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Series Preface

Seen on a graph, the survival rate for many cancers resembles a precipice. Discovered
at an early stage, most cancers are quickly treatable, and the prognosis is excellent.
In late stages, however, the typical treatment protocol becomes longer, more intense,
and more harrowing for the patient, and the survival rate declines steeply. No
wonder, then, that one of the most important means in fighting cancer is to prevent
or screen for earlier stage tumors.

Within each oncologic specialty, there is a strong push to identify new, more useful
tools for early diagnosis and treatment, with an emphasis on methods amenable to
an office-based or clinical setting. These efforts have brought impressive results.
Advances in imaging technology, as well as the development of sophisticated mole-
cular and biochemical tools, have led to effective, minimally invasive approaches to
cancer in its early stages.

This series, Early Diagnosis and Treatment of Cancer, gathers state-of-the-art
research and recommendations into compact, easy-to-use volumes. For each particu-
lar type of cancer, the books cover the full range of diagnostic and treatment proce-
dures, including pathologic, radiologic, chemotherapeutic, and surgical methods,
focusing on questions like these:

®m What do practitioners need to know about the epidemiology of the disease and its
risk factors?

m How do patients and their families wade through and interpret the many tests they
face?

m What is the safest, quickest, least invasive way to reach an accurate diagnosis?

m How can the stage of the disease be determined?

m What are the best initial treatments for early-stage disease, and how should the
practitioner and the patient choose among them?

m What lifestyle factors might affect the outcome of treatment?

Each volume in the series is edited by an authority within the subfield, and the
contributors have been chosen for their practical skills as well as their research cre-
dentials. Key Points at the beginning of each chapter help the reader grasp the main
ideas at once. Frequent illustrations make the techniques vivid and easy to visualize.
Boxes and tables summarize recommended strategies, protocols, indications and
contraindications, important statistics, and other essential information. Overall, the
attempt is to make expert advice as accessible as possible to a wide variety of health
care professionals.

For the first time since the inception of the National Cancer Institute’s annual
status reports, the 2008 “Annual Report to the Nation on the Status of Cancer,”
published in the December 3 issue of the Journal of the National Cancer Institute,
noted a statistically significant decline in “both incidence and death rates from all
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cancers combined.” This mark of progress encourages all of us to press forward with
our efforts. I hope that the volumes in Early Diagnosis and Treatment of Cancer will
make health care professionals and patients more familiar with the latest develop-
ments in the field, as well as more confident in applying them, so that early detection
and swift, effective treatment become a reality for all our patients.

Stephen C. Yang, MD

The Arthur B. and Patricia B. Modell
Professor of Thoracic Surgery

Chief of Thoracic Surgery

The Johns Hopkins Medical Institutions
Baltimore, Maryland



Preface

Worldwide, 204,449 new cases of ovarian cancer are diagnosed each year, with an
estimated 124,860 disease-related deaths.! In the United States, ovarian cancer is
the leading cause of gynecologic cancer-related morbidity and mortality in large part
due to the difficulty in detecting early-stage disease. One of the primary reasons that
ovarian cancer is associated with such a significant burden of disease for the individual
and for society is that it is a difficult disease to prevent, or at the very least diagnose
in the early stages, when cure is still an attainable goal for the majority of patients.
This volume discusses the full range of diagnostic and therapeutic considerations,
including epidemiologic, pathologic, radiologic, surgical, and chemotherapeutic
aspects. The volume is intended as a practical guide and overview to the diagnosis,
staging, and management of patients with both early-stage and advanced-stage ovarian
cancer.

Despite recent advances, the pathogenesis of ovarian cancer is still unclear, and
one of the difficulties in studying ovarian cancer is the lack of a comprehensive tumor
progression model. Ovarian cancer is a heterogeneous collection of tumors, which
are primarily classified by cell type into serous, mucinous, endometrioid, clear cell,
and Brenner (transitional) tumors corresponding to different types of epithelia in the
organs of the female reproductive tract.”* The tumors in each of the categories are
further subdivided into three groups—benign, malignant, and intermediate (border-
line tumor, or low-malignant-potential)—based on their clinical behavior. On the
basis of a review of recent clinical, histopathologic, and molecular genetic findings, a
research team has proposed a new carcinogenesis model that reconciles the relation-
ship of borderline tumors to invasive carcinoma, discussed in Chapter 2.

The epidemiology of ovarian cancer has been extensively studied, and the most
clinically relevant observations are presented in this volume. It is known that the
incidence of ovarian cancer increases with age. Epithelial ovarian cancer is predomi-
nantly a disease of perimenopausal and postmenopausal women, with 80% of ovarian
cancers occurring after the age of 40. There are a number of demographic character-
istics and factors related to reproductive history and health, including the so-called
“incessant ovulation” theory and the associated effect of oral contraceptive use on
reduction in risk, parity as a risk factor, and the interaction with infertility. Several
environmental risk factors for ovarian cancer have also been targeted as potential
contributors to pathogenesis. Perhaps the most significant known risk factor for
ovarian cancer is a family history of the disease (or breast cancer) and the likelihood
of a genetic predisposition. Approximately 10% of all ovarian cancers can be associ-
ated with a familial genetic predisposition. At present, the majority of hereditary
ovarian cancers can be linked to two currently known syndromes, hereditary breast
and ovarian cancer (HBOC) and hereditary nonpolyposis colorectal cancer
(HNPCC).>® HBOC syndrome is associated primarily with an increased risk for
breast cancer, while HNPCC is associated with an increased risk for colorectal
cancer. The most up-to-date information on ovarian cancer family syndromes is pre-
sented in Chapter 3. In addition, the indications and options for genetic testing of
women at risk for ovarian cancer are also covered in detail.



At the current time, there have been no studies that demonstrate sufficient effi-
cacy for ovarian cancer screening in the general population. Therefore, ovarian cancer
screening is not recommended for women at general population risk. However, the
urgency of ovarian cancer screening is greater for women with BRCAI and BRCA2
mutations, given the significantly increased risk of ovarian cancer among these women.
In Chapter 6, the basic principles of cancer screening, the challenges associated with
ovarian cancer screening, and studies of screening strategies in high- and low-risk
populations are reviewed. Because of the challenges of early detection of disease and
the fact that genetic testing and screening will identify only a minority of patients
who will ultimately develop ovarian cancer, chemical or surgical ovarian cancer pro-
phylaxis may be considered for selected women. The various options for ovarian
cancer prevention are reviewed in Chapter 4.

Radiographic imaging is an integral part of ovarian cancer detection, diagnosis,
management, and treatment follow-up. A number of imaging modalities are available,
and a variety of new techniques, especially molecular imaging approaches, are being
developed. Each imaging modality has its unique advantages and limitations; there-
fore, evidence-based use of imaging is essential for achieving the greatest possible
benefit without over- or underuse of specific modalities. New developments in radio-
graphic imaging of ovarian cancer and the associated clinical applications are covered
in Chapter 5.

Surgery is a cornerstone of the diagnosis and treatment of ovarian carcinoma. The
surgical goals differ based on the nature and stage of disease. For patients with appar-
ent early-stage disease, the primary surgical objective is to obtain sufficient pathologic
documentation of the true extent of disease through a rigorous staging procedure.
Accurate staging information allows low-risk patients to safely defer adjuvant che-
motherapy and identifies patients at high risk of recurrence as those who will benefit
from systemic treatment following surgery. Unfortunately, approximately 65% of
patients will be diagnosed with International Federation of Gynecology and Obstet-
rics (FIGO) Stage III (T3NO/1MO) or IV (any T, any N, M1) disease.” For this group,
the most important clinician-driven prognostic factors are the extent of residual
disease following primary cytoreductive surgery and the administration of adjuvant
platinum-based chemotherapy.®’ The most critical considerations for surgical inter-
vention and selection of a chemotherapy treatment regimen for patients with both
early-stage and advanced-stage ovarian cancer are reviewed in Chapters 7 and 8.

This volume is intended for all clinicians caring for women with ovarian cancer,
including attending surgeons and physicians, fellows, and residents in the disciplines
of gynecologic oncology, medical oncology, and primary care. Ultimately, the optimal
management of ovarian cancer is dependent on multiple factors, including demo-
graphic prognostic factors, the age and general medical condition of the patient, the
extent of disease at the time of detection, the biologic aggressiveness of disease, and
available access to an appropriately skilled multidisciplinary care team. We hope that
you enjoy this volume and benefit from the extensive experience of the elite team
of contributors who have authored its contents.
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R Epidemiology and Clinical
Presentation of Ovarian Cancer

Namita Jhamb and
Nicholas C. Lambrou

KEY POINTS

© Ovarian cancer is the leading cause of death from all gynecologic cancers in the United States.

© Median age of diagnosis is 63 years. Survival is related to race, age, and stage at diagnosis.

o Risk factors for ovarian cancer can be categorized as genetic, environmental, and reproductive.

o Nulliparity and infertility have been associated with an increased risk of ovarian cancer, whereas
oral contraceptive use has a strong protective association.

© Family history is the most significant known risk factor. Hereditary breast-ovarian cancer syndrome
and hereditary nonpolyposis colorectal cancer syndrome are the two clinically distinct syndromes
associated with ovarian cancer.

» Environmental factors such as diet, obesity, and endometriosis have been associated with increased
risk of ovarian cancer.

© The most common presenting symptoms include abdominal distention and bloating. Palpable pelvic
mass is a common presenting sign.

© Serous papillary histology is the most common subtype of ovarian cancer, whereas mucinous and
endometrioid histologies have been associated with improved prognosis in comparison.

© Optimal cytoreduction defined by residual disease less than 1 cm is associated with improved
survival.

o CA-125 is well established for assessment of tumor response and detection of recurrent disease.

Introduction

Ovarian cancer is the leading cause of mortality from gynecologic cancers in the
United States. In 2009, an estimated 21,550 women will be diagnosed with ovarian
cancer and 14,600 will die of the disease.! It is the fifth most common cancer in
women in the United States, and the fourth most common cause of death from
malignancy? (Fig. 1-1). In the United States, an estimated 1 in 72 women will develop
ovarian cancer in their lifetime (Table 1-1), and 1 in 100 will die from the disease.

Epidemiology

The incidence of ovarian cancer increases with age. Epithelial ovarian cancer is pre-
dominantly a disease of perimenopausal and postmenopausal women, with 80% of
ovarian cancers occurring after age 40. Based on the cancer registry data collected
by the Surveillance, Epidemiology and End Results (SEER) program of the National
Cancer Institute, the median age at diagnosis for cancer of the ovary is 63 years.
Age-specific incidence analysis reveals the following percentages of age at diagnosis
of ovarian cancer:
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1.2%—20 years 21.4%—55 to 64 years
3.5%—20 to 34 years 20.8%—65 to 74 years
8.1%—35 to 44 years 19.4%—75 to 84 years
18.6%—45 to 54 years 7.0%—=85 years
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Figure 1-1. Cancer death rates for women, United States, 1930-2005 (per 100,000 women). Rates are age-
adjusted to the 2000 U.S. standard population. (From US Mortality Public Use Data Tapes, 1960-2005, US Mortality
Volumes, 1930-1959, National Center for Health Statistics, Centers for Disease Control and Prevention, 2008. American
Cancer Society, Cancer Facts & Figures 2009. Atlanta: American Cancer Society, Inc., 2009.)

Table 1-1. Lifetime Probability of Developing Cancer by Site in Women,
United States, 2002-2004*

Site Risk
All sites’ 1in 3
Breast 1in 8
Lung and bronchus 1in 16
Colon and rectum 1in 20
Uterine corpus 1in 40
Non-Hodgkin lymphoma 1in 53
Melanoma® 1in 58
Ovary 1in72
Pancreas 1in 75
Urinary bladder* 1in 84
Uterine cervix 1in 145

*For those free of cancer at beginning of age interval.

TAll sites exclude basal and squamous cell skin cancers and in situ cancers except urinary bladder.

*Includes invasive and in situ cancer cases.

SStatistic for white women.

From DevCan: Probability of Developing or Dying of Cancer Software, Version 6.2 Statistical Research and Applications
Branch, NCI, 2007, http://srab.cancer.gov/devcan. Copyright 2009 American Cancer Society, Inc. Reprinted with permission.
All rights reserved.
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Table 1-2. Incidence Rates by Race

Race/Ethnicity Incidence

All races 13.3 per 100,000 women
White 14.1 per 100,000 women
Black 10.1 per 100,000 women
Asian/Pacific Islander 9.8 per 100,000 women
American Indian/Alaska native 11.3 per 100,000 women
Hispanic 11.7 per 100,000 women

Data from Ries LAG, Harkins D, Krapcho M, et al: (eds): SEER Cancer Statistics Review, 19756-2005, National Cancer
Institute. Bethesda, MD. http://seer.cancer.gov/csr/1975_2005/, based on November 2007 SEER data submission, posted to
the SEER web site 2008. http.//www.seer.cancer.gov/

Women with ovarian cancer and age younger than 50 have a 5-year survival
rate of 70.5% compared with 40.6% in those 50 or older.® Survival is related to
stage at diagnosis. In recent studies of the Gynecologic Oncology Group (GOG),
the progression-free survival after platinum-paclitaxel chemotherapy following
optimal cytoreduction was 21 to 22 months, and the median overall survival was 52
to 57 months.*

The average incidence of ovarian cancer in African-American women is 10.1 per
100,000 women compared with 14.5 per 100, 000 white women.' However African-
American women have poorer survival rates compared with whites regardless of
socioeconomic status.® A review of cases of epithelial ovarian cancer submitted to
the National Cancer Database between 1985 and 1988 and between 1990 and 1993
revealed that African-American women were two times more likely than white
women not to receive appropriate treatment. They had poorer survival rates than
white women from the same or different hospitals, regardless of income. Among
staged cases, African-American women were more often diagnosed with stage IV
disease than were white women. The incidence rates by race are shown in Table 1-2.
The majority of ovarian cancers are sporadic. The overall risk of developing ovarian
cancer for women in the United States is 1.0% to 1.8%. For women with family
history of ovarian cancer, the risk increases to 9.4%.’

Risk Factors

The epidemiology of ovarian cancer is multifactorial, with genetic, environmental,
and reproductive factors directly or indirectly related to carcinogenesis.

Reproductive Factors

Incessant ovulation has been proposed as one of the primary causes of epithelial
ovarian cancer. The ovarian epithelial cells proliferate after ovulation, which may
propagate mutations or promote carcinogenesis.® Ovulation itself has been implicated
in malignant transformation of the epithelium. Various epidemiologic studies have
attempted to estimate women’s total duration of ovulatory life based on reproductive
and contraceptive histories. Purdie and associates” considered the effects of age-
specific ovulation on ovarian cancer risk and found the highest risk for ovulations in
the 20- to 29-year age group (odds ratio [OR] = 1.20 for each ovulatory year in this
age group). For age groups 30 to 39 and 40 to 49 years, the odds ratios were 1.06
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and 1.04, respectively. Therefore, suppression of ovulation in the 20- to 29-year age
group would provide maximal reduction in risk of developing ovarian cancer.

Nulliparity is a known risk factor for ovarian cancer. Women who have ever been
pregnant have a 30% to 60% reduction in ovarian cancer risk compared with nullipa-
rous women.'? Ovarian cancer risk is inversely related to parity (OR = 0.59 for four
or more pregnancies compared with nulliparous women).!' No significant association
between ovarian cancer risk and young age at menarche has been seen in recent
studies. However late menopause may be associated with a trend toward higher risk
for ovarian cancer risk.'""'?

There is a strong protective association between oral contraceptives and ovarian
cancer. The decline in incidence and mortality rates in ovarian cancer among younger
women in the United States has been associated with increased oral contraceptive
use. The overall estimated protection from cohort and case-control studies is approxi-
mately 40% in women who have ever used oral contraceptives and increases with
duration of use to more than 50% for users of 5 years or longer. The favorable effect
of oral contraceptives against ovarian cancer risk persists for at least 10 to 15 years
after use has ceased, and it is not confined to any particular type of oral contraceptive
formulation.'® The risks in ever-users is appreciably lower in women who reported
their first oral contraceptive use before 25 years of age (relative risk [RR] = 0.3 for
first use before age 25, 0.8 for first use at age 25 to 34, and 0.7 at 35 years or after).'
The Cancer and Steroid Hormone Study suggested that 10 years of oral contracep-
tive use by women with a family history of ovarian cancer appeared to reduce their
risk to levels lower than those of women with no family history of ovarian cancer
who never used oral contraceptives. Similarly, 5 years of oral contraceptives by nul-
liparous women was projected to reduce their risk to the levels seen for parous
women who never use oral contraceptives.” Lactation has been associated with a
slight additional reduction in risk of ovarian cancer.'® Women who breastfeed only
1 to 2 months have a relative risk of ovarian cancer of 0.6 compared with that of
women who never breastfed, with this effect being most prominent with the first
exposure.'’

Infertility alone is an independent risk factor for ovarian cancer. The possible link
between fertility drugs and ovarian cancer remains controversial. Various studies have
focused on the risk of ovarian cancer after use of fertility agents. A meta-analysis of
eight case-control studies showed that neither longer duration of fertility drug use
nor unsuccessful fertility drug use was independently associated with significant ele-
vations in adjusted cancer risk. Women who did not achieve a pregnancy after pro-
longed use of infertility drugs had a higher risk of developing borderline serous
tumors, but not invasive tumors.'® No association between fertility drugs, ovulation-
inducing agents, and clomiphene citrate and ovarian cancer has been observed when
comparing parous with nulliparous women. "’

Few studies have examined the association of ovarian cancer after in vitro fertiliza-
tion (IVF). During in vitro fertilization, multiple folliculogenesis is achieved by
intensive ovulation induction. Both ovulation induction and ovarian puncture have
been associated in the past with ovarian cancer.?” However, more recent studies show
no excessive risk of ovarian cancer in patients after completion of IVF when com-
pared with the general population.?'?

Data from earlier epidemiologic studies did not show a clear association between
hormone replacement therapy and ovarian cancer.”® However, more recent studies
suggest an association between long duration of use of unopposed estrogen and
ovarian cancer.”*?® The Women’s Health Initiative Randomized Trial provided addi-
tional support regarding the effects of estrogen and progesterone on risks of ovarian
cancer. The hazard ratio (HR) for invasive ovarian cancer in women assigned to estro-
gen plus progestin compared with placebo was 1.58 (95% confidence interval [CI] =
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0.77 to 3.24).*” The National Institutes of Health—~AARP Diet and Health Study
Cohort included 97,638 women age 50 to 71 years. Use of unopposed estrogen for
fewer than 10 years was not associated with ovarian cancer. Compared with no
hormone therapy, use of unopposed estrogen for 10 or more years was statistically
significantly associated with ovarian cancer among all women (RR =1.89, 95% CI =
1.22 t0 2.95; P=.004; 56 versus 72 ovarian cancers per 100,000 person-years, respec-
tively) and, though not statistically significant, among women with hysterectomy (N
=19,359, RR=1.70, 95% CI = 0.87 to 3.31; P =.06). Compared with women with
intact uteri who never used hormone therapy, women who used estrogen and proges-
tin had a statistically significant increased risk of ovarian cancer. (RR = 1.50, 95% CI
= 1.03 to 2.19; P = .04). Risks of ovarian cancer were higher for women taking
sequential (RR =1.94, 95% CI =1.17 to 3.22; P =.01) than continuous (RR = 1.41,
95% CI = .90 to 2.22; P = .14) regimens® (Table 1-3). Given the data, women who
take hormone replacement therapy for more than 10 years should consider the poten-
tial increased risk for ovarian cancer when deciding to discontinue.

Genetic Factors

A family history of ovarian cancer is the most significant known risk factor. Approxi-
mately 10% of all ovarian cancers can be associated with a familial genetic predisposi-
tion. The risk depends on the number of first- and second-degree relatives with
ovarian cancer and their age at diagnosis. A woman with a single family member
affected by ovarian cancer has a 4% to 5% lifetime risk of developing the disease.
This risk increases to about 7% if two family members are affected® (Table 1-4).

Approximately 7% of ovarian cancer patients have a positive family history of
ovarian cancer, of whom 3% to 9% may eventually manifest certain hereditary cancer
syndromes. Two clinically distinct syndromes are associated with hereditary ovarian
cancer for which pedigree analysis suggests an autosomal dominant transmission with
variable penetrance. Therefore, inheritance of these genetic mutations may occur
from the maternal or paternal side. The hereditary breast-ovarian cancer syndrome
(HBOC) is the more common of the two and is associated with germline mutations
in BRCA1 and BRCA2 tumor suppressor genes. A lesser proportion is associated with
the inherited form of endometrial and colorectal cancer known as hereditary non-
polyposis colorectal cancer (HNPCC).

The BRCAI gene is located on the long (q) arm of chromosome 17 at position 21
(17921), and the BRCA2 gene is localized to the long arm of chromosome 13
(13q12). Both BRCAI and BRCA?2 gene mutations are associated with a predisposi-
tion to breast and ovarian cancer. These mutations are mainly of the frameshift or
nonsense variety. BRCAI is a tumor suppressor gene that acts as a negative regulator
of tumor growth. Following the recognition of DNA damage, BRCAI is activated,
which then may be involved in the transcription-coupled repair of oxidative DNA
damage. Activated BRCAI is also likely to function as a transcription factor in regula-
tion of complex genetic program that responds to DNA damage. Without a functional
BRCATI or BRCA2 gene, repair fails, leading to activation of p53-dependent DNA
damage. A clinically significant mutation in BRCAI confers a lifetime risk of ovarian
cancer of 40% to 50% compared with 20% to 30% risk associated with a BRCA2
mutation.” In women with a BRCAI or BRCA2 mutation, the risk of ovarian and
breast cancer may be as high as 54% and 82%, respectively.*” Most ovarian cancers
associated with germline BRCA mutations are diagnosed at a younger age and are
high-grade, advanced-stage serous carcinomas. Mutation rates for these genes have
been reported to be as high as 8% to 10% in the general population.®'*

Women of Ashkenazi Jewish descent have been found to have an increased risk
of inheriting BRCA mutations. About 40% of ovarian cancers in this population are
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Table 1-4. Ovarian Cancer: Family History and
Relative Risk (RR)

Relation RR Lifetime
One second degree 2.8 3.5%
One first degree 3.6 5%
Two relatives 5 7%
Two first degree 40%

From NIH Consensus Conference: Ovarian Cancer. Screening, treatment, and
follow-up. NIH Consensus Development Panel on Ovarian Cancer. JAMA
273:491-497, 1995.

of hereditary nature. For these women, the risk of carrying a BRCA mutation is
approximately 1 in 40. Three specific mutations have been carried by the Ashkenazi
Jewish population: 185delAG and 5382insC on BRCAI and 6174delT on BRCA2.
The increased risk is a result of what has been defined as “founder effect” (higher
rate of mutations have occurred within a defined geographic area).** Hereditary
nonpolyposis colorectal cancer (Lynch II syndrome) combines familial colon cancer
with increased risk of ovarian and endometrial cancer, as well as other malignancies
of the gastrointestinal and genitourinary system. It is caused by inherited mutations
in DNA mismatch repair genes (MMR), hAMLH1 and hMSH2 and to a lesser extent
hPMS1 and hPMS2. The risk of developing ovarian cancer has been reported to be
12%. With MSH?2 mutation, the risk is reported to be higher (10%) compared with
MLH]1, where the risk is about 3%.%

Environmental Factors

Additional variables have been associated with an increased risk of ovarian cancer.
An example is saturated fat consumption (OR = 1.20 for each 10 g/day of intake;
95% CI = 1.03 to 1.40; P = .008).% Clinical and epidemiologic studies have conflict-
ing views on an association between ovarian carcinoma and talcum powder use.***’
Coffee and tobacco consumption has not been found to be associated with an
increased risk.*® Obesity is a risk factor for several hormone-related cancers, but
evidence of an effect on risk of epithelial ovarian cancer remains inconclusive. Some
studies have shown a positive correlation between early adulthood obesity and ovarian
cancer.* Alcohol consumption has not been associated with increased risk."**" A
history of pelvic inflammatory disease and endometriosis (endometrioid and clear
cell histologies) has been associated with ovarian cancer.*>*

Clinical Presentation
Symptoms

The symptoms of ovarian cancer are vague and commonly occur in benign conditions.
Patients with ovarian cancer often present late and are diagnosed at an advanced
stage. In early-stage disease, patients may present with common gynecologic symp-
toms such as vaginal bleeding or discharge. Urinary frequency or constipation may
be the result of compression of the bladder or rectum. Patients at all stages may
present with abdominal pain and distention. Gastrointestinal symptoms such as
nausea, anorexia, early satiety, and abdominal bloating are usually associated with
advanced-stage disease and are related to ascites and peritoneal carcinomatosis**
(Table 1-5). In a study by Olson and colleagues, ** nearly all patients (93%) reported
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at least one symptom. The most common symptoms are abdominal bloating, fullness,
and pressure (71%). Other symptoms included abdominal or lower back pain (52%),
lack of energy (43%), frequent urination, urgency or burning (33%), constipation
(21%), decreased appetite (20%), and nausea (13%). If the disease has progressed
to involve the lungs, as exemplified by the presence of pulmonary metastasis or
malignant pleural effusions, the patient may present with complaints of shortness of

breath.

Signs

The diagnosis of early-stage ovarian cancer usually occurs by palpation of an asymp-
tomatic adnexal mass during routine pelvic examination.? In premenopausal women,
the majority of these palpable pelvic masses are benign. Therefore, management of
adnexal masses less than 8 cm in premenopausal women is generally to repeat the
pelvic examination and imaging studies in 1 to 2 months. However, in postmeno-
pausal women, a complex adnexal mass is more likely to be malignant, and surgical
exploration is indicated.® A fixed, solid, irregular pelvic mass is suggestive of ovarian
cancer, especially in the presence of ascites.

Prognostic Factors
Stage

The 5-year survival rate of patients with epithelial ovarian cancer correlates directly
with the International Federation of Gynecology and Obstetrics (FIGO) surgical
stage of disease. The stage can be determined only after exploratory laparotomy and
thorough evaluation of all areas except in stage IV disease, which can be diagnosed
by cytologically positive pleural fluid or CT-guided biopsy of parenchymal liver lesion.
The technique of surgical staging involves making a vertical midline incision, obtaining
peritoneal lavage or aspiration of ascites, intact tumor removal, complete abdominal
exploration with biopsy of suspicious lesions, random peritoneal biopsies, and pelvic
and para-aortic lymph node dissection. The FIGO staging system, revised in 1985,
is presented in Box 1-1. Five-year survival rates for early-stage (presumptive stage |
and II) disease have been reported as 50% to 90% and for late-stage disease (stages
I1I and 1V), 21%.% A review of 5156 patients in a study based on National Survey
of Ovarian Cancer showed a 5-year survival rate of 89%, 58%, 24%, and 12% for
stages I, II, III, and IV, respectively. When survival data for ovarian cancer were
substratified further to substage division, the 5-year survival rates were 92% for stage
IA, 85% for stage 1B, 83% for stage IC, 67% for stage IIA, 56% for stage IIB, 51%
for stage 1IC, 39% for stage IIIA, 26% for stage I1IB, 17% for stage IIIC, and 12%
for stage IV.* The 5-year survival rates based on the SEER cancer statistics review
by the National Cancer Institute are 93.1% for localized disease, 69.0% for regional
disease, 29.6% for distant disease, and 23.3% for unstaged disease' (Fig. 1-2).

Patient Characteristics

In a population-based analysis of patients with ovarian cancer between 1988 and
2001, age was identified as an independent prognostic factor with a survival advantage
in younger women compared with older patients. Of 28,165 patients, 400 were
under 30 years of age (very young), 11,601 were 30 to 60 (young), and 16,164 were
over 60 (older). Of the very young, young, and older patients, 261 (65.3%), 4664
(40.2%), and 3643 (22.5%) had stage I-1I disease, respectively (P < .001). Across all
stages, very young women had a significant survival advantage over the young and



- Chapter 1 Epidemiology and Clinical Presentation of Ovarian Cancer

Box 1-1. Carcinoma of the Ovary (FIGO Staging)

Stage |  Growth limited to the ovaries

A 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 surface; capsule intact.

IC  Tumor classified as either Stage IA or IB but with tumor on the surface of one or
both ovaries; or with ruptured capsule(s); or with ascites containing malignant cells
or with positive peritoneal washings.

Stage Il Growth involving one or both ovaries, with pelvic extension
IIA  Extension and/or metastases to the uterus and/or tubes.
[IB Extension to other pelvic tissue.
[IC  Tumor classified as either Stage IlIA or IIB but with tumor on the surface of one or
both ovaries; or with capsule(s) ruptured; or with ascites containing malignant cells
or with positive peritoneal washings.

Stage Il Tumor involving one or both ovaries with peritoneal implants outside the pelvis and/or

positive retroperitoneal or inguinal nodes. Superficial liver metastasis equals Stage |Il.

Tumor is limited to the true pelvis but with histologically proven malignant extension to

small bowel or omentum.

A Tumor grossly limited to the true pelvis with negative nodes but with histologically
confirmed microscopic seeding of abdominal peritoneal surfaces.

llIB Tumor of one or both ovaries with histologically confirmed implants of abdominal
peritoneal surfaces, none exceeding 2 cm in diameter; nodes are negative.

IIC Abdominal implants greater than 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 cytological findings to allot a case to Stage IV.
Parenchymal liver metastasis equals Stage V.

older groups, with 5-year disease-specific survival rate estimates at 78.8%
versus 58.8% and 35.3%, respectively (P < .001). This survival difference among age
groups persists even after adjusting for race, stage, grade, and surgical treatment.
Reproductive-age (16 to 40 years) women with stage I-II epithelial ovarian cancer
who received uterine-sparing procedures had similar survival rates compared with
those who underwent standard surgery (93.3% versus 91.5%; P = .26).*® In another
national survey of ovarian carcinoma in patients less than 25 years of age, younger
patients appeared to have favorable stage and histologic grade. These factors, com-
bined with good performance status and optimal cytoreduction, resulted in improved
survival from cancer.”” Thigpen and associates™ reviewed 2123 patients enrolled in
six GOG trials and identified age, volume of residual disease, and performance status
as the three major prognostic factors affecting outcome in patients with ovarian
cancer. Age over 69 years exhibited poorer survival even after correcting for stage,
residual disease, and performance status.

Histology and Grade

Patients with mucinous, endometrioid, and mesonephric ovarian cancers have the
best prognosis, all with 5-year survival rates higher than 50%. On the other hand,
the serous papillary and anaplastic variant cancers are associated with much worse
prognoses, with 5-year survival rates of 34% and 29%, respectively.”’ Serous and
mucinous tumors of low malignant potential have excellent survival rates. When
comparing survival in patients with low malignant potential tumors of serous and
mucinous variety with survival in women with invasive carcinoma, the overall relative
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Figure 1-2. Survival rates for
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survival rates at 10 years for low malignant potential-serous tumors are 98% com-
pared with 31% for women with invasive serous cancers. For women with low
malignant potential-mucinous tumors, the 10-year survival rate was 95% compared
with 65% for women with mucinous carcinoma. For distant-stage disease, survival
rates were between 86% and 90%.* Histologic grade of tumor is an important prog-
nostic factor in early-stage disease. Patients with stage I disease with poorly differ-
entiated tumors have worse survival and need adjuvant therapy compared with
patients with well-differentiated tumors. The 5-year survival rates for women with
early-stage ovarian cancer (I and II) are 90%, 80%, and 75% for grades 1, 2, and 3,
respectively. For advanced ovarian cancer (stage III and IV), the reported 5-year
survival rates are 57%, 31%, and 28%, respectively.>

Residual Disease after Cytoreductive Surgery

The volume of residual disease after cytoreductive surgery has been strongly associ-
ated with survival. Optimal cytoreduction is defined as residual disease of less than
1 cm. The GOG reported 37- and 31-month median survival times for patients with
residual disease less than 1 cm and 1 to 2 cm, respectively. In an analysis of patients
presenting with stage IV disease median survival of optimally cytoreduced patients
was 38.4 months compared with 10.3 months for patients with suboptimal residual
disease.>® In a prospective study of 465 patients with stage IIIC ovarian cancer, Chi
and colleagues™ examined the significance of residual disease diameter on survival.
Their analysis revealed that median overall survival in relation to the five residual
disease categories was no gross residual—106 months; gross 0.5 cm or less—66
months; 0.6 to 1.0 cm—48 months; 1 to 2 cm—33 months; and more than 2 cm—34
months. Although the difference in survival did not reach statistical significance,
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Figure 1-3. Ovarian cancer: tumor debulking. (From Hoskins WJ, McGuire WP, Brady MF, et al: The effect of
diameter of largest residual disease on survival after primary cytoreductive surgery in patients with suboptimal
residual epithelial ovarian carcinoma. Am J Obstet Gynecol 170(4):974-979, 1994; discussion 979-980.)

within the gross 1 cm or less residual group, there was a trend toward improved
survival in patients with smaller-volume residual, that is, less than 0.5 cm compared
with 0.6 to 1.0 cm (P = .06). In patients with suboptimal debulking, the difference
in survival between those with less than 2 cm residual disease and those with more
than 2 cm residual disease has been reported to be significant, although no difference
in the risk of dying between groups was observed® (Fig. 1-3). A meta-analysis of
6885 patients with stage III or IV ovarian cancer showed a statistically significant
positive correlation between percent maximal cytoreduction and median survival
time after controlling for all other variables (P <.001). Each 10% increase in maximal
cytoreduction was associated with a 5.5% increase in median survival time. Cohorts
with less than 25% maximal cytoreduction had a median survival time of 22.7 months
compared with 33.9 months for cohorts with more than 75% cytoreduction®” (Table
1-6; see also Fig. 7-1).

CA-125

Serum levels of CA-125 loosely correlate with the volume of disease. Although there
is controversy regarding the value of CA-125 before surgery as a predictor of survival,
its role in assessment of treatment response is well established. Looking at the useful-
ness of the preoperative value of CA-125 in predicting optimal cytoreduction, it has
been shown that preoperative CA-125 values of less than 500 U/mL had a positive
predictive value for optimal cytoreduction of 82%, but a poor negative predictive
value of 48%.%® In another study, the sensitivity of this test in predicting optimal
cytoreduction was 58%, and the specificity was 54%.” CA-125 levels have been
shown to correlate with survival in patients receiving platinum-based chemotherapy.
In a study of patients with suboptimally debulked stage III and IV ovarian cancer,
the levels of this tumor marker 8 weeks after therapy was of significant prognostic
value. The median survivals for patients with a CA-125 level of less than 35 U/mL
compared with patients with a CA-125 level of more than 35 U/mL were 26 months
and 15 months, respectively. Furthermore, women with serum CA-125 values less
than 50% of their pretreatment concentration at 8 weeks experienced a median sur-
vival of 21 months compared with only 10 months for individuals with tumor marker
levels above 50% of their baseline value.*
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Table 1-6. Multiple Linear Regression Analysis

Change in Median
Survival Time

Variable % Increase 95% Cl or CL [?
Percent maximal cytoreduction 5.5 10% 3.3-7.8 <.001
Year of publication 2.8 1 year 0.9-4.6 .004
Platinum dose-intensity 0.8 10% -0.7, 2.3 911
Cumulative platinum dose 1.4 1U -1.9, 4.7 377
Percent stage IV disease -2.2 10% -8.5, 4.1 495
Median age -0.9 1 year -3.1,1.2 .371

Cl, confidence interval; CL, confidence limits.
From Bristow RE, Tomacruz RS, Armstrong DK, et al: Survival effect of maximal cytoreductive surgery for advanced ovarian
carcinoma during the platinum era: a meta-analysis. J Clin Oncol 20(5):1248-1259, 2002, Table 2.

The rate of decline in CA-125 during primary chemotherapy has been an impor-
tant independent prognostic factor in several multivariate analyses. Data suggest that
rapid normalization within 1 month of initiation of treatment is of major prognostic
significance. Persistent elevation of CA-125 at the time of a second-look surgical
surveillance procedure predicts residual disease with more than 95% specificity.
Rising CA-125 values have preceded clinical detection of recurrent disease by at least
3 months, but not in all studies. Rising CA-125 during subsequent chemotherapy has
been associated with progressive disease in more than 90% of cases.*’

Tumor Biology

Various biologic factors have been associated with prognostic significance in ovarian
cancer. The role of ploidy in predicting outcome in ovarian cancer remains contro-
versial. In many studies, diploid tumors have been associated with better survival
rates. Recurrence-free survival of patients with DNA-diploid primary ovarian cancer
was significantly better compared with that of patients with DNA-aneuploid tumors
in univariate analysis (47% versus 18%; P = .01). The tumor-dependent overall sur-
vival rate of patients with DNA-diploid tumors was 57% compared with 30% with
DNA-aneuploid tumors.®> Mutations of the p53 tumor suppressor genes have been
found in epithelial ovarian cancer, but the clinical significance of p53 overexpression
in ovarian carcinoma is uncertain. In univariate analysis, p53 overexpression was a
significant prognostic factor. However, in multivariate analysis, after adjustment for
stage and size of residual tumor following cytoreductive surgery, p53 overexpression
did not retain statistical significance. Survival curves for patients with different stages
and grades of tumor differentiation did not demonstrate a difference in survival
among patients with no p53 overexpression compared with those who demonstrated
any degree of p53 overexpression.® Overexpression of the HER2/neu proto-oncogene
occurs in 20% to 30% of ovarian epithelial cancers, in which it may be of prognostic
significance. The incidence of HER2/neu amplification in late-stage (III-IV, 77%) is
significantly higher than that in early-stage (I-II, 21%) invasive epithelial carcinoma
and is associated with a worse prognosis.®® However, use of trastuzumab targeting
the HER2/neu amplification has failed to show a benefit.®
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KEY POINTS

Ovarian carcinomas are heterogeneous and are primarily classified by cell type into serous,
mucinous, endometrioid, clear cell, and Brenner (transitional) tumors corresponding to different
types of epithelia. The tumors in each category are further subdivided into three groups—benign,
malignant, and intermediate—based on their clinical behavior.

Recent molecular genetic studies provide the basis for a more comprehensive model of ovarian
carcinogenesis, which proposes two main pathways of tumorigenesis, corresponding to the develop-
ment of type I and type II tumors.

Type I tumors (low-grade serous carcinoma) develop in a stepwise manner from well-accepted
precursors. They are slow-growing and often confined to the ovary at the time of diagnosis.
Type II tumors are clinically high-grade at presentation (high-grade serous carcinoma). They evolve
rapidly, metastasize early in their course, and are highly aggressive.

Type I tumors frequently exhibit BRAF/KRAS gene mutations and low cellular proliferation. They
usually have a gradual increase in cervical intraepithelial neoplasia (CIN) and are associated with
a relatively long S5-year survival rate (~55%).

Type II tumors have frequent p53 mutations, HLA-G expression, and high cellular proliferation.
They also show high cervical intraepithelial neoplasia and have a relatively short 5-year survival
rate (~30%).

Protein kinase inhibitors are a promising novel therapy for ovarian cancers especially in type II
tumors. It is interesting to see whether BRAF inhibitors and other MEK inhibitors can prolong
disease-free interval and overall survival in patients with advanced-stage of SBTs.

Introduction

Ovarian cancer is the most lethal gynecologic malignancy, and carcinoma is the most
common type of ovarian cancer. The pathogenesis of ovarian carcinoma is still
unclear, and one of the difficulties in studying ovarian cancer is the lack of a com-
prehensive tumor progression model. Ovarian carcinomas are heterogeneous and are
primarily classified by cell type into serous, mucinous, endometrioid, clear cell, and
Brenner (transitional) tumors corresponding to different types of epithelia in the
organs of the female reproductive tract.' The tumors in each of the categories are
further subdivided into three groups, benign, malignant, and intermediate (borderline
tumor or low-malignant-potential) based on their clinical behavior. It has been well
known that mucinous and endometrioid borderline tumors are often associated with
invasive carcinomas, but serous borderline tumors (SBTs) are rarely associated with
serous carcinomas.' The latter observation, as well as recent molecular genetic studies
showing a very different mutation frequency of p53 and KRAS/BRAF/ERBB2 in
serous carcinoma compared with serous borderline tumors, has led most investigators
to conclude that serous borderline tumors and serous carcinomas are biologically
unrelated.*® The uncertainty about the nature of the borderline tumor groups,
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reflected by the ambiguous term “borderline,” is a major shortcoming of the current
classification. Based on a review of recent clinical, histopathologic, and molecular
genetic findings, a research team has proposed a new carcinogenesis model that
reconciles the relation of borderline tumors to invasive carcinoma.

Clinical and Pathologic Observations Supporting the Dualistic
Ovarian Carcinogenesis Model

Comprehensive efforts have been made in analyzing histopathologic and clinical
features of a large number of noninvasive and invasive epithelial ovarian tumors to
delineate their pathogenesis and behavior."*'" One of the main conclusions from
these studies is the recognition of a subset of low-grade serous tumors designated
micropapillary serous carcinoma (MPSC), which displays characteristic histopatho-
logic features, low proliferative activity, and an indolent behavior that contrasts dra-
matically with the conventional type of serous carcinoma.*!' The term MPSC was
originally proposed by Dr. Kurman and colleagues to distinguish this tumor from the
more common noninvasive tumor, termed an atypical proliferative serous tumor,
both of which have been classified as borderline or low malignant potential tumor.”!!
Histologic transitions from adenofibromas and atypical proliferative serous tumors to
noninvasive MPSCs are observed and areas of infiltrative growth (stromal invasion)
immediately adjacent to the noninvasive component are found in a significant propor-
tion of cases.!” Subsequent studies have suggested that these invasive MPSCs are
synonymous with invasive low-grade serous carcinoma. The histopathologic findings
suggest a morphologic and biologic spectrum of tumor progression beginning from a
benign serous cystadenoma/adenofibroma through a proliferative tumor (atypical
proliferative serous tumor) to a noninvasive low-grade carcinoma (noninvasive
MPSC), and ending with an invasive low-grade serous carcinoma (invasive MPSC).

In contrast to conventional high-grade serous carcinoma that is a clinically aggres-
sive neoplasm, invasive low-grade serous carcinomas typically pursue a relatively
indolent course that may go on for years.'""'> Approximately 50% to 60% of patients
with invasive low-grade carcinomas ultimately succumb to their disease because of
widespread intra-abdominal carcinomatosis, but the tumor maintains its low-grade
appearance and low proliferative activity throughout its clinical course.'? Analyses
of mucinous, endometrioid, clear cell carcinomas, and malignant Brenner tumors
reveal that they are often associated with cystadenomas, borderline tumors, and
intraepithelial carcinomas.! Furthermore, it has been long recognized that endome-
trioid carcinoma and clear cell carcinoma are associated with endometriosis in the
ovary or pelvis in 15% to 50% of cases,'*'* leading researchers to propose that endo-
metriosis is a precursor of these tumors. In contrast, a high-grade serous carcinoma
is rarely associated with ovarian endometriosis.

A recent clinical study using serial transvaginal ultrasonography has demonstrated
that approximately 50% of ovarian carcinomas develop from preexisting cystic lesions,
whereas the remaining 50% develop in ovaries without apparent abnormality on
ultrasound.” The former group was composed mainly of mucinous, endometrioid,
and clear cell carcinomas, and borderline tumors, whereas the latter group was
composed almost exclusively of high-grade serous carcinomas.

A Proposed Model of Ovarian Carcinogenesis

Recent clinicopathologic and molecular genetic studies as previously discussed provide
the basis for a more comprehensive model of ovarian carcinogenesis, which proposes
that there are two main pathways of tumorigenesis, corresponding to the devel-
opment of type I and type II tumors (Tables 2-1 and 2-2 and Fig. 2-1). Note that
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Table 2-1. Precursors and Molecular Genetic Alterations of Type | Tumors of the Ovary

Precursors*

Known Molecular Genetic Alterations

Low-Grade Serous Carcinoma (Invasive MPSC)

Serous cystadenoma/adenofibroma
Intraepithelial carcinoma

Noninvasive MPSC
Mucinous Carcinoma
Mucinous cystadenoma

Atypical proliferative mucinous tumor

Intraepithelial carcinoma
Endometrioid Carcinoma
Endometriosis

Endometrioid adenofibroma
Atypical proliferative endometrioid tumor

Intraepithelial carcinoma
Clear Cell Carcinoma
Endometriosis

Clear cell adenofibroma
Atypical proliferative clear cell tumor

Intraepithelial carcinoma

Malignant Brenner (Transitional) Tumor
Brenner tumor

Atypical proliferative Brenner tumor

BRAF and KRAS mutations (~67%)

KRAS mutations (>60%)

LOH or mutations in PTEN (20%)
B-catenin gene mutations (16-54%)
KRAS mutations (4-5%)
Microsatellite instability (13-50%)

KRAS mutations (5-16%)
Microsatellite instability (13%)
TGF-B RIl mutation (66%)

Not yet identified

LOH, loss of heterozygosity; MPSC, micropapillary serous carcinoma, TGF, transforming growth factor.

*Atypical proliferative serous tumors and noninvasive MPSC have been termed "borderiine” tumors in the literature.

Similarly for mucinous, endometrioid, clear cell, and Brenner tumors, atypical proliferative tumor and intraepithelial carcinoma
have been combined and designated “borderline tumor” in the literature.

Table 2-2. Precursors and Molecular Genetic Alterations of Type Il Tumors* of the Ovary

Precursors

Known Molecular Genetic Alterations

High-Grade Serous Carcinoma
Not yet identified

Undifferentiated Carcinoma

Not yet identified

Malignant Mixed Mesodermal Tumor
(Carcinosarcomas)

Not yet identified

p53 mutations (50-80%)

Amplification and overexpression of HER2/neu
(10-20%) and AKT2 (12-18%)
Inactivation of p76 gene (10-17%)

Not yet identified

p53 mutations (>90%)

*Type Il tumors can contain neoplastic cells with clear cytoplasm and have sometimes been classified as “clear cell

carcinoma.”



- Chapter 2 Biology and Pathology of Ovarian Cancer

Type | pathway

Type Il pathway

Ovarian surface |
epithelium/inclusions

;l

Conventional high-grade

serous carcinoma

7
7

Figure 2-1. A simplified diagram
of types | and Il ovarian epithelial
cancers. CIN, cervical
intraepithelial neoplasia; MPSC,
micropapillary serous carcinoma;
SBT, serous borderline tumor.
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type I and type II tumors describe pathways of tumorigenesis and are not specific
histopathologic terms. Thus, they are not designed to replace the conventional
terminology in pathology reports. Rather, the proposed model provides another view
to classify ovarian epithelial tumors that may have clinical or translational implications
in studying ovarian cancer.

Type | Tumors

Type 1 ovarian tumors (low-grade serous carcinoma, mucinous carcinoma, endome-
trioid carcinoma, malignant Brenner tumor, and clear cell carcinoma) develop in a
stepwise manner from well-accepted precursors, namely, borderline tumors that in
turn develop from cystadenomas/adenofibromas* (see Table 2-1 and Fig. 2-1). Serous
and mucinous tumors appear to develop from the surface inclusion cysts or cystade-
nomas, whereas endometrioid and clear cell tumors develop from endometriosis or
endometriomas. Type I tumors are slow-growing, large, and often confined to the
ovary at the time of diagnosis.

Type 1l Tumors

Type II ovarian tumors are clinically high grade at presentation and include the
morphologically defined entities such as high-grade serous carcinoma (moderately
and poorly differentiated), malignant mixed mesodermal tumors (carcinosarcomas),
and undifferentiated carcinomas (see Table 2-2). In addition, it is likely that some
rare high-grade endometrioid and clear cell carcinoma should also be included in this
group. Although malignant mixed mesodermal tumors were once thought to be
mixed tumors composed of carcinoma and sarcoma, recent studies have demon-
strated that they are monoclonal.'®!” These tumors are now accordingly regarded as
high-grade carcinomas with metaplastic sarcomatous elements. Type II carcinomas
have been proposed to develop de novo from the surface epithelium or inclusion
cysts of the ovary®; they are rarely associated with morphologically recognizable
precursor lesions. They evolve rapidly, metastasize early in their course, and are
highly aggressive (Figs. 2-2 and 2-3). It is likely that the apparent de novo conven-
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Figure 2-2. High-grade ovarian serous
carcinoma involving the omentum.
High-grade serous carcinoma has a strong
tendency to involve the omentum, forming a
“caking” appearance. The omentum was bread-
loafed to reveal the solid tumor mass.

Figure 2-3. High-grade ovarian cancer cells
obtained from ascites. Tumor cells in the
peritoneal fluid form ball-like clusters.

tional high-grade serous carcinoma does develop in a stepwise manner, but precursor
lesions have not yet been elucidated molecularly or morphologically. Presumably, this
is because of rapid transit from inception as a microscopic carcinoma to a clinically
diagnosed neoplasm. Thus, the window to detect the precursor lesions appears to be
very small.

This dualistic model is the first step in an attempt to elucidate the molecular
pathogenesis of ovarian carcinoma, but it should not be construed as implying that
all ovarian carcinomas follow the proposed pathways of tumorigenesis. In fact, Dehari
and colleagues'® have demonstrated that in rare cases, a high-grade serous carcinoma
is associated with either an invasive low-grade carcinoma or a serous borderline
tumor. Mutational analysis of KRAS and BRAF in both low-grade/borderline com-
ponent and high-grade component from the same cases shows that both areas share
the same mutations in all informative cases. This finding strongly indicates that both
low-grade carcinoma/borderline tumors and high-grade carcinomas are genetically
related and suggests that a subset of high-grade carcinomas may likely arise from a
preexisting low-grade carcinoma or a borderline tumor.'
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Molecular Evidence Supporting the Ovarian Carcinogenesis Model

Since serous carcinoma is the most common type of ovarian carcinoma, low-grade
and high-grade serous carcinomas serve as the prototypes of type I and type II carci-
nomas, respectively (Table 2-3). Accordingly, the molecular genetic data supporting
the dualistic model are derived mainly from studies of serous carcinoma.

Mutation of BRAF and KRAS

Several unique molecular changes characterize low-grade and high-grade serous car-
cinomas (Table 2-4 and Fig. 2-4). Among them, the most significant molecular
genetic alterations are mutations in BRAF and KRAS oncogenes. The RAS, RAF,
MEK, ERK, and MAP cascade is important for the transmission of growth signals

Table 2-3. Summary of Clinicopathologic Features of the Prototypic
Type | and Type Il Tumors

Type I: Low-Grade Serous Carcinoma

Type II: High-Grade Serous Carcinoma

Frequency

25% of serous carcinomas*
Histologic Feature
Micropapillary architecture
Low-grade nuclei

Low mitotic index

Precursor Lesions

Serous cystadenoma

Serous atypical proliferative (borderline) tumor

Clinical Behavior
Indolent; slow progression 5-year survival 55%"

Response to Chemotherapy
Poor

~75% of serous carcinomas*®

Solid nests and masses
High-grade nuclei

High mitotic index
Not known
Probably from ovarian surface epithelium

or inclusion cysts (de novo)

Aggressive; rapid progression; 5-year
survival ~30%"

Good, although recurrence is common

*Based on a survey at the Johns Hopkins University Hospital. Most patients eventually die from the disease.

TAdvanced-stage tumors.

Table 2-4. Summary of Molecular Features of Prototypic Type | and Type Il Tumors

Type I: Low-Grade
Serous Carcinoma

Type II: High-Grade
Serous Carcinoma

KRAS mutations 35%
BRAF mutations 30%
BRAF or KRAS mutations 65%
TP53 mutations 0%
HLA-G expression 0%
Proliferation (Ki-67) index 10-15%

0%
0%
0%
50-80%
61%
>50%
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Figure 2-4. The main molecular genetic changes involved in different types of ovarian epithelial

cancer.

Several pathways have been known to be abnormal in ovarian cancer including p53, MAPK,

cadherin/B-catenin, PISCA/AKT, and cyclin E pathways. High-grade serous carcinoma (HGSCA) is
characterized by very high frequency of mutations in p53, amplifications in cyclin E, AKT, and PI3CA
loci. Low-grade serous carcinoma (LGSCA) harbor activating mutations in KRAS, BRAF, or ERRB2.
Endometrioid carcinoma (EMCA) contains mutations in B-catenin and PTEN. Although the molecular
genetic changes in clear cell carcinoma (CCCA) have not been extensively studied, mutations in PI3CA
have been detected in approximately 20% of cases. Mucinous carcinoma (MCA) is characterized by

mutations in KRAS in most cases.

into the nucleus.!” Oncogenic (activating) mutations in BRAF and KRAS result in
constitutive activation of this pathway and contribute to neoplastic transformation.
Recent studies have demonstrated that KRAS mutations at codons 12 and 13 occur
in approximately one third of low-grade serous carcinomas (invasive MPSCs) and
one third of borderline tumors (atypical proliferative tumor and noninvasive MPSC)
but not in high-grade serous carcinomas.*?* Similarly, BRAF mutations at codon
600 occur in 30% of low-grade serous carcinomas and 28% of borderline tumors but
not in high-grade serous carcinomas.?” Mutations in BRAF and KRAS, therefore, were
found in about two thirds of low-grade invasive serous carcinomas and atypical pro-
liferative tumors and in noninvasive MPSCs, their putative precursors, but neither
of the genes was mutated in high-grade serous carcinomas. It is interesting that BRAF
mutations were found only in tumors with wild-type KRAS.?’ The mutually exclusive
nature of BRAF mutations and KRAS mutations in ovarian carcinoma is consistent

with similar findings in melanoma and colorectal carcinoma

2122 and lends support

for the view that BRAF and KRAS mutations may have an equivalent effect on
tumorigenesis. Since mutations of BRAF and KRAS can be detected in small atypical
proliferative serous tumors but not in serous cystadenomas,? they seem to occur
very early in the development of low-grade serous carcinoma. These data provide
cogent evidence that the development of conventional high-grade serous carcinomas
involves molecular mechanisms not related to mutations in BRAF and RAS.



- Chapter 2 Biology and Pathology of Ovarian Cancer

DNA damage
Cell-cycle abnormalities
Hypoxia, viral infection
Oncogene activation

MAPK family and
checkpoint kinases

Cell-cycle arrest (Tp21WAF1)

DNA repair (TGadd45)
y

| Cell cycle restart a ! -
(meme 55} L Acive s2) onome
Apoptosis and cellular "

senescence
(TBax, IGF-BP3, miR-34)

p53 degradation by
proteasome
Ubiquitination pathway

Death and elimination
of damaged cells

Figure 2-5. p53 signaling pathway. The p53 tumor suppressor is the most commonly mutated
gene in human cancer. In a normal cell, p53 is inactivated by its negative regulator, mdm2. Upon DNA
damage or other stress, various pathways lead to the dissociation of the p53 and mdm2 complex. The
stable p53 protein is activated by phosphorylation, dephosphorylation, and acetylation, yielding a
potent sequence-specific DNA-binding transcription factor. Once activated, p53 either induces a cell-
cycle arrest to allow repair and survival of the cell or apoptosis to discard the damaged cell. The wide
range of the biological effects of p53 can in part be explained by its activation of expression of a
number of target genes including p271WAFI, GADD45, 14-3-3 sigma, bax, Fas/APO1, KILLER/DRS,
PIG3, Tsp1, IGF-BP3, and others.

Mutation of p53

The p53 tumor suppressor gene is the most commonly mutated gene in human cancer
(Fig. 2-5). In contrast to low-grade serous carcinoma in which mutations in p53 are
rare, mutations in p53 are common in high-grade serous carcinomas. Many studies
have shown that 50% to 80% of advanced stage high-grade serous carcinomas have
mutant p53.%*2 It has also been reported that mutant p53 is present in 37% of stage
I and II presumably high-grade serous carcinomas.?” Overexpression of p53 and muta-
tion of p53 were found in all early invasive high-grade serous carcinomas as well as
in the adjacent dysplastic surface epithelium, in a study of very early microscopic
stage I serous carcinomas in ovaries removed prophylactically from women who were
BRCA heterozygotes.™ It is likely that inherited mutations in BRCA genes predispose
the peritoneal surface epithelium, ovarian surface inclusion cysts, and epithelial cells
of the fimbriae ends of fallopian tubes to neoplastic transformation through an
increase in genetic instability. Thus, it is conceivable that conventional high-grade
serous carcinoma in its very earliest stage resembles advanced-stage serous carcinoma
at a molecular as well as a morphologic level. Similar to high-grade serous carcinoma,
most malignant mixed mesodermal tumors (carcinosarcomas) also demonstrate p53
mutations.’' ™ It has been reported that the same p53 mutations occur in the epi-
thelial and mesenchymal components.?! Moreover, the fact that pure carcinomatous
areas are often associated with sarcomatous components suggests a common deriva-
tion of both epithelial and mesenchymal components in these neoplasms.** The
finding that metastases from these tumors nearly always are composed exclusively
of carcinoma has led investigators to suggest that malignant mixed mesodermal
tumors are metaplastic carcinomas.
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Overexpression of Human Leukocyte Antigen G

Besides molecular genetic alterations, both low-grade and high-grade serous car-
cinomas are characterized by distinct gene expression profiles. For example,
transcriptome-wide gene expression profiling has demonstrated that human leuko-
cyte antigen-G (HLA-G) is overexpressed in many high-grade serous carcinomas but
rarely in low-grade serous carcinomas. HLA-G immunoreactivity, ranging from focal
to diffuse, was detected in most high-grade ovarian serous carcinomas but not in any
low-grade serous carcinomas or serous borderline tumors (atypical proliferative serous
tumors ) and noninvasive low-grade serous carcinomas).* A similar correlation of
HLA-G expression with behavior has been observed in large cell carcinomas.®
A possible mechanism that explains the association of HLA-G expression with high-
grade serous carcinomas is that HLA-G seems to facilitate tumor cell evasion of

the immune system by protecting malignant cells from being attacked by immune
cells.*’

Overexpression of Apolipoprotein E

Based on serial analysis of gene expression(SAGE), investigators have found apolip-
rotein E (ApoE) overexpression in ovarian carcinoma. Besides the well-known role
of ApoE in cholesterol transport and in the pathogenesis of atherosclerogenesis and
Alzheimer’s disease, ApoE may play a novel role in the development of human cancer.
ApoE immunoreactivity has been detected in 66% of high-grade but only 12% of
low-grade ovarian serous carcinomas, and not in normal ovarian surface epithelium,
serous cystadenomas, serous borderline tumors, or other type I tumors.*® Hence,
expression of ApoE is primarily associated with the type II high-grade serous carci-
nomas. Inhibition of ApoE expression in vitro induces cell-cycle arrest and apoptosis
in ApoE-expressing ovarian cancer cells, suggesting that ApoE expression is important
for their growth and survival.

Allelic Imbalance and Chromosomal Instability

A progressive increase in the degree of allelic imbalance (calculated as the number
of SNP markers with allelic imbalance/total SNP markers examined) of chromo-
somes 1p, 5q, 8p, 18q, 22q, and Xp was noted when comparing atypical proliferative
tumors with noninvasive MPSCs and low-grade serous carcinomas (invasive MPSCs).*
In particular, allelic imbalance of chromosome 5q was more frequently observed in
noninvasive MPSCs compared with atypical proliferative tumors. Moreover, allelic
imbalance of chromosome 1p, which harbors tumor suppressor genes, including
MYCLI and NOERY/ARH1, was more frequently found in low-grade serous carci-
noma (invasive MPSC) compared with noninvasive MPSCs. The allelic imbalance
patterns in atypical proliferative tumors were also found in noninvasive MPSCs con-
taining adjacent atypical proliferative tumor components, further supporting the view
that atypical proliferative tumors are the precursors of MPSCs. On the contrary, all
high-grade serous carcinomas including the very earliest tumors (less than 8 mm
confined to one ovary) showed high levels of allelic imbalance. Since allelic imbalance
reflects chromosomal instability (changes in DNA copy number), the previous find-
ings suggest a stepwise increase in chromosomal instability in the progression to
low-grade serous carcinoma in contrast to a high level of chromosomal instability in
high-grade serous carcinoma, even in their earliest stage of development. Microsatel-
lite instability also reflects the genetic instability in tumor cells. Microsatellite insta-
bility has been studied in serous borderline tumors using 69 microsatellite markers.*’
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Similar to high-grade serous carcinoma in which frequency of microsatellite instabil-
ity is rare, " serous borderline tumors showed no evidence of microsatellite instability.
Thus, microsatellite instability is not a likely hallmark of ovarian carcinoma.

