ capsules,
distortion or occlusion of blood vessels, and infiltration of soft
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FIGURE 32.1. Distinctions and interactions between nociception,
pain, and suffering. Source: Reproduced with permission from
Portenoy RK. Cancer pain: pathophysiology and syndromes. Lancet
1992;339:1026–1031.
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tissues. The etiology of pain in less than a quarter of patients
relates to an antineoplastic treatment, and less than 10% have
pain unrelated to the neoplasm or its treatment (31).

These data suggest that a careful evaluation of cancer
patients with pain is likely to identify an underlying nociceptive
lesion, which will usually be neoplastic. A survey of patients
referred to a pain service in a major cancer hospital noted that
previously unsuspected lesions were identified in 63% of
patients (32). This outcome altered the known extent of disease
in virtually all patients, changed the prognosis for some, and
provided an opportunity for a primary antineoplastic therapy in
approximately 15%.

Pathophysiology

Pain is labeled nociceptive if it is inferred that the sustaining
mechanisms involve ongoing tissue injury. This injury can
involve either somatic or visceral structures. The quality of
somatic nociceptive pain is typically described as aching, stab-
bing, throbbing, or pressure-like. The quality of visceral noci-
ceptive pain is largely determined by the structures involved.
Obstruction of hollow viscus is usually associated with com-
plaints of gnawing or crampy pain, whereas injury to organ
capsules or mesentery is associated with an aching or stabbing
discomfort.

Pain is labeled neuropathic if the evaluation suggests that
it is sustained by abnormal somatosensory processing in the
peripheral or the central nervous system (CNS). Neuropathic
mechanisms are involved in approximately 40% of cancer
pain syndromes and can be disease related (e.g., tumor invasion
of nerve plexus) or treatment related (e.g., postmastectomy
syndrome, chemotherapy-induced painful polyneuropathy)
(31). Among those with metastatic disease, neuropathic pain
usually results from neoplastic injury to peripheral nerves
(peripheral neuropathic pain). Other, less common subtypes
include (a) those in which the focus of activity is in the CNS
(sometimes generically termed deafferentation pain); and
(b) those in which the pain is believed to be maintained by
efferent activity in the sympathetic nervous system (so-called
sympathetically maintained pain). Identification of a neuro-
pathic mechanism is extremely important in clinical manage-
ment because several specific therapies may be useful for these
conditions (see below). 

Neuropathic pain is diagnosed on the basis of the patient’s
verbal description of the pain and typically supported by evi-
dence of nerve injury. Patients may use any of a variety of verbal
descriptors but some, such as “burning,” “shock-like,” or “elec-
trical,” are particularly suggestive of neuropathic pain (33,34).
Areas of abnormal sensations are often found on physical exam-
ination. These may include hypesthesia (a numbness or lessening
of feeling), paresthesias (abnormal nonpainful sensations such as
tingling, cold, or itching), hyperalgesia (increased perception of
painful stimuli), hyperpathia (exaggerated pain response), and
allodynia (pain induced by nonpainful stimuli such as a light
touch or cool air).

Although pain can occur as a primary outcome of psycho-
logic processes, a somatoform disorder, this appears to be rare
in the cancer population. Nonetheless, psychologic factors may
augment or alter the pain complaint, and not surprisingly, pain
may be associated with fluctuations in psychologic distress. In
one series of 203 inpatients with cancer, for example, depres-
sion was independently associated with pain intensity after
controlling for performance status, disease status, and per-
ceived treatment effect (35). 

To assess the complex relationship between pain and psy-
chiatric disease, it is useful to have familiarity with the com-
mon disorders that are present in gynecologic malignancies.
One study observed major depression in nearly one quarter of
women hospitalized with cervical, endometrial, and vaginal

cancer (36), and another reported more severe depression and
poorer body image among gynecologic patients than those
with breast cancer undergoing mastectomy (37).

If the assessment of the pain does not provide enough infor-
mation to categorize it as primarily nociceptive or neuropathic,
or mixed, or yield a sufficient understanding of the psychologic
factors that may be influencing the pain, it is important to
acknowledge this lack of certainty and avoid labeling the
patient with a term that may inappropriately direct care. The
greatest concern in this regard is the labeling of pain as psy-
chogenic when the assessment does not yield positive evidence
of a psychiatric disorder but an alternative answer is lacking.
In this case, it is best to label the pain idiopathic than to specu-
late about underlying factors that are not clearly demonstrable
from the evaluation. 

Pain Syndromes

Efforts to improve the assessment of cancer pain have been
greatly encouraged by the description of numerous pain syn-
dromes, each of which is defined by a cluster of symptoms and
signs (Table 32.2) (24,25,31,38). Syndrome identification can
help direct the diagnostic evaluation, clarify the prognosis, and
target therapeutic interventions. Recognition of pain syn-
dromes that occur commonly among patients with gynecologic
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CANCER PAIN SYNDROMES

TA B L E  3 2 . 2  

I. Pain associated with direct tumor involvement
A. Due to invasion of bone

1. Base of skull
2. Vertebral body
3. Generalized bone pain

B. Due to invasion of nerves
1. Peripheral nerve syndromes
2. Painful polyneuropathy
3. Brachial, lumbar, sacral plexopathies
4. Leptomeningeal metastases
5. Epidural spinal cord compression

C. Due to invasion of viscera
D. Due to invasion of blood vessels
E. Due to invasion of mucous membranes

II. Pain associated with cancer therapy
A. Postoperative pain syndromes

1. Post-thoracotomy syndrome
2. Postmastectomy syndrome
3. Postradical neck dissection
4. Postamputation syndromes

B. Postchemotherapy pain syndromes
1. Painful polyneuropathy
2. Aseptic necrosis of bone
3. Steroid pseudorheumatism
4. Mucositis

C. Postirradiation pain syndromes
1. Radiation fibrosis of brachial or lumbosacral plexus
2. Radiation myelopathy
3. Radiation-induced peripheral nerve tumors
4. Mucositis

III. Pain indirectly related or unrelated to cancer
A. Myofascial pains
B. Postherpetic neuralgia
C. Chronic headache syndromes
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cancers (Table 32.3) can also facilitate the assessment of these
patients.

Comprehensive Assessment

A comprehensive assessment that incorporates this pain-
related information can be used to elaborate a problem list
that guides the priorities and direction of therapy. In many sit-
uations, such as acute postoperative pain or chronic pain
related to a well-characterized lesion (e.g., pathologic frac-
ture), the assessment issues are simple and the problem list is
brief and straightforward. In other cases, most often in popu-
lations with advanced disease, a complex group of symptoms,
medical disorders, and psychosocial disturbances greatly com-
plicate the assessment process. In these cases, a comprehensive
assessment encourages efficient selection of an appropriate
multimodal therapy.

The biopsychosocial model implied by this clinical reality
also has provided a framework for pain research. Reflecting this,
a consensus has been reached that the core outcome domains for
studies of chronic pain are pain intensity, physical functioning,
emotional functioning, participant ratings of improvement and
satisfaction with treatment, and other symptoms and adverse
events (39).

Patients whose pain had been responsive to pain medica-
tion but experience an increase in pain intensity or a change in
pain characteristics should be comprehensively reassessed as
the initial step in management. The goal is to determine
whether specific contributing factors can be identified. Relapse
or disease progression, for example, may be amenable to pri-
mary therapeutic strategies, such as chemotherapy to address
disease progression associated with loss of analgesic effective-
ness. Other factors such as cord compression, systemic or local
infection, and psychologic distress (e.g., depression) also may
be treatable.

MANAGEMENT OF ACUTE PAIN
Although the treatment of patients with acute pain, particu-
larly postoperative pain, is typically less challenging than the
long-term management of chronic pain, the outcomes
achieved in routine practice settings are often inadequate.
Given the potential efficacy of widely used strategies such as
patient-controlled analgesia (PCA), problematic outcomes
may be more related to systems issues, such as access to a pain
service, prolonged pharmacy preparation times, or other fac-
tors, rather than purely clinical issues. Cancer patients may
have concurrent medical problems, psychologic disturbances,
and prior drug exposure that increase the heterogeneity of the
population and diminish the likelihood that routine measures
will provide adequate relief of pain. The need for clinicians
and administrators to attend to the problem of acute pain and
provide the resources and systems for expert management is
therefore particularly important in this population.

“Routine” Approach to Postoperative Pain

Despite great variability in the pharmacokinetics and pharma-
codynamics of single opioid doses (40), and the large propor-
tion of patients who fail to attain adequate analgesia with
routine postoperative care, many patients do respond ade-
quately to an opioid, traditionally morphine or meperidine,
administered “as needed.” In the cancer population, the start-
ing dose must take into account the prior opioid exposure of
the patient. A reasonable starting dose is the equivalent of 5%
to 10% of the total opioid consumption during the previous
24 hours. If the drug or route of administration is changed, an
equianalgesic dose table must be consulted to calculate the
equivalent total daily dose of the new drug. Once a dose is
selected, it can be initially administered every 2 to 3 hours as
needed.

As-needed dosing of this type may be considered when a
procedure is likely to yield no more than moderate pain for a
short while. In these cases, the use of an opioid with a short
half-life, such as morphine or hydromorphone, is preferred and
use of the intravenous route through slow injection or brief
infusion will reduce distress associated with painful injections.
Meperidine, although likely to be safe during brief therapy, is
generally not preferred because of the availability of safer
drugs (see below). 

The proportion of cancer patients with postoperative pain
who will be undertreated by an as-needed dosing schedule
can be diminished if several factors are recognized. The vari-
ability in analgesic requirements may require changes in the
starting dose, adjustment in the dosing interval during the
immediate postoperative period, or both. Some patients
require several dose adjustments. Similarly, variability in pain
duration after any particular operation is great and the dura-
tion of opioid treatment must be flexible and be determined
solely by patient response. Some patients have concerns
about opioid-induced side effects and addiction, which may
augment distress and diminish patient compliance with ther-
apy unless strong reassurance is provided by the physician
and other staff.

In some populations, the routine approach to postoperative
pain management can be enhanced by the use of a nonopioid
analgesic, specifically a nonsteroidal anti-inflammatory drug
(NSAID). In the United States, ketorolac has been approved for
short-term parenteral use. In opioid-naïve patients, a standard
dose of ketorolac can provide analgesia equivalent to a par-
enteral dose of morphine of 10 mg (41). The addition of intra-
venous ketoprofen (not approved in the United States) to
intravenous PCA with tramadol after major gynecologic cancer
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PAIN SYNDROMES COMMONLY ENCOUNTERED
AMONG PATIENTS WITH GYNECOLOGIC CANCER

TA B L E  3 2 . 3  

ACUTE PAIN SYNDROMES
At any stage of disease:

Postoperative pain
Mucositis

In advanced stages of disease:
Recurrent bowel obstruction
Ureteral obstruction
Movement-related pain in brachial/lumbosacral 

plexopathy
Movement-related pain from bony lesions

CANCER-RELATED CHRONIC PAIN SYNDROMES
Brachial/lumbosacral plexopathy
Chronic abdominal pain: bowel obstruction, ascites, 

hepatomegaly
Tenesmoid pain
Bone pain from metastases

TREATMENT-RELATED CHRONIC PAIN SYNDROMES
Postmastectomy syndrome
Radiation-induced plexopathy
Chemotherapy-induced peripheral neuropathy (paclitaxel, 

cisplatin)
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surgery also significantly reduced opioid consumption (42). At
the present time in the United States, patients who are highly
predisposed to opioid side effects or toxicity, such as those with
severe preexisting lung disease, may benefit from a trial of
ketorolac either in lieu of opioid therapy or in combination
with an opioid. Ketorolac should not be used when NSAID
treatment is contraindicated.

Patient-Controlled Analgesia

PCA has achieved great popularity in the management of
postoperative pain and there is strong evidence that it
improves analgesia, decreases the risk of pulmonary complica-
tions, and increases patient satisfaction when compared with
conventional opioid analgesia (43). Theoretically, the self-
administration of small doses on a frequent basis allows the
patient to tailor the dose to the pain and enhance a sense of
personal control while achieving a more stable plasma drug
concentration. However, not all studies of this modality have
been positive. For example, a randomized, controlled trial of
227 gynecologic cancer patients undergoing intra-abdominal
surgery found that patients who were switched from par-
enteral to oral morphine on the first postoperative day experi-
enced the same degree of pain control as those who received
parenteral morphine via PCA pump (44). The latter studies
suggest that careful attention to dosing rather than the avail-
ability of a pump per se is the key factor in achieving adequate
pain control.

Other Approaches to Acute 
Pain Management

Numerous alternative approaches to postoperative pain man-
agement have been explored. Some require the expertise of pain
specialists.

Preemptive Analgesia

The administration of an analgesic prior to surgical tissue
injury may reduce postoperative pain and opioid requirements,
and possibly have longer-term benefits (45). There are conflict-
ing data, however, and the influence of type of analgesia, tim-
ing, and range of outcomes has not been elucidated. The role
of this strategy in gynecologic surgery is unclear and it is not
generally pursued. 

Oral Pretreatment and Postoperative 
Combination Therapy

Pretreatment with sustained-release morphine reduces post-
operative pain and analgesia requirements (46,47). This
technique is seldom used but may be an option in patients
whose postoperative pain management is expected to be
problematic. 

Presurgical or postsurgical addition of an NSAID in com-
bination with an opioid can augment analgesia and reduce
the use of opioids, potentially leading to reduction of opioid
side effects. A recent controlled trial, for example, demon-
strated that postoperative celecoxib improved outcomes and
was well tolerated in patients undergoing laparascopic
surgery (48). Equally important, there is now substantial
data demonstrating that the combination of gabapentin, a
neuronal calcium channel modulator widely used for the
treatment of chronic neuropathic pain, with an opioid
improves a range of outcomes in diverse surgeries, including
hysterectomy (49). 

Intraspinal Analgesia

Epidural analgesia is now common practice in many hospitals.
There is strong evidence that analgesia is better with this
approach than with parenteral opioids (50–53). There may
also be a lower risk of some postoperative complications
(54,55). Some studies suggest benefits that are prolonged into
the recovery phase after surgery, but the extant data are insuf-
ficient to judge these benefits adequately (51). Some side effects
are more likely with this technique than with conventional sys-
temic opioid therapy, including pruritus and hypotension, and
resources, including staff with special competencies, are needed
to implement the approach safely. 

Given the abundant evidence of better analgesia and related
outcomes, patients undergoing major gynecologic surgery
should be considered for epidural analgesia if the resources exist
to provide it. Although there is less clinical experience in the use
of subarachnoid opioid administration for postoperative pain,
the technique can also provide excellent relief (56–58). 

Regional Anesthetic Techniques

There are numerous regional anesthetic techniques that may be
useful for the management of acute pain. The simplest is the
application of local anesthetic at the surgical site. Topical anes-
thetics that are longer acting are in development and may offer
substantial benefits in the future.

Neural blockade capable of denervating the painful site is a
potential approach in most cases. Catheters that deliver local
anesthetic at a dose high enough to produce a sensory block
can be placed in the epidural space or along peripheral nerves
or plexus. Regional anesthesia can be used during an opera-
tion and then continued into the postoperative setting for pain
control. For example, a recent study demonstrated that sub-
arachnoid block for vaginal hysterectomy yielded significantly
better immediate postoperative analgesia versus standard gen-
eral anesthesia (59). 

Other Approaches

Transcutaneous electrical nerve stimulation (TENS) has been
suggested to be a useful modality for incisional pain after
abdominal surgery (60). Despite the evident simplicity and
safety of the approach, there has been little application of its
potential.

Cognitive approaches, including stress reduction, relax-
ation, hypnosis, and distraction techniques, have also reduced
postoperative pain and analgesic requirements (61,62). These
techniques are labor intensive and are almost never sufficient
as the sole means of analgesia. Nonetheless, studies have
established that higher levels of anxiety and depression can
negatively influence postoperative pain and analgesic require-
ments (63), and efforts to reduce anxiety through preoperative
education and postoperative psychologic interventions are
likely to have salutary effects.

MANAGEMENT OF CHRONIC
CANCER PAIN

The successful management of acute postoperative pain is an
important concern of the gynecologic oncologist, and satisfac-
tory pain relief should be considered a norm of practice. The
treatment of chronic pain is a far more challenging problem,
particularly among those with advanced illness.
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Cancer Pain, Symptom Distress, 
and Palliative Care

Most cancer patients who experience chronic pain also develop
other physical and psychologic symptoms. Pain, fatigue, and
psychologic distress are the most prevalent symptoms across
populations (64,65). A broad assessment of symptom distress,
followed by concurrent therapy of the most problematic
symptoms other than pain, is a fundamental aspect of pain
management.

Symptom distress, in turn, is only one aspect of the multifac-
eted problem of suffering (26,27,66). The assessment of suffer-
ing requires an evaluation in multiple domains, including the
physical, psychologic, social, and spiritual. This in turn requires
open and ongoing communication between the clinician and the
patient.

The assessment and management of problems that relate to
the broad constructs of suffering and quality of life are part of
the therapeutic model of palliative care, which focuses on
patients with progressive incurable illness and their families.
This therapeutic approach aims to enhance the quality of life
of the patient and family throughout the course of the disease.
In the United States, palliative care is rapidly evolving. Spe-
cialist care now has a well-defined purview, as codified in a
consensus document published by the National Consensus
Project for Quality Palliative Care (67). The American Board
of Medical Specialties approved Hospice and Palliative Medi-
cine as a formal subspecialty, and in an unprecedented event,
ten separate primary boards are co-sponsoring, including the
American Board of Obstetrics and Gynecology. Specialist care
is now being provided by institution-based palliative care pro-
grams, which now exist in approximately 40% of U.S. hospi-
tals, and through hospice programs. 

The evolution of specialist-level palliative care highlights
the paradigm of generalist-level palliative care. The effort to
provide optimal palliative care should be considered to be one
aspect of oncology best practice. Physicians who are caring for
patients with serious illness such as cancer must understand
the necessity of palliative care from the time of diagnosis
onward. They must acknowledge the multidimensional nature
of this endeavor, including a focus on communicating well,
setting goals, coordinating care, sharing decision making, pro-
moting advance care planning, managing symptoms, provid-
ing psychosocial and spiritual support, addressing practical
needs in the home, assisting the family as needed, and dealing
with the challenges of end-of-life care when this is necessary.
Referral to specialist services to address complex needs, or
provide hospice home care services, is central to the role of the
generalist. 

General Principles of Pain Management

The development of a successful strategy for pain management
must consider the etiology and pathophysiology of pain, the
patient’s medical status, and the goals of care. Although the main
approach for the management of cancer pain is opioid-based
pharmacotherapy, other interventions, including disease-oriented
treatments (e.g., surgery, chemotherapy, or radiation) or other
analgesic techniques, may be appropriate in selected cases.

Role of Primary Therapies

Effective treatment of the pathology underlying the pain can be
analgesic (68,69). Primary treatment includes antineoplastic ther-
apies and interventions directed at specific structural pathologies
(e.g., lysis of adhesions). There is evidence in a limited number of

cancers that specific chemotherapy regimens yield analgesic
effects and it is a common observation that patients who attain a
partial or complete response also experience improved symp-
toms. In a study of patients with metastatic breast cancer, for
example, palliative chemotherapy with doxorubicin with or
without vinorelbine resulted in an improvement of pain in 60.4%
of the 111 patients who suffered from pain at baseline (70);
although patients with an objective tumor response were more
likely to have an improvement in pain (84.9%), fully 61% of
patients with stable disease also benefited. In a small study of
patients with advanced ovarian cancer, palliative chemotherapy
was associated with improvement in symptom control, emo-
tional well-being, and global quality of life (71). In a study of
patients with recurrent/advanced cervical cancer, 67% of patients
experienced improvement of pain after alternating treatment
with PBM (platinum, bleomycin, and methotrexate) and PFU
(platinum and 5-fluorouracil [5-FU]) (72).

Radiation therapy commonly is used to manage pain and
there is evidence that it can provide effective and durable pallia-
tion of pain and other symptoms in chemotherapy-refractory
patients with ovarian cancer (73,74) and cervical cancer (75).
Radiation therapy can also provide analgesia to as many as 80%
of those treated for bone metastases (76). Patients with wide-
spread bone metastasis or bone pain refractory to local field
radiotherapy may benefit from treatment with radiopharmaceu-
ticals, such as strontium 89 or samarium-153 (77). In addition,
analgesia may be an expected result when radiation is used to
treat epidural disease, tumor ulceration, cerebral metastases,
superior vena cava obstruction, and bronchial obstruction.

Unfortunately, many patients with chronic cancer pain
have no option for primary antineoplastic therapy or did not
achieve symptomatic relief from these interventions. The
approach to these patients involves a diverse group of primary
analgesic treatments (Table 32.4). Several concurrent interven-
tions are often required to manage the pain. The benefits of
analgesic therapies must be balanced against the side effects
they produce in a way that optimizes the outcome for the
patient. Repeated assessments, performed as part of a broader
approach to palliative care, are essential in this process and
often lead to adjustments in the therapy.

THERAPEUTIC APPROACHES:
PHARMACOLOGIC MANAGEMENT
Prospective trials indicate that more than 70% of patients can
achieve adequate relief of cancer pain using a pharmacologic
approach (3,12–14). Effective pain management requires
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APPROACHES USED IN THE MANAGEMENT 
OF CHRONIC CANCER PAIN

TA B L E  3 2 . 4  

Primary therapies
Radiation therapy
Chemotherapy
Surgery
Antibiotics

Primary analgesic therapies
Pharmacologic approaches
Interventional approaches
Physiatric approaches
Neurostimulatory approaches
Psychologic approaches
Complementary and alternative medicine approaches
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expertise in the administration of three groups of analgesic
medications: NSAIDs, opioid analgesics, and adjuvant anal-
gesics. The term adjuvant analgesic is applied to a diverse group
of drugs that have primary indications other than pain but can
be effective analgesics in specific circumstances, such as in the
treatment of neuropathic pain.

A model approach to the selection of these drugs, known as
the “analgesic ladder,” has been developed by the World
Health Organization (WHO) (Fig. 32.2) (3). According to this
approach, patients with mild to moderate cancer-related pain
are first treated with acetaminophen (paracetamol) or an
NSAID. This drug is combined with an adjuvant drug that can
be selected either to provide additional analgesia (i.e., an adju-
vant analgesic) or to treat a side effect of the analgesic or a
coexisting symptom. Patients who present with moderate to
severe pain, or who do not achieve adequate relief after a trial
of an NSAID, should be treated with an opioid conventionally
used to treat pain of this intensity (previously designated a
“weak” opioid), which is typically combined with an NSAID
and may be administered with an adjuvant if there is an indica-
tion for one. Those who present with severe pain or who do
not achieve adequate relief following appropriate administra-
tion of drugs on the second rung of the analgesic ladder should
receive an opioid conventionally used for severe pain (previ-
ously called a “strong” opioid), which may be combined with
an NSAID or an adjuvant drug as indicated.

The analgesic ladder is important historically and is still
widely cited in the developing world in an effort to encourage
policy makers to expand medical access to opioid drugs. It is a
limited clinical guideline in most developed countries, where
access to numerous opioid formulations and other analgesic
modalities has influenced clinical practice. Nonetheless, the
concept promoted by the analgesic ladder model—opioid
therapy on a long-term basis should be considered the main-
stay for the therapy of chronic moderate to severe cancer-
related pain—remains widely accepted and a very important
message of the original paradigm. 

Nonsteroidal Anti-inflammatory Drugs

In the United States, the nonopioid analgesics comprise aceta-
minophen and the NSAIDs (Table 32.5). These drugs have a
well-established role in the treatment of cancer pain (78–81).
Based on clinical observations, NSAIDs appear to be espe-
cially useful in patients with bone pain or pain related to
grossly inflammatory lesions, and relatively less useful in
patients with neuropathic pain (82). In addition, NSAIDs have
an opioid-sparing effect that may be helpful to prevent the
occurrence of dose-related side effects (83,84).

NSAIDs inhibit the enzyme cyclo-oxygenase (COX) to
reduce production of peripheral and central prostaglandins,
and this action presumably underlies their analgesic effects.
There are two forms of COX, a constitutive form (COX-1)
and an inducible form (COX-2). Compounds that are rela-
tively more selective for COX-2 than COX-1 have a lower
risk of inducing gastrointestinal adverse effects (85,86), and
some drugs that are relatively COX-2 selective have been
labeled in this way and promoted for their enhanced gastroin-
testinal safety. In the United States, the only drug of the latter
type now on the market is celecoxib. Rofecoxib and valde-
coxib were previously available, but were taken off the market
due to concerns related to cardiovascular safety. 

The cardiovascular safety of the NSAIDs, including the
newer COX-2 selective drugs, has been under intense review.
Based on numerous studies, it is most reasonable to conclude
that an increased risk of peripheral vascular disease, myocar-
dial infarction, transient ischemic attacks, and stroke occurs
during treatment with any of the NSAIDs (87,88). Mechanis-
tically, this risk is associated with COX-2 inhibition, whether
produced by the nonselective COX-1 and COX-2 inhibitors
or by the COX-2 selective drugs. Although the risk varies
across drugs, large comparative studies have been retrospec-
tive and results have been conflicting. 

NSAIDs should be administered with caution to patients
with significant risk factors for peptic ulcer disease, renal dis-
ease, cardiovascular disease, or bleeding diathesis. For patients
who are predisposed to ulcer disease or would have difficulty
tolerating a gastrointestinal hemorrhage, the increased safety
of the COX-2 selective drugs—celecoxib in the United States—
is likely to be an advantage. Coadministration of a proton
pump inhibitor, such as omeprazole or misoprostol, also
should be considered to reduce the risk of gastrointestinal
damage induced by NSAIDs (89). 

Selective COX-2 inhibitors and nonselective NSAIDs seem to
be equally nephrotoxic and, therefore, should be used with the
same caution. The safest nonopioid to use in patients with exist-
ing renal disease is acetaminophen, notwithstanding some data
that suggest that this drug can also produce renal toxicity (90).

Other factors may also be important in the selection of an
NSAID. First, there is substantial variability in the response of
individual patients to different agents, and the response to an
NSAID in the past should guide drug selection in the present.
Second, it may be useful to consider the drug’s duration of effect
when selecting an NSAID. The need to improve treatment adher-
ence or provide a simpler dosing regimen encourages the use of a
drug that can be administered once daily (e.g., nabumetone) or
twice daily (e.g., celecoxib and many others), whereas the desire
for as-needed dosing suggests the use of a short-duration drug
(e.g., ibuprofen). Finally, drug selection may be influenced by
cost, which varies greatly among both drugs and pharmacies.

The toxicities associated with the use of NSAIDs are dose-
related and often occult until severe morbidity occurs.
Although patients with cancer pain are commonly treated
with standard doses, it is reasonable to explore the dose range
and seek the minimal effective dose for long-term therapy.
Dose escalation in poor responders is limited by dose-related
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FIGURE 32.2. The three-step “analgesic ladder” proposed by an
expert committee of the Cancer Unit of the World Health Organiza-
tion. Source: Reproduced with permission from the World Health
Organization. Cancer Pain Relief. 2nd ed. Geneva: World Health
Organization; 1996.
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NONSTEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDS)

TA B L E  3 2 . 5  

Class and Approx. Dosing Recommended 
generic name Trade name half-life (h) schedule starting dosea Commentb

P-AMINOPHENOL DERIVATIVES 
Acetaminophenc Tylenol, Datril, 3–4 q 4–6 h 650 mg q 4 h Overdosage produces hepatic 

Panadol (5 doses daily) toxicity. Not anti-inflammatory 
and therefore not preferred as 
first-line analgesic or coanalgesic 
in patients with bone pain. Lack 
of GI or platelet toxicity; however, 
may be important in some cancer 
patients. At high doses, liver 
function tests should be monitored.

NAPTHYLALKANONES
Nabumetone Relafen 22–30 q 24 h 500–1,000 mg q 12 h Appears to have a relatively low 

risk of GI toxicity; once-daily 
dosing can be useful.

SALICYLATES
Acetylsalicylic Aspirin 3–12d q 4–6 h 650 mg q 4 h Standard for comparison. May not 

acidc (5 doses daily) be tolerated as well as some of the 
newer NSAIDs.

Diflunisalc Dolobid, 8–12 q 12 h 1,000 mg � 1, then Less GI toxicity than aspirin
Dolobis 500 mg q 12 h

Choline magnesium Trilisate 8–12 q 12 h 500–1,000 mg q 12 h Choline magnesium trisalicylate 
trisalicylatec and salsalate have minimal GI 

toxicity and no effect on platelet 
aggregation despite anti-
inflammatory effects. May 
therefore be particularly useful 
in some cancer patients.