Molecular Alterations in Other Nonserous Types of Ovarian Carcinomas

The stepwise progression of borderline tumors (atypical proliferative tumor and
noninvasive MPSC) to the low-grade serous carcinoma (invasive MPSC) closely
approximates the adenoma-carcinoma sequence in colorectal carcinoma. This
tumor progression model is also applicable to other type I carcinomas, specifically
mucinous and endometrioid carcinoma. Accordingly, these mucinous and endome-
trioid borderline tumors have been thought to represent an intermediate stage in
the stepwise progression to mucinous and endometrioid carcinoma, respectively

(Table 2-5).

Mucinous Carcinoma

Morphologic transitions from mucinous cystadenoma to mucinous atypical prolifera-
tive tumor (borderline tumor), to mucinous intraepithelial carcinoma and invasive
mucinous carcinoma have been recognized for some time, and an increasing fre-
quency of KRAS mutations at codons 12 and 13 has been described in every stage
of tumor progression.”*'~** In addition, the same KRAS mutation has been detected
in mucinous carcinoma and in the adjacent mucinous cystadenoma and borderline

Table 2-5. Ovarian Borderline Tumors and Associated Molecular Genetic Changes
in Tumor Progression

Summary of Major Molecular
Genetic Alterations Precursor Lesions Progression

Serous Borderline Tumor

BRAF and KRAS mutations (67 %) Serous cystadenoma/ Invasive low-grade serous
adenofibroma carcinoma

Mucinous Borderline Tumor

KRAS mutations (>60%) Mucinous cystadenoma Intraepithelial carcinoma then to
invasive mucinous carcinoma

Endometrioid Borderline Tumor

LOH or mutations in PTEN (20%) Endometriosis/ Intraepithelial carcinoma then to
endometrioid invasive endometrioid
carcinoma

-catenin gene mutations (50%)
Microsatellite instability (13-50%)

Clear Cell Borderline Tumor

KRAS mutations (5-16%) Endometriosis/clear cell Intraepithelial carcinoma then to
adenofibroma invasive clear cell carcinoma

Microsatellite instability (13%)

Brenner (Transitional Type)

Borderline Tumor

Not yet identified Brenner tumor Malignant Brenner (transitional
cell) carcinoma

LOH, loss of heterozygosity.
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tumor.*' In contrast to serous borderline tumor and serous low-grade carcinoma,
BRAF mutations are extremely rare in ovarian mucinous tumors. Other than KRAS
mutations, molecular genetic changes, including microsatellite instability, have rarely
been reported in mucinous borderline tumors.*

Endometrioid Carcinoma

Mutation of B-catenin has been reported in approximately one third of cases,**® and
mutation of PTEN in 20%, rising to 46% in tumors with 10q23 loss of heterozygos-
ity.” These mutations are generally detected in well-differentiated stage I tumors
with a favorable prognosis, suggesting that inactivation of these genes is an early
event. Moreover, similar molecular genetic alterations, including loss of heterozygos-
ity at 10923 and mutations in PTEN, have been reported in endometriosis, atypical
endometriosis, and ovarian endometrioid carcinoma in the same specimen.®>?
The molecular genetic findings together with the morphologic data showing a
frequent association of endometriosis with endometrioid adenofibromas, atypical
proliferative (borderline) tumors, adjacent to invasive well-differentiated endometri-
oid carcinoma, suggest a stepwise tumor progression toward the development of
endometrioid carcinoma.

A previous study shows that mouse model expressing oncogenic KRAS or condi-
tional PTEN deletion within the ovarian surface epithelium gave rise to preneoplastic
ovarian lesions similar to endometriosis and in some mice to endometrioid carcino-
mas.”® More recently, Dr. Cho’s research team has further generated new transgenic
mice that conditionally express mutant PTEN and B-catenin. Upon induction of the
mutations, all mice develop endometrioid carcinomas.>* Hence, B-catenin and PTEN
mutations play an important role in the development of endometrioid carcinoma of
the ovary.

Clear Cell Carcinoma

Clear cell carcinoma is also frequently associated with endometriosis, clear cell ade-
nofibromas, and clear cell atypical proliferative (borderline) tumors, but molecular
evidence for the stepwise progression model is still lacking. Recently, hepatocyte
nuclear factor-1B and glutathione peroxidase 3 have been reported as molecular
markers for ovarian clear cell carcinoma because both genes are highly expressed in
ovarian clear cell carcinomas but rarely in other ovarian carcinomas.>>*® Transforming
growth factor-f receptor type II has been found to be mutated in the kinase domain
in two of three clear cell carcinomas but rarely in other histologic types of ovarian
carcinomas.”’ Microsatellite instability is present in endometrioid and clear cell
carcinoma but is only rarely detected in serous and mucinous tumors.”®** These
findings provide further evidence that endometrioid and clear cell carcinoma may
have a common precursor lesion.

Future Study of Kinase Inhibitors in Treating Ovarian Cancer

Protein kinases are the largest superfamily of conserved genes in the genome, and
many of the family members are implicated in human cancer development. The
kinase genes participate in numerous and diverse signaling pathways affecting cellular
growth, differentiation, adhesion, motility and survival—all key characteristics of
tumorigenesis. Essentially, all structural changes in protein kinases that lead to
neoplastic transformation appear to deregulate (constitutively activate) protein
kinase activity, providing an attractive target for therapeutic intervention (Table 2-6).
For example, therapeutic molecules or proteins have been designed to aim directly
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Table 2-6. List of Kinase Genes That Are Promising as Therapeutic Targets for
Cancer and Their Small Molecule Inhibitors

No. Official Symbol Gene Name Inhibitor
1 AKT v-akt murine thymoma viral Naltrindole hydrochloride
oncogene homolog
2 AURKA Aurora Kinase A VX-680
3 AURKB Aurora Kinase B VX-680
4  AMPK AMP-activated protein kinase Dorsomorphin dihydrochloride
5 CKI Casein kinase | D4476
6 CKil Casein kinase |l DMAT
7 CHK1 Checkpoint kinase | AZD7762
8 CHK2 Checkpoint kinase I AZD7762
9 CDK2 Cyclin-dependent kinase 2 Seliciclib (CYC202, R-roscovitine)
10 CDK7 Cyclin-dependent kinase 7 Seliciclib (CYC202, R-roscovitine)
11 CDK9 Cyclin-dependent kinase 9 Seliciclib (CYC202, R-roscovitine)
12 DNAPK DNA-dependent protein NU7441
kinase
13 GSKBA Glycogen synthase kinase 3 BIO (2'Z,3’E)-6-Bromoindirubin-3’-oxime
alpha
14 GSK3B Glycogen synthase kinase 3 BIO (2'Z,3’E)-6-Bromoindirubin-3’-oxime
beta
15 JUNK1 c-Jun N-terminal kinase 1 SP600125
16 JNK2 c-Jun N-terminal kinase 2 SP600125
17 UNK3 c-Jun N-terminal kinase 3 SP600125
18 ERK1 Extracellular signal-regulated PD98059
kinase 1
19 ERK2 Extracellular signal-regulated PD98059
kinase 2
20 p38 MAPK p38 Mitogen-activated protein SB203580
kinase
21  MEK1 Mitogen-activated protein uo126
kinase kinase 1
22 MEK2 Mitogen-activated protein uo126
kinase kinase 2
23 PI3K Phosphatidylinositol 3-kinase LY294002
24 PKA Protein kinase A, cCAMP- H89 dihydrochloride
dependent protein kinase
25 PKC, Protein kinase C Go6976
alpha-isozyme
26 PKGg, Protein kinase C LY379196
beta 1-isozyme
27 PKCg, Protein kinase C LY379196
beta 2-isozyme
28 PKCs Protein kinase C Rottlerin

delta-isozyme
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Table 2-6. List of Kinase Genes That Are Promising as Therapeutic Targets for
Cancer and Their Small Molecule Inhibitors—cont’d

No. Official Symbol Gene Name Inhibitor

29 PKGC. Protein kinase C GF 109203X (Bisindolylmaleimide )
epsilon-isozyme

30 PKGl, cGMP-dependent protein Rp-8-pCPT-cGMPS, TEA
kinase type | alpha

31 PKGlg cGMP-dependent protein Rp-8-pCPT-cGMPS, TEA
kinase type | beta

32 PKGIl cGMP-dependent protein Rp-8-pCPT-cGMPS, TEA
kinase type I

33 Plki Polo-like kinase 1 Bl 2536

34 PDGFR, Platelet-derived growth factor Gleevec (imatinib)*
receptor alpha

35 BCR-ABL BCR-ABL kinase Gleevec (imatinib)*

36 c-Kit v-kit Hardy-Zuckerman 4 feline Sutent (sunitinib)*
sarcoma viral oncogene
homolog

37 SRC v-src sarcoma (Schmidt- Sprycel (dasatinib)*
Ruppin A-2) viral oncogene
homolog (avian)

38 EPHA2 Ephrin receptor A2 Sprycel (dasatinib)*

39 EGFR Epidermal growth factor Iressa (gefitinib)*
receptor

40 ERBB2 v-erb-b2 erythroblastic Tykerb (lapatinib)*
leukemia viral oncogene
homolog 2

41 VEGFR1 Vascular endothelial growth Recentin (Cediranib)
factor receptor 1

42 VEGFR2 Vascular endothelial growth Recentin (Cediranib)
factor receptor 2

43 VEGFR3 Vascular endothelial growth Recentin (Cediranib)
factor receptor 3

44  RET ret proto-oncogene Zactima (vandetanib)’

45 IGF1R Insulin-like growth factor 1 0OSI-906
receptor

46 JAK2 Janus-activated kinase 2 Lestaurtinib (CEP-701)

47  JAKS Janus-activated kinase 3 CP-690550

48 STAT3 Signal transducers and Cucurbitacin | (JSI-124)
activators of transcription 3

49 STAT5 Signal transducers and Lestaurtinib (CEP-701)
activators of transcription 5

50 FGFR1 Fibroblast growth factor SU5402
receptor 1

51 FGFR2 Fibroblast growth factor PD173074
receptor 2

52 Lck Lymphocyte-specific protein Emodin

tyrosine kinase, p56

Table continued
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Table 2-6. List of Kinase Genes That Are Promising as Therapeutic Targets for
Cancer and Their Small Molecule Inhibitors—cont’'d

No. Official Symbol Gene Name Inhibitor
53 c-Met Met proto-oncogene ARQ 197
(hepatocyte growth factor
receptor)
54 SYK Spleen tyrosine kinase
55 TGFBR1 Transforming growth factor 3

type | receptor

56 TrkA Neurotrophic tyrosine kinase,
receptor, type 1

57 c-Raf v-raf-1 murine leukemia viral
oncogene homolog 1

58 B-Raf v-raf murine sarcoma viral
oncogene homolog B1

59 ROCK1 Rho-associated, coiled-coil
containing protein kinase 1

60 ROCK2 Rho-associated, coiled-coil

containing protein kinase 2

61 SK Sphingosine kinase

GW 441756

Sorafenib (BAY43-9006)*

Sorafenib (BAY43-9006)*

Fasudil

Fasudil

Dimethylsphingosine (DMS)

*FDA-approved anti-cancer drugs.
TFDA fast track designation received.

at inhibiting protein kinase activity such as STIS71 (Gleevec), an ATP-binding com-
petitive inhibitor that is a potent inhibitor of the BCR-Abl and c-KIT tyrosine kinases.
Gleevec is now used to treat chronic myelogenous leukemia and gastrointestinal
stromal tumors with promising antitumor effect.”® A number of other protein
kinase inhibitors are in clinical trials for a variety of malignancies and other diseases
(see Table 2-6). In most serous borderline tumors and low-grade serous carcinomas
of the ovary, there is constitutive activation of the MAPK signaling pathway owing
to frequent mutations in the KRAS and BRAF genes, the upstream regulators of
MAPK. Accordingly, it is interesting to test whether BRAF inhibitors and other MEK
inhibitors can prolong disease-free interval and overall survival in patients with
advanced-stage serous borderline tumors. Further identification and characterization
of the panoply of molecular changes associated with ovarian carcinogenesis will facili-
tate development of diagnostic tests for early detection of ovarian cancer and for the
development of novel therapies aimed at blocking key growth-signaling pathways.
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KEY POINTS

Most hereditary cancer predisposition syndromes are inherited in an autosomal dominant
pattern.

Although most families with a history suggestive of hereditary ovarian cancer do not have a cur-
rently recognizable syndrome, a significant proportion is due to one of two known syndromes,
hereditary breast and ovarian cancer (HBOC) or hereditary nonpolyposis colorectal cancer
(HNPCQ).

Features suggestive of HBOC include premenopausal breast cancer, ovarian cancer, and male breast
cancer. Families with a significant history of young-onset colorectal or endometrial cancer are sug-
gestive of HNPCC.

BRCAI and BRCA2 are two genes responsible for HBOC, and they appear to function as tumor
suppressor genes.

Mutations in BRCAI and BRCA2 have a high penetrance, conferring a lifetime risk of ovarian
cancer of between 20% and 65%. As with breast cancer, BRCAI mutations are associated with a
higher risk of ovarian and primary peritoneal cancer and earlier age of onset compared with BRCA2
mutations.

The precise factors dictating which mutation carriers will develop cancer are unknown and are
thought to depend on both genetic and environmental risk modifiers.

Genetic testing for BRCAI and BRCA2 is clinically available; for most families this involves full
sequencing of both genes.

Four genes have been associated with HNPCC thus far, and clinical genetic testing is available for
all of these genes.

Interventions in women who carry BRCAI, BRCA2, or HNPCC mutations include intensive cancer
screening, chemoprevention, and prophylactic surgery. In BRCAI and BRCA2 mutation carriers,
prophylactic bilateral salpingo-oophorectomy has been shown to reduce the risk of ovarian cancer
by 80% to 90% when compared with gynecologic surveillance to detect early-stage ovarian cancer.
In the United States, bilateral salpingo-oophorectomy is considered the standard of care.
Although the predominant feature of HNPCC is an increased risk of colorectal cancer—and to a
lesser extent endometrial cancer—it is often forgotten that this syndrome is also associated with
a 10% lifetime risk of ovarian cancer.

Patients whose personal or family history is suggestive of HBOC or HNPCC should be referred
for genetic counseling and discussion of screening and preventive strategies.

DNA banking by women with ovarian cancer that is not explained by current genetic technology
is also an option that should be discussed and undertaken by some families.

Introduction

Although most ovarian cancers are sporadic and are likely due to the combination of
genetic and environmental factors, an estimated 5% to 10% of ovarian cancers are
“hereditary,” meaning that they are primarily attributable to mutations in a specific
gene. At present, the majority of hereditary ovarian cancers can be linked to two
currently known syndromes: hereditary breast and ovarian cancer (HBOC) and
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Figure 3-1. Causes of hereditary susceptibility to ovarian cancer. (From ASCO Curriculum: Cancer
Genetics and Cancer Predisposition Testing, 2nd ed, 2004, Slide 6-32.)

hereditary nonpolyposis colorectal cancer (HNPCC)'? (Fig. 3-1). HBOC syndrome
is primarily associated with an increased risk of breast cancer, whereas HNPCC is
associated with an increased risk of colorectal cancer.

Recognizing hereditary ovarian cancer not only is an academic exercise but it can
be helpful to families for several reasons. For a woman with ovarian cancer, the
identification of a mutation can help explain her cancer, as well as predict her risk
for other related cancers. For a woman with no personal history of cancer, but with
a strong family history of ovarian cancer, it can better help to define her risk of
ovarian and other related cancers, enabling consideration of more specific screening
and risk reduction options. In both cases, such genetic information can also be useful
when assessing risk to family members, particularly children, siblings, and parents.
Knowledge of a woman’s cancer risk can be used to guide both screening and risk-
reduction strategies. Such information may also decrease anxiety, since a woman’s
perceived risk of developing cancer is often much higher than her actual risk.

The overall goal of cancer risk assessment is twofold: (1) to target high-risk groups
with more aggressive screening and risk-reduction strategies so as to increase their
overall survival and (2) to minimize overtreatment and its associated complications
in low-risk groups.

Genetics Review
Autosomal Dominant Inheritance

Most hereditary cancer predisposition syndromes are inherited in an autosomal
dominant pattern (Fig. 3-2). Humans have 46 chromosomes, arranged into 23 pairs.
The first 22 pairs are called autosomes and are present in both males and females.
The 23rd pair comprises the sex chromosomes, with females having two X chromo-
somes, and males having one X and one Y chromosome. The genes for most currently
recognized hereditary cancer syndromes are located on the autosomes, meaning that
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Figure 3-2. Autosomal dominant inheritance. (From ASCO Curriculum: Cancer Genetics and Cancer
Predisposition Testing, 2nd ed, 2004, Slide 1-40.)

rather than being sex-linked, they can be inherited and transmitted by both males
and females. For this reason, it is important to consider both maternal and paternal
family history when assessing cancer risk.

When a parent has a mutation in a hereditary cancer gene, he or she has one copy
of the gene with the mutation and one copy without it. Each offspring of that indi-
vidual inherits one copy of the parent’s gene and thus a 50% chance of inheriting the
copy with the mutation and a 50% chance of inheriting the copy without the muta-
tion. A child of a mutation carrier who inherits the mutation can pass it on to future
children. However, members of a family who are shown not to have a mutation
previously identified in another relative cannot pass it to their offspring.

Hereditary Ovarian Cancer Syndromes
Hereditary Breast and Ovarian Cancer

BRCAI and BRCA?Z are two genes initially discovered by studying families strongly
suggestive of hereditary breast cancer. Thus, they are named breast cancer susceptibil-
ity gene 1 (BRCAI) and breast cancer susceptibility gene 2 (BRCAZ2). Several hundred
mutations have been reported in BRCAI and BRCA2 since their identification.?

Functions of BRCA Genes

The BRCAI and BRCA?Z genes are known to be involved, both separately and coor-
dinately, in DNA double-strand break repair. These breaks can occur in response to
ionizing radiation or DNA cross-linking agents such as cisplatin, a chemotherapeutic
agent. Repair occurs through homologous recombination, by which homologous,
undamaged DNA strands are invaded by a damaged single-stranded DNA. Homolo-
gous sequences are then paired, resulting in an undamaged double-stranded DNA
molecule. The double-stranded break repair pathway is complex and involves numer-
ous other genes in addition to BRCAI and BRCA2.

BRCA genes are considered to act as tumor suppressor genes, because an inherited
deleterious mutation in one allele represents the first “hit” in Knudsen’s two-hit
hypothesis of tumorigenesis.

If the second allele loses its function within a cell (through accumulation of
damage), cancer can develop owing to the inability of the cell to repair acquired
abnormalities. Precisely why BRCAI and BRCA?2 predispose specifically to breast
and ovarian cancer is currently under investigation.

In light of these roles for BRCAI and BRCAZ2, it is interesting to note that women
with BRCA-related ovarian cancer have a better response to cisplatin-based regimens
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than those with sporadic ovarian cancer.* Cisplatin generates a highly reactive species
after intracellular aquation. This species binds to DNA, causing intrastrand crosslinks
primarily between adjacent guanines in the DNA helix major groove. Among other
cytotoxic effects, it is believed that the cisplatin-induced adducts may induce the
mismatch repair (MMR) complex to produce single-strand DNA breaks, resulting in
cytotoxicity and cell death.’

For genetic testing of BRCAI and BRCA2 to be useful to families at high risk for
a mutation in these genes, it is necessary to have accurate assessments of their preva-
lence (i.e., how common the mutations are in a particular population) and penetrance
(i-e., the likelihood of mutation carriers developing cancer). Although thought to be
responsible for most familial ovarian cancers,’ mutations in these two genes are gen-
erally rare. Estimations of mutation prevalence in the general population range from
approximately 0.1% to 0.76% (1/1000 to 1/132).”” However, in women of Ashke-
nazi Jewish (Eastern European) descent, approximately 2.5% (1/40) are believed to
be mutation carriers."’

BRCAI and BRCA2 mutations have a high penetrance. The lifetime risk of inva-
sive breast cancer with a BRCAI or BRCA2 mutation ranges from approximately
36% to 85%, depending on the study methodology.''”'* Original data were primarily
based on highly selected families, such as those used for positional cloning of the
genes. In these families, the estimated lifetime risk of breast cancer was over 80%;
in BRCAI carriers, the lifetime risk for ovarian cancer was between 40% and 65%,
and for BRCA2 carriers, 20%.'>'° Later studies have used case-based ascertainment
and, to a lesser extent, population-based data. Population-based designs to ascertain
penetrance are usually performed on specific subpopulations (such as Ashkenazi
Jews) known to harbor a high incidence of founder mutations to obtain an adequate
number of carriers. One study of the Ashkenazim showed a 56% lifetime risk (to age
70 years) for breast cancer, and a 16% lifetime risk of ovarian cancer but did not
distinguish between BRCAI and BRCA2.'° By comparison, case-based ascertainment
usually yields higher penetrance estimates, with 69% and 74% lifetime risk of breast
cancer, and 54% and 23% risk of ovarian cancer in Ashkenazi Jews with mutations
in BRCAI and BRCA2, respectively."?

A meta-analysis of case-based studies showed a 65% lifetime risk for breast cancer
and 39% risk for ovarian cancer in all comers with mutations in BRCAI; correspond-
ing values for BRCA2 were 45% and 11%.'* A recent meta-analysis (including both
Ashkenazi and non-Ashkenazi populations) estimated the lifetime risk of breast
cancer as 55% in BRCAI carriers and 47% in BRCA2 carriers; ovarian cancer risk
was estimated as 39% in BRCAI carriers and 17% in BRCA2 carriers.'’

Penetrance estimates vary, based on the populations studied and on other risk
factors such as oral contraceptive use, parity, and oophorectomy'® (Fig. 3-3). Pene-
trance may also vary according to the specific location of the mutation within the
gene. Analysis of BRCAI cancer families has revealed a correlation between the
mutation site and the relative risk of breast versus ovarian cancer. 3’ mutations, which
cause truncation of the C-terminal region, are associated with a higher proportion of
breast than ovarian cancers, whereas 5 mutations, which delete a large segment of
the BRCA1 protein, are associated with a mixture of breast and ovarian cancers."”
Mutations in the central region of BRCAZ2 (referred to as the “ovarian cancer cluster
region”) have been shown to be associated with a decreased risk of breast cancer
relative to ovarian cancer risk?’ (Fig. 3-4).

Features and Risks of BRCA1- and BRCA2-Related Cancers

Compared with the general population, BRCA1/2 mutation carriers have an increased
risk of ovarian cancer. The lifetime risk of ovarian cancer in the general population
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Figure 3-3. Factors affecting penetrance.
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Figure 3-4. BRCAZ2: the ovarian cancer cluster region (OCCR) and genotype-phenotype correlations. (From Thompson
D, Easton D, and the Breast Cancer Linkage Consortium: Variation in cancer risks, by mutation position, in BRCA2
mutation carriers. Am J Hum Genet 68: 410-419, 2001. Reprinted with permission from the University of Chicago Press.)

is approximately 1.3%, whereas the lifetime risk of BRCA mutation carriers is esti-
mated at 10% to 65%.

BRCAI mutations confer a higher risk of ovarian and primary peritoneal cancer
compared with BRCAZ2 mutations, and they are associated with earlier age of onset.
Fallopian tube cancers, though much rarer than ovarian cancer, are also higher in
carriers than in noncarriers®'; again this risk is increased more in BRCAI carriers than
in BRCA2 carriers. BRCAI-associated and BRCAZ2-associated ovarian cancers are
pathologically and histologically indistinguishable from one another. However, they
are generally of serous histology, with endometrioid being the next most common.
Mucinous tumors are unlikely to be associated with BRCAI or BRCA2 mutations,
whereas rarer forms such as clear cell tumors are not common enough for an associa-
tion (or lack thereof) to be determined to date. In addition, borderline and low
malignant potential tumors of the ovary are not believed to be associated with BRCAI
or BRCA2 mutations.”
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Compared with the general population, BRCA1 and BRCA2 mutation carriers also
have an increased risk of developing breast cancer. The lifetime risk of invasive breast
cancer conferred by a BRCAI or BRCA2 mutation is estimated to be between 36%
and 85%. BRCA1 and BRCA2-associated breast cancers are diagnosed at a younger
age, often premenopausally.? This is particularly true for BRCAI carriers, approxi-
mately 20% of whom develop breast cancer before age 40 and 50% develop breast
cancer by age 50.% A recent retrospective cohort study indicated that ductal carci-
noma in situ (DCIS), with or without invasive cancer, is just as prevalent in mutation
carriers (37%) as in high-risk noncarriers (34%), but that it may develop at an earlier
age.”* A population-based case-control study looked at the prevalence of BRCAI and
BRCA2 mutations in women diagnosed with DCIS. It was found that mutation
prevalence rates in this group were similar to those found for invasive breast cancer,
suggesting that the criteria used to assess eligibility for screening and risk for positive
mutation-carrier status should include diagnoses of DCIS.? In another cohort study
of mutation carriers with stage I or II breast cancer, it was found that the risk of a
second primary breast cancer in the contralateral breast was approximately 30% over
10 years and was even higher in women who did not use chemoprevention or undergo
oophorectomy.?

In addition to conferring the risk of lower age of onset of breast cancer, BRCAI-
related breast cancers typically have features associated with a poorer prognosis,
including numerous mitoses and substantial pleomorphism.”’” Compared with spo-
radic and BRCAZ2-related cancers, BRCAI-type breast cancers typically exhibit higher
frequency of grade 3 tumors, lower frequency of both estrogen receptors (ER) and
progesterone receptors (PR), and are rarely HER2/neu-positive.”® Approximately
75% of BRCAZ2-associated breast cancers are hormone receptor—positive, whereas a
similar proportion of BRCAI-associated breast cancers are not.”®

The lack of estrogen receptor, progesterone receptors, and HER2 receptor expres-
sion comprises the “triple-negative” or basal phenotype, which has been identified as
having a poorer prognosis than other tumors because of the limited number of thera-
pies that can specifically target these cells.

Men with BRCAI and BRCA2 mutations are also at increased risk for cancer.
Although the risk for male breast cancer is known to be increased with BRCAI
mutations, it is higher with BRCA2 mutations, with a lifetime risk estimate of 5%
to 6% compared with 0.1% in men who are noncarriers. The lifetime risk of prostate
cancer is also increased, but has not been reliably quantified. Although there is a
trend toward younger-onset prostate cancer, it is not strikingly young, as is often seen
with breast cancer in women.

The association of other cancers with BRCAI and BRCA2 mutations has been
studied in a number of cohorts. In particular, BRCA2 mutations are associated with
an increased risk of pancreatic cancer and melanoma.'*? Unfortunately, the lifetime
risk for these malignancies has not been reliably quantified. A kin-cohort study of
unselected patients newly diagnosed with ovarian cancer looked at cancer incidence
in first-degree relatives of confirmed BRCA1 and BRCA2 mutation carriers. A higher
risk ratio was associated with ovarian, female breast, and testicular cancer in BRCAI
carriers, with higher risk for ovarian, female and male breast, and pancreatic cancers
associated with BRCA2 carriers.*

The precise factors that determine which mutation-positive women will and which
will not develop cancer are unknown. Variation in penetrance of BRCAI and BRCA2
has resulted in the identification of possible cancer risk modifiers in carriers. Both
hormonal and genetic influences have been examined. The use of oral contraceptives,
for example, has been reported to protect against ovarian cancer in noncarriers.’!
Studies in carriers present differential risk in regard to breast or ovarian cancer,
showing a protective effect of oral contraceptive use against ovarian cancer,* or no
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reduction in risk.** However, a clinical dilemma is presented by data suggesting that
the use of oral contraceptives in BRCAI carriers may also significantly increase breast
cancer risk."® At present, oral contraceptives are not actively recommended for
ovarian cancer prevention, but short-term use for contraceptive needs is not
contraindicated.

The relation of endogenous hormonal factors to breast and ovarian cancer risk has
also been assessed in BRCAI and BRCA?2 carriers. In a study of the reproductive
histories of BRCAI carriers, the risk of breast cancer was increased in those who
experienced menarche before age 12, and in those with parity of less than 3.%% It is
interesting to note that the risk of ovarian cancer in BRCAI carriers has been found
to be lower with greater parity, in contrast to BRCA2 carriers, in whom parity was
associated with a significant increase in ovarian cancer risk.*

Modifier genes may also play a role in the expression and penetrance of BRCAI
and BRCA?Z genes. For instance, in one study, BRCAI carriers with certain rare alleles
of the HRASI variable number of tandem repeats (VNTR) polymorphism had a
twofold greater risk of ovarian cancer than carriers with the more common HRASI
alleles.*

Further studies to address gene-environment and gene-gene interactions are
ongoing. These studies are needed to potentially make it possible to provide more
personalized risk estimates to an individual woman.

Genetic Testing for Hereditary Breast and Ovarian Cancer

Family history features suggestive of a BRCAI or BRCA2 mutation include premeno-
pausal breast cancer, ovarian cancer, and male breast cancer. A referral for genetic
counseling is indicated if the medical or family history is consistent with hereditary
breast and ovarian cancer (Box 3-1).

Because of autosomal dominant inheritance, it is most informative to begin genetic
testing in a family member who has had the cancer of concern. This is because one
goal of genetic testing is to first identify the mutation in a relative with cancer in the
family and to then determine which other relatives did, and did not, inherit it. Those
who did inherit the mutation have an increased risk for specific malignancies, whereas
the risk of cancer for those who did not inherit the mutation is much lower and
based on other cancer-specific risk factors, such as age at menarche, age at meno-
pause, body mass index (BMI), hormone replacement therapy (HRT), and other
factors.

Box 3-1. Features Indicating a Need for Referral for Cancer Genetic Counseling

Breast cancer diagnosed before menopause (typically before age 50 years)

Member of a family with a known BRCA1 or BRCA2 mutation

Two breast primaries in a single individual, particularly if one was diagnosed premenopausally
Breast and ovarian cancer in a single individual

Personal or family history of male breast cancer

Two breast cancers or ovarian cancers in close relative(s) from the same side of family (maternal
or paternal)

Breast or ovarian cancer in a member of a high-risk population (i.e., Ashkenazi Jewish)

Ovarian and colorectal cancer in the same person or in close relative(s) from the same side of the
family (maternal or paternal)

Synchronous ovarian and endometrial cancers, particularly with close relative(s) with colorectal
cancer

Data from Daly MB, Axilbund JE, Bryant E, et al: Genetic/familial high-risk assessment: breast and ovarian. J Natl Compr
Cancer Netw 4(2):156-176, 2006, and Levin B, Barthel JS, Burt RV, et al: Colorectal Cancer Screening Clinical Practice
Guidelines. J Natl Compr Cancer Netw 4(4):384-420, 2006.
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Figure 3-5. In this family, Mary is concerned about her risk for ovarian cancer

because her mother, Susan, and her maternal aunt, Jane, both had ovarian cancer.
Genetic testing is most informative if it begins with Susan.

Susan Jane

/ Mary

Consider the following scenario, which is illustrated in Figure 3-5. A woman
(Mary) is concerned about her risk for developing ovarian cancer, since her mother
(Susan) was recently diagnosed with the disease. Her maternal aunt (Jane) is deceased
from ovarian cancer, suggesting a hereditary component to the family history. If Mary
chooses to undergo genetic testing and no mutations are detected (i.e., a negative
result), there are two possible explanations for this result. One, Susan’s and Jane’s
ovarian cancers may be due to a mutation in the gene for which Mary was tested.
However, owing to autosomal dominant inheritance, Mary did not inherit the muta-
tion from Susan. Thus, in this scenario, Mary’s risk for ovarian cancer is probably
closer to that of the general population and is based on her own risk factors, since her
family history of ovarian cancer is attributable to a genetic mutation that she herself
does not have. However, the second possibility is that Susan’s and Jane’s cancers are
due to a mutation in a gene that has not yet been discovered. Since the gene has not
been discovered, it is impossible to determine whether Mary has the same mutation.
Therefore, in this scenario Mary remains at increased risk for ovarian cancer based on
her genetically unexplained family history. Without genetically testing Susan, it is not
possible to distinguish between these two possible explanations.

By contrast, if a genetic test were performed on Susan and a mutation were
detected, one could reasonably attribute her ovarian cancer to the identified muta-
tion. Determining whether Mary has this same mutation will then indicate whether
she, too, is at increased risk for ovarian cancer. It also determines whether Mary’s
offspring have an increased risk for developing ovarian cancer.

Genetic analysis of the BRCAI and BRCA?2 genes is clinically available. For most
families, full sequencing of both genes is required and is considered the most reliable
method of gene analysis. However, an estimated 12% of deleterious mutations are
large genomic deletions, duplications, or rearrangements, which are not always
detectable with sequencing.®® Therefore, additional technology, such as the BRAC
Analysis Rearrangement Test (BART), may be necessary in families with a cancer
pattern strongly suggestive of a hereditary component. If a woman with ovarian
cancer undergoes full analysis of both genes and a mutation is identified, the mutation
likely explains the most significant genetic component of her cancer. It also indicates
that she is at increased risk for breast cancer, and, depending on her prognosis,
increased screening or consideration of breast cancer risk-reducing options may be
indicated. In addition, it is possible to offer predictive genetic testing to other inter-
ested family members to identify those who also have an increased risk of developing
breast and ovarian cancer.

If no mutations are identified, the woman’s ovarian cancer is genetically unex-
plained. Possible explanations are a BRCAI or BRCA2 mutation that is not identifi-
able using current technology, a mutation in an undiscovered gene, or a combination
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of many genetic and environmental factors. The woman'’s risk for a future malignancy,
and cancer risk to her relatives, is based on her family history.

A third possible result is a variant of uncertain significance, which is a change in
the DNA sequence whose role in cancer development is not known. Through research,
some variants are ultimately determined to be polymorphisms (normal genetic varia-
tion between individuals and populations), whereas others are ultimately classified
as deleterious (cancer-causing). Until the significance of the variant is determined,
genetic testing is generally not offered to unaffected relatives. Uncertain variants are
detected in approximately 5% of samples tested from Caucasian individuals. In non-
Caucasian populations, such as African Americans, the chance of an uncertain variant
increases owing to less available genetic data in minority ethnicities.

In those of Ashkenazi Jewish descent, genetic testing usually begins with analysis
of three founder mutations (Fig. 3-6). The 187delAG and 5385insC mutations in
the BRCAI gene and the 6174delT mutation in the BRCA2 gene account for approxi-
mately 90% of BRCAI and BRCA2 mutations detected in the Ashkenazim. Because
of the high detection rate with this three-mutation panel, full sequencing is generally
considered only in Ashkenazi Jewish individuals who have a high pretest probability
of a deleterious mutation and who are shown to be negative for the three founder
mutations. Other populations known to have founder mutations include Icelanders
(999del5 in BRCA2), as well as those from Finland, France, Russia, Denmark,
Sweden, and Belgium.*’

Once a mutation has been identified in a family, other relatives have the option
of undergoing testing for that specific mutation. This is due to the rarity of BRCAI
and BRCA2 mutations, such that one seldom sees a family with more than one muta-
tion. However, because these mutations are more common among Ashkenazi Jews
and because a significant number of Ashkenazi families have more than one mutation,
testing for the entire founder mutation panel is generally recommended even when
only one founder mutation has been identified in the family.

Because of patent and licensing constraints, sequencing of BRCAI and BRCA?Z is
clinically available only through Myriad Genetic Laboratories, a commercial labora-
tory in Salt Lake City, Utah. Peripheral blood is the preferred specimen, and turn-
around time for the analysis is generally 2 to 3 weeks. Full sequencing costs more
than $3000, whereas the Ashkenazi Jewish founder mutation panel is around $550
and mutation-specific testing is approximately $450. Most insurance companies
cover a portion, if not all, of the cost for patients whose medical or family history is
suggestive of an underlying mutation. Because of the expense, though, the laboratory
offers insurance preauthorization services. These costs may change in the future.
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Figure 3-6. Founder effect. (From ASCO Curriculum: Cancer Genetics and Cancer Predisposition Testing, 2nd ed, 2004,
Slide 1-38.)
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Management: Screening and Risk Reduction Options

Ovarian Cancer. Although there is no evidence that ovarian cancer screening
is efficacious in BRCAI and BRCA2 mutation carriers or in the general population,
at present mutation-positive women who have not completed their family are
recommended to have annual pelvic examination, transvaginal ultrasound, and serum
CA-125 (see Chapter 6 for more details). Studies examining the ability of this
surveillance to detect early-stage ovarian cancers have had mixed results, with one
group finding four of five cancers detected at stage I or II*® and a review of other
studies finding that 63% of screen-detected ovarian cancers were stage IIC or greater.*
The authors of the latter study suggest that the features of BRCA-related ovarian
tumors—primarily serous and endometrioid—progress relatively rapidly to an
advanced stage, making early detection difficult. Oral contraceptives as chemopre-
vention for ovarian cancer in BRCA mutation carriers have been suggested by studies
showing significant reduction of risk. However, their use is not routinely recom-
mended because of a possible increased risk of breast cancer.

For those who have completed childbearing, prophylactic bilateral salpingo-
oophorectomy is the standard of care. Such surgery, when compared with increased
surveillance, reduces the risk of ovarian cancer by 80% to 90%.***! The majority of
the remaining risk is attributed to primary peritoneal cancer, although a small propor-
tion may arise in the remnant of fallopian tube remaining in the uterus. There is also
some suggestion of an association between uterine papillary serous carcinoma and
BRCAI mutations, although this is primarily based on case reports in the literature
rather than large numbers of patients. For these reasons, some women also consider
concurrent hysterectomy; however, this is not a standard recommendation for all
mutation-positive women. In addition, up to 4% of mutation-positive women under-
going prophylactic oophorectomy have an occult cancer identified.** For this reason,
it is generally recommended that a gynecologic oncologist either perform the surgery
or be available for staging, if necessary. So far, a survival benefit has been shown in
the short term but not long term.*

Timing of prophylactic oophorectomy after childbearing may differ depending on
the underlying gene mutation and the family history. It is typically recommended that
BRCA1/2 mutation-positive women pursue surgery in their mid to late 30s or early
40s. An added benefit of bilateral oophorectomy, particularly when it occurs
before menopause, is a reduction in breast cancer risk of up to 50%.*° What is
unknown at this time is whether the reduction in breast cancer risk conferred by
prophylactic bilateral salpingo-oophorectomy is of the same magnitude in BRCAI
compared with BRCA2 carriers. Recently, it was reported that bilateral salpingo-
oophorectomy resulted in a 72% reduction in breast cancer risk in BRCA2 mutation
carriers, with only a 45% risk reduction in BRCA1 mutation carriers,* suggesting an
age-dependent benefit.* Ultimately, timing of the surgery depends on a combination
of factors, including the gene, and the woman’s own medical and psychosocial
history.

Hormone replacement therapy is often an issue of concern for mutation-positive
women, since they are usually premenopausal at the time of prophylactic oophorec-
tomy. Thus, entry into menopause is sudden, and severity of symptoms varies. Short-
term hormone replacement for severe menopausal side effects (e.g., vasomotor
symptoms, insomnia) is an option to provide improvement in quality of life, particu-
larly with the use of estrogen alone if the uterus has been removed. Current views
on hormone replacement therapy in this high-risk population vary considerably,
ranging from no hormone replacement therapy to use of hormone replacement
therapy until the age at which menopause would have naturally occurred. Data on
hormone replacement therapy in BRCAI and BRCA2 carriers have been extrapolated
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from data from the general population, and there is a need to evaluate its use in this
population prospectively. Long-term hormone replacement is not generally recom-
mended because of the already greatly increased risk of breast cancer due to mutation
status, but further studies on the long-term effects of ovarian removal on the brain,
bone, and cardiovascular system are needed.

Breast Cancer. Screening and risk reduction strategies for the breast in
female BRCAI and BRCA2 mutation carriers fall into three general categories:
intensive cancer screening, chemoprevention, and prophylactic surgery. According to
recommendations of the National Comprehensive Cancer Network, women with
BRCAI or BRCA2 mutations should have a clinical breast examination by a
healthcare provider at least every 6 months, beginning at age 25 years (www.
ncen.org). Mammograms generally begin at age 25 years, but can be adjusted
based on the cancer pattern in the family. Adjuvant ultrasound is also a considera-
tion for women with dense breast tissue; studies are ongoing to determine its
effectiveness.

Recently, magnetic resonance imaging (MRI) has become a more routine part of
breast screening for mutation carriers. The American Cancer Society recommends
that women with a high risk for breast cancer (greater than 20% lifetime risk) should
get an MRI and a mammogram every year. The optimal interval between these
procedures (i.e., staggered with one of the two every 6 months, or both at the same
time each year) has not yet been established.* A review of the effectiveness of MRI
as an addition to mammography and ultrasound in screening high-risk young women
found consistent evidence that MRI as a screening strategy provides high sensitivity
compared with mammography alone or mammography and ultrasound, with or
without clinical breast examination.”” Whether this higher sensitivity translates to
detection of earlier stage disease or a reduction in patient mortality compared with
mammography alone is presently unclear. Based on the high sensitivity of MRI com-
pared with mammography, particularly in younger women, it is possible that these
recommendations may change as more data are obtained on MRI as a screening
tool.

Risk reduction options include chemoprevention and prophylactic bilateral mas-
tectomy. Data on the effectiveness of chemoprevention with tamoxifen in BRCAI
and BRCA2 carriers have been extrapolated from large trials within the general
population. The National Surgical Adjuvant Breast and Bowel Project (NSABP) pre-
vention trials showed a 62% decrease in the risk of breast cancer in BRCA2-positive
women who received tamoxifen for 5 years, versus no reduction in breast cancer
incidence among BRCA 1 -positive women.*® However, another study examined the
effects of tamoxifen on prevention of contralateral breast cancer in mutation carriers
and found that the drug did provide protection overall; however, the protection
reached significance only in BRCAI mutations carriers.” This is interesting in light
of the lack of hormone receptor expression seen in BRCAI relative to BRCA2
cancers.

Another risk-reduction option is prophylactic bilateral mastectomy, which reduces
the risk of breast cancer by at least 90% in unaffected mutation carriers.*>*' For
women with breast cancer who opt for contralateral prophylactic mastectomy, the
rate of a contralateral malignancy is also reduced by 90%.°> However, therapeutic
and/or contralateral mastectomy does not reduce the risk of chest wall or distant
recurrence. Furthermore, although such surgery results in the greatest reduction in
breast cancer risk, it is often an emotionally difficult choice for women. Although
expected to decrease mortality, the efficacy of bilateral prophylactic mastectomy in
prolonging survival has not yet been shown.



- Chapter 3 Ovarian Cancer Family Syndromes and Genetic Testing

Hereditary Nonpolyposis Colorectal Cancer
Features and Cancer Risks

Hereditary nonpolyposis colorectal cancer (HNPCC), also known as Lynch syn-
drome, was first identified in families with a significant history of young-onset
colorectal cancer. The lifetime risk of this malignancy ranges from 25% to 75%, with
an average age at diagnosis of colorectal cancer of 44 years. Almost 75% of HNPCC-
associated colorectal cancers present in the ascending (right) colon, and the risk of
a metachronous colorectal cancer ranges from 1% to 4% per year.

Although colorectal cancer is the predominant feature in HNPCC, this syndrome
is associated with an increased risk of other malignancies as well. The second most
common cancer is endometrial or uterine, with a lifetime risk of 30% to 60%, fol-
lowed by ovarian cancer with a lifetime risk of 10%. Other associated cancers, with
a lifetime risk generally of less than 10%, are stomach, small bowel, urinary tract,
and biliary tract cancers. Synchronous primary endometrial and ovarian cancers are
suggestive of HNPCC if the woman also has a personal history of colorectal cancer
or a family history suggestive of HNPCC.™

As with hereditary breast and ovarian cancer, the precise factors that determine
which mutation-positive individuals will and will not develop which cancers are
unknown. It is suspected that cancer development is due to a combination of the
specific mutation location along one of four DNA mismatch repair genes, other
coinherited genetic factors, and environmental interactions. Therefore, it is not cur-
rently possible to provide personalized risk estimates to a specific person.

Genetic Testing

The Bethesda and Amsterdam criteria are used to identify affected persons who are
most likely to benefit from additional genetic evaluation (Boxes 3-2 and 3-3). Diag-
nostic testing of the tumor is conducted in those who meet one or more of these
criteria. Compared with most hereditary cancer syndromes, genetic testing for
HNPCC is generally a two-step process. The first step is to analyze the tumor itself.
Two analyses are performed, the first of which is microsatellite instability (MSI)

Box 3-2. The Revised Bethesda Guidelines for Testing Colorectal Tumors for
Microsatellite Instability (MSI)

Tumors should be tested for MSI in the following situations:
Colorectal cancer diagnosed in a patient who is less than 50 years of age.
Presence of synchronous, metachronous colorectal, or other HNPCC-associated tumors,*
regardless of age.
Colorectal cancer with tumor infiltrating lymphocytes, Crohn’s-like lymphocytic reaction,
mucinous/signet-ring differentiation, or medullary growth pattern diagnosed in a patient who is
less than 60 years of age.
Colorectal cancer diagnosed in one or more first-degree relatives with an HNPCC-related tumor,
with one of the cancers being diagnosed under age 50 years.
Colorectal cancer diagnosed in two or more first- or second-degree relatives with HNPCC-
related tumors, regardless of age.

*Hereditary nonpolyposis colorectal cancer (HNPCC)-related tumors include colorectal, endometrial, stomach, ovarian,
pancreas, ureter and renal pelvis, biliary tract, and brain (usually glioblastoma as seen in Turcot syndrome) tumors, sebaceous
gland adenomas and keratoacanthomas in Muir-Torre syndrome, and carcinoma of the small bowel.

Data from Umar A, Boland CR, Terdiman JP, et al: Revised Bethesda Guidelines for Hereditary Nonpolyposis Colorectal
Cancer (Lynch Syndrome) and Microsatellite Instability. JNCI J Nat Cancer Inst 96(4):261-268, 2004.
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Box 3-3. Amsterdam-I and Amsterdam-II Criteria for Clinical Diagnosis of Hereditary
Nonpolyposis Colorectal Cancer (HNPCC)

Amsterdam-| Criteria
Three relatives with colorectal cancer (one must be a first-degree relative of the other two)
Two or more generations of colorectal cancer
One or more relatives diagnosed with colorectal cancer before age 50 years
Exclude Familial Adenomatous Polyposis (FAP)

Amsterdam-Il Criteria
Three relatives with an HNPCC-associated* cancer (one must be a first-degree relative of the
other two)
Two or more generations of HNPCC-associated* cancer
One or more relatives diagnosed with HNPCC-associated* cancer before age 50 years
Exclude FAP

*HNPCC-associated cancers include colorectal, endometrial, small bowel, ureter or renal pelvis.

Data from Vasen HF, Mecklin JP, Khan PM, Lynch HT: The International Collaborative Group on Hereditary Nonpolyposis
Colorectal Cancer (ICG-HNPCC). Dis Colon Rectum 34:424-425, 1991, Vasen HF, Watson P, Meckiin JP, Lynch HT: New
clinical criteria for hereditary nonpolyposis colorectal cancer (HNPCC, Lynch syndrome) proposed by the International
Collaborative Group on HNPCC. Gastroenterology 116:1453-1456, 1999.

testing. Microsatellite instability testing evaluates numbers of repeats within specific
DNA markers in the tumor and is performed in specific situations suggestive of
HNPCC. Because the HNPCC-associated genes are involved in DNA mismatch
repair, instability within the microsatellite repeats is suggestive of an underlying
problem within the DNA repair process. Although microsatellite instability is detected
in 90% to 95% of HNPCC-associated colorectal tumors, it is also present in 10% to
20% of sporadic colorectal tumors, generally due to acquired changes in the MLH1
gene. Thus, microsatellite instability testing is not diagnostic of HNPCC, but increases
the probability of having a DNA mismatch-repair germline mutation.

In addition to microsatellite instability testing, immunohistochemistry (IHC)
analysis of the HNPCC-associated proteins is also performed. Immunohistochemis-
try currently assesses production of four mismatch repair proteins: MLH1, MSH?2,
MSHSG6, and PMS2. Absence of expression of any of these proteins, along with micro-
satellite instability, is strongly suggestive of HNPCC, and indicates that germline
testing is warranted. By comparison, lack of instability and normal production of all
HNPCC-associated gene products suggest that HNPCC is less likely, and germline
testing is apt to be inconclusive.

Germline testing is available for all four of the HNPCC-associated genes, and as
with BRCA1 and BRCA?2 testing, peripheral blood is the preferred specimen.

Several different laboratories perform the testing, but the cost is still over $1000
per gene. The results of the immunohistochemistry help to guide the germline testing.
Analysis generally begins with the gene whose protein product was absent on immu-
nohistochemistry analysis, since it is the most likely site of mutation. Of all mutations
detected, thus far approximately 90% have been found in MLH1 and MSH2.

If a woman with ovarian cancer and a family history suggestive of HNPCC under-
goes germline testing and a mutation is identified, the mutation likely genetically
explains her cancer. It also indicates that she has an increased risk of colorectal cancer
and other HNPCC-associated malignancies, including endometrial carcinoma, and
her risk is modestly increased for cancer of the stomach, urinary tract, hepatobiliary
tract, brain, and small intestine and for certain skin neoplasms.** Depending on her
prognosis, increased screening or consideration of cancer risk-reducing options may
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be indicated. In addition, it is possible to offer predictive genetic testing to other
interested family members to identify those who are also at increased risk for
HNPCC-associated cancers.

If no mutations are identified, and the woman does not have a BRCAI or BRCA2
mutation or does not have the classic features of HNPCC, then her ovarian cancer
is genetically unexplained. Possible explanations are that (1) there is a mutation in
an HNPCC-associated gene that is not identifiable using current technology,
(2) there is a mutation in an undiscovered gene, or (3) the ovarian cancer is due
to a combination of many genetic and environmental factors. The woman’s risk
for a future malignancy—and cancer risk to her relatives—is based on her family
history.

A third possible result is a variant of uncertain significance, which is a change in
the DNA sequence whose role in cancer development is not known. Through research,
some variants are ultimately determined to be polymorphisms (normal genetic varia-
tion between individuals and populations), whereas others are ultimately classified
as deleterious (cancer-causing). Until the significance of the variant is determined,
genetic testing is generally not offered to unaffected relatives. Uncertain variants are
detected in approximately 10% of samples tested from Caucasian individuals. In
non-Caucasian populations, the chance of an uncertain variant increases owing to less
available genetic data in minority ethnicities.

Once a germline mutation has been identified in a family, most other relatives
undergo testing just for that specific mutation. This is due to the rarity of HNPCC-
associated mutations, such that one seldom sees a family with more than one
mutation.

Management

Individuals with HNPCC should undergo colonoscopy every 1 to 2 years, beginning
at age 20 to 25 years, and annually after age 40. HNPCC-associated colorectal cancers
tend to be rapid-growing, and annual colonoscopic surveillance allows for removal of
polyps before they become malignant. Because of the propensity for rightsided
colorectal cancers, flexible sigmoidoscopy is not an adequate substitute for
colonoscopy.

Colectomy is also a consideration for some individuals. The preferred surgery is
subtotal colectomy with ileorectal anastomosis, which avoids an ostomy bag. It also
allows for surveillance of the retained rectum via sigmoidoscope, which does not
require the sedation necessary for colonoscopy. Because of the effectiveness of colo-
noscopy at reducing the risk of colon cancer, most patients decline prophylactic col-
ectomy. However, those with HNPCC who require surgical resection of a recently
diagnosed colorectal tumor may opt for removal of the majority of the colon.

Unlike with colorectal cancer, there are no data on the efficacy of screening for
gynecologic cancers in women with Lynch syndrome. For mutation-positive women
who have not completed their family, however, surveillance is recommended via
pelvic examination, transvaginal ultrasound, random endometrial biopsy, and consid-
eration of serum CA-125 (see Chapter 7 for more detail). For those who have com-
pleted childbearing, prophylactic hysterectomy with bilateral salpingo-oophorectomy
is a strong consideration. This eliminates the risk of uterine cancer and reduces the
risk of ovarian cancer by 80% to 90%. In contrast to concerns about hormone therapy
in women with a BRCAI or BRCA2 mutation, there are no specific or exclusive
contraindications to hormone replacement therapy related to a diagnosis of Lynch
syndrome in women who have undergone prophylactic hysterectomy with bilateral
salpingo-oophorectomy,* because the risk for development of hormone-related
cancers in these women is not greater than that of the general population risk.
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Genetic Assessment

Women with a personal or family history suggestive of HBOC or HNPCC should be
referred for genetic counseling and discussion of screening and risk reduction options.
Although it varies from clinic to clinic, patients referred for genetic counseling
typically meet with a genetic counselor and a physician with expertise in cancer
genetics.

Genetic Counseling Process

During the cancer genetics consultation, the patient’s medical history is reviewed.
If the patient has had cancer, particular attention is paid to the age at diagnosis
and any other prior or synchronous malignancies. Menopausal status is noted for
women with breast cancer; for those with ovarian cancer in particular, pathology is
important. If the patient has colorectal cancer, any additional polyps are also
recorded.

The family history is also collected, including health history for all first- and
second-degree relatives—living or deceased. Maternal family history and paternal
family history are equally important because of autosomal dominant inheritance. Ages
at cancer diagnosis are recorded; if possible, pathology reports are obtained to verify
accuracy of the patient report. This information is then used to construct a pedigree,
which is a visual representation of the family history that makes a cancer pattern
more easily identifiable (Fig. 3-7). The pedigree is the most valuable tool for cancer
genetics risk assessment.

The genetics provider reviews the medical and family history with the patient and
discusses the presence or absence of features suggestive of a hereditary cancer syn-
drome. In addition to an overall impression, it is sometimes possible to use one of
several statistical models to predict the likelihood of detecting a mutation in one of
the currently known cancer predisposition genes. The genetics provider also discusses
modification of cancer risk based on the outcome of genetic testing, and how the
results influence the risk for a future malignancy. Basic genetics is also overviewed,
along with a discussion of how the patient’s results are expected to impact other

Figure 3-7. A pedigree provides a visual representation of a
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family members, both medically and emotionally. Finally, the psychosocial aspects
of genetic testing are reviewed, including potential risks as depression, fear, anxiety
and stigma, as well as guilt, particularly if the patient is a parent. The genetics
provider then discusses how various test results will affect medical management,
including increased screening versus risk-reduction. Moreover, the patient is
familiarized with how the options are influenced by various possible test results.
Provision of this information assists the patient to assess the personal usefulness of
genetic testing, to weigh the risks and benefits, and to make a personally informed
choice.

If the patient chooses to undergo genetic testing, written informed consent
is obtained. When the results are available, they are communicated to the patient
either in person at a scheduled follow-up visit or over the telephone, depending on
clinic and provider preference. For patients with an identified mutation who
receive a phone disclosure, a return visit is strongly recommended to finalize the
management discussion. Those without a detectable mutation are given the option
of a return visit. Patients, regardless of the result, are also encouraged to maintain
periodic contact with the cancer genetics service, since it is a rapidly advancing

field.

Special Considerations
Genetic Discrimination

Some patients are concerned about the potential for “genetic discrimination,”
which is the theory that insurance companies could use genetic information to
increase premiums or discontinue coverage. The Genetic Information Nondiscrimi-
nation Act (GINA) was passed in 2008 and became active in 2009. GINA protects
against the use of genetic information (i.e., genetic test results, family history, etc.)
in determining eligibility, coverage, and rates for both group and individual
health insurance plans. GINA also prohibits employers from making hiring, firing,
promotion, and training decisions based on genetic information. Life, disability, and
long-term care insurance have no protection from discrimination on the federal
level or in many states. An important consideration is that a patient’s prior
diagnosis of cancer is expected to have a greater impact on insurability than any
subsequent genetic information about cancer risk. Therefore, genetic discrimination
is often a greater concern for family members who have not been diagnosed with
cancer.

Testing of Minors

The American College of Medical Genetics advises that genetic testing should be
performed on minors only when the results will have an impact on medical manage-
ment in childhood or adolescence. Although there are certainly exceptions, cancer is
generally an adult-onset disease, even when associated with hereditary predisposition.
With hereditary breast and ovarian cancer, screening is usually initiated between age
25 and 35 years, and with HNPCC it is initiated at age 20 to 25 years. Therefore,
it is recommended that genetic testing be deferred until the age at which intensive
screening is to begin so that the individual can decide for him- or herself if the infor-
mation is desired. If there is a notably early-onset cancer in a family, predictive
genetic testing may be considered younger than age 18 years, but it is generally
discouraged.
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DNA Banking

Less than 50% of hereditary ovarian cancer is explained by current genetic technol-
ogy. Therefore, many women who undergo genetic testing will not have a detectable
mutation, but may still have a suspected hereditary form of cancer. Because ovarian
cancer has a high mortality rate, whether or not a hereditary diagnosis is made may
have little impact on the woman herself. However, it can be of great importance to
family members. Therefore, women with advanced ovarian cancer that is suggestive
of a hereditary syndrome should be encouraged to consider DNA banking. DNA
banking allows for storage of a DNA sample, making it accessible to family members
in the future when more genes are identified. DNA banking is of particular consid-
eration for women with advanced disease and a poor prognosis.

How to Make a Referral for Genetic Assessment or to a High-Risk Clinic

Most university medical centers offer cancer genetics services. Directories of cancer
genetics professionals can be accessed through the National Society of Genetic
Counselors (www.nsgc.org), Gene Clinics (www.geneclinics.org) and the National
Cancer Institute (www.cancer.gov).

Conclusion

The last 20 years have yielded substantial progress in the understanding of the basic
science of hereditary ovarian cancer syndromes, the BRCAI, BRCA2, and HNPCC-
associated genes, and their role in hereditary cancer susceptibility. Developments in
the translation of these findings into clinical applications are emerging, but important
questions remain. Research is needed to better define not only the environmental
and genetic factors dictating which mutation carriers will develop cancer, but also
the efficacy of preventive interventions in this specific population.

Information on high-risk breast and ovarian clinics is available on the websites of
most National Cancer Institute (NCI)-designated Comprehensive Cancer Centers.
These facilities can provide a more detailed risk assessment as well as genetic coun-
seling and testing, breast and ovarian screening, and risk-reduction strategies for
women at increased risk.
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KEY POINTS

o There is no effective screening test for ovarian cancer.

© Both pregnancy and oral contraceptive use reduce the risk of ovarian cancer in the general
population.

o In the general population, the benefits of prophylactic oophorectomy are modest and must be
considered against the implications of surgical menopause.

» Approximately 10% of ovarian cancers are hereditary.

o The majority of studies support the use of oral contraceptives for the prevention of ovarian cancer
in women with a high risk for developing ovarian cancer.

» Prophylactic oophorectomy should be considered in women at high risk for ovarian cancer after
the age of 35 or once childbearing is complete.

Introduction

Ovarian cancer remains a highly lethal disease. Effective screening for ovarian cancer
is lacking. Both prophylactic and surgery chemoprevention with oral contraceptives
have been advocated. Oral contraceptive pills are believed to reduce risk both in the
general population and in women without an increased risk for ovarian cancer. Pro-
phylactic bilateral salpingectomy results in surgical menopause, but significantly
reduces risk in the high-risk group. Although bilateral salpingo-oophorectomy is
traditionally recommended to surgically reduce risk of ovarian cancer, hysterectomy
and bilateral tubal ligation also appear to decrease this risk. Effective screening and
chemopreventive measures are awaited.

Epidemiology

In the United States, ovarian cancer ranks fifth as a cause of cancer-related deaths
among women. In 2008, this malignancy was diagnosed in 21,560 women and
resulted in 15,520 deaths.! Unfortunately, most cases of ovarian cancer are diagnosed
at an advanced stage. Despite optimal cytoreductive surgery and primary chemo-
therapy, 5-year survival rates for women with advanced ovarian cancer remain less
than 30%.? Effective, durable therapies for ovarian cancer remain elusive. Current
screening tests for the early detection of ovarian cancer do not possess sufficient
sensitivity and specificity to be adopted into general practice. Given existing limita-
tions of the treatment and early detection of ovarian cancer, disease prevention may
represent a viable option for certain populations.
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Ovarian Cancer Prevention

Both chemoprevention and prophylactic surgery have been explored as methods of
preventing ovarian cancer. Chemoprevention involves the use of drugs, vitamins, or
other agents to avert or delay the development of or recurrence of a malignancy.
Prophylactic surgery is performed to remove a normal-appearing organ in order to
prevent the future development of a primary cancer from that particular site. These
preventive pathways may be pursued in the general population or specifically in
patients with a high risk of developing ovarian malignancies.

To determine the appropriateness of preventive therapies, the benefits of avoiding
malignancy in individual members of a population must be weighed against the costs
of treatment to the entire population. The impact of averting a cancer event in part
depends on the type of malignancy. Ovarian cancer is typically diagnosed at an
advanced stage and is usually associated with worse overall survival than malignancies
such as cervical cancer, for which an effective screening test exists. Despite the poor
outcome associated with ovarian cancer, the physical, emotional, and economic costs
of prevention to the whole population must be considered, especially given the low
incidence of this malignancy. The tolerance for adverse effects associated with pre-
vention decreases as the incidence and aggressiveness of the malignancy decrease.

Genetic Predisposition

To contain the costs to the population, chemoprevention or prophylactic surgery for
ovarian cancer may be directed at high-risk groups. In the United States, a woman
on average has a 1.4% lifetime risk of developing ovarian cancer. In contrast, the risk
increases to 4% to 5% with one first-degree relative with ovarian cancer. With two
first-degree relatives, the lifetime risk further increases to 7%. Approximately 10%
of ovarian malignancies appear to be hereditary. Genetic predisposition should be
suspected in a woman with a diagnosis of premenopausal breast cancer, with ovarian
cancer in a family member at any age, and with cancers in multiple family members
of two to four generations. Two hereditary syndromes are described.

Hereditary breast and ovarian cancer syndrome appears to be responsible for a
preponderance of genetically linked malignancies of the ovary. BRCAI and BRCA2
gene mutations are associated with this syndrome. Three high-frequency founder
mutations have been described in Ashkenazi Jewish populations. Two founder muta-
tions (185delAG and 5382insC) have been described for BRCAI and one such
mutation (6174delT) for BRCAZ2. Other less common mutations have been described.
Deleterious BRCAI and BRCA2 mutations confer a lifetime risk of ovarian cancer
of 30% to 40% and 15% to 25%, respectively. BRCA mutation carriers also have an
increased risk of fallopian tube cancer (lifetime risk 0.6%) and primary peritoneal
cancer (lifetime risk 1.3%).?

Hereditary nonpolyposis colorectal cancer syndrome (HNPCC) is associated with
the remaining known genetically linked ovarian cancer syndromes. It is caused by
mutations in DNA mismatch repair genes and is linked to an increased risk of colon,
endometrial, ovarian, urogenital, and other gastrointestinal malignancies. This syn-
drome is associated with a 5% to 10% lifetime risk of ovarian cancer (Table 4-1).

Mechanisms of Action

Ovarian cancer is believed to result from “incessant ovulation.” Release of an oocyte
results in damage to ovarian epithelium. Aberrant repair of this damaged epithelium
may result in cell changes ultimately leading to ovarian cancer. Conditions that
decrease exposure to ovulation such as parity and breastfeeding are associated with
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Table 4-1. Ovarian Cancer Risk

Population Ovarian Cancer Risk

General population 1.4% (1 in 70)

One first-degree relative with ovarian 4-5%
cancer

Two first-degree relatives with ovarian 7%
cancer

Deleterious BRCAT mutation 30-40%

Deleterious BRCA2 mutation 15-25%

Hereditary nonpolyposis colorectal cancer 5-10%
(HNPCC)

a decreased risk of ovarian cancer. In contrast, nulliparity, early menarche, and late
menopause all result in an increased number of ovulatory cycles and are linked to an
increased risk of ovarian malignancy. Alternatively, exposure to progestins may lead
to apoptosis in aberrant epithelial cells. Rodriguez and colleagues* exposed macaques
to combination oral contraceptive pills, to the estrogen component of oral contracep-
tive pills only, to the progestin component of oral contraceptive pills, or to no hor-
mones. The ovarian epithelium of macaques exposed to the oral contraceptive pill
or to the progestin component demonstrated only a statistically significant increase
in the proportion of apoptotic cells. This apoptotic pathway can lead to ovarian
cancer prevention. Therefore, based on their ability to suppress ovulation and their
progestin-dominant formulation, oral contraceptive pills offer an attractive candidate
for chemoprevention.

Prophylactic surgery for ovarian cancer involves removal of the adnexa bilaterally.
Although this theoretically eliminates the risk of serous carcinomas of the ovary and
fallopian tube, there remains a risk of primary peritoneal serous carcinoma. In addi-
tion, if the uterus remains in situ, the intramural portion of fallopian tube is at risk
for the development of serous carcinoma.

Ovarian Cancer Chemoprevention in the General Population

Many investigations have evaluated the effect of oral contraceptive pills on ovarian
cancer risk. The evidence supporting a protective influence of birth control pills on
ovarian cancer risk has been obtained primarily from case-control studies. These
investigations identify patients (cases) who have been diagnosed with ovarian cancer
and women (controls) who do not have the disease. The two groups are then com-
pared with respect to their exposure to oral contraceptive pills (a suspected protec-
tive agent). This allows for the generation of an odds ratio. However, attributable
risk cannot be determined with this design. Adjustments can be made for confound-
ing factors. Without an identification of these factors, however, these corrections
cannot be performed.

Hankinson and colleagues® performed a meta-analysis including 20 epidemiologic
studies that assessed the association between oral contraceptive use and ovarian
cancer. They reported a summary relative risk of ovarian cancer of 0.64 (95% confi-
dence interval [CI], 0.57-0.73) in women who ever used oral contraceptives. This
translated into a 36% reduction in risk. Longer duration of oral contraceptive use
resulted in a greater reduction in ovarian cancer risk. One year of use was associated
with a 10% to 12% reduction in risk, and 5 years of use resulted in a decrease of
about 50%. Whittemore and associates’® performed a meta-analysis of 12 U.S.
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case-control studies and demonstrated a clear trend of decreasing risk of ovarian
cancer with increased duration of oral contraceptive use. Most of the studies included
in these meta-analyses assessed the high-dose oral contraceptive formulations used
in the 1960s and 1970s.

Several investigations have evaluated lower doses of oral contraceptive formula-
tions and its association with ovarian cancer risk. One of the investigations in the
meta-analysis of Hankinson and associates® included subjects who used lower doses
of oral contraceptives. From 1980 to 1982, the Cancer and Steroid Hormone Study’
enrolled 546 women with ovarian cancer and 4228 controls. Use of oral contracep-
tives was associated with risk of ovarian cancer of 0.6 (95% CI, 0.5-0.7). A benefit
was seen in women with as little as 3 to 6 months of contraceptive use and was
independent of oral contraceptive formulation. Ness and colleagues® reported find-
ings from the Steroid Hormones and Reproductions (SHARE) Study Group. From
1994 to 1999, the investigation enrolled 767 women with ovarian cancer and 1367
community controls. Oral contraceptive use was associated with a 40% reduction in
ovarian cancer risk. Both high-estrogen/high-progestin pills and low-estrogen/low
progestin pills conferred an identical reduction in risk of ovarian cancer (odds ratio
0.5 for both types). In contrast, Schildkraut and associates” identified 360 women
with epithelial ovarian cancer and 2865 control subjects from the Cancer and Steroid
Hormone Study. They found a higher risk of ovarian cancer in women who used
low-potency progestin oral contraceptive formulations compared with subjects who
used high-potency progestin oral contraceptives (adjusted odds ratio 2.2; 95% CI,
1.3-3.9). These findings indicate that the protective effect of oral contraceptives on
ovarian cancer risk is independent of estrogen dose. However, lower-dose progestin
may not be associated with as great a protective effect.

Most investigations have focused on white women. John and colleagues' com-
bined data from seven case-control studies. From the data of the investigations, 110
black women with ovarian cancer were identified and served as case subjects. This
group was compared with 365 black control subjects. The use of oral contraceptives
for 6 years or longer was associated with an odds ratio of 0.62, but the 95% CI
equaled 0.24 to 1.6. Although oral contraceptive use in black women may protect
against ovarian cancer, this investigation may not have been adequately powered to
identify a significant association.

Oral contraceptive use occurs almost exclusively before menopause. The median
age of diagnosis of ovarian cancer is 63. If oral contraceptives do not provide long-
lasting protection, the benefit of this intervention may not be relevant to the majority
of women at risk. Several studies have reported on the durability of the protective
effect of oral contraceptives on ovarian cancer risk. Protection against ovarian malig-
nancy continues to be identified for approximately 15 years after discontinuation of
oral contraceptive use.>’”''"!* Bosetti and colleagues'* combined data from six case-
control investigations. Compared with never users, oral contraceptive users experi-
enced a significant reduction in ovarian cancer risk; odds ratio was equal to 0.66 (95%
CI, 0.56-0.79). Risk reduction was similar for women who had discontinued oral
contraceptives for less than 10 years compared with those who had stopped for 20
years or more. Oral contraceptive pill use continues to protect against ovarian cancer
for at least 15 years and probably longer.

In summation, in the general female population, oral contraceptive use appears to
be effective in reducing the risk of ovarian cancer. Case-control studies demonstrate
a relative risk of approximately 0.6 associated with oral contraceptives. A longer
duration of use results in an improved protective effect. Low-dose estrogen pills
appear to provide a protective benefit. However, lower progestin dosages may not
be as effective. The protective effects of oral contraceptive pills appear to persist
beyond 15 years (Table 4-2).
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Table 4-2. Ovarian Cancer Risk Reduction: Oral Contraceptives in the General Population

Investigation Odds Ratio 95% CI
The Cancer and Steroid Hormone Study” 0.6 0.5-0.7
Parazzini et al® 0.7 0.5-1.0
Stanford™® 0.7 0.6-0.7
Hankinson et al® 0.64 0.57-0.73
Whittemore et al® 0.70* 0.52-0.94
Whittemore et al® 0.66" 0.55-0.78
John et al®® 0.62* 0.24-1.6
Rosenberg et al'? 0.6 0.4-0.8
Ness et al® 0.60 0.5-0.7
Bosetti et al'* 0.66 0.56-0.79

*Hospital study, controls obtained from hospitals.
TPopulation studies, involved random digit dial of neighborhood controls.
*African-American population.

Chemoprevention for Women with Increased Risk

In a similar fashion to studies in the general population, case-control investigations
are used to determine the effect of oral contraceptive pills on women with an
increased risk of ovarian cancer. Case-control studies face the same limitations with
this group of subjects as those encountered in the general population. In addition,
these investigations may be hampered by methods used to identify the subjects at
risk for ovarian cancer. Some studies use family history, whereas others use formal
genetic testing.

A case-control study performed by Narod and associates'> compared oral contra-
ceptive use in 207 women with pathogenic mutations in BRCAI (n=179) or BRCA2
(n=28) with 161 of their sisters. Any past use of oral contraceptive pills was associ-
ated with and adjusted odds ratio for ovarian cancer of 0.5 (95% CI, 0.3-0.8). The
protective effect remained significant for carriers of the BRCAI mutation but not
the BRCA2 mutation. Given the small number in the BRCA2 mutation group, the
investigation was probably not sufficiently powered to detect this difference.

Modan and colleagues'® conducted a population-based case-control investigation
that first evaluated an Israeli population of 840 women with ovarian cancer and 751
controls for the presence of BRCA founder gene mutations. Mutations were identi-
fied in 29% (244 of 840) of patients with ovarian cancer and only 1.7% (13 of 751)
of controls. Parity and oral contraceptive use reduced the risk of ovarian cancer in
noncarriers. In BRCA mutation carriers, parity continued to provide a protective
effect with each birth resulting in a risk reduction of 12% (95% CI, 2.3-21%. In
contrast, oral contraceptive use in BRCA mutation carriers was associated with a
nonsignificant reduction of 0.2% per year (95% CI, 4.9-5.0%). In another case-
control investigation, Whittemore and associates'’ identified 451 BRCAI or BRCA2
mutation carriers of whom 147 women had ovarian cancer and 304 subjects did not.
Using self-reported histories, they compared oral contraceptive pill use in the sub-
jects. Ovarian cancer risk decreased by 5% (95% CI, 1.0-9.0) with each year of oral
contraceptive pill use.

Although most investigations do not have access to BRCA mutation status, several
have used a family history of ovarian cancer as a surrogate. Walker and associates'®
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Table 4-3. Ovarian Cancer Risk Reduction: Oral Contraceptives

in Women with an Increased Risk

Investigation Population Odds Ratio 95% CI
Narod et al' BRCA mutation 0.5 0.3-0.8
Modan et al'® BRCA mutation 1.07 (=5 years) 0.63-1.83
Whittemore et al'” BRCA mutation 0.62 (=6 years) 0.35-1.09
Walker et al'® Family history 0.07 (=4 years) 0.01-0.44
Bosetti et al'* Family history 0.50 0.26-0.95

interviewed 767 patients with epithelial ovarian cancer and 1367 control subjects to
obtain personal and family data. Among those with a first-degree relative with ovarian
cancer (33 case patients and 24 controls), risk of ovarian malignancy decreased with
increasing duration of oral contraceptive use (P =.01). In fact with oral contraceptive
use longer than 48 months, the protective effect was greater in subjects with a family
history of ovarian cancer than in those without such a history. Bosetti and colleagues'*
reanalyzed data from six European case-control studies. They identified 2768 women
with epithelial ovarian cancer and 6274 control subjects. A significant reduction in
risk of ovarian cancer was noted in ever users of birth control pills compared with
never users (odds ratio 0.66; 95% CI, 0.56-0.79). The protective benefit remained
for women with a family history of ovarian cancer.

Although the benefit was less extensive than in the general population, the major-
ity of investigations support the use of oral contraceptives for the prevention of
ovarian cancer in women with an increased risk of this malignancy. No studies have
reported a deleterious effect in this population. Given the data, the recommendation
of oral contraceptive pills for the prevention of ovarian cancer in high-risk patients
is appropriate (Table 4-3).

Prophylactic Surgery in the General Population

Prophylactic surgery for ovarian cancer encompasses several procedures. Bilateral
salpingo-oophorectomy with removal of both the fallopian tubes and the ovaries is
often advocated for the prevention of ovarian cancer. The procedure may be per-
formed through an open or laparoscopic approach. All peritoneal surfaces should be
examined. The procedure should result in the removal of the entire ovary and all but
the intramural portion of the fallopian tube. The ovarian vessels should be clamped
approximately 2 cm proximal to the ovary to reduce the risk of retained ovarian
tissue. All adhesions should be excised. In addition to operative risk, reproductive-age
women face surgical menopause after prophylactic oophorectomy. Both bilateral
tubal ligation and hysterectomy without removal of the tubes and ovaries have also
been shown to reduce the risk of subsequent ovarian cancer. Hysterectomy along
with bilateral salpingo-oophorectomy has been advocated by some groups to remove
the intramural portion of fallopian tube, which may be at risk for malignant
transformation.

The incidence of ovarian cancer in the general population is sufficiently low that
oophorectomy is not recommended when there is no other indication for surgery.
However, given the minimal impact of prophylactic oophorectomy on morbidity, its
role at the time of hysterectomy has been explored. Averette and Nguyen'® estimated
that approximately 300 prophylactic oophorectomies would have to be performed
at the time of hysterectomy in women over the age of 40 to prevent one case of
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Table 4-4. Ovarian Cancer Risk Reduction: Surgery in the General Population

Investigation Surgery Odds Ratio 95% CI
Whittemore et al° BTL 0.59* 0.38-0.93
Whittemore et al® BTL 0.871 0.62-1.2
Whittemore et al® Hysterectomy 0.66* 0.50-0.86
Whittemore et al® Hysterectomy 0.881 0.72-1.1
Hankinson et al* BTL 0.33* 0.16-0.64
Hankinson et al® Hysterectomy 0.67** 0.45-1.00

*Meta-analysis of case control investigations utilizing controls from hospitals.

"Meta-analysis of case control investigations utilizing controls from random digit dials of case neighborhoods.
**Prospective investigation.

BTL, bilateral tubal ligation.

ovarian cancer. Several assumptions were used to arrive at this number. The investi-
gators used an annual incidence of 24,000 new cases of ovarian cancer and estimated
that 5% to 14% of these women had previous hysterectomy with conserved ovaries.
Approximately 50% of these women were over 40 at the time of hysterectomy.
Therefore, about 1000 cases of ovarian cancer in the United States could be pre-
vented with diligent practice of prophylactic oophorectomy. Assuming approximately
300,000 opportunities to perform prophylactic oophorectomy in the United States
annually, the authors arrive at their estimate of 300 prophylactic oophorectomies to
prevent one case of ovarian cancer in the general population.

The issue of prophylactic cophorectomy should at least be discussed with patients
who are undergoing hysterectomy over the age of 40. However, the benefits are
modest and must be considered against the implications of surgical menopause.
Patients need to be aware that they continue to face a small risk of primary peritoneal
cancer despite removal of both ovaries.

Both bilateral tubal ligation and hysterectomy appear to reduce ovarian cancer risk
without causing surgical menopause. These procedures, however, should not be per-
formed solely for the reduction in ovarian cancer risk. In their investigation incorpo-
rating 12 U.S. case-control studies, Whittemore and colleagues® reported that both
tubal ligation and hysterectomy result in reduced risk of ovarian cancer. Using a
prospective cohort design, Hankinson and coworkers® followed 121,700 female
nurses prospectively. After controlling for ovarian cancer risk factors, a strong inverse
association was reported between tubal ligation and ovarian malignancy with a relative
risk of 0.33 and 95% CI of 0.16 to 0.64. A weaker inverse association was noted
between hysterectomy and ovarian cancer with a relative risk of 0.67 and 95% CI of
0.45 to 1.00.

Bilateral salpingo-oophorectomy, tubal ligation, and hysterectomy all appear to
reduce the risk of ovarian cancer in the general population. However, given the overall
low incidence of this malignancy, hundreds of prophylactic procedures need to be
performed to prevent one case of cancer of the ovary. Because of the risks associated
with surgery, these procedures are not recommended in the general population with
prophylaxis as the sole indication (Table 4-4).

Prophylactic Surgery in the High-Risk Population

When considering prophylactic procedure in the high-risk population, the surgeon
needs to be cognizant of the risk of an occult malignancy. The patient needs to have
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signed consent forms for additional procedures including hysterectomy and full surgi-
cal staging, since there is a 4% chance of detecting an occult malignancy at the time
of the procedure.??? Prophylactic bilateral salpingo-oophorectomy can be performed
by laparotomy or laparoscopy (minimally invasive surgery). A methodical survey of
the abdomen, pelvis, and entire peritoneum should be performed. All ovarian tissue
and as much fallopian tube as possible should be removed. Any suspicious area that
is noted at the time of the procedure should be excised and submitted for frozen-
section evaluation. If adhesions between the ovary and other peritoneal structures
are present, they should be resected to ensure that all ovarian tissue has been
removed. The infundibulopelvic ligament should be clamped and cut at least 2 cm
proximal to the ovary to prevent leaving any ovarian tissue behind. Although the
intramural portion of the fallopian tube is left behind after the bilateral salpingo-
oophorectomy, there have no reports of malignant transformation in the tubal
remnant after prophylactic surgery.”® See Figure 4-1.

A hysterectomy may be performed along with the bilateral salpingo-
oophorectomy. The major disadvantage is that it converts a minor procedure into a
major one with greater morbidity and requires admission to the hospital for postoper-

Figure 4-1. Prophylactic bilateral salpingo-oophorectomy. Manipulation of ovaries and tubes should be minimized.
Infundibulopelvic vessels should be ligated approximately 2 cm proximal to the ovary. As much fallopian tube as possible
should be excised. The pathology evaluation should include the entire specimen to rule out an occult malignancy.

A, Laparoscopic view of the pelvis. Note location of uterus, left fallopian tube and ovary, left round ligament, and sigmoid
colon. B, Divide broad ligament. C, Laparoscopic view of the left retroperitoneum. Note course of left ureter (1) on the
medial leaf of the broad ligament. Left external iliac artery (2) is also visible. D, To mobilize the ureter away from the
ovarian vessels, a defect is created between the left ureter (1) and the infundibulopelvic vessels (3).
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Figure 4-1, cont’d. E, To prevent the possibility of
ovarian remnant, the infundibulopelvic vessels are
cauterized and ultimately divided at least 2 cm from the
ovary. F, In order to remove as much fallopian tube as
possible, the fallopian tube and uterovarian ligament are
ligated as close to the uterus as possible. G, The
specimen is removed in an Endocatch bag.

ative care. Hysterectomy has been advocated as part of prophylactic surgery for
several proposed benefits. Since the risk of endometrial carcinoma is no longer
present, hormone replacement therapy with unopposed estrogen can be given to
control menopausal symptoms. Normally, women with BRCAI mutations may carry
an increased risk of endometrial and fallopian tube cancer. Hysterectomy would
address this risk. Finally, BRCA mutation carriers undergoing hysterectomy are not at
an increased risk for endometrial cancer if they opt to use the selective estrogen-
receptor modulator tamoxifen for chemoprophylaxis of breast cancer.

Several investigations have demonstrated an association between prophylactic
bilateral salpingo-oophorectomy and a reduction in the risk of gynecologic
cancers. Rebbeck and associates** evaluated whether prophylactic bilateral salpingo-
oophorectomy reduced the risk of cancers of the coelomic epithelium and breast in
women who carry such mutations. A total of 551 women with disease-associated
germline BRCAI or BRCA2 gene mutations were identified from registries and
studied for the occurrence of ovarian and breast cancer. The incidence of ovarian
cancer was determined in 259 women who underwent prophylactic bilateral salpingo-
oophorectomy and in 292 matched controls who did not undergo the procedure. In
the subgroup of 241 women with no history of breast cancer or prophylactic mas-
tectomy, the incidence of breast cancer was determined in 99 women who under-
went prophylactic bilateral salpingo-oophorectomy and in 142 matched controls. The
length of postoperative follow-up for both groups was at least 8 years. Six women
(2.3%) who underwent prophylactic bilateral salpingo-oophorectomy were diagnosed
with stage I ovarian cancer at the time of the procedure; two women (0.8%) were
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diagnosed with papillary serous peritoneal carcinoma 3.8 and 8.6 years after prophy-
lactic bilateral salpingo-oophorectomy. Among the controls, 58 women (19.9%) were
diagnosed with ovarian cancer after a mean follow-up of 8.8 years. With the exclusion
of the six women whose cancer was diagnosed at surgery, prophylactic bilateral
salpingo-oophorectomy significantly reduced the risk of coelomic epithelial cancer
(hazard ratio 0.04; 95% CI, 0.01-0.16). Of 99 women who underwent prophylactic
bilateral salpingo-oophorectomy and who were studied to determine the risk of breast
cancer, breast cancer developed in 21 (21.2%) compared with 60 (42.3%) in the
control group (hazard ratio 0.47; 95% CI, 0.29-0.77).

Similar results were obtained by Kauff and colleagues®® while prospectively
comparing the effect of risk-reducing bilateral salpingo-oophorectomy with that of
surveillance for ovarian cancer on the incidence of subsequent breast cancer and
BRCA-related gynecologic cancers in women with BRCA mutations. A total of
170 women 35 years of age or older who had not undergone bilateral salpingo-
oophorectomy chose to undergo either surveillance for ovarian cancer or prophylactic
bilateral salpingo-oophorectomy. During a mean follow-up of 24.2 months, breast
cancer was diagnosed in 3 of the 98 women who chose prophylactic bilateral salpingo-
oophorectomy, and peritoneal cancer was diagnosed in 1 woman in this group. Among
the 72 women who chose surveillance, breast cancer was diagnosed in 8, ovarian
cancer in 4 and peritoneal cancer in 1. The time to breast cancer or BRCA-related
gynecologic cancer was longer in the bilateral salpingo-oophorectomy group, with a
hazard ratio for subsequent breast cancer or BRCA-related gynecologic cancer of 0.25
(95% CI, 0.08-0.74).

Rutter and colleagues®® tested 847 Israeli women with ovarian or primary perito-
neal cancer for the three Ashkenazi founder mutations. BRCAI mutations were
noted in 187 subjects. A BRCA2 mutation was found in 64 patients. Noncarrier
status was reported in 598 subjects. A total of 2396 control subjects were drawn
from a population registry. A reduced risk of ovarian or primary peritoneal cancer
was noted in women who underwent gynecologic surgery, with an odds ratio of 0.51
and a 95% CI of 0.32 to 0.81. The effect was greatest for bilateral oophorectomy
with an odds ratio of 0.29 and a 95% CI of 0.12 to 0.73. Surgery that did not result
in the removal of ovarian tissue (including hysterectomy and bilateral tubal ligation)
was associated with a reduced risk of ovarian cancer with an odds ratio of 0.67 and
a 95% CI of 0.38 to 1.18.

In view of the lack of screening methods for ovarian cancer and the lack of efficacy
of current surveillance methods, it is recommended that BRCAI or BRCA2 mutation
carriers undergo prophylactic bilateral salpingo-oophorectomy after age 35 or once
childbearing is completed. Gynecologic surgery such as hysterectomy and bilateral
tubal ligation, which does not remove ovarian tissue, demonstrates a reduced risk of
ovarian cancer in BRCA mutation carriers, but the 95% CI includes 1. Timing of the
prophylactic bilateral salpingo-oophorectomy requires balancing the procedure-
related consequences of surgical menopause and infertility against the risk of develop-
ing ovarian cancer. Removal of both tubes should be performed because of the
increased risk of fallopian tube cancer. Despite the reduction in ovarian or fallopian
tube cancer, women who undergo prophylactic bilateral salpingo-oophorectomy still
have a small residual risk of developing primary peritoneal cancer?” (Tables 4-5 and

46).

Conclusions

Ovarian cancer leads to more deaths than all other gynecologic cancers combined. In
the general population, the risk of ovarian cancer is 1.4%. In contrast, a woman with
a deleterious BRCAI gene mutation has a 30% to 40% chance of developing ovarian
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Table 4-5. Ovarian Cancer Risk Reduction: Surgery in Women with BRCA Mutations

Investigation Surgery Odds Ratio 95% CI

Rebbeck et al** Prophylactic BSO 0.04 0.01-0.16
Kauff et al*® Prophylactic BSO 0.15 0.02-1.31
Rutter et al?® Prophylactic BSO 0.29 0.12-0.73
Rutter et al*® BTL /nysterectomy 0.67 0.38-1.18

BSO, bilateral salpingo-oophorectomy; BTL, bilateral tubal ligation.

Table 4-6. Summary of Ovarian Cancer Risk Reduction

Intervention Odds Ratio
None 1

Oral contraceptives general population 0.6

Oral contraceptives high-risk population 0.5

Prophylactic BSO general population

Prophylactic BSO high-risk population

BTL /hysterectomy general population

BTL /hysterectomy high-risk population

300 surgeries to prevent 1 case
0.04-0.29

0.33-0.67

0.67

BSO, bilateral salpingo-oophorectomy; BTL, bilateral tubal ligation.
Data from references 5, 15, 19, 20, 24, 26.

cancer in her lifetime. Currently, an effective screening test for ovarian cancer is not
available. Chemoprevention for ovarian cancer with oral contraceptive pills appears
to be beneficial in both the general population and in women with a high risk of
ovarian cancer. Prophylactic oophorectomy has only a modest impact on reduc-
ing ovarian cancer rates in the general population. In contrast, bilateral salpingo-
oophorectomy in the high-risk group significantly decreases the risk of developing an
ovarian malignancy. For patients who are unfortunately found to have occult cancers
at the time of this surgery, this procedure most likely represents intervention at an
earlier stage than would be expected. Although prophylactic surgery may be effective
in the high-risk group, it does result in surgical menopause. Improvements in screen-
ing and chemoprevention would be welcomed.
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KEY POINTS

» For women with known risk factors for ovarian cancer, transvaginal ultrasound continues to be the
initial and the most promising imaging modality for ovarian cancer screening.

o Ultrasound (both gray-scale and Doppler) is considered the modality of choice for initial evaluation
of an ovarian mass.

o The features suggestive of ovarian malignancy on all cross-sectional imaging modalities (ultrasound,
computed tomography, and MRI) include septations greater than 3 mm in thickness, mural nodu-
larity, and the presence of papillary projections. Unilocular or multilocular ovarian cystic lesions
without solid parts are more likely to be benign.

o MR imaging is considered to be a problem-solving technique in the characterization of adnexal
masses.

o CT is the modality of choice in staging and preoperative planning for ovarian cancer.

o The role of FDG-PET in combination with CT in the evaluation of ovarian cancer has been growing
rapidly, with recognized advantages in the evaluation of tumor recurrence.

Overview of the Roles of Imaging in Ovarian Cancer

Imaging is an integral part of ovarian cancer detection, diagnosis, management, and
treatment follow-up. A number of imaging modalities are available, and a variety of
new techniques, especially molecular imaging approaches, are being developed. Each
imaging modality has its unique advantages and limitations; therefore, evidence-based
use of imaging is essential for achieving the greatest possible benefit without over- or
underuse of specific modalities. Since imaging is a continuously advancing field, it is
important for clinicians to keep abreast of new developments and revise aspects of
their clinical practice in line with these developments.

Briefly, ultrasound, computed tomography (CT) and magnetic resonance imaging
(MRI) are established imaging modalities in the evaluation of ovarian cancer, and
positron emission tomography (PET) is an emerging modality. In terms of screening
for ovarian cancer, established clinical guidelines are available to guide the selection
of appropriate modalities. Transvaginal ultrasound has consistently been the most
promising imaging modality for routine screening for ovarian cancer among the
imaging modalities that have been tested. When it comes to lesion detection and
characterization, for patients presenting with pertinent symptoms, the imaging
workup generally includes an ultrasound or contrast-enhanced CT of the abdomen
and pelvis in addition to a complete physical examination and appropriate laboratory
tests." MRI of the pelvis or abdomen may be used for problem solving when imaging
findings on ultrasound are equivocal, or in patients who have contraindications to
iodinated CT contrast. Chest x-ray is typically obtained as part of the overall
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evaluation before surgical staging. Other diagnostic studies, such as gastrointestinal
tract evaluation, are not routinely recommended, unless indicated in specific clinical
situations.

After the completion of primary surgery and chemotherapy in patients with
ovarian cancer, imaging plays an important role in follow-up. The most frequently
used imaging modalities include CT of the abdomen and pelvis, PET, and PET/CT.
Again, MRI is reserved as a problem-solving tool or is used for patients with contra-
indications to CT scanning. For patients with borderline epithelial ovarian cancer
(also known as epithelial ovarian cancer of low malignant potential [LMP]) who chose
fertility-sparing surgery, close monitoring with ultrasound examinations should be
considered.

This chapter discusses the roles of different modalities, including ultrasound, CT,
MRI, and PET in ovarian cancer screening, detection, and characterization, as well
as pretreatment staging and post-treatment follow-up.

Screening for Ovarian Cancer

Ovarian cancer is the fifth most common cancer in women and is the most common
cause of gynecologic cancer mortality. Approximately 1 in 70 women will develop
ovarian cancer in their lifetime. Many risk factors have been identified in the carci-
nogenesis of ovarian cancer, and patients with varying levels of risk can be further
stratified into different groups. Recommendations for ovarian cancer screening vary
according to the patient’s level of risk. Advancing age, infertility, endometriosis, and
postmenopausal hormone replacement therapy typically lead to a mildly increased
risk of ovarian cancer in individuals compared with that of the general female popula-
tion (relative risk [RR] < 3),>> whereas inherited mutations in the cancer susceptibil-
ity genes such as BRCAI, BRCA2, and mismatch repair genes associated with
hereditary nonpolyposis colon cancer (HNPCC) syndrome lead to much higher RRs
of approximately 30 to 45, 6 to 20, and 6 to 9, respectively, compared with RRs of
the general population.>' In the absence of genetic testing information, a family
history of ovarian cancer or early-onset breast cancer has been associated with inter-
mediately increased risk of ovarian cancer with a RR of approximately 3 to 5 com-
pared with the general population,*'® but it is not clear how much of this increased
risk is accounted for by mutations in the known ovarian cancer susceptibility
genes.

A number of tests have been evaluated as potential methods of screening for
ovarian cancer. Screening tests with the greatest evidence base include serum CA-125
and transvaginal ultrasound. Although a number of imaging modalities have been
evaluated for possible use in ovarian cancer screening, transvaginal ultrasound has
consistently been the most promising imaging modality for routine screening for
ovarian cancer. In the largest study to date evaluating ultrasound as a screening
method for ovarian cancer, 14,469 women predominantly with an average risk of
ovarian cancer were followed up with annual transvaginal ultrasounds.'” In this study,
ultrasound was found to have 81% sensitivity and 98.9% specificity, resulting in a
positive predictive value of 9.4%. The authors also suggested that transvaginal ultra-
sound was associated with an early detection of ovarian cancer, with 11 of 17 screen-
detected ovarian cancers being diagnosed at stage 1. Critics, however, have pointed
out that only 2 of the 11 stage I screen-detected cancers were high grade, compared
with all six of the screen-detected advanced-stage ovarian cancers.

Several studies have evaluated the simultaneous use of transvaginal ultrasound and
testing for CA-125. These studies have suggested that the combination of these tests
results in a higher sensitivity for ovarian cancer detection, but at the cost of an
increased rate of false-positive results. In the ongoing Prostate, Lung, Colorectal and
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Ovarian Cancer (PLCO) Screening Trial, 28,816 women were randomized to receive
annual transvaginal ultrasound and CA-125. At baseline, 1338 (4.7%) ultrasounds
and 402 (1.4%) CA-125 tests were abnormal. Workup of these abnormalities led to
the diagnoses of 20 invasive ovarian cancers. The positive predictive values of abnor-
mal tests were 1.0% for transvaginal ultrasound and 3.7% for CA-125. When both
tests were abnormal, however, their combined positive predictive value was 23.5%.'®
Final results comparing this screened cohort to a control group of 39,000 women
randomized to usual care are expected in 2015.

Several national organizations, including the American Cancer Society, the Ameri-
can College of Obstetricians and Gynecologists/Society of Gynecologic Oncologists,
the United States Preventive Services Task Force, and the National Cancer Institute,
have stated that there is inadequate evidence to determine whether routine screening
for ovarian cancer will result in decreased mortality rates and that therefore trans-
vaginal ultrasound and CA-125 blood tests are generally not recommended for
ovarian cancer screening of women without known strong risk factors, although
genetic counseling may be helpful for women with intermediately increased risk (RR
3-5) to clarify the risk of ovarian and related cancers. For women with inherited risk
(i.e., documented mutations in BRCAI or BRCA2), the Cancer Genetics Studies
Consortium recommended screening with CA-125 and transvaginal ultrasound one
to two times per year, starting between ages 25 and 35 years. The National Com-
prehensive Cancer Network recommends risk-reducing salpingo-oophorectomy in
these high-risk individuals ideally between the ages of 35 and 40 years. For patients
who do not choose to undergo risk-reducing salpingo-oophorectomy, ovarian cancer
screening is recommended with transvaginal ultrasound and CA-125 twice a year
starting at age 35 or 5 to 10 years earlier than the earliest ovarian cancer diagnosis
in the family.

Detection and Characterization of Ovarian Tumors
Role of Ultrasound

Ultrasound is considered the modality of choice for initial evaluation of an ovarian
mass.'? It has been reported that in a setting similar to day-to-day clinical practice,
in which the readers were given a brief clinical history of the patients (i.e., age,
menstrual status, family history of ovarian cancer, previous pelvic surgery, and pre-
senting symptoms), the experienced readers reached a prospective diagnostic accu-
racy of 92%, with excellent interobserver agreement (i 0.85). The less experienced
observers obtained an accuracy that ranged between 82% and 87%, with moderate
to good interobserver agreement (k 0.52 to 0.76).%°

The features suggestive of ovarian malignancy on ultrasound include septations
greater than 3 mm, mural nodularity, and papillary projections. Unilocular or multi-
locular ovarian cystic lesions without solid parts are more likely to be benign.?'** In
other words, the most significant feature predictive of ovarian malignancy is the
presence of solid components within the mass.”> When solid excrescences or solid
portions of the tumor demonstrate vascular flow with color Doppler sonography
(conventional or power), the likelihood of malignancy is even greater.”*** Some
benign lesions, such as endometriomas and hemorrhagic cysts, may mimic ovarian
neoplasms on ultrasound (Fig. 5-1). Therefore, for premenopausal women, it may
be prudent to obtain short-term follow-up on ovarian lesions to exclude transient
physiologic changes.?

The role of spectral Doppler analysis using parameters such as resistive index (RI),
pulsatility index (PI), and peak systolic velocity (PSV) in the evaluation of
ovarian masses has been controversial. On spectral Doppler, ovarian cancer often
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Figure 5-1. A 38-year-old woman with thyroid cancer. A, Transverse ultrasound imaging of the left ovary
demonstrates a mass of relatively homogeneous internal echoes. B, Color Doppler ultrasound image of this mass
demonstrates no obvious internal flow. C, Axial T2-weighted MRI demonstrates “shading” phenomenon within this mass
(arrow), a finding frequently seen in endometriomas. D, Axial T1-weighted fat-saturated MRI demonstrates high signal
intensity within the left ovarian mass (arrow) consistent with a blood-containing lesion. The patient underwent subsequent
left ovarian cystectomy, which revealed an endometrioma.

demonstrates low-resistance waveforms because tumor neovasculature lacks smooth
muscle and arteriovenous shunting often occurs.”® Lower RI, lower PI, and higher
PSV are thought to be associated with lower impedance flow and higher vascularity
in the adnexal mass and thus may be indicative of malignancy. Early research sug-
gested high sensitivity and specificity using an RI less than 0.4 and a PI less than 1
as cut-off values for diagnosing malignant ovarian masses.?*?® However, a later study
by Levine and colleagues® showed that although use of the RI might improve speci-
ficity in the assessment of possibly malignant lesions, a significant number of malig-
nant lesions could be miscategorized on the basis of the RI.? Other studies found
that although PI and RI tended to be lower in malignant ovarian masses, they over-
lapped considerably in benign and malignant lesions, and no discriminatory cut-off
value could be found.?*° Therefore, Doppler sonography has severe limitations in
the differentiation of benign from malignant adnexal disease on the basis of low-
impedance flow alone, although combining the flow velocity patterns obtained at
pulsed Doppler ultrasound with a detailed analysis of the internal architectural
appearance of the adnexal mass may increase the specificity and overall accuracy of
the diagnosis.*' In addition, lack of detectable flow on color Doppler ultrasound
does not exclude ovarian malignancy.*® It should be noted, however, that benign
lesions such as corpora lutea with low-impedance flow are more common in pre-
menopausal women; in a postmenopausal woman, low-impedance flow in an ovarian
lesion is highly suggestive of malignancy.?
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A study by Buy and colleagues®” compared the accuracy of three ultrasonographic
techniques in characterizing adnexal masses: conventional gray-scale sonography, con-
ventional sonography combined with color Doppler, and spectral Doppler analysis
only using RI, PI, or PSV as diagnostic criteria for malignancy. They showed that con-
ventional sonography alone had an accuracy of 83%, sensitivity of 88%, and specificity
of 82%. Using conventional ultrasound combined with color Doppler ultrasound,
accuracy was 95%, sensitivity was 88%, and specificity was 97%. Using spectral
Doppler analysis only with RI less than or equal to 0.4 as the indication for malig-
nancy, accuracy was 77%, sensitivity was 18%, and specificity was 98%. Using PI less
than or equal to 1 as the criterion for malignancy, accuracy was 68%, sensitivity was
71%, and specificity was 67%. For a PSV greater than or equal to 15 cm/s, accuracy
was 72%, sensitivity was 47%, and specificity was 81% in diagnosing ovarian malig-
nancy. These results indicated that adding color Doppler to conventional sonography
produced higher specificity and positive predictive value than did conventional sonog-
raphy alone, whereas RI, PI, and PSV were of limited value as stand-alone diagnostic
tests.”” A meta-analysis of 89 studies using receiver operating characteristic curve
analysis found that accuracy (as measured by the area under the ROC curve [AUC])
was significantly higher for the combination of gray-scale ultrasound and Doppler
ultrasound (0.92) than for morphologic information (0.85), Doppler ultrasound
indexes (0.82), or color-flow Doppler imaging alone (0.73) (P < .01 for all).*®

It is worth mentioning that technologic advances in diagnostic ultrasonography
have led to the development of three-dimensional transvaginal gray-scale volume
imaging and power Doppler imaging by ultrasound, which reportedly allows better
visualization of the internal architecture of adnexal masses than does conventional
two-dimensional transvaginal imaging.**** A few studies have demonstrated that
three-dimensional power Doppler imaging better defines the morphologic and vas-
cular characteristics of ovarian lesions and significantly improves specificity in the
diagnosis of ovarian malignancy.3**

Role of Magnetic Resonance Imaging

MRI is considered a problem-solving technique in the assessment of adnexal masses. "’

For adequate evaluation of adnexal masses, T1- and T2-weighted images of the pelvis
are fundamental in the delineation of pelvic anatomy and tumor, and subsequent
gadolinium-enhanced sequences, typically done with fat saturation, can be helpful.??
Fat saturation technique enables the reader to distinguish between fat and blood
products. Gadolinium-enhanced MRI further improves characterization of the inter-
nal architecture of ovarian lesions and has been shown to be more accurate than
ultrasound in the assessment of adnexal masses.”*** Transvaginal ultrasound cannot
reliably differentiate blood products, debris, or fibrofatty tissue from neoplastic
projections, whereas on gadolinium-enhanced MRI, neoplastic tissue enhances, and
clot or debris do not. Gadolinium-enhanced MRI has been shown to have sensitivity,
specificity, and accuracy up to 100%, 98%, and 99%, respectively, in the identifica-
tion of solid components within an adnexal mass, and just as on ultrasound the pres-
ence of enhancing solid tissue on MRI is highly sensitive and specific in predicting
malignancy.* A study by Hricak and colleagues*® showed that gadolinium-enhanced
MRI was highly accurate in the detection and characterization of complex adnexal
masses, with excellent inter- and intraobserver agreement. Gadolinium-enhanced
MRI depicted 94% of adnexal masses, with an overall accuracy of 93% for the diag-
nosis of malignancy.*® The MRI imaging findings that were most predictive of malig-
nancy were necrosis in a solid lesion (odds ratio 107) and vegetations in a cystic
lesion (odds ratio 40).***” Use of gadolinium-based contrast material contributed
significantly to lesion characterization. Other features suggestive of malignancy on
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MRI include enhancing septations thicker than 3 mm and septal nodularity, wall
irregularity, large lesion size, early tumor enhancement on dynamic contrast-enhanced
images, and the presence of ascites, peritoneal disease, or adenopathy.*” The accuracy
of MRI (AUC 0.91) has been shown to be superior to that of Doppler ultrasound
(AUC 0.78) and of CT (AUC 0.87) in the diagnosis of malignant ovarian masses.*
In addition, a meta-analysis showed that for women with an indeterminate ovarian
mass at gray-scale ultrasound, MRI results contributed more to a change in the prob-
ability of ovarian cancer in both pre- and postmenopausal women than did CT or
combined gray-scale and Doppler ultrasound results.*®

Role of Computed Tomography

The advent of multislice CT, which allows faster acquisition times and higher spatial
resolution, has led to a great increase in the number of CT examinations performed.
For a number of clinical indications such as renal colic, appendicitis, and diverticulitis,
CT has become a primary imaging approach. However, although CT has been shown
to be the modality of choice in staging and preoperative planning for ovarian cancer,**
it is generally not considered helpful for primary characterization of adnexal masses.
When an adnexal mass is detected on CT, it is common practice not to characterize
the mass based on its appearance on CT, but to refer patients to ultrasound or MRI
for further characterization of the mass and management guidance.

As a matter of fact, CT can probably yield more diagnostic information than is
generally believed.”' One study found that the rates of detection of ovarian tumors
were comparable for CT and ultrasound (87% and 86%). The study also found that
CT had a higher accuracy than ultrasound in characterizing tumors as benign or
malignant (94% versus 80%) and that there was no significant difference in specificity
(99% for CT versus 92% for US).*> Another study from the same group found no
significant difference in the overall accuracy levels of CT (92%) and MRI (86%) in
characterizing tumors as benign or malignant.”® Another study showed that preopera-
tive CT in patients with ovarian abnormalities had an accuracy of 87%, a sensitivity
of 90%, and a specificity of 85% for predicting malignant disease.™

Role of FDG-PET

PET scanning with 2-[fluorine 18] fluoro-2-deoxy-D-glucose ('*fluorodeoxyglucose;
FDG) is based on uptake of FDG by functionally active tissue such as neoplasm,
which has a higher glucose metabolism. The role of FDG-PET in combination with
CT in the evaluation of pelvic malignancies has been growing rapidly in recent years.
FDG-PET has proved valuable in the evaluation of a variety of pelvic malignancies,
including colorectal cancer, uterine cervical cancer, and endometrial cancer.>* Fusion
of PET and CT images obtained simultaneously allows combined anatomic and func-
tional imaging> and offers higher specificity than PET alone. It has been suggested
that CT images of optimal diagnostic quality can be obtained using both oral and
intravenous contrast material without interfering with PET, thus offering a “one-stop
shopping” imaging protocol.”®*” In addition, CT images can be used for attenuation
correction for PET, thus decreasing the overall cost and acquisition time.>

PET, however, has recognized limitations. The major disadvantages include mis-
interpretation of normal physiologic activity in the abdomen or pelvis, and limited
intrinsic image resolution leading to a failure to detect small lesions (less than
0.5 cm).> Since FDG-PET does not have the resolution needed to characterize the
primary adnexal mass, the sensitivity and specificity of FDG-PET for diagnosis and
assessment of adnexal masses are inferior to those of ultrasound, CT, and MRI;
therefore, PET has a limited role in the evaluation of primary ovarian cancer.™®
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Physiologic uptake of FDG in ovaries during different phases of the menstrual
cycle may hinder detection of primary ovarian cancer.”® In addition, a variety of
benign lesions, such as serous and mucinous cystadenomas, corpus luteum cysts, and
dermoid cysts, are known to accumulate FDG and cannot be reliably differentiated
from malignant lesions®*® (Fig. 5-2). Generally speaking, increased FDG uptake in
a solid component of an ovary that does not correspond to one of the above-
mentioned benign lesions should be considered suggestive of malignancy. The sug-
gestion of malignancy is stronger when ovarian FDG uptake is present in a
postmenopausal woman.

In addition, misregistration cannot be completely eliminated because the acquisi-
tion time is relatively long for PET and because physiologic patient activity, such as
respiratory motion, bowel peristalsis, and bladder distention, occur during it.>* It also
should be noted that both physiologic uptake and tumor activity may appear larger
on PET than on the corresponding CT image owing to the “blooming” effect if the
uptake activity is intense on PET.>

Figure 5-2. A 43-year-old woman referred to
FDG-PET for suspicion of ovarian tumor.

A, Axial contrast-enhanced CT image of the
pelvis demonstrates complicated cystic structures
in bilateral adnexae (arrows). B, Transverse PET
image of the pelvis demonstrates increased
metabolic activity in the adnexae up to 3.5 in
maximum standardized uptake value (SUV) on
the right (arrow) and 2.9 on the left (not shown).
Subsequent surgical pathology showed acute—
on-chronic salpingitis bilaterally. (We thank Dr.
Pek Lan Khong at the Department of Diagnostic
Radiology, University of Hong Kong for providing
these images.)
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Specific Tumor Characterization with Imaging

Preoperative characterization of an ovarian mass is of substantial clinical value for
treatment planning. Although ovarian tumors may overlap in their clinical and radio-
logic features, certain specific imaging features may be present in certain types of
ovarian tumors, and identification of these features may enable the reader to indicate
a specific diagnosis or at least narrow the differential diagnosis considerably.*

Imaging findings for specific tumor characterization follow gross pathologic fea-
tures. For example, epithelial tumors typically are primarily cystic—either unilocular
or multilocular—and when malignant, they are associated with varying proportions
of solid tissue." Although the two most common types of epithelial tumors—serous
and mucinous tumors—cannot always be differentiated based on their imaging
appearances, certain features may suggest one diagnosis over the other. For example,
a unilocular or multilocular cystic mass with a thin regular wall and septum, no soft
tissues vegetations, and homogeneous CT attenuation or MRI signal intensity of the
locules is most likely a benign serous cystadenoma.*® A benign mucinous cystadenoma
can be similar in appearance to a benign serous cystadenoma except that the muci-
nous tumor may contain liquids of different CT attenuation or MRI signal intensity,
thus giving a “mosaic” pattern.”® Mucinous cystadenomas also tend to be larger than
their serous counterparts at presentation.

Although it has been suggested that lesions smaller than 4 cm in diameter are more
likely to be benign,* a significant overlap in size exists between benign and malignant
lesions, limiting the value of size criteria. Large benign ovarian tumors are occasionally
seen and can remain clinically silent as they grow,*” whereas the primary serous
cystadenocarcinomas can be quite small and manifest as peritoneal carcinomatosis.
Generally speaking, a greater amount of soft tissue components (e.g., irregular cystic
wall and septum greater than 3 mm in thickness, or endocystic or exocystic vegeta-
tions) is suggestive of a greater likelihood of malignancy. A large soft tissue compo-
nent with necrosis is also suggestive of malignancy.* However, benign masses such
as cystadenofibromas could contain solid components and cannot be differentiated
from malignant tumors by either the size of the solid portion or the intensity of
contrast enhancement, and occasionally an ovarian epithelial tumor of low malignant
potential may appear purely cystic on imaging®*®' (Fig. 5-3).

Figure 5-3. A 57-year-old woman with
lymphoma. Sagittal T2-weighted MRI
demonstrates a multiloculated cystic mass with
internal soft tissue nodularity (arrow) and multiple
septations. Subsequent surgical pathology
demonstrated a serous cystadenofibroma.
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Papillary projections found on an imaging study are thought to constitute an
important predictor of the diagnosis of epithelial ovarian tumors and may even cor-
relate with the aggressiveness of the tumor.*® These projections are usually absent in
benign epithelial tumors, and, if present, they are generally small. Papillary projec-
tions can be profuse in epithelial tumors with low malignant potential. Although they
can be in invasive epithelial carcinomas, their gross appearance is often dominated
by a solid component.* However, these features do not allow confident differentia-
tion of epithelial tumors with low malignant potential from invasive tumors.®

Ancillary findings such as ascites, tumor implants in the abdomen or pelvis, ade-
nopathy, and adjacent organ invasion further increase confidence in the diagnosis of
an ovarian malignancy. Bilateral primary ovarian tumors with peritoneal carcinomato-
sis are seen more frequently in serous than in mucinous cystadenocarcinomas, whereas
mucinous adenocarcinomas can rupture and lead to pseudomyxoma peritonei.*

Endometrioid and clear cell carcinomas are the most common malignant neoplasms
arising from endometriosis. Therefore, an endometrioma with solid components sug-
gests malignancy and must be removed.’>%* The imaging features of endometrioid
ovarian carcinomas are nonspecific and include a large complex cystic mass with solid
components.” However, 15% to 30% of endometrioid carcinomas are associated with
synchronous endometrial carcinoma or hyperplasia, which manifests as concurrent
endometrial thickening on imaging.>'**% The imaging features of clear cell carcino-
mas are also nonspecific; however, clear cell carcinoma commonly presents as a
large unilocular cystic lesion with solid protrusions, which tend to be round and
sparse® (Fig. 5-4). Although benign endometriomas are typically T1 hyperintense
and T2 hypointense on MRI, the signal intensity of clear cell carcinomas is
variable.®

Fat in an adnexal mass is typically diagnostic of a mature teratoma. On ultrasound,
the sebaceous material in a mature teratoma typically manifests as diffuse or partial
echogenicity within the mass. However, increased echogenicity is not specific, and
the presence of fat should be definitively confirmed with CT or MRI. On CT, a
negative attenuation is indicative of fat. On MRI, fat is hyperintense on T1-weighted
images and suppressed in signal on chemically selective fat suppression sequences.
Mature teratomas often contain a protuberance projecting into the cystic cavity
known as the Rokitansky nodule, which may contain hair, bone, or teeth®® (Fig. 5-5).
Rokitansky nodules are typically densely echogenic on ultrasound and may be associ-
ated with calcifications on CT. In addition, calcifications may also be present in the
septations or wall of the mass. However, benign mature teratomas have a broad

Figure 5-4. A 62-year-old woman with a
history of breast cancer, presenting with an
adnexal mass. Axial contrast-enhanced CT
image demonstrates a large complex cystic mass
in the right adnexa, with large heterogeneous and
irregular soft tissue components (arrow). In
addition, the endometrial stripe also appears
thickened on CT (arrowhead). Subsequent
surgical pathology demonstrated a clear cell
carcinoma of the right ovary, and endometrial
polyp in the uterus.
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Figure 5-5. A 52-year-old woman with a history of breast cancer. A, Unenhanced axial T1-weighted MRI
demonstrates a T1-hyperintense mass in the right ovary with a small mural nodule (arrowhead). B, Unenhanced axial T1-
weighted MR image through the lower portion of the mass demonstrates amorphous material at the dependent portion of
the mass (arrow). C, Axial unenhanced T1-weighted fat-saturated image demonstrates suppression of the signal within
the right ovarian mass (arrow), indicating that this is a fat-containing lesion. D, Transverse ultrasound image of the right
ovary illustrates the cystic mass in the right ovary with mural nodule (arrowhead) and echogenic material in the dependent
portion (arrow). Subsequent surgical pathology confirmed that this was a mature cystic teratoma. C, an incidental simple
cyst in the right ovary.

spectrum of imaging findings, which may overlap with those of a malignant mass. For
example, a mature teratoma may manifest as a mixed mass with all the components
of the three germ cell layers and demonstrate a complex appearance, or it may be
purely cystic in nature, containing locules of fluid with septations, mimicking an
epithelial tumor.*

A malignant immature teratoma may contain mature tissue elements similar to
those seen in mature cystic teratomas, including small foci of fat. However, unlike
mature teratomas, immature teratomas typically have prominent solid components
with internal necrosis or hemorrhage, may contain scattered (rather than localized)
calcifications, may demonstrate rapid growth, and may have a capsule that is not well
defined, or may be perforated or ruptured.®®*

Dysgerminoma is the ovarian counterpart of seminoma of the testis.®” Character-
istic findings such as multilobulated solid ovarian masses with fibrovascular septa that
demonstrate prominent flow on ultrasound or significant enhancement on CT or MR
have been reported.®®® Calcification may be present in a speckled pattern. Necrotic
and hemorrhagic areas may also be in the tumor.*
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In addition to endometrioid carcinomas, sex cord-stromal tumors may also be
associated with endometrial abnormality due to their estrogen-producing capabilities.
The hyperestrogenemia may produce combined endometrial hyperplasia, polyps, or
carcinoma.® The most common malignant sex cord-stromal tumors are granulosa cell
tumors of the ovary, which have variable appearances on imaging, ranging from homo-
geneous solid masses, to heterogeneous tumors with varying degrees of hemorrhagic
or fibrotic changes, to multilocular cystic lesions, to thick-walled or thin-walled uni-
locular cystic tumors.*>’® In contrast to epithelial tumors, granulosa cell tumors do
not have endocystic papillary projections, are less likely to cause peritoneal seeding,
and are more likely to be confined to the ovary at the time of diagnosis.> The associ-
ated estrogenic effects on the uterus may manifest as uterine enlargement or as
endometrial thickening or hemorrhage.”"’

Ovarian masses with fibrous components include fibroma, fibrothecoma, cystade-
nofibroma, Brenner tumor, and Sertoli-Leydig cell tumor.> Sertoli-Leydig cell tumor
is rare and occurs most often in young adults. Approximately one third of female
patients with Sertoli-Leydig cell tumors present with progressive masculinization
owing to excess testosterone secreted by the tumor (Fig. 5-6). Fibroma is the most

Figure 5-6. A 15-year-old girl presenting with
amenorrhea, obesity, and hirsutism.

A, Transverse ultrasound image of the pelvis
demonstrates a heterogeneous mass that is
mostly solid in the right ovary. B, Color Doppler
image demonstrates blood flow within the solid
components of the ovarian mass. Subsequent
surgical pathology showed a right ovarian Sertoli-
Leydig cell tumor. (We thank Dr. Pek Lan Khong
at the Department of Diagnostic Radiology,
University of Hong Kong for providing these
images.)
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common sex cord-stromal tumor of the ovary and is benign. It is composed of fibro-
blasts and collagen and is without estrogenic activity.”' It may be associated with
ascites and Meigs syndrome. Ovarian fibromas are worth mentioning from an imaging
standpoint because they have a relatively specific appearance on imaging that may
suggest the diagnosis. The characteristic appearance of fibroma on ultrasound is a
homogeneous hypoechoic mass with posterior acoustic shadowing.”® On CT, it has
been reported that most ovarian fibrothecomas appear as solid masses with delayed
accumulation of contrast medium.”> On MRI, fibromas and fibrothecomas are pre-
dominantly of low signal intensity on T2-weighted images because of the abundant
collagen and fibrous components. Dense calcifications in the mass can often be seen.*
Although a broad spectrum of imaging appearances has been reported with ovarian
fibromas and fibrothecomas, which cannot always be easily differentiated from other
ovarian tumors, the above imaging features, when present, are highly suggestive of
an ovarian fibroma or fibrothecoma.”* However, a differential diagnosis needs to be
considered for such a mass, that is, a pedunculated subserosal uterine leiomyoma or
a broad-ligament leiomyoma, which may appear as an adnexal mass and also fre-
quently demonstrates very low signal intensity on T2-weighted MRI and low echo-
genicity on ultrasound® (Fig. 5-7). Since leiomyomas are supplied by the uterine
artery branches coursing through the adjacent myometrium, feeding vessels some-
times can be seen at the interface between a pedunculated subserosal leiomyoma and
the adjacent uterus.*® These can be detected by both Doppler ultrasound and MRI.”>7°
On the other hand, ovarian masses are most likely fed directly by the ovarian arteries
or by ovarian branches of the uterine arteries coursing along the fallopian tube.
Therefore, no feeding vessels should be expected between an ovarian mass and the
uterus.

The term collision tumor describes the coexistence of two adjacent but histologi-
cally distinct tumors with no histologic admixture at the interface.’® Ovarian collision
tumors are rare and most commonly composed of teratoma and cystadenoma or
cystadenocarcinoma, although case reports of other histologic combinations have
been published.” Therefore, the possibility of a collision tumor should be considered

Figure 5-7. A 39-year-old woman with a
history of breast cancer. Axial T2-weighted
MRI of the pelvis demonstrates a heterogeneous
mass in the right adnexal region. Surgical
pathology revealed a broad ligament leiomyoma.
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when an ovarian tumor has imaging findings that cannot be explained solely by one
histologic type, especially in the presence of a teratoma.”’

It should be noted that although primary ovarian cancer is generally the main
concern when a suspicious ovarian mass is identified at imaging, approximately 10%
of ovarian tumors are metastatic.”®”? Primary cancers that may metastasize to the
ovaries include colon, stomach, breast, pancreas, lung, gallbladder, small intestine,
and kidney cancers, as well as melanoma, sarcoma, and carcinoid tumors. Most
ovarian metastases arise from the gastrointestinal tract, with colon and gastric pri-
maries being the most common; ovarian metastases from colon and gastric primary
tumors are often referred to as Krukenberg tumors®®®' (Fig. 5-8). Differentiation
between primary and metastatic neoplasms of the ovary is of obvious importance for
appropriate clinical management. A number of studies have shown that on CT the
metastatic ovarian lesions are variable in appearance and may be cystic, mixed, or
solid and in some cases may simulate the appearance of a primary ovarian carci-
noma®#? (Fig. 5-9). Therefore, some investigators have suggested that a careful
search for signs or symptoms of gastrointestinal tract tumor should be carried out in
any patient with an ovarian mass® and the ovaries routinely examined in the preop-
erative CT staging of gastric or colon carcinoma.®! A more recent multi-institutional

Figure 5-8. A 32-year-old woman with colorectal cancer. A and B, Axial contrast-enhanced images demonstrate a
mass in the left ovary that contains fat, soft tissue mural nodule, cystic components and calcification (arrows). The right
ovary contains a mass of both fat and soft tissue components (arrowhead). Subsequent surgical pathology demonstrated
a mature cystic teratoma in the left ovary, metastatic colorectal adenocarcinoma, and mature teratomatous components
in the right ovary.