Salsalate Disalacid 8–12 q 12 h 500–1,000 mg q 12 h

PROPRIONIC ACIDS
Ibuprofenc Motrin, Advil, 3–4 q 4–8 h 400–600 mg q 8 h Available over-the-counter.

Nuprin

Naproxenc Naprosyn 13 q 12 h 250–500 mg q 12 h Available as a suspension.

Naproxen sodiumc Aleve, Anaprox, 13 q 12 h 275–550 mg q 12 h —
Naprelan

Fenoprofen Nalfon, 2–3 q 6 h 200 mg q 6 h —
Fenopron, 
Progesic

Ketoprofen Orudis, Oruvail 2–3 q 6–8 h 25–50 mg q 8 h —

Flurbiprofenc Ansaid 5–6 q 8–12 h 100 mg q 12 h —

Oxaprozin Daypro 40 q 24 h 600 mg q 24 h Once-daily dosing may be useful.

ACETIC ACIDS
Indomethacin Indocin, 4–5 q 8–12 h 25 mg q 8 h Available in sustained-release 

Indocid and rectal formulations. 
Higher incidence of side effects, 

particularly GI and CNS, than 
proprionic acids.

Tolmetin Tolectin 1 q 6–8 h 200 mg q 8 h
Sulindac Clinoril 14 q 12 h 150 mg q 12 h Less renal toxicity than other NSAIDs.
Diclofenac Voltaren 2 q 6–8 h 25 mg q 8 h
Ketorolacc Toradol 4–7 q 4–6 h 30–60 mg load, Only parenteral formulation 

then 15–30 mg available. Approved for 
q 6 h (parenteral); postoperative use. Experience too 
10 mg q 6 h (oral) limited to evaluate higher doses.

(continued)
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toxicities and a ceiling dose for analgesia above which addi-
tional dose increments fail to produce more relief. If an increase
in dose maintains the therapy in the conventionally accepted
safe range and provides more analgesia, it should be continued.
The lack of additional pain relief following a dose increase,
however, suggests that the ceiling has been reached, and the
dose can then be lowered to the previously effective dose or the
drug can be discontinued. All patients receiving an NSAID
should be evaluated periodically for occult fecal blood, changes
in blood pressure, and effects on renal or hepatic function.

Opioid Analgesics

Expertise in the administration of opioid analgesics (Table 32.6)
is the foundation of cancer pain management. The clinician
should have knowledge of opioid pharmacology and a clear
grasp of practical guidelines for dosing (91,92).

Opioid Classes

Based on receptor interactions, the opioid analgesics can be
divided broadly into pure agonists and agonist-antagonists.
The pure agonist drugs used in the management of chronic
cancer pain are agonists at the µ-receptor subtype. The agonist-
antagonist drugs comprise a mixed agonist-antagonist subclass,
which includes drugs that are weak antagonists at the µ receptor
and agonists at another receptor subtype, and a partial agonist
subclass, which includes drugs that are partial agonists at the
µ receptor. In the United States, the mixed agonist-antagonist
drugs include pentazocine, nalbuphine, dezocine, and butor-
phanol, and the partial agonists include buprenorphine.

All the agonist-antagonist drugs share properties that
together suggest a limited role in the management of chronic
cancer pain. These drugs have a ceiling dose for analgesia, and
all have the potential to produce an abstinence syndrome in
patients already physically dependent on an agonist drug. Some
of the mixed agonist-antagonists, particularly pentazocine, are
also more likely to produce psychotomimetic effects than
the pure agonist drugs. In patients with chronic pain, the lack
of oral formulations for all but pentazocine and buprenorphine
(sublingual formulation) also limits the utility of these drugs.

Agonist drugs, the prototype of which is morphine, are pre-
ferred in the management of chronic cancer pain (Table 32.6).
To optimize the administration of these drugs, widely accepted
dosing guidelines must be applied systematically. 

“Weak” Versus “Strong” Opioids. Unlike the division of
the opioids into agonist and agonist-antagonist classes, the dis-
tinction between “weak” opioids and “strong” opioids, which
was originally incorporated into the WHO analgesic ladder
approach (3), is more operational than pharmacologic. The
so-called weak opioids are now designated as those that are con-
ventionally administered orally for moderate pain in patients
with no or limited prior opioid exposure (second rung of the
analgesic ladder), and the so-called strong opioids are those
that are conventionally used to treat severe pain or moderate to
severe pain in patients already using an opioid (third rung of
the analgesic ladder). In the United States, the former group
comprises codeine, hydrocodone, dihydrocodeine, oxycodone,
propoxyphene, and occasionally meperidine. Tramadol, a
unique centrally-acting analgesic with a mechanism of action
that is partly opioid, also is generally included with this group.
The other opioids used conventionally on the third rung of the
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NONSTEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDS) (CONTINUED)

TA B L E  3 2 . 5

Class and Approx. Dosing Recommended 
generic name Trade name half-life (h) schedule starting dosea Commentb

OXICAMS
Piroxicam Feldene 45 q 24 h 20 mg q 24 h Administration of 40 mg for over 

3 weeks is associated with a high 
incidence of peptic ulcer, 
particularly in the elderly.

FENAMATES
Mefenamic acidc Ponstel, 2 q 6 h 250 mg q 6 h Not recommended for use longer 

Ponstan than 1 week and, therefore, not 
indicated in cancer pain therapy.

PYRAZOLES
Phenylbutazone Antadol, 50–100 q 68 h 100 mg q 8 h Not a first-line drug owing to risk 

Butazolidin of serious bone marrow toxicity. 
Not preferred for cancer pain 
therapy.

COX-2 INHIBITORS
Celecoxib Celebrex 11 q 12 h 100–200 mg q 12 h Fewer GI side effects; no effect on 

platelet function.

Note: CNS, central nervous system; GI, gastrointestinal.
aStarting dose should be one-half to two-thirds of the recommended dose for the elderly, those on multiple drugs, and those with renal insufficiency.
Doses must be individualized. Low initial doses should be titrated upward if tolerated and clinical effect is inadequate. Doses can be incremented
weekly. Studies of NSAIDs in the cancer population are meager; dosing guidelines are thus empiric.
bWith all NSAIDs, stool guaiac and liver function tests, BUN, creatinine, and urinalysis should be monitored; frequency of monitoring should be
increased for those on relatively high doses.
cPain is approved indication.
dHalf-life of aspirin increases with dose.

Barakat_CH32-983-1004.qxd  3/2/09  6:19 PM  Page 992



analgesic ladder include morphine, hydromorphone, oxymor-
phone, levorphanol, fentanyl, and methadone.

Among those opioids conventionally used for moderate pain
in the United States, codeine and propoxyphene are usually, but
not always, combined with a coanalgesic (aspirin or aceta-
minophen); hydrocodone and dihydrocodeine are only avail-
able in combination products; tramadol is available as a single
entity and combined with acetaminophen. Oxycodone, which is

available both as a single entity and as a combination tablet com-
bined with aspirin or acetaminophen, can be considered to be a
drug for the second step of the ladder when used in combination
with a coanalgesic and a drug for severe pain when used alone.

The designation of the drugs conventionally used to treat
moderate pain as “weak” was a misnomer because none of
these drugs is characterized by a ceiling effect that would limit
its use. Rather, other considerations have led to the customary
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OPIOID ANALGESICS

TA B L E  3 2 . 6

Dose (mg)
equianalgesic 
to morphine Peak 

Drug 10 mg IMa PO IM Half-life (h) effect (h) Duration (h) Commentb

Morphine 20–30c 10 2–3 0.5–1.0 36 Standard for comparison
Morphine CR 20–30 10 2–3 3–4 8–12 Various formulations are 

not bioequivalent

Morphine SR 20–30 10 2–3 2–3 12–24 —
Codeine 200 130 2–3 1.5–2.0 3–6 Combined with aspirin or 

acetaminophen. Usually 
for moderate pain. Also 
available without coanalgesic 

Hydromorphone 7.5 1.5 2–3 0.5–1.0 2–4 Potency may be greater, 
i.e., hydromorphone: 
morphine � 3:1 rather than 
6.7:1 during prolonged use

Oxycodone 20 — 2–3 1 3–4 Combined with aspirin or 
acetaminophen, for moderate 
pain; available orally without 
coanalgesic and useful for 
severe pain

Oxycodone CR 20 — 2–3 2–3 8–12 —
Oxymorphone 10 (rectal) 1 2–3 1.5–3.0 2–4 —
Oxymorphone CR 20 (oral) — 2–3 1.5–3.0 2–4 —

Methadone 20 10 12–190 0.5–1.5 4–12 Although 1:1 ratio with 
morphine was in single-dose 
study, there is a change with 
chronic dosing and large dose 
reduction (75%–90%) is 
needed when switching to 
methadone. Risk of delayed 
toxicity

Levorphanol 4 2 12–15 0.5–1 4–6 Usage limited because only 
2 mg tablets are available

Fentanyl — — 7–12 — — Can be administered as a 
continuous IV infusion or 
SC infusion; based on clinical 
experience, 100 µg/h is 
roughly equianalgesic to 
morphine 4 mg/h

Fentanyl TTS — — 16–24 — 48–72 Based on clinical experience, 
100 µg is roughly equianal-
gesic to morphine 4 mg

Meperidine 300 75 2–3 0.5–1.0 3–4 Not preferred for cancer 
patients owing to potential 
toxicity

Note: IM, intramuscular; IV, intravenous; SC, subcutaneous.
aDose that provides analgesia equivalent to 10 mg intramuscular morphine.
bAll opioids may produce various common side effects, (e.g., constipation, nausea, sedation). Respiratory depression is rare in cancer patients.
cExtensive survey data suggest that the relative potency of IM:PO morphine of 1:16 changes to 1:23 with chronic dosing.
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use of these opioids at doses limited to those capable of treat-
ing moderate pain in the relatively nontolerant patient. For
example, the dose of any opioid combined in a single tablet
with acetaminophen or aspirin can only be escalated until the
dose of the nonopioid coanalgesic reaches a level associated
with toxicity. As noted, hydrocodone and dihydrocodeine are
available only in such combinations, and most of the other
drugs in this group are typically administered in this form.

Propoxyphene and meperidine should not be used at higher
doses because of the risk of enhanced toxicity due to accumula-
tion of a metabolite. The metabolite of propoxyphene, nor-
propoxyphene, has not been a problem at the doses at which the
parent compound is used clinically. However, this drug is associ-
ated with serious cardiac toxicity in overdose, and for this reason
and its limited efficacy in the doses marketed, it is not preferred
and rarely used. The metabolite of meperidine, normeperidine,
has been observed to produce clinically relevant side effects in the
cancer population, including tremulousness, hyperreflexia,
myoclonus, and even seizures (93). This risk suggests that meperi-
dine should not be used in the management of cancer pain.

As suggested by the analgesic ladder, the simplest approach
to the management of moderate pain in the cancer patient with
limited or no prior exposure to opioids begins with a combina-
tion product containing a nonopioid drug and an opioid, usu-
ally codeine, oxycodone, or hydrocodone. The dose can be
increased to maximally safe levels of the coanalgesic; in prod-
ucts containing acetaminophen, this is usually 4 g per day. 

Selection of an Opioid

The selection of an opioid for severe cancer pain is similarly
empirical. Traditionally, morphine often was considered to be the
preferred first-line drug based on worldwide experience, ease of
dosing, and the availability of numerous formulations. The
intraindividual variability in the response to the different opioids
is very substantial, however, and any of the other drugs may yield
a better response in the individual patient. This variability also
suggests that therapeutic failure with one drug may be followed
by remarkable success with another (94).

The predominant metabolic pathway for morphine is glu-
curonidation to morphine-3-glucuronide (M3G) and morphine-
6-glucuronide (M6G), and the accumulation of morphine
metabolites may be associated with side effects, such as
myoclonus and chronic nausea (95). Renal insufficiency results
in accumulation of M3G and M6G (96,97). For this reason,
morphine should be administered cautiously to patients with
renal insufficiency. The occurrence of morphine toxicity in these
patients should be followed by a trial of an alternative opioid,
such as hydromorphone or fentanyl. Although the supporting
data are limited, morphine is often viewed unfavorably when
patients have very poor renal function or are on dialysis or have
renal function that is expected to change. In the latter situations,
studies are inadequate to generate guidelines that are evidence
based, but hydromorphone and fentanyl are often preferred
(98). Given concern about the theoretical accumulation of
hydromorphone metabolites, some authors recommend against
this drug as well (99).

The selection of an opioid for the treatment of severe cancer
pain is also influenced by pharmacokinetic factors, the most salient
of which is duration of effect. In an effort to improve adherence
and convenience, numerous long-acting extended-release formula-
tions of short half-life opioids have been developed. Oral once-
daily or twice-daily formulations of morphine, oxycodone,
oxymorphone, and hydromorphone are available in the United
States or other countries. Transdermal fentanyl provides a dosing
interval of 2 to 3 days and is preferred by some patients. 

Although both levorphanol and methadone have relatively
long half-lives (Table 32.6), patients typically require doses
at least every 6 hours to maintain stable effects. Methadone
has become an increasingly popular drug for chronic pain,

presumably because of its low cost, potential for unexpectedly
high potency, and relatively low abuse potential and low likelihood
of diversion by individuals with a history of substance use disorder.
Clinical experience suggests that rotation to methadone after inad-
equate treatment with another opioid can indeed produce surpris-
ingly good results, an outcome that has been speculated to be
related to the d-isomer in the formulation that is commercially
available in most countries; this isomer is not an opioid, but rather
blocks another receptor (the N-methyl-D-aspartate receptor, or
NMDA) and in this way may potentiate analgesia or reverse some
degree of opioid tolerance (100,101).

Methadone is a challenging drug to use, however, and clin-
icians must understand its unique pharmacology to administer
it in a safe manner. Methadone’s half-life ranges between 12
and 190 hours, and substantial delayed toxicity has been
observed many days after methadone treatment was begun or
altered (102). Its potential to have an unexpectedly high
potency when substituting for another opioid increases the
challenge of dose selection when starting the drug. Finally,
observational studies indicate that methadone can prolong the
QTc interval (103,104). Although the risk of cardiac toxicity
appears very low and there is no consensus concerning elec-
trocardiographic (ECG) monitoring, this risk suggests that a
baseline ECG is reasonable in patients with heart disease or
concurrent treatment with other cardioactive drugs, and in
those whose methadone dose reaches relatively high levels
(e.g., above 200 mg per day). Given the increased potential for
serious toxicity and the need for prolonged monitoring with
methadone, it is reasonable to view this drug as a second-line
agent for patients predisposed to opioid side effects, including
the elderly and those with major organ dysfunction. 

The patient’s previous favorable experience with opioid
drugs should also be considered when choosing an opioid.
The exception to this is meperidine, the toxic metabolite of
which may accumulate with repeated dosing. A favorable
experience with this drug during short-term administration
should not be viewed as predictive of the response to chronic
dosing.

Routes of Administration

The oral and transdermal routes are preferred in the manage-
ment of chronic cancer pain. Alternative routes may be
required, however, and the clinician must recognize their indica-
tions and be familiar with the accepted approaches. In a survey
of patients with advanced cancer, more than half required two
or more routes of administration prior to death and almost a
quarter required three or more (105).

Transdermal Delivery. The transdermal route of adminis-
tration is available for the highly lipophilic opioid fentanyl
(106). This formulation, which offers a 48- to 72-hour dosing
interval, is preferred by some patients and may be associated
with relatively less constipation (107). The transdermal route
may be very useful for the patient who is unable to swallow or
absorb an orally administered opioid; this is particularly
appropriate when the underlying pain syndrome is relatively
stable. Pains that are rapidly fluctuating and require multiple
supplemental doses may be more easily managed using an
ambulatory infusion device with a PCA option. Transdermal
fentanyl is relatively contraindicated in patients with antici-
pated episodes of fever; increased ambient temperature
changes the delivery characteristics of the patch and fever may
be associated with overdose. 

Transdermal buprenorphine is efficacious and available in
some countries. Although buprenorphine is a partial agonist
and has a ceiling dose, and a capacity to induce abstinence if
administered to a patient who is already physically dependent
on another opioid, a recent observational study suggests that
some patients with severe cancer can benefit and make use of
this formulation until death (108).
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Rectal. Rectal formulations of oxymorphone, hydromor-
phone, and morphine are available in the United States. There
also is anecdotal experience with rectal administration of
controlled-release morphine or oxycodone tablets. The rectal
route usually is considered for patients who are relatively opioid
nontolerant and become temporarily unable to take oral med-
ications. The potency of opioids administered rectally is believed
to approximate oral dosing (109), absorption is variable, and
relative potency may be higher or lower than expected, depend-
ing on a variety of factors, including location of the suppository
(low in the rectum, where the blood supply is systemic, or high
in the rectum, where blood flows through the portal circulation)
and contents of the rectum at the time of dosing.

Transmucosal, Buccal, and Sublingual. Absorption through
the oral cavity potentially can occur with any opioid, and those
that are lipophilic and relatively potent may be absorbed suffi-
ciently to have clinical use (110). Two different types of oral
transmucosal formulations of fentanyl were approved in the
United States after having been shown to be safe and efficacious
when used as a “rescue” dose for the treatment of break-
through pain in cancer patients receiving a fixed-schedule opi-
oid (111,112). These formulations appear to have an onset of
action faster than orally administered drugs. They were devel-
oped for breakthrough pain on this basis. Given the perception
that rapid-onset formulations address an unmet clinical need,
other formulations are in development. These will deliver fen-
tanyl, or some other opioid, intranasally, sublingually, transbuc-
cally, and via the intrapulmonary route. 

In some clinical situations, a trial of an injectable formulation
placed under the tongue is reasonable. Although there is consid-
erable experience in the use of sublingual administration of con-
centrated oral morphine solution during the care of patients at
the end of life, this drug is relatively hydrophilic, and is poorly
absorbed by this route; it is likely that most of the effects
obtained occur following enteral absorption after swallowing.

Intranasal butorphanol is available, but as noted, this opi-
oid is an agonist-antagonist and has characteristics that make
it unfavorable for long-term administration to cancer patients.
It is rarely used in this setting. A sublingual preparation of
buprenorphine is indicated in the United States for the office-
based treatment of addiction. Experience in the treatment of
pain is very limited. 

Continuous Infusion. Patients who are unable to swallow
or absorb opioid drugs are candidates for long-term parenteral
dosing. Repetitive intramuscular or subcutaneous injections are
painful and should be rarely considered. Repetitive intravenous
injections may be effective, but they usually require skilled nurs-
ing and may be associated with prominent “bolus” effects (tox-
icity at peak concentration, pain breakthrough at the trough, or
both). Repetitive dosing through a “butterfly” needle placed
under the skin has been used effectively in end-of-life care and
experience suggests that the needle can be in place for a week
without the development of local pain or other problems. 

Continuous infusion. Eliminates the fluctuations in plasma
concentration associated with repetitive bolus injections. Any
opioid available in an injectable formulation can be used for
continuous infusion. The availability of continuous subcuta-
neous infusion using ambulatory infusion devices has markedly
enhanced the clinical utility of infusion techniques, allowing
long-term administration of opioids and other drugs in the
home environment (113). A diverse group of pumps that range
considerably in features, complexity, and cost are now avail-
able, and the clinician often has the option of selecting a pump
based on the needs and resources of the patient. PCA can be
combined with continuous infusion to address episodic pains.
In most cities, skilled nursing organizations can assist in the
management of therapy at home.

Intraspinal Opioids. The discovery of opioid receptors in the
spinal cord provided the foundation for the development of
techniques to deliver opioid analgesics intraspinally. Intraspinal

administration can provide selective analgesia (i.e., without the
sensory or motor blockade produced by local anesthetics) at
doses lower than those required systemically. The strongest indi-
cation for a trial of intraspinal opioid administration is the
occurrence of intolerable somnolence or confusion in patients
who are not experiencing adequate analgesia during systemic
opioid treatment of pain.

Many methods of intraspinal opioid administration are
now in use (114). The most commonly used include a percuta-
neous epidural catheter, which is usually tunneled to the ante-
rior abdominal wall and there connected to an ambulatory
infusion pump; a totally implanted epidural catheter connected
to a subcutaneous portal, which in turn is connected to an
ambulatory pump; and an intrathecal catheter connected to a
totally implanted continuous infusion device. The preferred
drugs for chronic intraspinal infusion are morphine and hydro-
morphone, but many others are used empirically, and admix-
tures (e.g., opioid plus local anesthetic or clonidine, or both)
are now commonplace.

The use of intraspinal infusion in the management of cancer
pain is likely to increase with further evidence of favorable out-
comes in the oncology population (115). Implantable pump sys-
tems, which are refilled percutaneously, are often chosen for
patients with life expectancies of 3 or more months. A controlled
trial that compared neuraxial infusion to comprehensive medical
management demonstrated that the spinal opioid treatment
improved pain, side effects, quality of life, and even survival
(116). The potential utility of neuraxial analgesia is also likely to
change with the advent of more choices in drug selection. 

Based on a systematic review of the literature (117), an expert
panel created an algorithm for the progressive use of an array of
drugs during intrathecal therapy (118). Therapy is initiated with
a single-agent opioid (either morphine or hydromorphone). If
adequate pain relief cannot be achieved, a second agent is added,
either bupivacaine or clonidine. Clonidine, an alpha2-adrenergic
agonist that was shown in a controlled trial to be effective in neu-
raxial analgesia (119), is one of several classes of nonopioid and
nonanesthetic drugs now being used. Ziconotide, a unique cal-
cium-channel blocker, is now available in the United States and
has been shown to be effective for cancer pain in controlled trials
(120). A 2007 update of the evidence-based algorithm for drug
selection during neuraxial infusion is pending publication and
incorporates these and other agents. Intraspinal therapy is now
often initiated with a combination of drugs in an effort to reduce
side effects, such as sensory and motor block, urinary retention,
pruritus, and nausea, and potentiate analgesia (121). 

Guidelines for the Administration of Opioid Drugs

As noted, all patients who develop moderate to severe persis-
tent pain should be considered for an opioid-based regimen.
The opioid-naïve patient usually is offered a short-acting com-
bination product (conventionally used on the analgesic ladder’s
second rung). It is acceptable, however, to initiate therapy with
a long-acting formulation, as long as the dose is appropriate
(122). For example, long-acting morphine can be started at a
dose of 15 mg twice daily, or 20 to 30 mg once daily, depend-
ing on the formulation. Long-acting oxycodone or oxymor-
phone can be started at doses of 10 mg twice daily or 5 mg
twice daily, respectively. Transdermal fentanyl can be initiated
at 12 µg/h in opioid-naïve patients. Given the availability of
these long-acting formulations in doses appropriate for the
opioid-naïve, the decision to start a short-acting or long-acting
drug in a patient with new-onset persistent pain is a clinical
judgment based on patient preference, convenience, cost and
availability, and experience. 

If a patient is receiving a short-acting drug, but pain is not
controlled, it is conventional practice to switch to a single-entity
pure µ agonist (third-rung drug), typically in a long-acting for-
mulation. Starting doses may be slightly higher if the patient has
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been requiring regular administration of the short-acting drug.
On a daily basis, the milligram dose of a long-acting drug is the
same as the short-acting formulation of the same drug. 

Following selection of a starting dose, dose adjustment is
almost always required. Once a favorable balance between
analgesia and side effects is obtained, this is usually maintained
for a prolonged time unless there is progression in the pain-
producing pathology. Although several large surveys have estab-
lished that patients with stable disease usually demonstrate
stable dosing patterns, most patients with cancer pain do not
have stable disease. Recurrent pain or the new occurrence of side
effects necessitates another period of dose titration. Inadequate
adjustment of the dose is probably the most common reason for
unsuccessful long-term management of cancer pain.

In all cases, the dose of an opioid should be increased until
acceptable analgesia is produced or intolerable and unmanage-
able side effects supervene. Ceiling doses for the pure agonist
opioids have not been identified clinically, and doses can, there-
fore, become extremely high—equivalent to grams of morphine
per day—as upward dose titration proceeds. The absolute dose
of the opioid is immaterial as long as the balance between anal-
gesia and side effects remains acceptable for the patient.

In many countries, it is common to coadminister a short-act-
ing opioid on an “as-needed” basis in combination with the
fixed schedule regimen of the long-acting drug. Surveys have
demonstrated that one-half to two-thirds of patients with can-
cer pain will experience clinically significant breakthrough pain
(123,124), and this approach—known as “rescue” dosing—has
become widely accepted as a means to treat it. As described pre-
viously, rapid-onset transmucosal formulations have been
developed specifically in an effort to improve the management
of breakthrough pain, most of which have a time course that is
more rapid than the typical time-action profile of an orally
administered opioid. 

Treatment of common side effects is an essential element in
the successful management of opioid therapy (see below).
Patients who experience intolerable toxicity despite treatment
should be designated as poorly responsive to the specific drug
and route, and an alternative strategy for pain control should be
implemented (125–127). This may include more sophisticated
management of the treatment-limiting side effect, the addition
of a pharmacologic or nonpharmacologic analgesic approach
that could reduce the opioid requirement, or opioid rotation. 

Opioid rotation, or the switching from one drug to another
in an effort to improve the outcomes of an opioid regimen, is
now widely used, despite guidelines that remain based on expe-
rience rather than research (128). Switching requires an appre-
ciation of relative potency, as codified on the equianalgesic
dose table (Table 32.6). To switch to another opioid drug or
route, the equianalgesic dose table is used to calculate a dose of
the new drug that would be theoretically equianalgesic with the
old drug or route. With few exceptions, the dosing regimen
based on this calculated dose should be reduced by 25% to
50% to account for incomplete cross-tolerance between drugs.
A larger reduction, 75% to 90%, is prudent if the new drug is
methadone (because of a unique pharmacology in this agent).
In contrast, no reduction in the equianalgesic dose is needed if
the switch is to transdermal fentanyl (because a reduction is
already built into the recommended equianalgesic ratios).

Management of Common Opioid Side Effects

Although there is no maximum dose or ceiling dose for the
µ-agonist opioids, the appearance of side effects imposes a prac-
tical limit on dose escalation. Given the importance of side
effects in determining the response to an opioid, the successful
management of common adverse side effects is a fundamental
aspect of therapy (129). The most common side effects are related
to gastrointestinal and neuropsychologic function (Table 32.7). 
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TA B L E  3 2 . 7  

Opioid side effect Treatment

Constipation Approaches for all patients:
Increase fluid intake and dietary fiber
Ensure comfort and convenience, etc.

Discuss approaches with patient and select one or more:
Daily contact laxative plus stool softener (e.g., senna plus docusate)
Daily osmotic laxative or lavage agent 
Intermittent use of laxative

Consider alternative approaches in refractory cases:
Enema
Prokinetic agent (metoclopramide)
Oral naloxone

Nausea Several approaches:
If associated with vertigo or if markedly exacerbated by  movement, antivertiginous drug 

(e.g., scopolamine,  meclizine, dimenhydrinate)
If associated with early satiety, prokinetic agent  (metoclopramide)
In other cases, dopamine antagonist drugs (e.g.,  prochlorperazine, chlorpromazine, 

haloperidol, metoclopramide)

Somnolence, mental clouding If analgesia is satisfactory, reduce opioid dose by 25% to 50%
If analgesia is satisfactory and the toxicity involves  confusion, consider a trial of a 

neuroleptic (e.g.,  haloperidol)
If analgesia is satisfactory and the toxicity is somnolence, consider a trial of a 

psychostimulant (e.g., methylphenidate)
Consider pharmacologic approaches to reduce the opioid requirement (addition of a 

coanalgesic or adjuvant)
Consider trial of an alternative opioid
If appropriate, consider nonpharmacologic analgesic approaches
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Constipation is a highly prevalent side effect of opioid ther-
apy. It may contribute to abdominal pain, distension, nausea,
and worsening anorexia, and occasionally may progress to
obstipation and bowel obstruction. The management of drug-
induced constipation should begin with the elimination of
nonessential constipatory drugs and, if possible, an increase in
both fluid and fiber intake. Fiber should not be increased in
those with likely partial bowel obstruction or marked debility
because of the potential for worsening obstruction.

Laxative therapy should be considered whenever constipa-
tion cannot be controlled through nutritional measures. Rou-
tine laxative therapy should not be administered, however, if
there is reason to believe that obstruction or impaction is pre-
sent. These problems should be addressed before laxative ther-
apy is initiated. Patients who are starting opioid therapy and
have other predisposing factors for constipation should be
considered for prophylactic laxative therapy.

There are numerous types of laxatives, including bulk-
forming agents, osmotic agents, lubricants, surfactants, con-
tact cathartics, prokinetic drugs, agents for colonic lavage, and
oral opioid antagonists (129,130). The conventional first-line
approach is a combination of a stool softener, usually docusate,
and a cathartic agent, such as senna. Most patients respond to
this therapy. The oral lavage agent, propylethylene glycol, in a
powdered formulation offers another well-tolerated and usu-
ally effective approach. Osmotic agents, such as lactulose, are
often tried in more refractory cases. Lubiprostone, a chloride
channel opener, is available in the United States and also may
be considered. A variety of other strategies are used seldomly,
for challenging cases. These include trials of metoclopramide,
misoprostol, colchicine, or donezepil. 

Oral opioid antagonist therapy also can be tried for refrac-
tory constipation and is likely to become more common with the
availability of new drugs. Opioid antagonists that can reverse
opioid-induced constipation through local action on opioid
receptors in the gut without causing systemic opioid withdrawal
may be useful laxatives. At the present time, this treatment is
implemented using oral naloxone, which is typically adminis-
tered at a dose of 0.8 mg twice daily; the dose is doubled every
2 to 3 days until favorable effects occur or side effects are expe-
rienced (131,132). The daily dose needed to reverse constipation
usually is 12 to 18 mg per day. Quarternary opioid antagonists,
such as methylnaltrexone and alvimopan, are undergoing devel-
opment as peripherally acting antagonists and may expand the
utility of this approach in the future (132–134). 

Nausea or vomiting constitutes a problem for some 10% to
30% of cancer patients receiving opioid therapy (135). Poten-
tial contributing etiologies should be evaluated and the treat-
ment adjusted accordingly. If the assessment suggests that
factors other than opioids are contributing to the nausea,
antiemetic therapy may be combined with specific interventions
to reverse or minimize these factors. The usual first-line drugs
are the dopamine antagonists, including prochlorperazine,
metoclopramide, and haloperidol. Patients with refractory nau-
sea may need other pharmacologic approaches. Although the
antiemetic efficacy of corticosteroids is unexplained, these
drugs are clearly beneficial for some patients. Others respond to
a commercially available cannabinoid. Although a 5HT antag-
onist, such as ondansetron, can be beneficial for patients with
refractory symptoms, they are very costly and should be consid-
ered only after other therapies have failed. In difficult cases,
combinations of drugs from unrelated classes often are tried. 

Sedation or mental clouding is very common when an opioid
regimen is begun or the dose increased. Most patients develop
tolerance to this effect relatively quickly, but some do not, and
some have other factors that cause cognitive impairment and
compound the effect of the opioid. If these side effects are mild,
reassurance and education are usually sufficient interventions.
When toxicity is severe or persistent enough to compromise the

benefits of therapy, other interventions are needed. Treatment
of potential etiologies other than the opioid (e.g., elimination
of another nonessential drug or treatment of a metabolic dis-
turbance), when feasible and indicated, is the first step in the
management of neuropsychologic symptoms. If pain is well
controlled, it is reasonable to try an opioid dose reduction of
25% to 50%. 

Symptomatic therapies for opioid-induced sedation or men-
tal clouding also should be considered (Table 32.7), but few
have been well studied in clinical trials. Methylphenidate has
been shown to decrease opioid-induced sedation in cancer
patients (136–138). The starting dose is 5 mg at breakfast and
at lunchtime. Other psychostimulants that have been used
empirically for this indication include dextroamphetamine,
amphetamine, and modafinil. A role for modafinil in cancer has
been suggested by a positive controlled study that demonstrated
improvement across cognitive, mood, and fatigue outcome
measures, with the maximum benefit at 8 weeks after initiation
of treatment (139). A new stimulant drug, atomoxetine, has a
pharmacology that may indicate its utility for fatigue but expe-
rience is lacking and it has not yet been studied.

Tolerance, Physical Dependence, and Addiction

The clinical implications of tolerance, physical dependence, and
addiction are commonly misunderstood by patients and clini-
cians. These misapprehensions may lead to concern about
adverse events and, possibly, undertreatment of pain.

Tolerance is a pharmacologic property of opioid drugs
defined by the need for escalating doses in order to maintain
effects (140,141). Patients may have other reasons for declining
analgesic effects, however, among which are progressive noci-
ception and increasing psychologic distress. Abundant survey
data suggest that the most common reason for dose increase is
worsening pain due to progression of a nociceptive lesion. Most
patients with stable disease continue to require the same opioid
dose for extremely long periods of time (141,142). Fear of anal-
gesic tolerance should never delay the implementation of opioid
therapy, and tolerance should not be invoked to explain the
need for higher opioid doses unless a comprehensive reassess-
ment has failed to identify an alternative explanation.

Physical dependence also is a pharmacologic property of
opioid drugs, which is defined by the occurrence of an absti-
nence syndrome following abrupt dose reduction or adminis-
tration of an antagonist (140). Neither the dose nor the
duration of dosing required to produce physical dependence is
known, and it is prudent to assume that all patients who have
received an opioid drug for more than a few days have the
potential for withdrawal. This implies that dosing should not
be discontinued suddenly and that antagonist drugs, including
the agonist-antagonist opioids, should be avoided. 

Patients who become physically dependent on opioids
appear to develop increased sensitivity to the effects of antag-
onist drugs. Very small doses of naloxone may produce a
severe abstinence syndrome. For this reason, the use of nalox-
one should be limited to patients with symptomatic respira-
tory depression. When naloxone must be used in patients
receiving chronic opioid therapy, only a dilute solution (e.g.,
0.4 mg in 10 mL saline) should be administered and incremen-
tal doses should be given only until respiration improves. The
goal of this intervention is improved respiration and not a
return of consciousness, which may be associated with recur-
rent pain and withdrawal phenomena.

Both tolerance and physical dependence are distinct from
addiction. Because the labels applied to patients can determine
the attitudes and behaviors of caregivers, it is extremely
important that appropriate terms are used to describe these
phenomena. Patients who are perceived to have the capacity
for withdrawal should be labeled physically dependent and
not “addicted.”
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Addiction is a genetic, psychologic, and behavioral syn-
drome characterized by craving, loss of control over drug use,
compulsive use, and continued use despite harm to the patient
or others (140). Although abusable drugs, including opioids,
can be shown to have reinforcing effects in animals, the capac-
ity to produce addiction should not be considered an inherent
property of the drug. Addiction presumably results from an
interaction between the drug and a variety of factors that pre-
dispose the individual to compulsive use. These factors proba-
bly encompass genetic vulnerability, situational factors, and
psychologic disturbances, as well as access to the drug.

Cancer patients who engage in aberrant drug-taking behav-
iors, such as hoarding or selling, unsanctioned dose escalation,
or manipulation of the medical system to obtain additional
drugs, may or may not meet criteria for the diagnosis of addic-
tion. If such aberrant behaviors are identified, measures should
be taken to eliminate them while a detailed assessment is per-
formed to clarify their meaning. In some cases, aberrant drug-
related behaviors appear to be driven by uncontrolled pain.
This has been termed pseudoaddiction and is managed by
improved efforts to provide pain relief. Occasionally, aberrant
behaviors are related to a psychiatric disorder other than
addiction or to the development of a mild encephalopathy,
which leads to confusion about drug taking. These explana-
tions for problematic drug use are not mutually exclusive and
the complexity of the clinical situation requires careful assess-
ment, and often referral of the patient to a pain specialist or an
addiction medicine specialist. The clinician must avoid the stig-
matizing label of addiction for patients who have reasonable
alternative explanations for aberrant behaviors, but be willing
to render the diagnosis of addiction in those who actually have
this disease. 

The risk of true iatrogenic addiction is clearly relevant in
judging the overall utility of opioid therapy for chronic cancer
pain. There is substantial evidence that this risk is extremely
low among those with no prior history of abuse or addiction
(143). It is now widely accepted that all patients who are
being considered for a trial of an opioid should be evaluated
for risk factors that may predict aberrant drug-related behav-
ior, such as a history of substance abuse, a family history of
substance abuse, and major psychiatric disorder, but that fear
of addiction should not be considered a contraindication to
opioid therapy of severe cancer pain. Rather, patients should
be stratified by risk before therapy begins, and monitored for
aberrant drug-related behavior during the course of therapy.
Should concerns arise, the clinician may structure therapy in a
way to reduce risk, or refer appropriately. 

Adjuvant Drugs

Most patients with cancer pain require multiple drugs for
symptom management. Some of these adjuvant drugs are used
to treat symptoms other than pain, particularly those that
occur as side effects of the opioid (Table 32.7). Other drugs
are used in an effort to provide additive analgesia. The latter
drugs comprise the NSAIDs and the so-called adjuvant anal-
gesics. Adjuvant analgesics may be defined as drugs that are
commercially available for indications other than pain but
may be analgesic in selected circumstances (144). In recent
years, the number of these drugs has increased substantially,
and several have become approved for primary pain indica-
tions due to the abundance of evidence for analgesic efficacy. 

The adjuvant analgesics are particularly helpful in the treat-
ment of pain syndromes that are often relatively less responsive
to opioids, such as neuropathic pains (Table 32.8). Although
neuropathic pains, such as postmastectomy syndrome, painful
polyneuropathy, and painful plexopathy, can respond well to an
opioid regimen, they are relatively more likely to be poorly

responsive and represent the most common target of the adju-
vant analgesics.

Corticosteroids are among the adjuvant analgesics com-
monly used to treat neuropathic pain. These drugs also may
improve anorexia, nausea, and fatigue, and are often used in
open-ended therapy when cancer is relatively advanced. Anti-
convulsants and antidepressants are the most commonly used
adjuvant analgesics for neuropathic pain. Evidence for anal-
gesic efficacy is best for specific anticonvulsants, such as
gabapentin and pregabalin (145–149); for the tricyclic antide-
pressants, such as amitriptyline and desipramine (150,151);
and for the serotonin and norepinephrine reuptake inhibitors,
specifically duloxetine (152). Gabapentin or pregabalin usu-
ally is tried first, given their lack of drug-drug interactions, but
sequential trials of various drugs often are required before a
well-tolerated and effective adjuvant analgesic is identified.

If the drugs with relatively good evidence of analgesic effi-
cacy in neuropathic pain are not tolerated or are ineffective,
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ADJUVANT ANALGESICS

TA B L E  3 2 . 8  

Indication Drugs

Neuropathic pain Antidepressants
Tricyclic antidepressants

Amitriptyline
Desipramine

“Newer” antidepressants
Duloxetine

Anticonvulsants
Gabapentin
Pregabalin
Carbamazepine
Phenytoin
Valproate
Clonazepam
Lamotrigine

Sodium channel blockers
Mexiletine
Tocainide

Alpha2-adrenergic agonists
Clonidine
Tizanidine

NMDA receptor antagonists
Ketamine
Dextromethorphan

Cannabinoids
Tetrahydrocannabinol (THC)

Topical anesthetics
Capsaicin
Lidocaine

Miscellaneous
Baclofen
Calcitonin

Bone pain Bisphosphonates (e.g., 
pamidronate)

Calcitonin
Radiopharmaceuticals (e.g., 

strontium 89 and samarium 153)

Bowel obstruction Scopolamine
Glycopyrrolate
Octreotide

Multipurpose Corticosteroids
Dexamethasone
Prednisone
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trial of other anticonvulsants or antidepressants may be under-
taken empirically. Other second-line agents for neuropathic
pain also are considered in refractory cases. Sodium channel
blockers may be given orally (e.g., mexiletine) or tried via brief
infusion of lidocaine (153,154). NMDA antagonists have lim-
ited evidence of efficacy, with the exception of ketamine, and
this drug is sometimes tried at subanesthetic doses (155,156).
Cannabinoids are analgesic (157–159), and a marijuana deriva-
tive is available in some countries, with approval for pain due
to multiple sclerosis and to cancer. This drug is under develop-
ment in the United States, where tetrahydrocannabinol and
nabilone are the commercially available cannabinoids. Experi-
ence with the latter drugs as analgesics is very limited. In con-
trast, there is a larger experience with the gamma-aminobutyric
acid (GABA) agonist baclofen and with the alpha2-adrenergic
drugs tizanidine and clonidine; these drugs also are tried in
selected patients with refractory neuropathic pain. 

The use of topical agents represents another adjuvant anal-
gesic strategy. A lidocaine patch (Lidoderm)® (160,161) is now
available and has been shown to be effective in postherpetic
neuralgia. This formulation is commonly tried for all types of
neuropathic and musculoskeletal pains. Topical creams also are
used empirically in patients with cancer pain, including com-
pounds containing other local anesthetics, capsaicin, an
NSAID, a tricyclic antidepressant, or an opioid. 

Opioid-refractory malignant bone pain is another syn-
drome for which adjuvant analgesics often are considered. The
preferred drugs include bisphosphonates, radiopharmaceuti-
cals, and calcitonin. Although the bisphosphonates carry the
risks of renal insufficiency and osteonecrosis of the jaw, there is
evidence that they can improve overall morbidity associated
with bone metastases, and a trial of one of these agents is typi-
cally considered in the setting of significant bone pain (162).

Adjuvant analgesics also are commonly employed in the
setting of bowel obstruction that is not surgically correctable.
Aggressive pharmacotherapy, particularly in those with
advanced disease, may control symptoms and obviate the need
for drainage procedures. Treatment usually involves the com-
bination of anticholinergic drugs (e.g., scopolamine or gly-
copyrrolate), octreotide, corticosteroids, and opioids (163).

THERAPEUTIC APPROACHES:
OTHER APPROACHES IN

CHRONIC PAIN MANAGEMENT
Although most patients with cancer pain can achieve adequate
relief with pharmacologic approaches alone, a multimodality
strategy always should be considered in an effort to optimize
the balance between analgesia and side effects, promote better
function, or concurrently manage other problems. Multiple ther-
apies commonly are needed to address the broader palliative
care concerns of the patient and family, which derive from the
complex interaction between pain and suffering (Fig. 32.1).

When the focus is pain control, there are a large number of
noninvasive and invasive approaches that may be considered
adjunctive to opioid-based pharmacotherapy. Only a small
minority of patients will require an invasive analgesic modal-
ity if the other therapies are optimally administered.

Interventional Approaches

The interventional strategies include injections, neural block-
ade, and implant therapies. Trigger point injections may be con-
sidered within the purview of all practitioners. Myofascial pains
are extremely common in patients with chronic cancer pain,
and the use of local anesthetic injections into painful trigger
points may be a useful adjunctive approach in these patients.

The advances in neuraxial infusion of opioids and other
drugs, as described previously, have largely supplanted the
neurodestructive approaches that were employed in the past
for pain syndromes refractory to systemic opioid therapy.
Nonetheless, some types of neural blockade continue to be
widely used (114). Sympathetic nerve blocks with local anes-
thetic are used to manage those cancer-related neuropathic
pains that are presumed to be perpetuated at least in part by
sympathetic efferent function. Other temporary somatic nerve
blocks may be diagnostic, prognostic, or therapeutic. Diag-
nostic blocks elucidate the afferent pathways involved in the
experience of pain. Prognostic blocks are implemented prior
to a neurolytic procedure, and although extensive clinical
experience indicates that a favorable response does not predict
permanent relief following neurolysis, the failure to achieve
pain relief with local anesthetic is commonly viewed as a con-
traindication to a destructive procedure. Repeated therapeutic
blocks with local anesthetic are occasionally used in cancer
patients who obtain substantial and fairly prolonged relief
after such a temporary block. Recently, local anesthetics have
been used to provide more prolonged neural blockade through
techniques of perineural or epidural infusion. 

Neural blockade with neurolytic solutions, usually alcohol or
phenol, have been developed to denervate virtually any area of
the body (114). Their use is very limited, however, because of the
short-term risks associated with the injection of these sub-
stances, such as damage to soft tissues and local hemorrhage or
infection, and the longer-term risks of neuritis and deafferenta-
tion pain. The one generally accepted exception is celiac plexus
blockade for the management of epigastric pain due to neoplas-
tic invasion of the celiac axis. The response to neurolytic celiac
plexus blockade in pain due to pancreatic cancer has been
observed to be so satisfactory that earlier use is warranted when-
ever the typical pain syndrome occurs (164).

Intermittent nitrous oxide inhalation is an anesthetic tech-
nique that has been proven to be useful in the management of
severe breakthrough pain in patients with advanced cancer
(165). Although the availability of masks that reduce ambient
leakage of the gas has increased the potential usefulness of this
approach, it continues to be applied rarely.

Neurostimulatory Approaches

It has been appreciated for some time that stimulation of affer-
ent neural pathways may result in analgesia. The best-known
application of this principle is TENS. Other approaches
include counterirritation (i.e., systematic rubbing of the painful
part), percutaneous electrical nerve stimulation, dorsal column
stimulation, and brain stimulation. Published experience in the
use of these modalities for the management of cancer pain is
meager. Surveys of the techniques that have been used most
extensively in nonmalignant pain (TENS and dorsal column
stimulation) suggest that the majority of patients will achieve
analgesia soon after the approach is implemented but only a
few can obtain prolonged relief. A trial of TENS is usually con-
sidered in patients with neuropathic pain that has been proven
to be difficult to manage with opioids.

Physiatric Approaches

Although evidence from clinical trials is lacking, the poten-
tial for analgesic effects from physiatric therapies, including
the use of orthoses or prostheses, occupational therapy and
physical therapy, and modalities such as heat, cold, vibration,
and ultrasound, is well accepted. For example, refractory
movement–induced pains may be partially relieved by brac-
ing the painful part, such as in patients with back pain due to
metastatic lesions of the spine and those with arm pain
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related to a malignant brachial plexopathy, and a well-fitting
prosthesis can reduce stump pain. In addition to the potential
for salutary effects on symptoms, physical therapy and occu-
pational therapy can potentially forestall painful complica-
tions, such as contractures, and generally increase well-being. 

Neurosurgical Approaches

Procedures designed to denervate the painful area surgically
have been developed for every level of the nervous system
from peripheral nerves to cortex. Historically, the most useful
approach has been cordotomy. Like neurolytic blocks, how-
ever, these procedures are rarely considered now, largely due
to the advent of more sophisticated, nonneurodestructive
interventions such as neuraxial infusion. 

Psychologic Approaches

Some patients or families who present with severe psychologic
distress may benefit from a multidisciplinary approach in which
psychologic interventions are emphasized within a program
designed to palliate symptoms and provide family support. These
goals may be accomplished in some cases through referral to a
hospice or palliative care program. Occasionally, patients with
psychiatric disorders are identified, indicating the need for fur-
ther assessment and treatment by an appropriate specialist (166).

Specific cognitive and behavioral approaches also have
been applied in the management of pain and related symp-
toms (167,168). Cognitive approaches include relaxation
training, distraction techniques, hypnosis, and biofeedback,
all of which may enhance a patient’s sense of personal control
and reduce pain. Although many of these approaches require
experienced personnel to implement, several forms of relax-
ation training can be taught by the nonspecialist. Behavioral
therapy, which has achieved wide acceptance in the manage-
ment of nonmalignant pain, is occasionally considered in
patients with limited disease whose level of functional impair-
ment is perceived to be out of proportion to the effects of the
neoplasm. Cognitive and behavioral psychologic approaches
can focus the patient’s attention on issues related to function
and quality of life and reduce rumination about the disease.

Complementary and Alternative 
Medicine Approaches

Therapies that are typically considered to be complementary or
alternative have had a growing role in pain management (169).
These approaches often are very attractive to patients because
they endorse a holistic strategy that is perceived as providing
hope and self-control. Some interventions that are termed
“complementary” are actually used routinely by specialists in
pain medicine or palliative care. These include mind-body ther-
apies (e.g., relaxation, meditation, and others), nutritional sup-
port, acupuncture, and massage. Other interventions, such as
homeopathy, naturopathy, and many others, are considered to
be far outside the mainstream and are rarely suggested (170).
Health care professionals have the difficult task of expressing
concerns about some of the latter therapies, while respecting
patients’ pursuit of complementary treatments that may be
beneficial or, at least, offer no significant chance of harm.

CONCLUSION
Pain is highly prevalent among patients with gynecologic
tumors. The clinicians involved in the care of these patients
have a challenging task in being able to provide state-of-the-art
management approaches for both acute pain and chronic

pain. Fortunately, the most effective strategy for both acute
and chronic pain, namely, opioid-based pharmacotherapy, is
clearly within the purview of all practitioners. The knowledge
and skills necessary to optimize this therapy, and integrate it
with the broader principles of palliative care, are fundamental
to the practice of gynecologic oncology.
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Anthropometric and Biochemical Markers

Anthropometric measurements such as weight, skin fold thick-
ness, midarm muscle circumference and creatinine/height index
can all provide useful information but have major limitations.
Change in weight is the single most useful measurement of the
nutritional status when the change does not reflect changes in
total body water. The often-present edema, effusions, ascites,
or intravenous hydration limit the use of weight as a nutri-
tional parameter. In addition, inaccuracies in scales and differ-
ent clothing in hospitals and at home can often be sources of
misleading information on changes in weight. Measurements
of skin folds and midarm muscle circumference (1) are useful
tools in studies but have very limited use in clinical practice. 
A creatinine/height index derived by dividing the patient’s 
24-hour creatinine excretion by that of a healthy person of
the same height offers a sensitive measure of early protein
calorie malnutrition (2) but requires collection of a 24-hour
urine specimen and is affected by alterations in renal function
which may not be indicative of the nutritional state.

Low levels of serum proteins such as albumin, pre-albumin,
transferrin, and retinol-binding protein were classically thought
to represent malnutrition. However, in the malnourished, sick
patient low levels of these proteins can be nonspecific. They
are dependent on intact hepatic synthetic function as well as
hydration status. At times they can be low as a manifestation
of severe illness (infection, metastatic cancer, multisystem
organ failure) without being a reflection of the nutritional
state. In addition, they can function as acute phase reactants
and therefore be in the normal or elevated range in a clinically
malnourished patient. The role of serum protein measure-
ments in the nutritional assessment of an ill patient with
cancer is therefore very limited. Similar limitations apply to
the role of immunologic parameters such as total lymphocyte
count and delayed cutaneous hypersensitivity. In simple star-
vation both of these measures may be decreased and can
return to normal with initiation of nutritional support. However,
in the cancer patient undergoing chemotherapy, surgery,
radiotherapy, or in the midst of an acute illness, these parame-
ters have little determinative value in the assessment of the
nutritional state (3,4).

The above parameters have been combined to create
numerous nutritional assessment indices. The most extensively
studied is the Prognostic Nutritional Index (PNI), which factors
measurements of serum albumin, serum transferrin, triceps
skin fold, and delayed cutaneous hypersensitivity (5). Buzby 
et al. prospectively studied the PNI in patients undergoing

INTRODUCTION
Cachexia and weight loss are common manifestations of cancer
and exert major impacts on quality of life and survival.
Malnutrition is a complex, multifactorial phenomenon that
leads to progressive weight loss and deficiency of specific nutri-
ents. Both the cancer and its various therapeutic modalities con-
tribute to cachexia. Advances in understanding nutritional
requirements and intermediary metabolism, and major techno-
logic progress in the ability to provide nutritional support, have
made it possible to feed almost any patient with cancer.
Nevertheless, the indications for and the appropriate use of the
various modalities of nutritional support are still evolving, and
many questions remain unanswered.

Malnutrition in most patients with cancer is usually a mani-
festation of general calorie-protein deficits that result in pro-
gressive weight loss and weakness; however, it is important to
recognize that in some patients specific nutrient deficiencies,
such as magnesium deficiency or vitamin B12 deficiency, can be
present even in the absence of weight loss and can contribute
significantly to morbidity and even mortality.

Gynecologic malignancies and their multimodal therapies
may be associated with severe malnutrition. Although some
nutritional problems occur in patients with cervical and
endometrial cancer, they are most commonly seen in those
with ovarian cancer, particularly in advanced stages when
intra-abdominal metastasis severely impairs gastrointestinal
function. Because of the high incidence of malnutrition and
its impact on the patient with cancer, nutritional assessment
and appropriate therapy should be integral parts of the over-
all treatment plan. 

NUTRITIONAL ASSESSMENT
Nutritional assessment in cancer patients is an ongoing process.
It should be a part of the patient’s initial evaluation and should
be updated periodically. It is especially important to determine
the nutritional state prior to therapeutic interventions as well as
during and after an acute illness, with the goal of identifying
those patients who could benefit from a specific form of nutri-
tional support. The nutritional assessment method used must be
simple, accurate, and inexpensive. Anthropometric parameters,
serum protein measurements, and immunologic tests had classi-
cally formed the basis of the nutritional evaluation; however,
they all have significant deficiencies.

MARK SCHATTNER AND MOSHE SHIKE
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gastrointestinal surgery and found that it could accurately
stratify patients into high, intermediate, or low risk of devel-
oping postoperative complications (6). It must be understood,
however, that the index is only as good as the parameters from
which it is calculated, and the same limitations outlined above
are present in any of these indices. 

Subjective Global Assessment

The clinical assessment of the nutritional status has always
been used to some extent as part of the general medical history
and physical examination. The validity of a formal clinical
assessment of the nutritional status was demonstrated in a
landmark study by Baker et al., who developed the Subjective
Global Assessment (SGA) (7). The SGA is based on a complete
history and physical examination with special emphasis on six
areas: change in weight, dietary intake, gastrointestinal symp-
toms, functional capacity, physiologic stress, and physical
signs of nutritional deficiencies. These data are used to place
the patient into one of three groups. Group “A” (normal
nutritional status) is made up of those patients without restric-
tion of food intake or absorption, no change in functional sta-
tus, and stable or increasing weight. Group “B” (mild
malnutrition) consists of patients with evidence of decreased
food intake and functional status but little or no change in
body weight, while those with severe reduction in food intake,
functional status, and loss of weight comprise group “C”
(severe malnutrition). 

The SGA has consistently been shown to be reproducible
and reliable in identifying patients at risk for developing com-
plications associated with malnutrition. In the initial study of
59 patients electively admitted to a general surgical ward,
interobserver reproducibility in classification of the nutri-
tional status was 81%, and in a later study of 202 patients it
was found to be 91% (7,8). Group assignment based on the
SGA had prognostic significance on the ensuing clinical
course. The initial study by Baker et al. showed a significant
increase in incidence of infection, use of antibiotics, and
length of hospitalization in group C when compared to group
A (7). In the follow-up study of 202 patients undergoing gas-
trointestinal surgery, the rate of septic and nonseptic compli-
cations in group C was seven times greater than in group A
(8). However, it must be recognized that although nutritional
parameters are used to determine the SGA, the classification
may still represent severity of illness rather than specific nutri-
tionally related complications. Only a determination that the
classification predicts which patients will respond favorably to
nutritional support (with a decrease in complications) can val-
idate the specificity of this technique. Nevertheless, the SGA
provides a simple, reproducible, and accurate method to iden-
tify patients who are malnourished who could possibly benefit
from nutritional support. Clinical assessments similar to the
SGA have been shown to be superior to immunologic testing,
plasma protein measurements, and bioelectrical impedance in
providing a useful evaluation of nutritional status (7,9–12). 

PREVALENCE OF MALNUTRITION
The prevalence of malnutrition depends on the tumor type
and stage, the organs involved, and the anticancer therapy.
Concurrent nonmalignant conditions such as diabetes and
intestinal diseases can be important contributing factors. 

The prevalence of weight loss during the 6 months preced-
ing diagnosis of cancer was reported from a multicenter coop-
erative study of patients with 12 types of cancer (13). The
lowest frequency (31% to 40%) and severity of weight loss
were found in patients with breast cancer, hematologic cancers,

and sarcomas. Intermediate frequency of weight loss was
found in patients with colon, prostate, and lung cancer (54%
to 64%). Patients with cancer of the pancreas and stomach had
the highest frequency (over 80%) and severity of weight loss.
Approximately 35% of the patients with lung cancer lost more
than 5% of their body weight. This underscores the fact that
even if the tumor does not involve the gastrointestinal tract
directly, there can be significant weight loss because of systemic
and metabolic derangements and loss of appetite. The study
did not report on patients with gynecologic malignancies, in
whom weight loss can also be very frequent and severe. Other
studies revealed that over 40% of patients receiving medical
treatment for a variety of cancers were malnourished (14,15).
Among surgical patients in a Veterans Administration hospital,
39% of those undergoing a major operation for cancer were
malnourished, as judged by either a nutrition risk index or a
combination of weight loss and low serum proteins (16). In a
study from our institution, the majority of patients with pan-
creatic cancer undergoing a curative resection were malnour-
ished, as determined by weight loss (17). 