Figure 5-9. A 59-year-old woman with lymphoma and a newly detected left ovarian mass. A, Sagittal T2-weighted
MRI demonstrates a complex cystic and solid mass in the left adnexa (vertical arrow). In addition, there is omental caking
(horizontal arrow) and a small amount of ascites (arrowhead). Infiltration of the omentum is also demonstrated on B, axial
T2-weighted MR (arrow) and C, contrast-enhanced axial T1-weighted fat-suppressed MR image (arrow). Surgical
pathology revealed serous type adenocarcinoma limited to the endometrium (not shown) with metastasis to the left
fallopian tube. Metastatic serous adenocarcinoma to the omentum was confirmed.
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Radiology Diagnostic Oncology Group study using all three modalities (ultrasound,
CT, and MRI) showed that for malignant ovarian masses, multilocularity somewhat
favors the diagnosis of primary ovarian malignancy, and a solid nature favors diagnosis
of a secondary neoplasm. However, no imaging feature seems to be adequate for
making the distinction between primary and secondary ovarian malignancies.®

Staging

Traditionally, ovarian cancer was staged surgically, based on the International Federa-
tion of Obstetrics and Gynecology (FIGO) classification system. However, current
state-of-the-art imaging modalities have been shown to play a potential role in non-
invasive preoperative staging.

Intraperitoneal dissemination is the most common route of ovarian cancer spread,
rather than solid organ parenchymal metastases in many malignancies. Peritoneal
implants usually occur on the surfaces of the viscera rather than as masses within the
viscera (Fig. 5-10). These tumor implants can be miliary and isoattenuating relative
to the viscera at CT, which makes their detection challenging.”® When visible on CT,
the peritoneal implants manifest as nodular soft tissue thickening that can coalesce
to form plaques that coat the viscera.”> The most commonly involved locations are
the peritoneal reflections, such as cul-de-sac, paracolic gutters, as well as subdiaphrag-
matic space, splenic hilum, porta hepatis, and locations along the falciform ligament.
Other common locations include the ileocecal valve and the rectosigmoid junction.
Diffuse infiltration of the omentum by tumor may occur and is called omental
caking.”> The nodular soft tissue thickening may also grow along and scallops the
surfaces of solid organs such as liver and spleen.> The implants may enhance with
administration of intravenous contrast material or may calcify. Some implants can be
hypoattenuating and mimic loculated fluid.”® When deposited on bowel, the tumor
implants can cause tethering of bowel loops and lead to bowel obstruction. In fact,
intestinal and ureteral obstructions have been reported as the two most common
forms of tumor-induced morbidity in patients with ovarian cancer.®

Lymph node metastases in ovarian cancer constitute an important adverse prog-
nostic factor. The pathways of ovarian cancer nodal dissemination are related to
ovarian lymphatic drainage. Most commonly, nodal metastasis in ovarian cancer

Figure 5-10. A 56-year-old woman with ovarian cancer. A, Axial contrast enhanced CT of the abdomen
demonstrates extensive peritoneal carcinomatosis involving the liver capsule (arrowheads) and subdiaphragmatic space
(arrow). B, Sagittal T2-weighted MRI of the pelvis demonstrates plaque-like nodular soft tissue thickening along the
peritoneal reflection in the pelvis (arrows) that cannot be separated from adjacent bowel surface.
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ascends along the gonadal vessels to the retroperitoneum. Dissemination of disease
also occurs along the broad ligament that may result in internal iliac, obturator, and
external iliac adenopathy. Occasionally, tumor may reach the superficial and deep
inguinal nodes via the round ligaments.” For diagnosing nodal metastases in patients
with ovarian cancer, nodes larger than 1 cm in the short axis are considered abnormal
on imaging.”> However, using size and shape criteria, imaging is not accurate for
diagnosing nodal metastases (reported sensitivity and specificity of 43% and 89% for
CT and 38% and 84% for MRI), since a lymph node can be enlarged owing to benign
etiology such as inflammation and hyperplasia, whereas a malignant lymph node
harboring a small amount of metastasis may not be abnormally enlarged.*® There-
fore, investigations are being carried out on the use of new lymphotrophic contrast
agents, such as ultra-small iron oxide particles, to detect metastatic lymph nodes.
These contrast agents are taken up by benign lymph nodes but not by metastatic
lymph nodes. Therefore, benign lymph nodes demonstrate reduced signal intensity
on MRI after administration of lymphotrophic contrast agents, whereas metastatic
lymph nodes remain high in signal intensity. Preliminary results have shown that
these contrast agents have great promise for the detection of nodal metastases.®**

Distant metastasis is relatively rare at the time of diagnosis. The potential locations
that may be involved include the liver, lung, pleura, adrenal gland, and spleen. CT
and MRI are both commonly performed to evaluate liver parenchymal metastases.
Thoracic metastases are typically preceded either by abdominal or pelvic disease or
by a rise in tumor markers, and they are best detected with CT.>>*® Pleural effusion
in a patient with ovarian cancer is a nonspecific finding and by itself can be benign
or malignant. Pleural thickening or nodularity indicates a malignant nature. In the
absence of these findings on imaging, thoracentesis may be indicated for a cytology
diagnosis.”* Bone and brain metastases are very rare.?” It should be noted that peri-
toneal implants on the surface of solid organs such as liver indicate stage III disease
with peritoneal spread and carry different staging and clinical implications than
parenchymal metastases (stage IV disease with hematogenous spread). However, at
times tumor implants may mimic parenchymal lesions on imaging, especially when
they grow deep into the liver along the falciform ligament. State-of-the-art thin-
section multidetector helical CT with multiplanar data review capability, in addition
to MRI with its intrinsic multiplanar capability, are valuable in differentiating solid
organ surface implants and parenchymal metastases.

Studies have shown that in the staging of ovarian cancer CT and MRI are of equal
accuracy and are more accurate than ultrasound.*”®® The overall accuracy of CT for
predicting stage is 73% to 77%.°"*%° Accuracy is lower for stages I or II disease at
around 55%, and for stage III or IV disease it is around 89%.%° Specifically in the
depiction of peritoneal metastases with CT, the overall accuracy may be as high as
89% to 95%, although sensitivity for metastases 1 cm or smaller in maximum diam-
eter (25% to 50%) was significantly lower than overall sensitivity (85% to 93%).” In
addition, implants on mesentery and small bowel are also difficult to detect with
either CT or MRI, presumably because of partial-volume averaging and physiologic
bowel motion.** Although the overall staging accuracy of CT is only moderate, pre-
diction of tumor resectability is excellent, with a positive predictive value for cancer
nonresectability of up to 100%, and a negative predictive value up to 92%.°%% The
parameters on preoperative CT that were significantly associated with residual disease
were ascites, omental cake, mesenteric disease, paracolic gutter deposits, diaphrag-
matic deposits, and pleural effusion.®

The accuracy of ovarian cancer staging by MRI has been reported to be similar to
that of CT, at around 75% to 78% when contrast-enhanced images are obtained.®*"!
Evaluation of pelvic cancer extent is better with MRI than with CT, owing to the
superior soft tissue contrast and multiplanar imaging capabilities of MRI. However,
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there is no difference in the detection of abdominal disease with these two modali-
ties.® Similar to CT, MRI is highly accurate in predicting inoperable tumor and
suboptimal debulking preoperatively in newly diagnosed ovarian cancer, with reported
positive and negative predictive values higher than 90%.%> This suggests that imaging
may help to select patients who might be more appropriately managed by neoadju-
vant chemotherapy.” For disease in the greater omentum and lesser sac, MRI is less
accurate.®

Fused PET-CT is particularly helpful when implants are present on or near bowel
loops.” Metastatic lesions from ovarian cancer including peritoneal implants and
metastatic lymph nodes are FDG-avid,* although necrosis within a tumor and/or
lymph node can appear as a photopenic area.”® Standardized uptake values (SUV)
should be routinely measured and reported. It is generally accepted that a standard-
ized uptake value of less than 2 to 3 indicates malignancy.

When thoracic metastases are present, increased uptake may be seen in the pleural
effusions and thoracic adenopathy.” However, one pitfall is that metastases from
mucinous adenocarcinoma of the ovary may not be associated with increased meta-
bolic activity and could be underdiagnosed by PET (Fig. 5-11). In the abdomen,
FDG-PET was found to be more sensitive in the retroperitoneal than in the intra-
peritoneal region.” The data regarding combined FDG-PET/CT in the evaluation of
ovarian malignancy are still emerging. In a study by Yoshida and colleagues™ on pre-
operative tumor staging, CT alone had an accuracy of 53%, whereas FDG-PET evalu-
ated in conjunction with CT had an accuracy of 87%. Another study demonstrated
that FDG-PET and CT had a relatively low sensitivity for the detection of peritoneal
metastases, indicating that surgical staging should remain the gold standard. Never-
theless, FDG-PET had a higher specificity and may be useful for evaluating residual
or recurrent disease after surgery.

Figure 5-11. A 22-year-old woman with
metastatic mucinous adenocarcinoma of the
ovary. A, Axial contrast-enhanced CT image of
the thorax displayed in lung window
demonstrates a lobulated nodule in the right
lower lobe. Multiple additional nodules are
present in the lungs (not shown). B, Axial FDG-
PET image of the thorax shows a maximum
standardized uptake value of only 1.0 in the right
lower lobe nodule. Subsequent surgical
pathology confirmed this nodule to be a
metastasis from the ovarian mucinous
adenocarcinoma. (We thank Dr. Pek Lan Khong
at the Department of Diagnostic Radiology,
University of Hong Kong for providing these
images.)
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Follow-up

A number of approaches are used to detect recurrent disease after initial surgery and
chemotherapy for ovarian cancer. These approaches include physical examination,
determination of serum CA-125 levels, and imaging. CT, MRI, and PET all have been
used to evaluate ovarian cancer recurrence.>

Recurrent ovarian malignancy may manifest as pelvic masses, peritoneal seeding,
malignant ascites, and nodal recurrence (Fig. 5-12). Occasionally recurrent disease
may present as pleuropulmonary lesions and liver metastasis.” Pelvic recurrence may
involve the vaginal stump, parametria, urinary bladder, and/or bowel adjacent to the
surgical bed. Peritoneal seeding presents as nodules on the peritoneal surface, most
commonly around the liver or cul-de-sac, and mesenteric infiltration. Unusual mani-
festations include metastasis in the extrahepatic abdominal solid organs, bone metas-
tasis, and an abdominal wall lesion involving subcutaneous fat or muscle.” Accurate
detection of recurrent ovarian malignancy by imaging facilitates accurate diagnosis
and prompt treatment.

CT is the primary imaging modality to prove macroscopic disease recurrence and
can spare patients from the invasive restaging of second-look laparotomy.”® Patients
treated for ovarian cancer can be followed up with serial CT of the abdomen and
pelvis. CT of the chest is generally not indicated, unless no sites of recurrence are

Figure 5-12. A 69-year-old woman with recurrent ovarian cancer after surgery. A and B, Axial T2-weighted
MRI images demonstrate a complex cystic mass in the right pelvis with tethering of adjacent bowel loops (arrow).

C and D, Unenhanced axial CT images of the thorax also demonstrate new adenopathy (arrows) in the left internal
mammary and supradiaphragmatic regions suspicious for metastases. E, Axial unenhanced CT image of the

chest in lung window demonstrates a new nodule (arrow) at the right lung base, also suspicious for metastasis.
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Figure 5-13. A 50-year-old woman with
recurrent ovarian mullerian carcinoma after
surgery. A, Axial T1-weighted unenhanced MRI
of the pelvis demonstrates a complex cystic
lesion containing moderately T1-hyperintense fluid
and multiple mural nodules (arrows) between the
bladder and rectum. B, Axial T1-weighted
contrast-enhanced MR image of the pelvis
demonstrates increased signal in the mural
nodules (arrows) compared with the unenhanced
images, indicative of the presence of solid
enhancing soft tissue.

detected on CT in the presence of elevated tumor marker.?®” Gadolinium-enhanced
MRI is also a valuable diagnostic tool in patients with ovarian cancer (Fig. 5-13). An
abnormal MRI examination result with a normal CA-125 value is a strong indication
of residual or recurrent tumor.”® It has been reported that gadolinium-enhanced
spoiled gradient-echo MRI depicts residual tumor in women with treated ovarian
cancer, with an accuracy, positive predictive value, and negative predictive value that
are comparable to those of laparotomy and superior to those of serum CA-125 values
alone.” However, neither CT nor MRI can confidently exclude microscopic
disease.”

Usually patients with the bulk of the tumor burden in the pelvis are selected for
secondary cytoreduction. Two types of pelvic recurrence may be present: central
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recurrence and pelvic sidewall recurrence.? The size of a pelvic mass is not an indica-
tor of surgical outcome; however, the extension of a mass to the pelvic sidewall is.
MRI may be superior to CT in the assessment of pelvic wall extension because of its
high soft tissue contrast and multiplanar capability. The presence of a fat plane at
least 3 mm thick on imaging between the tumor and pelvic sidewall is considered
necessary for resection.”” Pelvic sidewall invasion and large bowel obstruction are
significant indicators of tumor nonresectability, although invasion of the bladder and
rectum by itself is not a contraindication to definitive surgical therapy (pelvic exen-
teration may be considered in select cases). Preoperative imaging is essential in
patients considered for potential secondary cytoreductive surgery, so that the pres-
ence of tumor elsewhere and any indicators of nonresectability can be identified.*”

Multiple standard uptake value comparisons may be helpful for evaluation of
tumor response to treatment, although variations in measurement are sometimes
attributed to the difference in scanners, scanner dose, and postinjection imaging time.
Mixed results have been reported regarding the value of FDG-PET in evaluating
recurrent ovarian cancer.”® One preliminary study suggested that in the follow-up of
patients with ovarian cancer, FDG-PET could detect recurrence with higher accuracy
than CT, and even with higher sensitivity than the tumor marker CA-125, with the
additional advantage of being able to localize the site of recurrence.'” However, other
studies found that in the diagnosis of recurrent ovarian cancer, FDG-PET had a
limited ability to detect small tumors and did not yield higher overall accuracy than
CT.'9-1% Nevertheless, FDG-PET/CT has been found to have a higher accuracy in
identifying recurrent ovarian tumor nodules that are at least 1 cm in size among
patients with biochemical evidence of recurrence and negative or equivocal conven-
tional CT findings, thus facilitating timely surgical cytoreduction.'®*

The sensitivity of PET is low in patients with clinically occult recurrence of ovarian
cancer.'” However, the sensitivity of FDG-PET in detecting recurrent ovarian cancer
is higher in patients with clinically suspected relapse than in patients judged clinically
disease-free. Therefore, FDG-PET may be useful in patients with clinically suspected
recurrence but with negative or equivocal anatomic imaging findings.>>'*!”” When
combined with clinical parameters such as CA-125 level, the sensitivity of FDG-PET
can be as high as 97.8% in detecting recurrent ovarian cancer.'”® The combination of
FDG-PET and CA-125 titer is therefore useful for an accurate detection of
recurrence.

The reported specificity of PET in the detection of recurrent ovarian cancer ranges
widely—from 42% up to 100%.!°"103105106109110 phygiologic activity in the abdomen
and pelvis is one of the factors that can potentially affect the specificity of PET.>
Physiologic uptake of FDG can be seen in the gastrointestinal tract, liver, and spleen,
in addition to the urinary tract, since FDG is excreted by the kidneys. Therefore,
digital fusion of PET and CT scan images allows for better differentiation between
physiologic and pathologic activity on PET, and for lesions that are truly pathologic,
enables accurate localization for treatment planning''' (Fig. 5-14). Although Drieskens
and associates” demonstrated that FDG-PET and CT have relatively low sensitivity
for the detection of peritoneal metastases compared with surgical staging, FDG-PET
has a higher specificity and may be useful for evaluating residual or recurrent disease
after surgery. Overall, it appears that FDG-PET has the advantages of a high positive
predictive value in detecting recurrent or residual disease after treatment.'*'%

Such mixed results may be partially attributable to the fact that non-neoplastic
hypermetabolic lesions are frequently present in post-treatment patients. These
lesions include granulomatous disease, abscess, surgical changes, radiation changes,
inflammation, and foreign body reaction. Therefore, consultation with the simultane-
ously obtained CT images, especially contrast-enhanced CT images, may help to
reveal the nature of these FDG-avid non-neoplastic processes. It may be prudent to
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Figure 5-14. A 29-year-old woman with
endometrioid adenocarcinoma arising from an
endometriotic cyst, presented with elevated
CA-125 after surgery and chemotherapy.

A, Axial unenhanced CT image of the pelvis
demonstrates a heterogeneous oval mass (arrow)
in the left pelvis. B, Axial FDG-PET image fused
with the CT image demonstrates increased
metabolic activity in the mass with standardized
uptake values of up to 7.7. Subsequent surgical
pathology showed adenocarcinoma with clear
cell and endometrioid components. (We thank
Dr. Pek Lan Khong at the Department of
Diagnostic Radiology, University of Hong Kong

for providing these images.)

wait at least 6 weeks before PET/CT is performed to evaluate the surgical or irradi-
ated bed. Integration of clinical information in the interpretation process may further
increase specificity.

Overall FDG-PET has been shown to have a prognostic value similar to that of
second-look laparotomy, and can substitute for second-look laparotomy in the follow-
up of patients who have had ovarian carcinoma, especially when there is a high risk
of recurrence.''? Therefore, FDG-PET can reduce unnecessary invasive staging pro-
cedures and save health care costs when used appropriately in the management of
patients with recurrent ovarian cancer.!'® Furthermore, precise localization of recur-
rent tumor during surgical treatment is often difficult, owing to limited tumor size
and postsurgical anatomic modifications. It has been reported that the use of an
FDG-sensitive surgical gamma probe combined with preoperative PET/CT image
fusion can help to detect occult metastasis and guide laparoscopic excision in the
patient with recurrent ovarian cancer.'"

Conclusion

Imaging is essential for ovarian cancer detection, diagnosis, management, and treat-
ment follow-up. Transvaginal ultrasound is the most promising imaging modality for
routine screening for ovarian cancer in patients with inherited high risk. For patients
presenting with pertinent symptoms, imaging workup generally includes ultrasound
or CT of the abdomen and pelvis for lesion detection and characterization. MRI of
the pelvis or abdomen is often reserved as a problem-solving tool. CT, PET, and
PET/CT are the imaging modalities most frequently used for treatment follow-up.
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KEY POINTS

o Effective screening for ovarian cancer is imperative because the disease incurs a high mortality rate
and because effective treatment for early-stage disease exists.

o The challenges in ovarian cancer screening lie in these principles: knowledge of the natural history
of the disease is evolving, the disease incidence is low in the general population, and the preclinical
phase can be estimated, but is not definitively known.

o Transvaginal ultrasound (TVUS) offers excellent resolution of ovarian morphology, but false-
positive results often lead to invasive surgeries for benign ovarian lesions.

o CA-125 is the most widely studied tumor marker for ovarian cancer, yet it is elevated in only 50%
of women with stage I ovarian cancer. False elevations are common in pre- and perimenopausal
women. Screening for serial CA-125 levels, rather than using a fixed cutoff, may improve the
detection of ovarian cancer.

© Most current screening studies use both serum markers and radiologic imaging.

o The Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial and the United
Kingdom Collaborative Trial of Ovarian Cancer Screening are two large ongoing trials that are
evaluating the effectiveness of ovarian cancer screening in the general population.

» No prospective, randomized trials have demonstrated a decrease in mortality rate from ovarian
cancer screening in high-risk women, yet screening and early detection are important for high-risk
women who have not yet chosen to undergo a bilateral salpingo-oophorectomy or who are unwilling
to undergo this procedure.

» Consensus groups recommend ovarian cancer screening for women with BRCAI or BRCA2 muta-
tions with 6-month ultrasound and CA-125 levels test because of the significant risk of ovarian
cancer.

© The ability to bank serum in both low- and high-risk populations in prospective screening studies
is crucial, because a large number of candidate tumor markers are being investigated.

o The limitations of ovarian cancer screening should be stressed to all patients, but particularly to
women with a high risk of ovarian cancer.

Introduction

Despite treatment advances, ovarian cancer is a fatal disease for most patients. In
2009, approximately 21,550 new cases of ovarian cancer will be diagnosed and
14,600 deaths will occur from the disease. Women in the general population have a
1in 72 (1.4%) lifetime risk of developing ovarian cancer and a 1 in 100 (1.00%) risk
of dying from the disease.! Approximately 75% of patients present with advanced-
stage disease, when long-term survival is poor.? Early-stage ovarian cancer has an
improved survival rate, and research efforts aimed at early detection have the poten-
tial to reduce mortality.

At this time, no studies have demonstrated sufficient efficacy for ovarian cancer
screening in the general population. Therefore, ovarian cancer screening is not recom-
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Table 6-1. Relative Risk of Breast and Ovarian Cancer in Mutation Carriers

RR* (95% CI) of Cancer for Carriers of Mutations in

BRCA1 BRCA2
Age Group Breast Cancer Ovarian Cancer Breast Cancer Ovarian Cancer
20-29 years 17 (4.2-71) 1.0 19 (4.5-81) 1.0
30-39 years 33 (23-49) 49 (21-111) 16 (9.3-29) 1.0
40-49 years 32 (24-43) 68 (42-111) 9.9 (6.1-16) 6.3 (1.4-28)
50-59 years 18 (11-30) 31 (14-66) 12 (7.4-19) 19 (9.0-41)
60-69 years 14 (6.3-31) 50 (22-114) 11 (6.3-20) 8.4 (2.2-32)

*RR, relative risk compared with England and Wales in 1973-1977.

From Antoniou A, Pharoah PD, Narod S, et al: Average risks of breast and ovarian cancer associated with BRCA1 or BRCA2
mutations detected in case series unselected for family history: a combined analysis of 22 studies. Am J Hum Genet 72:1117—-
1130, 2003: Table 3.

mended for women with general population risk. However, the urgency of ovarian
cancer screening is greater for women with BRCAI and BRCAZ2 mutations, given
their significantly increased risk of ovarian cancer associated with these mutations
(Table 6-1). In contrast to the 1.4% lifetime risk of ovarian cancer for women in the
general population, women with a BRCAI mutation have a 39% to 46% lifetime risk
of ovarian cancer, and women with a BRCA2 mutation have a 12% to 20% lifetime
risk of ovarian cancer.** This chapter discusses the basic principles of cancer screen-
ing, the challenges associated with ovarian cancer screening, and studies of screening
strategies in high- and low-risk populations.

Principles of Cancer Screening

Screening is the application of a test to detect a potential cancer when no signs or
symptoms of the cancer are present.”” Ideally, the cancer is detected before it is
clinically apparent, when treatment may be more effective, less expensive, or both.
If a screening test result is abnormal, a diagnostic test should be ordered and treat-
ment pursued if cancer is discovered. The value of a screening test is compromised
if symptomatic individuals are included in the target population, since those with
symptoms may already have advanced disease that warrants a diagnostic evaluation.
The gold standard for screening is the ability to decrease mortality from cancer.
Therefore, the goal of ovarian cancer screening is to reduce mortality by detecting
the cancer in earlier stages, when survival rates are improved.

There are a number of general principles of effective cancer screening that must
be applied to ovarian cancer screening:

. The disease must incur a high morbidity, high mortality, and high cost.

. The natural history and biology of the disease process should be well characterized
and understood.

3. There should be a high prevalence and incidence in the screened population.

4. The disease state should have a long preclinical phase allowing for early detection

and intervention.
5. Effective treatment of early-stage disease should be superior to treatment in an
advanced stage.

N —
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Box 6-1. Characteristics of a Good Cancer
Screening Test

Sensitivity 75%
Specificity 99.60%
Positive predictive value 10%
Safety Yes
Simplicity Yes
Cost Low
Compliance High

The ideal outcome is for the cancer to be detected early enough to be cured.>®
For ovarian cancer, the first and last principles apply: the disease incurs a high mor-
tality rate, and effective treatment for early stage disease exists. However, the chal-
lenges of ovarian cancer screening lie in the remaining principles: knowledge of the
natural history and biology is evolving, the disease incidence is low in the general
population, and the preclinical phase can be estimated but is not definitively
known.

The general characteristics of a good cancer screening test have been well described
(Box 6-1). The test should have the capability to detect disease before symptoms
are present. The test should have a high sensitivity (the probability of a test being
positive in individuals with the disease), specificity (the probability of the test being
negative in individuals who do not have the disease), and predictive values (the prob-
ability that a test is a true positive or a true negative). In reality, improving test sen-
sitivity tends to result in a reduction of specificity. For example, a test with a lower
cutoff for a tumor marker would pick up more patients with ovarian cancer (increased
sensitivity), but more people who do not have ovarian cancer would also test positive
(decreased specificity). The clinical consequence of the increase in false-positive tests
for ovarian cancer may be more unnecessary surgeries. In addition, an effective
screening test should be safe, have minimal adverse effects, and be simple and inex-
pensive to administer. Even if all of these criteria are met, the test would not be a
good screening test if patients did not willingly submit to it. It is therefore imperative
that individuals to be screened deem the test acceptable and worthwhile.

Challenges of Ovarian Cancer Screening

Developing an effective screening test for ovarian cancer in the general population
poses many challenges. First, a distinct precursor lesion to ovarian cancer has yet to
be identified. Therefore, ovarian cancer screening is limited to an attempt to detect
early-stage disease. Initial laboratory data support a progression of early-stage disease
to advanced-stage disease, which is important if screening is to be effective. Investiga-
tors have demonstrated that over 90% of sporadic ovarian cancers are clonal, and a
similar pattern of abnormalities exists in high-grade stage I and stage III cancers.”"!
Investigators have also shown that up to 1.9 years may exist between the develop-
ment of ovarian cancer and its clinical detection.'? However, the histologies of stage
I ovarian cancer have a predominance of mucinous, clear cell, and endometrioid
cancers, in contrast to advanced-stage disease, which has a predominance of serous
cancers. In addition, population-based screening studies have demonstrated that the
screen-detected stage I tumors have a predominance of borderline ovarian tumors,
granulosa cell tumors, and germ cell tumors.'® Therefore, the question of whether a
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screening program would identify those invasive, poorly differentiated serous tumors
when confined to the ovary is unknown.

Second, except for patients with an increased risk of ovarian cancer based on
family history, identification of the appropriate groups in the general population to
target for screening is problematic. The prevalence of ovarian cancer in the general
population is 40 per 100,000 postmenopausal women. Therefore, the detection of
early-stage ovarian cancer requires tests with high sensitivity and specificity because
of the low prevalence of ovarian cancer in the general population. In general, a posi-
tive predictive value (PPV) of 10% has been proposed as a clinical cut-point for
screening tests for ovarian cancer. Clinically, a PPV of 10% means that there will be
10 operations for every one case of ovarian cancer detected. Screening tests must,
therefore, achieve a sensitivity of at least 75% and a specificity of greater than 99.6%
to achieve a PPV of 10%.

General Population Screening
Transvaginal Ultrasound

Transvaginal ultrasound (TVUS) has been evaluated for use in ovarian cancer screen-
ing in the general population. Because of the close proximity of the probe to the
ovaries, TVUS offers excellent resolution of ovarian morphology. Volume, outline,
papillations, and complexity of ovarian masses can be used to raise suspicion of
cancer. Benign ovarian lesions are common, however, resulting in false-positives that
may necessitate invasive surgery for asymptomatic women. In addition, TVUS as an
initial screening test is expensive. Figure 6-1 shows an ultrasound image with color
Doppler of the typical appearance of an involuting corpus luteal cyst.

Van Nagell and colleagues'* conducted a screening study to examine whether
TVUS could be used to detect ovarian cancer at an earlier stage and to decrease
ovarian cancer mortality. They reported that between 1987 and 1999, 14,469 asymp-
tomatic women underwent annual screening with TVUS. Women with an abnormal
TVUS had a repeat TVUS in 4 to 6 weeks, and women with a persistently abnormal
scan were advised to undergo surgery. Eligible women included all women 50 years
of age and older and women 25 years or older with a first- or second-degree relative

Figure 6-1. Typical appearance
of an involuting corpus luteal cyst.
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with ovarian cancer. One hundred eighty (1.2%) patients underwent surgery for
suspicious findings on ultrasound, with 17 ovarian cancers detected: 11 stage I, 3
stage II, and 3 stage III. Sensitivity was 81%, and the negative predictive value was
at 99.7%. The PPV was 9.4%, close to the clinically acceptable goal of a 10% PPV.
These researchers also updated their data to include 25,327 women screened from
1987 to 2005. Three hundred sixty-four women (1.4%) underwent surgery, with 35
primary invasive ovarian cancers detected. Sensitivity for all stages was 85%, specific-
ity was 98.7%, positive predictive value was 14% and negative predictive value was
99.9%." Despite this encouraging outcome, interpretation of ultrasonography is
observer dependent, and it is not certain that community-based trials could match
the expertise of this group in eliminating false-positives. In addition, the cost of
annual TVUS would be prohibitive in our current health system.

CA-125 and Multimodal Approaches

CA-125 is the most extensively studied tumor marker for ovarian cancer. Figure 6-2
shows the genetic structure of the CA-125 marker. CA-125 is a high-molecular-
weight mucin found in miillerian-derived epithelium, namely, fallopian tube, endo-
metrium, and endocervix. Normal surface epithelium does not express CA-125, but
it is elevated in 80% of patients with epithelial ovarian cancer and in over 90% of
patients with advanced-stage disease.'® CA-125 received FDA approval for use in
monitoring patients with ovarian cancer for disease persistence and recurrence.'” It
is not approved as a screening tool for early detection of ovarian cancer.

Several issues limit the usefulness of CA-125 as a screening tool for ovarian cancer.
First, although over 90% of advanced-stage patients display CA-125 elevations, only
50% to 60% of patients with stage I disease display elevations. Second, tumors with
mucinous histologies are less likely to be associated with a CA-125 elevation.'® Third,
CA-125 has inadequate specificity, particularly in pre- and perimenopausal women.
False-positive elevations are seen with benign ovarian cysts, endometriosis, adeno-
myosis, fibroids, diverticulitis, and liver cirrhosis, in addition to other benign and
malignant conditions.

A Swedish study published by Einhorn and colleagues' in 1992 examined 5550
healthy asymptomatic women through the Stockholm Population Registry to deter-
mine whether CA-125 is a useful initial screening test for ovarian cancer. All partici-
pants had a CA-125 level drawn. Women with elevated CA-125 levels were
age-matched to an equal number of women with normal CA-125 levels, and these
women underwent pelvic examinations, transabdominal ultrasounds, and serial CA-
125 levels. Six of the 175 women with elevated CA-125 levels were diagnosed with
ovarian cancer; conversely, ovarian cancer was diagnosed in three of the controls, all
of whom were younger than 50 years of age. Using a threshold of 35 pu/mL for the

Figure 6-2. Genetic structure of the

CA-125, full length CA-125 marker.
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CA-125, specificity was found to be 98.5% versus 94.5%, respectively, for women
age 50 years or older and women younger than 50. The authors concluded that CA-
125 levels showed promise as a good screening tool for women older than 50 but
that larger studies were needed.

Most current screening studies use both serum tumor markers and radiologic
imaging. In the largest study to date using CA-125, Jacobs and colleagues® random-
ized 22,000 postmenopausal women in the United Kingdom into a group who had
no screening and a group who had annual CA-125 concentration measured. When
an elevated CA-125 level was found, a transabdominal ultrasound was performed.
Surgical intervention was undertaken when the ultrasound was abnormal. Over 3
years of annual screening, 468 women had elevated CA-125 levels and subsequently
had ultrasounds. Of these, 29 had abnormal ultrasounds and therefore underwent
surgery, revealing six incident ovarian cancers. This multimodal approach demon-
strated a positive predictive value of 20.7%. These results demonstrate that a com-
bination technique could be a valid approach to ovarian cancer screening.

TVUS and CA-125 have been studied in a multicenter Prostate, Lung, Colorectal
and Ovarian (PLCO) cancer screening trial in the United States.?""? This prospective
randomized study (Table 6-2) enrolled over 37,500 women, and each woman was
assigned to either a control group who received no screening or a screened group
who received both TVUS and CA-125. The ovarian cancer screening arm was
designed to evaluate whether annual screening with CA-125 and TVUS can reduce
mortality rates from ovarian cancer. Eligible women had to be 55 to 74 years old and
had to have no diagnosis of lung, colorectal, or ovarian cancer. Women in the inter-
vention arm were screened for ovarian cancer annually for 6 years with CA-125 and
TVUS annually for 4 years. (The screening arm originally included bimanual physical
examination of the ovaries, but this procedure was dropped from the evaluation after
5 years, when it was found that no ovarian cancers had been detected with this single
modality.) Any abnormal test result was followed by a referral to a gynecologic
oncologist. Enrollment began in 1993 and was completed in 2001. Participants will
be followed for at least 13 years from entry.

Findings from the initial screening revealed an abnormal ultrasound in 4.7% of
participants and an abnormal CA-125 in 1.4%. Abnormal results in 1703 women

Table 6-2. Current Prospective Randomized Ovarian Screening Trials for Low-Risk Women

Inclusion Criteria Aims Comments

Prostate, Lung, Age 55-74 1. Annual CA-125 and Accrual complete.
Colon, Ovarian transvaginal ultrasound for Patients will be
Cancer 4 years, followed by followed for at least
Screening Trial annual CA-125 for 2 years* 13 years.
(PLCO) 2. Control group—no screening

United Kingdom Age 50-74, 1. Multimodal group: Annual Accrual complete.
Collaborative postmenopause CA-125 using risk of Patients will be
Trial of Ovarian ovarian cancer algorithm? followed for 6
Cancer 2. Annual TVUST years.
Screening 3. Control group: no screening

(UKCTOCS)

*Follow-up for abnormal screening results at discretion of physician.
tAbnormal screening results trigger (a) repeat CA-125 and more detailed TVUS in multimodal group and (b) more detailed
TVUS in TVUS group.
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resulted in 571 surgeries. These operations resulted in the detection of 20 invasive
ovarian, fallopian tube, or primary peritoneal cancers; 1 granulosa cell tumor; and 9
low malignancy potential tumors. Over 80% of the invasive cancers were stage III or
IV. The positive predictive value for each single modality was poor, achieving only
3.7% for an abnormal CA-125 and 1% for an abnormal TVUS. When both tests were
abnormal, the positive predictive value was 23%, that is, four to five operations for
each case of ovarian cancer detected, but 60% of cases would not have been detected.
The study is designed to demonstrate a 30% reduction in mortality rate if the patients
are followed for at least 13 years from entry. Further follow-up will provide informa-
tion on how this protocol detects new, incident ovarian cancers, whereas the initial
data showed the preexisting (prevalent) cancers.

Serial measurements of CA-125 have been proposed as a modality to offer a more
specific determination of ovarian cancer risk than a fixed CA-125 cutoff (Fig. 6-3).
Skates and colleagues® published a study that analyzed data from Jacobs’ prospective
trial.?® Researchers used 33,621 CA-125 samples from 9233 women in whom two
or more serial samples were analyzed. Using a longitudinal change point model, the
study concluded that serial CA-125 levels with the risk calculation significantly
improved the detection of ovarian cancer, with a specificity of 98% and a sensitivity
of 86% over a 62% sensitivity using a fixed cutoff for CA-125. Patients with ovarian
cancer exhibited progressively increasing CA-125 levels, whereas patients with benign
gynecologic conditions, nongynecologic disease, or no detectable illness had levels
that remained constant over time, even when elevated (Fig. 6-4). The ability of ele-
vated CA-125 to detect ovarian cancer has been evaluated prospectively in the
United Kingdom Collaborative Trial of Ovarian Cancer Screening (UKCTOCS), an
ongoing randomized controlled study (see Table 6-2) designed to establish the impact
of ovarian cancer screening in the general population on ovarian cancer mortality.**
Conventional pelvic examination is being compared with annual TVUS and with
annual CA-125 followed by TVUS only if the CA-125 is rising.

The primary end point is to evaluate ovarian cancer mortality. In addition, the
study also examines the morbidity of ovarian cancer screening, determines
the resource implications of screening, and assesses the feasibility of population

Figure 6-3. Serial measurements
1 of CA-125 may offer a more
detailed determination of ovarian
cancer risk. (From Skates SJ,

2 Menon U, MacDonald N, et al:
Calculation of the risk of ovarian
cancer from serial CA-125 values
for preclinical detection in
postmenopausal women. J Clin
50 4 Oncol 21[10 Suppl]:206-210, 2003:
6 Fig. 3.)
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Figure 6-4. Longitudinal CA-125 values in women with ovarian cancer, benign gynecologic disease, nongynecologic

disease, and no disease. (Courtesy of Steve Skates.)

screening. The multicenter trial involves 13 hospitals in the United Kingdom and has
enrolled more than 200,000 postmenopausal women 50 to 74 years of age who are
not considered high risk based on family history. A total of 50,000 women undergo
an annual CA-125 blood test followed by TVUS when the CA-125 level is rising
(CA-125-TVUS), 50,000 undergo annual TVUS, and 100,000 in the control arm are
followed by their family physicians. Women fill out questionnaires to assess the
behavioral and psychosocial responses of women to ovarian cancer screening. Figure
6-5 is a flow chart for UKCTOCS.

Encouraging preliminary results have been reported from an evaluation of preva-
lent cases detected in the first 2 years of the UKCTOCS study.”> Among the screen-
detected cancers, 48% were stage I/11 in both the TVUS alone and CA-125-TVUS
arms—approximately twice the percentage found with conventional diagnosis.
Remarkably, sensitivity for detecting ovarian cancer at any stage was greater in the
CA-125-TVUS arm (89%) than in the TVUS arm (74%). The specificity and PPV
of CA-125-TVUS were also superior to those with annual TVUS alone. In the first
year after diagnosis, CA-125-TVUS prompted 2.8 operations per case of ovarian
cancer compared with 36.2 for TVUS alone. The difference in PPV may relate to
detection of benign disease with TVUS that is not associated with a rising CA-125.
Finally, the estimated lead time for the CA-125-TVUS arm was 1.8 to 2.6 years and
1.1 to 1.6 with TVUS alone, consistent with the potential value of an annual screen.
Whether a sufficient number of incident cases will be detected at early stage to
impact on survival still needs to be determined.

A single-arm study conducted by the U.T. MD Anderson Ovarian Cancer Special-
ized Program of Research Excellence has been modeled after the CA-125-TVUS arm
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Figure 6-5. Flow chart for UKCTOCS (United Kingdom Collaborative Trial of Ovarian Cancer Screening).

of the UKCTOCS study.?® Over the past 7 years, 2573 apparently healthy women
have been screened annually at six sites in the United States, with 8172 CA-125
determinations using the Risk of Ovarian Cancer (ROC) algorithm. Fewer than 2%
of the women have been referred for TVUS on the basis of a rising CA-125 level,
and five patients have been referred for operations that have detected three ovarian
cancers: stage A borderline and stage ITA and stage IIC invasive cancers. From these
data, researchers estimate that the PPV is not less than 14%. Among the women
screened to date, this screen failed to detect one stage I borderline cancer but has
not missed an invasive ovarian cancer. Although this is a much smaller study, the
results to date are consistent with those obtained in the UKCTOCS trial. Despite
these promising early results, however, screening for ovarian cancer in women at
conventional risk should be limited to clinical trials.

Multiple Markers and New Technologies for Biomarker Discovery

Whatever the outcome of trials based on CA-125 as an initial step, a screening strat-
egy with greater sensitivity is required because 20% of ovarian cancers fail to express
CA-125. Given the heterogeneity of the disease at a cellular and molecular level, no
single tumor marker is likely to be adequately sensitive to detect early-stage ovarian
cancer. Consequently, multiple tumor markers have been evaluated (Box 6-2). Many
of these tumor markers do complement CA-125 (Figs. 6-6 and 6-7). Considering a
screen positive when any one of several biomarkers is positive can increase sensitivity,
but specificity decreases. For example, a Lewis X mucin determinant (OVX1), the
cytokine macrophage colony-stimulating factor (M-CSF), and CA-125 were evalu-
ated in 89 serum samples from subjects known to have stage I ovarian cancer.”
Sensitivity was improved from 69% with CA-125 alone to 84% using the three-
combination analysis; however, specificity decreased from 99% to 84%. Novel mathe-
matical techniques, including artificial neural network analysis (ANN) and a mixture
of multivariate normal distributions (mixed multivariate analysis, MMA), can increase
sensitivity using multiple biomarkers without sacrificing specificity. When four con-
ventional serum biomarkers (CA-1251I, CA-72-4, CA-15-3, and M-CSF) were com-
pared with CA-125ITI alone for distinguishing stage 1 disease from healthy controls,
specificity could be maintained at 98%, and sensitivity increased from 48% with CA-
12511 to 72% (ANN)? or 75% (MMA)® with the panel of biomarkers.
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Box 6-2. Tumor Markers That May Be Useful in Screening for Ovarian Carcinoma

Alpha-l-antitrypsin Galactosyltransferase M-CSF

BHCG HE4 Mesothelin

CA15-3 HER-2/neu Mucin-like carcinoma antigen

CA19-9 Human milk fat globule protein Osteopontin

CA50 Human milk globule 2 Ovarian serum antigen

CA54-61 IL-2 receptor OVXI

CA72-4 IL-6 p110 epidermal growth factor
receptor

CA-125 IL-8 Placental alkaline phosphatase

CA-195 IL-10 Prostasin

Cathepsin L Inhibin Sialyl TN

Carcinoembryonic antigen  Kallekrein-6 Soluble Fas ligand

Ceruloplasmin Kallekrein-10 Tetranectin

CRP Lipid-associated sialic acid Tumor-associated trypsin inhibitor

CYFRA21-1 Lysophosphatidic acid Tumor necrosis factor receptor

Dianon marker 70/K Matrix metaloproteinase 2 Urinary gonadotropin peptide

From Chu CS, Rubin SC: Screening for ovarian cancer in the general population. Best Pract Res Clin Obstet Gynaecol
20:307-320, 2006, page 312.

Over the past decade, novel markers have been discovered using monoclonal
antibodies raised against ovarian cancer tissue, lipid analysis, gene expression arrays,
and proteomic techniques. Mesothelin (soluble mesothelin-related protein, SMRP),
an adhesion molecule found both on ovarian cancer and normal mesothelial cells, was
originally detected empirically using monoclonal antibodies. Mesothelin is elevated
in a majority of ovarian cancers and complements CA-125 for detecting early-stage
disease.® Interestingly, SMRP can be detected in the urine, and, when corrected for
glomerular filtration rate, urinary SMRP levels detect 40% of stage I patients.’!

Lysophosphatidic acid (LPA) is a lipid of low molecular weight that is found in
the ascites fluid and plasma of most patients with ovarian cancer. LPA stimulates
calcium influx, proliferation, and drug resistance of ovarian cancer cells. Although
there was initial enthusiasm about LPA for detecting women with stage I ovarian
cancer,* confirming studies have not been published.

Overexpression of several potential biomarkers has been detected with gene
expression arrays, including HE4, kallikreins, prostasin, osteopontin, vascular endo-
thelial growth factor (VEGF), and interleukin 8 (IL-8). After CA-125, HE4, a human
whey protein, has been the object of most intense study.*® HE4 is slightly less sensi-
tive than CA-125 for detecting early-stage disease but has greater specificity for dis-
tinguishing malignant from benign pelvic masses, particularly in premenopausal
women. Kallikreins include a family of 15 secreted serine proteases of approximately
30 kD that include prostate-specific antigen (PSA). Several may prove useful as bio-
markers for the prognosis or detection of ovarian cancer.**> All the kallikreins are
tandemly localized on chromosome 19q13.4 and were initially isolated by cloning
the area. Kallikrein 6 and 10 are being investigated for usefulness as serum tumor
markers for ovarian cancer.

Proteomic techniques have been used for early detection of ovarian cancer in two
ways: to identify a distinctive pattern of peptide and protein expression in serum or
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staining (C) for CA-125 (x20). Positive immunostainings for HK6 (D), HK10 (E), osteopontin (F), claudin 3 (G), and DF3 (H)
(x20). Positive immunostaining for MUCT1 (I), negative staining for MUC1 (J), positive immunostaining for VEGF (K),
negative immunostaining for VEGF (L), positive immunostaining for mesothelin (M), negative immunostaining for mesothelin
(N), positive immunostaining for HE4 (0), negative immunostaining for HE4 (P), positive immunostaining for CA-19-9 (Q),
and negative immunostaining for CA-19-9 (R) (x20). (From Rosen DG, Wang L, Atkinson JN, et al: Potential markers that
complement expression of CA125 in epithelial ovarian cancer. Gynecol Oncol 99:267-277, 2005: Fig. 1.)

in urine and to discover individual peptides or protein biomarkers and then to develop
conventional immunoassays that can be performed in combination. A comparison of
the proteomic techniques used for discovery and validation of markers is summarized
in Table 6-3.

Surface-enhanced laser desorption and ionization time-of-flight mass spectrometry
(SELDI-TOF) and matrix-assisted laser desorption and ionization time-of-flight mass
spectrometry (MALDI-TOF) have been used to analyze the pattern of peptides in
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sera from healthy women and from patients with ovarian cancer.*® Very high sensitiv-
ity and specificity have been reported.’” Over the past 6 years, the computer algo-
rithm used to analyze these data has evolved, and no final formulation has been
validated. Moreover, other investigators have had difficulty in confirming the original
analysis and have identified significant flaws in the methods used.?**

SELDI-TOF and MALDI-TOF both use mass spectrometry to generate a “bar
code” of specific peptides in body fluids; methodologic differences between the two
techniques are listed in Table 6-4. Proteins to be analyzed are co-crystallized with
ultraviolet (UV)-absorbing compounds and vaporized by pulses of a UV laser beam.
The energy-absorbing molecules transmit part of the energy to each peptide, resulting
in positive ions of different charge and mass. The ionized peptides released by the
laser are then accelerated in an electric field. A distinctive mass-to-charge ratio is
deduced from the velocity of each peptide. In SELDI-TOF, several different types
of array surfaces concentrate proteins of different types. Details of the commonly
used arrays are summarized in Table 6-5.%

A number of variables affect the spectrum of peptide detected with SELDI-TOF
or MALDI-TOF. Preanalytical conditions such as gender, age, and general health of
the donor, as well as methods used for collection, handling, and storage of specimens
all can affect the pattern of peptides in the sample to be tested, thus introducing
bias. Most of the SELDI-TOF instruments used in biomarker analysis suffer from
signal drift over a period of time, partly because of deterioration in laser power. The
various corrections made during the analysis are often subjective and operator depen-
dent. Moreover, serum or plasma—the most commonly tested body fluids—contain
thousands of different proteins and peptides, which vary widely in abundance.
Because SELDI-TOF can identify high-abundance molecules most readily, putative
markers for early diagnosis that are present in low amounts may be missed. Since
tumors often produce specific proteins in very small amounts, the high-abundance
proteins can mask detection of useful biomarkers. Removal of abundant proteins
before analysis can improve sensitivity, but these special techniques add complexity
and potential variability to the entire procedure. Overall, lack of sensitivity, interfer-
ence from nonspecific protein species, and poor reproducibility are important
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Table 6-3. A Comparison of Proteomic Techniques Used in Ovarian Cancer Screening

Technique Use Method Advantage Disadvantage
2D-PAGE Discovery  Separation of proteins Robust and reproducible Low-abundance proteins
based on charge and method for biomarker and highly acidic or
size discovery basic proteins may not
Thousands of proteins can be visualized
be separated on the gel Different gels needed for
comparing samples
Artifacts due to gel-to-gel
variations
Low throughput; needs
much starting material
and automation is
difficult
DIGE Discovery  Equal amount of proteins Protein expression Can visualize high
from different samples differences from different abundance proteins
are labeled with Cy2, samples can be studied in only
Cy3 or Cy5 dyes and the same gel Low throughput
run on the same gel Robust technique that is Laborious
sensitive, and quantitation
of proteins is possible
Detects PTM and alternative
spliced forms
iCAT Discovery  Two protein samples are High-throughput method, Poor detection of
labeled with normal which allows direct alternative splice forms
and heavy versions of identification of proteins Two variations only—light
hydrogen by MS-MS analysis and heavy
Cysteine residues bind to  Automation is possible Can identify cysteine-
the reagent containing proteins only
iTRAQ Discovery  Uses 4 tag reagents that Global labeling and direct Low throughput, time-
bind to the amine identification of proteins consuming, and
groups in peptides Absolute quantitation chances of experimental
Following digestion, and variation
labeling, samples are
subjected
to LC-MS/MS
Protein arrays  Validation  Antigen-antibody based Very high throughput, highly Must have high-affinity
binding on spotted quantitative, detects PTM antibodies
arrays and splice variants
SELDI-TOF Discovery  Depending on the type of  High throughput, small Low resolving power, not
chip surface used, amount of sample, more standardized
specific proteins will be reproducible than 2DE,
attached to the spot, analysis of crude samples
which is then analyzed
by laser desorption
and time of flight
ELISA validation Antigen-antibody based Quantitative, inexpensive Time-consuming, single-

test on microwells

protein detection

SELDI-TOF, surface-enhanced desorption and ionization-time of flight.
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Table 6-4. Differences Between SELDI-TOF and MALDI-TOF

SELDI-TOF MALDI-TOF
Analytes directly applied to the chips Analytes premixed with matrix and dried on a passive
surface
Proteins interact with the chromatographic surface and get No interaction with the surface
sequestered according to the type of surface
On-the-spot washing with appropriate buffers Washes not possible
Pre-target deposition sample clean-up not necessary Essential to reduce chemical noise or ion suppression
(e.g., prefractionation)
Chip surface provides good support for co-crystallization Matrix is either applied onto the surface, or protein-
of the matrix and protein(s) matrix interaction occurs outside

No sample loss, good reproducibility

Higher throughput capability, requires significantly lower Sample loss
amounts of the sample

Has small range of sensitivity, offers higher resolution at High accuracy in the low-molecular-weight range
low mass ranges, and is easy to use

MALDI-TOF, matrix-assisted laser desorption and ionization-time of flight; SELDI-TOF, surface-enhanced laser desorption and ionization-time of flight.

Table 6-5. Summary of Available Types and Applications of SELDI-TOF Arrays

Type of Array Description Applications
IMAC30 Immobilized metal affinity capture array with a nitrilo-acetic Histidine-tagged protein capture,
acid (NTA) surface metal-binding proteins,
Activated with transition metals prior to use (copper, phosphoprotein profiling and protein
gallium) purification
Q10 Wrong anion exchange array with quaternary amine Protein profiling and protein purification

functionality
Positively charged that acts as a strong anion exchanger

H50 Bind proteins through reverse phase or hydrophobic Protein profiling of hydrophobic or
interaction chromatography membrane-bound proteins
CM10 Weak cation exchange array with carboxylate functionality Protein profiling and protein purification

Negatively charged that acts as a weak cation exchanger

H4 Mimic reversed phase chromatography with C16 Typical applications include protein
functionality profiling of hydrophobic or
membrane-bound proteins, peptide
analysis and on-chip desalting

RS100 Contain a preactivated coating with carbonyl diimidazole DNA: protein, protein: protein
Allow binding of proteins to the chip surface via any free- interactions, protein: ligand or affinity
amine groups present on the surface of the protein or capture experiments
antibody

The reaction is a nondenaturing process so the antibody or
protein remains in its correct or active confirmation

SELDI-TOF, surface-enhanced laser desorption and ionization-time of flight.
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limitations that need to be overcome before patterns of peptides can be used to
screen the general population.

The second approach to proteomic techniques appears more promising in the short
run. SELDI, for example, has been used to identify individual serum biomarkers that
distinguish patients with early-stage ovarian cancer from healthy individuals.*' Of
these, alterations in three biomarkers consistently distinguished ovarian cancer
patients from healthy individuals: apolipoprotein Al, transthyretin, and CTAPIIIL.*
A combination of CA-125 and these three proteomic markers provides 87% sensitiv-
ity at 98% specificity.

Multiplex Assays

Given the large number of potential markers, identifying an optimal panel poses a
significant logistical challenge. Supplies of sera in tissue banks are limited, and each
conventional assay can require as much as 100 to 200 puL. Multiplex assays, such as
those developed by Luminex Corporation, circumvent this problem through minia-
turization, permitting simultaneous assay of multiple biomarkers (more than 20)
using as little as 50 uL of serum. Small polystyrene microspheres (approximately
6 um) are internally dyed with different ratios of two spectrally distinct red fluoro-
phores to create up to 100 different shades of beads, each with a unique spectrum.
Each shade of bead can be coated with a specific antibody that recognizes a particular
biomarker. Second antibodies are then identified that bind to distinct epitopes on
each biomarker. Fluorescent probes are linked to each second antibody, creating
multiple heterologous “double determinant” assays. The beads are allowed to react
with serum or plasma. After washing, fluoresceinated secondary antibodies are added
and the doubly fluorescent beads are then analyzed by flow cytometry. The shade of
red indicates the biomarker being measured, and the shade of green indicates its
quantity. The ability to mix multiple conjugated beads and labeled antibodies with
each sample permits the simultaneous assay of multiple biomarkers with small
volumes of serum. This method* has been used to distinguish sera from early-stage
ovarian cancer. A combination of five markers (IL-6, IL-8, VEGF, soluble-EGF
[endothelial growth factor], and CA-125) could distinguish early-stage ovarian cancer
from women with no cancer with a sensitivity of 84% and a specificity of 95%.

Validation of Biomarker Panels

Potential panels of biomarkers identified with a set of “training” sera must be tested
on a completely independent “validation” set of sera from early-stage and late-stage
ovarian cancer patients and from relevant groups of healthy controls. This rigorous
validation is important before the test becomes available for clinical use. Several
potential candidate biomarkers have yet to undergo rigorous validation. One panel of
biomarkers—Ileptin, prolactin, osteopontin, IGF-II [insulin-like growth factor II], M-
CSF, and CA-125—was recently marketed as Ovasure (LabCorp) to detect early-
stage disease in high-risk individuals. Given that the single publication describing this
panel included only a small number of early-stage patients and used the validation set
rather than the training set to choose the optimal biomarkers,* the Society of Gyne-
cologic Oncologists released a statement saying that “additional research was needed.”
After communication with the FDA, the test has been withdrawn from the market.
Ideally, biomarker panels should not only identify women with stage I disease but
also detect very early ovarian cancer before conventional clinical diagnosis. Samples
of serum from women destined to develop ovarian cancer have been preserved from
the PLCO and UKCTOCS trials and provide an important resource for biomarker
validation. A recent collaboration of the PLCO with the Early Detection Research



- Chapter 6 Ovarian Cancer Screening

Network (EDRN) and the Ovarian SPOREs (Specialized Programs of Research
Excellence) at four institutions tested more than 50 markers in preclinical serum
specimens. Results should be published in the near future.

Ovarian Cancer Screening in High-Risk Women

In contrast to the 1.5% lifetime risk of ovarian cancer for women in the general
population, women with a BRCAI mutation have a 39% to 46% lifetime risk of
ovarian cancer, and women with a BRCA2 mutation have a 12% to 20% lifetime risk
of ovarian cancer®* (Fig. 6-8). Although prophylactic bilateral salpingo-oophorectomy
(BSO) remains the mainstay of ovarian cancer prevention in these high-risk individu-
als, strategies for screening and early detection are important for high-risk women
who have not yet chosen to undergo the surgical procedure or who are unwilling to
do so. Given that the mean age of diagnosis of ovarian cancer in women with a
BRCAI or BRCA2 mutation may be 10 to 15 years earlier than 61 years—the mean
age of diagnosis in women with sporadic ovarian cancer—screening strategies in the
high-risk cohort need to be focused primarily on premenopausal women. This is in
contrast to general population screening for ovarian cancer, which is focused primarily
on postmenopausal women. It is important to state from the outset that there are
no prospective randomized trials that have demonstrated a decrease in mortality from
ovarian cancer screening in high-risk women. Nonetheless, consensus groups, includ-
ing the National Comprehensive Cancer Network (NCCN), recommend ovarian
cancer screening for women with BRCAI or BRCA2 mutations because of the sig-
nificant risk of ovarian cancer.*® More specifically, the NCCN recommends CA-125
and TVUS every six months in women with known BRCAI or BRCA2 mutations,
starting at age 35 or 5 to 10 years earlier than the age at first diagnosis of ovarian
cancer in the family.

The majority of studies of ovarian cancer screening in high-risk individuals have
been retrospective reports from single institutions. In this section several screening
studies of high-risk individuals are described. In addition, the ongoing prospective
screening trials in high-risk women are discussed.

At least 10 retrospective analyses of ovarian cancer screening in high-risk women
have been published, and most describe a single institution’s experience. In many of
these studies, a formal screening regimen was not consistently applied, compliance
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Figure 6-8. Cumulative risk of breast and ovarian cancer in BRCA1 (A) carriers and BRCAZ2 carriers (B). (From Antoniou
A, Pharoah PD, Narod S, et al: Average risks of breast and ovarian cancer associated with BRCA1 or BRCA2 mutations
detected in case series unselected for family history: a combined analysis of 22 studies. Am J Hum Genet 72:1117-1130,
2003: Figs. 3 and 4.)
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was not reported, and cases of ovarian cancer were not clearly identified as prevalent
or incident. Therefore, although these studies can be helpful in describing the type
of ovarian cancer that develops in a high-risk cohort and can inform the reader of
the limitations of current screening modalities, no comment can be made as to the
efficacy of a screening regimen, including sensitivity, specificity, and positive predic-
tive value.

In Canada, Laframboise and colleages*” reported on their screening experience of
311 women with a high risk for ovarian cancer who underwent CA-125 and TVUS
screening every 6 months. Nine women underwent surgery for an abnormal screening
test. Six of the nine had abnormal TVUS but no cancer found at surgery. Two of
the nine had an abnormal CA-125 only but no cancer found at surgery. One patient
of the nine had both an abnormal CA-125 and an abnormal TVUS and was found
to have stage IA, grade 1 endometrioid ovarian cancer. Overall, 2.7% of CA-125
results were abnormal (more than 35 U/mL), and 17% of ultrasounds were abnormal.
Detailed follow-up information for these individuals with abnormal values was not
provided.

A study by Liede and colleagues*® included 290 high-risk women from a high-risk
clinic in Los Angeles. Women were screened twice yearly until 1995, then annually.
Eight cancers developed in the cohort, with six of the eight being primary peritoneal
cancer. In all six cases of primary peritoneal cancer, the TVUS findings of the ovaries
were normal. Of the eight cases, only three were incident, screen-detected cases. Of
these three, one was a stage IC serous tumor with an abnormal TVUS showing
complex ovarian cysts but a normal CA-125. The other two incident cases included
a stage IIIC peritoneal cancer with elevated CA-125 and normal TVUS and a
stage IIIC fallopian tube/peritoneal cancer with mildly elevated CA-125 and a
TVUS showing a complex mass adjacent to the ovary. This study highlights the over-
representation of primary peritoneal cancers in high-risk women and the lack of
efficacy of screening in identifying early-stage disease.

In a study by Stirling and colleagues,® annual CA-125 level testing and TVUS
screening were performed in 1110 women in the United Kingdom. Thirteen cancers
developed in the cohort. Three of the 13 cancers were interval cancers not detected
by screening; two were stage III and one was stage IV. Ten cancers were detected
by screening, including three prevalent cancers and seven incident cases. The stage
breakdown of the 10 screen-detected cases included three stage IC tumors (including
one borderline and one tubal cancer) two stage II tumors, four stage III tumors, and
one stage IV tumor. Unfortunately, not all women had both CA-125 and TVUS
simultaneously, so it was not possible to calculate positive predictive value for both
tests in detecting ovarian cancer.

A study by Olivier and associates™ from the Netherlands described their experi-
ence of 6-month screening for women who had a BRCAI or BRCA2 mutation and
annual screening for women for whom genetic test results were unknown. There
were 312 women enrolled in the program. Four cancers were found in the cohort,
and it is unclear whether these cancers were prevalent or incident cases. All
four women had symptoms. Given the fact that screening is meant to detect
asymptomatic disease, it is unclear whether there were any true screen-detected
cases. In addition, all four women had elevated CA-125 levels and abnormal TVUS
results.

Several observations can be made from the retrospective studies. First, in high-risk
persons, the combination of TVUS and CA-125 appears to be better than either
single modality alone. Second, in premenopausal high-risk women, there is a high
false-positive rate for both CA-125 and TVUS screening. Women should be fore-
warned of this fact. Third, the optimal interval for screening is unknown, and even
advanced-stage cancers can be detected in women having frequent screening.
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Hogg and colleagues'® published a review of ovarian cancer screening studies in
low-risk and high-risk women. They reported that in the general population almost
half of stage I ovarian cancers detected by CA-125 or ultrasound (transvaginal or
transabdominal) were borderline ovarian tumors, granulosa cell tumors, or germ cell
tumors. Of the invasive, epithelial ovarian cancers that were stage I and detected by
screening, most were of endometrioid, clear cell, or mucinous histologies. Given the
lack of stage I high-grade serous cancers among the screen-detected ovarian cancers,
the authors suggest that, biologically, high-grade serous tumors may not act the same
as endometrioid, clear cell, mucinous, or well-differentiated serous ovarian cancers.
They propose that endometrioid, clear cell, mucinous, and well-differentiated serous
ovarian cancers start as small tumors, get bigger but remain confined to the ovary,
and then metastasize. These histologies can therefore be detected by current screen-
ing strategies. In contrast, the authors state that high-grade serous tumors are multi-
focal early, undergo a rapid progression to metastatic disease, and are therefore
difficult to detect by screening. It is precisely these high-grade serous tumors that
develop in women with BRCAI and BRCA2 mutations. It is interesting to note that
when occult ovarian and fallopian tube cancers in prophylactic oophorectomy speci-
mens in BRCAI and BRCA2 mutation carriers are examined, multifocal high-grade
serous tumors are clearly seen.”'* In these studies, the microscopic foci of tumor
are often present in multiple areas of the fallopian tubes and ovaries. In most of the
cases, the preoperative CA-125 is normal, and the TVUS reveals unremarkable
findings.

The published, single-institution, retrospective studies have highlighted the diffi-
culties that we face using currently available screening technologies for high-risk
women. However, there are key reasons to push forward with well-designed, pro-
spective ovarian cancer screening trials for these women. First, important information
about positive predictive value and negative predictive value, compliance, and stage
of incident cancers cannot be adequately determined in small single-institution
studies. Second, prospectively collected serum can be banked to more rapidly evalu-
ate potential serum markers. As more unaffected women with BRCAI or BRCA2
mutations are identified, physicians will need data to guide these patients in managing
their increased risk of ovarian cancer. Not all women will choose prophylactic bilat-
eral salpingo-oophorectomy, and some will choose to delay the procedure as long as
possible (Box 6-3). For these women, evidence-based strategies for the early detec-
tion of ovarian cancer are crucial.

There are two large ongoing ovarian cancer screening studies in high-risk individu-
als. The first is a joint Cancer Genetics Network (CGN)/Gynecologic Oncology

Box 6-3. Reasons Why Young High-Risk Women Might Choose Ovarian Cancer
Screening Rather Than Prophylactic Surgery

Young age

Concerns about iatrogenic premature menopause
Concerns about use of hormone replacement therapy
Wish to retain fertility

Unwillingness to undergo surgery

Psychological impact of oophorectomy

Poor operative risk (e.g., medical comorbidity/multiple adhesions)

From Rosenthal A, Jacobs I: Familial ovarian cancer screening. Best Pract Res Clin Obstet Gynaecol 20(2):321-338, 2006,
Box 2.
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Box 6-4. Risk of Ovarian Cancer Algorithm

Detailed analysis of over 50,00 serum CA-125 values involving 22,000 volunteers followed up for
a median of 8.6 years in the study by Jacobs et al?® revealed that CA-125 levels in women
without ovarian cancer were static or decreased with time, whereas preclinical levels associated
with malignancy tended to rise.

This allowed the formulation of separate complex change-point statistical models of the behavior
of serial preclinical CA-125 levels for cases and controls. These models take into account a
woman’s age-related risk of ovarian cancer and her CA-125 profile with time.

The ROC for an individual is calculated using a computerized algorithm based on the Bayes
theorem, which compares each individual’s serial CA-125 levels with the pattern in cases
compared with controls.

The closer the CA-125 profile to the CA-125 behavior of known cases of ovarian cancer, the
greater the risk of ovarian cancer. The final result is presented as the individual’s estimated risk
of having ovarian cancer so that a ROC of 2% implies a risk of 1 in 50.

ROC, risk of ovarian cancer.
From Jacobs I, Menon U: Progress & Challenges in Screening for Early Detection of Ovarian Cancer. MCP Papers in Press,
February 5, 2004, Table 1.

Group (GOG) study led by Dr. Steven Skates (GOG 199). This trial is examining
an algorithm of CA-125 values over time (Risk of Ovarian Cancer Algorithm, ROCA)
to increase sensitivity over a single CA-125 value (Box 6-4). Participants had their
CA-125 values determined every 3 months, and the risk of ovarian cancer was
designated as high, medium, or low, as calculated for each woman on the basis of
the ROCA algorithm. Women with a high ROCA score were sent for TVUS and
evaluation by a gynecologic oncologist. Women with a medium ROCA score were
referred for TVUS only, and women with a low ROCA score had a repeat CA-125
at 3 months. Over 2000 high-risk women were enrolled in the study; preliminary
results are forthcoming.

The second study is a United Kingdom Screening Study (UKFOCSS), which
examines annual CA-125 and TVUS, with serial serum collection every 4 months.
Similar to the U.S. study, an algorithm of CA-125 over time is being used, rather
than a single value. Although neither of these studies is powered to demonstrate a
mortality benefit of the screening test, important information about positive predic-
tive value and negative predictive value, compliance, and stage of incident cancers
will be available. In addition, in both these studies, serum is being banked to test
future potential serum markers.

While we await the results of the prospective high-risk ovarian cancer screening
studies, it is important to note that there can be anxiety, depression, and alteration
in quality of life as a result of screening. A study by Hensley and colleagues® exam-
ined 146 high-risk women who underwent ovarian cancer screening. Using the
Impact of Events Scale, for which the “stressful event” was ovarian cancer screening,
37.8% of premenopausal women had high anxiety, and over 20% of premenopausal
women had intermediate anxiety. Overall, 30% of women required a repeat test of
CA-125 or TVUS after first screening, and this occurred more often in premeno-
pausal versus postmenopausal women. All of these premenopausal women, on repeat
testing, were found to have false-positive test results.” Although the authors did not
measure the anxiety related to the need for repeat testing in premenopausal women,
the high false-positive rate associated with CA-125 and TVUS in this cohort is likely
to increase the anxiety levels of these high-risk individuals. It will be important as
we develop screening strategies in this population to be mindful of the negative
effects that screening can have.
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Conclusion

There are no data from prospective randomized studies to support ovarian cancer
screening in women at general population risk. Two large prospective ovarian cancer
screening studies of low-risk women are ongoing—one in the United States (PLCO)
and one in the United Kingdom (UKCTOCS). Results from these studies will be
forthcoming in the next several years. For high-risk individuals, given the extremely
high lifetime risk of ovarian cancer, consensus groups recommend ovarian cancer
screening every 6 months with TVUS and CA-125. Results from current ongoing
prospective multicenter trials may help inform clinicians of the best screening strate-
gies and screening intervals for high-risk women. It is important, however, to empha-
size to women with a high risk of ovarian cancer the very real limitations of ovarian
cancer screening.

The ability to bank serum in both low-risk and high-risk prospective screening

studies is crucial. A large number of candidate biomarkers are being discovered
through ongoing efforts with high-throughput techniques including expression micro-
arrays and proteomics. Rapid assessment of these candidate screening markers will
enhance our ability to detect ovarian cancer at its earliest stages when a high probabil-
ity of cure is achievable.

References

10.

11.

12.

13.

14.

15.

. Jemal A, Siegel R, Ward E, et al: Cancer Statistics, 2009. CA

Cancer J Clin 59:225-249, 2009.

. Carlson KJ, Skates SJ, Singer DE: Screening for ovarian cancer.

Ann Intern Med 121:124-132, 1994.

. Antoniou A, Pharoah PD, Narod S, et al: Average risks of breast

and ovarian cancer associated with BRCA1 or BRCA2 mutations
detected in case series unselected for family history: a combined
analysis of 22 studies. Am J Hum Genet 72:1117-1130, 2003.

. King MC, Marks JH, Mandell JB: Breast and ovarian cancer risks

due to inherited mutations in BRCA1 and BRCA2. Science
302:643-646, 2003.

. Clark R: Principles of cancer screening. Semin Roentgenol 38:7—

18, 2003.

. Eddy DM (ed): Common Screening Tests. Philadelphia: Ameri-

can College of Physicians, 1991.

. Hulka BS: Cancer screening. Degrees of proof and practical

application. Cancer 62(8 Suppl):1776-1780, 1988.

. Chu CS, Rubin SC: Screening for ovarian cancer in the general

population. Best Pract Res Clin Obstet Gynaecol 20:307-320,
2006.

. Shridhar V, Lee J, Pandita A, et al: Genetic analysis of early-

versus late-stage ovarian tumors. Cancer Res 61:5895-5904,
2001.

Mok CH, Tsao SW, Knapp RC, et al: Unifocal origin of advanced
human epithelial ovarian cancers. Cancer Res 52:5119-5122,
1992.

Jacobs 1J, Kohler MF, Wiseman RW, et al: Clonal origin of epi-
thelial ovarian carcinoma: analysis by loss of heterozygosity, p53
mutation, and X-chromosome inactivation. J Natl Cancer Inst
84:1793-1798, 1992.

Skates SJ, Jacobs JI, MacDonald N, et al: Estimated duration of
pre-clinical ovarian cancer from longitudinal CA 125 levels. Proc
Am Assoc Cancer Res 43, 1999.

Hogg R, Friedlander M: Biology of epithelial ovarian cancer:
implications for screening women at high genetic risk. J Clin
Oncol 22:1315-1327, 2004.

van Nagell JR, Jr, DePriest PD, Reedy MB, et al: The efficacy
of transvaginal sonographic screening in asymptomatic women at
risk for ovarian cancer. Gynecol Oncol 77:350-356, 2000.

van Nagell JR, Jr, DePriest PD, Ueland FR, et al: Ovarian cancer
screening with annual transvaginal sonography: findings of
25,000 women screened. Cancer 109:1887-1896, 2007.

20.

21.

22.

23.

24.

25.

26.

27.

28.

. Jacobs I, Bast RC, Jr: The CA 125 tumour-associated antigen: a

review of the literature. Hum Reprod 4:1-12, 1989.

. Bast RC, Jr, Klug TL, St John E, et al: A radioimmunoassay using

a monoclonal antibody to monitor the course of epithelial ovarian

cancer. N Engl J Med 309:883-887, 1983.

. Jacobs 1J, Skates S, Davies AP, et al: Risk of diagnosis of ovarian

cancer after raised serum CA 125 concentration: a prospective
cohort study. Br Med J 313:1355-1358, 1996.

. Einhorn N, Sjovall K, Knapp RC, et al: Prospective evaluation

of serum CA 125 levels for early detection of ovarian cancer.
Obstet Gynecol 80:14-18, 1992.

Jacobs 1J, Skates SJ, MacDonald N, et al: Screening for ovarian
cancer: a pilot randomised controlled trial. Lancet 353:1207-
1210, 1999.

Westhoff C: Current status of screening for ovarian cancer.
Gynecol Oncol 55:534-S37, 1994.

Buys SS, Partridge E, Greene MH, et al: Ovarian cancer screen-
ing in the prostate, lung, colorectal and ovarian (PLCO) cancer
screening trial: findings from the initial screen of a randomized
trial. Am J Obstet Gynecol 193:1630-1639, 2005.

Skates SJ, Menon U, MacDonald N, et al: Calculation of the
risk of ovarian cancer from serial CA-125 values for preclinical
detection in postmenopausal women. J Clin Oncol 21(10
Suppl):206-210, 2003.

Menon U, Gentry-Maharaj A, Ryan A, et al: Recruitment to
multicentre trials — lessons from UKCTOCS: descriptive study.
Br Med J 337:2079a, 2008.

Menon U, Gentry-Maharaj A, Hellett R, et al: Sensitivity and
specificity of multimodal and ultrasound screening for ovarian
cancer, and stage distribution of detected cancers: results of the
prevalence screen of the UK Collaborative Trial of Ovarian
Cancer Screening (UKCTOCS). Lancet Oncol 10:308-309,
2009.

Bast RC, Jr, Skates S, Zhang Z, et al: Optimizing a two-stage
strategy for early detection of ovarian cancer. NCI translates:
NCI Translational Science Meeting 2008; 300, no. 292.
Woolas RP, Xu FJ, Jacobs 1J, et al: Elevation of multiple serum
markers in patients with stage I ovarian cancer. J Natl Cancer
Inst 85:1748-1751, 1993.

Zhang Z, Yu Y, Xu F, et al: Combining multiple serum tumor
markers improves detection of stage I epithelial ovarian cancer.

Gynecol Oncol 107:526-231, 2007.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Skates SJ, Horick N, Yu Y, et al: Preoperative sensitivity and
specificity for early-stage ovarian cancer when combining cancer
antigen CA-12511, CA 15-3, CA 72-4, and macrophage colony-
stimulating factor using mixtures of multivariate normal distri-
butions. J Clin Oncol 22:4059-4066, 2004.

Hellstrom I, Hellstrom KE: SMRP and HE4 as biomarkers for
ovarian carcinoma when used alone and in combination with
CA125 and/or each other. Adv Exp Med Biol 622:15-21,
2008.

Badgwell D, Lu Z, Cole L, et al: Urinary mesothelin provides
greater sensitivity for early stage ovarian cancer than serum
mesothelin, urinary hCG free beta subunit and urinary hCG
beta core fragment. Gynecol Oncol 106:490-497, 2007.

Xu Y, Shen Z, Wiper DW, et al: Lysophosphatidic acid as a
potential biomarker for ovarian and other gynecologic cancers.
JAMA 280:719-723, 1998.

Bast RC, Jr, Brewer M, Zou C, et al: Prevention and early detec-
tion of ovarian cancer: mission impossible? Recent Results
Cancer Res 174:91-100, 2007.

Yousef GM, Diamandis EP: Expanded human tissue kallikrein
family—a novel panel of cancer biomarkers. Tumour Biol
23:185-192, 2002.

Diamandis EP, Scorilas A, Fracchioli S, et al: Human kallikrein
6 (hK6): a new potential serum biomarker for diagnosis and
prognosis of ovarian carcinoma. J Clin Oncol 21:1035-1043,
2003.

Zhang H, Kong B, Qu X, et al: Biomarker discovery for ovarian
cancer using SELDI-TOF-MS. Gynecol Oncol 102:61-66,
2006.

Petricoin EF, Ardekani AM, Hitt BA, et al: Use of proteomic
patterns in serum to identify ovarian cancer. Lancet 359:572~
577, 2002.

Fisher WG, Rosenblatt KP, Fishman DA, et al: A robust bio-
marker discovery pipeline for high-performance mass spectrom-
etry data. J Bioinform Comput Biol 5:1023-1045, 2007.
Baggerly KA, Morris JS, Edmonson SR, Coombes KR: Signal in
noise: evaluating reported reproducibility of serum proteomic
tests for ovarian cancer. J Natl Cancer Inst 97:307-309,
2005.

Baggerly KA, Morris JS, Coombes KR: Reproducibility of
SELDI-TOF protein patterns in serum: comparing datasets from
different experiments. Bioinformatics 20:777-785, 2004.
Clarke CH, Buckley JA, Fung ET: SELDI-TOF-MS proteomics
of breast cancer. Clin Chem Lab Med 43:1314-1320, 2005.
Zhang Z, Bast RC, Jr, Yu Y, et al: Three biomarkers identified
from serum proteomic analysis for the detection of early stage
ovarian cancer. Cancer Res 64(16):5882-5890, 2004.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Chapter 6 Ovarian Cancer Screening -

Clarke CH, Fung ET, Yip C, et al: A panel of proteomic
markers improves the sensitivity of CA125 for detecting Stage
I epithelial ovarian cancer. Proc Am Soc Clin Oncol 26:303s, no.
5542, 2008.

Gorelik E, Landsittel DP, Marrangoni AM, et al: Multiplexed
immunobead-based cytokine profiling for early detection of
ovarian cancer. Cancer Epidemiol Biomarkers Prev 14:981-987,
2005.

Visintin I, Feng Z, Longton G, et al: Diagnostic markers for early
detection of ovarian cancer. Clin Cancer Res 14:1065-1072,
2008.

NCCN Clinical Practice Guidelines in Oncology: Genetic/
Familial High-Risk Assessment: Breast and Ovarian. Rockledge,
PA: National Comprehensive Cancer Network, 2006.
Laframboise S, Nedelcu R, Murphy J, et al: Use of CA-125 and
ultrasound in high-risk women. Int J Gynecol Cancer 12:86-91,
2002.

Liede A, Karlan BY, Baldwin RL, et al: Cancer incidence in a
population of Jewish women at risk of ovarian cancer. J Clin
Oncol 20:1570-1577, 2002.

Stirling D, Evans DG, Pichert G, et al: Screening for familial
ovarian cancer: failure of current protocols to detect ovarian
cancer at an early stage according to the International Federation
of Gynecology and Obstetrics system. J Clin Oncol 23:5588-
5596, 2005.

Olivier RI, Lubsen-Brandsma MA, Verhoef S, van Beurden M:
CA125 and transvaginal ultrasound monitoring in high-risk
women cannot prevent the diagnosis of advanced ovarian cancer.
Gynecol Oncol 100:20-26, 2006.

Lu KH, Garber JE, Cramer DW, et al: Occult ovarian tumors
in women with BRCA1 or BRCA2 mutations undergoing pro-
phylactic oophorectomy. J Clin Oncol 18:2728-2732, 2000.
Colgan TJ, Murphy J, Cole DE, et al: Occult carcinoma in pro-
phylactic oophorectomy specimens: prevalence and association
with BRCA germline mutation status. Am J Surg Pathol
25:1283-1289, 2001.

Powell CB, Kenley E, Chen LM, et al: Risk-reducing salpingo-
oophorectomy in BRCA mutation carriers: role of serial section-
ing in the detection of occult malignancy. J Clin Oncol
23:127-132, 2005.

Leeper K, Garcia R, Swisher E, et al: Pathologic findings in pro-
phylactic oophorectomy specimens in high-risk women. Gynecol
Oncol 87:52-56, 2002.

Hensley ML, Robson ME, Kauff ND, et al: Pre- and postmeno-
pausal high-risk women undergoing screening for ovarian cancer:
anxiety, risk perceptions, and quality of life. Gynecol Oncol
89:440-446, 2003.






R Qvarian Cancer Surgery

Amer K. Karam, Christine Walsh,
and Beth Y. Karlan

KEY POINTS

© Cytoreductive surgery is one of the cornerstones of therapy for advanced-stage ovarian cancer.

o Complete tumor removal and microscopic residual disease seem to offer the best survival
outcomes.

o Secondary cytoreductive surgery should be reserved for patients with prolonged disease-free
interval and localized disease.

© Second-look surgery does not result in improved survival.

o Accurate and complete surgical staging is the foundation of therapy for early-stage ovarian
cancer.

o Fertility sparing and minimally invasive surgery are often practicable in young women with early-
stage ovarian cancer without untoward effects on survival.

» Frozen-section analysis is accurate in the diagnosis of ovarian cancer but is less reliable in the diag-
nosis of borderline ovarian tumors.

Introduction

Surgery is a cornerstone of the diagnosis and treatment of ovarian carcinoma. The
surgical goals differ based on the nature and stage of disease. The most commonly
encountered scenario unfortunately is that of advanced epithelial ovarian cancer.

Advanced-Stage Epithelial Ovarian Cancer
Principles of Surgical Cytoreduction

Advanced epithelial ovarian cancer typically presents with widely disseminated intra-
abdominal disease. The standard treatment of advanced epithelial ovarian cancer
(EOQ) includes primary cytoreductive or debulking surgery followed by adjuvant
systemic chemotherapy. The goal of primary surgery for advanced epithelial ovarian
cancer is to accurately establish a diagnosis and leave little or no residual disease.
There are several potential benefits to the surgical removal of bulky tumor
masses'%:

® Removal of resistant clones of tumor cells decreases the likelihood of drug
resistance according to the Goldie-Coldman hypothesis.

m Removal of large poorly vascularized and hypoxic tumors enhances chemother-
apy delivery.

m The higher growth fraction in smaller, better-vascularized lesions increases
cytotoxicity of chemotherapy.
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m Smaller lesions require fewer cycles of chemotherapy, reducing development of
drug resistance.

m Removal of bulk disease rapidly improves symptoms of advanced EOC resulting
in improved quality of life, appetite, and immune status.

With regard to surgical debulking, there are no randomized controlled trials sup-
porting its initial use. Nearly every retrospective and prospective study since Griffiths’
seminal study in 1975 has demonstrated an inverse relationship between residual
tumor diameter and patient survival,® including a recent meta-analysis by Bristow
and colleagues,” which identified 6885 patients from previous publications. They
found that each 10% increase in maximal cytoreduction was associated with a 5.5%
increase in median survival (Fig. 7-1).

The definition of “optimal cytoreduction” continues to evolve. Since 1986, the
Gynecologic Oncology Group (GOG) has defined optimal cytoreduction as leaving
residual disease less than 1 cm in maximum tumor diameter based on their retrospec-
tive analysis and long-term follow-up of 726 patients with advanced epithelial ovarian
cancer enrolled in two of their early adjuvant therapy trials.” Thus, defined optimal
cytoreduction can be achieved in 75% or more of women explored by gynecologic
oncologists.” The GOG has since performed two retrospective analyses of large che-
motherapy trials, which again asserted the survival advantage of optimal debulking
with residual tumor nodules less than 1cm. They also suggested that cytoreduction
that did not achieve optimal status or at least nodules less than 2 cm appears to have
little benefit on survival”® (Fig. 7-2).

Several studies have also shown that patients deriving the most survival benefit
are those in whom tumors are primarily reduced to microscopic levels. For 348
patients from GOG 52 with stage III ovarian cancer cytoreduced to less than 1cm
of residual disease, Hoskins and colleagues’ reported on the effect of diameter of the
largest residual disease on survival. Five-year survival rates were greater for patients
with microscopic residual disease (60%) even when compared with macroscopic
disease less than 1cm (35%). Chi and associates’ recently analyzed survival rates at
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specific residual disease diameters to determine the optimal goal of primary cytore-
duction for bulky stage IIIC disease. In this retrospective analysis of 465 patients,
patients with no gross disease had longer overall median survival compared with
patients with macroscopic residual disease of 1 to Smm (106 months versus 66
months)® (Fig. 7-3). Finally, the results of the two latest chemotherapy trials con-
ducted by GOG seem to suggest a survival advantage for patients with microscopic
residual disease when compared with those with macroscopic optimal disease.'®!!
The number of residual nodules may also influence prognosis. In their retrospective
analysis of 78 patients left with residual disease less than 5mm in maximum diame-
ter, Farias-Eisner and colleagues'? demonstrated a significant survival disadvantage
for patients with extensive carcinomatosis. These studies provide compelling
data supporting the benefit of macroscopic disease elimination when possible

(Fig. 7-4).

Surgical Principles

A substantial number of patients with advanced-stage ovarian cancer present with
bulky upper abdominal disease, malignant pleural effusions, or even intraparenchymal
liver disease and may require diaphragmatic or intestinal procedures, splenectomy
with or without a distal pancreatectomy, and peritoneal stripping to achieve an
optimal cytoreduction. A survey of the Society of Gynecologic Oncologists (SGO)
in 2000 revealed that up to 45% of patients deferred several procedures such as
splenectomy with or without distal pancreatectomy, diaphragm stripping with or
without full-thickness resection, and excision of grossly positive aortic nodes during
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primary cytoreduction because of their concern about morbidity and unproven effi-
cacy.'* Recent data demonstrate, however, the technical feasibility of ultra-radical
surgery and the significant survival advantage afforded by optimal tumor removal
even in stage IV patients. In the largest retrospective study examining 225 women
with stage IV epithelial ovarian cancer, Akahira and associates' reported in their
multivariate analysis that performance status, histology, and residual disease after
cytoreductive surgery were independent prognostic predictors of outcome. The
overall median survival for optimally debulked patients was 32 months compared
with 16 months for suboptimally reduced patients.

In the presence of grossly unresectable disease, radical procedures, including bowel
resection, are of little value and only add to the potential morbidity and mortality
associated with surgery for epithelial ovarian cancer, particularly in patients who are
nutritionally depleted.'®

Surgery for ovarian cancer requires that the abdominal incision be adequate to
explore the entire abdominal cavity and allow safe cytoreductive surgery. A vertical
incision is recommended but not required. Any ascites or free peritoneal fluid should
be collected for cytology. If no free peritoneal fluid is present, separate peritoneal
washings can be obtained from the pelvis, paracolic gutters, and infradiaphragmatic
area. Patients with stage III or IV disease do not require cytologic assessment. All
peritoneal surfaces including the surface of both diaphragms and the serosa and
mesentery of the entire gastrointestinal tract should be visualized and palpated for
evidence of metastatic disease with careful inspection of the omentum and removal,
if possible, of at least the infracolic omentum. When possible, an extrafascial total
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Figure 7-4. Carcinoma of the
100 - <o ovary: patients treated in 1999-
2001. Survival in stage IlIC
patients by completeness of
surgery, n = 2160. (From Heintz A,
80 Odicino F, Maisonneuve P, et al:
Carcinoma of the ovary. Int J
Gynaecol Obstet 95(Suppl 1):S161-
2 S192, 20086, Figure 12.)
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*Hazards ratio and 95% confidence intervals obtained from a Cox model adjusted for age, stage, and country.

abdominal hysterectomy and bilateral salpingo-oophorectomy should be performed.
If this is not possible, at minimum a biopsy of the ovary and sampling of the endo-
metrium must be performed. All remaining gross disease within the abdominal cavity
should be resected when possible.

En bloc Pelvic Resection

Locally advanced ovarian cancer frequently distorts the pelvic anatomy encasing
the adnexae, pelvic peritoneum, cul-de-sac, and rectosigmoid (Fig. 7-5).
A retroperitoneal approach to the hysterectomy and bilateral salpingo-oophorectomy
allows en bloc removal of the ovarian tumor and surrounding structures affected by
confluent disease, including portions of the rectosigmoid and bladder.!” The proce-
dure involves extending the peritoneal incisions along the paracolic gutters caudally
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Figure 7-5. Locally advanced ovarian cancer
with confluent extension to and encasement of
the reproductive organs, pelvic peritoneum
(including vesicouterine peritoneal reflection),
cul-de-sac of Douglas, and rectosigmoid colon.
OvT, ovarian tumor; Ut, uterus. (From Bristow
RE, del Carmen MG, Kaufman HS, et al: Radical
oophorectomy with primary stapled colorectal
anastomosis for resection of locally advanced
epithelial ovarian cancer. J Am Coll Surg
197:565-574, 2003, Figure 1.)

Figure 7-6. Radical oophorectomy. A
circumscribing peritoneal incision encompasses
all pan-pelvic disease, the round ligaments and
ovarian vessels are divided, the ureters are
mobilized, and the anterior pelvic peritoneal
tumor is dissected from the bladder muscularis.
(From Bristow RE, del Carmen MG, Kaufman
HS, et al: Radical oophorectomy with primary
stapled colorectal anastomosis for resection of
locally advanced epithelial ovarian cancer. J Am
Coll Surg 197:565-574, 2003, Figure 2.)

Sigmoid
(colon

_ 77,
Uterine ” Ext. iliac
ligament vessels Ureter preserved

along the psoas muscles and then medially along the symphysis pubis. The infundibu-
lopelvic and round ligaments are then secured retroperitoneally and the ureters
detached from the medial leaf of the peritoneum and traced down to the ureteral
canal. The uterine vessels are then skeletonized and ligated at the level of the ureters,
allowing them to be mobilized off the specimen. The peritoneum overlying the
bladder is detached sharply admitting access to the vesicouterine space, which is
further developed (Fig. 7-6). The hysterectomy is completed in a retrograde fashion
by first entering the vagina anteriorly and circumscribing the remaining anterior and
lateral vagina along with the cardinal ligaments. The posterior vaginal wall is finally
incised, exposing the rectovaginal space. The overlying cul-de-sac and attached tumor
can then be mobilized off the rectosigmoid (Fig. 7-7).

Alternatively, the rectosigmoid can be resected en bloc with the specimen in the
event of deep or extensive infiltrating disease. The proximal rectosigmoid is resected
2 to 3cm above the uppermost extent of disease using a linear gastrointestinal stapler,
and its mesentery is secured caudally. The distal rectosigmoid is then divided using
thoracoabdominal stapler (Fig. 7-8). Once the specimen is removed, the continuity
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Figure 7-7. Radical oophorectomy. A, The
anterior pelvic peritoneal tumor has been
dissected from the bladder dome, the proximal
) vagina is exposed, and a transverse anterior

Uterug ) colpotomy is created using electrocautery to
and tumor mass - enter the vagina. B, The remaining cardinal

retracted v/ ligament attachments are divided between

: . Heaney clamps working in a ventral-to-dorsal
direction toward the cul-de-sac tumor mass.
(From Bristow RE, del Carmen MG, Kaufman
HS, et al: Radical oophorectomy with primary
stapled colorectal anastomosis for resection of
locally advanced epithelial ovarian cancer. J Am
Coll Surg 197:565-574, 2003, Figure 3.)
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Figure 7-8. Radical oophorectomy. The
rectovaginal space has been developed to a
level 2 to 3cm below the caudal-most extent of
the cul-de-sac tumor mass, and the distal
rectosigmoid colon is divided using an automated
stapling device. (From Bristow RE, del Carmen
MG, Kaufman HS, et al: Radical oophorectomy
with primary stapled colorectal anastomosis for
resection of locally advanced epithelial ovarian
cancer. J Am Coll Surg 197:565-574, 2003,
Figure 4.)

Recto-sigmoid colon
. divided with stapler



- Chapter 7 Ovarian Cancer Surgery

Figure 7-9. Radical oophorectomy.
Intestinal continuity is reestablished using a
circular end-to-end anastomosis (CEEA)
automated stapling device. Sym., symphysis
pubis (From Bristow RE, del Carmen MG,
Kaufman HS, et al: Radical oophorectomy with
primary stapled colorectal anastomosis for
resection of locally advanced epithelial ovarian
cancer. J Am Coll Surg 197:565-574, 2003,
Figure 7.)

Figure 7-10. Radical oophorectomy. The
pelvis is macroscopically tumor-free after en bloc
resection. (From Bristow RE, del Carmen MG,
Kaufman HS, et al: Radical oophorectomy with
primary stapled colorectal anastomosis for
resection of locally advanced epithelial ovarian
cancer. J Am Coll Surg 197:565-574, 2003,
Figure 6.)

of the bowel is restored using a circular end-to-end anastomotic stapler (Figs. 7-9
and 7-10).

In their series of 31 consecutive patients, Bristow and associates'” encountered no
postoperative deaths, but 4 of 31 (13%) of patients developed life-threatening post-
operative complications with one patient undergoing a re-exploration for an anasto-
motic breakdown. This procedure should therefore not be undertaken in women with
unresectable upper abdominal disease because of the procedure’s high morbidity and
low potential for cure.

Intestinal involvement in epithelial ovarian cancer frequently affects the rectosig-
moid colon, and rectosigmoid resection represents the majority of gastrointestinal
surgeries performed in patients with epithelial ovarian cancer. This surgery is often
necessary to obtain optimal cytoreduction.'® In one of the largest series, the morbidity
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associated with en bloc resection of ovarian carcinoma with low rectosigmoid resec-
tion and anastomosis was 6.7%. In a number of cases, superficial implants can simply
be shaved off, but bulkier implants may require resection and anastomosis, particu-
larly in the presence of obstruction.'” As stated earlier, bowel resection should be
carried out only when optimal cytoreduction is possible or when obstruction is
present.

Diaphragm Resection

The bulk of disease is usually distributed among the pelvis, omentum, and right dia-
phragm. Diaphragm resection or stripping is often necessary to achieve optimal
cytoreductive surgery. In a recent review of a single institution’s experience, Aletti
and associates?’ identified 181 patients with tumor involving the diaphragm. Patients
who underwent diaphragm surgery (stripping of the diaphragmatic peritoneum, full-
or partial-thickness diaphragm resection, excision of nodules or Cavitron ultrasonic
surgical aspirator) had improved 5-year survival relative to those who did not (53%
versus 15%). Furthermore, in multivariate analysis of patients with diaphragm disease,
both residual disease and performance of diaphragm surgery were independent pre-
dictors of outcome.

In most instances, the right hemidiaphragm bears the largest volume of disease.
To gain access to the entire right diaphragm, the abdominal incision is extended to
the xiphoid process. A liver mobilization should then be completed by first dividing
and ligating the infrahepatic portion of the falciform ligament, which is then incised
superiorly to detach the liver from its anterior attachments to the abdominal wall.
The anterior right coronary and right triangular ligaments are cautiously divided,
being careful not to injure the right hepatic vein and inferior vena cava. Small
implants can be excised or fulgurated using electrocautery, the argon beam coagula-
tor, or the ultrasonic surgical aspirator. Larger-volume disease often requires a peri-
toneal resection, which is carried out by first mobilizing the anterior or lateral free
edge of the diaphragm peritoneum and then separating it from the underlying mus-
culature using a combination of sharp and blunt dissection proceeding ventrocaudally
or lateromedially, respectively (Figs. 7-11 and 7-12). The integrity of the diaphragm
is then confirmed by filling the ipsilateral space with water and observing for air
bubbles at end inspiration. The defect is repaired by placing a catheter through the
hole and aspirating at maximum inspiration as the edges of the opening are reap-
proximated using a purse string or a series of interrupted permanent sutures.

Figure 7-11. Diaphragm
peritonectomy. (From Levine
DA, Barakat RR, and Abu-
Rustum NR: Atlas of
Procedures in Gynecologic
Oncology, 2nd ed. New York
and London: Informa
Healthcare, 2008. Reprinted
courtesy of the authors.)
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Liver Resection

Figure 7-12. Peritonectomy completed. (From Levine DA, Barakat
RR, and Abu-Rustum NR: Atlas of Procedures in Gynecologic
Oncology, 2nd ed. New York and London: Informa Healthcare,
2008. Reprinted courtesy of the authors.)

When parenchymal liver disease is present, a partial liver resection can be attempted.
Hepatic resection is considered safe, with a mortality rate of less than 5%, but it is
not yet regarded as standard of care for the treatment of ovarian cancer. Bristow and
associates®” identified a 50.1-month median survival in patients who were optimally
cytoreduced of extrahepatic and parenchymal liver disease compared with 27.0
months in patients with optimal extrahepatic disease but suboptimal residual hepatic
tumor. Patients with suboptimal extrahepatic and suboptimal hepatic residual disease
had a median survival of only 7.6 months. Radiofrequency ablation has been explored
as an alternative to conventional surgery for metastatic hepatic tumors. It allows the
ablation of multiple lesions and is best suited for small lesions that are peripheral to

major vascular structures® (Fig. 7-13).

Figure 7-13. Abdominal CT scan at the time
of the percutaneous radiofrequency ablation
(RFA) of the liver metastasis. Note the tines
that have been deployed from the RFA electrode
into the tumor mass. The thermal necrosis of the
tumor is seen acutely with gas and debris in the
tumor bed (arrow). (From Bojalian MO, Machado
GR, Swensen R, et al: Radiofrequency ablation of
liver metastasis from ovarian adenocarcinoma:
case report and literature review. Gynecol Oncol
93:557-560, 2004, Figure 2.)
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Figure 7-14. A, To ensure
g adequate exposure, a lower
abdominal midline incision
should be extended to the
xiphoid process. B, Extensive
tumor involvement of the
omentum with extension to
the greater curvature of the
stomach and to the hilum and
capsule of the spleen. (From
Morris M, Gershenson DM,
Burke TW, et al: Splenectomy
in gynecologic oncology:
indications, complications, and
technique. Gynecol Oncol
43:118-122, 1991, Figure 2.)

A
S

<

Splenectomy

In the presence of extensive omental involvement, metastatic implants occasionally
involve the splenic hilum, capsule, or parenchyma and may necessitate the removal
of the spleen en bloc with the omentum. Magtibay and colleagues** described their
center’s experience with splenectomy as part of cytoreductive surgery in ovarian
cancer and showed that splenectomy as part of primary or secondary cytoreductive
surgery is associated with modest morbidity and mortality. Their data also confirmed
that overall survival was substantially influenced by residual disease status after
completion of primary surgical cytoreduction.

Before proceeding with the splenectomy, it is necessary to palpate the spleen and
omentum to determine the extent of disease. Not infrequently one has to proceed
with an en bloc resection of the omentum and spleen, since splenic involvement is
often a result of direct extension from the omentum (Fig. 7-14). In such a case, a
posterior approach is often preferred. The splenocolic, splenorenal, and spleno-
phrenic ligamentous attachments of the spleen are first divided, allowing the spleen
to be gently rotated anteriorly and medially (Fig. 7-15). The gastrosplenic ligament
is then incised while carefully isolating and ligating the short gastric vessels and thus
exposing the vascular supply, which can then be divided safely (Fig. 7-16). Care
should be taken not to injure the tail of the pancreas. An anterior approach often
limits blood loss in the event of a hilar injury or uncontrolled bleeding during the
dissection. The gastrosplenic ligament is first divided and the short gastric vessels
identified and ligated. The parietal peritoneum is incised, allowing the splenic vessels
to be identified and secured (Fig. 7-17). The remaining attachments can then be
incised and the specimen removed.

Because of the risk of postsplenectomy sepsis, patients undergoing elective sple-
nectomy should be immunized against encapsulated organisms (meningococcus,
pneumococcus, and Haemophilus influenzae) ideally a minimum of 10 days before
surgery; alternatively, the vaccines can be given postoperatively.
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Figure 7-16. The splenic vessels may be ligated
by a posterior approach. (From Morris M,
Gershenson DM, Burke TW, et al: Splenectomy
in gynecologic oncology: indications,
complications, and technique. Gynecol Oncol
43:118-122, 1991, Figure 5.)

Figure 7-15. Division of the lateral ligamentous
attachments allows early control of the vascular
supply. (From Morris M, Gershenson DM, Burke
TW, et al: Splenectomy in gynecologic oncology:
indications, complications, and technique.
Gynecol Oncol 43:118-122, 1991, Figure 4.)
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Figure 7-17. An anterior
approach to the splenic vessels
allows early control of the
vascular supply. (From Morris M,
Gershenson DM, Burke TW,

et al: Splenectomy in gynecologic
oncology: indications,
complications, and technique.
Gynecol Oncol 43:118-122,
1991, Figure 3.)

Short gastric
arteries

Left gastro-
epiploic a.

Lymph Node Resection

A bilateral pelvic and periaortic lymph node sampling must be done when the tumor
nodules outside the pelvis are less than or equal to 2cm (presumed stage I1IB) and
in apparent stage I disease to exclude the possibility of microscopic nodal metastasis,
which can occur in up to one third of patients with apparent early-stage disease. The
role of lymph node resection has not been fully defined in advanced epithelial ovarian
cancer. In their analysis of 93 patients who underwent lymph node assessment, Aletti
and associates®® showed that removing obviously involved lymph nodes in patients
with residual disease near 1cm appears to offer a survival advantage. The role of
systematic aortic and pelvic lymphadenectomy in patients with optimally debulked
advanced ovarian cancer has been addressed by a randomized clinical trial in which
427 eligible patients with optimally debulked FIGO stage IIIB-C and IV epithelial
ovarian carcinoma were randomly assigned to undergo systematic pelvic and para-
aortic lymphadenectomy or resection of bulky nodes only. The authors of the study
did confirm the high prevalence of both pelvic and para-aortic lymph node metastases
in patients with advanced ovarian cancer, but they were unable to detect any differ-
ence in overall survival between the two treatment arms”’ (Fig. 7-18). Therefore,
patients with stage IV disease and those with tumor nodules outside the pelvis that
are greater than 2 cm do not require pelvic or periaortic lymph node biopsies unless
a clinically enlarged lymph node is discovered—in which case it must be resected.

Predictors of Optimal Cytoreduction

Predicting which patients can be optimally debulked remains difficult. Chi and associ-
ates® and subsequently Brockbank and associates® demonstrated in their small series
that optimal cytoreduction, defined as residual disease of 1cm or less, was achieved
in 73% and 83% of patients with a preoperative CA-125 level of less than 500 U/mL,
whereas optimal tumor cytoreduction could be accomplished in only 22% and 18%
of patients with CA-125 level above 500 U/mL, respectively. Scoring systems that
are based on imaging studies are complex and difficult to apply clinically and have
not been validated in large series.**? Axtell and colleagues,® in their review of a
cohort of patients at one institution, were able to identify the three strongest CT
predictors of optimal cytoreduction with an accuracy of 80%. However, when this
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Figure 7-18. Overall survival
(OS) for patients with optimally
debulked advanced ovarian
carcinoma undergoing
systematic aortic and pelvic
lymphadenectomy (Lymphad.)
versus resection of bulky nodes
only (No lymphad.). Median OS
times were 62.1 months
(interquartile range = 30.9 months
to still not reached) in the
systematic lymphadenectomy arm
and 56.3 months (interquartile
range = 31.3 to 123.6 months) in
the no-lymphadenectomy arm.
(From Panici PB, Maggioni A,
Hacker N, et al: Systematic aortic
and pelvic lymphadenectomy
versus resection of bulky nodes
only in optimally debulked
advanced ovarian cancer: a
randomized clinical trial. J Natl
Cancer Inst 97:560-566, 2005,
Figure 3.)

model was applied to two previously published patient cohorts, the accuracy rates
dropped to 27% and 60%, respectively. Reciprocally, when the CT models derived
from the latter two studies were applied to the initial group of patients, the rates of
accuracy fell from 93% and 79% to 65% and 69%, respectively. Some authors have
used laparoscopy to establish the diagnosis and assess the resectability in patients
with advanced epithelial ovarian cancer. Using diagnostic open laparoscopy, Angioli
and colleagues® were able to identify 53 patients who were deemed operable among
87 patients with advanced epithelial ovarian cancer. Optimal debulking, which was
defined as complete absence of disease after cytoreduction, was achieved in 96% of
these patients.

Interval Cytoreduction

Since complete tumor resection is achieved in only 40% to 60% of advanced ovarian
cancers and in an effort to increase the proportion of patients with advanced ovarian
cancer that are ultimately left with an optimal volume of residual disease, the concept
of a second attempt at debulking, or interval cytoreductive, surgery following an
initial suboptimal effort and several cycles of systemic chemotherapy has been pro-
posed by some clinicians. The European Organization for Research and Treatment
of Cancer evaluated interval debulking surgery in a randomized trial. They evaluated
278 patients with residual disease greater than 1 cm after primary surgery. After three
cycles of cyclophosphamide and cisplatin, patients were randomized to debulking
surgery and no surgery, followed by additional chemotherapy. After adjustment for
other prognostic factors, surgery reduced the risk of death by 33%.%



Chapter 7 Ovarian Cancer Surgery -

Table 7-1. Comparison of GOG 152 and EORTC Studies of Secondary/Interval
Debulking Surgery after Three Doses of Chemotherapy

GOG 152 EORTC Study
No. of eligible patients 424 319
Maximal surgical effort at initial surgery Yes No
Chemotherapy regimen Cisplatin and paclitaxel Cisplatin and cyclophosphamide
Serous cancers (%) 76 57
Stage IV disease (%) 6 22
Disease >5 cm after initial surgery (%) 44 72
Optimal at start of secondary surgery (%) 44 (89/201) 35 (44/127)*
Optimal at end of secondary surgery (%) 84 (168/201) 64 (81/127)*
Median progression-free survival for secondary 12.5 18

surgery group from study entry (months)

Median survival for secondary surgery group from 36.2 26

study entry (months)

*Surgical data not available on three in EORTC study.

EORTC, European Organization for Research and Treatment of Cancer.

From Monk BJ, Disaia PJ: What is the role of conservative primary surgical management of epithelial ovarian cancer: the United States experience
and debate. Int J Gynecol Cancer 15(Suppl 3):199-205, 2005.

Another study conducted by GOG randomized 550 patients with suboptimal
primary cytoreduction, and three cycles of cisplatin and paclitaxel were randomized
to interval debulking surgery and chemotherapy versus chemotherapy alone. Both
groups had median survivals of 33 months, and the authors concluded that the addi-
tion of secondary cytoreductive surgery did not improve progression-free survival or
overall survival.*® The fact that the GOG trial involved initial “maximal surgical
effort” and the use of a more active chemotherapy regimen may help explain this
divergent conclusion®” (Table 7-1).

Similarly, malnourished women, in whom the risk of postoperative morbidity and
mortality is high, may be better served by upfront or neoadjuvant chemotherapy and
later maximal surgical cytoreduction in chemotherapy responders.'® The potential
advantages of this approach include an increased rate of optimal debulking, less
extensive surgery, reduced blood loss, lower morbidity, shortened hospital stay, and
the avoidance of aggressive surgery in women with chemoresistant disease who have
poor outcome regardless of treatment. Bristow and Chi*® recently performed a meta-
analysis of the published literature pertaining to neoadjuvant chemotherapy and
identified 21 studies totaling 835 patients that met their inclusion criteria. They were
again able to demonstrate that for each 10% increase in the percentage of patients
undergoing maximal interval cytoreductive surgery, which was variably defined, there
was an associated 1.9-month increase in median survival time. It is interesting that
the investigators also found that within the range of three to six median cycles of
chemotherapy before interval surgery, each additional cycle of chemotherapy
was associated with an incremental decrease in median survival time of 4.1 months
(Fig. 7-19).

However, without prospective, randomized trials, neoadjuvant chemotherapy fol-
lowed by later cytoreduction cannot be considered to provide a superior outcome
over that achieved by aggressive initial surgical debulking followed by combination
chemotherapy with paclitaxel.
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Figure 7-19. Simple linear
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surgery. Circle size is proportional
to the number of subjects in each
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advanced ovarian cancer: a meta-
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Second-Look Surgery

The role of second-look surgery was to assess the completeness of response and resect
any residual tumor after the completion of initial chemotherapy in patients with
advanced epithelial ovarian cancer. Initial enthusiasm for the procedure has been
tempered by its lack of efficacy. GOG examined the role of second-look surgery as
part of its GOG 158 trial. Patients were asked to choose whether they wanted to
undergo second-look surgery after completing chemotherapy. The patients who
received second-look surgery showed no improvement in progression-free or overall
survival when compared with the group of patients who did not* (Fig. 7-20).
Obermair and Sevelda*’ analyzed their group’s experience with secondary cytoreduc-
tive surgery at the time of second-look laparotomy. There was no significant survival
difference when those debulked to no residual disease were compared with women
debulked to less than 2 cm or more than 2 cm residual disease. Nevertheless, second-
look surgery continues to be the most accurate means of documenting the response
to chemotherapy and providing prognostic information.

Recurrent Disease

Although complete clinical remission can be achieved in many patients with advanced
epithelial ovarian cancer using a combination of cytoreductive surgery and chemo-
therapy, the disease will likely recur and require further intervention. Management
of recurrent disease may then involve further chemotherapy, surgery, or radiation.
Most of the studies that have examined surgical cytoreduction in recurrent ovarian
cancer have demonstrated the technical feasibility of further resection, with optimal
debulking in 39% to 87% of patients and demonstrate a survival advantage for those
left with minimal residual disease.”~* Munkarah and Coleman recently reviewed
the role of secondary cytoreductive surgery in recurrent ovarian cancer. In their
analysis of 12 publications, complete resection of the tumor recurrence was one of
the most powerful determinants of prolonged survival. Harter and associates’
recently reviewed the results of their DESKTOP-OVAR I exploratory multicenter
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Figure 7-20. Survival
1.0 7 (progression-free survival of less
0.9 than 6 months removed). Accept
second-look laparotomy (SLL)
0.8 versus elected no SLL. (From Greer
BE, Bundy BN, Ozols RF, et al:
o 07 7 Implications of second-look
§ 06 laparotomy in the context of
e optimally resected stage Ill ovarian
3 o5 cancer: a non-randomized
§ comparison using an explanatory
S 04 - analysis: a Gynecologic Oncology
8 Group study. Gynecol Oncol
o 0.3 A 99:71-79, 2005, Figure 5.)
0.2
0.1
0.0
I I I I I I
0 12 24 36 48 60
Months on study
Elected SLL Alive Dead Total
Accept SLL 130 164 294
Elected no SLL 156 210 366

trial in Germany aimed at gathering evidence to help formulate a hypothesis for
selection criteria and predictive factors for successful cytoreductive surgery in recur-
rent ovarian cancer. In their review of 267 patients, 87% of whom had a treatment-
free interval of more than 6 months, the researchers found that the women with
macroscopically completely resected tumors showed a significantly longer survival
compared with patients who had any visible residual tumor, with a median survival
of 45.2 and 19.7 months, respectively, and a hazard ratio for survival of 3.71 (Fig.
7-21). Multivariate analysis of their data suggest that good performance status, early
FIGO stage initially, no residual tumor after first surgery, and the absence of ascites
could predict complete resection in 79%. A longer disease-free interval has also been
associated with an improved survival outcome. Salani and associates*® identified 55
patients who underwent secondary cytoreductive surgery for recurrent epithelial
ovarian cancer at their institution with 12 months or more between initial diagnosis
and recurrence, and five recurrence sites or less on preoperative imaging. The median
survival for patients with 18 months or more diagnosis-to-recurrence interval was 49
months compared with median survival of 3 months for those patients with a
diagnosis-to-recurrence interval less than 18 months (Fig. 7-22). Surgery for recur-
rent epithelial ovarian carcinoma should therefore be considered for patients with a
localized recurrence, an extended disease-free interval of at least 6 to 12 months,
and a good performance status. The resection of isolated hepatic and extra-abdominal
disease such as solitary lung or CNS lesions also seems to afford a similar survival
advantage for the affected patients.*’

Palliative Surgery

For many patients with recurrent ovarian cancer, the progressive encasement of the
small and large bowel with tumor results in bowel obstruction. Palliative surgery to
relieve the obstruction is often successful but fraught with complications. In a review
of the published literature on surgery for intestinal obstruction in ovarian cancer,
Pothuri and colleagues™ analyzed 694 patients who underwent attempts at surgical
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Figure 7-21. Influence of residual
disease (RD) after cytoreductive
surgery for recurrence on overall
survival (OS). HR, hazard ratio.
(From Harter P, Bois A,

Hahmann M, et al: Surgery in
recurrent ovarian cancer:

The Arbeitsgemeinschaft
Gynaekologische Onkologie (AGO)
DESKTOP OVAR Trial. Ann Surg
Oncol 13:1702-1710, 2006,

Figure 1.)

Figure 7-22. Survival according
to the number of recurrence sites
based on radiographic imaging.
Patients who had one or two
recurrence sites had a median
survival of 50 months, and patients
who had from three to five
recurrence sites had a median
survival of 12 months (P = .026).
(From Salani R, Santillan A, Zahurak
ML, et al: Secondary cytoreductive
surgery for localized, recurrent
epithelial ovarian cancer: analysis of
prognostic factors and survival
outcome. Cancer 109:685-691,
2007, Figure 4.)

palliation. Ninety percent of these were able to be surgically corrected. The peri-
operative mortality rate among these patients was 15.5%, and the rate of major
operative complications was noted to be 32%. In addition, the median survival after
surgery was 4.1 months and up to 50% of patients suffer from re-obstruction.’’ Jong
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and associates have identified the presence of multiple obstructive sites, a preopera-
tive weight loss of more than 9kg, poor nutritional status, and a history of pelvic or
abdominal radiation as indicative of a lower likelihood of successful palliation. For
patients who are poor surgical candidates or who refuse palliative surgery, the place-
ment of a percutaneous gastrostomy tube offers an option for palliation of nausea
and vomiting due to intestinal obstruction.”

Early-Stage Epithelial Ovarian Cancer

At diagnosis, approximately one third of patients with epithelial ovarian cancer have
early-stage disease that is confined to the ovary or pelvis. Although the 5-year survival
for patients with early-stage ovarian cancer is much better than that for those with
advanced disease, relapse rates ranging from 20% to 30% have been quoted for
patients with poor prognostic factors. Classic clinical and pathologic prognostic
factors, such as degree of differentiation, FIGO substage, histologic type, dense
adhesions, large-volume ascites, rupture before or during surgery, bilaterality, positive
peritoneal cytology extracapsular growth, and age of the patient have been identified
as prognostic characteristics.>*** The main limitation of the conclusions derived from
previous retrospective analyses is that the sample sizes of most were too small for
some independent prognostic variables to be detectable with sufficient power.

Vergote and colleagues™ conducted a large retrospective study of 1545 patients
with stage I disease. In this study, the degree of differentiation was the most
powerful prognostic indicator of disease-free survival (moderately versus well-
differentiated hazard ratio 3.13, poorly versus well-differentiated hazard ratio 8.89).
The study also confirmed that cyst rupture before surgery was an independent poor
prognostic factor. Similarly, intraoperative cyst rupture also seemed to confer an
unfavorable impact on survival, underscoring the importance of avoiding rupture
during surgery (Table 7-2, Fig. 7-23).

Table 7-2. Significant Variables for Actuarial Disease-Free Survival in Final Multivariate Model

Hazard Ratio (95% CI) on
Characteristic Multivariate Analysis P Value

Degree of differentiation

Good* 1.00 —
Moderate 3.13 (1.68-5.85) .0003
Poor 8.89 (4.96-15.9) .0001
Rupture before surgery

No* 1.00 —
Yes 2.65 (1.53-4.56) .0005
Rupture during surgery

No* 1.00 —
Yes 1.64 (1.07-2.51) .022

FIGO stage 1973

IA 1.00 —
B 1.70 (1.01-2.85) .046

Age (per year) 1.02 (1.00-1.03) .053

*Reference category.

From Vergote I, De Brabanter J, Fyles A, et al: Prognostic importance of degree of differentiation and cyst rupture in stage |
invasive epithelial ovarian carcinoma. Lancet 357:176-182, 2001, Table 3.
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Surgical Staging

The importance of a thorough surgical staging was underscored by McGowan and
colleagues® when they reported in 1983 the stage distribution of 157 patients prop-
erly staged in comparison with data from the FIGO annual report of the same period
showing a reduction in stage I figures from 28% to 16%, in stage II figures from 17%
to 4%, and a reallocation to stage III from 55% to 80% when a thorough staging
procedure was adopted. Similarly, Young and colleagues and subsequently Helewa
and associates and Buchsbaum and associates showed that an accurate staging proce-
dure resulted in a reallocation to a more advanced disease (stage III) in 31% of
early-stage ovarian cancer.®®® An analysis of surgeon specialty revealed that 97%,
52%, and 35% of gynecologic oncologists, obstetrician-gynecologists, and general
surgeons, respectively, performed a comprehensive staging procedure for early-stage
disease.”” In addition, Le and colleagues,®’ in their retrospective chart review of
patients with ovarian cancer macroscopically confined to the ovary at the time of
laparotomy, found lack of proper surgical staging to be an important independent
factor in predicting recurrence with an odds ratio of 2.62 (Fig. 7-24).

The primary procedure should include an abdominal incision that is adequate to
explore the entire abdominal cavity. Care should be taken to remove the adnexal
mass intact to prevent rupture, since this may impair prognosis. Any free peritoneal
fluid is to be aspirated for cytology. If no free fluid is present, separate peritoneal
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Figure 7-24. Survival status of staged and unstaged patients with early-stage invasive epithelial
ovarian cancer treated expectantly. (From Le T, Adolph A, Krepart GV, et al: The benefits of
comprehensive surgical staging in the management of early-stage epithelial ovarian carcinoma.
Gynecol Oncol 85:351-355, 2002, Figure 1.)
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washings should be obtained from the pelvis, paracolic gutters, and infradiaphrag-
matic area. These may be submitted separately or as a single specimen. All peritoneal
surfaces, including the surface of both diaphragms and the serosa and mesentery of
the entire gastrointestinal tract, should be visualized and palpated for evidence of
metastatic disease. The omentum should be carefully inspected, and at minimum a
biopsy of the omentum must be obtained.

If there is no evidence of disease beyond the ovary or the pelvis, peritoneal
biopsies from the cul-de-sac, bladder peritoneum, right and left pelvic sidewalls, right
and left paracolic gutters, and the right diaphragm should be carried out along
with bilateral pelvic and periaortic lymphadenectomy with high para-aortic
lymphadenectomy.

Controversies still exist as far as the extent of lymphadenectomy is concerned
and, in particular, whether or not it has any therapeutic value. Benedetti Panici and
associates®® reported in the interim analysis of their multicenter, prospective, ran-
domized Italian study comparing the feasibility and morbidity of systematic versus
selective lymphadenectomy in early-stage ovarian cancer that the relapse rates for
the two groups was comparable (21%). Moreover, even if the percentage of patients
found to have retroperitoneal involvement was obviously higher in the “systematic
lymphadenectomy” group (14% versus 8%), no differences in disease-free or crude
survival were seen. Cass and colleagues® reviewed 96 patients with disease clinically
confined to one ovary. Fifty-four patients had bilateral lymph node sampling per-
formed, 30% of patients with lymph node spread had isolated contralateral metasta-
ses, highlighting the need for bilateral pelvic and para-aortic node sampling for
accurate staging.

Fertility Preservation

If possible, an extrafascial total abdominal hysterectomy and bilateral salpingo-
oophorectomy should be performed. However, in young patients who desire to pre-
serve fertility, several studies support conservative surgical staging when the disease
is confined to one ovary. Schilder and collegues® in a multi-institutional retrospective
investigation examined 52 women presenting with stage IA and IC epithelial ovarian
carcinoma who were treated with fertility-sparing surgery. Five patients developed
tumor recurrence 8 to 78 months after initial surgery, and two died of recurrent
cancer. Of the five recurrences, three occurred in the contralateral ovary. Twenty-
four patients attempted pregnancy and 17 (71%) conceived. These 17 patients had
26 full-term deliveries. Likewise in their retrospective analysis of 56 patients treated
with fertility-sparing surgery and 43 treated with the removal of the internal genital
apparatus, Zanetta and associates® reported a 9% recurrence rate in the group treated
conservatively compared with 12% in those treated with conventional surgery
after a median follow-up of 7 years. Benjamin and associates® identified 118 women
who had undergone a full-staging laparotomy including bilateral salpingo-
oophorectomy for stage I disease. In 3 out of 118 (2.5%) patients, the contralateral
ovary was found to have histologic evidence of malignancy despite looking normal at
the time of laparotomy. Because of their low yield, potential deleterious effects on
ovarian reserve, and risk of postoperative adhesions, which can impair fertility, biop-
sies of the apparently normal contralateral ovary should be abandoned. Finally,
because of the possibility of endometrial involvement by the disease, an endometrial
biopsy may be indicated when performing a conservative procedure for early ovarian
cancer. Some clinicians have also advocated for a systematic appendectomy
owing to the presence of microscopic metastasis in up to 37% of patients
and the possibility of an occult appendiceal primary in the presence of a mucinous
tumor.®’
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Role of Laparoscopy

Historically, laparoscopy was indicated for patients with apparent early-stage disease
who had been inadequately staged. In their report, Childers and associates®® upstaged
eight of their 14 patients with apparent early stage disease who underwent laparo-
scopic staging. Leblanc and associates® reported on a series of 29 patients with
invasive epithelial ovarian tumors who underwent laparoscopic staging. Laparoscopic
staging was successfully completed in all but one case. Four of 29 (13.7%) patients
were upstaged after laparoscopic staging. With a median follow-up of 59 months, no
long-term complications (including port site recurrences) were observed, and the 5-
year disease-free and overall survival were 90.6% and 92.6% respectively.®® Similarly
in their series of 11 patients, Tozzi and colleagues™ observed only two recurrences
without any port site metastasis after a median follow-up of 46 months. Chi and
associates’' reported the first case-control study comparing 20 patients with early-
stage ovarian cancer staged by laparoscopy versus 30 patients who were staged by
laparotomy. The number of nodes and omentum size were similar in both groups
with fewer complications and shorter postoperative stay in spite of a longer operative
room time for the laparoscopic group. The series also included seven patients who
were fully managed laparoscopically after the frozen-section analysis of the affected
adnexa (Table 7-3).