Data on the prevalence and impact of malnutrition in
patients with gynecologic tumors are limited. The findings in
these patients mirror the observations in patients with other
cancers. A recent study of 67 consecutive patients hospitalized
with gynecologic cancers at the University of Texas found that
54% of the women were malnourished as determined by the
prognostic nutritional index (18). In 1983 Tunca (19) exam-
ined the nutritional state of gynecologic oncology patients at
time of diagnosis using serum albumin, serum transferrin,
immune response, and weight loss. Patients with advanced
(stage III or IV) ovarian carcinoma had the highest incidence of
severe malnutrition while those with cancer of the cervix,
endometrium, or vulva reported weight loss with no indication
of malnutrition from serum markers or immune response test-
ing. Twenty of the 21 patients with advanced ovarian carci-
noma were anergic to recall antigens, and the mean levels of all
serum markers examined were significantly lower than those
found in patients with early (stage I or II) ovarian carcinoma or
cancer of the cervix, vulva, or endometrium. Orr et al. (20,21)
assessed the degree of protein-calorie malnutrition and evi-
dence of vitamin deficiency in 78 patients with untreated cervi-
cal cancer. The incidence of protein-calorie malnutrition as
assessed by anthropometrics, serum markers, and immune test-
ing was directly related to tumor stage: 4% in stage I, 20% in
stage II and III, and 60% in stage IV disease (20). Two thirds of
patients with untreated cervical cancer were found to have
reduced blood levels of at least one vitamin. Mean serum levels
of folate, beta-carotene, and vitamin C at the time of admission
were all significantly below control values (21). Similar obser-
vations of significant protein-calorie malnutrition were seen in
25 patients with endometrial cancer (22).

At Memorial Sloan-Kettering Cancer Center, 49 inpatients
with gynecologic malignancies were referred to the clinical
nutrition service over a 2-year period (1998 to 2000). This
represented a diverse group of patients with the vast majority
being evaluated for support with parenteral nutrition and
tended to represent the sickest population. Thirty-five of the
patients had ovarian cancer, six had endometrial cancer, seven
had cervical cancer, and one patient had cancer of the vulva.
Twenty patients had intestinal obstruction, seven had entero-
cutaneous fistulas, three had intractable nausea and vomiting,
eight had prolonged ileus (�5 days), and the remainder had
gastric outlet obstruction, mucositis, or dysphagia. The aver-
age weight loss in this group at the time of consultation was 
8 kg, which represented a loss of 9.1% of the usual body
weight. The weight loss in these patients was multifactorial in
origin, secondary to the effects of the tumor and therapeutic
interventions on the gastrointestinal tract, decreased appetite,
and possibly metabolic effects of the underlying malignancy.
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These patients, representing the sickest of those with gyneco-
logic malignancies, demonstrate the association between the
frequently seen complications (fistulae, intestinal obstruction,
ileus, etc.) and significant weight loss.

SIGNIFICANCE OF MALNUTRITION
The impact of malnutrition on the cancer patient was demon-
strated in a report by Warren in 1932 (23). Based on data
from autopsies, the conclusion was that cachexia was the
leading cause of death in a group of 400 patients with various
cancers. More recent studies have confirmed the significant
impact of malnutrition on the quality of life and prognosis of
the cancer patient. In the aforementioned multicenter cooper-
ative study of patients receiving chemotherapy (13), those
who presented with weight loss at the time of diagnosis had
decreased performance status and survival as compared with
those without weight loss. In a study of patients with limited,
inoperable lung cancer, weight loss was a major predictive fac-
tor for survival (14). The negative impact of malnutrition was
also demonstrated in surgical patients with malignant and
benign diseases. Malnourished patients undergoing a major
operation were at greater risk for postoperative morbidity and
mortality than were well-nourished patients (16,24). 

The impact of malnutrition in patients with a primary gyne-
cologic malignancy is striking. In 1988, while examining the
role of total parenteral nutrition (TPN) in their patients,
Terada et al. noted that those patients who developed major
complications such as a fistula, wound infection, pneumonia,
renal failure, respiratory failure, or died had significantly more
weight loss and lower serum transferrin levels at the time of
presentation (25). They concluded that these parameters might
be of value in predicting clinical outcome in patients requiring
nutritional support. Undernutrition also adversely affects sur-
gical outcome in patients with primary gynecologic malignan-
cies. Burnett et al. (26) reported that in 92 gynecologic
oncology patients requiring colonic surgery, those who were
classified as malnourished on the basis of serum markers were
significantly more likely to develop major perioperative com-
plications or die. Donato et al. (27) reported that of 104
patients with ovarian carcinoma undergoing intestinal surgery
those considered to be malnourished on the basis of serum pro-
tein measurements and weight loss preoperatively had signifi-
cantly more infectious complications, while other variables
including preoperative bowel obstruction, extent of debulking,
number of intestinal procedures, or hand versus stapled anas-
tomosis failed to correlate with the rate of infectious complica-
tions. In 1993, Massad et al. reported on 128 patients
undergoing operations by the gynecologic oncology service at
Barnes Hospital in St. Louis and showed that serum markers of
malnutrition including decreased preoperative albumin and
hemoglobin concentrations were strong indicators of increased
length of hospitalization (28). Among women with gyneco-
logic cancers who were hospitalized for any reason, malnutri-
tion was associated with prolonged hospital stay (18).

ETIOLOGY OF MALNUTRITION
Cancer can induce a wide variety of derangements in the
nutritional status, ranging from generalized malnutrition with
severe weight loss and muscle wasting to a single nutrient defi-
ciency. The etiology of malnutrition in the cancer patient is
multifactorial. Nutritionally relevant derangements can be
induced by the tumor locally (i.e., gastrointestinal obstruc-
tion), by malabsorption, or by humoral factors produced by
the tumor itself or by reaction of the immune system to the

tumor. All modalities of cancer therapy—surgery, radiation,
chemotherapy, immunotherapy, and palliative treatments—
may be associated with side effects and complications that can
impair the nutritional status.

The etiologic factors of malnutrition in the cancer patient
whether caused by the tumor or antitumor therapies can be
classified into three major categories: decreased food intake,
malabsorption, and metabolic derangements that result in
inefficient, wasteful metabolism. 

Impaired Food Intake and Absorption

Both tumor and cancer treatment modalities can lead to
decreased food intake through direct effects on the gastrointesti-
nal tract or systemic effects leading to anorexia. Obstruction
of the gastrointestinal tract can be caused by any gynecologic
malignancy through external compression, or more rarely, by
direct invasion. Although at times localized obstructions can be
relieved surgically, the obstruction due to peritoneal carcino-
matosis often seen in advanced ovarian cancer is particularly
difficult to manage surgically. Often, draining gastrostomy
with parenteral nutrition (when appropriate) is the only option
for providing nutrition and symptomatic relief (29–31). 

Tumors can induce anorexia without local involvement of
the gastrointestinal tract. The pathophysiology of this phe-
nomenon is not well understood. Norton et al. (32) utilized a
model of surgically coupled tumor-bearing and normal rats
with parabiotic cross-circulation to show that tumor-induced
anorexia is mediated by circulating substances. Tumor-
induced impairment of smell and taste has been well described
(24,33–36), but the mechanism has not been defined. There is
growing evidence that glycoproteins, cytokines, and neu-
ropeptides play an important role in the pathogenesis of can-
cer cachexia. Bernstein et al. (37,38) demonstrated in a rat
model that infusion of tumor necrosis factor (TNF) mimics
tumor-induced anorexia and these effects are mediated via the
area postrema and the caudal medial nucleus of the solitary
tract in the central nervous system. 

Therapies used for gynecologic malignancies often result in
complications which impair nutrient intake and absorption.
Surgical interventions can lead to fistulae, short bowel syn-
drome, infections, and ileus, all of which impair oral intake
significantly. In a review of 12 years of colonic surgery in
gynecologic oncology patients, the rate for major systemic
complications (myocardial infarction, pulmonary embolism,
renal failure, sepsis) was 13.7%, and the rate of major bowel
complications (abscess, fistulae, hemorrhage, obstruction)
was 12.1% (26). Adjuvant radiation and chemotherapy have
been shown to increase the incidence of major complications
after pelvic exenteration (39).

Radiotherapy can lead to various derangements in the
structure and function of the gastrointestinal tract. Damage to
the gastrointestinal tract following radiation to the abdomen
and pelvis most commonly affects the small bowel, followed
by the transverse colon, sigmoid, and rectum. Predisposing
risk factors include previous abdominal surgery, pelvic inflam-
matory disease, thin body habitus, hypertension, and diabetes
mellitus (40). In general, a dose of 5,000 rads is the threshold
for significant injury. In the acute phase of radiation enteritis
virtually all patients experience anorexia, nausea, and vomit-
ing, which are thought to be mediated by effects of serotonin
on the gut (41) and the central nervous system (42). This is
followed 2 to 3 weeks later by diarrhea caused by direct injury
to the intestinal mucosa resulting in diarrhea and mild to
moderate malabsorption. Most patients will have complete
resolution of these acute symptoms. However, a significant
minority of patients who received radiotherapy will experi-
ence chronic dysfunction of the gastrointestinal tract (43).
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There is often a latent period of 1 to 2 years and possibly as
long as 20 years before the symptoms of chronic radiation
enteropathy surface (44,45). In a review of 102 patients with
radiation enteritis after treatment for cervical or endometrial
cancer, the median time to development of severe symptoms
such as obstruction or perforation was 18 months (46).

Chronic radiation enteropathy is characterized pathologi-
cally by transmural injury leading to submucosal fibrosis,
edema, lymphatic ectasia, and obliterative endarteritis, which
can induce colicky abdominal pain, diarrhea, steatorrhea, ulcer-
ation, perforation, stricture, and fistula formation (40). Yeoh et al.
(47) retrospectively studied the effects of pelvic irradiation
given for the treatment of cervical cancer in 30 randomly
selected women who had undergone radiotherapy 1 to 6 years
earlier. Significant dysfunction of the gastrointestinal tract was
detected. Nineteen of the patients had frequency of bowel
movements, bile acid absorption, and vitamin B12 absorption
outside of the control range. The authors concluded that abnor-
mal gastrointestinal function is essentially an inevitable long-
term complication of pelvic irradiation (47). Husebye et al. (48)
prospectively studied the gastrointestinal motility patterns in 41
patients with chronic abdominal complaints after radiotherapy
for gynecologic cancer. Impaired fasting motility was found in
29% of patients, and motor response after a meal was attenu-
ated in 24%. Postprandial delay of the migrating motor com-
plex was found to be an independent predictor of malnutrition
as assessed by weight loss and serum albumin. Impaired motil-
ity of the small bowel, therefore, is a key factor in the symptoms
experienced by patients with chronic radiation enteropathy
(48). Chronic radiation enteritis predisposes to numerous sec-
ondary complications. Danielson et al. (49) studied 20 patients
with chronic or intermittent diarrhea occurring in women 2 or
more years after receiving radiotherapy for gynecologic tumors.
Bile acid malabsorption was detected in 65% of patients while
evidence of bacterial overgrowth on D-xylose or cholyl-glycine
breath tests was found in 45%. Treatment with bile acid
binders or antibiotics resulted in a significant decline in the
number of daily bowel movements. The authors concluded
that treatment of these secondary complications of radiation-
induced enteropathy can offer significant symptomatic relief. 
In 47 patients with gynecologic malignancies who had gastroin-
testinal complaints lasting more than 4 months after radio-
therapy, Kwitko et al. (50) found 19 partial small bowel
obstructions, 11 cases of malabsorption, and five fistulae. The
mortality from radiation damage to the small bowel in this
report was 32%. Improved fractionation of radiotherapy and
protective shielding of the intestine where possible have reduced
these complication rates (51). More recent studies of patients
who received radiation therapy for uterine cancer found the
prevalence of significant chronic radiation enteritis to be
approximately 4% (52). 

Chemotherapy is often associated with decreased food intake.
Odynophagia, oral ulcers, and diarrhea are commonly seen dur-
ing therapy with cytotoxic agents which affect the replicating
cells of the intestinal mucosa such as 5-flourouracil, methotrex-
ate, and bleomycin. The Vinca alkaloids can cause ileus and
constipation mediated by toxic effects on gastrointestinal
neural pathways, while cisplatin and nitrosoureas are highly
emetic (53,54). Significant nausea, vomiting, stomatitis, and
diarrhea occur in 15% of patients receiving intravenous pacli-
taxel (Taxol) and in 55% of those receiving the drug orally (55).

The psychologic impact of a malignancy and its associated
therapies can also lead to decreased nutrient intake.
Depression is a frequent cause of anorexia in this population
and learned food aversions are a common consequence of
radiation or chemotherapy. As many as 56% of patients
undergoing chemotherapy and 62% of those undergoing radi-
ation therapy developed a learned food aversion in one study
(56). This is characterized by a psychologic association

between the consumption of a particular food and a tempo-
rally related unpleasant reaction to the therapy such as nausea
and vomiting. This results in future avoidance of that particu-
lar food item. A recent Swedish study of patients with ovarian
cancer showed that a multidisciplinary approach involving
antiemetic drugs, in conjunction with anxiolytics, training in
relaxation techniques, nutritional advice, and continuity of
nursing care resulted in significantly less cisplatin-induced
emesis than antiemetics alone (57).

Metabolic Derangements

Even with normal nutrient intake patients with cancer are at
risk for malnutrition due to inefficient nutrient utilization and
wasteful metabolic pathways. Compared to simple starvation,
cancer cachexia is associated with altered metabolism of car-
bohydrates, fat, protein, vitamins, and minerals. Therefore, in
order to optimize nutritional support in the cancer patient it is
imperative to consider metabolic derangements along with
problems of ingestion, digestion, and absorption. 

Increase in basal energy expenditure has been reported in
many but not all studies of patients with malignancy (58–64).
In patients with newly diagnosed small cell lung cancer Russel
et al. (62) showed a mean increase of 37% in basal energy
expenditure, which fell substantially in those who responded
to chemotherapy. Similar findings have been reported for gas-
tric cancer (59) and sarcoma (65). Elevated basal energy
expenditure will drop after tumor resection (66). There are
limited data on the metabolic rate in patients with gynecologic
cancers (64). Dickerson et al. (67) used indirect calorimetry to
determine the resting energy expenditure in 31 patients with
ovarian cancer and 30 patients with cervical cancer. Fifty-five
percent of those with ovarian cancer were found to be hyper-
metabolic (BEE �110% predicted by the Harris-Benedict
equation) while only 13% of patients with cervical cancer
were hypermetabolic. These differences could not be explained
by differences in the extent of disease, nutritional status, body
temperature, or nutrient intake. 

Abnormalities in carbohydrate metabolism in cancer
patients include glucose intolerance and peripheral insulin
resistance (68–71). These most often become apparent in the
patient with advanced metastatic cancer found to have hyper-
glycemia, which is refractory to high-dose insulin infusion
(71,72). In comparison, in simple starvation, patients are most
often euglycemic or hypoglycemic. The hyperglycemia in can-
cer patients is exacerbated by increased hepatic gluconeogene-
sis. Shaw et al. (73) showed that this increase in glucose
production is correlated with tumor burden and decreases after
tumor resection. A number of energy wasting metabolic cycles
involving glucose have been identified. In the Cori cycle, glu-
cose is converted to lactate by tumor cells and by the liver. This
futile cycle results in a net loss of adenosine 5´-triphosphate
(ATP) and may contribute to the loss of energy and weight
experienced by the cancer patient (64,74,75).

Lipid metabolism may also be abnormal in patients with a
malignancy. There is often increased lipolysis with weight loss
and this leads to a decrease in fat mass, which can be out of
proportion to the loss of lean body mass (70,76). In addition,
patients with cancer are often hyperlipidemic and this may be
mediated by TNF-α (77). In contrast to normal homeostasis
cancer patients fail to suppress lipolysis with glucose infusion
(73). Several causes of increased lipolysis have been proposed
including decreased food intake, stress response to illness with
adrenal medullary stimulation and increased circulating cate-
cholamine levels, insulin resistance, and release of lipolytic
factors produced by the tumor itself or by myeloid tissue cells
(78). One such factor has been well characterized (79). Lipid-
mobilizing factor (LMF), a 24 kDa glycoprotein produced by
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tumors, has been shown to stimulate increased lipid mobiliza-
tion from adipocytes (80). Lipid-mobilizing factor has recently
been shown to be identical to the plasma protein zinc-α2-
glycoprotein (ZAG) (81). It is thought to act through binding
of β-adrenergic receptors and subsequent upregulation of
mitochondrial uncoupling proteins (82,83). Animal studies
demonstrate that lipid-mobilizing factor causes loss of body
weight (specifically a loss of body fat), which is independent
of caloric food intake (84). The activity of lipid-mobilizing
factor in the urine and serum of cancer patients has been
shown to correlate with the degree of weight loss (85) and
tumor burden (86). In addition to its effect on lipid metabo-
lism, there is preliminary evidence that lipid-mobilizing factor
may protect tumor cells from free radical toxicity and may
therefore make tumors less responsive to certain chemothera-
peutic agents which induce oxidative damage (87).

High total body protein turnover, with increased synthesis
and catabolism, characterizes the alterations of protein meta-
bolism seen in cancer patients (88,89). This results in depletion
of muscle mass and loss of nitrogen and contrasts with the
adaptive decrease in protein turnover seen in patients with
uncomplicated starvation (90). Total parenteral nutrition
given to patients with cancer will result in gains of weight and
body fat, net gains of total body nitrogen, but no suppression
of the high protein flux (89,90). The predominant mechanism
of muscle protein loss in cancer patients is a ubiquitin-associ-
ated pathway (91). In this pathway, polyubiquitin chains are
attached to proteins, which are then recognized and degraded
by a proteasome complex. This pathway is regulated, in part,
by proteolysis-inducing factor, a 24 kDa glycoprotein pro-
duced by tumors (92). Effective treatment of the underlying
cancer has been shown to reverse ubiquitin-dependent prote-
olysis of skeletal muscle (93). Better understanding of this
process holds the promise of improving therapy to attenuate
the loss of protein seen in patients with cancer (94). 

Cytokines play an important role in inducing the metabolic
derangements seen in the cancer patient (64). They mediate
increased energy expenditure, whole body protein turnover,
rise in serum triglyceride levels, and high glycerol turnover
(23,95). TNF can be detected in the serum of cancer patients
(96), and in animal models it causes protein wasting, deple-
tion of body fat, and anorexia (97,98). High serum levels of
interleukin-1 and interleukin-6 are also present in patients
with advanced cancer and cachexia. Interventions to down-
regulate these cytokines result in improved appetite, body
weight, and quality of life (99). 

The combined effects of these wasteful and inefficient alter-
ations in metabolism make it difficult to restore nutritional
status in the patient with cancer and cachexia despite use of
specialized nutritional support. This is in contrast with what is
seen in patients with uncomplicated starvation who exhibit
changes in metabolism that act to conserve energy and body
tissues and in whom nutritional support is highly efficacious
in reversing the effects of malnutrition. 

NUTRITIONAL THERAPIES
There are four types of nutritional therapies: parenteral nutri-
tion, enteral nutrition, oral dietary therapy, and drug therapy
aimed at improving appetite and food intake. Depending on the
patient’s condition, nutritional support in the cancer patient
has two distinct objectives: (a) provision of nutrition during
anticancer therapies to counteract their nutritionally related
side effects and improve outcome following these therapies; (b)
provide support in patients with long-term or permanent severe
impairment of the gastrointestinal tract. In these patients nutri-
tional support may be required for indefinite periods of time.
Results of numerous clinical trials support the use of nutritional

support only in limited situations during anticancer therapies.
In the group with prolonged gastrointestinal failure, nutrition
support may be a lifesaving therapy because patients could die
of starvation without TPN or enteral feeding. 

Total Parenteral Nutrition

TPN is an effective method for delivery of nutrients directly
into the blood, and thus overcomes the major causes of cancer
cachexia, including decreased food intake and dysfunction of
the gastrointestinal tract. Survival for more than 20 years in
patients nourished exclusively by TPN clearly demonstrates
the lifesaving role of this method of nutritional support.
Initially, it seemed logical that TPN would be an effective
adjuvant therapy for most cancer patients undergoing radia-
tion therapy, surgery, or chemotherapy because of the accom-
panying cachexia and inability to eat adequately. Randomized
studies, however, have shown that TPN only benefits a select
subgroup of cancer patients during anticancer therapy. 

Efficacy

In patients receiving chemotherapy with or without radiation
therapy TPN can lead to improvements of several nutritional
parameters. Both body weight and body fat increase (90).
Deficits of specific vitamins, minerals, and trace elements can be
corrected and hydration status can be improved (90,100). TPN,
however, does not alter many of the metabolic derangements
encountered in the cancer patient. Increased glucose oxidation
and turnover persist (73,101) as does muscle proteolysis
(102,103) and increased lipolysis (104). Finally, TPN is does
not stop the overall losses of body nitrogen (105). The relevant
issue for the clinician is the effect of TPN on the morbidity and
mortality associated with cancer therapy and whether TPN can
allow more intense therapy as was initially hoped. Numerous
randomized trials have examined this issue. Studies of patients
undergoing chemotherapy for carcinoma of the ovary (29),
lung (106,107), colon (105), testes (108), lymphoma (109), and
other tumors (110) have been conducted. However, the patients
in these studies were largely unselected. Many were not mal-
nourished and others had adequate oral intake with intact gas-
trointestinal function, thus making intravenous nutrition
unnecessary, futile, and potentially harmful. Numerous meta-
analyses concluded that nondiscriminatory use of TPN in
patients undergoing chemotherapy offers no improvement in
mortality, response to chemotherapy, or reduction in treatment-
associated complications (111–113). This conclusion was
echoed in a recent joint consensus statement from the National
Institutes of Health, the American Society for Parenteral and
Enteral Nutrition, and the American Society for Clinical
Nutrition (114). The improvement in nutritional parameters
afforded by TPN in patients receiving chemotherapy is not nec-
essarily translated into improved clinical outcome. Thus, the
routine use of TPN in these patients is not indicated. There are
circumstances, however, in which nutritional support with par-
enteral nutrition should be considered. These include preven-
tion of the effects of starvation in a patient unable to tolerate
oral or enteral feedings for a prolonged period of time (usually
more than 7 to 10 days), maximization of performance status in
a malnourished patient prior to chemotherapy or surgery, and
in patients undergoing bone marrow transplantation (115).

TPN may have a stimulatory effect on tumor cell cycle
kinetics (116). It was hoped that this effect would induce
improved tumor response to cell cycle–specific chemotherapy.
Conclusive proof of such a response remains elusive.

A few randomized studies have examined the use of TPN
in patients receiving radiotherapy to the abdomen and pelvis
(117–120). These studies did not show any clear benefit from
the routine administration of TPN.
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The role of TPN in the perioperative period has been
extensively studied (16,17,121–125). In an early study by
Mueller et al. (125), 10 days of preoperative TPN was associ-
ated with nutritional improvement and significant reduction
in major postoperative complications and mortality. These
impressive results have not been confirmed in subsequent
studies. At Memorial Sloan-Kettering Cancer Center, a
prospective study of 117 patients undergoing curative resec-
tion for pancreatic cancer randomized to receive TPN or
intravenous fluids in the postoperative period showed no ben-
efit from routine use of postoperative TPN (17). The group
receiving TPN had a significant increase in postoperative
infectious complications. The largest prospective, randomized
trial investigating the role of TPN in the perioperative setting
was the Veterans Administration Cooperative Study (16). In
this study 395 patients were randomized to receive 7 to 15
days preoperative and 3 days postoperative TPN, or oral feed-
ing plus intravenous fluids. TPN did not improve morbidity or
90-day mortality. However, subgroup analysis showed that
patients considered to be severely malnourished had fewer
infectious complications if they received TPN. The authors
concluded that the routine administration of preoperative
TPN should be limited to patients who are severely malnour-
ished unless there are other specific indications.

Randomized studies specifically examining the role of peri-
operative TPN in patients with gynecologic malignancies are
lacking. In a report by Terada et al. (25), perioperative par-
enteral nutritional support was given to 84 of 99 patients.
There were no major complications attributed to TPN, but
27% of the patients experienced minor complications: 11%
due to central line placement or catheter sepsis, 2% due to fluid
overload, and 13% had metabolic complications. There was
no report on overall perioperative morbidity or mortality in
comparison to patients who did not receive perioperative TPN.

These data and others provide the basis for the recent joint
consensus statement from the National Institutes of Health,
the American Society for Parenteral and Enteral Nutrition,
and the American Society for Clinical Nutrition regarding the
use of perioperative TPN, which states the following: (a) 7 to
10 days of preoperative TPN in a malnourished patient with
gastrointestinal cancer results in a 10% reduction in postoper-
ative complications; (b) routine use of postoperative TPN in
malnourished surgical patients who did not receive preopera-
tive TPN results in a 10% increase in complications; (c) if by

postoperative day 5 to 10, a patient is unable to tolerate oral
or enteral feedings then TPN is indicated to prevent the
adverse effects of starvation. This panel, however, cautions
that in the majority of studies looking at perioperative TPN
the amount and type of parenteral nutrition given was not
optimal, and often patients were given excess calories.
Therefore, the results may differ with the provision of rela-
tively hypocaloric formulas (114). It is reasonable to extend
these recommendations to the gynecologic oncology patient
undergoing surgery (Table 33.1).

Composition of TPN Solution

Once the decision to proceed with parenteral nutritional sup-
port is made, access to a large-bore central vein should be
obtained. This allows the use of calorically dense, hypertonic
solutions, which are often necessary in severely ill patients
who may have restriction on the amount of intravenous fluids
they can receive. When possible, this line should be used
exclusively for TPN infusion and should be treated with strict
aseptic technique. The composition of the TPN solution
should be individualized based on the patient’s condition and
requirements, preferably by a dedicated nutrition support
team (126). The solution must provide the protein and caloric
needs, fluid, minerals, trace elements, and vitamins. Although
indirect calorimetry and nitrogen balance can be used to
determine energy and protein requirements, they are too
costly and cumbersome for routine use. There are numerous
formulas, charts, and tables that can provide estimates of pro-
tein and calorie requirements. Estimates of nutrition require-
ments are based on weight and adjusted for the degree of
physiologic stress encountered by the patient. Generally,
patients require 30 Kcal/kg nonprotein calories, 1 g/kg amino
acids, and about 2,000 mL of fluid. As illness severity
increases and organ functions change, adjustments may be
required. Thus, patients with kidney or liver failure require
decreased amounts of amino acids while those with heart fail-
ure require restriction of sodium and fluids. Nonprotein calo-
ries can be provided as dextrose or lipid and the relative
amounts of these should also be individualized. Lipids provide
9 Kcal/g compared to 3.4 for dextrose. (In dextrose solutions
the glucose is present as glucose-monohydrate, hence a gram
contains less than 4 Kcal.) Lipid calories are particularly use-
ful in patients who have high caloric requirements but cannot
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INDICATIONS FOR TPN IN HOSPITALIZED PATIENTS 
WITH GYNECOLOGIC CANCERS

TA B L E  3 3 . 1  

Perioperative Seven to 10 days preoperatively in a malnourished 
patient (who cannot be fed enterally)

Postoperative complications that prevent oral 
or enteral intake for more than 7 to 10 days

Enterocutaneous fistula
No indication for routine use

During radiation or chemotherapy Maximization of performance status prior 
to therapy in a malnourished patient who 
cannot be fed enterally 

Severe persistent (more than 7 to 10 days) 
mucositis, diarrhea, ileus, or emesis

No indication for routine use

General After 7 to 10 days of inability to tolerate oral 
or enteral feeding due to any cause

Note: TPN, total parenteral nutrition.
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tolerate a large fluid load. In addition, lipids are useful in
patients with severe pulmonary or hepatic dysfunction as glucose
metabolism produces more carbon dioxide, which can add to
the burden of the ailing lung and can lead to fatty infiltration
of the liver. Up to 60% of caloric requirements can be provided
as lipid, but serum triglyceride levels must be monitored closely.
Appropriate electrolyte content of TPN solutions is of critical
importance. The amounts have to be tailored to the patient’s
requirements and organ function. Care must be taken to prevent
potentially fatal hypokalemia or hypophosphatemia (particu-
larly in the patient with severe weight loss), which can be precip-
itated by insulin-induced transport of the minerals to the
intracellular space when inadequate amounts are given. Other
electrolyte disorders such as cisplatin-induced hypomagne-
semia and syndrome of inappropriate antidiuretic hormone
secretion (SIADH) are common in the patient with gyneco-
logic malignancy and must be addressed when ordering TPN.
The TPN solution must also contain vitamins, minerals, and
trace elements. Typically these are available as standard com-
mercial combination products. However, certain patients require
specific modifications. For example, a patient with persistent
diarrhea requires zinc supplementation in excess of the amounts
present in standard trace element solutions.