Intraoperative Frozen-Section Analysis

The reliability and accuracy of frozen-section diagnosis are critical determinants in
the selection of the appropriate surgical procedure. Medeiros and colleagues’ per-
formed a quantitative meta-analysis of 14 studies that estimate the accuracy of frozen

Table 7-3. Surgical Outcomes of 20 Patients Who Underwent Comprehensive
Laparoscopic Surgical Staging for Apparent Stage | Ovarian Cancer and
30 Patients Who Underwent Laparotomy

Group 1 Laparoscopy Group 2 Laparotomy

Variables Group (N = 20) Group (N = 30) P Value
Number of nodes

Left pelvic 58+29 7.1+£43 .30

Right pelvic 6.5+ 3.9 7.6+3.8 .31

Left para-aortic 29+1.7 4.8 + 4. .08

Right para-aortic 38x1.8 44+£28 .36
Omental specimen (cm?) 186 + 178 347 £ 378 .09
Site of metastasis (%) 2 (10) 3 (10) 1.00

Uterus 1(5) 1)

Nodes 1(5) 2 (7)

Omentum 0 0
Other surgery (%)

Hysterectomy 12 (60) 25 (83) .10

Adnexal 13 (65) 27 (90) .07
Operating time (min) 321 £ 64 276 £ 68 .04
Estimated blood loss (mL) 235 + 138 367 + 208 .003
Hospital stay (days) 3.1+£0.7 58+26 <.001
Complications (%) 0 (0) 2(7) 1.00

From Chi DS, Abu-Rustum NR, Sonoda Y, et al: The safety and efficacy of laparoscopic surgical staging of apparent stage |
ovarian and fallopian tube cancers. Am J Obstet Gynecol 192:1614-1619, 2005, Table Il.
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section in the diagnosis of ovarian tumors. Among the broad sample of ovarian tumors
in this systematic review, 71% were benign, 5.9% were borderline, and 22.7% were
malignant. The pooled sensitivity rates for benign and malignant ovarian tumors were
99% and 94%. The positive frozen-section results for malignancy increased the prob-
ability of ovarian cancer to 98%, whereas a negative result reduced the probability
of cancer to 1.6%. The pooled sensitivity for borderline ovarian tumors, however,
was low at 66% owing to the greater incidence of false-negative results. Insufficient
tumor removal, technical problems in sampling, and the range of experience of
pathologist may have contributed to the reduced sensitivity among borderline cases,
resulting in a post-test probability of borderline tumors that was only 51% when
compared with malignant tumors.”” Thus, in patients in whom the result is a diagnosis
of borderline tumor in the frozen section, the surgeon should still consider perform-
ing comprehensive staging.

Risk-Reducing Surgery

Approximately 10% of patients with epithelial ovarian cancer carry a deleterious
mutation of the BRCAI, BRCA2, or the DNA mismatch repair genes. The presence
of these mutations carries a lifetime risk of ovarian cancer ranging from 15% to
54%.7>"* Women who carried these mutations were asked to undergo intensive sur-
veillance or to consider prophylactic salpingo-oophorectomy at age 35 or following
the completion of their childbearing. Kauff and associates” prospectively analyzed
170 BRCA mutation carriers. In the 98 women who underwent prophylactic
salpingo-oophorectomy, early-staged tumors were identified in three patients at the
time of surgery (3.1%), and primary peritoneal cancer developed in 1 patient during
follow-up (1.0%). Of the 72 women who underwent surveillance only, epithelial
ovarian or primary peritoneal cancer developed in five (6.9%). The time to breast
cancer or BRCA-related gynecologic cancer was also significantly longer in the
salpingo-oophorectomy group, with a hazard ratio for subsequent breast cancer or
BRCA-related gynecologic cancer of 0.25 (Fig. 7-25). In another multicenter study,
Rebbeck and associates’® determined the incidence of ovarian cancer among 259
patients who had undergone prophylactic surgery and compared them with 292
matched controls who had not undergone the risk-reducing procedures. Six patients
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were diagnosed with cancer at the time of surgery. After excluding these patients,
the authors found that prophylactic surgery reduced the risk of epithelial ovarian
cancer by 96%. Finch and associates,”” in the largest multicenter prospective study
of patients carrying a deleterious BRCAI or BRCA2 mutation, evaluated 1273
women with intact ovaries at the inception of the study. Four hundred ninety patients
underwent an oophorectomy during the follow-up period; of these, 11 (2.2%) were
diagnosed with a malignancy at the time of surgery and a further 7 patients developed
primary peritoneal carcinoma following surgery. On the other hand, 32 malignancies
were observed among the 783 patients with intact ovaries. The adjusted reduction
in risk of malignancy associated with prophylactic ocophorectomy was 80%. It is
interesting that 3 of the 11 patients diagnosed with an occult malignancy at the time
of risk-reducing surgery had a cancer that originated from the fallopian tubes, thus
emphasizing the need to remove all of the ovarian tissue and as much of the fallopian
tubes as possible. Although some authors have suggested that the intramural portion
of the tubes may undergo malignant transformation, there have been no reported
cases of such an occurrence.” The surgery at a minimum should also include a careful
survey of all the peritoneal surfaces, a peritoneal cytology, and liberal biopsies of any
suspicious area including the omentum to rule out an occult carcinoma. The ovaries
and fallopian tubes should be step-sectioned and carefully surveyed for an occult
malignancy as well.

Ovarian Tumors of Low Malignant Potential

Ovarian epithelial tumors of low malignant potential or borderline ovarian tumors
account for approximately 15% of ovarian epithelial tumors."”> Borderline ovarian
tumors with serous or mucinous histologies are the most commonly observed (65%
and 32%, respectively). Patients with these lesions tend to be younger than those
with invasive ovarian carcinoma (average age at diagnosis: 49 years), and a large
portion of these tumors occurs in the 15- to 29-year-old age group.”

Surgery is required for diagnosis, and staging is approached in the same fashion as
for invasive ovarian carcinoma. In review of the literature, Tinelli and colleagues®
showed 70% of cases presented as stage [ and an additional 10% presented as stage
I1. Borderline tumors have an excellent prognosis with 5-year survival ranging between
85% and 97% and 10-year survival between 70% and 95% mainly owing to late recur-
rences'® (Fig. 7-26).

The more frequent occurrence of ovarian tumors of low malignant potential among
women of reproductive age and the overall excellent prognosis have cast doubt on
the need for aggressive surgical staging in these patients. Lin and colleagues®' com-
pared traditional staging approaches with limited procedures in a cohort of 255
women diagnosed with serous borderline ovarian tumors. Forty-seven percent of
patients were upstaged and women undergoing cystectomy alone were more likely
to recur in either the ipsilateral or contralateral ovary. Morris and colleagues®
reviewed the outcomes of 43 patients at a single institution who were diagnosed with
borderline ovarian tumors and had undergone conservative surgery. Patients undergo-
ing ovarian cystectomy were more likely to require additional surgery (63% versus
40%) in the future and were more likely to have recurrences (75% versus 24%)
compared with women undergoing cophorectomy. In one of the largest series reported
in the literature, Zanetta and colleagues® showed a recurrence rate of 19% in 189
cases treated conservatively versus 4.6% in 150 cases treated by hysterectomy and
bilateral oophorectomy. Conservative surgery did not seem to impact survival, and
all but one woman with recurrent disease were salvaged by further surgery. It seems
reasonable to offer conservative surgery to women with borderline ovarian tumors
desiring fertility preservation; however, they should be cautioned regarding the risk
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of recurrence and the need for future surgery. The usefulness of lymph node sampling
has also been called into question, Seidman and Kurman,®* in their meta-analysis of
over 4000 patients with serous borderline ovarian tumors, identified only 63 patients
with lymph node lesions with a survival rate of 98%.

The need for complete surgical staging is justified, however, in the event that final
pathologic analysis finds invasive disease missed on frozen section. Medeiros and
associates’” reported in their meta-analysis that the pooled sensitivity for borderline
ovarian tumors was low at 66% due to the greater incidence of false-negative results,
resulting in a post-test probability of borderline tumors that was only 51% compared
with malignant tumors. Similarly, Geomini and associates® showed in their review
of the literature on the accuracy of frozen-section diagnosis that sensitivity varied
between 65% and 97% and the specificity between 97% and 100%. Factors that lower
the sensitivity of frozen-section diagnosis included large neoplasms, mucinous tumors,
and tumors exhibiting extraovarian disease.

Advanced-stage mucinous borderline ovarian tumors have a graver prognosis, and
a number of studies show that these tumors may represent metastases from appen-
diceal primaries, especially in the setting of pseudomyxoma peritoneii.*® An appen-
dectomy should be considered if the appendix is present, and the frozen section
suggests a mucinous histology. In the event of advanced-case disease, a total abdomi-
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Table 7-4. Surgically Documented Complete Response Rates to Platinum-Based
Chemotherapy According to Residual Disease in Patients with Advanced Serous
Ovarian Tumors of Low Malignant Potential

Complete Response

Author Macroscopic Disease Microscopic Disease
Kliman et al®® 0/1 —

Nation and Krepart® 0/2 2/2

Chambers et al* 0/1 1/1

Hopkins and Morley®! — 1/3
Gershenson and Silva® 2/4 2/5

Sutton et al*® 2/8 4/6

Barakat et al® 2/7 7/8

Total 6/23 (26%) 17/25 (68%)

From Barakat RR, Benjamin I, Lewis JL Jr, et al: Platinum-based chemotherapy for advanced-stage serous ovarian carcinoma
of low malignant potential. Gynecol Oncol 59:390-393, 1995.

nal hysterectomy, bilateral salpingo-oophorectomy, and maximal cytoreduction are
advised. Barakat and associates®” showed a higher rate of complete clinical response
following platinum based chemotherapy among patients with advanced-stage border-
line ovarian tumors who were left with microscopic residual disease (Table 7-4).
Gershenson and colleagues™ confirmed the latter results when they demonstrated
that macroscopic residual disease was an independent adverse prognostic factor.
Although recurrences are uncommon, 10% to 20% of patients are expected to have
recurrences, with malignant transformation in 2% to 7% of cases.” As in epithelial
ovarian cancer, Crispens and associates’® demonstrated that for patients who under-
went complete or optimal resection their recurrence had a better response to che-
motherapy and better overall survival (92% versus 35%).

Malignant Germ Cell Tumors of the Ovary

Malignant germ cell tumors of the ovary, which include dysgerminomas, immature
teratomas, embryonal carcinomas, endodermal sinus tumors, and ovarian choriocar-
cinomas, are uncommon and rare. Surgery is required for the diagnosis and staging
of malignant germ cell ovarian tumors. The staging system for malignant ovarian germ
cell tumors is identical with that used for epithelial ovarian cancer. In contrast to
epithelial ovarian cancer, malignant germ cell tumors occur primarily in girls and
young women. These tumors are now curable, mainly as a result of great advances
in chemotherapy in the last two decades. Fertility-sparing surgery has increasingly
been used in the management of these women. In a review of 281 patients with
ovarian germ cell tumors, Kurman and Norris® first reported that the prognosis of
patients with disease grossly confined to one ovary who were treated with unilateral
salpingo-oophorectomy was not worse than that of patients undergoing more radical
surgery (Table 7-5). Peccatori and colleagues® identified 129 patients with germ cell
tumors, 108 of whom have been treated by fertility-sparing surgery. The overall
survival was 96%, and conservative surgery did not affect the recurrence or survival
rates. Zanetta and associates” reported on 169 women with malignant ovarian germ
cell tumors. Fertility-sparing surgery was performed in 138 of these patients.
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Table 7-5. Comparison of Survival after Unilateral Versus Bilateral Salpingo-oophorectomy
in 182 Patients with Tumors Grossly Confined to One Ovary

Tumor No. of Patients Treatment Actuarial Survival (%)
Dysgerminoma 46 SO 91
21 BSO 90
91*
Endodermal sinus tumor 27 SO 22
22 BSO 9
16"
Immature teratoma 34 SO 76
6 BSO 66
70*
Embryonal carcinoma 7 SO 57
1 BSO —
50*
Mixed germ cell tumors 1k} SO 54
B BSO 40
50*

*At 10 years.
TAt 3 years.
At 5 years.

BSO, bilateral salpingo-oophorectomy; SO, unilateral salpingo-oophorectomy.
From Kurman RJ, Norris HJ: Malignant germ cell tumors of the ovary. Hum Pathol 8:551-564, 1977.

Table 7-6. Status of Contralateral Ovary in 191 Patients with Stage | Tumors

No. of Patients

No. of Grossly Normal

Ovaries Examined No. Positive for

Tumor Stage IA Stage 1B Microscopically Occult Tumor
Dysgerminoma 67 11 21 4*
Endodermal sinus tumor 51 0 24 0
Immature teratoma 40 0 6 0
Embryonal carcinoma 9 0 0 0
Mixed germ cell tumor 19 1 5 |t

*Dysgerminoma developed in two additional patients in a contralateral ovary that appeared normal at the time of operation,

6 and 15 months later.

"Dysgerminoma was one of the components of the tumor and was the only type of tumor in the opposite ovary.

TAnother neoplasm with the same histologic composition developed in the contralateral ovary of an additional patient with a
mixed dysgerminoma and endodermal sinus tumor 22 months after the operation.

From Kurman RJ, Norris HJ: Malignant germ cell tumors of the ovary. Hum Pathol 8:551-564, 1977.

The survival rate for women who were treated conservatively was 98% for dysger-
minomas, 90% for endodermal sinus tumors, and 100% for either mixed types or
immature teratomas. Fifty-five conceptions and 40 term pregnancies were recorded,
indicating a marginal effect of treatment on fertility. The contralateral ovary should
not be biopsied if it appears grossly normal, unless the tumor is a dysgerminoma or
a mixed germ cell tumor with a component of dysgerminoma because the risk of
occult contralateral ovarian involvement is up to 20%°’ (Table 7-6).
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The role of cytoreductive surgery for advanced-stage malignant germ cell tumors
of the ovary is less well established. Nevertheless, the same principles of cytoreduc-
tive surgery that have been applied for epithelial ovarian cancer are generally
recommended with maximum resection to achieve the smallest amount of residual
disease. Slayton and colleagues'® examined 76 patients with malignant germ cell
tumors of the ovary who received vincristine, dactinomycin, and cyclophosphamide
as part of the GOG 44 phase II protocol. Twenty-eight percent of the patients
with completely resected disease failed vincristine, adriamycin, cyclophosphamide
(VAC) therapy compared with 68% of patients with incompletely resected
tumors. Similar findings were recorded in the follow-up GOG 45 study of the
combination vinblastine, bleomycin, and cisplatin in which 83% of the patients
with no measurable disease at the start of chemotherapy remained disease-free com-
pared with 42% of patients with measurable disease'”' (Table 7-7). In their review
of 33 patients with malignant germ cell tumors of the ovary, Bafna and associates'®?

Table 7-7. Disease-Free Survival by Pretreatment Characteristics in Patients
with Tumors other than Dysgerminoma

Patient Characteristics No. Disease-Free/Total (%)
Cell type

Endodermal sinus 16/29 (55)

Embryonal 1/4 (25)

Mixed 14/27 (52)

Immature teratoma 14/26 (54)

Choriocarcinoma 2/3 (67)
Age

<20 23/38 (61)

20-29 15/33 (45)

30-39 8/13 (62)

40-49 074 (0)

>50 11 (100)
Stage

I 5/5 (100)

1l 22/37 (60)

\% 5/9 (56)

Recurrent 15/38 (40)
Measurable disease

Yes 12/35 (34)

No 35/54 (65)
Previous therapy

Yes* 14/35 (40)

No 33/54 (61)
Residual disease

Optimal

At initial surgery 10/12 (83)
After debulking surgery 17/29 (59)

Suboptimal 20/48 (42)
Markers

Elevated 32/56 (57)

Normal 13/27 (48)

Not done 2/6 (33)

*Chemotherapy, radiation therapy, or both.
From Williams SD, Blessing JA, Moore DH, et al: Cisplatin, vinblastine, and bleomycin in advanced and recurrent ovarian germ-
cell tumors. A trial of the Gynecologic Oncology Group. Ann Intern Med 111:22-27, 1989.
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reported that 13 patients had bulky disease (larger than 10cm) at the start of che-
motherapy with bleomycin, etoposide, and cisplatin. Seven of the 13 patients had
dysgerminomas, and all of them achieved a sustained complete response, whereas
only 3 of the 6 patients with nondysgerminoma tumors achieved a sustained complete
response, indicating that aggressive cytoreductive surgery may be more important for
nondysgerminomatous tumors.

Despite the success of modern chemotherapy, a small number of patients will
present with persistent or recurrent disease. Munkarah and associates'® reported on
the M.D. Anderson Cancer Center experience with salvage surgery for malignant
ovarian germ cell tumors. Twenty cases were identified, and 16 patients received
postoperative chemotherapy following salvage surgery. At the time of analysis, 11
patients were alive and disease-free, 1 was alive with tumor, 6 had died of tumor
progression, and 2 had died of treatment-related complications. Survival of patients
with immature teratoma who underwent salvage surgery was significantly better than
survival of those with other tumor cell types. A case report and review of the litera-
ture by Rezk and associates'” again demonstrated that patients with recurrent or
persistent immature teratomas might benefit from salvage surgery. Immature tera-
tomas may also become mature during chemotherapy, resulting in a growing teratoma
syndrome that is surgically unresectable or that may invade and/or obstruct neighbor-
ing structures and necessitate prompt surgical intervention.'”>!% Finally, unresected
mature teratomas can occasionally undergo malignant transformation and tend to be
resistant to traditional chemotherapies.'”’

Sex Cord-Stromal Tumors of the Ovary

Ovarian sex cord and stromal tumors represent a heterogeneous group of rare
tumors arising from the ovarian stroma and cells that surround the oocytes. Their
rarity precludes any definite recommendations regarding their management.
Surgery is the cornerstone of therapy and is required for definitive diagnosis. The
staging system is the same as that for epithelial ovarian cancer. Most malignant
ovarian sex cord-stromal tumors, however, tend to present at an earlier age and
stage and to follow an indolent course and recur late, and can thus be managed
more conservatively. In their review of 83 women with sex cord-stromal tumors of
the ovary, Chan and colleagues'® reported that nearly 50% of their patients were
less than 50 years of age and over 70% presented with early-stage disease. They
were able to confirm that, similar to previous reports, tumor size (less than 10cm)
and absence of residual disease improved prognosis with a nearly 8% decrease in
risk of death for every 1cm decrease in size and an improvement of 66 months in
overall survival for patients left with no residual disease'® (Fig. 7-27). Although
the investigators did not report a significant difference in overall survival between
unstaged and staged patients, the recurrence rate was significantly higher for
patients who were not staged (64% versus 28%). Since most sex cord-stromal
tumors tend to secrete sex steroids including estrogen, up to 55% of cases are
associated with concurrent endometrial hyperplasia and up to 10% with a synchro-
nous uterine adenocarcinoma.'” In postmenopausal women and women having
completed their childbearing, a total abdominal hysterectomy and bilateral sal-
pingo-oophorectomy is recommended; if the patient desires to conserve fertility, a
unilateral salpingo-oophorectomy is acceptable treatment for early-stage disease as
long as a preoperative endometrial biopsy is performed to exclude the possibility
of a synchronous endometrial carcinoma. Treatment for recurrent or metastatic
disease is primarily surgical, with reports of long-term disease control with com-
plete resection of localized recurrences''® (Fig. 7-28), since these tumors tend to
be relatively chemotherapy- and radiation-resistant.'!!
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Figure 7-27. Kaplan-Meier survival
analysis based on the residual
tumor status for 83 patients with
sex cord stromal tumors of the
ovary. (From Chan JK, Zhang M,
Kaleb V, et al: Prognostic factors
responsible for survival in sex cord
stromal tumors of the ovary—a
multivariate analysis. Gynecol Oncol
96:204-209, 2005, Figure 4.)

Figure 7-28. Kaplan-Meier survival
analysis based on the residual
tumor status of 65 patients with
granulosa cell tumor of the ovary.
(From Sehouli J, Drescher FS,
Mustea A, et al: Granulosa cell
tumor of the ovary: 10 years
follow-up data of 65 patients.
Anticancer Res 24:1223-1239,
2004, Figure 7.)
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KEY POINTS

o Early ovarian cancer can be divided into low-risk and high-risk groups.

o Complete surgical staging impacts treatment decisions.

o Patients with low-risk early-stage ovarian cancer do not require adjuvant chemotherapy.

© Adjuvant chemotherapy definitely benefits incompletely staged patients.

o The need for adjuvant chemotherapy for completely staged patients with high-risk, stage I
non—clear cell histology is controversial.

» Carboplatin with paclitaxel is the preferred adjuvant regimen by extrapolation from treatment of
advanced disease.

o Three cycles of adjuvant treatment are sufficient for completely staged high-risk ovarian cancer
patients.

o Stage II patients should be treated as stage III.

o Clear cell histology requires special consideration.

o The standard, preferred chemotherapy regimen for advanced disease is six cycles of carboplatin
and paclitaxel.

o Intraperitoneal chemotherapy is an alternative regimen that should be offered to patients with
optimal residual stage III disease.

© Maintenance chemotherapy should be discussed with patients who have achieved a complete
response to frontline therapy in advanced disease.

» Neoadjuvant chemotherapy is an option for patients with poor performance status and advanced
disease.

EARLY OVARIAN CARCINOMA
Definition of Early Ovarian Cancer

Most authors and trials of early ovarian carcinoma have defined “early” stage as FIGO
(International Federation of Gynecology and Obstetrics) stages I and II (Box 8-1).
The subject of adjuvant chemotherapy for the early stages of ovarian carcinoma has
been controversial for decades, and at this time some aspects remain unresolved.

Some of the earlier trials identified subgroups of stage I whose prognosis was
excellent and therefore warranted a classification of “low-risk” for cancer recurrence
and death. Subsequent studies often stratified the early-stage ovarian cancer popula-
tions into low-risk and high-risk groups (Box 8-2).

In 1994, the National Institutes of Health (NIH) convened a Consensus Develop-
ment Conference on ovarian cancer for the purpose of identifying issues that had
sufficiently confirmed data at that time.'! Box 8-3 summarizes the conference’s
statement on management of stage I cancer. The conference panel could not reach
consensus on the need for adjuvant therapy in the subsets of stage I not listed in the
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Box 8-1. Early-Stage Epithelial Carcinoma: FIGO (International Federation of
Gynecology and Obstetrics) Stages | and Il

Stage I:  Growth limited to the ovaries
IA" Growth limited to one ovary; no malignant ascites; no tumor on external surface;
capsule intact
IB  Growth limited to both ovaries; no malignant ascites; no tumor on external surface;
capsules intact
IC  Growth involving one or both ovaries with malignant ascites or peritoneal washings;
or with tumor on external surface; or with ruptured capsule.

Stage Il: Growth involving one or both ovaries with pelvic extension
IIA Extension or metastases to uterus and/or tubes
IIB  Extension to other pelvic tissues
IIC  Tumor of stage lla or llb also with malignant ascites or peritoneal washings; or with
tumor on external surface; or with ruptured capsule(s)

Box 8-2. Definitions of Low-Risk and High-Risk Early-Stage Ovarian Carcinoma

Low Risk
Stage IA or IB, grade 1-2

High-Risk
Stage |A or IB, grade 3 or clear cell

Stage IC (rupture, positive cytology, positive capsule)
Stage Il with no residual disease (pelvic disease)

Box 8-3. NIH Consensus Development Conference (1994) Recommendations for
Stage | Management

Patents with stage IA grade 1 and most IB grade 1 tumors do not require adjuvant therapy
All patients with grade 3 tumors require adjuvant therapy
Patients with clear cell carcinoma require adjuvant therapy

Many but not all women with stage IC disease require adjuvant therapy

box, and they concluded that the most effective adjuvant therapy had not been
established. The panel also recommended that patients with high-risk stage I cancers
should be enrolled in clinical trials to identify adjuvant therapy that will improve
survival.

These NIH recommendations point out the importance of histologic grade in the
prognosis of early-stage disease. Despite numerous studies indicating the association
between grade and outcome,** FIGO staging does not incorporate grade. Neverthe-
less, grade influences decisions on both clinical management and trial design.

Natural History of Untreated Early Ovarian Carcinoma

Knowing the natural history of untreated early ovarian cancer should identify the
need for adjuvant chemotherapy. Assessing an observation arm in randomized con-
trolled trials (RCTs) should be an accurate means of determining the true rate of
recurrent cancer after surgical resection. Table 8-1 lists five prominent randomized
controlled trials comparing observation with a treatment arm. The rate of cancer
recurrence in the observation arm varies from 9% to 35% owing to differences
in substages and grades among the trials. Once again, these trials point out the
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Table 8-1. Recurrence Rate of Early Stage Ovarian Cancer in the No-Treatment Control
Arms of Randomized Controlled Trials

Trial Stage and Grade N 5-Year Recurrence Rate
Hreshchyshyn et al (1980)°* Stages IA, B, C 86 17%
Grades 1, 2, 3
Young et al (1990)°* Stages IA, B 81 9%
Grades 1, 2

Bolis et al (GICOG, 1995)"" Stages IA, B 83 35%
Grades 1, 2, 3

Trope et al (2000)%* Stages IA, B, C 162 29%
Grade 1 aneu
Grades 2, 3

Trimbos et al (ACTION, 2003)** Stages IA, B, Grade 2-3 448 32%

Stage IC, all grades
Stage IIA, all grades

ACTION, Adjuvant Chemotherapy in Ovarian Neoplasm, aneu, aneuploidy; GICOG, Gruppo ltaliano Collaborativo in
Oncologia Ginecologica.

*Incomplete surgical staging in the majority of patients, or extent of staging unreported.

fComplete surgical staging.
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Figure 8-1. Relapse-free survival by grade for incompletely staged patients without adjuvant
chemotherapy. (From Ahmed FY, Wiltshaw E, A’Hern RP, et al: Natural history and prognosis of
untreated stage | epithelial ovarian carcinoma. J Clin Oncol 14[11]:2968-2975, 1996.)

importance of grade in the prognosis of early ovarian cancers. The randomized con-
trolled trials indicate that well-differentiated tumors have less than a 10% chance of
recurring after surgery only, whereas the more poorly differentiated cancers may
recur in 30% to 35% of patients treated by surgery only. Figure 8-1 also demonstrates
the impact of grade on survival in patients treated by surgery only.'”

Evidence that dividing stage I disease into substages reflects differences in prog-
nosis is seen in Table 8-2. Figures 8-2 and 8-3 show patients with stages IA and IB
ovarian cancer, respectively.
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Table 8-2. Five-Year Recurrence Rates for Stage |
Cancer with Incomplete Surgical Staging and
Without Adjuvant Chemotherapy

Stage 5-Year Recurrence Rate
1A 13% (95% Cl 7.24)

B 35% (95% CI 16.65)
IC 38% (95% Cl 28.51)

Data from Ahmed FY, Wiltshaw E, A’Hern RP, et al: Natural history and prognosis of
untreated stage | epithelial ovarian carcinoma. J Clin Oncol 14(11):2968-2975,1996.

Figure 8-2. Photograph of gross stage IA
ovarian cancer. The right ovarian mass is free
of adhesions and visible adjacent to a normal
fallopian tube and uterine corpus.

Figure 8-3. Photograph of gross stage IB
ovarian cancer. Clamps have been placed
across the uterine cornua. Both ovaries have
cystic masses.

Importance of Surgical Staging

A major flaw in most studies of early ovarian cancer is the inconsistency in
requirements for surgical staging. The Gynecologic Oncology Group’s (GOG) defini-
tion of complete surgical staging is listed in Box 8-4. Obviously, gross inspection and
palpation of the peritoneal cavity may miss occult or microscopic disease that would



Chapter 8 Chemotherapy for Ovarian Cancer -

Box 8-4. GOG Requirements for Surgical Staging of Ovarian Carcinoma

Staging Operative Procedures

. Total hysterectomy with bilateral salpingo-oophorectomy

. Infracolic omentectomy

. Aspiration of free peritoneal fluid

. Peritoneal washings for cytology (abdomen and pelvis)

. Inspection of all abdominal peritoneal surfaces

. Peritoneal biopsies from four pelvic locations and bilateral paracolic areas
. Diaphragm scraping or biopsy

. Bilateral selective pelvic and aortic lymph node dissections

~NOoO O~ WN

©

GOG, Gynecologic Oncology Group.

change the stage of disease from early (stage I or II) to advanced (stage I1I). Thorough
surgical staging procedures upstage the diagnosis in 10% to 30% of cases.''™'® Thus,
trials claiming to investigate or treat stages I and II disease without complete surgical
staging may be including patients who actually have more advanced disease. Evidence
for this is found in an analysis of the observation group in the ACTION trial.” Of
the 222 patients in the observation arm, 75 had undergone optimal surgical staging,
147 nonoptimal staging. The recurrence-free survival following optimal surgical
staging was significantly better than following nonoptimal staging (hazard ratio [HR]
=1.82, P=.04). This difference implies that more advanced, occult disease is present
in cohorts not having complete surgical staging. Thus, surgical staging could affect
outcomes in trials of adjuvant chemotherapy.

The inconsistent surgical staging procedures among trials of early ovarian cancer
may be another reason for the range of cancer recurrence rates. The natural recur-
rence rates for stage I cancer treated by surgery only, depicted in Table 8-1, are
mostly from trials that did not include complete surgical staging during the initial
operation for most patients. The one trial that required complete surgical staging
reported similar low recurrence rates for observation and treatment of low-grade
cancers.®

Does Adjuvant Chemotherapy Improve Outcome?

Because of a relatively low rate of cancer recurrence in early ovarian cancer, the
challenge of clinical trials has been to accrue enough patients to have the power to
detect a clinically meaningful impact of adjuvant chemotherapy on either cancer
recurrence or survival. The most notable studies indicating significant effects of
adjuvant chemotherapy compared with observation are listed in Table 8-3.

In 1980, the GOG reported that an 18-month course of melphalan significantly
reduced the recurrence rate compared with either observation or pelvic radiation
therapy.® This result is surprising owing to the fact that the trial design was three
arms and included only 86 patients with a large proportion of stage Ia grade 1 cancers,
a group of patients who benefit the least from adjuvant chemotherapy.

All four trials found that adjuvant chemotherapy significantly reduced the risk of
cancer recurrence by an absolute value of 8% to 18%. Only one study, however, also
demonstrated a significant benefit on overall survival, the ICON (International
Collaborative Ovarian Neoplasm)-1 trial reported an absolute improvement of 9%.
The GOG trial did not report overall survival, and the GICOG trial was likely
underpowered to detect a significant difference. ACTION found an absolute improve-
ment in overall survival of 7%, very similar to ICON-1, but not reaching statistical
significance despite comparable sample size.
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Table 8-3. Randomized Controlled Trials Showing Benefit of Adjuvant Chemotherapy in
Early-Stage Ovarian Cancer

RFS % 0S %
Trial N Stage and Grade Treatment Drug vs. No Drug Drug vs. No Drug
GOG 86 Stages IA, B, C Melphalan 18 mo. 94 vs 83 Not reported
(Hreshchyshyn Grades 1, 2, 3 P < .05
et al, 1980)°
GICOG (Bolis 83 Stages IA, B Cisplatin 6 cycles 83 vs 65 88 vs 82
et al, 1995)" Grades 1, 2, 3 P =.028 [P = 1
ICON-1 (Colombo 477 Stages IA, B, C; Il Carboplatin 6 cycles 73 vs 62 79 vs 70
et al, 2003)" Grades 1, 2, 3 P = .01 P =.03
ACTION (Trimbos 448 Stages IA, B Platinum minimum 4 76 vs 68 85 vs 78
et al, 2003)° Grades 2, 3 cycles P=.02 P=.1
Stages IC and IIA
All clear cell
OS, overall survival; RFS, recurrence-free survival.
100 -
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Figure 8-4. Progression-free survival after platinum-based chemotherapy for first relapse after
surgical-only treatment of stage | ovarian cancer. (From Kolomainen DF, A’Hern R, Coxon FY, et al:
Can patients with relapsed, previously untreated, stage | epithelial ovarian cancer be successfully
treated with salvage therapy? J Clin Oncol 21[16]:3113-3118, 2003.)

Other than sample size, two other reasons might explain the fact that a reduction
in the rate of cancer recurrence does not translate into improvement in overall sur-
vival. “Salvage” chemotherapy for cancer recurrence in the observation arms of these
trials most likely impacted the survival for those patients, thus dampening the survival
difference between the two arms. In fact, platinum-based chemotherapy for first
recurrences in stage I observation groups provides 5-year progression-free survivals
of 24% to 42%'*"> (Fig. 8-4). In our opinion, the primary end point of trials in early
ovarian cancer should be recurrence-free survival, since this outcome most closely
approximates a true cure of the disease. Although treatment of first relapse
may affect overall survival, most of these patients whose cancers recur will die of
their disease.
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Table 8-4. Survival After Adjuvant Chemotherapy or Observation by Completeness of
Surgical Staging: The ACTION Trial

N RFS P Value oS P Value

Complete Surgical Staging

Observation 79 80% .7 (HR, 95% CI 0.5-2.4) 89% 7
Chemotherapy 76 83% 87%

Incomplete Surgical Staging

Observation 147 65% .009 75% .03
Chemotherapy 148 78% 84%

Cl, confidence interval; HR, hazard ratio; OS, 5-year overall survival;, RFS, 5-year recurrence-free survival.

Data from Trimbos JB, Vergote I, Bolis G, et al: Impact of adjuvant chemotherapy and surgical staging in early-stage ovarian
carcinoma: European Organisation for Research and Treatment of Cancer-Adjuvant ChemoTherapy in Ovarian Neoplasm trial.
J Natl Cancer Inst 95(2):113-125, 2003.

A further explanation for trials not finding significant differences in overall
survival could be the inconsistency in the degree of surgical staging. ICON-1,"
which did report an overall survival difference between treatment and observation,
did not require surgical staging as defined by GOG. Thus, the cohort undoubtedly
included microscopic or occult advanced disease. Adjuvant chemotherapy is more
likely to impact occult advanced disease than true pathologic stage I disease. The
ACTION trial data may support this theory.” That trial encouraged complete
surgical staging, and approximately one third of the patients underwent “optimal”
surgical staging. A subanalysis of the optimally staged patients found no dif-
ference in either recurrence-free survival (83% versus 80%) or overall survival
(87% versus 89%) between treatment and observation arms. On the other hand,
for the group of nonoptimally staged patients, both recurrence-free and overall
survivals were significantly better for the treated patients (78% versus 65%, P = .009;
84% versus 75%, P = .03, respectively) (Table 8-4). The caveat on the data from
ACTION is that the number of patients in the optimally staged analysis was
151, perhaps too small to detect a significant difference. The precision of the
estimated difference in recurrence rates between observation and chemotherapy in
this optimal subset is wide, 0.5 to 2.4. However, a meta-analysis of randomized
controlled trials that reported at least a modified surgical staging operation also did
not detect a significant overall survival difference between adjuvant chemotherapy
and no treatment with a more narrow precision (HR 0.81; 95% CI, 0.58-1.21)."°
These data suggest that adjuvant chemotherapy benefits nonoptimally staged patients
but may not benefit optimally staged patients. Once again, this is likely due to the
inclusion of occult stage III patients in cohorts not undergoing complete surgical
staging.

Further evidence of the importance of thorough surgical staging on the decision
for adjuvant chemotherapy comes from a non-randomized Canadian study.'” Among
94 patients who underwent staging operations by gynecologic oncologists following
a fixed protocol, 60 patients had surgical-pathologic stage 1. During expectant man-
agement, only 10% of these 60 patients had recurrence—all being serous or clear cell
histology. On the other hand, the recurrence rate was 25% among 25 unstaged
patients managed expectantly owing to lack of risk factors. Attaining this type of
thorough and regimented staging operation in a multi-institutional, randomized trial
would be ideal and rewarding, but probably not feasible.
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Choice of Chemotherapy and Duration of Treatment

Generally, choice of adjuvant chemotherapeutic agents for early-stage disease has
been extrapolated from management of advanced-stage ovarian cancer. See the
section on Advanced Ovarian Carcinoma, later in this chapter. Many of the investi-
gational trials in early-stage ovarian cancer compared cisplatin-based combination
chemotherapy to radiation therapy ' (Table 8-5). Meta-analyses of these types of
trials have shown no significant difference between chemotherapy and radiation
therapy for disease-free and overall survival.?!

Carboplatin replaced cisplatin as the standard platinum in treating ovarian cancer
after several studies concluded that carboplatin and cisplatin had equivalent efficacy
in treating advanced disease.”” ICON-2 demonstrated that single-agent carboplatin
effected the same median survival and 2-year survival (33 months and 60%) as
the combination of cyclophosphamide-doxorubicin-cisplatin in advanced disease.?®
As in advanced disease, platinum-based chemotherapy can be considered standard
treatment for early ovarian cancer; however, a universally accepted regimen is not
evident. Two international multicenter trials of adjuvant therapy in early ovarian
cancer, ACTION® and ICON-1,"* allowed either single-agent carboplatin or cisplatin
combination regimens for eligibility.

Since 1995, most research in chemotherapy for advanced disease has focused on
incorporating paclitaxel into front-line treatment, and the combination of carboplatin
and paclitaxel is currently the preferred treatment for advanced disease.”* However,
the number of trials with paclitaxel regimens in early ovarian cancer are limited.”?
No trials have compared combination platinum-paclitaxel with nonpaclitaxel
regimens in early ovarian cancer. Without such direct comparisons, regimens other
than carboplatin-paclitaxel would seem acceptable (Fig. 8-5).

The optimal duration of adjuvant therapy in early ovarian cancer is unknown. Table
8-6 shows the outcomes of trials using various regimens from three to six cycles.
The GOG has conducted the only randomized trial comparing two different dura-
tions.? This study compared three to six cycles of adjuvant carboplatin-paclitaxel in
high-risk early ovarian cancer patients who had been completely staged. It found no
significant difference in the risk of cancer recurrence or 5-year survival (25% versus
20% and 81% versus 83%, respectively). Of note was the significantly greater toxicity
in the six-cycle arm. The authors concluded that following complete surgical staging,
three cycles of carboplatin and paclitaxel constitute a reasonable treatment option

Table 8-5. Trials Comparing Adjuvant Cisplatin with Radiation Therapy in
Early-Stage Ovarian Cancer

Trial N Stage Treatment Survival

Vergote et al (1992)® 340 I, 11, 1 Cisplatin vs %P 75% DFS for cisplatin
81% DFS for P

Chiara et al (1994)"° 70 IA grade 3-IIC CP vs WAR 74% DFS for chemo
50% DFS for WAR

Bolis et al (1995)" 161 IC Cisplatin vs %P 81% OS for cisplatin
79% OS for *P

Kojs et al (2001)% 150 IA grade 2-IIC CAP vs WAR 81% 5-year DFS for

both

CAP, cyclophosphamide/doxorubicin/cisplatin, CP, cyclophosphamide and cisplatin; DFS, disease-free survival; OS, overall
survival; WAR, whole abdomen radiation therapy.

Modified from Winter-Roach B, Hooper L, Kitchener H: Systematic review of adjuvant therapy for early stage (epithelial)
ovarian cancer. Int J Gynecol Cancer 13(4):395-404, 2003.
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Table 8-6. Duration of Adjuvant Chemotherapy in Early-Stage Ovarian Cancer

Trial N Stage and Grade Treatment No. Cycles  Survival
Rubin (1993)*" 62  Stages IA, B, grades 2-3, IC  CP, CAP 6 73% 5-year DFS
Shimada (2005 100  Stages |, Il, all grades CAP or CT 8 100% 5-year OS for low risk
89% for high risk
Bamias (2006)* 69 Stages IA, B, grades 2, 3 Carboplatin 4 79% 5-year DFS
Stages IC, Il, any grade Paclitaxel 87% 5-year OS
Bell (2006)*° 427  Stages IA, B, grade 3 Carboplatin 3 75% 5-year DFS
Stages IC, Il, any grade Paclitaxel 6 80% 5-year DFS

CAP, cyclophosphamide-doxorubicin-cisplatin; CP, cyclophosphamide and cisplatin; CT, carboplatin-paclitaxel.

Figure 8-5. Acceptable chemotherapy regimens for non—clear cell
Carboplatin-paclitaxel early stage ovarian cancer.
AUC 5-6, 175 mg/m2 q 3—4 weeks

Single-agent carboplatin
AUC 5-7.5 q 3—4 weeks

Single-agent cisplatin
50 mg/m? q 3-4 weeks

Cyclophosphamide-cisplatin
500 mg/mZ2, 50 mg/m? q 3—4 weeks

Figure 8-6. Options for treating clear cell carcinoma of the
Preferred ovary.
Carboplatin AUC 5-6/paclitaxel 175 mg/m?
q 3—4 weeks

or

Investigational
Cisplatin plus irinotecan
(Doses to be determined)

for women with high-risk, early-stage epithelial ovarian cancer. Three additional
cycles of carboplatin-paclitaxel chemotherapy are, at best, likely to provide only a
modest reduction in the absolute risk of recurrence, yet are associated with increased
toxicity.

Clear cell histology is generally considered an aggressive epithelial carcinoma with
a worse prognosis, stage for stage,'”**?! or at least in stage 1.**** Other data do not
support these opinions.**** In advanced disease, the overall response rate (RR) to
platinum-based chemotherapy is 11% compared with 72% for serous histology.>! The
addition of paclitaxel to platinum appears to improve the RR: 56% compared with
27% for platinum without paclitaxel.*® More recently, a retrospective review reported
that platinum with irinotecan resulted in a higher RR than paclitaxel/platinum (43%
versus 32%) and also resulted in a significantly improved progression-free survival in
optimally debulked patients.’” In keeping with the general pattern of extrapolating
from advanced disease, the current recommended option for adjuvant treatment
of early-stage clear cell carcinoma would be combination paclitaxel-carboplatin.
Although combination cisplatin-irinotecan appears promising, at this point it should
be considered investigational (Fig. 8-6).
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Future Directions

As intraperitoneal (IP) chemotherapy has become a recommended option for
advanced ovarian cancer, trials have also assessed the benefit of intraperitoneal
therapy in early stages. Several of these trials have reported similar outcomes, that
is, approximately a 15% to 20% cancer recurrence rate***’ (Table 8-7). Since
adjuvant regimens for early ovarian cancer essentially have been extrapolated from
treatment of advanced disease, intraperitoneal therapy should be considered an
alternative to intravenous chemotherapy for some subsets of early ovarian cancer.
The National Comprehensive Cancer Network (NCCN) lists the following intraperi-
toneal regimen as an alternative for stage II: paclitaxel 135 mg/m?, IV 24-hour infu-
sion on day 1; cisplatin 100 mg/m?, IP on day 2 after paclitaxel; paclitaxel 60 mg/m?,
IP on day 8. Cycles are repeated every 3 weeks. Use of a venous catheter with a
subcutaneous access port is shown in Figure 8-7.

A review of the various adjuvant treatments for early-stage epithelial ovarian
cancer over the last two to three decades reveals surprisingly similar outcomes for
radiation therapy techniques and chemotherapy agents of differing classes (Fig. 8-8).
The risk of recurrent cancer in this patient population seems to have remained rela-
tively unchanged over the years. Seemingly, some proportion of patients, perhaps
20% to 25%, has cancer that is resistant to various forms of adjuvant cytotoxic
therapy. The door remains open for innovative research using combination chemo-
therapy, biologic modifiers, and molecular targeting agents.

The two major obstacles to finding a future therapy of greater benefit in early-stage
disease are (1) defining true stage I cancers by accurate surgical staging and (2) the
statistical design of the trials. The potential problem of including occult stage III
patients in cohorts of nonoptimally staged patients has been previously discussed. In
addition, the statistical design of these trials remains a challenge because the relatively
small number of recurrent events or deaths occurring over fairly long intervals after
treatment requires enormous sample sizes to detect clinically reasonable differences
in outcomes.

Some researchers have suggested that biologic and molecular markers can either
complement or replace surgical staging in apparent early-stage disease by predicting
the outcome of treatment. The magnitude of research in molecular prognostic markers
for ovarian cancer is beyond the scope of this chapter, but the future of adjuvant
therapy in early disease could be defined by the identification of accurate prognostic
markers. Table 8-8 gives a brief summary of some of the prognostic factors other than
FIGO staging.*’ Some investigators have developed models of prognostic markers.
One such model in early ovarian cancer incorporated grade, p53, and EGFR.*
The model was applied to 226 patients with stage IA-IIC who had undergone
a modified surgical staging operation followed by pelvic radiation, whole-abdomen

Table 8-7. Results of Intraperitoneal Chemotherapy in Early-Stage Ovarian Cancer

Trial Stage N IP Chemotherapy Outcome

Malmstrom (1994)* 1l 47 Carboplatin x 4 cycles 23% relapse

Topuz (2001)* IC 13 Cisplatin and mitoxantrone median 84% 5-year DFS
5 cycles

Fujiwara (2003)*° 54 Carboplatin alone or with IV 81% 5-year DFS

cyclophosphamide or paclitaxel

DFS, disease-free survival; IP, intraperitoneal.
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Figure 8-7. A, Implanted
peritoneal access catheter

with subcutaneous self-sealing
port providing a path for
intraperitoneal therapy.

B, Intraperitoneal chemotherapy.
(From DiSaia PJ, Creasman WT
(eds): Clinical Gynecologic
Oncology, 7th ed. Philadelphia:
Mosby, 2007, Fig. 11-25.)

Intraperitoneal P-32 (GOG)

Melphalan x 12 (GOG)

Cisplatin/cytoxan x 3 (GOG)
Carbo/paclitaxel x 3 (GOG) 75

Carbo/paclitaxel x 6 (GOG)

Cisplatin x 6
(Norwegian Hospital)

Platinum combo x 4 (EORTC)

Figure 8-8. Five-year recurrence-
80 free rates for high-risk stage |
ovarian cancer following various

80 adjuvant therapies. Carbo,
carboplatin.
79
80
79
80

72 73 74 75 76 77 78 79 80
Percent
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Table 8-8. Nonstaging Factors That May Predict Outcome in Early-Stage Ovarian Cancer

Prognostic Factor Decreased Recurrence Increased Recurrence
Histology Clear cell

Grade Grade 1 Grade 3

DNA ploidy Diploid Aneuploid

HER2/neu Normal expression Overexpressed
Morphometry Low volume High volume

p53 mutation Absent Overexpressed

Bcl-2 Present Absent

PDGF Absent Overexpressed
EGFR Absent Present

EGFR, epidermal growth factor receptor; PDGR, platelet-derived growth factor. Adapted from McGuire WP: Current aspects
of adjuvant therapy of early stage ovarian cancer. Zentralbl Gynakol 120(3):93-97, 1998.

radiation, or four cycles of platinum-based chemotherapy. Patients with grade 1-2
tumors whose results were negative for p53 and EGFR had a 5-year disease-free sur-
vival of 89% compared with 39% for patients with grade 3 tumors that were also posi-
tive for p53 and EGFR (P = .00008). An intermediate risk model with any other
combination of the three factors was associated with a 66% disease-free survival
(P =.0006). In a regression analysis, FIGO substage was not significantly associated
with disease-free survival, whereas grade, p53, and EGFR were. Since this study did
not report what percentage of patients underwent the modified surgical staging oper-
ation and because lymph node dissection was not part of the operation, the model
may apply only to incompletely staged patients.

Another confounding factor is the use of various adjuvant therapies. Nevertheless,
it does show the potential value of combining molecular markers to better define
prognosis, for example, as applied to the intermediate-risk group with grade 1 histol-
ogy, positive p53, and positive EGFR. Such models may prove very useful in future
trials whereby adjuvant therapy could be modified or tailored based on stratification
into high- and low-risk groups. Such trials may also test molecular targeting for the
high-risk groups as defined in Box 8-2. In addition, future strategy should include
studies of prognostic factors applied to patients who are completely staged and
receive no adjuvant therapy. This type of study could identify markers that are
significantly associated with recurrence in true stage I disease.

Even if molecular markers were able to replace optimal surgical staging in gross
stage I disease, until this happens future trials in early ovarian cancer are likely to
require staging operations at least sufficient to separate stage I from stage II disease
because of clinically significant different relapse rates between the two. In a recent
GOG trial in which all patients received adjuvant chemotherapy, the recurrence rate
for stage II was nearly twice that for stage I (33% versus 18%).? This inferior prog-
nosis of stage II patients has prompted the GOG to shift stage II patients to future
protocols of advanced-stage disease. In addition, the NCCN recommendations for
treatment of stage II are the same as for stages III and IV (Box 8-5 and Fig. 8-9).

Summary

The benefit of adjuvant chemotherapy in most cases of true stage I ovarian cancer
remains uncertain because of the lack of complete surgical staging in randomized
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Box 8-5. Summary of Early-Stage Ovarian Cancer Treatment

All patients should have thorough surgical staging at the initial operation.

Patients with Complete Surgical Staging
1. Low-risk Stage | (see Box 8-2): No adjuvant therapy
2. High-risk Stage | (see Box 8-2):
a. Three cycles IV carboplatin-paclitaxel (3-6 cycles = NCCN option); or
b. Consider observation if not clear cell (not an NCCN guideline)
3. Stage II:
a. Six cycles IV carboplatin-paclitaxel; or
b. IP chemotherapy if <1 cm residual disease (see Fig. 8-8); or

Patients without Complete Surgical Staging
1. Low-risk patients:
a. Re-operate for staging if patient accepts, or suspect residual disease; or
b. Six cycles IV carboplatin/paclitaxel
2. High-risk patients:
a. Six cycles IV carboplatin-paclitaxel if no suspicion of resectable disease; otherwise, re-operate;
or
b. Re-operate for staging if considering observation (not an NCCN guideline)
3. Stage II: Same as completely staged patients

IP, intraperitoneal; NCCN, National Comprehensive Care Network practice guidelines, v.1, 2007.

Figure 8-9. The National

Preferred Comprehensive Cancer Network
Paclitaxel 175 mg/m2 IV over 3 hours and (NCCN) guidelines for
carboplatin AUC 5.0-7.5 q 3 weeks x 6 cycles chemotherapy of advanced ovarian
cancer. BSA, body surface area.
Alternatives (From NCCN practice guidelines,
Intravenous management: Docetaxel 60~75 mg/m? IV over 1 hour and v. 1,2007.)

carboplatin AUC 5-6 q 3 weeks x 6 cycles

Intraperitoneal (IP) management: Paclitaxel 135 mg/m?2 IV 24-hour
infusion on day 1; cisplatin 100 mg/m? IP on day 2; paclitaxel 60 mg/m?2
IP on day 8 (max. BSA 2.0 m?). Repeat q 3 weeks x 6 cycles

controlled trials that used no-treatment control arms. The largest European trials
(ICON-1 and ACTION) have demonstrated that adjuvant chemotherapy definitely
benefits patients who have “apparent,” or grossly visible, stage I disease. Data suggest
that treatment of completely staged patients may not significantly reduce the cancer
recurrence rate.”'® A randomized controlled trial to prove this concept may not be
feasible because of both the sample size necessary for adequate power and the
challenge of multiple institutions performing standardized complete surgical staging
operations.

Observation rather than adjuvant chemotherapy in patients who have had com-
plete surgical staging is appropriate for low-risk stage I disease and may be an option
for high-risk stage I disease if the patient is fully counseled (see Box 8-5).

Complete surgical staging should be performed at the original operation if possible,
and should be offered as a re-operation under certain circumstances to patients who
have had incomplete staging.

When adjuvant chemotherapy is indicated, carboplatin and paclitaxel constitute
the most commonly used regimen, but alternatives exist. Three to six cycles are
recommended for those with completely staged high-risk stage I disease, and six
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cycles are recommended for incompletely staged patients with apparent stage I
disease and for all those with stage II disease (see Box 8-5).

ADVANCED OVARIAN CARCINOMA (STAGES 1l AND 1V)
Evolution of Platinum and Taxane Agents

Epithelial ovarian cancer is a chemosensitive disease, and cytotoxic chemotherapy
plays a pivotal role in its management. Chemotherapy following optimal surgical
cytoreduction (all tumor residual nodules less than 1 cm) achieves a complete remis-
sion for most patients with advanced epithelial ovarian cancer, which we will define
as stages 1T and IV. In spite of this, most patients experience a relapse and ultimately
develop progressive disease with their tumors becoming increasingly chemoresistant.
Overall, only about 15% of women with advanced disease survive beyond 5 years.
Survival rates are less than 10% for women with stage IV disease, but they may
approach 35% for women with optimally debulked stage III disease.®

Chemotherapy for epithelial ovarian cancer has evolved dramatically over the last
25 years. In the early 1980s, the standard regimen for advanced epithelial ovarian
cancer was cyclophosphamide and doxorubicin, a combination derived through
studies conducted by the GOG.* During the 1980s and 1990s, two new classes of
agents were discovered: platinums and taxanes. These agents have had a dramatic
impact on outcomes for patients with advanced epithelial ovarian cancer. Platinum
agents work by damaging DNA.* Cisplatin and carboplatin undergo hydrolysis after
administration and then produce intrastrand and interstrand adducts in DNA that
limit cell division, ultimately inducing apoptosis.*® Taxanes bind to tubulin polymers
(microtubules), disrupting normal microtubule activity and halting mitosis that leads
to apoptosis.

Many clinical trials have shown the value of platinum in epithelial ovarian cancer.
An early GOG study randomized women with large-volume advanced epithelial
ovarian cancer to cyclophosphamide plus doxorubicin with or without cisplatin.*” The
addition of cisplatin resulted in significant improvements in complete response rate
(51% versus 26%) and progression-free survival (13 versus 8 months). Other studies
noted similar findings in which the addition of platinum to an alkylating agent
improved progression-free survival in advanced epithelial ovarian cancer.”® This
clinical evidence led to the regimen of cyclophosphamide, doxorubicin, and cisplatin
becoming the treatment of choice for advanced epithelial ovarian cancer during the
1980s. Doxorubicin was later removed from this standard regimen because random-
ized trials failed to demonstrate a survival advantage by including it in platinum-based
combinations.*’ A meta-analysis demonstrated a slight survival benefit with the three-
drug regimen; however, the authors concluded that the small survival advantage did
not justify the added toxicity from doxorubicin.*

Although the addition of cisplatin to alkylating agents did appear to improve
response rate and progression-free intervals in advanced disease, demonstration of a
distinct survival advantage in randomized clinical trials has been elusive. In 2000, a
Cochrane Database meta-analysis of over 8700 women treated on 49 different trials
reported that the survival hazard ratio was 0.88 (95% CI 0.79-0.98) in favor of
platinum combination chemotherapy.”!

Equivalency of Carboplatin and Cisplatin

Several European and GOG trials over the last decade have demonstrated that carbo-
platin and cisplatin have equivalent efficacy in advanced epithelial ovarian cancer.’*>*
In each of these trials, carboplatin not only demonstrated activity equivalent to
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cisplatin, but was associated with reduced gastrointestinal toxicity, renal toxicity, and
neurotoxicity. Carboplatin does cause more myelosuppression than cisplatin, but in
general, quality-of-life scores are better with carboplatin than with cisplatin.

Taxanes

In the late 1980s and early 1990s, paclitaxel became the next major advance in treat-
ing advanced epithelial ovarian cancer. Several phase II trials demonstrated significant
activity in patients with platinum-refractory disease.’*>® In 1990, the GOG initiated
the first phase III trial, comparing six cycles of cisplatin plus paclitaxel with the
control regimen of cisplatin plus cyclophosphamide in suboptimally debulked
disease.” The paclitaxel regimen demonstrated significant improvements in overall
response, clinical complete remission, median progression-free survival, and overall
survival. Beyond 5 years, treatment with paclitaxel was still associated with a 34%
reduction in the risk of death. The OV-10 trial, initiated by a collaborative group of
European and Canadian investigators, substantiated the GOG findings.®® A subse-
quent GOG trial, which randomized patients to paclitaxel only, or cisplatin only, or
cisplatin/paclitaxel, somewhat challenged the superiority of cisplatin/paclitaxel by
reporting similar median overall survivals (26 to 30 months) among the three groups,
and no difference in first progression or death between cisplatin and cisplatin-pacli-
taxel.®’ However, nearly 50% of patients in each arm of the study were treated with
crossover salvage therapy before radiographic disease progression. This crossover
treatment may have clouded survival differences among the three arms. Additional
contradictory data come from the ICON-3 trial. The authors of ICON-3 concluded
that combination paclitaxel-carboplatin demonstrated no advantage over single-agent
carboplatin or combined cytoxan-adriamycin-cisplatin.®* This trial has been widely
criticized for its design and methodology, and in North America the taxane-platinum
combination remains the standard chemotherapy for advanced epithelial ovarian
cancer.

Initially, paclitaxel infusions were given over 24 hours because of the concern for
severe allergic reactions. Dose ranges for paclitaxel are 135 to 175 mg/m? when the
drug is given every 3 to 4 weeks. Eisenhauer and colleagues® demonstrated that
response rates were similar for 3-hour and 24-hour infusions; however, 3-hour pacli-
taxel infusions appear to be associated with more neurotoxicity and less myelosup-
pression than 24-hour infusions. Currently, in the United States the most common
administration is 3-hour infusions followed by carboplatin in the outpatient setting.
Although this administration is more convenient for patients, paclitaxel-associated
neuropathy can be a significant chronic problem for some patients.

A newer taxane, docetaxel, may offer less toxicity than paclitaxel. In the
SCOTROC study, 1077 women were randomized to docetaxel-carboplatin versus
paclitaxel-carboplatin.® Patients in the docetaxel arm reported less neurotoxicity,
less muscle and joint pain, and less musculoskeletal weakness. However, docetaxel
was associated with more gastrointestinal toxicity and neutropenia. Docetaxel is cur-
rently being studied in advanced epithelial ovarian cancer at several U.S. centers, and
the results of these trials are pending.

NCCN guidelines list carboplatin-paclitaxel as the preferred regimen in advanced
disease, but carboplatin-docetaxel is an alternative (see Fig. 8-8).

New Combinations and Dose Schedules

GOG 182/ICON-5 is a large multicenter randomized trial, which closed to accrual
in 2005 (Fig. 8-10). The aim of this study was to determine whether adding a third
drug (topotecan, liposomal doxorubicin, or gemcitabine) and adjusting schedules
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Control arm:
> Carboplatin AUC 6 IV day 1
Paclitaxel 175 mg/m? IV day 1

Gemcitabine triplet:
Carboplatin AUC 5 IV day 1
Paclitaxel 175 mg/m? IV day 1
Gemcitabine 800 mg/m2 IV day 1, 8

\/

Doxil triplet:
_ Carboplatin AUC 5 IV day 1
~|  Paclitaxel 175 mg/m? IV day 1
(Randomization ]‘ Doxil 30 mg/m? IV every other day 1
Optimal and Suboptimal g
Stages Il and IV Topotecan doublet:
Carboplatin AUC 5 IV day 1
_ Topotecan 1.25 mg/m2 IV day 1-3 x 4 cycles
" Followed by
Carboplatin AUC 6 IV day 1
Paclitaxel 175 mg/m? IV day 1 x4 cycles

Gemcitabine doublet:

Carboplatin AUC 6 IV day 1
o Gemcitabine 1000 mg/m?2 IV day 1, 8 x 4 cycles
. Followed by

Carboplatin AUC 6 IV day 1

Paclitaxel 175 mg/m? IV day 1 x 4 cycles

Figure 8-10. Schema for GOG 182: triplet and sequential doublet chemotherapy.

Control Arm (IV) Investigational Arm (IP)
Paclitaxel 135 mg/m? IV over 24 hours—day 1 Paclitaxel 135 mg/m? IV over 24 hours—day 1
Cisplatin 75 mg/m? IV—day 2 Cisplatin 100 mg/m? IV—day 2
Cycles q 3 weeks x 6 Paclitaxel 60 mg/m2 IP—day 8
Cycles q 3 weeks x 6

Figure 8-11. Schema for GOG 172 trial of intraperitoneal (IP) chemotherapy.

(i-e., using sequential doublets) could improve outcomes of patients with advanced
epithelial ovarian cancer. Carboplatin and paclitaxel served as the control arm in this
five-arm trial. These data are maturing and results are pending.®

Intraperitoneal Chemotherapy

The concept of treating optimally debulked patients with intraperitoneal chemo-
therapy has appealed to clinicians for over two decades. In early 2006, a GOG study
concluded that intraperitoneal treatment appeared superior in this subset of patients.®
This trial randomized 429 patients to either standard intravenous cisplatin plus pacli-
taxel or intraperitoneal/intravenous cisplatin plus paclitaxel (Fig. 8-11). The patients
receiving intraperitoneal chemotherapy had a significant improvement in overall sur-
vival (median survival 65.6 versus 49.7 months). Toxicity, particularly neurotoxicity,
was greater and quality-of-life scores were initially lower in patients treated with
intraperitoneal chemotherapy. An earlier GOG randomized trial also provided strong
evidence for the utility of intraperitoneal chemotherapy in optimally debulked
patients.®” The NCCN has listed intraperitoneal therapy as an alternative manage-
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ment for patients with optimal residual disease after primary cytoreduction, using
the GOG regimen (see Fig. 8-8). Physicians may choose to prescribe this regimen
or a modification of it to reduce the associated toxicity. The GOG is currently con-
ducting phase I studies of intraperitoneal paclitaxel and intraperitoneal carboplatin
to derive regimens with reduced toxicity.