Complications

Complications associated with TPN can be classified as catheter
related, metabolic, or infectious. Catheter complications most
often occur during placement of a central venous catheter and
include pneumothorax, hemothorax, arterial injury, and
hematoma. These can all be minimized when the procedure is
performed by an experienced physician (127). Cobb et al. (128)
reported a 3% incidence of pneumothorax, arrhythmia, throm-
bus, or bleeding during 523 intravenous catheter placements.
A more recent study of subcutaneous peripheral infusion ports
in women with gynecologic malignancies demonstrated a
thrombosis rate of 26% during a mean follow-up of 105 days.
The authors concluded that other types of vascular access
devices may be preferable in this patient population (129).

Metabolic derangements are frequently encountered during
support with TPN and the prescribing physician must be well
versed in the pathophysiology of these disorders. Hyperglycemia
is the most common abnormality (127) and if not corrected
can lead to an osmotic diuresis, dehydration, acidosis, and
hyperosmolar coma. Patients receiving parenteral nutrition
should have continuous monitoring for glycosuria and if the
dipstick is positive, the blood sugar concentration should be
determined and sliding scale insulin coverage should be pro-
vided. One metabolic complication that deserves special men-
tion is the “refeeding syndrome.” In chronically ill patients
with severe malnutrition there is often a depletion of total body
phosphorus and potassium. The phosphorous deficits may be
masked by increased renal phosphorous absorption designed
to maintain normal serum levels. When TPN is initiated the
infusion of a large glucose load with subsequent surge in
insulin leads to increased cellular uptake of phosphorous and
potassium, which may induce severe life-threatening hypokalemia
and hypophosphatemia (130,131). These disorders cause
widespread tissue and organ dysfunction including muscle
weakness, rhabdomyolysis, heart failure, cardiac arrhythmias,
and respiratory failure and may result in death in extreme cases
(131). Therefore, in patients with evidence of severe under-
nutrition, TPN should be initiated with small amounts of dex-
trose calories, supplemental phosphorous and potassium, and
careful monitoring of serum phosphorous and electrolytes. 

TPN has been associated with cholestatic liver disease as
well as fatty infiltration of the liver and glycogen deposition.
These abnormalities have been attributed to infusion of excessive
glucose calories, imbalance of amino acids, and rarely fatty

acid deficiency (132). Elevation of serum transaminases may
occur but it is generally mild (132,133). Severe liver dysfunc-
tion in adult TPN recipients is rare and requires a search for
causes other than TPN. 

Infections are particularly serious complications in patients
with malignancy receiving TPN. In an evaluation of seven
studies comparing TPN plus chemotherapy to chemotherapy
alone, Klein and Koretz found four studies that showed an
increase in infectious complications in patients receiving TPN
(119). A meta-analysis by the American College of Nutrition
showed a fourfold increase in infections when patients receiving
chemotherapy were given TPN (111). In a prospective, random-
ized study of TPN following pancreatic resection, recipients of
TPN had significantly more infectious complications (17). Data
from a Veteran’s Administration randomized cooperative study
showed that patients with mild to moderate malnutrition
given perioperative TPN had increased rates of infections,
while those with severe malnutrition developed significantly
fewer infections when supported with TPN (16). Infectious
complications are related to both central venous catheters and
a variety of sites (wound infection, abscess, and pneumonia).
While there are now promising data to show that the use of
catheters impregnated with antimicrobials may provide a signifi-
cant reduction of catheter-related sepsis (134), it is not clear
that the use of these catheters will eliminate the increase in
infections in patients receiving TPN. 

Home TPN

Long-term TPN in the home can be a lifesaving treatment in
an appropriately selected group of patients. It is clear that can-
cer patients who have had severe gastrointestinal injury, such
as massive intestinal resection or severe radiation enteritis,
and in whom the cancer has been cured or is well controlled,
benefit from long-term TPN at home (135). Survival rates and
TPN-related complications in such patients are comparable to
those seen in patients with benign diseases (Crohn’s disease,
intestinal necrosis) who require home TPN. Among patients
with widely metastatic disease and poor prognosis, home TPN
offers very limited benefit (103). Only 15% of such patients
survive longer than 1 year on home TPN (48). Recently devel-
oped techniques for placing feeding tubes make it possible to
hydrate and feed patients enterally, even in the presence of
gastrointestinal obstruction (115), and thus obviate the need
for home TPN in patients with upper gastrointestinal tract
dysfunction. In terminally ill patients TPN should be avoided.
The concern that such patients should not be “starved to
death” is not a justification for TPN. A recent uncontrolled
study of terminally ill cancer patients hospitalized at a long-
term care facility suggests that these patients did not experi-
ence hunger or thirst, and that in those who experienced such
symptoms, small amounts of food alleviated the symptoms
(136). In such patients the utilization of TPN either in the
home or at health care facilities cannot be justified. 

At Memorial Sloan-Kettering Cancer Center the clinical nutri-
tion service prescribed home TPN for 20 patients with gyneco-
logic malignancies (3 cervical, 15 ovarian, and 2 endometrial)
from 1995 through 1998. This represented 9% of all cancer
patients given this therapy. The indications for home TPN
included bowel obstruction (ten patients), enterocutaneous
fistula (seven patients), radiation enteritis (two patients), and
short bowel syndrome (one patient). These patients were given
home TPN because they had a good performance status or
were considered candidates for further antitumor therapies.
On average, they received home TPN for 163 days. Thirteen
of the patients were able to resume oral or enteral feedings in
amounts sufficient to sustain themselves after additional
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therapy and seven patients died while still dependent on
TPN. 

For patients with inoperable bowel obstruction due to
metastatic ovarian cancer, predicting which patients will bene-
fit from home TPN can be difficult (137). In a review of 9,897
days of home TPN administered to 75 patients with various
cancers and intestinal obstruction it was shown that a
Karnofsky performance status greater than 50 at the initiation
of TPN could accurately predict which patients would have
improved quality of life while on home TPN. The authors
concluded that home TPN should be avoided if the perfor-
mance status is below this level (138). In addition, patients
with a life expectancy of less than 2 to 3 months will not ben-
efit from home TPN (103,138). In a study from Yale-New
Haven Hospital of 17 patients with inoperable bowel obstruc-
tion due to malignancy, patients with ovarian cancer had the
shortest survival (39 days) compared to patients with colon
cancer (90 days) and appendiceal cancer (184 days) (139).
Therefore, only a highly selected minority of patients with
inoperable bowel obstruction can potentially benefit from
home TPN. A recent study from Brown University evaluated
55 patients with terminal ovarian cancer and found that the
use of TPN conferred a median survival benefit of 4 weeks
(140). Currently the best selection criteria for such patients
are a fair or better performance status and the potential for
further antitumor therapy (Table 33.2).

Enteral Nutrition

Enteral feeding delivers a liquid-nutrient formula into the gas-
trointestinal tract through tubes placed into the stomach or
small intestine. As in oral feeding, an adequately functioning
small intestinal mucosa is required for absorption of nutrients.
Enteral feeding can overcome many difficulties encountered in
patients with a wide variety of gastrointestinal tract dysfunctions.
A proximal gastrointestinal obstruction can be bypassed; tubes
can be placed distal to obstructions as far as the jejunum and
thus circumvent obstructing lesions of the oral cavity, esophagus,
stomach, duodenum, or proximal jejunum (141,142). The liquid-
nutrient formula can be delivered as a slow, continuous infusion,
thus maximizing absorption by a limited intestinal surface,
which can be overwhelmed by the higher volume delivered
during oral feeding. Such an approach may be useful in patients
with radiation enteritis, short bowel syndrome (with adequate
remaining short bowel, usually 3 to 4 feet), or partial obstruction
of the bowel. 

Route of Administration and Nutrient Formula

Short-term (�2 weeks) access to the gastrointestinal tract can
be obtained through nasogastric or nasoenteric tubes. Patients
requiring longer nutritional support should have a gastrostomy
or jejunostomy tube placed endoscopically, radiologically, or

surgically. In comparison to nasal tubes, gastrostomy or
jejunostomy tubes are wider (15 to 24 French) and therefore
less likely to be obstructed by medications or nutrient solu-
tions. In addition, they are fixed in the stomach or the upper
intestine and do not migrate into the esophagus. Thus, the risk
of aspiration is considerably decreased (141). These tubes are
more comfortable and aesthetically pleasing (143). These ben-
efits were demonstrated in a recent randomized study of
patients after an acute dysphagic stroke, which showed that
patients fed with a gastrostomy tube had more optimal provi-
sion of nutrients, achieved a better nutritional state, and had
less mortality than those fed with nasogastric tubes (144).
Patients with gastrostomy tubes have been shown in prospec-
tive studies to receive over 90% of prescribed feedings com-
pared to only 55% in patients fed through nasal tubes. These
differences are largely attributed to nasogastric tube dislodg-
ment (145). In a randomized study of 33 women with gyneco-
logic malignancies, enteral feedings through a needle catheter
jejunostomy maintained postoperative nutrition as measured
by serum transferrin levels and was associated with few com-
plications (146). The authors concluded that women with
gynecologic cancers should have a jejunostomy placed at the
time of operation if it is anticipated that long-term nutritional
support will be required. 

Endoscopically placed percutaneous gastrostomy tube
(PEG) has become the procedure of choice for placement of
enteral feeding tubes because of its ease, safety, and the ability
to perform it on an outpatient basis. Percutaneous jejunos-
tomy (PEJ) tubes can also be placed endoscopically (142).
PEJs allow for continued enteral feeding in patients with gas-
tric resection, gastric outlet obstruction, or gastroparesis.
Major complications (bleeding, peritonitis, abdominal wall
abscess, colonic perforation, and aspiration) from PEG and
PEJ placement are rare, occurring in 0% to 2.5% of patients,
while minor complications (wound infection, tube migrations,
or leak) are seen in 5% to 15% (65,142,147,148). This favor-
ably compares to the 2.5% to 16% complication rate and 1%
to 6% mortality from a laparotomy required for surgical
placement of feeding tubes (149–151).

More than 100 different enteral feeding formulas are cur-
rently commercially available (152). They are designed to pro-
vide either complete nutrition, single nutrients, or only fluids
and electrolytes. Formulas differ in protein concentration,
calories, osmolarity, and percentage of nonprotein calories
delivered as carbohydrates or fats. Enteral feeding formulas
that provide 1,500 to 2,000 Kcal per day normally contain all
the necessary nutrients including proteins, vitamins, minerals,
and trace elements. In addition, there are disease-specific for-
mulations for patients with diabetes or hepatic, renal, or pul-
monary dysfunction. The choice of formula should be
individualized and often helps to minimize problems such as
diarrhea, bloating, or hyperglycemia (141). 

Enteral solutions may be administered by either bolus feed-
ings or by continuous infusion (141,149,150). Bolus feeding is
possible when the tip of the feeding tube is in an intact stom-
ach. Up to 500 mL of a feeding formula can be infused over
10 to 15 minutes by a syringe or gravity into the stomach. The
pyloric sphincter regulates flow into the duodenum. All bolus
feedings should be done with the patient sitting upright to
minimize the risk of aspiration. When the tip of the feeding
tube is distal to the pylorus, continuous feeding must be
employed to avoid abdominal distention and diarrhea. Rates
as high as 150 mL per hour are generally well tolerated (141).

Efficacy

Data from randomized trials examining the efficacy of enteral
nutrition given as an adjuvant therapy in patients receiving
chemotherapy for a variety of cancers have failed to demonstrate
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Severe chronic radiation enteropathy
Short bowel syndrome 
Persistent enterocutaneous fistula
Selected patients with obstruction due to peritoneal 

carcinomatosis (selection based on performance status 
and potential for further chemotherapy)
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a clear benefit in terms of survival or response to treatment
(153–157). The validity of the conclusions of these studies,
however, is limited by their small size and poor design. Similar
difficulties plague the studies examining the role of standard
enteral nutrition in the perioperative period (158–161). While
recent data examining early (postoperative day 1) enteral feed-
ing in patients following resection of an upper gastrointestinal
tract tumor showed improved protein metabolism, there is no
evidence that this translates into improved clinical outcome
(162). In a prospective, randomized study of early enteral
feeding in 195 patients after resection of upper gastrointesti-
nal malignancy there was no proven benefit. Complication
rates, mortality, and length of hospital stay were not affected
by early postoperative enteral feedings (163). Therefore, rou-
tine use of enteral nutrition support in patients receiving
chemotherapy or undergoing operations for cancer cannot be
justified. Accepted indications for enteral nutrition in cancer
patients include (a) obstruction of the upper digestive tract in
those who are not candidates for an operation, (b) the pres-
ence of chronic malnutrition due to inadequate oral intake, (c)
perioperative support of the malnourished patient (164).

Complications

Enteral nutrition is generally safe if careful attention is paid to
the following: (a) choice of an appropriate formula, (b) infu-
sion into an appropriate portion of the gastrointestinal tract,
(c) use of the correct infusion method, and (d) an ongoing clin-
ical and metabolic monitoring of the patient. The most serious
complication of enteral feeding is aspiration, which occurs in
1% to 32% of patients (153,165,166). The risk is minimized
by keeping patients upright during bolus feedings and using
jejunal feedings if there is predisposition for aspiration, gas-
troparesis, or an impaired gag reflex. Diarrhea is reported in
5% to 30% of patients receiving enteral nutrition (167).
While the diarrhea may be related to underlying disorders of
the gastrointestinal tract such as radiation enteritis or short
bowel syndrome, a commonly overlooked cause is medica-
tions. Patients on enteral feeding often receive magnesium-
containing antacids or antibiotics, both of which may induce
diarrhea. Metabolic complications include dehydration,
azotemia, hyperglycemia, and hyperkalemia. These are usu-
ally due to the patients’ underlying disease and can be avoided
with the choice of the proper formula and careful monitoring.

Home Enteral Nutrition

Home enteral nutrition (HEN) is increasingly being used to
provide nutrients and fluids outside the hospital. Cancer is the
most common indication for its use and accounts for 42% of
all patients receiving HEN (135,141). It is a safe therapy in
patients with cancer with only a 0.4% annual rate of compli-
cations requiring hospitalization (168). The overall 1-year sur-
vival for cancer patients on HEN is 30%. However, in patients
with cancer of the head and neck who have been successfully
treated, HEN has provided good nutrition for periods exceeding
7 years (65,141). Regular medical follow-up is essential to ensure
appropriate functioning of the feeding tube and optimization
of the nutrition regimen. This form of therapy is useful in
patients with gynecologic malignancies with upper gastroin-
testinal tract obstructions that cannot be treated surgically.

Oral Dietary Therapy

Patients who are able to eat but have impairment of the gas-
trointestinal tract or have special metabolic requirements may
benefit from a specialized oral dietary therapy (159). Often

this may obviate the need for more costly and complex inter-
ventions such as parenteral nutrition. In oral dietary therapy
the regular diet is modified based on the pathophysiologic
changes induced by the underlying disorder with the goal of
providing the most optimal nutrition possible (159). When the
main problem is inadequate food consumption, various com-
mercial oral supplements can be used but usually for only
short periods because of taste fatigue. Some preparations pro-
vide complete nutrition while others are intended to supple-
ment deficits of specific nutrients. Problems common in
patients with gynecologic malignancies such as partial small
bowel obstruction, chronic radiation enteritis, and short
bowel syndrome may all be amenable to dietary therapies. In
partial small bowel obstruction or motility dysfunction a diet
comprised of frequent, small, calorically dense meals with
minimal amounts of fiber is indicated. Patients with radiation
enteritis should receive a low-fat, low-fiber, and lactose-free
diet. Dietary management of short bowel syndrome patients
includes frequent small meals; limitation of fiber, lactose, and
simple sugars; taking liquids separately from meals; and sup-
plementation of calcium and zinc orally and magnesium and
vitamin B12 parenterally.

Bye et al. (169) conducted a prospective, randomized trial
of a low-fat, low-lactose diet in 143 women with gynecologic
malignancies undergoing radiation therapy. The intervention
group had significantly less diarrhea. Diarrhea in the control
group correlated with increased fatigue and decreased physi-
cal function. The authors concluded that diet intervention
during radiotherapy reduced the severity of diarrhea, influ-
enced patients’ ability to cope with diarrhea, and gave them
more control over their situation.

The successful implementation of prescribed diets depends
to a large extent on a dietitian converting the prescribed diet
to a meal plan and working with the patient to implement it.
In a prospective, randomized study of 57 patients undergoing
chemotherapy for ovarian, breast, or lung cancer, those who
received intensive dietary counseling had improved long-term
food intake (170). Similar data have been demonstrated in can-
cer patients undergoing radiotherapy (171) and in patients with
acute leukemia undergoing induction chemotherapy (172).

Pharmacologic Agents

Agents that will reverse the wasting seen in advanced cancers
have long been sought to complement or replace the provision
of nutrients via the oral, enteral, or parenteral route. Hormones,
appetite stimulants, and most recently, cytokine antagonists
have been examined. Studies of growth hormone (173,174),
insulin-like growth factor (IGF)-I alone (174), or IGF-I with
insulin (175) in cancer-bearing rodent models showed signifi-
cant attenuation of tumor-induced weight loss. In human clin-
ical trials, these agents provided modest gain in weight but no
improvement in quality of life and no other benefits (176).

Appetite Stimulants

Anabolic steroids have no proven efficacy in treating cancer
cachexia. In a murine model, administration of norandrolone
propionate resulted in weight gain but this was largely due to
fluid retention (177). In human trials steroids produced transient
improvement of nutritional parameters and appetite, but contin-
ued use is associated with negative nitrogen balance, net calcium
loss, glucose intolerance, and immunosuppression (176).

Megestrol acetate is a progestational agent that has been
shown to improve appetite and ameliorate weight loss in
numerous but not all studies of patients with cancer and
cachexia (176). Doses in these studies ranged from 160 mg
per day to 1,200 mg per day, and maximal weight gain was
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generally seen within 8 weeks. However, the change in weight
is largely due to increased adipose tissue and edema (178).
Nevertheless, improvement in quality of life has consistently
been demonstrated in several large, prospective studies in
patients with cancer cachexia treated with megestrol acetate
(179,180). It is generally well tolerated but can exacerbate
underlying diabetes mellitus and rarely lead to adrenal sup-
pression. Dronabinol, a marijuana derivative, has shown
some promise in small studies, improving appetite and caus-
ing weight gain; however, large randomized trials are lacking
(176). Food and Drug Administration (FDA) approval is cur-
rently limited to treatment of nausea and vomiting during
chemotherapy and for cachexia in HIV-positive patients.

Cytokine Inhibitors

Inhibitors of cytokines involved in cancer cachexia and
anorexia have the potential to be potent agents in the treat-
ment of malnutrition in cancer. Monoclonal antibodies against
TNF lead to improved food intake and diminished loss of pro-
tein and fat in murine models of cancer cachexia (168). Similar
data are available for anti–interleukin-6 (anti–IL-6) (181,182)
and anti–interferon-γ (anti–IFN-γ) (183). Suramin, a direct IL-6
receptor antagonist, decreased several key parameters of
cachexia in tumor-bearing mice (184). A recent study from
Japan of a novel inhibitor of IL-1 and TNF-α showed that
direct injection of the drug into tumor did not alter tumor
growth but did result in attenuation of loss of body weight and
epididymal fat in tumor-bearing mice (185). Human studies uti-
lizing the anticytokine approach are limited. Pentoxifylline and
thalidomide have been shown to inhibit TNF-α, but only

thalidomide improved weight loss associated with AIDS and
tuberculosis (186). Interestingly, recent data show that the clin-
ical anticachexia effect of megestrol acetate is due, at least in
part, to inhibition of cytokines (Table 33.3) (99).

Drugs to Relieve Symptoms

The use of medications to relieve cancer or treatment-related
symptoms that impair oral intake is an important adjuvant to
nutritional support in these patients. For example, optimal
antiemetic therapy can now adequately control acute and
delayed emesis in 70% to 90% of patients (187). Despite this
the incidence of chemotherapy-induced nausea and emesis is
underestimated by oncologists and nurses (188). This high-
lights the importance of a careful history and review of sys-
tems when completing a nutritional evaluation of a cancer
patient. Many cancer patients assume that nausea and vomit-
ing are normal during treatment and will not report it as a
problem unless specifically asked. 

Antidepressant medications should be considered when
evaluating a patient with cancer and malnutrition. Depression
occurs in 25% to 45% of cancer patients and can lead to loss
of appetite and weight loss (189). Pharmacotherapy for
depression utilizing selective serotonin reuptake inhibitors or
tricyclic antidepressants is effective in cancer patients (189).
Methylphenidate, a stimulant, has also been shown to be
effective for the treatment of cancer-related depression (190).
Although the relief of depression may improve appetite, it should
be noted that in patients without cancer, selective serotonin
reuptake inhibitors and tricyclic antidepressants are associated
with weight gain that is independent of the response of the
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Class of agent Example Efficacy Adverse effects

Hormones Insulin, IGF, GH Attenuation of tumor- Hypoglycemia, 
induced weight loss; hypokalemia 
no improvement in 
survival or quality of 
life demonstrated

Anabolic Oxandrolone, Transient improvement Fluid retention; net loss
steroids nandrolone in appetite of calcium and nitrogen;

hyperglycemia,
immunosuppression

Progestational Megestrol acetate Improved appetite, Weight gain is mostly 
agents weight, and quality due to fluid retention 

of life and adipose tissue; may 
exacerbate diabetes 
mellitus; rare cases of 
adrenal insufficiency

Cannabinoids Dronabinol Improved appetite CNS effects (slurred speech,
and weight gain in nausea, dizziness, 
small studies sedation)

Cytokine Pentoxifylline, Improved food intake Clinical studies pending
inhibitors thalidomide, and attenuation of 

suramin, protein loss in 
monoclonal animal models
antibodies to IL-1, 
IL-6, and TNF-α

Note: CNS, central nervous system; GH, growth hormone; IGF, insulin-like growth factor; 
IL, interleukin; TNF, tumor necrosis factor.
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underlying depression (191). Pilot studies suggest that these
drugs may also produce weight gain in patients with cancer
(192). As for methylphenidate, it is associated with anorexia in
patients without cancer; however, in patients with cancer-related
depression and anorexia its use is associated with relief of
anorexia (193). Therefore, methylphenidate can be used to treat
depression in cancer patients with depression and malnutrition. 

ETHICAL CONSIDERATIONS
Prior to the advent of enteral and parenteral feedings the
inability to receive nutrients through oral intake inevitably led
to wasting and death. Therefore, in the majority of patients
the natural history of cancer led to death because of dehydra-
tion and starvation (194). In patients with potentially curable
or stable disease, nutritional support, when indicated, is an
important and often critical part of the overall treatment plan.
On the other hand, the role of nutritional support in the ter-
minally ill is a subject filled with ethical and legal dilemmas.
These problems come to light when the wishes of the patient
or the patient’s representative are not in agreement with the
recommendations of the physicians. For example, a patient
may wish to forego nutritional support despite recommenda-
tions that such a therapy should be given. Alternatively,
patients or their representatives may want to initiate or con-
tinue TPN even after all anticancer therapies have failed and
the patient is in a terminal state. Two general principles apply:
in the first case, autonomy, and in the second, medical futility.

Autonomy is the right of competent patients to make deci-
sions about their care and implies that the physician must solicit
these decisions. It was not until the mid-1960s, a time of vast
societal changes and challenges to authority, that autonomy
began to supersede the Hippocratic tradition with its emphasis
on the authoritarian role of the physician. This principle is
clearly outlined in a report from the President’s Commission for
the Study of Ethical Problems in Medicine and Biomedical and
Behavioral Research, which states, “The voluntary choice of a
competent and informed patient should determine whether or
not life sustaining therapy will be undertaken, while healthcare
institutions and professionals should try to enhance patients’
abilities to make decisions on their own and to promote under-
standing of the available options” (195). With regard to most
treatments (operations, chemotherapy, radiation therapy), the
patient’s knowledge and experience may be very limited and
thus the physician’s recommendations may form the sole basis
for the patient’s decisions. This is not the case with nutrition.
People understand the role of nutrition in sustaining life and it
is often hard for a layperson to understand why parenteral
nutrition may not be indicated or even harmful when the
patient has no other source of nourishment. In such situations it
is the responsibility of the physician to thoroughly explain the
reasons for withholding TPN. 

The principle of medical futility often surfaces in discus-
sions of nutritional support of the cancer patient, especially if
the disease is advanced and unresponsive to therapy. There are
four aspects to medical futility (196): (a) lack of physiologic
rationale for the proposed therapy; (b) failure of the same
therapy in a previous attempt; (c) all possible treatments for
the underlying disease have failed; (d) the therapy will not
improve quality of life or achieve a goal of care (such as living
to see a particular life event). In the case of parenteral (and
rarely enteral) nutritional support of the cancer patient,
aspects (c) and (d) may be specifically applicable. 

It should be noted that these principles, autonomy and
medical futility, should govern decisions for both initiation
and withdrawal of an ongoing therapy. As stated in the report
from the President’s Commission, “A justification that is
adequate for not commencing a treatment is also sufficient

for ceasing it. Moreover, establishing a higher requirement
for cessation might unjustifiably discourage vigorous initial
attempts to treat seriously ill patients that sometimes succeed”
(195).

Religious beliefs will often strongly influence decisions
regarding nutritional support. Publicly stated opinions on
the subject include (a) a statement from the Archbishop of
Canterbury that removal from life support was permitted if it
was better to allow the patient to die (197); (b) a report from
the National Conference of U.S. Catholic Bishops, which
states that Catholics are not required to use extraordinary
means when recovery is hopeless and only the burden of care
remains (198); and (c) a review of Orthodox Jewish rabbinical
decisions, which concluded, “the imperative to preserve life
supersedes, with a few exceptions, quality of life considera-
tions” (199).

For the gynecologic oncologist, management of the patient
with an inoperable bowel obstruction due to peritoneal carci-
nomatosis is a difficult and recurrent problem. A recent
review attempts to outline the role of parenteral nutrition in
this population (137). TPN should be considered in only those
patients with a good performance status, and careful attention
must be paid to likely medical and symptomatic outcomes as
well as ethical considerations. It is interesting to note the
views of patients on various life-sustaining treatments. In a
study from the University of Michigan, 90% of women under-
going treatment for a gynecologic cancer could envision a time
when they would refuse ventilatory support, but only 37%
could foresee a time when they would refuse artificial nutri-
tion (200). It is important for the physician and other mem-
bers of the health care team to inform the patient and the
family that in the terminally ill, provision of food and water
by enteral or parenteral routes will not improve comfort
(136,176) and, in fact, may add to discomfort (136,201–203).
At Memorial Sloan-Kettering Cancer Center TPN is used
infrequently in patients with gynecologic cancer and bowel
obstruction due to malignant carcinomatosis who do not
receive any further anticancer therapy. TPN is used under
these conditions only when it is judged that it will enhance the
quality of life of a patient who is not at imminent risk of dying
in spite of the widely metastatic disease. When considering the
chance of improving the quality of life, the burden of TPN
administration and monitoring and the risk of complications
have to be considered. 
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observers and between the doctor’s and his or her patient’s eval-
uation of the patient’s QOL, and it became clear that any method
for measuring QOL, quintessentially subjective, would have
to rely on patients themselves and not caregivers (10). Patient-
reported outcomes (PROs) are now widely considered an
excellent methodology to evaluate the utility of treatment. A
simple composite measure of clinical benefit (measurements of
pain [analgesic consumption and pain intensity], Karnofsky
performance status, and weight) was used as the primary
efficacy measure in a small but randomized study that led to
Food and Drug Administration (FDA) approval of gemcitabine
in advanced pancreatic cancer (11). Quality-adjusted time
without symptoms of disease or toxicity of treatment
(QTWIST) was an important addition as duration of symptoms,
where they occur in the trajectory of the disease, and their
source (disease or treatment) all influence their perception and
impact (12). Recently, large randomized, controlled trials
incorporating QOL endpoints have reported that docetaxel is
associated with less neurotoxicity than paclitaxel (13), and
erythropoietin (rHuEpo) significantly impacts anemia and
fatigue (14). As physical functioning deteriorates, relational,
spiritual, and psychologic issues become relatively more
important (15,16).

Quality of life has been shown to predict survival in
numerous disease settings (17,18). In the Heart and Soul Study,
a study of outcomes in 1,024 patients with coronary artery
disease, depressive symptoms were more predictive of overall
health than conventional measures of cardiac function such as
ejection fraction and ischemia (19). Recent work conducted
within the Gynecologic Oncology Group (GOG) suggests that
baseline QOL scores predict survival and may serve as an
early barometer of patients who may or may not respond to
aggressive treatment (20,21).

Quantitative measure of patient outcomes is dependent on
the use of validated instruments of psychometric data. Such
questionnaires, or scales, list items (questions about particular
constructs) in related domains (dimension or focus of behav-
ior or experience). Retesting between subjects and over time
establishes reliability (test-retest, interobserver variation, and
correlation with related instruments), responsiveness, and
applicability (generalizability or external validity). Good scales
have to be (a) internally consistent (similar domains report
agreement—Cronbach’s alpha �0.7), (b) stable (reliability
coefficient), (c) equivalent or superior to other scales purporting
to measure the same thing (kappa statistics), and (d) accepted by
patients and experts. Approximately 500 instruments have been
developed (22). Commonly used tools include the Functional
Assessment of Cancer Therapy (FACT—with gynecologic and

INTRODUCTION
Health-related quality of life (QOL) is an increasingly impor-
tant endpoint in clinical trials, and a fundamentally important
issue for patients. Quality of life is a multifaceted and complex
paradigm that reflects patient’s experiences with disease, treat-
ment, and accompanying long-term sequelae (1,2). While a
specific definition of quality of life may require articulating
the patient’s status on physical, functional, emotional, and
social well-being (3), it can also encompass the disparate
aspects of patient demography (age, ethnicity, education,
income), social circumstances (relationships and roles), and
spiritual issues. It is no longer acceptable to pursue curative
treatment with the hope of improving mortality without con-
sideration of treatment morbidity, and without including
patient-centered decision-making and quality of life implica-
tions. Therefore, this chapter provides an overview of state-of-
the-science perspectives broadly incorporating medical
interventions (e.g., recent clinical trials) which have influenced
quality of life and other patient-reported outcomes, and gyne-
cologic cancer survivorship issues, including several challeng-
ing symptoms (e.g., fatigue, neurotoxicity, lymphedema) and
long-term concerns (e.g., sexual dysfunction, reproductive
concerns, emotional well-being).

QUALITY OF LIFE
Quality of life is an abstract, multidimensional construct that
covers the subjective perceptions of the positive and negative
aspects of patients’ experience. We all know good quality of life,
but it is rarely simple. It integrates symptoms; physical, emotional,
social, and cognitive functions; and reflects the impact of cancer
and the side effects of treatment (4,5). Figure 34.1 lists elements
of quality of life (6–8).

Considering well-being or quality of life is as old as Aristotle’s
concept of eudaimonia, or “good.” The first attempt to quan-
titatively measure the impact of cancer was described in 1949,
when Karnofsky and Burchenal reported a simple 11 (0 to 10)
point scale for the clinical evaluation of chemotherapy. This
was simplified into the ECOG (Eastern Cooperative Oncology
Group) Zubrod scale (0 � asymptomatic, 1 � symptomatic, 
2 � functional for �half the day, 3 � functional for �half the
day, 4 � moribund), and performance status probably remains
the single most significant bias that contributes to the big dif-
ferences between the results of phase 2 studies (9). Early QOL
studies rapidly revealed considerable discrepancy between
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symptom subscales), the European Organization for the Research
and Treatment of Cancer QLQ-C30 (EORTC QLQ-C30),
Hospital and Anxiety Depression Scale (HADS), Profile of
Mood States (POMS), Rotterdam Symptom Checklist(RSCL),
MOS-Short Form 36 (SF-36), and Visual Analogue Scale (VAS). 

The Functional Assessment of Cancer Therapy (FACT)
instrument (scale) is a 27- (generic core) to 50-item compila-
tion of specific subscales, comprising physical, social/family,
emotional, functional, and disease-specific well-being/concerns
(http://www.facit.org/) (23,24). The EORTC also developed a sim-
ilar QOL instrument consisting of a core component applicable
to all cancer patients and modules developed for specific cancer
sites (25). EuroQol-5Dimension (EQ5D) utilizes a brief five-item
questionnaire covering mobility, self-care, usual activities, pain/
discomfort, and anxiety/depression, and a thermometer visual
analogue scale ranging from 0 (worst imaginable health state) to
100 (best imaginable health state) (26).

For much of the last decade the research agenda has been
dominated by the comparison of instruments that evaluate the
harder to measure aspects of clinical care (Fig. 34.2) (27,28).

These studies have helped develop tools that have allowed
important randomized clinical trials to now report QOL data
(13,29). Formalizing the evaluation of health-related QOL is
becoming established, with ongoing debate over methodology
and the distillation of a minimum set of criteria for assessing
outcomes in cancer clinical trials that inform decisions in clin-
ical practice (30). New modeling approaches that account for
nonrandom omission of data are beginning to be accepted
(31). Evaluating QOL helps describe populations, predict out-
comes, and guide decisions (trade-offs and gambles), and can
screen for dysfunction, help allocate resources, and improve
awareness as patients approach end-of-life issues (32). 

A novel approach to patient-reported outcomes is now
funded by the National Institutes of Health (NIH). The Patient-
Reported Outcomes Measurement Information System (PROMIS)
network, which is part of the NIH Roadmap Initiative, aims
to improve how PROs are selected and assessed in clinical
research. PROMIS is establishing a publicly available resource
of self-reported health domain measures, including those
specifically targeted to cancer. More information can be found
at http://www.nihpromis.org/ (23). Additional useful resources
for quality of life measurement include http://www.facit.org/,
http://www.isoqol.org/, http://www.euroqol.org/, http://www.
cancer.gov, and http://www.ql-recorder.com/. 

QOL OUTCOMES AND CLINICAL
TRIAL UPDATES FOR

ENDOMETRIAL, CERVICAL, 
AND OVARIAN CANCER

Integrated multidisciplinary care has appropriately become the
necessary standard of the complex care of patients frequently
in specialist centers, with goals of care changing over the course
of the disease (Fig. 34.3). 

Endometrial Cancer

Recent literature has identified quality of life data that may
inform therapeutic choices for women with endometrial cancer.
In a recent study, advanced endometrial cancer patients were
randomized to whole abdominal irradiation (WAI) versus
doxorubicin-cisplatin (AP) chemotherapy. Although overall QOL
did not differ between the two treatment groups, there were
symptom-related differences (33). Specifically, WAI patients
reported significantly higher fatigue than those who received
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AP chemotherapy for seven cycles plus an additional cycle of
cisplatin alone. Significant differences in functional alterations
due to changes in bowel function were identified at the end of
treatment (P �0.01), and at 3 months (P �0.01), with radiation
associated with poorer scores. However, the AP group showed
significantly higher peripheral neuropathy scores at the end of
treatment and at 3 and 6 months posttreatment compared to
the WAI group (p � 0.01). Therefore, although doxorubicin-
cisplatin showed increased survival, the authors emphasize
that the patients should be counseled regarding significant
peripheral neuropathy that may have a significant impact on
QOL.

Notably, quality of life has also recently been evaluated in
comparisons of laparoscopy versus laparotomy (34,35). In both
studies, QOL was superior in the laparoscopy group. In the
GOG LAP2 trial, which compared differences in quality of life
between those endometrial cancer patients who underwent
comprehensive surgical staging via laparoscopic technique
versus traditional laparotomy, patients treated by laparoscopy
had a superior quality of life through 6 weeks postsurgery
compared to those treated by laparotomy, likely due to it
being a less invasive procedure resulting in less pain, faster
recovery, and a small but significant reduced length of hospital
stay. However, except for a significantly better body image in
the laparoscopy than the laparotomy group, these differences
were not sustained at 6 months.

Cervical Cancer

In treatment of advanced cervical cancer, quality of life con-
siderations are primary. Several recent studies have demon-
strated important QOL results which have influenced clinical
trial paradigms. For example, a randomized phase 3 trial
demonstrated that although there was greater toxicity in the
cisplatin/paclitaxel (CP) regimen, there was no statistically sig-
nificant difference in overall QOL scores between this treat-
ment arm and the cisplatin (C) single-agent regimen. This
finding, combined with the improved response rate and pro-
gression-free survival (PFS) in the CP arm and a higher
dropout rate in the C arm, suggests a worse outcome for the
single-agent regimen. In this case QOL measurement con-
tributed to the conclusion that CP is superior to C alone with
respect to response rate, progression-free interval, and sus-
tained or improved QOL for patients treated with cisplatin
versus cisplatin plus paclitaxel (20,36). 

Several other trials have reported quality of life as a sec-
ondary endpoint to use in addition to survival data when
choosing chemotherapeutic regimens to treat advanced cervi-
cal cancer (37,38). These authors effectively argue that when
determining if certain chemotherapy combinations may
improve survival, it is critical to consider quality of life, as
toxicity may worsen. One such study prospectively assessed
the impact of treatment with cisplatin alone (C), versus C in
combination with topotecan (C�T) on QOL in patients with
advanced or recurrent cervical cancer, and explored the prog-
nostic value of baseline QOL scores. Importantly, results from
this study employing the FACT-Cx measure indicated there
were no statistically significant differences in QOL up to 
9 months postrandomization, despite more hematologic
toxicity in the C�T arm. The baseline FACT-Cx was also
associated with predicting survival (38). This was the first
advanced cervical cancer study to note that patient-reported
QOL measures may be an important prognostic tool in
advanced cervix cancer. These phase 3 trials have challenged a
traditional study design for chemotherapeutic agents by incor-
porating patient-reported outcomes into the interpretations and
implications of the relative value of these regimens. Clearly,
quality of life is a critical factor in palliative chemotherapy for

recurrent and/or persistent advanced cervical cancer, where
life expectancy is likely to be brief (36). 

Ovarian Cancer

Several recent phase 3 clinical trials have included longitudinal
assessment of quality of life as a secondary study endpoint.
This information continues to influence a comprehensive
interpretation of results, clinical trial design, and clinical deci-
sion making. For example, in a study of suboptimally
debulked advanced ovarian cancer, although the addition of
interval secondary cytoreduction to postoperative chemother-
apy resulted in no notable long-term difference, a clinically
significant QOL improvement was seen in both arms at 6 and
12 months after starting therapy. Of interest, fewer com-
plaints of neurotoxicity at 6 months were reported among
patients who did versus did not undergo interval secondary
cytoreduction, likely due to the break in chemotherapy (39).
In this study it was also shown for the first time in ovarian
cancer that baseline QOL scores could predict survival, attrib-
uted primarily to the lowest scoring quartile on the FACT-O.
QOL has also predicted survival for patients participating in a
phase 3 trial comparing gemcitabine with pegylated liposomal
doxorubicin (40). 

A controversial randomized phase 3 trial in optimal stage
III epithelial ovarian cancer showed that intravenous pacli-
taxel plus intraperitoneal cisplatin and paclitaxel significantly
lengthened progression-free survival and overall survival com-
pared to intravenous paclitaxel and cisplatin (41). During
active treatment, patients on the intraperitoneal arm experi-
enced more health-related quality of life disruption, abdomi-
nal discomfort, and neurotoxicity compared to those receiving
conventional intravenous therapy. However, only neurotoxic-
ity remained significantly greater for intraperitoneal patients
12 months posttreatment, and generally for both groups QOL
improved over time (42). Given the continued controversy
regarding intraperitoneal therapy, QOL information will con-
tinue to provide clinically meaningful information from which
to guide treatment decisions. 

Several additional recent phase 3 trials have incorporated
quality of life endpoints into advanced ovarian cancer clinical
trials (e.g., 43–48). For example, du Bois et al. compared
paclitaxel plus cisplatin (PT) with paclitaxel plus carboplatin
(TC) in patients with advanced ovarian cancer, evaluating
QOL utilizing the EORTC QLQ-C30 questionnaire (45).
There were significant QOL differences in favor of the TC
arm, therefore leading to the conclusion that paclitaxel plus
carboplatin is a more reasonable and better-tolerated treat-
ment overall. In a subsequent study, Greimel et al. (47) exam-
ined hematologic and nonhematologic toxicity of the
paclitaxel/carboplatin (TC) versus paclitaxel/cisplatin (PT)
regimens, and the effects of toxicity on QOL. Again, quality
of life was better in the TC regimen, resulting in confirmation
that where two regimens have equal progression-free and
overall survival, paclitaxel/carboplatin is preferable. A similar
recommendation can be made from QOL data where it was
demonstrated that gemcitabine plus carboplatin significantly
improved progression-free survival and response rate without
worsening QOL (44). The relationship between cancer treat-
ment efficacy, benefit, and quality of life for elderly patients is
also being studied. In one phase 3 trial comparing cisplatin
and paclitaxel to carboplatin and paclitaxel, although quality
of life scores did not differ between elderly and younger
patients, the elderly patients showed a higher rate of early
treatment discontinuation. The authors speculate that this
may be due to provider and/or patient unwillingness to con-
tinue treatment in the setting of toxicities which might other-
wise be managed differently in a younger population (49). 
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CHALLENGES IN GYNECOLOGIC
CANCER SURVIVORSHIP

As noted previously, treatment side effects can influence short-
term quality of life for many women, and longer if sequelae
persist or worsen over time. Recognition of and management
for these issues can vary from simple strategies to improve
quality of life (i.e., managing nausea and vomiting), to com-
plex psychosocial issues (e.g., reproductive concerns), for
which clear guidelines may not exist. This section illustrates
some of the current, potentially unique, and more complicated
aspects of gynecologic cancer survivorship. 

Pretreatment factors may influence a patient’s quality of
life both during and posttreatment. Several authors have
noted that quality of life is affected by preoperative factors
such as education, lifestyle, general health, and obesity
(50–52), all of which in turn may affect a patient’s ability to
tolerate therapy. The interplay between cancer or cancer treat-
ment symptoms and quality of life is well documented in the
gynecologic cancer literature (e.g., 53,54). Several recent
and/or prominent investigations deserve mention.

Although a considerable and growing body of literature exists
specific to cognitive impairment and fatigue during and after
chemotherapy, only recently has this been considered within the
gynecologic cancer cohort. For example, Hensley et al. were the
first to study cognitive functioning prospectively in an ovarian
cancer trial (55). Although they did not find significant decreases
in cognitive functioning in women receiving paclitaxel, gem-
citabine, and carboplatin in a phase 2 trial, they did note that
highly educated women might suffer greater impairments and
thus future trials should include cognitive functioning measures
in their quality of life assessments. Fatigue, during and subse-
quent to cancer treatment, is a related, prevalent, and understud-
ied issue for gynecologic cancer patients.

Fatigue occurs in 70% to 100% of patients with cancer, and
is often underdiagnosed, inadequately treated, and hard to dis-
entangle from other symptoms of physical compromise and
psychologic distress (56). Treatable causes of fatigue include
anemia, malnutrition, medications, infections, pain, depression,
insomnia, muscle dysfunction, and anticancer therapy (57,58).
In a notably important QOL investigation, in 2,370 anemic
cancer patients undergoing chemotherapy, recombinant human
erythropoietin significantly improved patient-reported func-
tional capacity and quality of life independent of tumor
response (14). Many authorities also advocate either energy
conservation or pushing apparent boundaries with graded exer-
cise and cognitive-behavioral therapy (59). Psychostimulants,
such as short- and long-acting methylphenidate, have been ini-
tially positive, but more rigorous studies have suggested that
there is questionable benefit over placebo or daily telephone
calls from a research nurse (60).

Neurotoxicity, an increasingly documented long-term prob-
lem, can cause sensory loss, pain, loss of function, loss of mobil-
ity, and for some women loss of professional and recreational
activity. Platinum compounds, the mainstay of treatment for
most gynecologic malignancies (61), are associated with cumu-
lative myelosuppression (particularly thrombocytopenia), neu-
rotoxicity, and nephrotoxicity, as well as severe nausea and
vomiting (62,63). Neurotoxicity, anemia, and nausea/vomiting
all have well-known adverse effects on QOL. Paclitaxel in
combination with a platinum compound is now considered the
standard of care as first-line chemotherapy for advanced ovar-
ian cancer (64,65). However, paclitaxel has a number of toxic-
ities (e.g., granulocytopenia, neurotoxicity) that synergistically
overlap those of the platins, and the coadministration of pacli-
taxel and a platinum compound can increase the frequency
and/or severity of shared toxicities, especially neurotoxicity.
Docetaxel is associated with significantly less neurotoxicity (66). 

Administration of glutamine or the antidepressant ven-
lafaxine may be helpful in cases of paclitaxel-induced neu-
ropathy, and amifostine may provide protection from
cisplatin-induced neuropathy (67,68). However, at present
there appears to be no drug available to reliably prevent or
treat chemotherapy-induced neuropathy (67,69). Therapeutic
interventions for neurotoxicity remain controversial with vita-
mins B6 and E possibly reducing the efficacy of alkylator
chemotherapy. Nonpharmacologic approaches to treatment of
chemotherapy-induced neuropathy are based on patient edu-
cation about potential neuropathic side effects, and the impact
of these side effects on performance of daily activities and
related safety issues (e.g., tripping in the dark, driving). 

It is worth noting that a new, reliable, and valid patient-
reported measure is now available to document symptoms of
neurotoxicity. The FACT/GOG-NTX measure consists of 
11 items assessing sensory, motor, and hearing symptoms as
well as possible functional impact, and was administered to
263 advanced endometrial cancer patients prior to each of
seven cycles of chemotherapy. Results of this study indicated
that the patient-reported sensory symptom scores (sum of four
item scores) increased significantly over the treatment duration
(p �0.001) in the paclitaxel/doxorubicin/cisplatin (TAP) arm
compared to the doxorubicin/cisplatin (AP) arm. It was also
noted that as few as four sensory symptoms in the FACT/
GOG-NTX subscale can be used to reliably and sensitively
assess chemotherapy-induced neurologic symptoms in clinical
oncology without compromising the psychometric properties
of the overall scale (70).

Lymphedema is a chronic, progressive condition in which
protein-rich fluid accumulates in the superficial tissues of the
body, ranging from a mild and reversible condition (stage 1) to
chronic edema (stage 2), or a persistent condition with moderate
to severe edema (stage 3) (71). The specific incidence of lower
extremity lymphedema following treatment for gynecologic can-
cer as well as risk factors for development of lymphedema are not
well documented in the literature, in contrast to research on
upper extremity lymphedema (72). Several studies have esti-
mated that lymphedema occurs in approximately one third of
gynecologic patients treated for vulvar cancer (73,74). Recent
findings from a retrospective study demonstrate that women
treated with radical hysterectomy for cervical cancer were at an
eightfold increased risk of developing lymphedema (75).
Lymphedema in patients undergoing lymphadenectomy for
endometrial cancer has been reported in the 5% to 10% range
(76,77), although prospective data are sparse. Nodal sampling
has also been documented as a factor in the development of
symptomatic lymphedema (73,78), with an increased risk after
removal of greater than ten or more regional nodes during surgi-
cal staging (79).

Studies examining the psychologic ramifications of lym-
phedema in other cancer cohorts (i.e., breast cancer) note that
signs and symptoms may come as a shock if adequate infor-
mation is not provided (80). Feelings of distress, anger, and
helplessness emerge from limited and conflicting information
(81,82). Many women are unaware of the risk factors, symp-
toms, and management of lymphedema (83). Furthermore,
significant psychologic ramifications (i.e., anxiety, depression,
and adjustment problems), as well as physical and sexual dif-
ficulties have been described in the literature (84). Untreated
cluster symptoms (i.e., heaviness, swelling, and numbness) of
lymphedema may contribute to poorer QOL (85,86).
Additional issues of financial burdens (i.e., compression gar-
ments, medications, and bandages), limited clothing options,
decreased activities due to restrictions from swollen legs,
recurrent infection, and loss of work can also be problematic
(87,88). Lymphedema may also be socially embarrassing or
undermine confidence in appearance or body image (88). The
chronicity of this condition also serves as a reminder of ones’
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cancer history, possibly heightening fear of recurrence or
advancing disease (89).

Manual decompression therapy (massage and bandaging,
or compression stockings) appears to help, but is an ongoing
commitment. Other therapies are unproven. Lymphedema
requires long-term management, and the psychomorbidity of
lower extremity edema on a patient’s quality of life can be sig-
nificant. Future research should focus on prospective studies
assessing the prevalence of lower extremity lymphedema fol-
lowing surgical staging and adjuvant therapy for gynecologic
malignancy, which is a significant limitation in gynecologic
oncology. This deficit prevents us from understanding not
only the risk factors for lymphedema, but also the implications
of this chronic condition on the emotional well-being and
overall quality of life of cancer survivors. 

Sexual dysfunction—all of the therapies associated with
the treatment of gynecologic malignancies have been shown to
interfere with multiple aspects of sexuality including body
image, desire, frequency, satisfaction, vaginal dryness, dysp-
areunia, and a decrease in vaginal length. Intimacy can be
disrupted and altered in the setting of a cancer diagnosis and
treatment. The most common changes in sexual function for
female cancer survivors include decreased libido or sexual
interest and dyspareunia (90,91). Various surgical procedures
can directly affect sexual functioning (92), depending on the
anatomy involved. For women diagnosed with gynecologic
cancer, surgery could involve the removal of the ovaries,
uterus, cervix, vulva, and/or vagina. Surgical procedures may
lead to damage to nerves as well as the possibility of scarring
or adhesions in the pelvic area as part of the healing process.
When ovaries are removed hormonal deprivation occurs,
resulting in abrupt menopause for many women. Research on
surgical treatment and sexual function demonstrates that hys-
terectomy for benign conditions does not appear to impair
sexual function (93). Recent studies investigating sexual
function after treatment for cervical cancer noted changes in
lubrication, vaginal elasticity, pain, or arousal difficulties,
much of which resolves by 1 year (94–96). However, vaginal
dryness and decreased sexual satisfaction/interest have been
shown to persist up to 2 years or more (95,96).

Abdominal and sexual sequelae have been reported in long-
term survivors (97–99), since survivors may face the reality of
surgical scarring and loss of body parts on a daily basis.
Individuals receiving treatment for advanced disease or bowel
obstruction may require the placement of temporary or perma-
nent ostomy(ies) for urine or stool. Management of these
appliances requires practice and support from medical special-
ists and often other patients (100). Radiation therapy can also
have long-term adverse effects on sexual functioning. Issues of
dyspareunia, vaginal stenosis, scarring, and fibrosis can emerge
(101,102). Some authors note that chronic fibrotic changes to
the pelvis may worsen vaginal atrophy over time, in some cases
up to 5 or more years post radiation therapy (103).

Simple strategies have been shown to be helpful in rehabil-
itating sexual function with cancer survivors (104–106). The
first step in restoring vaginal health should address using
water-based vaginal lubricants, nonhormonal vaginal mois-
turizers, and pelvic floor exercises. For women with persistent
vaginal dryness interfering with quality of life, a low-dose
vaginal estrogen may be considered for a short time span, but
many questions exist about hormone replacement in the setting
of cancer. Low-dose vaginal estrogens may initially show a
temporary increase in serum hormone levels, creating a complex
and controversial issue for patients and medical professionals
(107); however, these levels return to the normal postmenopausal
range. This is not the case for systemic absorption of oral or
transdermal administration of estrogen and testosterone
(106,108). More safety data and long-term studies are needed
in cancer populations. 

For treatment of dyspareunia, vaginal dilators can be bene-
ficial in treating vaginal stenosis and adhesions (104,109).
Dilator therapy has been recommended as the only modality
meeting reasonable standards for evidence-based medicine in
the treatment of pelvic radiation–induced sexual dysfunction
(110). The theory behind vaginal dilator therapy is that it
mechanically stretches the vaginal tissues, allowing for the sec-
ondary remodeling of fibrotic tissue, thus improving elasticity.
However, some authors question whether stimulation of the
vaginal walls improves blood flow to the affected area (106).
More research is warranted, but a combination of dilator ther-
apy with pelvic floor exercises to get both potential benefits is
not unreasonable. A recent study evaluated the reliability of
an instrument (the Vaginal Sound) which was designed to
measure vaginal length. The Vaginal Sound is a simple, inex-
pensive, reproducible instrument that has demonstrated
acceptable reliability and appears to be able to detect hypoth-
esized changes in vaginal length (33). This instrument can be
used to document the degree of vaginal stenosis associated
with radical hysterectomy and radiation therapy plus or minus
chemotherapy in women treated for cervical carcinoma. The
ability to measure vaginal length and correlate vaginal stenosis
with sexual function will provide a rationale for much needed
interventional studies to maintain vaginal length and sexual
function. 

Embarrassment and fear have been shown to decrease
compliance with dilator therapy, but in most cases, education
and support can enhance compliance (104). Unfortunately, for
many hospitals and office settings, it is not feasible or practi-
cal to have a sexual health program or professional on staff.
Therefore, it is important to identify a referral network of
local professionals with experience in treating sexual difficul-
ties, which may include mental health professionals as well as
gynecologists with expertise in treating patients with changes
in sexual function (i.e., menopause) related to medical illness.
Educational resources are also available to help patients
achieve greater comfort with these issues. 

Reproductive concerns of female cancer survivors have been
shown to negatively impact quality of life (39). Gynecologic
cancer can present before childbearing has been started or com-
pleted, during pregnancy, or can even arise out of pregnancy
(gestational trophoblastic disease). Reproductive concerns can
vary by site of disease, and some women may have the option of
conservative surgical management. For example, radical surgery
was previously recommended for early-stage operable patients
up to stage IIA. More recently, however, cone biopsy alone has
become a therapeutic option for young patients with stage IA1
cervical cancer who wish to preserve fertility (111,112), and
radical trachelectomy, initially received with skepticism because
of the small but definite increase in risk of recurrence, is gradu-
ally gaining recognition and acceptance (113) (see Chapter 22).

However, many women will be medically unable to have fer-
tility-preserving treatment, leaving the meaning and emotional
ramifications of infertility to be dealt with as a cancer survivor-
ship issue (114). Gynecologic cancer survivors have reported feel-
ings of sadness and grief lasting more than a year posttreatment
(115), with some feeling deprived of choices or misunderstood
(116) in the setting of cancer-related infertility. Others have
voiced feelings of stigma or being “less than a woman” due to
loss of reproductive organs (109,117). A woman’s reaction will
be contingent on her personal desire for a biologic child, the
degree of fertility impairment, and willingness to use and access to
reproductive assistance or family building options. It is heartening
to note that a recent study of women treated for malignant ovarian
germ cell tumors found that reproductive and sexual functioning
was encouraging, although emphasizing the importance of a stable
relationship at the time of diagnosis (118). 

A recent study investigating the emotional impact of fertility-
preserving surgical treatment for early-stage cervical cancer
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(radical trachelectomy) found that distress about future con-
ception, pregnancy, childbirth, and cancer recurrence persisted
postoperatively over time (119). Recent guidelines published
by the American Society of Clinical Oncology highlight the
lack of research on the reproductive concerns of cancer sur-
vivors as well as the need for more information (120). Despite
the availability of reproductive technology, little is known
about whether patients are utilizing reproductive assistance or
have knowledge about resources, or the emotional impact of
fertility/family building issues in survivorship. 

Psychologic well-being—patients with gynecologic malig-
nancies face an array of emotional challenges, many of which
persist 5 to 10 years after diagnosis (99). Psychologic sequelae
can include distress, depression, anxiety, fear, and social disrup-
tion. Distress extends along a continuum, ranging from com-
mon normal feelings of vulnerability, sadness, and fear, to
problems that can become disabling, such as depression, anxi-
ety, panic, social isolation, and spiritual crisis. Recently the
National Comprehensive Cancer Network (NCCN) has advo-
cated recording distress as the sixth vital sign using a simple
thermometer (10 cm) VAS (121), given that 20% to 40% of
patients have significant distress, and only 10% of them are
identified and referred for psychosocial evaluation (122).
Depression is the least recognized and least effectively treated
psychologic problem in patients with cancer (123). In the con-
text of life-threatening illness, diagnostic criteria for depression
typically include a significant change in mood on most days for
more than 2 weeks. Clinically significant levels of distress and
depression, greater than what would be expected in the general
population, have been documented in gynecologic cancer
patients (97). Specifically, higher levels of distress have been
identified in the newly diagnosed, in those undergoing intracav-
itary brachytherapy (124), in patients with advanced or recur-
rent disease (6,125), or younger patients (97,114,125), perhaps
due to the loss and adjustment many experience about issues of
sexuality, fertility, and premature menopause (98,115).

Psychologic shifts have also been observed in women fol-
lowing completion of cancer treatment. In a prospective study
with ovarian cancer patients, depression levels were found to
decrease 3 months after completion of chemotherapy; how-
ever, levels of anxiety were shown to increase (126), perhaps
reflective of the uncertainty that many women face about pos-
sible recurrence and concerns of future prognosis. However,
studies with long-term survivors (5 to 10 years) show that disease-
free early-stage survivors have resilience and adjustment over
time with an overall good quality of life (99). Despite the
identification of many psychologic difficulties within the
gynecologic cancer experience, the literature also reveals that
many women are not using psychologic services (125), but
specify a need for cancer-specific support (127). It has been noted
that patients may not be aware of or have access to supportive
resources, but would utilize them if offered (99). 