Maintenance Therapy

Another concept, maintenance therapy, has been studied and debated among inves-
tigators over the last 5 years. Maintenance therapies focus on extending the duration
of frontline treatment. There have been several reports concerning cytotoxic chemo-
therapy, hormonal therapy, and immunotherapy used in this manner.®*7° In 2003, a
GOG trial demonstrated that maintenance paclitaxel given every 4 weeks for
12 months to patients in complete remission following standard intravenous pacli-
taxel-carboplatin significantly increased the progression-free survival by 7 months
compared with maintenance therapy for 3 months.”! This study’s value has been
controversial owing to lack of overall survival data following early closure by the data
monitoring committee. Nonetheless, this was a significant improvement for these
patients, some of whom began therapy with bulky, suboptimal disease; therefore,
maintenance therapy should be a discussion point with patients with advanced epi-
thelial ovarian cancer. Currently, GOG 212 is further investigating this concept in
a randomized three-arm study comparing 12 months of paclitaxel versus xyotax
versus observation following complete clinical response to frontline platinum/taxane
treatment.

Neoadjuvant Therapy

Neoadjuvant chemotherapy in advanced epithelial ovarian cancer is the final concept
that merits discussion for treatment of advanced disease. Neoadjuvant implies deliv-
ering chemotherapy before a cytoreductive operation. Maximal operative effort with
the goal of optimal (less than 1 cm disease) cytoreduction or “debulking” is the
current cornerstone of surgical management in advanced epithelial ovarian cancer.
Some series indicate that approximately 50% of patients can be primarily optimally
debulked. The reasons for surgeons not being able to complete optimal cytoreduc-
tions are many, but clearly biologic tumor heterogeneity is an important factor.”
Furthermore, for patients with poor performance status and severe debilitation from
their disease, or comorbidities, aggressive surgical cytoreduction can be extremely
hazardous. Given these concepts, there has been increasing enthusiasm in recent
years for using neoadjuvant chemotherapy to reduce tumor burden and improve
patient performance status before an aggressive attempt at cytoreduction. Currently,
a randomized trial is underway to evaluate the role of neoadjuvant chemotherapy in
advanced epithelial ovarian cancer.” To date, several investigators have reported data
on this therapy, but no distinct standard protocol for the use of neoadjuvant chemo-
therapy has been defined or accepted by clinicians.”*"®
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KEY POINTS

Although there is no evidence for the curative potential of chemotherapy in recurrent or resistant
ovarian cancer, improved survival associated with the delivery of several cytotoxic regimens has
been documented.

Treatment in the second-line setting must attempt to carefully balance the desired effects (e.g.,
improvement in symptoms, delay in subsequent progression) with potential serious adverse
effects.

Existing evidence supports the superiority of combination platinum-based chemotherapy, com-
pared with single-agent platinum when used as second-line treatment of recurrent (potentially
platinum-sensitive) ovarian cancer.

Background

Ovarian cancer is one of the most chemotherapy-sensitive malignancies, with 60%
to 80% of women with newly diagnosed advanced disease anticipated to achieve both
substantial objective and subjective responses to primary therapy.' Despite this fact,
most women who respond to this treatment ultimately experience a relapse of the
disease process.? Thus, the need to ultimately consider a second-line treatment strat-
egy in ovarian cancer is the rule, rather than the exception. This chapter reviews the
status of chemotherapeutic management options in the ovarian cancer patient who
fails to respond to primary treatment or whose disease progresses after a response
to initial therapy.

Definition of Recurrent versus Platinum-Resistant Ovarian Cancer

It has long been recognized that ovarian cancer patients whose tumors exhibit objec-
tive evidence of a response to chemotherapy may respond a second time to the same
(or a similar) treatment program.®* In fact, this observation is not unique to ovarian
cancer, having been demonstrated relatively early in the development of modern
chemotherapy in the management of hematologic malignancies.’

Because of the central role of the platinum agents in ovarian cancer,’ it should
come as no surprise that the greatest experience with re-treatment in this malignancy
has been with platinum-based strategies, delivered either as single agents or as a
component of a combination chemotherapy program.”™'' As a result of its more favor-
able toxicity profile, carboplatin is generally the platinum of choice in the second-line
setting.”

It has also been demonstrated that the opportunity that a particular individual’s
ovarian cancer will respond a second (or third, etc.) time to a platinum-based
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chemotherapy is a continuum, with the longer the duration of the platinum- or
treatment-free interval, the greater the statistical likelihood that the patient
will again experience objective and subjective benefit from this approach’”
(Table 9-1; Fig. 9-1).

Thus, for a woman who develops recurrent disease approximately 8 to 10 months
after completing primary treatment, the probability of a second response ranges
from 20% to 30%. However, for the patient experiencing disease recurrence with a
treatment-free interval of 2 years, the chances of her experiencing a response to re-
treatment is greater than 50%.

For the purpose of designing relatively homogeneous prospective clinical trials,
“platinum-resistant” and “recurrent” (potentially platinum-sensitive) disease has
been defined'*"? (Box 9-1). Again, it is critical to remember that although these defi-

Table 9-1. Relationship Between Response Rates to Second-Line Platinum-Based

Chemotherapy and the Platinum or Treatment-Free Interval

Platinum-Free Interval Percentage
0-6 months 10

7-12 months 20-30
13-18 months 30-40
19-24 months 40-50

>24 months >50

Data from references 7, 8, and 9.
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Figure 9-1. Survival from the
start of treatment for relapse
(second treatment). The time
lapsed since the end of treatment
to relapse has a tremendous
bearing on probability of survival.
Lighter red, relapse or progression
within 18 months of completing
initial treatment; darker red, relapse
or progression after 18 months of
completing initial treatment. (From
Gore ME, Fryatt I, Wiltshaw E,

et al: Treatment of relapsed
carcinoma of the ovary with
cisplatin or carboplatin following
initial treatment with these
compounds. Gynecol Oncol

I 36:207-211, 1990, Fig. 3.)
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Box 9-1. Definition of Recurrent and Platinum-Resistant Ovarian Cancer

Recurrent ovarian cancer:

Prior response to a platinum-based chemotherapy regimen and a treatment-free interval of
>6 months

Platinum-resistant ovarian cancer:

No response to prior platinum-based chemotherapy (e.g., “best response” stable disease or actual
disease progression) or response to platinum-based therapy with a treatment-free interval of
<6 months

Box 9-2. Considerations in the Selection of Second-Line Therapy in Ovarian Cancer

¢ Prior response to treatment (including treatment-free interval)

Toxicity from prior therapy (including any residual effects)

Evidence-based phase |ll trial data supporting strategies in the particular setting (e.g., recurrent
disease)

Non-evidence-based (phase Il studies) supporting potential treatment programs

Availability of, and interest in, clinical trials

Patient choice

Box 9-3. Reasonable Objectives of Second-Line Therapy of Ovarian Cancer

Extend survival

Improve cancer-related symptoms

Prolong the time to the development or worsening of symptoms
Prolong the time to the documentation of progressive disease
Improve or maintain overall quality of life

ok N =

nitions are useful (particularly in the context of eligibility criteria for clinical studies),
no single duration of a platinum- or treatment-free interval can specifically differenti-
ate the individual patient who will, or will not, achieve benefit from re-treatment
with a platinum drug. Selection of optimal therapy in this setting must include con-
sideration of available trial data (especially evidence-based randomized phase III
studies), the toxicity previously experienced by the patient during prior treatment
regimens, and patient choice (Box 9-2).

Goals of Second-Line Chemotherapy in Ovarian Cancer

Unfortunately, available data fail to provide evidence for the legitimate curative
potential of any existing second-line chemotherapeutic strategy in ovarian cancer.>’™"!
This is an important point and clearly distinguishes secondary from primary treat-
ment, where it is rational to suggest that such treatment is being delivered to many
patients with curative intent, even if only a limited percentage of individuals ulti-
mately achieve this goal.'

In the absence of “cure” as an aim of treatment, what are the overall goals of
second-line treatments in ovarian cancer? There are a number of highly clinically
relevant objectives of such therapy, as outlined in Box 9-3. A critically important
aspect of anticancer management in this setting is to carefully balance the meaningful
goals of therapy with the potential adverse effects of treatment, particularly when
certain toxicities may be cumulative and persistent in their impact on an individual’s
quality of life (e.g., neuropathy).
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Chemotherapy of Recurrent (Potentially Platinum-Sensitive)
Ovarian Cancer

As previously noted, there is very strong evidence to support delivery of a platinum-
based chemotherapy regimen in the second-line setting in women who have previ-
ously experienced an objective response to therapy with this class of drugs.”
Unfortunately, there has been a rather profound absence of evidence-based studies
that have directly compared a platinum-based regimen with a non-platinum program
in the setting of recurrent ovarian cancer. However, the limited randomized experi-
ence does suggest superiority of a platinum-containing program in this clinical setting'*
(Table 9-2; Fig. 9-2).Despite this fact, there are a number of reasons why an indi-
vidual physician and patient may decide to avoid platinum in the second-line setting,
despite a prior response to the drug (Box 9-4).

The risk for the development of a platinum-associated hypersensitivity reaction is
increasingly recognized as an important concern in this patient population. Up to
15% to 20% of women receiving a second-line platinum-based chemotherapy program
experience this toxic reaction, with signs and symptoms ranging from a mild rash
to cardiovascular and respiratory arrest'>'® (Fig. 9-3). Fatal episodes related to re-
treatment with a platinum agent following the demonstration of a platinum allergy
have been reported.'’

Several desensitization programs have been developed to permit the continuation
of therapy with platinum in this patient population, with a variable degree of reported
success.'®>?" These programs are patterned after strategies used in individuals docu-
mented to have hypersensitivity to antibiotics (e.g., penicillin), in which initiation or
continuation of treatment with the agents is highly relevant, despite the potential
risk.

The decision to continue a patient with a platinum drug in this setting should
reasonably be based on several factors, including: (a) severity of the reaction; (b)
objective evidence for the activity of the second-line program that contains the plati-
num (e.g., major reduction in abdominal pain or disappearance of symptomatic

Table 9-2. Combination Platinum-Based Chemotherapy versus a Non-Platinum
Regimen in Recurrent Ovarian Cancer

Progression-free Survival

Complete Response (Median) Overall Survival (Median)
Paclitaxel 17% 9 months 25.8 months
CAP 30% 15.7 months (P = .038) 34.7 months (P = .043)

CAP, cyclophosphamide, doxorubicin, cisplatin.

Data from Cantu MG, Buda A, Parma G, et al: Randomized controlled trial of single-agent paclitaxel versus cyclophosphamide,
doxorubicin, and cisplatin in patients with recurrent ovarian cancer who responded to first-line platinum-based regimens. J Clin
Oncol 20:1232-1237, 2002.

Box 9-4. Reasons for Not Using Platinum-Based Therapy in Recurrent Ovarian Cancer

* Prior serious acute toxicity (e.g., severe emesis; grade 3 neuropathy; grade 3-4
thrombocytopenia)

* Persistent toxicity, even if not severe (e.g., grade 1 neuropathy)

* Highly unpleasant adverse effects of prior platinum therapy (e.g., grade 1-2 emesis lasting 5-7
days after each treatment)

* Development of a clinically relevant platinum hypersensitivity reaction

* Modest activity of prior platinum therapy (e.g., treatment-free interval of only 6-8 months)
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Figure 9-2. Comparison of
single-agent versus multiagent
therapy. A, Kaplan-Meier plot of
progression-free intervals by
treatment. B, Kaplan-Meier plot of
overall survival by treatment. Few
evidence-based studies directly
compare a platinum-based regimen
with a non-platinum program in the
setting of recurrent ovarian cancer.
However, the limited randomized
experience does suggest superiority
of a platinum-containing program.
CAP, cyclophosphamide,
doxorubicin (Adriamycin), and
cisplatin. (Data from Cantu MG,
Buda A, Parma G, et al:
Randomized controlled trial of
single-agent paclitaxel versus
cyclophosphamide, doxorubicin,
and cisplatin in patients with
recurrent ovarian cancer who
responded to first-line
platinum-based regimens. J Clin
Oncol 20:1232-1237, 2002, Figs. 2
and 3.

ascites versus a minimal fall in the CA-125 level after the initial course of second-line
platinum); (c) available alternative options; and (d) patient choice.?’ Patients and
their families need to be included in the discussion regarding re-treatment with a
platinum agent after the development of platinum hypersensitivity, since the risk of

a severe, even fatal, reaction is more than a theoretical possibility.'’

Combination Platinum-Based Chemotherapy versus Single-Agent Platinum

If a patient is to receive a platinum agent, the next question is: Should the platinum
drug be administered alone or in combination with a second non-platinum drug?
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Figure 9-3. Up to 15% to 20% of women receiving a second-line platinum-based chemotherapy
program will experience a toxic reaction. (Data from Markman M, Kennedy A, Webster K, et al: Clinical
features of hypersensitivity reactions to carboplatin. J Clin Oncol 17:1141, 1999, Table 1.)

Table 9-3. Phase Ill Randomized Trials of Combination Platinum-Based Therapy versus
Single-Agent Platinum in Recurrent Ovarian Cancer

Progression-Free Overall Survival
Response Rate Survival (Median) (Median)

Carboplatin + paclitaxel 66% vs 54% 12 vs 9 months 29 vs 24 months
versus carboplatin (P = .06) (HR 0.76, P = .0004) (HR 0.82, P =.02)
(ICON-4)©

Carboplatin + gemcitabine 47.2% vs 30.9% 8.6 vs 5.8 months 18 vs 17.3 months
versus carboplatin (AGO)'! (P =.016) (HR 0.72, P = .003) (HR 0.96, P = .74)

Data from The ICON and AGO Collaborators. Paclitaxel plus platinum-based chemotherapy versus conventional platinum-
based chemotherapy in women with relapsed ovarian cancer: the ICON4/AGO-OVAR-2.2 trial. Lancet 361:2099-2106, 2003;
Pfisterer J, Plante M, Vergote I, et al: Gemcitabine plus carboplatin compared with carboplatin in patients with platinum-
sensitive recurrent ovarian cancer: an intergroup trial of the AGO-OVAR, the NCIC CTG, and the EORTC GCG. J Clin Oncol
24:4699-4707, 2006.

The results of two phase III randomized trials have provided important support for
the conclusion that combination platinum-based chemotherapy is therapeuti-
cally superior to single-agent platinum when used in recurrent ovarian cancer'*!!
(Table 9-3).

The first reported trial (International Collaborative Ovarian Neoplasm [[CON]-4)
was rather complex in its design, but it is reasonable to conclude that the study
essentially compared a regimen of single-agent carboplatin with the combination of
carboplatin plus paclitaxel.!” This trial revealed an improvement in both progression-
free and overall survival in favor of the combination program. At 2 years’ follow-up,
a 7% absolute improvement (57% versus 50%) was seen in overall survival in favor
of the carboplatin plus paclitaxel regimen.

Unfortunately, this clear survival benefit must be viewed in the context of the
documented substantial increase in neurotoxicity observed in the population random-
ized to the combination regimen, compared with single-agent carboplatin (grades 2--3:
20% versus 1%)'° (Fig. 9-4).

The second reported randomized study in recurrent ovarian cancer directly com-
pared single-agent carboplatin with the combination of carboplatin plus gemcitabine."!
This trial also demonstrated an improvement in progression-free survival associated
with the combination program, but surprisingly (in view of the previously known
results from ICON-4), no improvement in overall survival.
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Figure 9-4. Reactions to platinum-based chemotherapy. A, Global health status. B, Fatigue. C, Nausea and
vomiting. D, Pain over time. The same patients do not contribute to each point. (From The ICON and AGO Collaborators.
Paclitaxel plus platinum-based chemotherapy versus conventional platinum-based chemotherapy in women with relapsed
ovarian cancer: the ICON4/AGO-OVAR-2.2 trial. Lancet 361:2099-2106, 2003, Fig. 6.)

Although several hypotheses may be proposed to explain the lack of overall sur-
vival benefits observed in this trial, perhaps the most likely is the fact that a larger
percentage of patients in the carboplatin versus carboplatin plus gemcitabine trial
received further chemotherapy after progression compared with the number of indi-
viduals receiving additional treatment when therapy on ICON-4 was completed.
Though only a theory, it has recently been documented that active chemotherapy in
the third-line setting can exert a statistically significant impact on survival indepen-
dent of prior therapy the patient may have received® (Table 9-4).

As might have been anticipated, no difference was seen in the risk of serious
neuropathy between the two treatment regimens (carboplatin plus gemcitabine
versus carboplatin), since gemcitabine is itself not considered neurotoxic."

A randomized phase III trial that compared the combination of carboplatin plus
liposomal doxorubicin with carboplatin plus paclitaxel is currently nearing comple-
tion, with the results hoped to be available in the near future.” It is possible that
the outcome of this study will permit the addition of another combination regimen
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Table 9-4. Evidence for the Impact of Third-Line Therapy on Survival in Ovarian Cancer

Randomized Phase Il Canfosfamide (TLK 286) Liposomal Doxorubicin or

Trial Comparison (Experimental Arm) Topotecan (Control Arm)

Objective response rate 4.3% 10.9%

Progression-free survival 2.3 months 4.4 months (P = .0001)
(median)

Overall survival (median) 8.5 months 13.6 months (P = .0001)

Data from Vergote |, Finkler N, del Campo J, et al: Single agent, canfosfamide versus pegylated doxorubicin or topotecan in
3rd line treatment of platinum refractory or resistant ovarian cancer: phase 3 study results. J Clin Oncol 25 (18S) (part 11):9665s-
(Abstract #LBA55289), 2007.

to the list of programs whose usefulness in recurrent ovarian cancer has been docu-
mented in evidence-based clinical trials.

Other Options in the Recurrent Disease Setting

Despite the important data supporting the usefulness of carboplatin-based combina-
tion chemotherapy in recurrent ovarian cancer, it is not known whether the outcome
of treatment (progression-free and overall survival) would be equivalent, but perhaps
with less toxicity, if the agents were delivered in sequence rather than together.®**
For example, patients could receive three cycles of carboplatin, followed by three
cycles of paclitaxel (or gemcitabine, or liposomal doxorubicin). Unfortunately,
without randomized phase III trial data, the answer to the usefulness of this rational
alternative is simply unknown.

The delivery of non-platinum single-agent therapy in recurrent ovarian cancer is
another option, particularly in a patient experiencing platinum hypersensitivity?' or
who has preexisting toxicity from primary platinum-based therapy (e.g., persistent
grade 2-3 neuropathy). Even in the setting of prior modestly severe (but disconcert-
ing) toxicity (e.g., grade 2 emesis after each chemotherapy regimen lasting for several
days), a patient may elect to be treated with a non-platinum strategy.

In addition, for patients whose treatment- or platinum-free interval minimally
satisfies the definition of recurrent disease (e.g., 6 to 9 months), a reasonable case
can be made to initiate treatment with an alternative drug.”” Of course, this argu-
ment is made stronger if the patient experienced difficulty tolerating the initial
treatment program.

A number of cytotoxic agents have been shown to possess a sufficient level of
biologic activity in phase II studies in recurrent or resistant ovarian cancer such that
they may reasonably be considered to be used in this setting®® (Box 9-5). Unfortu-
nately, very limited randomized phase III data exist to help in the selection of the
best single agent to use in this patient population (Fig. 9-5).

One phase III study should be highlighted because the results appear to indicate
the superiority (both an improvement in progression-free and overall survival) of
single-agent liposomal doxorubicin, compared with single-agent topotecan, in recur-
rent ovarian cancer'>?® (Fig. 9-6). Although the data are of considerable interest and
certainly document the clinical utility of liposomal doxorubicin in this setting, it must
be noted that neither of these single agents has been compared with a platinum
drug—either alone or as a component of a combination strategy.'*

Furthermore, this trial is also notable for the fact that a rather modest improve-
ment in progression-free survival in favor of the liposomal doxorubicin regimen
(median: 5.6 weeks) translates to a substantial difference in overall survival (median:
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Box 9-5. Antineoplastic Agents with Demonstated Activity in Recurrent or
Platinum-Resistant Ovarian Cancer

Altretamine Liposomal doxorubicin
Bevacizumab Oxaliplatin

Docetaxel Paclitaxel (93 weeks, weekly)
Epirubicin Pemetrexed

Etoposide (orally for 21 days) Tamoxifen

Gemcitabine Topotecan (g3 weeks, weekly)
[fosfamide Trabectedin (not FDA-approved)
Irinotecan Vinorelbine

Extent of disease after cytoreductive surgery

v v
Optimal stage Ill (Suboptimal stage III—IVJ

Response to initial chemotherapy

\/ \/

Resplonse Stable Proglression Resplonse Stalble Progression
[ | [

CR PR CR PR

| | |
]
Treatment-free interval

>6 months | <6 months

Y Y v v

Recurrent disease, Recurrent disease, Persistent di Refractory disease
platinum resistant ersistent disease drug resistant

platinum sensitive

* Phase |l trials * Phase |l trials Small-volume residual: * Phase |l trials

* Retreat platinum ¢ Other second line* ¢ |P platinum or paclitaxel * Other second line*
+ paclitaxel  Continue platinum

* Tamoxifen + paclitaxel

* Biological trials ¢ Tamoxifen

* Other second line* * Biological trials

Large-volume residual:
 Continue platinum
+ paclitaxel
¢ Phase |l trials
* Other second line*

*Other second-line regimens include topotecan, prolonged oral etoposide, liposomal doxorubicin,
weekly paclitaxel, and gemcitabine.

Figure 9-5. Decision map, based on extent of disease after cytoreductive surgery and response to
chemotherapy. More precise definition of the treated population helps inform the use of a particular regimen in routine
clinical practice. Unfortunately, limited randomized phase Il data exist to help in the selection of the “best” single agent.
CR, complete response; IP, intraperitoneal; PR, partial response. (From Markman M, Bookman MA: Second-line treatment
of ovarian cancer. Oncologist 5:26-35, 2000, Fig. 1.)
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37 weeks).!>?® One possible explanation for this somewhat surprising finding is that
much of the difference in overall survival resulted from what happened to patients
after they completed treatment on this protocol.

It is reasonable to speculate that for the women entered into this trial oncologists
would subsequently have desired to administer carboplatin after progression, because
this was a potentially platinum-sensitive patient population (although the individuals
entered into this trial initially received the study medications before re-treatment
with the platinum). It is possible (although no specific data are available to prove
this hypothesis) that patients who received the relatively nonmyelosuppressive lipo-
somal doxorubicin were able to be treated with a reasonable course of carboplatin
following progression, whereas it was more difficult to deliver carboplatin after treat-
ment with topotecan, a recognized more myelotoxic antineoplastic agent.'%%

Figure 9-6. Kaplan-
Meier curves of survival

pegylated liposomal
doxorubicin compared

these single agents has
been compared in any

0O 20 40 60 80 100 120 140 160 180 200 220 240 260 (see Fig. 9-2). (From
Gordon AN, Tonda M,
Sun S, et al: Long-term
Pegylated liposomal survival advantage for
doxorubicin (n = 239) women treated with
pegylated liposomal
doxorubicin compared
A with topotecan in a phase
3 randomized study of
recurrent and refractory
epithelial ovarian cancer.
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Note that it has been theorized that by treating recurrent ovarian cancer patients
with a non-platinum agent before a platinum drug in the recurrent disease setting
(so-called “artificially extending the platinum-free interval”), it may be possible to
increase the percentage of individuals who respond to the platinum drug when it is
subsequently administered. Although this is a provocative concept, unfortunately no
prospectively obtained randomized clinical data are available to support this proposal.
Moreover, it is at least equally possible that by delaying the administration of plati-
num until the third-line setting, the effectiveness of the platinum agent may be
reduced.” Furthermore, as previously noted, the toxicity produced by the second-
line nonplatinum strategy may even make it more difficult to deliver an optimal
subsequent course of a platinum drug.'*%
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It is also relevant to note that currently no evidence exists for the superiority of
any combination non—platinum-containing regimen in recurrent ovarian cancer com-
pared with the administration of a single agent. Therefore, with the exception of
individuals participating in clinical trials, single-agent therapy is the preferred choice
in this clinical setting.

Finally, the potential role of surgery in recurrent ovarian cancer must be con-
sidered in the context of the decision to deliver chemotherapy in this patient
population. Although there are no evidence-based trials that have documented the
usefulness of this therapeutic approach or that critically define the specific patient
subgroups for whom such surgery should be carried out, considerable retrospec-
tive data suggest that patients with relatively long treatment-free intervals and
potentially surgically resectable disease may benefit from this strategy prior to the
delivery of second-line cytotoxic chemotherapy.?® The results of ongoing phase III
trials directly addressing the issue of defining a role for secondary cytoreductive
surgery in the management of ovarian cancer are awaited with considerable
interest.

Treatment of Platinum-Resistant Ovarian Cancer

A relatively large number of antineoplastic agents have demonstrated activity in
platinum-resistant ovarian cancer® (see Box 9-5). To date, there is no evidence for
the superiority of any specific single agent over another drug in this setting based on
the results of data from phase III randomized controlled trials.

How should therapy in resistant disease be selected if data from phase III trials
are not available to guide the choice of treatment? As previously noted, a number of
relevant factors can be suggested that may help in the selection of treatment (see
Box 9-3). In addition, it is likely that an individual ovarian cancer patient will be
treated with several of these drugs during the course of her illness.” Thus, the ques-
tion of selection may in reality be one of “when” a particular drug will be delivered
rather than “if” it will be administered.

Of critical relevance to the management of the patients in this frequently chronic
disease setting is the often delicate balance between improving existing (or delaying
the development of) cancer-related symptoms while at the same time not producing
toxic effects that may negate potentially beneficial effects of the therapeutic regimen.*
For those who challenge the concept that treatment in this advanced setting has any
impact on survival, evidence-based data now exist to refute this perspective (at least
for the overall population of patients in this clinical setting).??

No discussion of the treatment of platinum-resistant ovarian cancer would be
complete without mention of the potentially important role of radiation therapy in
individual patient management. Radiation is particularly useful in patients with rela-
tively isolated pelvic progression in whom pain is the major symptom and in whom
it is possible to define radiation portals that will not require exposure of substantial
volume of bowel. While it is appropriate to note that this strategy may have a nega-
tive impact on the ability to administer myelosuppressive chemotherapy in the
future, in the setting of platinum-resistant disease it is unlikely that this factor will
be of substantial clinical consequence.

Finally, it is important to acknowledge that at some poorly defined point in the
care of almost all patients with platinum-resistant ovarian cancer, the issue of con-
tinuation of antineoplastic therapy versus a focus on symptom management or pallia-
tive/hospice care becomes a relevant discussion for the oncologist to have with the
patient and her family.
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Chemoresistance and Chemosensitivity Testing in the Selection of
Second-Line Anti-Neoplastic Drug Delivery

A number of retrospective and fewer prospective reports have suggested the potential
for in vitro testing of ovarian cancer tumor samples to select treatment, particularly
in the setting of recurrent or resistant disease.*’** The goal of all such testing would
be to provide the clinician with a tool that will permit the delivery of a treatment
strategy that is more likely to be beneficial, compared with empiric decisions regard-
ing treatment based on evidence-based (and other) clinical data, and good clinical
judgment.3**°

Before briefly discussing the evidence supporting the clinical usefulness of these
claims, it is important to appreciate the critical distinction between a prognostic and
a predictive test in the oncology arena.

A prognostic test provides information regarding the statistical likelihood of a more
or less favorable outcome. For example, women with advanced-stage or high-grade
ovarian cancer are more likely to have a poorer survival outcome compared with
individuals with early-stage or low-grade disease. This is an example of a prognostic
test, since there is nothing in the information that permits the clinician to specifically
select a treatment program that can actually improve that survival.

In contrast, a predictive test provides data that allow the clinician to use the infor-
mation to select a particular management strategy that has been shown to enhance
the opportunity for a more favorable outcome. Excellent examples of predictive tests
in oncology are the estrogen receptor, which suggests the potential utility of hormonal
therapy, and Her2 overexpression, which predicts the activity of treatment contain-
ing trastuzumab.

Unfortunately, to date, the only available evidence reveals several of these che-
mosensitivity or chemoresistance assays to be of possible prognostic value in ovarian
cancer.*** For example, an ovarian cancer shown to be highly resistant to a number
of chemotherapeutic agents may have a particularly poor outcome, but there is cur-
rently no prospective evidence that the active selection of a particular drug (e.g., low
level of resistance or suggested high degree of sensitivity in vitro), based on an assay
result, will improve the chances for a favorable outcome (again, compared with the
judgment of an experienced oncologist).

It is hoped that future trials in this general area will be able to either establish
the clinical utility of one (or more) of these assay systems or continue to reveal
them to be solely of prognostic (and therefore quite limited) clinical value in this
setting.

Ongoing Research in Recurrent and Resistant Ovarian Cancer

A relatively large number of phase II and phase III trials that are examining novel
strategies in the management of recurrent and resistant ovarian cancer are currently
in progress.

Of particular interest are studies exploring the role of antiangiogenesis agents,
based on the provocative phase II trial experience with second-line single-agent beva-
cizumab in ovarian cancer (objective response rate: 15-20%).***” Phase III trials
examining the use of this drug in both the primary and second-line settings are
ongoing.

The activity of a novel PARP (poly-ADP-ribose polymerase) inhibitor has recently
been reported to exceed 20% to 30% in women with recurrent or resistant ovarian
cancer who possess a BRCAI or BRCA2 mutation.*®* Again, a phase III randomized
trial examining this novel compound is in progress.
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Other drugs being explored in individual phase III studies in platinum-resistant

disease include trabectedin, karenitecin, phenoxodiol, and patupilone. It is hoped
that the results of one or more of these ongoing studies will reveal a new manage-
ment paradigm that will improve both the survival and quality of life for women with
recurrent and resistant ovarian cancer.
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W Secondary Cytoreduction in
the Treatment of Recurrent
1 O Ovarian Cancer

Ram Eitan and Dennis S. Chi

KEY POINTS

Surgical cytoreduction is the cornerstone of treatment in newly diagnosed ovarian carcinoma.
Surgery should also be considered as a treatment option for patients with recurrent ovarian
carcinoma.

Patient selection depends on several factors: (1) disease-free interval, (2) extent of disease recur-
rence, (3) performance status, and (4) history of response to chemotherapy.

Introduction

Surgery remains the cornerstone of treatment in primary epithelial ovarian carcinoma
(EOC). Extensive cytoreduction is used in the treatment of advanced-stage disease,
and thorough surgical staging procedures are used in apparent early-stage cases. Both
procedures have been well established in the care of epithelial ovarian carcinoma and
have been shown to influence prognosis, decisions regarding further therapy, and
long-term outcome.

The treatment of recurrent epithelial ovarian carcinoma relies heavily on chemo-
therapy with various protocols and drug regimens used, depending on the length of
time from the previous treatment, line of therapy, performance status, and pattern
of disease spread on recurrent disease. Surgery also has an important role in the
treatment of recurrent epithelial ovarian carcinoma and is the focus of this
chapter.

Clinical and Theoretical Background of Surgical Cytoreduction

The concept of cytoreductive surgery for ovarian cancer has evolved since Meigs'
first proposed in 1934 that as much tumor as possible should be removed to enhance
the effects of postoperative radiation. Forty years after Meigs’ initial proposition,
Griffiths? published the landmark study that first clearly delineated the inverse rela-
tionship between postoperative residual tumor size and ovarian cancer patient sur-
vival. More contemporary studies published by Hoskins and the Gynecologic Oncology
Group (GOG) demonstrated two important principles with respect to residual
disease after primary surgery for advanced-stage ovarian cancer.® First, there is a
threshold effect, or a maximal diameter of residual disease above which even exten-
sive efforts at cytoreduction will not impact survival. Second, below this threshold
there is also a continuum effect—such that the smaller the residuum, the better the
survival outcome—with patients who are left with no gross residual disease having
the most favorable prognosis.*
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Box 10-1. Benefits of Tumor Cytoreduction

Log-kill of tumors with chemotherapy is greater in small volume tumors
Elimination of chemotherapy-resistant cells

Removal of large tumor masses with poor blood flow

Improved intestinal tract function

Higher response rate to chemotherapy

Prolonged disease-free survival

Improved overall survival

Tumor cytoreduction of advanced epithelial ovarian carcinoma has both theoreti-
cal and clinical benefits (Box 10-1). A key concept in understanding the potential
benefits of tumor cytoreduction is the Gompertzian cell growth curve. Tumor cell
numbers tend to increase exponentially over time, and the rate of growth is faster
in the earlier part of the curve when tumors are relatively small.® Chemotherapy
works by killing rapidly growing and dividing cells. Log-kill of tumors with chemo-
therapy is therefore thought to be greater in tumors of smaller volume, which are
made up of rapidly growing and dividing cells. Surgical cytoreduction of tumor
volume from larger slow-growing tumors to smaller rapid-growing ones thereby offers
patients a greater chance of response to chemotherapy.

The elimination of potentially chemotherapy-resistant cells is another benefit of
surgical cytoreduction. The probability of spontaneous mutations and drug-resistant
phenotypes increases as tumor size and cell numbers increase, according to the math-
ematical model of Goldie and Coldman.® Therefore, by decreasing tumor size and
cell numbers, cytoreductive surgery has the ability to remove existing resistant tumor
cells and to decrease the spontaneous development of additional resistant cells. In
addition, surgery has the potential to remove large tumor masses with poor blood
flow, allowing better distribution of intratumoral chemotherapy. These possible
benefits are supported by the numerous reports on the clinical benefits of cytoreduc-
tion and theoretically hold true for both primary and secondary clinical scenarios.

Although the basic treatment paradigm of a maximum cytoreductive surgical
effort before initiating platinum- and taxane-based chemotherapy is well established,
the majority of patients with advanced-stage epithelial ovarian cancer ultimately
experience tumor recurrence.”® For this reason, the therapeutic value of repeating
the initial surgical treatment plan (cytoreduction) has been widely debated. Since
the publication by Berek and associates’ in 1983, which first introduced the term
“secondary cytoreduction,” the clinical scenarios, indications for, and anticipated
outcomes of repeat tumor-reductive operations for recurrent ovarian cancer have
been better defined."”

By most accounts, cytoreductive surgery for recurrent ovarian cancer is defined as
an operative procedure performed at some time remote (disease-free interval of more
than 6 to 12 months) from the completion of primary therapy with the intended
purpose of tumor reduction. Even within this narrowly defined clinical scenario, the
potential usefulness of surgical cytoreduction remains controversial. Operative
therapy plays only a minor role in the treatment of recurrent ovarian cancer in routine
clinical practice. This might be based on the one hand on the technical complexity
of secondary surgery in patients with repetitive abdominal procedures, and on the
other hand on the lack of conclusive evidence and existence of several unanswered
questions regarding cytoreductive surgery in this setting. The survival impact of
successful tumor reduction has been difficult to quantify in relation to other relevant
clinical and biologic prognostic characteristics.
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Box 10-2. 1998 International Ovarian Cancer Consensus Conference Criteria for Optimal
Candidates for Secondary Cytoreductive Surgery

Disease-free interval >12 months

Response to first-line therapy

Potential for complete resection based on preoperative evaluation
Good performance status

Younger age

Secondary Cytoreduction

As in most clinical situations in medicine, patient selection for a chosen treatment
modality is a significant factor in the success of this treatment. In the setting of
recurrent ovarian cancer, in which cure is rarely a reasonable outcome to hope for,
the clinician’s role is to choose among several treatment schemes meant to prolong
survival with good quality of life and minimal morbidity. It is not always possible to
predict the patient’s response to chemotherapy or how much she will benefit from
surgery, but the morbidity associated with either modality should be taken into
account during counseling when recurrence is diagnosed.

In 1998, the Second International Ovarian Cancer Consensus Conference sug-
gested several criteria for optimal candidates for secondary cytoreductive surgery"’
(Box 10-2). This was an important statement that set forth long-awaited guidelines
for surgery in the recurrent disease setting but that was based more on experts’
opinions than on published peer-reviewed data. Several questions were still to be
answered concerning secondary cytoreduction—questions regarding patient selection
and goals of secondary surgery.

Patient Selection

Numerous series have been published on secondary cytoreduction, and almost all
have concluded that there is a benefit to secondary surgical cytoreduction.'*?
However, because of the nonrandomized nature of all the series on this topic, patient
selection undoubtedly played a significant role in the findings and conclusions of these
studies.

Disease-free Interval

In many series, an important prognostic and therefore selection factor is the disease-
free interval (DFI), defined as the interval from the completion of chemotherapy to
the diagnosis of recurrence. The platinum-free interval is the interval of time between
the last dose of platinum-based chemotherapy and the diagnosis of recurrence. Gen-
erally, the DFI and the platinum-free interval are the same, since almost all patients
receive primary platinum-based chemotherapy.

The importance of the DFI in patient selection for secondary cytoreduction was
demonstrated by Morris and colleagues* in a retrospective series of 33 patients with
advanced ovarian cancer who did not respond to first-line chemotherapy. In this
cohort of patients with essentially no DFI, secondary cytoreduction was found to be
of no benefit. However, numerous studies have demonstrated a survival benefit for
patients whose DFI was longer than 12 months.

In 2006, the AGO (Arbeitsgemeinschaft Gynaekologische Onkologie) published
a multicenter study on secondary cytoreductive surgery.”’ This was a large trial
evaluating 267 patients with recurrent ovarian cancer. The Descriptive Evaluation of
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Preoperative Selection Kriteria for Operability in Recurrent Ovarian Cancer
(DESKTOP) trial was an exploratory study based on data from a retrospective analy-
sis of hospital records. Regarding DFI, the authors of DESKTOP could not detect
any impact of DFI on outcome in patients with DFIs when comparing 6 to 12 months
with more than 12 months. Other series have reported a significant survival impact
for DFIs exceeding 12 months and up to 36 months,'**>*” whereas other series did
not detect any impact.?!

In the same year as the AGO study, Chi and associates?’ applied a statistical
analysis called smoothing techniques to analyze survival as a function of DFI in a large
cohort of patients who underwent secondary cytoreduction for recurrent ovarian
cancer (Fig. 10-1). The analysis identified optimal DFI cut-points of 6 to 12 months, 13
to 30 months, and more than 30 months. Survival after secondary cytoreduction was
significantly improved in the longer DFI groups (Fig. 10-2).

Although DFI is one of the most frequently reported prognostic factors, it should
not be the sole factor in deciding whether to offer secondary cytoreduction to women
with recurrent ovarian cancer. Other factors, discussed in the following text, also
carry weight in decision making. Moreover, some patients should not be offered
surgery. For instance, women whose disease is persistent or progressive while they

Figure 10-1. Survival as a function
° of disease-free interval. (From Chi
° DS, McCaughty K, Diaz JP, et al:
Guidelines and selection criteria for
secondary cytoreductive surgery in
patients with recurrent, platinum-
sensitive epithelial ovarian
carcinoma. Cancer 106:1933-1939,
2006, Figure 4.)
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are receiving primary chemotherapy should not be offered surgical cytoreduction.
Women with recurrent disease within 6 months of completing chemotherapy have
a poor prognosis and generally gain little but morbidity from attempts at surgical
cytoreduction. Women with a recurrence 6 to 12 months after completing chemo-
therapy can sometimes be offered surgical cytoreduction based on other variables.
Patients with later recurrences and DFIs of 12 months to 30 months may be con-
sidered for secondary cytoreduction based on other factors, whereas patients with
DFIs of 30 months or more should be assessed for surgical cytoreduction.

Extent of Disease and Ascites

Several factors regarding the pattern of recurrent disease should be taken into
account before reaching a decision on surgical cytoreduction. These include the ana-
tomic sites of recurrence, the number of lesions, the presence of carcinomatosis, and
ascites (Box 10-3). Through imaging and physical examination, most of these factors
can be assessed. Assessment of carcinomatosis is not always possible on imaging.

DESKTOP investigators evaluated the predictive value of ascites, localization of
recurrence to the pelvis or other parts of the abdomen, and preoperative diagnosis
of carcinomatosis.?! These and other variables were appraised for their correlation
with complete resection of tumor. On univariate analysis with respect to operability,
ascites less than 500 mL, recurrent disease limited to the pelvis only, and no radio-
logic diagnosis of peritoneal carcinomatosis were predictors of complete resection.
Regarding preoperative tumor assessment, they limited further analysis to ascites
volume and when included on multivariate analysis, ascites less than 500 mL showed
an independent and significant impact on the probability of achieving complete resec-
tion without macroscopically visible residual tumor. On multivariate analysis, the
presence of ascites also had a negative impact on survival. Chi and associates® also
found the presence of ascites to be a significant factor for survival on univariate but
not multivariate analysis.

Localized recurrence of ovarian cancer with a small number of lesions is considered
a favorable prognostic factor. It is thought that the likelihood of successful secondary
cytoreduction is greater and that postrecurrence survival is superior. Most of the
studies in the literature compare a solitary site with multiple sites of recurrence.
Gronlund and associates® noted that a solitary recurrence was associated with the
ability to achieve complete tumor resection and that patients who had complete
cytoreduction experienced improved overall survival. Munkarah and colleagues® also
evaluated the role of cytoreductive surgery for solitary versus multiple intra-abdomi-
nal recurrence sites of ovarian carcinoma. Survival was not evaluated on the basis of
recurrent disease sites, but they were able to achieve optimal cytoreduction in a
greater percentage of patients with isolated recurrence sites, which resulted in a trend
toward improved survival. Zang and associates'® noted improved ability to perform
optimal cytoreduction in patients with a solitary lesion and also observed a significant
S5-year survival advantage for patients who had one recurrent disease site (49.8%)
compared with patients who had multiple recurrent disease sites (5.4%). Gadducci

Box 10-3. Patterns of Recurrence to Be Evaluated

* Anatomic sites of recurrence
* Number of lesions

¢ Lesion size

* Presence of carcinomatosis
* Ascites
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and associates®® reported a median survival of 40 months for patients who had an
isolated, solitary recurrence versus 19 months for patients who had multiple recur-
rence sites. Other studies, including an evaluation of isolated lymph nodal recur-
rences, have also demonstrated notable survival benefits for secondary cytoreductive
surgery in patients who have a single site of recurrence.'*?73436

To evaluate a wider spectrum of patients, Chi and associates?® demonstrated that
patients with a single site of recurrence had a median survival of 60 months compared
with 42 months for patients with multiple sites of recurrence and 28 months for
patients with carcinomatosis (Fig. 10-3).

Salani and colleagues® divided a cohort of patients who underwent secondary
cytoreduction into two groups with up to five and with more then five sites of recur-
rence on preoperative imaging studies. The median survival of 48 months from the
time of secondary cytoreductive surgery suggested that patients with less than five
lesions on imaging studies in general have a better prognosis.

Larger tumor diameter at the time of recurrence has been shown by some inves-
tigators to adversely affect survival, although this varies from 5 to 10 cm depending
on the study.”'*?” Others could not show an association of lesion size with either
complete cytoreduction or survival,!>1930:3334

Overall, the literature consistently supports the idea that a patient with a long
DFI and a solitary lesion less than 5 cm with no ascites or carcinomatosis will benefit
from secondary cytoreduction. Unfortunately, the woman with a short DFI, exten-
sive disease involving peritoneal surfaces with carcinomatosis, and ascites was in the
majority and not the optimal candidate just mentioned (Fig. 10-4). There is a spec-
trum of recurrence patterns, and few patients fit into the optimal category slot. Logic
should be used in determining the pattern of tumor spread that most likely fits surgi-
cal ability for resection. Imaging is an important tool for preoperative assessment and
is discussed further.

Figure 10-3. Number of sites of
45 recurrence and survival after
A 40 secondary cytoreduction.
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Variables Related to Adjuvant Chemotherapy and Response

Eisenkop and colleagues'* examined the effect of the use of salvage chemotherapy
before attempting surgical cytoreduction. Patients who had not received salvage
chemotherapy experienced improved survival after surgery for recurrence. The inves-
tigators also evaluated the effect of previous response to chemotherapy in the course
of disease. They found that the patient’s response or lack of response to platinum-
based regimens had no effect on postoperative survival.

Because surgery alone is rarely curative, surgical cytoreduction is generally not
attempted without a plan for administering postoperative chemotherapy. In the
DESKTOP trial?’ women who went on to receive platinum-based chemotherapy
regimens after secondary cytoreduction experienced improved survival compared
with patients who received other chemotherapy regimens (odds ratio 1.84; 95%
confidence interval 1.13-3.01).

Most patients chosen for secondary cytoreduction have by definition platinum-
sensitive disease and are candidates for retreatment with platinum-based regimens
after surgery. It is difficult to conclude from the published literature whether patients
who are not candidates for further platinum treatment will benefit from secondary
cytoreduction. We recommend that patients considered for cytoreduction have
further chemotherapy options for microscopic tumor control and eradication after
surgery.

Other Factors

Additional factors including patient age, performance status, CA-125 levels, histol-
ogy, tumor grade, and others have also been evaluated in an attempt to predict which
patients will benefit from surgery. None of these factors has been shown to signifi-
cantly influence the results of secondary cytoreduction independently of the other
more robust factors previously mentioned.

It is notable that DESKTOP investigators found that both performance status and
residual disease after primary surgery were associated with the probability of achiev-
ing complete resection during secondary cytoreduction. However, neither factor was
associated with survival.

Preoperative Evaluation and Imaging

Predicting preoperatively which patients can be optimally cytoreduced may be chal-
lenging. Limited data exist addressing the efficacy of computed tomographic (CT)
scanning to predict optimal resectability, and no solitary feature has been consistently
associated with unresectability.

Funt and associates®’” attempted to correlate CT findings with surgical outcome in
patients undergoing secondary cytoreduction. Two radiologists unaware of surgical
outcomes retrospectively reviewed CT images and tried to assess for resectability.
Peritoneal carcinomatosis, ascites, nodal disease, perihepatic metastasis, and involve-
ment of bladder, rectum, sigmoid, or vagina were not indicators of tumor resectabil-
ity. Pelvic sidewall invasion and hydronephrosis were significant independent
predictors of suboptimal cytoreduction. It is not entirely clear why pelvic sidewall
invasion would be unresectable in the recurrent setting because it is often not found
to be unresectable in the primary setting. However, this may be explained by the
hypothesis that tumor cells become fibrin-entrapped on previously traumatized peri-
toneal surfaces.® This was a small study of only 36 cases; therefore, the true signifi-
cance and accuracy of these findings need further evaluation. Currently, there are no
reliable CT findings that predict suboptimal cytoreduction, since even extensive
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hepatic tumors have been demonstrated to be resectable in this setting in experienced
centers.*

Another imaging modality frequently used in preoperative evaluation is integrated
3fluorodeoxyglucose-positron emission tomography/CT (FDG-PET/CT). This
modality has been shown to be a sensitive post-therapy surveillance modality for the
detection of recurrent ovarian cancer and can be useful for the detection of tumor
recurrence when conventional imaging is inconclusive or negative.**!

Lenhard and colleagues* assessed the predictive value of PET/CT imaging com-
pared with AGO-scoring in patients planned for cytoreductive surgery with recurrent
ovarian cancer. The investigators concluded that PET/CT and the AGO score offer
good tools for determining candidates for full resectability in recurrent ovarian
cancer. PET/CT was found to have a higher negative predictive value and the AGO
score a higher positive predictive value; the combination of both improved the diag-
nostic accuracy.

Bristow and associates* used integrated PET/CT to evaluate patients with clini-
cally occult recurrent ovarian cancer before secondary cytoreduction. The overall
accuracy of PET/CT for discriminating recurrent disease larger than 1 cm was 81.8%.
PET/CT demonstrated high sensitivity (83.3%) as well as a positive predictive value
(PPV; 93.8%) for surgically documented recurrent ovarian cancer measuring more
than 1 cm. Despite negative or equivocal findings on conventional CT imaging, local-
ized nonphysiologic uptake of FDG on combined PET/CT was a strong predictor of
suboptimal-volume recurrent tumor. In addition, lesion-based analysis showed a high
PPV (96.1%) for surgically documented macroscopic recurrent tumor. However,
PET/CT had only modest lesion-based sensitivity (60.5%), owing primarily to the
inability to detect small-volume (less than 7 mm) disease.

This observation raises concerns regarding the clinical impact of PET imaging
techniques for patients with suspected recurrent ovarian cancer. As previously dis-
cussed, carcinomatosis, usually defined as multiple small lesions, is an important
factor in determining prognosis after secondary cytoreduction. A reliable preopera-
tive diagnosis of carcinomatosis would thus be of tremendous importance. If carci-
nomatosis will not be detected by PET/CT, this modality may not assist in patient
selection. Understanding these limitations, currently PET/CT is the most reliable,
noninvasive method of identifying larger lesions, which are often not identified on
conventional imaging, and can therefore serve as a useful adjunct in the preoperative
evaluation and operative planning in patients being considered for secondary
cytoreduction.

Procedures, Complications, and Outcome of
Secondary Cytoreductive Surgery

The benefit of secondary cytoreduction appears to be seen only when optimal cyto-
reduction is achieved. In the primary setting, optimal cytoreduction is commonly
defined as the maximal size of residual tumor measuring 1 cm. Many authors,
however, suggest that the greatest benefit is seen if all grossly visible recurrent tumor
is resected.!*1618192122 The exact size of residual disease that should be considered
optimal is still debatable, but we seek to achieve a complete gross resection in the
secondary or tertiary setting. If this is not possible, cytoreduction for tumors up to
5 mm may also be of benefit.?’ Aggressive surgical attempts that leave residual tumor
over 5 mm are not warranted except in the palliative setting.

Repeat laparotomy after extensive primary oncologic surgery and chemotherapy
is often challenging. When contemplating surgery, two questions regarding the pro-
cedure should be answered in assessing the overall benefits versus risks of secondary
cytoreduction:
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1. What is the rate of optimal cytoreduction or complete gross resection achieved
in most series?

2. What are the complications reported and the morbidity described during and
after surgical secondary cytoreduction?

In different publications, the rates of achieving optimal secondary cytoreduction,
defined as between no residual and less than 2 cm residual tumor, vary widely. Most
series report optimal debulking rates of 40% to 60%.'"1%20313334 Two series reported
optimal rates higher than 80%.2**” Complete macroscopic tumor resection rates also
vary. A few studies reported rates of approximately 40%,'"*3? whereas others
reported no residual macroscopic disease in 80% of patients undergoing secondary
cytoreduction.'*!>?° Because of the nonrandomized nature of all series published on
this topic, a main confounding factor is patient selection.

Almost all patients with recurrent ovarian cancer have already had their uterus
and adnexa removed. To achieve optimal resection or no gross residual disease, often
many nongynecologic surgical procedures are required. Several authors have reported
the procedures required to achieve optimal residual or no residual disease. These
procedures include small and large bowel resections, lymph node dissections, dia-
phragm stripping/resection, liver resections, and splenectomies.

Morbidity and mortality rates after secondary cytoreduction have been reported
to range from 4% to 30% and 0% to 6%, respectively (Table 10-1). In these series,
the average blood loss per case was approximately 700 mL with a range of 50 to
3500 mL. Operating time averaged 2.5 to 3.5 hours. Hospital stay was reported to
average 9 days, but ranged from 2 days to over 3 months.

Tebes and colleagues® reported enterotomy as the most frequently occurring
intraoperative complication (8.3%). Other complications such as cystotomy, dia-
phragm injury, and vascular injury were rare in their experience (1%).

Postoperatively, ileus or bowel obstruction was a relatively common complication.
Its incidence varies from 2% to 30% and is somewhat dependent on whether a bowel
resection was performed.’! Wound infection, fistula formation, renal failure, anasto-
motic leak, pneumonia, and acute respiratory distress syndrome have also been
reported.

Table 10-1. Median Overall Survival in Months After Secondary Cytoreduction

Number of Patients with Optimal* Suboptimal*
Series N No Gross Residual* (months) (months)
Segna et al'® 100 — 27 9
Lichtenegger et al' 63 24 n/a 17
Eisenkop et al'* 106 44 — 19
Zang et al® 117 61%" 21%" 4.5%"
Ayhan et al' 64 39 19 18
Chi et al® 153 — 56 27
Harter et al*' 267 45 20 20
Salani et al*** 55 50 — 7.2
Tebes et al® 85 — 30 17

*In series in which survival was assessed based on no gross residual tumor, the optimal category includes only optimal
but gross residual disease.

5-year overall survival.

*Median overall survival in the suboptimal category is for any gross residual disease regardless of size.
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Figure 10-5. Simple linear

70 regression analysis. Median
cohort survival time plotted against
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Survival after Secondary Cytoreduction

Many published retrospective and some prospective nonrandomized series have
reported an association between improved survival and optimal secondary surgical
cytoreduction (see Table 10-1). Survival ranges from 7 to 27 months for patients
without an optimal cytoreduction, 19 to 56 months for patients with optimal cyto-
reduction, and 24 to 50 months for patients with no residual disease after secondary
cytoreduction. There is obviously a great overlap of reported survival rates among
the various series. When taken separately, complete resection is clearly superior, but
comparisons across publications demonstrate that the difference between optimal
disease and no macroscopic residual is less clear.

Bristow and colleagues** recently performed a meta-analysis of studies on cytore-
ductive surgery for recurrent ovarian cancer. The purpose of the study was to deter-
mine the relative effect of multiple prognostic variables on overall postrecurrence
survival time among cohorts of patients with recurrent ovarian cancer undergoing
cytoreductive surgery. They analyzed 40 cohorts of patients including over 2000
cases. The only statistically significant clinical variable independently associated with
postrecurrence survival time was the percentage of patients undergoing complete
cytoreductive surgery. After controlling for all other variables, each 10% increase in
the proportion of patients undergoing complete cytoreductive surgery was associated
with a 3-month increase in median cohort survival time (Fig. 10-5).

Hyperthermic Intraperitoneal Chemotherapy

An interesting treatment modality being investigated in the setting of recurrent
ovarian carcinoma limited to the peritoneal cavity is hyperthermic intraperitoneal
chemotherapy (IPHC or HIPEC).*"*¢ Hyperthermia has been shown to increase the
response to cytotoxic agents in human cell lines and animal models.”**® Small series
in optimally cytoreduced recurrent ovarian carcinoma have shown some promise.**
However, the infusion must be done over 90 minutes, and therefore the procedure
increases operating room times. A mean operating room time of nearly 10 hours was
reported by Helm and colleagues.” The preliminary reported median survivals do
not appear to be strikingly better than those seen in Table 10-1. Although this is an
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Box 10-4. Factors Predicting Successful Cytoreduction

The probability of achieving no gross residual disease after secondary cytoreduction is higher
when the following criteria are met:

¢ Good performance status

Complete resection at first operation
Initial FIGO stage /Il

No ascites

No carcinomatosis

Long treatment-free interval

Complete response after first-line therapy
No extra-abdominal metastasis

Box 10-5. Factors Taken into Account in Management of Recurrent Disease

Extent of recurrence

Time from previous treatment
Recurrence number

Further chemotherapy options
Patient performance status

Table 10-2. Selection Criteria for Secondary Cytoreduction (SC)

Multiple Sites
DFI (months) One Site No Carcinomatosis Carcinomatosis
6-12 Offer SC Consider SC No SC
12-30 Offer SC Offer SC Consider SC
>30 Offer SC Offer SC Offer SC

DFl, disease-free interval.

interesting concept, supported in part by preclinical data, the clinical application of
this more morbid procedure cannot yet be endorsed without more rigorous investiga-
tion in a clinical trial setting.

Conclusions and Guidelines

The surgical management of recurrent ovarian cancer is a challenging but integral part
of treatment in selected patients. The available data have demonstrated superior
survival in the subset of patients who can achieve optimal cytoreduction compared
with the subset in whom optimal cytoreduction cannot be achieved. Additional
attempts at tumor cytoreduction should be considered and offered in the manage-
ment of patients with recurrent epithelial ovarian carcinoma who are medically able
to undergo surgery and willing to accept additional postoperative chemotherapy.
Several factors predict successful cytoreduction and should be evaluated before
surgery (Box 10-4).

There is no published randomized trial in the setting of recurrent ovarian cancer
addressing the role of surgery. However, this issue is being evaluated in a recently
activated GOG trial. While awaiting the results of this trial, the clinician managing
patients needs to make critical decisions regarding the potential benefits and risks of
further surgical intervention. Box 10-5 summarizes the factors that need to be taken
into consideration and Table 10-2 offers suggested selection criteria for secondary
cytoreduction for patients with recurrent ovarian cancer.
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KEY POINTS

Most borderline tumors are stage I/11, with survival rate approaching 100%.

Borderline tumors can recur locally even after an extended disease-free interval.

Microinvasion, advanced stage, and micropapillary histology are associated with increased ovarian
cancer recurrence rates.

Even with advanced disease, adjuvant therapy has not been shown to improve survival in borderline
tumors.

Sex cord-stromal tumors are hormonally active tumors and may manifest as symptoms of either
estrogen or androgen excess.

Primary treatment for sex cord-stromal tumors is surgical and may include postoperative adjuvant
chemotherapy (either combination bleomycin/etoposide/cisplatin [BEP] or taxane/platinum) for
high-risk or advanced stages of disease.

Granulosa cell tumors account for 70% to 80% of sex cord-stromal tumors.

Most sex cord-stromal tumors are diagnosed at an early stage and have a favorable prognosis.
Dysgerminomas are the most common type of germ cell tumor, followed by immature teratomas
and endodermal sinus tumors.

Peak incidence of ovarian germ cell tumors is from 15 to 19 years of age, and dysgerminomas are
frequently diagnosed during pregnancy. Diagnosis requires a comprehensive workup, including
tumor markers: o-fetoprotein, B-human chorionic gonadotropin, and lactate dehydrogenase.
Initial management of germ cell tumors is surgical, with fertility-sparing surgery being preferred
except in the case of dysgenetic gonads.

Adjuvant chemotherapy for germ cell tumors is BEP. Rates of cure approach 95%, and long-term
outcomes with regard to ovarian function are favorable.

Borderline Ovarian Tumors

Borderline ovarian tumors (also termed ovarian tumors of low malignant potential)
were first officially defined by the World Health Organization (WHO) in 1970 and
affect approximately 3000 women yearly in the United States." These tumors rep-
resent 15% of all epithelial ovarian cancers, although a recent report from Sweden
found that the proportion of borderline tumors increased from 8% of all ovarian
neoplasms in 1960 to 1964 to 24% in 2000 to 2005."% In general, borderline ovarian
tumors occur in younger women, are found in earlier stages, and have a more favor-
able prognosis than epithelial ovarian cancer. They are associated with a 5-year sur-
vival rate approaching 100% in early stage.® For example, the Swedish population
study found that the average age for those with borderline tumors was 55 years
compared with 62 years for those with invasive ovarian cancers and that a third of
all primary ovarian malignancies in women under 40 years of age were borderline
tumors.” Overall, these tumors have excellent prognosis with a 93% to 99% 5-year
survival rate and an 80% to 90% 15-year survival rate.>®
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Histology

Borderline ovarian tumors typically exhibit the following histologic features: archi-
tectural complexity of glandular structures, epithelial papillae, cellular stratification,
and nuclear atypia, and the requirement for diagnosis is two of these three elements.°
The key to differentiating between an invasive ovarian cancer and a borderline
neoplasm is the lack of stromal invasion. Since these tumors may be large, careful
and thorough sectioning is required. Borderline tumors are most frequently serous
followed by mucinous, but they can also occur less often as endometrioid, clear,
transitional, or mixed types (Table 11-1).

In addition to the histology, other important factors such as extraovarian disease,
microinvasion, and micropapillary pattern may be present, and the prognostic signifi-
cance of each continues to be investigated (Table 11-2). All these features have been
linked to increased recurrence rates.