Psychologic care considerations—outcomes are improved
by an integrative approach, only possible through a proactive
collaboration with surgical, radiation, medical, and nurse
oncologists working together with psychosocial support.
Psychosocial support should include services such as emo-
tional, spiritual, nutritional, genetic, and financial counseling,
and general cancer information and support, as needed. At the
core of a compassionate response there has to be both
acknowledging and responding to physical, psychologic, and
spiritual issues. An empathic response occurs when the clini-
cian explicitly makes the connection between the clinical situ-
ation and how the patient is feeling. A compassionate
response requires action, mobilizing the whole medical team
to challenge fear and isolation (128). The medical interaction
should be therapeutic on every level. Building a relationship
takes more than asking questions. Courteous introductions
and a genuine effort to establish rapport pay huge dividends.

Consultations should have clear, explicit objectives. Avoid
assumptions and be flexible, using focused but open-ended
questions, frequently summarizing and screening for concerns.
Find out how the illness affects the person. Information
should be simple and clear and tailored to the patient’s under-
standing, with the goal of reinforcing realistic hopefulness and
supporting shared decision making.

The very process of exploring a patient’s emotional symp-
toms can be therapeutic, but many patients may benefit from
professional counseling, support groups, and/or medication.
Meta-analyses indicate that preventive psychologic interven-
tions in cancer patients may have a moderate clinical effect
upon anxiety but less on depression, and that group therapy is
perhaps at least as effective as individual psychotherapy (129).
Treatment of anxiety can include antidepressant and antianxi-
ety medication (e.g., buspirone, clonazepam), counseling, and
behavioral therapies (130). A wide variety of antidepressant
medications with different mechanisms of action and adverse
effects are available. Selective serotonin reuptake inhibitors
(e.g., fluoxetine, paroxetine, sertraline, and citalopram) are
usually well tolerated and can improve depression within 2 to 
4 weeks in 60% of patients. The tricyclics (amitriptyline and
nortriptyline) have a slightly longer onset of action but can be
useful for patients with significant sleep disturbances. “Atypical
antidepressants” (bupropion, venlafaxine, and mirtazapine)
have a relatively rapid onset of action and paucity of adverse
effects. Stimulants (methylphenidate and pemoline) provide the
most rapid onset (hours to days). With respect to novel counsel-
ing methodologies, a recent psychosocial telephone counseling
intervention was shown to improve quality of life for cervical
cancer survivors, compared to controls (131). This type of
intervention has promise for people unlikely to access tradi-
tional services. However, counseling information and resources
should be routinely provided to all patients.

CONCLUSION
Quality of life research activity in gynecologic cancer has
increased substantially over the past decade. This has included
key findings developed within and disseminated through
national and international cooperative groups. These contri-
butions have become more robust and influential as the study
and science of QOL and other patient-reported outcomes have
advanced. Consequently, future directions in gynecologic can-
cer quality of life research are likely to include a continued
focus on measurement science and trial interpretation to aid in
treatment decision making, as well as provision of interven-
tions to enhance quality of life. For example, in endometrial
cancer we may see areas of active investigation which include
the role of obesity as a comorbid factor in the development of
this cancer, as well as the role of obesity on potential response
to treatment and survival. Cervical cancer investigations may
emphasize identifying behavioral or social factors that influ-
ence uptake of the human papillomavirus (HPV) vaccine.
With respect to this disease, additional QOL studies specific to
outcomes and morbidity from multimodality therapy are
anticipated. Areas of active investigation in ovarian cancer
will continue to focus on evolving paradigms of care such as
intraperitoneal therapy, treatment for an asymptomatic rising
CA-125, and continual or intermittent therapy for recurrent
disease versus therapy only for symptomatic progression. The
quality of life implications in each of these treatment consider-
ations are paramount and should be systematically studied
within well-designed trials. Further investigation is also
needed in palliative care strategies for women with gyneco-
logic cancer. This may include careful examination of the role
of chemotherapy in the elderly, as well as interventions to
reduce significant issues associated with advanced or advancing
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disease (e.g., bowel obstructions, neurotoxicities). In each
case, evaluation of quality of life and other patient-reported
outcomes will serve a significant role in advancing gynecologic
cancer care and survivorship. 
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advanced age. Cancers that previously caused a rapid death
now follow a more chronic recurring course, which changes
not only patient and family perceptions about the length of
time until they need to deal with the issue of death, but offers
a longer time to work through the phases of dying and the
opportunity to bring to closure key goals for an individual.
Even the gender and role of caregivers at the end of life are
changing, and the role of men as caregivers for women with
gynecologic cancers deserves special attention (3). The devel-
opment of palliative care teams, usually in hospital settings,
has added significant expertise to symptom management, dis-
charge planning, and accomplishing improved end of life care
(4). Given this prolonged course, the advance planning for end
of life care has both more time for consideration and can
evolve as the patient’s prognosis changes. 

ADVANCE PLANNING FOR END
OF LIFE CARE: REDUCING THE

EMOTIONAL BURDEN ON
SURROGATE DECISION MAKERS

Along with improved symptom management at end of life
have come improved vehicles for ensuring that patients have
their wishes represented in their care, in terms of legal docu-
ments, but also ensuring that surrogate decision makers ade-
quately represent patient wishes. 

Serving as a surrogate for a woman with advanced cancer
who can no longer make her own treatment decisions places a
profound burden on the surrogate. Nothing can completely
lift this burden, but advance planning can make the burden
lighter. Health care professionals often underestimate the bur-
den of serving as a decision maker. Formal measures of stress
document that months after serving as a surrogate in a deci-
sion to withdraw life-sustaining treatment the surrogate’s
emotional stress levels remain remarkably high. One study
found that the stress of serving as a health care decision maker
was twice as high as the stress levels on households who had
lost their homes to fire in the Berkeley-Oakland fire storm (5).
Decision makers commonly report waking up at two in the
morning and wondering if they made the right decision. They
make statements such as, “It was the hardest thing I have ever
done in my life.” 

Some surrogates experience far more distress than others.
When patients have not previously documented their wishes
about life-sustaining treatment, the stress levels of their surro-
gate decision makers tend to be even higher. When surrogates
are guided by the patient’s written advance directive, their
stress levels are about 30% lower, when measured 2 months
after a decision to stop life support (5). 

The goal of end of life care is to provide, in the continuum of
oncology care, maximal palliation of symptoms and maximal
psychologic support at the end of life. Ensuring that our
patients get the best care as the goal of medicine shifts from
curing disease to relief of suffering is one of the obligations of
health professionals. To do so effectively requires engaging
not only the physicians and nurses who have been part of the
oncology treatment, but also the skilled assistance of palliative
care and hospice professionals with the patient and their care-
giving network of family and friends.

THE END OF LIFE TRANSITION
Discussions about the nature of disease, the status of treat-
ment, and the expectation and side effects of treatment are an
ongoing conversation in oncology care. With the lengthening
of survival for even the most deadly gynecologic cancer, ovar-
ian cancer, and the multiplicity of options for ongoing
chemotherapy, the decision to limit chemotherapy or other
interventions may come out of any of the multiple conversa-
tions over time aimed at balancing the potential side effects of
new chemotherapies or other treatments against the expected
benefit and impact on quality of life for the patient. In this set-
ting of continuing conversation between the health care team
and the patient with or without her significant support indi-
viduals, there is often a point at which the ongoing therapy
aimed at disease control or cure has a harm to quality of life
that is greater than any benefit—a point in which the transi-
tion to comfort-focused end of life care is more clear, although
palliative care may well have been initiated for some symp-
toms prior to this point (Table 35.1).

The balance can be difficult, as Callahan points out: “The
most fundamental problem with technological medicine is
two-fold: that it can give us a longer life and a slower dying
and that it can keep us alive when we might be better off dead”
(1). Patient perspectives on what constitutes high-quality end of
life care reinforces the importance of interactions most physi-
cians would identify such as communication, accessibility, conti-
nuity, and emotional support, but surprisingly oncology patients
compared to terminal patients with other diagnoses more often
hold on to a desire to maintain hope (2). Keeping this door open
while realistically portraying prognosis and options, and pursu-
ing palliative care can be the hardest balance of all.

The timing and expectation of death for cancer patients
continues to change. Thirty years ago survival from high-
grade ovarian cancer longer than 2 years was very unlikely
and now is routine. As a backdrop to this advance, the age of
death in the developed world has steadily increased, as the
major cause of death has changed over the past hundred years
from sudden death from infection, trauma, and childbirth in
the young to a slower decline from chronic illnesses usually in
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Surrogates who “stand by” and affirm the patient’s prior
written instructions worry less about whether they made the
right decision. Those who had never talked with the patient
ahead of time feel the anguish of “deciding for” a woman they
love. An important message to women with cancer who are
reluctant to engage in advance care planning is, “Lift a burden
from those you love: complete an advance directive.”

THE ROLE OF TRADITIONAL
ADVANCE DIRECTIVES

Advance directives provide a woman with a means to legally
document her preferences about medical treatments in the event
she is no longer able to make her own decisions. The legal details
and breadth of clinical context vary substantially by state within
the United States, and by country of the world. In many jurisdic-
tions, these documents allow the formal appointment of a surro-
gate who becomes the woman’s legally authorized medical
decision maker in the event of future incapacity. Being asked to
document one’s preferences for treatment in conditions like
“imminent death regardless of treatment” and “persistent vegeta-
tive state” can be anxiety-provoking for anyone. The context of
a new diagnosis of cancer often makes completing an advance
directive seem very real, and perhaps overwhelming. It is diffi-
cult to combine conversations about advance care planning with
initial discussions of curative treatment. It is tempting to put off
these discussions until they have no further treatment options to
offer or the patient declines further curative treatment. 

Waiting until the patient is near death to have these impor-
tant conversations risks that the patient may become too ill to
be able to make her wishes known. If the patient has not given
any instruction, the burden of decision making often weighs
more heavily on surrogates. Without prior planning, the
patient will not have appointed the surrogate of her choice.
Sometimes, family and friends disagree on treatment decisions,
which adds further to family distress. In addition, patients and
their loved ones often benefit from having advance planning be
more of a process than an event. Having discussions with the

patient about who should and should not be given medical
information can naturally lead into who would be the most
appropriate decision maker should the patient temporarily be
unable to make decisions for herself. When the patient reveals
strongly held value differences within her social network, or
when she indicates that her most trusted surrogate is not her
legal next of kin, the patient should be strongly encouraged to
complete a written advance directive. 

Advance directives are remarkably effective in allowing the
patient to designate her choice of a surrogate decision maker.
These legal instruments are also effective in silencing those
whose wishes and values diverge from the patient’s. Advance
directives are also helpful to focus end of life treatment decisions
on what the patient would have wanted. Advance directives are
effective in designating a surrogate but are less effective in turn-
ing values into action, which require medical orders. Increasingly,
we have learned that advance directives alone are not enough
to ensure that patients’ wishes regarding life-sustaining treatment
will be followed (6). 

MEETING THE NEED FOR
MEDICAL ORDERS: THE POLST

PARADIGM PROGRAM
In technologically developed countries, decisions about whether
to use cardiopulmonary resuscitation, ventilators, antibiotics,
and feeding tubes are an integral part of the care of women with
advanced gynecologic cancers. Most persons with advanced stages
of cancer and other chronic diseases ultimately make a decision
to forego some forms of life-sustaining treatment. Interviews
with over 1,000 next of kin reveal that in the months prior to
death, a majority of patients or their surrogates make a decision
to withhold or withdraw a medical treatment (7).

When a thoughtful decision has been made to forego
attempts at resuscitation, it is most distressing to family mem-
bers to have the patient receive unwanted cardiopulmonary
resuscitation (CPR). Surrogates sometimes anguish over having
“let Mom down.” Family members express surprise to learn
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TA B L E  3 5 . 1

Issue Examples

Communication about terminal nature of cancer should “We are not achieving the goals we set together with 
occur in the course of ONGOING communication. this chemotherapy.”

“The cancer is continuing to grow despite our efforts with 
this new agent.”

Assess what the patient WANTS to know. “I would not continue any further chemotherapy at this point, 
but feel we should focus on relieving your symptoms of . . . 
What do you think?”

“Do you have questions about what we just discussed?”

Identify that, in fact, the patient’s condition is terminal, “Am I going to die of this?”
and particularly if asked directly. “Yes, but our attention now needs to be focused on making whatever

time you have as pain-free and active as it possibly can be.”

Identify the goals that the patient wants to achieve. “Are there any special events or things that are on your agenda 
that we need to know about as we plan your treatment?”

Identify what resources the patient is planning to access “Have you talked to your . . . spouse/partner/children/friends 
(e.g., support systems as well as insurance about your plans to be at home, and do they have ideas about
coverage/hospice coverage). how that will work?”

Make sure that the priority items for the patient are dealt “What is the number one issue for you right now?”
with immediately.
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that emergency medical personnel cannot follow the patient’s
traditional advance directive. Emergency medical personnel
need written medical orders indicating not to provide specific
treatments like CPR. Without such medical orders, emergency
medical services (EMS) must attempt all possible life-sustaining
treatments. 

Because traditional advance directives have vague language
that requires further interpretation, they have proven inade-
quate in ensuring that a woman’s wishes to limit life-sustain-
ing treatment will be respected. As patients move from one
place to another, a uniform set of medical orders is needed to
be sure the patient’s wishes will be followed no matter what
their setting of care.

One of the best-studied systems of medical orders to docu-
ment advance care planning is the Physician Orders for Life-
Sustaining Treatment paradigm. The POLST program is
designed primarily for patients with advanced disease who the
physician would not be surprised if they died in the coming
year. The POLST document is a brightly colored medical
order form that converts patient treatment preferences into
written medical orders based on a conversation among health
care professionals, the patient, and/or surrogates about treat-
ment goals. The form transfers with the patient across care
settings, to ensure that her wishes are honored no matter
whether she is cared for at home, in an ambulance, in a nurs-
ing home, or in an acute care hospital. A 1-year prospective
study of nursing home residents with advanced chronic illness
followed residents whose POLST forms included a Do Not
Resuscitate order and an order for comfort measures only.
None of these patients received unwanted intensive care, ven-
tilator support, or cardiopulmonary resuscitation (8).

In summary, women beginning cancer treatment often ben-
efit from the first stage of advance care planning, which is for-
mally appointing a surrogate decision maker who shares their
wishes and values. Women with advanced cancer who wish to
forego one or more forms of life-sustaining treatment are more
likely to have their wishes respected if the POLST or other
standardized medical orders are written to provide guidance to
all other health care personnel who currently are, or in the
future may, provide care in life’s last chapter (www.polst.org).

ROLE OF FAMILY 
IN DECISION MAKING

Given the sequential and repetitive conversations described
above, the inclusion of family and other support persons is
almost universal and clearly preferable. For many patients,
they are the ones with whom they have shared their lives and
their dearest and deepest emotions. They are also the ones by
whom the patient wants to be surrounded during the last
phase of life. However, patients have the right to exclude or
include whomever they wish in conversations, and occasion-
ally medical events are so acute that they trigger discussions
with family members, without clarity, about what the patient
herself would have wished or about which family member
truly speaks for the patient. Expert communication with the
family then becomes the most critical means of ensuring that
the patient’s best interests are served. Unfortunately, research
suggests that communication is not as effective as it needs to
be in these circumstances. Fifty-four percent of families did
not understand basic information (diagnosis, prognosis, treat-
ments) after physician-family meetings in an intensive care
setting (9), a finding that could lead to potential conflict with
families that could impede an appropriate transition to pal-
liative care in any setting. Well-structured discussions that
focus on the disease process, the goals of palliative therapy,
and understanding the concerns of family members may help

the family formulate decisions that support the dignity and
choices that the patient herself would have chosen.

To prevent problems, it is wise to respect several rules:

■ Always ask the patient if she has preferences in her con-
tacts with friends and relatives. Often, she wants special
persons to be more involved than others.

■ Ask the patient for one or two contact persons to organize
the communication with family and friends. Communicate
essential information always in the presence of them or
of other relatives or friends chosen by the patient. In this
way, the family and friends are well informed and they
share the same information with the patient. They can also
help the patient with the evaluation of the information
afterward.

■ Never talk about the patient “behind her back.” If the
physician does, and the patient finds out, the relationship
of trust may be upset and will take quite some time and
work to be restored. This also prevents the patient from
thinking that the family knows more than she does,
which can also put pressure on family relationships.

■ In countries where health care is a financial burden to
the family, it is the responsibility of the physician to
ensure that decision making concerning continuation of
treatment or starting a treatment is based on the ethical
principles of autonomy, beneficence, and nonmalfea-
sance. It is not acceptable that this decision making is
driven by financial pressures alone.

At the end of life, we can expect emotional reactions by
patients and their significant others, including family, to the
inevitable lifestyle changes and impending death. It is the task
of the physician to try to understand the thoughts and behavior
of the patient regarding death and dying as well as her worries
and unfinished emotional and personal business. Information
on the patient’s values and beliefs should be sought—even
information about very personal matters like relationships and
sexuality might be needed for a proper assessment of her situa-
tion. Also, it is important to respect the balance, and the patient
has to know that she has the choice to what extent she wants to
participate in this assessment and what information she is com-
fortable to share both with the physician or care team and with
her family and friends. In normal life, family and friends often
meet the spiritual and emotional needs of a patient, and the role
of the health team is to support these relationships.

UNIQUE CIRCUMSTANCES 
FOR DECISION MAKING:

PREGNANT PATIENTS
A rare but particularly poignant context of end of life decision
making is that of the pregnant woman with terminal, metasta-
tic cancer where survival even to the end of a normal preg-
nancy is unlikely. The choices for palliative therapy (e.g.,
pelvic radiation for control of local bleeding and pressure)
may directly impact the likelihood of fetal survival. The possi-
bility of delivery of a newborn—particularly prematurely with
all the known consequences—without surviving to mother the
child make the choices even more complex for the woman and
for her family. The primary objective of care for the mother is
alleviation of symptoms, and choices to decrease the level of
palliative care in order to facilitate fetal development are con-
sidered only if strongly desired and pursued by the patient her-
self. Maternal autonomy in making such decisions has been
supported by both ethical and legal reviews, and these confirm
that the patient’s wishes must guide decisions regarding fetal
well-being, including accepting or not accepting caesarian
section in the terminal phase of disease (10). There is no role
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for withholding appropriate and maximal pain and symptom
management simply because the woman has a concurrent
pregnancy (11). The health care team carries a special burden
in this circumstance to ensure that the patient has all relevant
and unbiased information regarding harms and benefits of all
potential options for her and for her pregnancy, to maximize
her ability to make choices.

In the absence of the ability of the patient to speak for herself,
the surrogate decision makers must weigh not only her wishes
regarding a premature timing of delivery of the child and inva-
sion with a surgical procedure such as a caesarian section, but
also the likelihood of viability of the fetus and the supporting
family’s ability and choices about caring for a significantly pre-
mature child. End of life directives for pregnant patients that
specifically address these issues may be helpful in discussion and
documentation of patient wishes (12). Some states and countries
have special restrictions regarding decision making about limit-
ing life-sustaining treatment in terminally ill pregnant women. In
fact, 27 states have statutes that prohibit an out of hospital Do
Not Resuscitate order being written on a pregnant woman or
otherwise have a “pregnancy limitation.” The role of the
woman in fixing the parameters for balancing fetal well-being
against her own needs for alleviation of pain and suffering is
central, both if she can speak for herself or in representing those
wishes by surrogate decision makers, and it is her health care
team’s obligation to make sure that these are well defined,
described, and that the patient’s wishes about her health care
(autonomy) are respected in the terminal phase of her disease.

MAXIMIZING PALLIATION:
MANAGING SYMPTOMS 

AT THE END OF LIFE

Pain Control

The mainstay of pain management at any time, and even more
critically at the end of life, is a careful assessment of the type
of pain (nociceptive [somatic or visceral], or neuropathic), the
level of pain, the location and referral of pain, and the actions
that increase or decrease the pain. This assessment will need
multiple repetitions as the kind of pain and level are likely to
shift with disease progression. The management strategy is to
focus on not only the type and level of pain but also the level
of consciousness and the level of activity that a woman would
like to achieve, and to vary the strategies accordingly (13).

The World Health Organization’s three-tier pain ladder
starts with low to increasing levels of pain and increasing
strategies from acetaminophen and nonsteroidal anti-inflam-
matory drugs to opioid analgesics for more severe pain. Using
usually a 1 to 10 (10 being the worst) pain scale with patients
fixes their position on the tier and suggests management
strategy, although combinations from other levels or even
within a level may be required for maximal comfort. Given
that many gynecologic oncology patients are in the severe cat-
egory (7 to 10) at the end of life, this might even include com-
bining two opioids, particularly during pain syndrome
escalation, to control the pain (14). In the course of adequate
pain or symptom management, the anticipated side effects
may shorten the time to death (principle of double effect),
which is a well-recognized consequence of ensuring maximal
palliative care. The ethical obligation is to alleviate the pain
and suffering first and foremost, and the side effects that can-
not be avoided (which rarely impact time to death simply
because most patients already have substantial tolerance for
narcotic pain medications) are accepted in this setting. 

Pharmacologic measures to address severe nociceptive
pain usually require narcotic medications. The options for

administration are broad and can be tailored to the patient’s cir-
cumstances. As a principle that supports patient and family con-
trol, a means such as dermal, oral (pill, sublinqual, and liquid),
buccal, or rectal can make administration easier. With long-term
sustained-release formulations, the goal is to establish adequate
base pain coverage with every 8- to 12-hour dosing and adequate
breakthrough pain coverage with an immediate-release form of
the agents. Having the patient or caregiver track the amount and
timing of breakthrough dosing can help adjust both the base and
rescue dosing and timing. Sustained-release formulations are
available for morphine, oxycodone, and hydromorphone (15).

Methadone is another option that has been utilized and can
be particularly helpful when morphine is not adequate or is
problematic for individual patients. It has a variable conversion
ratio and pharmacokinetics in individuals and is much more dif-
ficult to titrate and manage with other medications. Methadone
may be particularly helpful in patients where neuropathic pain
resistant to opiods is a significant part of the pain complex. The
final option to avoid intravenous pain management is the trans-
dermal fentanyl patch. This is particularly helpful, when stabi-
lized dosing is reached, for individuals who require continuous
baseline coverage but are unreliable about taking doses of pain
medications. The downside is the long time to peak concentra-
tions, which renders initial evaluation and titration of dosages
difficult and requires significant use of short-term release opioids
to cover (16).

The use of intravenous forms of opioids with patient-con-
trolled analgesia pumps can be accomplished in the home setting
if needed. The use of a basal intravenous infusion with patient-
controlled boluses is the preferred method. Subcutaneous infu-
sion of opioids can also be used, with near equivalent efficacy,
and it can be more easily managed in some home settings (17).
For all methods, titration to comfort is the goal, with manage-
ment of secondary symptoms such as nausea or sleepiness as
needed by the patient and within the context of her goals. The
last few hours of life can be marked by both increased or
decreased pain, and a strategy to address this needs to be in
place as part of the pain control program.

The multiplicity of tumor-related and therapy-related pain
syndromes that result in neuropathies from invasion, radiation,
or other therapy often require additional therapies (18).
Anticonvulsants are helpful adjuncts. The most commonly used
would be gabapentin, which is routinely used for postherpetic,
chemotherapy-related, and diabetic neuropathies. Clonazepam
and lamotrigine also may be effective. Additionally, tricyclic anti-
depressants (e.g., amitriptyline, desipramine, nortriptyline) may
be helpful for neuropathic pain as they also treat underlying
depression, have their own direct analgesic effect, and potentiate
opioid analgesia (19). Alpha 2 adrenergic agonists, usually cloni-
dine, have also been effective adjuvant analgesics for neuropathic
pain as they work through a different receptor from opioids and
decrease sympathetic outflow related to neuropathic pain.
Corticosteroids such as dexamethasone can provide additional
relief, particularly for inflammation irritating nerve endings. For
the extensive pelvic tumor invading the nerves in the pelvic floor,
the use of sacral or regional nerve blocks, epidural pumps, or
ablation of nerve roots may have an important role (20).

Nausea, Vomiting, and Bowel Obstruction

The etiology of nausea and vomiting at the end of life can be
related to medications, but more often for gynecologic cancer
patients it is related to malignant bowel obstruction. Ovarian
and endometrial cancers have a higher likelihood of develop-
ing obstruction. It is critical to distinguish the obstructed bowel
from constipation/obstipation for obvious reasons in terms of
management. Since the majority of patients are already at risk
for constipation from medications (opioids as well as sero-
tonin antagonist antiemetics) as well as low motility of the
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bowel, initiation of a bowel program or extension of one is
part of palliative care. Initial efforts with fiber in the diet and
fluid intake can assist in management. Both peristalsis stimu-
lants and fecal softeners may be required for an adequate
bowel program with rectal laxatives added as needed. Usually
the use of propulsive agents such as the anthranoid laxatives
(senna) or polyphenolic compounds rather than stool softeners
will better manage the constipation related to opiate and other
drug use, and may require higher doses of these to resolve con-
stipation (21).

If obstruction is diagnosed, the consideration for surgery
should be limited to those in whom their overall condition is
otherwise good. Various studies have shown that advanced
age, poor general health or nutritional status, diffuse peri-
toneal carcinomatosis, ascites, palpable masses, prior radia-
tion, and multiple obstructed sites carry a higher mortality
and morbidity (22). Careful selection of patients has been
shown to not only achieve symptom relief but extend survival
(23,24). Evaluation to ascertain the likelihood of benefit for
individual patients should include imaging procedures
(Gastrografin enemas, carefully chosen use of computed
tomographic, and limited upper gastrointestinal evaluations)
that target the identification of multiple sites of obstruction.
Failure to identify the presence of multiple sites of obstruction
can lead to failure of the procedure and add to the pain and
discomfort of the patient during the dying phase.

Symptom management is usually the path taken in the
treatment of bowel obstruction. Nasogastric tubes provide
quick relief, but are uncomfortable, and some reports suggest
that they are ineffective in longer-term management of symp-
toms. Gastrostomy tubes are generally more comfortable, but
require surgical or radiology intervention that may not be
desired by patients. For individuals with partial and complete
bowel obstruction and carcinomatous ileus, gastrostomy
tubes can provide significant symptom management with just
dependent drainage or suction. Distal rectal obstruction can
sometimes be relieved through the use of stent placement
(25,26) if that is available, and is worth consideration.

Additionally, there are pharmacologic options to consider,
with haloperidol being an additional choice for antiemetics in the
setting of bowel obstruction (27). Additionally, hysocine hydro-
bromide and hysocine butyl bromide are helpful with patients
experiencing colicky pain and nausea. Corticosteroids have been
used to reduce inflammation, and potentially reduce the obstruc-
tion in some patients, and are worth a trial as part of conservative
management. Dexamethasone in a dose of 4 to 8 mg per day for
3 to 5 days is generally used for this (28). Finally, somatostatin
analogues such as octreotide can limit the secretions and motility
and diminish the symptoms of bowel obstruction overall (29).
Octreotide has the option of a long-acting formulation, which
only requires monthly injections and has been shown to assist in
the setting of advanced ovarian cancer (30).

Nutritional Management at End of Life

The value of end of life nutritional maintenance must be
firmly set in the context of what the goal of the intervention is.
Giving artificial nutrition in the dying phase of life has gener-
ally not been shown to prolong survival, adds risk, and may
not enhance comfort (31). Families and patients can have cul-
turally and religious-based concerns about not providing
“nutrition” in the dying phase, often framed as “starving” the
patient, which need to be addressed. It is very important to
explain to patients and families that hunger and thirst are
symptoms that are experienced differently in healthy people
from those who are seriously ill. Those who are near death are
often comfortable even though they are no longer eating. 

At times, earlier in the trajectory of the patient’s illness,
management of nutrition as a trial to achieve another palliative

or quality of life goal, for example to maximize stamina for a
special event with a limited time line for treatment, may be an
appropriate strategy. In this context, nutritional support
might be started as a trial to evaluate whether this can achieve
greater palliation of symptoms or to reach a clearly defined
goal of the patient, such as attending a specific event, and
defined time lines need to be discussed with patients ahead of
time to assess the efficacy of this strategy in meeting these
goals. In a sense, it allows patients to try to meet the energy
needs for the energy expenditure they have set as a goal that
they are otherwise unable to accomplish.

The options for artificial nutrition are enteral if feasible
and parenteral if not. Most patients at the end of life have
tried increased oral feeding, but owing to low transit times
with associated nausea and lack of appetite, have ceased try-
ing to eat. If a time-limited option to increase appetite is
desired, then corticosteroids such as dexamethasone can be
considered, although their efficacy is limited. Additional
appetite stimulants include progesterones such as Megace.
Both can have a limited impact on oral intake. Diet supple-
ments then form the basis for increasing nutritional input,
including simple formulations such as instant breakfast or
intact protein formulations with low lactose.

Other enteral feeding approaches generally focus on feeding
tubes either placed under fluoroscopy via a nasogastric
approach or surgically placed in the jejunum or the stomach.
These use protein hydrolysates with timed feedings or continu-
ous infusions (32,33). The discomfort of nasogastric feeding
tubes sometimes prevents this means of enteral feeding from
being effective, but does allow for easy removal. J tubes require
surgical intervention in abdomens where landmarks are possibly
obscured by tumor, and placement must be evaluated in light of
the potential issues with the type of tumor and the likelihood of
surgical difficulty. In patients with low motility and partial
obstruction, the use of enteral feeding formulations may allow
the patient to meet her goals without requiring the cumbersome
and more difficult to adjust total parenteral nutrition (TPN).

TPN remains the final option for attempting to improve
nutritional status transiently in end of life care. Undertaking
TPN ties a patient to an intravenous line as well as incurring
increased expense and potential for morbidity that could add
to the burden of symptoms such as dyspnea at the end of life.
It is often more than a support person can manage at home,
and may obligate the individual to undesired nursing home or
hospital care settings. Furthermore, intravenous access with
ports in the face of terminal disease and often-compromised
immune surveillance can result in infections that diminish
access not only for TPN, but also access for needed pain con-
trol or other intravenous medications (34). This, therefore,
must be understood in a framework that defines clear stop-
ping parameters (failure to meet goals of symptom relief or
improved stamina for an event) and a clear overall time line.
In general, TPN is not of benefit in the end of life for patients
with cachexia from metastatic cancer (31).

Ascites Management

For women with ovarian cancer, ascites (and associated
pleural effusions) create continual pressure, pain, and dimin-
ished pulmonary capacity that significantly impact activities
of daily life and their quality of life in the dying process.
Management relies on elements of constriction of influx and
increasing efflux. The pathophysiology of malignant ascites is
not only obstructed efflux through lymphatics in the
diaphragm (35), but also increased production of fluid. The
fact that the protein content of the fluid is 85% of plasma lev-
els versus 25% of plasma levels for transudates suggests that
the vessel walls are compromised. An emerging culprit is vas-
cular endothelial growth factor (VEGF) (36). This suggests
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that VEGF receptor inhibitors might have a role in palliative
management of this problem. 

The mainstay of ascites management, however, remains
paracentesis, and this has been improved through ultrasound
guidance. The use of pleuracentesis kits and vacuum bottles
allows this to be done in outpatient settings or even at the bed-
side at home with ease, and many patients are managed sim-
ply with once or twice weekly removal of 1 to 4 L in an office
setting, often without fluid replacement (37). Use of the closed
drainage system developed for pleural drainage (Pleur-X;
Denver Biomedical, Golden, Colorado, USA) has been suc-
cessful with malignant ascites as well and offers a method that
can be managed by the patient and family (38). Large volumes
of fluid (10 L) can be removed (39), but this must be balanced
with colloid infusions and risks further diminishing of the
intravascular albumin and protein concentrations (40), lead-
ing to worsening anasarca and associated symptoms.

Another common strategy in the management of ascites is
the use of diuretics to diminish vascular volume and loss
through the vascular tree. Spironolactone is the mainstay of
managing ascites associated with cirrhosis and is worth con-
sidering for malignant ascites (41). Other diuretics can be con-
sidered as well, particularly furosemide, but their primary
benefit may be the peripheral edema associated with hypopro-
teinemia. There have been no clear head-to-head studies of
diuretics versus paracentesis and quality of life outcomes in
these patients to guide therapy.

In the presence of a slow-growing malignancy, but a palliative
stage of disease that requires frequent paracentesis, peritoneove-
nous shunts as well as the tunneled catheter described above can
be considered. Both Denver and Le Veen shunts have been used,
with a complication rate of 25% being quoted in a review of
multiple series by Helzberg and Greenberger (42). More radical
means such as laparoscopically guided intraperitoneal hyperther-
mic chemotherapy have a role in earlier palliative care, but would
rarely be applicable in the end of life setting (43). 

Pulmonary Management

Among the most frightening symptoms for women and their
families at the end of life are the symptoms of dyspnea and
chest pain. Three etiologies stand out in metastatic gyneco-
logic cancers: malignant pleural effusions, parenchymal
metastases, and nodal/mediastinal metastases with airway
compromise. Although quite different in etiology, some basic
principles form the basis of symptom management. These
include the use of oxygen, relief of brochospasm, control of
secretions, and measures to promote relaxation, which are
helpful with all these etiologies.

Probably the most difficult issue to treat is pleural effusions,
particularly as they compound the pulmonary constriction
caused by ascites in ovarian cancer patients. Thoracentesis
(with ultrasound guidance) gives immediate relief, but reaccu-
mulations are common. Repeated thoracentesis may be a strat-
egy appropriate to short-term management or if only needed
every few weeks, with the 4% or greater risk of pneumothorax
with each procedure as well as the concurrent discomfort (44).
Alternatives are restricted to those who have recurrent sympto-
matic pleural fluid, where this is the primary source of sympto-
matology and survival is expected to be more than a few weeks.
One option is a tunneled closed system pleural catheter which
can provide considerable relief without requiring more major
surgery and is successful in over 80% of patients (45). Another
option for these patients is chemical pleuradesis, now virtually
always done with talc by direct application with video-assisted
thoracoscopic surgery (VATS) or through a chest tube (46,47).
Success is more limited in the setting of repeated prior thora-
centesis with scarring that can make the procedure less effec-
tive. Any suggestion of a trapped lung or an endobronchial

obstruction further diminishes success to the point that pleu-
radesis would not be a useful choice (48). Most individuals will
have a fever and moderate to severe pain around the time of
instillation, and complications include arrhythmias, pneumoni-
tis, empyema, and respiratory failure. Such a procedure
requires the patient to be in the hospital, occasionally in the
intensive care unit for observation overnight if a VATS plus talc
procedure is done, and creates costs and side effects that must
be weighed carefully against the benefits. Pleuradesis should be
restricted to individuals in whom this intervention has a signif-
icant chance of alleviating the primary symptoms to avoid
exposing women unnecessarily to pain and side effects that fur-
ther burden their dying phase of life. 

Management of pulmonary metastases in the end of life
setting, even if solitary, is focused on symptom relief. Many
parenchymal lesions are asymptomatic, but pleural irritation
can be problematic with coughing as well as hypoxemia.
Lymphangitic carcinomatosis is less common in gynecologic
malignancies than in others, such as breast or lung cancer, but
dyspnea and hypoxemia with the thickened septa and inter-
stitial edema are the primary symptoms to be managed. The
dyspnea associated with lymphangitic spread is often sympto-
matically greater than the actual pulmonary disease present
(49). Strategies to treat these symptoms are attention to envi-
ronment, and diminishing walking or activity requires doing
simple activities of daily living by changing the environment.
The use of a fan for air circulation, nasal oxygen (with portable
units), and trials of pursed lip breathing may all help. Certainly,
consideration should be given to diuretic therapy if there is
any component of fluid overload, and opiates, particularly
morphine, are helpful. Morphine, often in use for pain control,
also has a role in decreasing air hunger and dyspnea and should
be tried in this setting if not already in use. Anxiolytics,
although helpful for the anxiety component and commonly
used as an adjuvant, can occasionally worsen symptoms by
causing respiratory depression and more air hunger and should
be used judiciously in addressing pulmonary symptoms.

Airway obstruction and cough have similar symptoms, and
some of the therapy is similar. Cough may be due to multiple
issues including conditions unrelated to malignancy such as
asthma or sinusitis and from gastroesophageal reflux, which is
more common with ascites. Therapies tailored specifically to
these issues such as the use of inhaled or intranasal steroids,
antihistamines, and proton pump inhibitors for reflux are
appropriate. Cough due to airway obstruction responds to
narcotic suppression with morphine or codeine. Occasionally,
steroid inhalers add additional relief from bronchial irritation
induced by metastatic disease. Even humidifiers may be
helpful for some patients, particularly for coughs from irri-
tated mucosal linings from prior mediastinal chest radiation.
In some cases, radiation therapy targeted to specific areas of
obstructing disease in the mediastinum, with an obviously
longer survival estimate, may be of value in managing symp-
toms. In sum, the therapies for pulmonary symptoms rely on
supplemental oxygen, local suppression of inflammation, sup-
pression of cough and air hunger through opiates, and removal
of fluid compression as needed.

Central Nervous System Involvement:
Management of Seizures, Brain Metastases,

and Mental Status Changes

Mental status changes are usually present at the end of life and
management of this symptom is often the key toward patients
achieving their personal goals at the end of life, many of which
center around being awake and conversant to bring closure
with family and friends. Delirium is particularly distressing to
family members who also are seeking closure with the dying
patient. For both, the decline in function from a prior baseline
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heralds more losses to come and creates even greater anxiety.
Etiologies can be metabolic abnormalities (sepsis, renal failure),
innumerable drugs, and structural brain lesions with obvious
differences in approach to treatment. There are clear predispos-
ing factors, including age, multisensory impairment, medical ill-
ness, depression, dehydration, and abnormal serum electrolyte
levels, pertinent to the end stage of malignancies (50–52).

Understanding the nature of the delirium is important in
addressing what may be more than one contributing factor.
Assessing alertness, distractibility, the patient’s ability to con-
centrate and talk easily, and simple cognitive disturbances of
memory, reasoning, or perception all contribute to the delir-
ium, along with specific neurologic deficits or neuromuscular
activity that can point to central nervous system metastases.
Laboratory and physical evaluation with infection, hypercal-
cemia, renal failure, hypoglycemia, hypomagnesemia, and
hypoxemia being key conditions to look for (53–55). Tuma
and DeAngelis (56) noted that with appropriate workup, a
significant number of patients can improve their symptoms
(68%) even when terminal.

Addressing electrolytic abnormalities and treating infection
have value when the goal of a clearer sensorum at the end of
life can be achieved. If opioid-induced delirium is the diagno-
sis, then rotation of types of opioids used can be helpful in
restoring function (57). If there are hallucinations and agita-
tion, particularly in elderly dying patients, consideration of
haloperidol or droperidol if more sedation is desired is appro-
priate (58,59). Given intravenously, haloperidol can be effec-
tive within 30 minutes and generally lasts for at least 4 hours.
Given by mouth, the half-life of haloperidol is considerably
longer, and could be used in mild delirium states. It is impor-
tant to remember that these drugs have the potential of lower-
ing the seizure threshold, as the more common electrolytic
abnormalities associated with prior chemotherapy such as
magnesium deficiency also may be present and compound the
risk. Finally, some patients may benefit from combining drugs
and including a benzodiazepine to decrease associated agita-
tion. Some studies have noted that delirium in patients with
advanced cancer more commonly requires more than one
medication (60). The most commonly used are lorazepam (up
to 2 mg) or midazolam, which is preferred if a subcutaneous
route is to be used (61).

Another source of delirium or abnormalities in central ner-
vous system function is brain metastasis. Initial therapy after
diagnosis is the immediate use of corticosteroids to decrease
local edema and also headache associated with this. This may,
in fact, be all that is needed if the patient has a very short time
to live as median survival with brain metastasis with steroids
alone is about 2 months. However, if a patient is otherwise
functional and treatment could improve her overall quality of
life, then targeted radiation therapy should be considered. For
this use, generally 300 Gy total dose given in 30-Gy fractions is
administered (62). For care at the end of life, more aggressive
resection and radiation is generally not appropriate. 

Control of seizures depends on the etiology of the seizures.
The more common causes in gynecologic oncology patients
would be electrolyte induced, often hypomagnesemia or
hyponatremia. Primary brain etiologies range from brain metas-
tases to brain hemorrhage and stroke. Virtually all will be able
to be controlled initially with lorazepam either intravenously or
by mouth. Electrolyte repletion should be undertaken (63).
Seizures associated with brain metastasis may be controlled with
simply the decrease in inflammation with corticosteroids.

Local Comfort Measures

Many of the measures for comfort at the end of life are related
to simple things that can escape notice but create comfort for
the dying woman (64). The environment itself gives comfort if

familiar things are around, including sounds, smells, and pic-
tures that hold meaning for the woman. Assuring that the
issues of access and fall prevention are addressed by a care
team is important to the success of home care. Skin protection
through rotation if the patient is bed bound and early identifi-
cation and treatment of skin breakdown prevents unnecessary
sources of pain and infection. Many patients derive great com-
fort from gentle massage and virtually all benefit from human
touch and presence. Developing a plan for passive (or active)
movement during the day alleviates pain and discomfort from
decreased mobility. Eye care with artificial tears or even
hydrogel eye patches may be needed. Perineal care and the use
of urinary catheters to eliminate skin breakdown in the per-
ineum are commonly used when the patient is no longer
mobile. Families and patients sometimes need “permission”
from their health care team to make the environment home
rather than a hospital at home. Yet it is the breeze from the
window, the smells of home, the sights of loved ones rocking
in a chair beside them that bring the most comfort—and the
physician must actively support choices that make this possi-
ble at the end of life.

Management of Fistulas 
in the Terminal Care Setting

The fistulas encountered at the end of life from both the uri-
nary system and the gastrointestinal (GI) system are often the
most difficult for family and caregivers to deal with. The prin-
ciples of management are simple but difficult to achieve. The
options are diversion, containment, and closure regardless of
the site of the fistula.

Enterocutaneous fistulae can occur from every part of the
bowel, but those from the small bowel have high output and
are irritating to the skin. Diversion is rarely an option in the
setting of terminal cancer, primarily because the intra-abdom-
inal spread of disease is frequently the etiology of the fistula
itself in association with prior therapies such as radiation.
Surgical diversion, if the patient is medically stable and
surgery could be limited, has benefits solely to provide better
control and better fit of pouches over the ostomy site than
over a fistula site. As noted by Marsden et al., this does not
remove the problem as there may still be a discharge from the
site of tumor-related necrotic material that must be managed
(65). If this is not possible, the only recourse—similar to
bowel obstruction—is to attempt to diminish flow through the
GI tract with octreotide and then to minimize and manage skin
irritation actively. Large bowel fistula, most commonly to the
vagina, can be more easily diverted and this is the first choice
if the patient is medically stable. Even a simple loop colostomy
can provide relief from the volume of vaginal discharge.
However, some discharge usually remains. The use of metron-
idazole for tumor necrosis and discharge in the vaginal area
relieves some of the anaerobic odors, and sitz baths and douches
as needed to control odor are also helpful.

Vesicovaginal and ureterovaginal fistulae are primarily han-
dled by diversion, if appropriate. The primary problem with
diversion is the discomfort and management of new percuta-
neous nephrostomies, and the additional factor that for some
patients there may be a component of renal failure that there is
no desire to reverse. Additionally, nephrostomies alone may
not be adequate for resolution, and the use of ureteral occlu-
sion with coils and sponge pledgets may also be helpful (66).
Local measures, including scrupulous management of pelvic
and perineal hygiene, the use of adult diapers, and the use of
creams such as 1% silver sulfasalazine or skin barriers are primary
measures. There are no vaginal means to control or contain the
output that have so far been effective. Various measures such
as the use of diaphragms glued to catheters or local tissue glues
have generally been ineffective in this setting. 
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Bleeding related to the pelvic/vaginal fistula or to vaginal
recurrence can potentially be controlled by single fraction
pelvic radiation (67) or if severe and causing significant distress
with embolization. Local measures such as Monsel’s solution
have only limited efficacy and packing can add considerably
to patient discomfort. So, try to pick an approach that fits
both the overall status of the patient (if only a few days are
likely, then the value of any intervention would be negligible)
and the comfort and decrease in anxiety she might gain from
addressing the bleeding.

Management of Bone Metastases

Bone metastases are rare in terminal gynecologic cancers,
being primarily confined to unusually high-grade cell types
such as glassy cell malignancies, neuroendocrine tumors,
melanomas, small cell malignancies, or clear cell malignancies.
When they occur, however, the pain associated with bone
metastases can be the most excruciating of all the symptoms
to be managed at the end of life. Corticosteroids and nons-
teroidal anti-inflammatory drugs may have a significant role
in managing the inflammatory pain from bone metastases and
should be considered as part of initial management. If the
metastases are localized, radiation therapy on a palliative
basis may supply additional pain relief with a success rate of
24% to 50% total pain relief and 80% to 90% of patients
noting relief of pain (68). Relief of pain may be immediate or
it may require several months, and the use of anti-inflamma-
tory pain medications during treatment may aid in symptom
relief until the effects of radiation become evident.

Key aspects of treatment include ensuring that radiation
fields encompass the entire area of bone involvement (69) and
also the prevention of overlap with prior radiation fields.
Multiple schemes have been used depending on the urgency and
the overall expected survival time of the patient. There does not
seem to be a difference between single-fraction versus multiple-
fraction approaches, except for the need for retreatment with
single fraction (70). Also, if there is a longer life expectancy,
consideration should be given to prophylactic surgical fixation
of weight-bearing bones with �50% cortical destruction or size
�2.5 cm prior to radiation therapy (71,72).

Another option for consideration is the use of osteoblast-
affinic agents such as strontium 89 or samarium 153 that
deliver localized radiation to osteoblastic bony metastases.
The primary problem in their use is bone marrow suppres-
sion, which often limits their use in patients with ongoing
residual suppression from their prior therapies. These agents
are not appropriate for use in hypercalcemic patients, and
the pain relief is slower in onset with a duration of about 
12 weeks. This option may require multiple doses to increase
efficacy (73,74).

Psychologic Needs in Terminally Ill 
Cancer Patients

An important aspect of palliative care in terminally ill cancer
patients is the recognition and treatment of psychologic symp-
toms to improve quality of life at the end of life. The under-
standing of suffering requires not just addressing physical
needs, but also distress, existential concerns, and social rela-
tional worries which contribute to overall suffering in termi-
nal cancer patients (75). Health care professionals often
ignore the role that religion and spirituality play in coping
with terminal illness. Most patients consider religion or spiri-
tual aspects to be at least somewhat important and the major-
ity report that their spiritual needs were supported minimally
or not at all by the medical system (76). Referral to chaplaincy

services or other integrative medicine services is seen as having
value to our patients and assessing their desire for this should
be part of psychologic assessment and treatment (77). This is
an area where little training and modeling exist in medical
education, and the ability to address spirituality comfortably
with patients is limited but important for health professionals
to improve in discussing and addressing (78,79).

Depression and anxiety occur in a high percentage of cancer
patients, particularly as disease advances and curative cancer
treatment fails (80). The prevalence of depression in cancer
patients has been the subject of numerous studies, and the
reported rates have ranged from as high as 58.0% to as low as
4.5% with age, lower performance status, smaller social net-
works, and less participation in organized religious services all
significant in predicting depression and anxiety (81).

Anxiety in terminally ill cancer patients has received less
attention than depression. Anxiety commonly increases as
patients become aware of both the relative ineffectiveness of
medical treatments in halting the progress of their disease and,
consequently, their limited life expectancy (82). The awareness
of the inevitable death is likely to cause anxiety in terminally
ill cancer patients. Breitbart et al. suggest that the incidence of
both anxiety and depression in cancer patients increases with
higher levels of disability, advanced illness, and pain (83). The
closer the patient is to dying, the higher the score on depres-
sion and the lower the score on physical performance. 

Although depression and anxiety are important to continu-
ally assess in terminally ill patients prior to death, data show
that a relatively high percentage of terminally ill cancer
patients suffer from psychologic distress a few weeks before
death, which appears to be related to physical symptoms.
Treating the physical symptoms maximally is the first task in
addressing depression and anxiety. Standard treatment for
depression and anxiety is effective in this population, and tri-
cyclic antidepressants which additionally address neuropathic
pain are reasonable choices. Lorazepam is often used for
assisting in managing other symptoms but also provides relief
for anxiety. Some integrative medicine solutions such as aro-
matherapy massage can be shown to assist in decreasing anxi-
ety and depression (84). In sum, psychologic symptoms in
terminally ill cancer patients need to be systematically assessed
and considered by the care team in the overall decision-making
and treatment plan at the end of life. Treatment of anxiety and
depression clearly also improves overall management of pain
as well as making the process of closure more possible for
dying women. If patients can reconcile their concerns with
psychologic and pharmacologic support, this will substan-
tially remove the suffering from emotional distress for the
patient and her family.

REQUESTS FOR HELP IN DYING
Sometimes, patients ask to end their life because of fear of an
inability to control suffering at the end of life or inadequately
managed pain or suffering. In most countries in the world, the
law forbids assisted suicide. In the Netherlands, Belgium, and the
United States (State of Oregon), individuals have access to laws
that make assisted suicide available for those experiencing
unbearable suffering and this access is highly regulated. Data
from the Oregon experience (85) show that most patients do not
follow through even with an expressed intent for assisted suicide.

Regardless of where health providers are in the world, this is
a question that will come up directly or indirectly if actively car-
ing for dying patients—and challenges our communication skills
as few have been educated specifically for end of life discussions
(86). Additionally, having such a discussion requires physicians
to address for themselves their own understanding and barri-
ers to discussing dying, futility, and assisted suicide (87).
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Dying patients expect and need at least a minimal level of emo-
tional support defined by them as compassion and treating the
whole person and not just the disease (88). Set in this context,
this conversation is an opportunity to embrace the compassion
and acknowledgment of the whole person that is expected by the
patient and to enhance understanding of the fears and the needs
of the patient in the present. Patients who state that they would
like “extra” prescriptions for pain medicine or anxiolytics, or
who blatantly state that they are thinking of ending it all them-
selves or would like help in doing so are asking for an exploratory
conversation about how “unbearable” dying will be. 

Even in the middle of a busy clinic, time has to be made for
this discussion. Confirming that the patient’s request has been
heard and confirming the patient’s importance to her health
professionals is part of the therapeutic relationship. A consult
room with the inclusion of whomever the patient wants to
include (or not) is a better setting than an examination room if
available. Exploration with more open-ended questions such
as, “Why do you feel you need this extra prescription right
now?” “What do you think will happen that might make you
think of (whatever phrasing the patient used)?” is a way to
begin the dialog. Remembering that suffering is not only phys-
ical, but also psychologic and spiritual is important to be sure
that all dimensions of fear and questions are answered, or if
unanswerable, acknowledged as important. Follow-up ques-
tions that explore the patient’s motivation are outlined in
Bascom and Tolle’s article (85). Then exploring each fear and,
more importantly, assuring that with maximal effort at pallia-
tive care this can be addressed (and how), and that the patient
is not viewed as a burden and is valued will open critical com-
munication and provides an opportunity to address the under-
lying concern of the patient. In addition, this is an optimal
time to introduce or reintroduce the importance of advance
directives and to implement specific written orders regarding
life-sustaining treatments (89). If this is an area of communi-
cation that is uncomfortable to the physician, then having
another member of the team lead this discussion with the
patient would be valuable, but with the specific assurance that
respecting her wishes and continuing to care for the patient
are still of importance to the physician who has been a critical
member of that patient’s care.

BEREAVED FAMILY AND FRIENDS
Medicine focuses on the individual care of patients, and the
needs and issues of the social network that supports patients
are often ignored. End of life care, however, engages that
entire social network of family and friends and requires
understanding their needs and roles as the patient nears the
end of life. Families define high-quality end of life care as
first achieving good palliation of symptoms for the patient,
but they also weigh quality on how well the dying person
was able to control decisions and whether the family mem-
bers felt that they had to be constant advocates for the
wishes of the dying person. In addition, education and emo-
tional support for the family and friends caring for the
patient were seen as important (90). All the members of this
network of care for the patient experience high levels of
stress, burden, and diminished quality of life that can be
helped with specific coping skills training (91). Caregivers
who are able to accept and reframe the patient’s illness feel
less strain and feel more capable of solving illness-related
problems, all of which will directly improve the care of the
dying woman (92).

While the care and comfort of the families and friends of
dying patients are not a direct responsibility of the oncologic
physician, advocating for the development of support for this
network for patients and providing access to such support are.

In addition, regardless of whether the physician and primary
oncology team are directly involved in the end of life care of
the patient, acknowledging the patient’s death and the team’s
concern for her family with a card or phone call to the family
is important in closing the circle for the family as well as the
primary oncology team.

CARE FOR THE CAREGIVERS
Within palliative care in general and end of life care in partic-
ular, there is a tendency for patients and relatives to demand
and benefit from a more personal care and personal approach.
Because of this contact-intensive nature of end of life care, it
can be expected that physicians and nurses run a serious risk of
depleting their emotional resources, especially when they cross
the border between their professional and personal involve-
ment. This can result in burnout. Physicians and nurses should
be aware of the risk factors in order to prevent this serious
threat to their health. In oncology, and especially in end of life
care, the stressors appear to be strongly related to the social
and interpersonal aspects of the job, including relationships
with patients and co-workers on the team (93–96).

To understand and prevent emotional exhaustion and
burnout, physicians and nurses should be able to share their
responses and feelings with others at work. This can be done by
the organization of support groups at work where they can dis-
cuss what moved them and how they dealt with the situation
(97–99). Improvement in physician communication skills
around these stressful issues actually diminishes physician stress
since the doctor-patient relationship plays an important role in
this regard (100). The participants get the opportunity to dis-
cuss the emotional aspects of the care of the terminal patient.
This can include revisiting conversations that were held about
death with patients and their families. The team listens and dis-
cusses how these emotional events affected the person involved.
Especially for younger and inexperienced personnel, this type of
guidance by “peers” is very important. For the more experi-
enced members, the team meetings can work as control. Much
experience can result in diminished emotional involvement and
distancing the relationships to a routine. Comments, advice,
and help of colleagues are important factors in staying mentally
fit—again, a message for all health professionals, at all parts of
end of life care.

CONCLUSIONS
End of life care is a very important part of caring for women
with cancer. It requires total commitment of the entire health
care team. It includes medical interventions to relieve suffering,
but also psychosocial care. Communication skills are very
important to ensure optimal end of life care. In this communica-
tion, the autonomy of the patient has to be respected. The care-
givers must respect the delicate balance between professional
and personal involvement. Communication not only involves
the patient, but also her relatives and friends. It is important that
this communication take place in the presence of the patient as
much as possible to avoid misunderstandings. Psychologic symp-
toms need to be routinely assessed and considered by physicians
in the overall decision making concerning the end of life. Special
attention must focus on anxiety and depression to be sure that
all domains of suffering are addressed.

End of life care in oncology does not mean that the physician
has to postpone the inevitable as long as possible. The goal is
quite simply to continue the expert and compassionate care the
patient has received throughout her treatment into the maximal
alleviation of symptoms and suffering at the end of life. 
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PPE (palmar-plantar erythrodysesthesia),

399
PPSC (primary peritoneal serous 

carcinoma), 782, 810
PPV (positive predictive value), 145, 187
PR (partial response), 396t
PRA knockout mice (PRAKO), 465–466
PRA protein, 465–466

PRB knockout mice (PRBKO), 466
PRB protein, 465–466
prealbumin, 255t
precursor lesions, 42
preeclampsia, 878
preemptive analgesia, 988
prefabricated perineal templates, 352
pregnancy. See also molar pregnancy

breast cancer, 930–932
cervical cancer

adenocarcinoma, 648
conization, 648
diagnosis, 647
dysplasia, 647
invasive cancers, 648–649
microinvasive disease, 648

preinvasive lesions
cervical cancer screening

accuracy, 542–543
cytologic features of CIN, 544
obtaining optimal, 543
overview, 541–542
terminology of reports, 543–544

colposcopy, 544
HPV

classification, 530–531
detection methods, 533
genomic organization, 531–532
life cycle, 532
outcome after exposure to, 534–535
prevalence of, 533–534
transforming functions of, 532–533
transmission of, 534

management
atypical squamous cells, 545–546
biopsy-confirmed CIN, 547–549
high-grade squamous intraepithelial

lesions, 547
low-grade squamous intraepithelial

lesions, 546–547
overview, 544–545

natural history
cervix, 526–528
vulva, 528

overview, 523
pathology

cervix, 535–539
vagina, 541
vulva, 539–541

risk factors for development, 528–530
terminology

cervix, 523–525
vagina, 525
vulva, 525

prelaparoscopic imaging, 313–314
preoperative autologous blood donation

(PABD), 243
preoperative care
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