Borderline tumors can have foci of extraovarian disease (often termed implants
rather than metastases), and stage remains the most important prognostic factor in
this disease. Noninvasive implants can be differentiated from invasive implants by
the sharp delineation from normal tissue, a fibrotic or inflammatory stroma, and
continued gland formation. In contrast, the invasive implants tend to have infiltration
of normal tissue with edematous or myxoid stroma and form nests surrounded by a
cleft. To add to the complexity, any given patient may have a mix of implant types,’™'?
although the majority of extraovarian disease remains noninvasive.'"'? In a review of
seven published papers comparing invasive with noninvasive implants, Lu and Bell®
found that the relapse rate and death due to tumor were significantly increased in
the invasive implants (44% versus 19%, and 32% versus 7%, respectively).

Table 11-1. Borderline Ovarian Tumor Histology®

Histologic Types Percentage
Serous 43-75
Mucinous 23-40
Endometrioid 2-10
Clear cell 0-8
Brenner <1
Mixed 5-10

Data are taken from references 3, 6, 13, 17, and 21.

Table 11-2. Prognostic Features in Borderline Tumors

Clinicopathologic Feature Significance

Micropapillary histology Increased rates of extraovarian disease
Increased recurrence rates and death due to disease

Stage The most important factor in predicting recurrence
Increased recurrence rates and death due to disease

Microinvasion Increased rates of recurrence
Potential increased rates of recurrence with invasive cancer
Increased mortality rates
Decreased disease-free and overall survival
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Microinvasion has also elicited some controversy as to whether tumors exhibiting
this feature represent a subset of borderline tumors or may represent early serous
papillary carcinoma. Buttin and colleagues'® evaluated the impact of microinvasion
(defined as invasive foci less than 3 mm in diameter with a total area less than 5%
of the tumor) and found that recurrence rates were significantly higher in women
with microinvasion compared with rates in women without microinvasion (23%
versus 3.5%, P = .023). Hogg and colleagues'* compared serous grade 1 carcinomas
with borderline tumors and concluded that borderline tumors with microinvasion
represent early carcinomas. This conclusion was based on qualitative histologic simi-
larities between borderline tumors with microinvasion and grade 1 carcinomas and
the frequent coexistence of the two entities. Additional support for this supposition
may be the fact that borderline tumors may often recur with low-grade serous
carcinoma rather than borderline tumors.'” Finally, Longacre and associates,'® in an
analysis of 276 patients, and Ren and associates,'” in an analysis of 234 patients, both
found that microinvasion was a significant risk factor for decreased survival on
multivariate analysis.

Micropapillary architecture within borderline tumors was first described in the
1990s and was added as a subgroup of borderline tumors by the WHO, although
debate continues as to whether these tumors should be an entity separate from both
borderline and epithelial ovarian carcinoma. These tumors are distinct from the
garden variety of borderline tumors in that they have increased cytologic atypia and
a papillary proliferation with a hierarchical branching pattern of epithelium. By con-
vention, the micropapillary component must be at least 5 mm.'®!® There continues
to be extensive debate among pathologists as to whether tumors with micropapillary
architecture should be classified as a separate entity or as a subset of borderline
tumors. Regardless of classification, tumors with micropapillary architecture are more
often bilateral, have extraovarian disease, and, in turn, more unfavorable outcomes
compared with typical borderline tumors.>”?* In comparing the typical borderline
pattern with the micropapillary pattern in seven published studies, Lu and Bell® found
that both the relapse rate and death due to tumor were significantly increased in the
micropapillary type (32% versus 15% and 15% versus 8%, respectively). Since these
micropapillary types more often have invasive implants, it is difficult to discern the
isolated impact of the micropapillary feature on survival.

Clinical Characteristics

Women with borderline ovarian tumors typically present with pelvic pain and/or a
mass that is found incidentally on examination or while imaging for another cause.
One study found that pelvic pain was the most common presenting symptom in 39%
of patients followed by abdominal distention in 25%; ovarian torsion or hemorrhage
may also occur.?! The typical size of a borderline tumor ranges from 7 to 9 cm'*?2
(Fig. 11-1A). Imaging with ultrasound most often identifies an ovarian cyst, which
may include other abnormalities including septations or solid components. Gotleib
and associates®® combined their institution’s experience with borderline tumors with
11 other studies and found that ultrasound revealed simple cysts in about 9% of
patients (17 of 174 patients reported) and septa, solid components, or papillations
in 88% (153 of 174). There is no diagnostic imaging modality that is definitive for
borderline tumors.

Serum CA-125 measurements are often elevated in borderline tumors and are
more commonly increased in serous than in mucinous tumors. Many studies have
evaluated the percentage of patients with borderline tumors with elevated CA-125
and found ranges between 24% and 75%.'%*% Other tumor markers such as CEA
and CA-19-9 have also been evaluated with conflicting results, but these markers



- Chapter 11 Borderline Ovarian Tumors

Figure 11-1. A, Gross picture of
borderline ovarian tumor. B, Micrograph
of serous borderline tumor (hematoxylin
& eosin, x400). (B, Courtesy of Dr.
Kristen Atkins, Department of Pathology,
University of Virginia Health System.)
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may be more useful for mucinous borderline tumors.'”-?% If elevated, these markers
can be used for surveillance.

Diagnosis

Most women with borderline tumors undergo surgical evaluation and treatment
that may range from minimal surgery as an ovarian cystectomy to a total salpingo-
oophorectomy, hysterectomy, and full staging (omentectomy, washings, peritoneal
biopsies, and lymph node dissection), depending on the clinical scenario.

Surgical Management

In general, as in malignant ovarian cancer, there should be a maximal surgical effort
to remove as much tumor as possible from women with extraovarian tumors and to
assess the extent and need for further staging procedures based on patient charac-
teristics in women whose disease appears confined to the ovary.

Intraoperative Frozen Section

Most often the diagnosis of an ovarian borderline tumor is not known preoperatively,
and a frozen section is obtained to establish a definitive diagnosis to guide the nature
and extent of surgery required. In general, the pathologic analysis of frozen section
to differentiate invasive and noninvasive ovarian tumors demonstrates a sensitivity
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between 65% and 97% and a specificity of 97% to 100%, as shown on a recent meta-
analysis.?” In borderline tumors, especially large mucinous tumors, that same differ-
entiation may be more difficult. Tempfer and colleagues® found that none of their
patients was overdiagnosed (defined as a frozen section with borderline or malignant
pathology and a subsequent final benign pathology). In contrast, they also found
underdiagnosis in almost one third of patients. This was defined as frozen read as
normal and final pathology with borderline, or as a frozen diagnosis of borderline and
a final malignant pathology. Of note, nearly all the missed underdiagnoses were bor-
derline tumors and not invasive cancers. Increasing tumor size was also a factor in
missing the correct diagnosis. In summation, frozen section may lend important
information but must be interpreted with caution, especially in centers without
gynecologic pathologists.

Extent of Surgery

Women with borderline tumors tend to be younger and often do not have a known
diagnosis preoperatively. For women who do not desire future pregnancy, most
experts would recommend a bilateral salpingo-oophorectomy, hysterectomy, and
staging if indicated (see text that follows). For women who desire reproductive
capability, several studies indicate the safety of fertility-sparing surgery with a uni-
lateral oophorectomy or even simple cystectomy if the other ovary and remainder of
the surgical exploration are normal.>**=? The performance of fertility sparing surgery
does not seem to adversely impact overall survival but does consistently increase
recurrence rates in multiple retrospective reviews.!”?* A French study compared
cystectomy versus unilateral salpingo-oophorectomy versus bilateral salpingo-
oophorectomy and recurrence rates in 313 women with borderline tumors; found
were significantly increased recurrence rates with the more limited excisions (30%
versus 11% versus 1.7%, respectively; P < .001).3* Morris and associates® reviewed
43 patients with borderline tumors treated with fertility-sparing surgery and found
that 50% of the women attempting pregnancy conceived (12 of 24 patients for a
total of 25 pregnancies) and that the recurrence rate for the entire population was
32%. The recurrence rate of borderline tumors was higher in women treated with
cystectomy compared with those treated with ocophorectomy (58% versus 23%; P <
.04). Similarly, Suh-Burgmann® found a recurrence rate of 11% in 193 patients
treated with conservative surgery with a mean time to recurrence of 4.7 years.
Women initially treated with cystectomy were three times more likely to have a
recurrence of borderline tumors than women undergoing oophorectomy.* In sum-
mation, women can safely elect to maintain fertility but must understand the poten-
tial increased risk of recurrence and need for additional surgery.

Staging

The role of complete surgical staging for borderline tumors remains controversial.
Complete staging would include bilateral salpingo-oophorectomy, hysterectomy,
washings, omentectomy, peritoneal biopsies, and lymph node dissection. Proponents
of full staging argue that frozen section is unreliable and that if a cancer is found,
definitive staging enables a rational adjuvant treatment decision. Furthermore, they
contend that full staging will upstage up to 50% of apparent stage I borderline tumors.
Opponents of full staging for all patients argue that there is no survival advantage in
accurately assessing stage of borderline tumors owing to the lack of evidence for
effective adjuvant therapy and that staging may add surgical morbidity (especially if
it requires a second surgery to accomplish). Winter and colleagues® analyzed 93
consecutive patients with borderline tumors and found that full surgical staging
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upstaged patients 17% of the time but that retroperitoneal involvement was found
only 6% of the time. Furthermore, the overall survival and recurrence rates did not
differ between staged and unstaged patients.

Similarly, Longacre and associates'® found that one third of women undergoing
nodal dissection for borderline tumors had positive nodes, but they did not find
any significant difference in survival based on nodal status. Finally, a French multi-
center study evaluated 360 women with borderline tumors and assessed the impact
of surgical restaging of 54 women.** The researchers found no impact on survival,
but they did find a 14.8% rate of upstaging. This was more common in serous
tumors and in women undergoing cystectomy at the initial surgery.** In summa-
tion, surgical decisions must be made for individual patients and must take into
account future fertility wishes, impact on future treatment decisions, and potential
surgical morbidity.

Adjuvant Treatment
Stage | Tumors

Since survival rate in stage I patients approaches 100%, few experts suggest any
further therapy after surgical excision and simply advocate for long-term
surveillance.®

Stage II-1V Tumors

Even with advanced-stage borderline tumors, long-term survival rate may be as
high as 70%.% As previously discussed, these tumors are often associated with
adverse prognostic factors including extraovarian disease, microinvasion, and/or
micropapillary patterns. Several groups have analyzed whether postoperative adju-
vant chemotherapy administration improves survival, but there is limited support
for chemotherapy, since most studies have not shown definitive benefit."'>33" For
example, Barakat and colleagues® evaluated postoperative platinum-based chemo-
therapy in 21 patients (only 40% with macroscopic residual tumor) and found a
62.5% complete response rate at second-look laparotomy; the remainder had stable
disease (12.5%), partial response (6%), or progression (19%). In addition, the
M.D. Andersen group also failed to demonstrate a survival benefit."'? Finally, an
analysis of platinum (cisplatin/cyclophosphamide + adriamycin) chemotherapy in
borderline tumors through the Gynecologic Oncology Group (GOG) found that 9
of 32 patients had persistent disease at second-look laparotomy and that all but
one patient was still alive at a median of 32 months (one had died of other
causes).”’

The jury remains out as to whether adjuvant chemotherapy is beneficial, and
a randomized trial is not likely forthcoming because of the indolent nature of
the disease and the relative rarity of advanced cases. Our current approach is to
reserve offering adjuvant chemotherapy to women with macroscopic residual
disease and invasive implants, but with full disclosure to the patient about the
unknown benefit of this potential therapy as a survival advantage has not been
documented.

Surveillance

Most women are followed up with a combination of physical examination, serum
tumor markers, and radiologic evaluation if indicated. The frequency of visits depends
on the stage and the clinical scenario.
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Outcomes
Recurrence

The median time to recurrence is 5 to 7 years for borderline tumors, but late recur-
rences decades later are also reported. Recurrence can be either a borderline or an
invasive epithelial cancer; it is not surprising that invasive recurrences are more likely
to result in death.®'>'%% Traditional management of recurrent tumors is secondary
cytoreduction with or without postoperative chemotherapy. One of the largest
studies on recurrent ovarian borderline tumors was reported by Crispens and associ-
ates" from the M.D. Anderson experience and showed a 5.6-year median time to
recurrence and a further 7.7-year median survival after recurrence. In this study,
most women underwent secondary surgery, and optimal cytoreduction was a signifi-
cant predictor of survival. For all nonsurgical interventions (chemotherapy, hormonal
therapy, and radiation therapy), the response rate was only 26%, and 50% of those
responses occurred after platinum-based chemotherapy. Similarly, 50% of the patients
had stable disease to the nonsurgical options, and again, in order of decreasing effi-
cacy, the therapies were platinum-based chemotherapy (11 of 21 patients), hormonal
therapy (8 of 21), other chemotherapy (6 of 21) and radiation therapy (3 of 21).
The median duration of stable disease was 12 months.

In summation, women with recurrent borderline tumor should initially be managed
surgically (if feasible), and adjuvant treatment may be offered including platinum-
based chemotherapy or hormonal treatment.

Sex Cord-Stromal Tumors

Sex cord-stromal tumors consist of a pathologically diverse group of ovarian tumors
originating from the sex cords and stroma of the ovary. Their exact histogenesis
remains unclear. Collectively, they account for 5% to 8% of all ovarian tumors and
can occur in women of any age group, but they are most commonly diagnosed in
women in the fifth decade of life. Sex cord-stromal tumors are classified into granu-
losa cell tumors (GCTs), Sertoli-Leydig tumors, sex cord-stromal tumors with
annular tubules, and gynandroblastomas® (Table 11-3).

Sex cord-stromal tumors display intermediate malignant behavior in that they can
vary from benign to malignant, depending on cell type and level of differentiation.
Fortunately, most are diagnosed at an early stage owing to their hormonal activity,
which is responsible for the unique presenting symptoms of these tumors. GCTs
produce estrogen, whereas Sertoli-Leydig tumors secrete testosterone. Other

Table 11-3. World Health Organization Classification of Sex Cord-Stromal Tumors

Sex Cord-Stromal Tumor Types Percentage
2.1 Granulosa-stromal cell tumors: Granulosa cell tumors thecoma-fibroma 70
2.2 Sertoli-stromal cell tumors, androblastomas: Well-differentiated, Sertoli-Leydig <0.2

cell tumor of intermediate differentiation, Sertoli-Leydig cell tumor poorly
differentiated (sarcomatoid), retiform

2.3 Sex cord tumor with annular tubules

2.4  Gynandroblastoma <1
2.5 Unclassified <1
2.6 Steroid (lipid) cell tumors: Stromal luteoma, Leydig cell tumor, unclassified <1

From WHO Histological Typing of Ovarian Tumours. Copyright 1999.
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sex cord-stromal tumors may also secrete a combination of hormones. In estrogen-
secreting tumors, breast enlargement and vaginal bleeding are the most common
symptoms. Women of reproductive age may present with menstrual irregularities.
The postmenopausal female typically presents with postmenopausal bleeding and
breast tenderness. In androgen-secreting tumors, hirsutism, deepening of the voice,
male-pattern baldness, breast shrinkage, clitoromegaly, and acne may occur.

Additional nonspecific complaints result from tumor mass, including increased
abdominal girth, bloating, and palpable mass on physical examination. Urinary
complaints and constipation accompany tumor compression of the bladder and/or
rectum.

Overall prognosis is good for these tumors, since most sex cord-stromal tumors
are diagnosed at an early stage, have indolent growth, and recur later than their
epithelial counterparts. Although some sex cord-stromal tumors are purely
benign (e.g., fibromas and thecomas), others have the potential to behave more
aggressively. Fortunately, over 90% of sex cord-stromal tumors are diagnosed at stage
I. Unequivocally, surgery is the initial step in management for both diagnosis and
treatment.

Treatment for sex cord-stromal tumors is controversial because these tumors are
relatively rare. The general consensus for postmenopausal women includes total
abdominal hysterectomy and bilateral salpingo-oophorectomy with complete
surgical staging. Staging should include pelvic washings, peritoneal biopsies, omen-
tectomy, and pelvic and para-aortic lymph node sampling. In a woman who desires
future fertility, it is acceptable to leave the remaining ovary and uterus as long as (1)
the tumor is confined to one ovary, (2) the contralateral ovary appears normal, and
(3) a thorough inspection of the abdomen and pelvis reveals no extraovarian
disease.

Unfortunately, for women diagnosed in advanced stages, there are no available
randomized controlled trials to guide management, and prospective trials are limited
as a consequence of their relative rarity. Most of the available literature is derived
from retrospective institutional experiences. In general, for patients with ad-
vanced disease, recurrence, or poorly differentiated tumors, adjuvant chemotherapy
with bleomycin/etoposide/cisplatin (BEP) or a platinum/taxane regimen is
recommended.

Although there is no consensus regarding surveillance of women with sex cord-
stromal tumors, given the potential for late recurrence these women require lifetime
surveillance. In our current practice, we see these women every 3 to 4 months for
the first 2 years, every 6 months in years 3 to 5, and annually thereafter. At each
visit, a pelvic examination is performed, and tumor-specific markers are obtained.
Some providers obtain periodic CT scans; others acquire only images if there is
concern for recurrence.

Because sex cord-stromal tumors are so diverse, each is discussed separately with
regard to epidemiology, histology, diagnosis, and treatment recommendations.

Granulosa-Stromal Cell Tumors

Granulosa-stromal cell tumors account for 70% of tumors in the sex cord-stromal
group, and 2% to 5% of all ovarian tumors.*’ They encompass GCTs, thecomas, and
fibromas. Although GCTs are considered malignant, they grow slowly and do not
behave as aggressively as their epithelial counterparts. However, if not detected at
an early stage they do have the potential to metastasize and recur. Unlike epithelial-
type ovarian tumors, there is no racial or ethnic predilection of GCTs. There is also
no identified heritable risk, particularly in the case of BRCAI or BRCA2, which
confer increased risk of epithelial ovarian carcinoma.
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Granulosa Cell Tumors

The mean age of diagnosis for the adult subtype of GCT is age 50 to 54, which
accounts for 95% of GCTs. However, the juvenile variant manifests at a young age
and is responsible for 5% of granulosa-theca cell tumors. Young and associates®
studied 125 cases of juvenile GCTs and found nearly half in girls under age 10, and
less than 3% in women over 30. Although the juvenile subtype falls into the classifi-
cation of GCTs, histologically this tumor differs from the adult variant.

The cause of GCTs is unclear. Controversy exists as to whether granulosa cells
originate from developing gonadal sex cords or from the mesenchyme of the genital
ridge. Since granulosa cells proliferate in response to follicle-stimulating hormone
(FSH), some have hypothesized that the elevated follicle-stimulating hormone levels
observed during menopause may initiate proliferation of granulosa cells and abnormal
growth. This would explain the higher incidence of GCTs in postmenopausal women,
but does not account for younger women and prepubertal females who develop these
tumors. Recent developments have suggested that a potential progenitor granulosa
stem cell exists,”® but the subject warrants more research.

Presentation. With the exception of fibromas, GCTs tend to produce hormones
and consequently are diagnosed at an early stage secondary to estrogenic effects.
Women with these tumors most commonly present with menstrual cycle disruptions
or postmenopausal bleeding, and over 90% of tumors are diagnosed as stage I tumors.
In the prepubertal female, 70% to 80% of GCTs cause isosexual precocious puberty.**
Because of the hemorrhagic nature of GCTs, these tumors may rupture and cause
hemoperitoneum; thus, patients may present with acute abdominal pain and
peritonitis.

Diagnosis. Symptoms resulting from hyperestrogenism often provoke prompt
investigation and early diagnosis. On physical examination, a clinician may detect the
presence of an adnexal mass since the average tumor size is 12 cm. Ultrasonography
usually reveals a cystic, heterogeneous mass—a nondiagnostic finding. Definitive
diagnosis is made at the time of excision and rarely before then.

Histology and Pathology. Grossly, GCTs tend to be gray-to-yellow on the surface,
which varies based on the lipid content of the tumor. They often appear hemorrhagic
with areas of cystic necrosis (Fig. 11-2A). Most are unilateral; only 2% of GCTs are
bilateral. Histologically, Call-Exner bodies are the hallmark of GCTs, occurring in
30% to 60% of GCTs,*****5 and appear as rosettes of granulosa cells surrounded by
eosinophilic material (Fig. 11-2B). Other classic findings include the pale coffee-bean
grooved nuclei. Since not all GCTs harbor Call-Exner bodies or coffee-bean nuclei,
pathologic diagnosis should not rest on these characteristics alone. Some tumors
possess only granulosa cells, but most contain theca cells, and some have fibroblasts.
These tumors typically have a low mitotic rate, with scant nuclear atypia.

Several pattern subtypes exist: microfollicular (characterized by Call-Exner
bodies), macrofollicular (more commonly found in the juvenile subtype), trabecular,
and insular. The latter patterns lend themselves to well-differentiated types, whereas
poorly differentiated tumors often contain a watered-silk pattern. Immunohistologic
staining with inhibin proves useful for the identification of GCTs. Although other
immunohistologic markers exist, inhibin remains the most sensitive of the currently
available staining reagents.*

Grossly, the juvenile subtype appears similar to the adult variant. Histologically,
Call-Exner bodies and coffee-bean nuclei are usually absent. In contrast to the adult
variant, they are more mitotically active and favor a macrofollicular pattern.
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Figure 11-2. A, Gross picture of
granulosa cell tumor. B, Micrograph of
granulosa cell tumor (H&E, x400).
(Courtesy of Dr. Kristen Atkins,
Department of Pathology, University of
Virginia Health System.)

Treatment. Treatment for GCTs consists of surgery with staging, including total
abdominal hysterectomy and bilateral salpingo-oophorectomy. In women who desire
fertility, unilateral salpingo-oophorectomy offers a cure rate comparable to complete
surgical staging, hysterectomy and bilateral salpingo-oophorectomy,**® provided it is
confined to the ovary. See Figure 11-3 for proposed management guidelines. If not
performed before surgery, dilation and curettage are recommended to rule out a
potential synchronous endometrial cancer. Although concurrent vaginal bleeding may
elicit endometrial biopsy on initial intake, if the uterus is not excised in conjunction
with the ovaries, endometrial evaluation is essential. This is especially important in
the case of abnormal bleeding, or a thickened endometrial stripe larger than 4 mm
in a postmenopausal woman. Approximately 30% to 55% of women with GCTs are
likely to have endometrial hyperplasia on endometrial biopsy; 5% to 10% will have
synchronous endometrial adenocarcinoma, #4449

Adjuvant Therapy. Stage remains the only reproducible factor determining prog-
nosis® (Table 11-4; Fig. 11-4). Other factors including age, tumor rupture, and
mitotic index may influence prognosis, but these findings are inconsistent from study
to study. Between 78% and 91% of GCTs are stage I at the time of initial presenta-
tion.*4551-3 and overall prognosis is good: Stage I 5-year survival rates range from
86% to 96%; overall 5-year survival rate for all stages is 75% to 90%. In more
advanced-stage tumors, prognosis is less favorable: Stage II tumors have a 5-year
survival rate of 55% to 75%; stage III/IV 22% to 50%. In the juvenile subtype, virtu-
ally all tumors are detected at an early stage, with a 5-year survival rate of 92%.% As
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Figure 11-3. Proposed surgical management algorithm for granulosa cell tumors.
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Figure 11-4. Proposed adjuvant treatment algorithm for granulosa cell tumors. BEP, bleomycin/
etoposide/cisplatin; PVB, cisplatin, vinblastine, bleomycin.

Table 11-4. Survival Rates in Sex Cord-Stromal Tumors

Tumor Type

5-Year Survival Rate

Granulosa cell tumor

Fibroma
Thecoma

Sertoli-Leydig tumor

All stages

Stage |

Stage I

Stage Il/IV
Juvenile subtype

Stage |
Advanced stages or poorly differentiated

75-90%
86-96%
55-75%
22-50%
92%

>90%
>90%

70-90%
<20%
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in the adult subtype, these juvenile tumors may metastasize, and prognosis declines
in advanced stages.

Because advanced-stage GCTs are relatively rare, there is little consensus about
adjuvant therapy in the form of chemotherapy or radiation. Generally, there is agree-
ment that if the tumor is at an early stage and excised in its entirety, there is no role
for adjuvant therapy. For women with more advanced tumors (i.e., beyond stage II),
intraoperative tumor rupture, large tumor (larger than 10 cm), high mitotic rate,
increased cellular atypia, or residual disease, adjuvant therapy is often administered.
However, the additional benefit remains unclear, since the rarity of advanced-stage
disease precludes prospective randomized controlled trials. Retrospective reviews
have demonstrated an improvement in progression-free interval, but no improvement
in survival.>*>® Yet in the face of a known high probability of recurrence, some
experts recommend adjuvant chemotherapy for these patients.

In the juvenile subtype, chemotherapy is reserved for those with stage II or greater
disease, Stage IC with a high mitotic rate (more than 20 per 10 HPFs), or recurrent
disease. Evidence is even more sparse in this group than the adult subtype, but che-
motherapy may result in longer remission.**’

Surveillance. Women with GCTs require lifetime surveillance owing to the
potential for late recurrence of GCTs. At each patient visit we obtain a serum inhibin
level and perform a pelvic examination. Granulosa cells produce inhibin, a substance
normally secreted by granulosa cells in response to follicle-stimulating hormone
during the luteal phase of the menstrual cycle. Inhibin is a heterodimeric polypeptide
composed of alpha and beta subunits. The alpha and beta subunits are dimers; the
alpha subunit dimers are identical, whereas the beta subunit dimers differ and are
termed beta A and beta B. Inhibin is normally absent or undetectable in postmeno-
pausal women, and after surgical excision of a GCT, inhibin levels become undetect-
able within 1 week. Inhibin remains a useful tool in surveillance for persistence or
recurrence.’® % Assays exist for both inhibin A and B; however, inhibin B appears to
be more sensitive.’*®! Mucinous ovarian tumors may also produce inhibin. Thus, the
molecule is not entirely specific to GCTs.

Other markers that potentially can be used include miillerian-inhibiting substance
(MIS), estradiol, and CA-125. Granulosa cells secrete MIS in developing ovarian
follicles, and MIS may be superior to inhibin in sensitivity.**®* However, MIS has
not yet become routinely available in laboratory assays and has not been studied
extensively. Since many GCTs secrete estradiol, this could be used as a marker if
elevated preoperatively, but not all GCTs produce estradiol. CA-125 is a nonspecific
marker that can be elevated in certain GCTs.

Recurrent Disease. Though classified as malignant, GCTs behave indolently and
tend to recur later than other ovarian malignancies, thus requiring lifetime surveil-
lance. Most recurrences occur within 4 to 6 years after surgery, but may recur even
later. Hines and colleagues® documented the latest recorded recurrence at 37 years
after surgery. The pelvis and abdomen are the most common sites of recurrence, and
surgical resection is appropriate for localized recurrence. In recurrent tumors not
amenable to surgical resection as further treatment, chemotherapy offers the best
chance for remission. Unfortunately, most patients treated with chemotherapy do
not experience long-lasting remission.®>®® The BEP regimen has shown moderate
success but also considerable toxicity. Gershenson and associates®® documented an
83% response rate with a median survival time of 28 months in a study of nine
patients. The GOG® also conducted research on the use of BEP in 56 patients with
stage II-IV and recurrent sex cord-stromal tumors (48 of which were GCTs) and
found a 37% rate of negative findings at the time of second-look laparotomy. Of the
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patients with advanced stage-disease, 69% were progression-free over 3 years, and
51% of patients with recurrence were progression-free. However, this regimen was
associated with significant toxicity (two deaths attributed to bleomycin) and severe
granulocytopenia.

Recently, taxanes, in combination with platinum-based agent, have gained atten-
tion as potential therapeutic options. Preliminary studies show that they have an
efficacy comparable to that with BEP as well as a more favorable toxicity profile.®’-
The GOG is currently conducting a phase II study of paclitaxel in recurrent ovarian
stromal tumors. Less active but reasonable second-line agents include PVB® (cispla-
tin, vinblastine, bleomycin), CAP (cyclophosphamide, doxorubicin, and cisplatin),’" "
doxorubicin alone,” and carboplatin plus etoposide.”

Hormonal therapy represents a new option for recurrent GCTs. Hormonal
manipulation may play a role in gonadotropin and/or direct tumor suppression. Case
reports have documented a prolonged response to tamoxifen and progesterone,”
gonadotropin-releasing hormone antagonists,”® and aromatase inhibitors.”” Hormonal
therapy may provide additional longevity in patients who have failed chemotherapy
with a favorable side-effect profile.

Though not typically used in the setting of adjuvant therapy, radiation therapy has
proved useful in treating recurrent GCTs. Wolf and associates’® reviewed 14 patients
with recurrent GCTs who received external-beam radiation therapy. Of the 14, 6
patients demonstrated a complete response, with 3 patients still living at 10 to 21
years after radiation therapy. Similarly, Savage and colleagues” found no improve-
ment in outcomes with adjuvant radiation but found sustained remissions with recur-
rent disease.

Thecomas

Thecomas also originate from the ovarian stroma and occur primarily in postmeno-
pausal women. They are benign solid masses that are consistently unilateral. Theca
cells produce androstenedione, which undergoes conversion to estradiol, and is
responsible for the hyperestrogenism. A tumor comprising solely theca cells
would correspondingly produce a considerable amount of excess estrogen. Subse-
quently, most women present with postmenopausal bleeding from endometrial
stimulation. Accordingly, the rate of synchronous endometrial adenocarcinoma is
25%.%

Thecomas may appear yellowish because of their lipid content. They consist
mostly of theca cells, but may contain a few granulosa cells. Since thecomas are
benign, treatment involves surgical excision only. In the case of premenopausal
women, unilateral salpingo-oophorectomy is acceptable in the documented absence
of endometrial hyperplasia or carcinoma. In postmenopausal women, total abdominal
hysterectomy and bilateral salpingo-oophorectomy are recommended.

Fibromas

Similar to thecomas, fibromas are usually unilateral and benign and occur in post-
menopausal women. Cellular-type fibromas may contain mild atypia and mitotic
activity, but should not be confused with fibrosarcomas. Though not hormonally
active, fibromas are interesting entities in their own right, since 10% to 15% of those
affected present with ascites or Meigs syndrome, and 1% present with hydrothorax.
Although the mechanism is not well understood, there is some evidence that vascular
epithelial growth factor secreted by fibromas increases capillary permeability, thus
contributing to fluid accumulation® and the resultant Meigs phenomenon. Pseudo-
Meigs syndrome refers to the presence of ascites from a non—fibroma-type ovarian
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tumor. Treatment includes unilateral salpingo-oophorectomy, which is curative for
both the fibroma and the associated Meigs syndrome.

Gorlin’s syndrome, an autosomal dominant syndrome also known as nevoid basal
cell carcinoma, has also been associated with fibromas. The syndrome results in medul-
loblastomas, mesenteric cysts, and odontogenic keratocysts. Approximately 75% of
affected women develop fibromas, but this predisposition is not well understood.

Sertoli-Leydig Cell Tumors (Androblastomas)

Sertoli-Leydig cell tumors (SLCTs) are rare, accounting for 0.2% of all ovarian
tumors. Unlike granulosa-stromal cell tumors, they occur principally in women in
the reproductive years with 75% occurring before age 40 and occurring less com-
monly during menopause or childhood. Similar to theca cells, SLCTs are usually
hormonally active and secrete testosterone, thus resulting in androgen excess and
potential virilization.

Etiology

The cause of SLCTSs remains largely unknown because they originate from the ovarian
stromal sex cords but resemble the Sertoli and Leydig cells found in testes. Some
hypothesize that they originate from residual undifferentiated sex cord tissue, from
mesenchymal, coelomic, or mesonephric cells. More recently, developments point
to lack of estrogen, which induces transformation of ovarian follicles into structures
resembling seminiferous tubules and Sertoli cells found in the testis.®! These, in turn,
produce MIS and secrete testosterone.

Presentation

The testosterone production associated with SLCTs may cause menstrual disruption,
most notably amenorrhea, as well as hirsutism and virilization. Aside from secretion
of testosterone, pure Sertoli cell tumors may secrete estrogen or renin. Thus, some
patients present with dysfunctional uterine bleeding or hypertension and hypokale-
mia. Pure Leydig cell tumors secrete only testosterone. However, most tumors are
combination SLCTs, and 70% to 85% manifest as virilizing symptoms such as clitoro-
megaly secondary to androgen secretion (Fig. 11-5).

Figure 11-5. Clitoromegaly.
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Figure 11-6. Vaginal ultrasound of
Sertoli-Leydig tumor.

Diagnosis

In any women presenting with virilization, it is necessary to consider other etiologies
including Cushing’s syndrome, adrenal tumors, pituitary dysfunction, adrenal hyper-
plasia, or drug-induced hyperandrogenism. On physical examination, an adnexal mass
may be detectable, in conjunction with symptoms associated with androgen excess.
As in other ovarian tumors, ultrasound is used for diagnosis. Imaging typically reveals
a well-circumscribed unilateral solid mass, or it may reveal a heterogeneously enlarged
multicystic ovary (Fig. 11-6). Diagnosis relies on a combination of imaging and
laboratory values, but it ultimately rests on surgery.

Pathology

Grossly, over 95% of SLCTs are unilateral and mostly solid, but some have cystic
components (Fig. 11-7). They are tan, gray, or white, and their size correlates with
the degree of differentiation and prognosis. Thus, larger tumors tend to be poorly
differentiated and more aggressive. Well-differentiated tumors are usually 3 to 4 cm
and contain retiform (arranged like a net) tissue lending a spongy texture. Poorly
differentiated tumors are more likely to contain areas of hemorrhagic necrosis. The
hallmark of these tumors is a tubular pattern surrounded by fibrous tissue.

Histologically, SLCTs are classified into five different types: well-differentiated,
intermediate differentiation, poorly differentiated, retiform, and mixed with heter-
ologous elements. Heterologous elements include other types of tissue, for example
gastrointestinal or cartilaginous. Retiform components may contain hepatocytic
differentiation, which results in AFP production. Histology generally determines
prognosis.

Surgical Treatment

Definitive treatment for SLCTs is surgery with complete surgical staging. Over 90%
of tumors are discovered in stage I, which lends itself to a good prognosis. Five-year
survival rate is favorable, and ranges from 70% to 90%. In advanced stages, prognosis
is poor and mortality rate approaches 100%. Young and Scully®? reviewed 207 cases
of Sertoli-Leydig tumors and found that none of the well-differentiated tumors, 11%
of intermediately differentiated tumors, 59% of poorly differentiated tumors, and
19% of the tumors with heterologous elements behaved malignantly. Thus, differen-
tiation plays a large part in prognosis.
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i ! 2 : Figure 11-7. Sertoli-Leydig tumor.
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Adjuvant Treatment

In the case of advanced disease or poorly differentiated SLCTs, adjuvant chemo-
therapy may provide benefit. BEP and PVB regimens have shown some response.®
About 33% of these tumors recur, and accordingly, poorly differentiated tumors are
more likely to do s0.® Unlike GCTs, SLCTs tend to recur early—within 5 years—and
sites of recurrence include the abdomen and pelvis.

Surveillance

Postoperatively, testosterone levels decline rapidly and may serve as a useful tumor
marker. However, virilization in those with SLCTs may never resolve completely. As
in GCTs, patients with SLCTs require lifetime surveillance. Imaging is generally
utilized only when there is concern for recurrence by testosterone levels, patient
symptoms, or physical examination findings.

Sex Cord Tumor with Annular Tubules

Sex cord tumors with annular tubules (SCTATS) were initially grouped with SLCTs,
and some have proposed grouping them with GCTs. Correspondingly, these tumors
possess characteristics of both, but they are recognized as a unique entity. Distinctive
features include an association with Peutz-Jeghers syndrome in one third of cases,
the potential to produce progesterone, and a higher penchant for lymph node metas-
tasis than other sex cord-stromal tumors.®

Presentation

The presentation of SCTATSs differs based on their association with Peutz-Jeghers
syndrome (PJS). In those with Peutz-Jeghers syndrome, tumors are small, bilateral,
calcified, and asymptomatic. Given their small size, they are typically not palpable
on examination. In contrast, in non-Peutz-Jeghers-associated cases, the population is
younger (20s), and tumors are larger, unilateral, and symptomatic.®® They are hor-
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monally active, often secreting estrogen and/or progesterone, which in a younger
target population often presents as menstrual cycle disruptions or dysfunctional
uterine bleeding.

Histology

SCTATs are thought of as a combination of granulosa cell and Sertoli-Leydig tumors.
The annular (circular) tubules correspond to Sertoli cells, but contain false lumens.
They also contain histologic elements consistent with GCTs, and they secrete
estradiol. As in GCTs, estradiol is not a useful tumor marker, but inhibin may be
useful for surveillance purposes. Progesterone levels also prove useful in the case of
progesterone-producing tumors.

Treatment

The recommended treatment for SCTATs is surgical resection. In patients with
Peutz-Jeghers syndrome, these tumors are uniformly benign; therefore, treatment
consists of unilateral oophorectomy. An interesting association exists between Peutz-
Jeghers-associated tumors and malignant adenoma of the cervix, which has been
reported in up to 15% of cases.®® Therefore, these patients require close surveillance
with a low threshold for excisional biopsy, since cytology and colposcopy are often
nondiagnostic. In non-Peutz-Jeghers—associated cases, tumors behave more aggres-
sively. The risk of extraovarian spread and metastasis is roughly 20% at the time of
initial surgery.®®® In a study of six patients with SCTATS, lymph node metastases
occurred in two patients 7.5 and 10 years after surgery, but all patients were alive
at a mean of 7.8 years.¥” Another review examined four patients, one of whom had
metastasis to a supraclavicular lymph node, the liver, and the retroperitoneum.®®
Treatment still consists of surgery with complete staging. Adjuvant chemotherapy
may offer some additional survival benefit. Typical regimens include BEP or a plati-
num/taxane combination, but experience is limited.

Gynandroblastomas

Gynandroblastomas are exceedingly rare. They are usually small and benign and occur
at an average age of 30, but they may manifest at any age. They are considered a mix
of granulosa cell and Sertoli-Leydig tumors, since histologically they consist of both.
Average age of presentation is 30, and since gynandroblastomas are part GCT, they
secrete estrogen. However, their remaining components may secrete other hormon-
ally active agents, occasionally causing virilization.

Histology

Histologic criteria for diagnosis of gynandroblastomas include at least a 10% GCT
component, and some component of well-differentiated or intermediate differenti-
ated Sertoli-Leydig tumor. The remaining elements consist of ovarian tissue and/or
heterologous tissue.

Treatment

Gynandroblastomas are consistently benign, and almost all are diagnosed at an early
stage. Treatment consists of surgery, and unilateral salpingo-oophorectomy is suffi-
cient. One case of a recurrence was recently reported.® These tumors occur so rarely
that current available literature supports only conservative surgical management.
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Germ Cell Tumors

Malignant ovarian germ cell tumors are a rare, heterogeneous group that account for
approximately 1% to 2% of the 21,000 new cases of ovarian cancer each year.”” Germ
cell tumors (benign and malignant) account for 20% to 25% of all ovarian neoplasms
and 58% of tumors in women under age 20. As the name implies, these tumors arise
from the primordial germ cells of the ovary and thus share characteristics with malig-
nant germ cell tumors of the testis. In fact, given that ovarian germ cell tumors occur
at about one tenth the rate of testicular tumors, many of the advances in therapy,
particularly in chemotherapy regimens, were first studied in male patients, and then
extrapolated to women.”" Another characteristic of germ cell tumors is the possibility
of primary extragonadal tumors whose location (e.g., retroperitoneal or mediastinal)
corresponds to the track taken by germ cells during embryonic development.”

Histology

Ovarian germ cell tumors comprise a number of different histologic types (Table
11-5). In terms of incidence, dysgerminomas are the most common malignant ovarian
germ cell tumors (Fig. 11-8), followed by immature teratomas (Fig. 11-9) and endo-
dermal sinus tumors (Fig. 11-10), although mixed varieties containing disparate
tumor components also exist. Other histologic types such as embryonal carcinomas,
nongestational choriocarcinomas, struma ovarii, and so on, are more rare. Surveil-
lance, Epidemiology and End Results (SEER) Program data from 1973 to 2002
identified 1262 cases of ovarian germ cell tumors: 414 (32.8%) dysgerminomas, 449
(35.6%) immature teratomas, and 362 (28.7%) mixed histologies.” For simplicity,
these tumors may be divided into two broad categories: dysgerminomas (the coun-
terpart to the male seminoma) and nondysgerminomas.”

Table 11-5. Histologic Classification Scheme of Ovarian Germ Cell Tumors

|. Primitive germ cell tumors

Dysgerminoma

. Endodermal sinus tumor (yolk sac tumor)
. Embryonal carcinoma

. Polyembryoma

Nongestational choriocarcinomas

Mixed germ cell tumor

MTMOO W >

Il. Biphasic or triphasic teratoma
A. Immature teratoma
B. Mature teratoma
1. Solid
2. Cystic
a. Dermoid cyst
b. Fetiform teratoma (homunculus)

lIl. Monodermal teratoma and somatic-type tumors associated with group Il (above)
. Thyroid (struma ovarii)
. Carcinoid
. Neuroectodermal
. Carcinoma
Melanocytic
Sarcoma
. Sebaceous
. Pituitary type
. Others

_ T OmMmMmMOOw>

Adapted from World Health Organization classification of tumors.
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Figure 11-8. A, Gross picture of dysgerminoma. B, Micrograph of dysgerminoma. C, High-power micrograph of
dysgerminoma. (Courtesy of Dr. Kristen Atkins, Department of Pathology, University of Virginia Health System.)

Figure 11-9. Gross picture of cystic teratoma. (Courtesy of
Dr. Kristen Atkins, Department of Pathology, University of
Virginia Health System.)

Grossly, dysgerminomas are fleshy, solid tumors that have a gray-white appear-
ance. At histologic examination, they are composed of sheets of vesicular cells sepa-
rated by fibrous stroma.” Immature teratomas are generally bulky tumors with a
smooth surface. Microscopically, they are characterized by areas of necrosis and
hemorrhage. As in their benign counterparts, bone, cartilage, hair and sebaceous
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Figure 11-10. Endodermal sinus
tumor demonstrating characteristic
Schiller-Duval body. Present in nearly
50% of endodermal sinus tumors,
Schiller-Duval bodies are pathognomonic
for this tumor and are said to resemble a
glomerulus (H&E, x400). (Courtesy of Dr.
Kristen Atkins, Department of Pathology,
University of Virginia Health System.)

Table 11-6. Differential Expression of Tumor Markers in Malignant Ovarian Germ Cell Tumors

Tumor Marker

Tumor AFP B-hCG LDH
Dysgerminoma Usually normal Usually normal Elevated
Immature teratoma Usually normal Usually normal —
Endodermal sinus tumor Elevated Normal —
Embryonal carcinoma Elevated Elevated —
Nongestational choriocarcinoma Normal Elevated —

material may be present. The immature components are typically glandular, bone,
muscle or nervous tissue. ® Endodermal sinus tumors (yolk sac tumors) have pathog-
nomonic structures that resemble a renal glomerulus, the Schiller-Duval body (see
Fig. 11-10).

Based on the underlying histologic makeup of the germ cell tumor, specific blood
proteins (tumor markers) may be elevated (Table 11-6). Classically, dysgerminomas
and pure immature teratomas have no specific tumor markers, but dysgerminomas
may have an elevated lactate dehydrogenase. Endodermal sinus tumors usually have
an elevated AFP, which may correlate with disease burden, but a normal B-human
chorionic gonadotropin (B-hCG). Choriorcarcinomas have the opposite picture with
an elevated B-hCG and a normal AFP. Embryonal carcinomas usually have elevations
in both AFP and B-hCG. Tumors of mixed histology may have elevations in some or
all of these tumor markers, depending on the cell types present.

Clinical Characteristics

The peak incidence of ovarian germ cell tumors is between ages 15 and 19 years, and
one third of these tumors are malignant.” Ovarian germ cell tumors are generally
rapid-growing and thus nearly 85% of patients present with abdominal and pelvic
pain/pressure and a palpable mass.”** Rupture, hemorrhage, and torsion are often
seen and can mimic the picture of acute appendicitis. A few patients may present
with signs of precocious puberty as a result of the production of hormones such as
B-hCG and estrogen.”** Given that the peak incidence of ovarian germ cell tumors
is in the reproductive years, they are often seen in the setting of pregnancy. In one
study including over 9000 adnexal masses found during pregnancy, 44% of the 81
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cancers were germ cell tumors; of these, dysgerminoma (41%) was the most common
histology.”’

Seventy percent of patients present with International Federation of Gynecology
and Obstetrics (FIGO) stage I-1I disease, with the bulk of the remaining 30% repre-
senting stage III tumors.”® Most tumors are unilateral with the notable exception of
dysgerminomas, which are reported to be bilateral in 10% to 15% of cases. Neverthe-
less, one series of 26 cases over 15 years noted a 23% rate of bilateral involvement.”
Despite this, bilaterality does not necessarily equate with malignancy, since benign
cystic teratomas of the contralateral ovary are also seen in 5% to 10% of cases.™

Diagnosis

The diagnostic workup of ovarian germ cell tumors begins with a comprehensive
history and physical examination. Particular attention should be paid to the presence
or absence of menstruation and secondary sex characteristics, since malignant germ
cell tumors can arise in the setting of dysgenetic gonads. Thus, a preoperative karyo-
type is especially important and indicated for premenarchal girls.”? Additional base-
line evaluation for all patients should include: blood studies, liver function testing,
serum tumor markers (see Table 11-6), and appropriate imaging such as a pelvic
ultrasound. Dysgerminomas are classically solid tumors with areas of hemorrhage,
and they thus appear as solid masses on ultrasound. Teratomas and endodermal sinus
tumors are more complex in appearance with cystic and solid components. For these
tumors, a chest x-ray is needed during the diagnostic evaluation, since they often
metastasize to the lungs and/or mediastinum. Computed tomography or magnetic
resonance imaging constitutes an acceptable alternative.

Prognosis

Prognostic indicators in ovarian germ cell tumors have yet to be formalized into a
scoring system such as that used in testicular tumors.” However, several studies have
demonstrated that FIGO stage, elevated tumor markers, nondysgerminoma or imma-
ture teratoma histology, sarcomatous elements, and lymph node involvement all are
associated with poor outcomes.'*!%

In a review of 113 patients with ovarian germ cell tumors, Murugaesu and associ-
ates'”! found that when both AFP and B-hCG are elevated, there is a dramatic
decrease in overall survival: One-year survival for patients with normal tumor markers
was 89.6% compared with 50.4% for those who had elevations of both. Despite
accruing 113 patients, the authors noted that this study was not sufficiently powered
to establish threshold values for either AFP or B-hCG. Lai and associates,'® in a
review of 93 patients, demonstrated that patients with dysgerminoma or immature
teratoma histology had a 100% 5-year survival rate compared with 83.3% for
those with other histologies. This confirms prior observations that patients with
endodermal sinus or choriocarcinomas have a worse prognosis. Malagon and associ-
ates'” reviewed 46 cases of germ cell tumors in which sarcomatous elements were
found (e.g., embryonal rhabdomyosarcoma, angiosarcoma, and leiomyosarcoma) and
compared them with historical controls matched for age and stage of disease who
lacked these elements. They found that patients who lack sarcomatous components
were more likely to show no evidence of disease after therapy than those with these
elements.

More recently, Kumar and colleagues,'”” in a review of SEER data, found that
lymph node metastasis was associated with an almost threefold risk of death (HR
2.87,95% CI 1.44-5.73), regardless of age, stage, grade, and histology. In addition,
the data demonstrate a possible survival benefit of lymphadenectomy, since patients



- Chapter 11 Borderline Ovarian Tumors

who received a lymph node dissection had a 5-year survival rate of 94% compared
with 89% in those who had no lymph nodes removed. Of note, increasing grade of
the tumor was associated with lymph node metastasis, but this was not statistically
significant. However, O’Connor and colleagues'® demonstrated that tumor grade is
the most important prognostic indicator of overall survival in the setting of immature
teratomas. Finally, whereas age has not been shown to be an independent predictor
of outcome in ovarian germ cell tumors, a Pediatric Intergroup Study of 109 girls
with primary extragonadal germ cell tumors demonstrated a significant decrease in
overall survival for girls 12 years old or older at diagnosis.'®

Surgical Management

The initial management of ovarian germ cell tumors is surgical, with fertility-sparing
surgery being preferred, given the young age of the majority who present with these
tumors. One contraindication to a fertility-sparing procedure would be the case of
dysgenetic gonads, further emphasizing the importance of a comprehensive preopera-
tive evaluation. In the absence of dysgenetic gonads, the outcomes of patients who
received fertility-sparing surgery are comparable to those who received complete
removal of both ovaries, regardless of stage or disease burden.?”!%

The principles of cytoreductive surgery in epithelial ovarian cancer have been
applied to the initial treatment of ovarian germ cell tumors. This is based on the
findings of GOG protocols that have demonstrated at least some benefit to surgical
debulking.'””!% Thus, the current management schema includes peritoneal washings,
removal of the affected ovary, bilateral pelvic and para-aortic lymphadenectomy,
omentectomy, and careful inspection of all peritoneal surfaces with excision of any
suspicious lesions or systematic peritoneal biopsies in the absence of visible lesions”*
(Fig. 11-11). Even so, given the high sensitivity of ovarian germ cell tumors to che-
motherapy, significant tumor debulking is advised only if it can be accomplished
without increasing morbidity or delaying the initiation of chemotherapy.” These
recommendations hold regardless of histology, although some authors have suggested
that lymphadenectomy is not necessary in the setting of immature teratomas, given
their propensity for peritoneal spread (rather than nodal spread), or in the setting of

P
Surgical management

* Peritoneal washings

* Omentectomy

* Debulking of gross disease or peritoneal biopsies

* Pelvic and para-aortic lymph node dissection

* Fertility sparing surgery or hysterectomy with bilateral salpingo-oophorectomy
» Dysgenetic gonads should be excised if present

Y

Adjuvant management

- — ¢ Observation in selected cases
Malignant ovarian »| *Stage IA dysgerminoma, IA grade 1 immature teratomas
germ cell tumor * BEP chemotherapy x 3—4 cycles

* Close follow-up including applicable tumor markers
* Second-look laparotomy not proven beneficial

Recurrent disease

¢ Individualize therapy
= Surgery
* Chemotherapy: BEP, EP, POMB-ACE, paclitaxel + gemcitibine
» Radiation

Y

Figure 11-11. Proposed management schema for malignant ovarian germ cell tumors.
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endodermal sinus tumors for which chemotherapy is recommended regardless of
nodal status.”?

Adjuvant Treatment

Adjuvant therapy decisions are based on stage, histology, and grade of the tumor.
For example, stage IA dysgerminomas and stage IA, grade 1 immature teratomas can
be observed without the need for further therapy.”” Currently, it is recommended
that those with all other stages and grades (regardless of histology) should receive
adjuvant chemotherapy.

For dysgerminomas, adjuvant therapy has consisted of radiation therapy or che-
motherapy. Before the advent of platinum-based chemotherapy, dysgerminomas
were successfully managed with external-beam radiation therapy, with the major side
effect being nearly universal ovarian failure, despite attempts at surgically displacing
the ovaries.” Given the success of platinum-based chemotherapy, and the observa-
tion that most patients demonstrate normal ovarian function after treatment, che-
motherapy has essentially replaced radiation in the setting of adjuvant treatment for
dysgerminomas.”

Modern chemotherapy for malignant germ cell tumors of the ovary incorporates
BEP. In the 1970s, initial chemotherapy experience in ovarian germ cell tumors came
from the GOG, which demonstrated the value of combination chemotherapy with
vincristine, dactinomycin and cyclophosphamide (VAC),'”” followed later by cispla-
tin, vinblastine and bleomycin (PVB), which proved superior.'” BEP had been shown
to be superior in testicular tumors, and its activity in ovarian germ cell tumors was
evaluated in GOG 90, which demonstrated that BEP was superior to PVB in this
setting.!!” The importance of bleomycin as a component of BEP was proved later in
an Eastern Cooperative Oncology Group (ECOG) trial, in which patients treated
with BEP had an overall survival rate of 95% compared with 86% for patients treated
with etoposide and cisplatin alone.'"!

Reflecting on data collected in testicular cancer trials, the optimal number of
cycles of chemotherapy with BEP is not predetermined but can be altered by the
clinical picture of the patient. One trial, which compared three cycles with four
cycles of BEP in patients with low-risk testicular cancer, found that the outcomes
were generally similar.''? The advantage of one less cycle of chemotherapy is a reduc-
tion of early and late side effects of therapy, not the least of which are the pulmonary
toxicity associated with bleomycin and the potential late onset of treatment-related
leukemias. Studies looking at treatment of favorable (i.e., surgically staged, little to
no residual disease) ovarian germ cell tumors have also reported good outcomes
with three cycles of BEP.!'®> However, patients with bulky residual disease should
receive four cycles of chemotherapy because no other regimen to date has proved
superior.”!

Increasingly, surgery has been advocated as the sole primary therapy for selected
cases of germ cell tumors. In a prospective, single-institution study, Bonazzi and
associates'' followed up 32 patients with pure ovarian immature teratomas, all stages
I-11, grades 1-2. In this series, 22 were treated with surgery alone. There were two
recurrences, both salvaged with chemotherapy. Marina and colleagues'"” reviewed 50
patients with pure immature teratomas, 23 of whom had malignant foci (grades 1-3)
and were treated with surgical excision alone. There were four recurrences in this
group, and all were salvaged by chemotherapy. Dark and associates''® recently
updated their experience with surgery followed by close observation, with chemo-
therapy reserved for recurrent disease. Briefly, the original study examined a surveil-
lance policy that followed surgical excision in 24 patients with malignant ovarian
germ cell tumors stage IA, including nine dysgerminomas, nine immature teratomas,
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and six endodermal sinus tumors. Seven of eight recurrences were salvaged with
chemotherapy, and the only death was due to pulmonary embolism while undergoing
treatment. In the updated dataset, the relapse rate was 22% for dysgerminomas and
36% for nondysgerminomas. Ten of 11 recurrences were successfully salvaged; one
death was due to chemoresistant disease. All recurrences were noted within 13
months of initial surgery, and the overall disease-specific survival rate was 94%.'"’
Results such as these from single-institution studies have prompted the Children’s
Oncology Group to study surgical excision alone in stage I tumors. The data are
forthcoming.

Surveillance

Once therapy is completed, the method of surveillance is based on the clinical and
histologic characteristics of the primary tumor. For example, dysgerminomas
and pure immature teratomas often have low or normal tumor markers at
diagnosis and thus can be followed up only with a combination of interval
history, physical examination, and imaging as clinically indicated. In contrast, endo-
dermal sinus tumors (with their characteristically elevated AFP) have a sensitive,
reproducible marker of persistent or recurrent disease. In the setting of mixed
tumors, surveillance can be individualized when one or more tumor markers
were elevated before therapy and have responded as expected to definitive
management.

In general, follow-up should be at regular intervals for at least 2 years, since 75%
of recurrences occur within the first year after completion of therapy.””> Although no
recommendations for contraception have been formalized, it is reasonable to delay
pregnancy (if possible) during the first year of follow-up if tumor markers are being
used for disease surveillance.

Second-look laparotomy has not been shown to improve outcomes for patients
with dysgerminomas or early-stage immature teratomas.”®'®® However, some have
suggested that in the setting of advanced-stage immature teratomas, second-look
laparotomy may be of benefit since these tumors have no reliable tumor markers."”
There have been no studies comparing post-therapy imaging as a replacement for
second-look surgery in this setting.

Outcomes

Because most tumors are early stage at diagnosis—and even advanced tumors are
exquisitely sensitive to chemotherapy—those with malignant ovarian germ cell
tumors generally have an excellent prognosis.”!!® Several retrospective studies have
demonstrated that with current platinum-based chemotherapy, 5-year survival
rates are 95% to 97%, keeping in mind that the majority of patients are stage I at
diagnosis.!”®'"¥ Even in disseminated cancer, Lai and associates'® noted an 88% 5-year
survival rate for stage III-IV disease.

Recurrent disease may be managed with chemotherapy, radiation therapy, surgery,
or some combination of therapeutic modalities. If the patient was only under surveil-
lance after surgery, chemotherapy with BEP is indicated. In the setting of persistence
or recurrence after chemotherapy with BEP, options include radiation therapy, high-
dose chemotherapy with etoposide, cisplatin, and bone marrow transplantation, or
the POMB-ACE regimen (cisplatin, vincristine, methotrexate, bleomycin, dactino-
mycin, cyclophosphamide, and etoposide).” Recently, a phase II study of paclitaxel
and gemcitibine as salvage therapy in the setting of heavily pretreated, recurrent germ
cell tumors demonstrated a 31% objective response (12.5% durable complete
response).'?
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The focus of long-term follow-up in addition to surveillance for disease recurrence
has been concerned with the late effects of chemotherapy: infertility and risk of
secondary malignancy. Many published retrospective reviews have demonstrated a
favorable outcome with regard to return of ovarian function (i.e., return of menstrua-
tion and ability to conceive) following combination chemotherapy.'?'~'? In one study,
61.7% of women who were menarchal before cheomotherapy developed amenorrhea
while receiving treatment.'”” Return of menses after therapy has been estimated to
be between 91.5% and 100%.'2"122125

Fertility outcomes after chemotherapy are not as clearly estimated, since it is not
always known how many women have actually attempted conception after therapy.
One study that collected this information noted that of 38 women who attempted
conception, 29 (76%) were successful.'”® In addition, a more recent study noted a
similar success rate (75%) among women attempting pregnancy.'?* The long-term
cancer risk of combination chemotherapy seems to be related to the use of alkylating
agents such as etoposide and is dose-related. One study of 616 children who received
alkylating agents for treatment of germ cell tumors found that the 10-year incidence
of treatment-related acute leukemias was 1% for children who received chemother-
apy alone and 4.2% for those who received combination chemotherapy and radiation
therapy.'?® The apparent threshold dose of etoposide is 2000 mg/m?, with patients
who received more than this amount having a risk of leukemia approaching that seen

in patients with both chemotherapy and radiation.”
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Deborah K. Armstrong

Ovarian cancer remains the leading cause of gynecologic cancer-related morbidity
and mortality in developed countries. This volume contains contributions from many
of the leading authorities in the clinical management of ovarian cancer as well as
those at the cutting edge of basic research and translational science. Although the
epidemiology of ovarian cancer has been relatively well defined, continued advances
are being made with respect to understanding the molecular and genetic basis for
disease. These advances have led to (1) progress in identifying women who have an
increased risk of developing ovarian cancer and to (2) the development of more
effective disease prevention strategies. Radiographic imaging is an integral part of
ovarian cancer detection, diagnosis, management, and post-treatment surveillance.

A number of imaging modalities are available, and a variety of new techniques,
especially molecular imaging approaches, are being developed to facilitate detection
of early-stage disease as well as to define the extent of metastatic tumor in women
with a more advanced stage of disease. This information is critical to the effective
planning of surgical and adjuvant therapy.

As described in this volume, the goal of primary surgery for advanced-stage ovarian
cancer is to accurately establish a diagnosis and leave little or no residual disease by
using a variety of cytoreductive surgical techniques and approaches. Advances in the
use of chemotherapy for ovarian cancer have contributed to recent improvements in
the expected survival times for women with advanced-stage tumors. Both novel
therapeutic agents as well as delivery mechanisms have been integrated into routine
clinical practice.

Despite important gains in early detection and primary treatment, a significant
proportion of women with ovarian cancer will ultimately experience disease recur-
rence. Recent evidence indicates that for a select group of patients, a repeat attempt
at cytoreductive surgery may be indicated, with successful tumor removal being
associated with a clinically meaningful prolongation of survival time. Selection of
second-line adjuvant therapy should be evidence-based and done according to guide-
lines that consider the treatment-free interval, prior therapy received, and prior
toxicity. The role of chemoresistance and chemosensitivity testing in the setting of
recurrent disease remains to be further defined. A number of encouraging therapeutic
agents, including angiogenesis inhibitors, are currently in clinical trials and may
ultimately be shown to be effective against ovarian cancer in both the primary and
recurrent disease settings.
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In the coming years, improvements in the early detection and management
of ovarian cancer will depend on incremental, but nevertheless forward-leaning,
scientific discoveries as well as more effective and less toxic therapies. Equally impor-
tant is the seamless integration of a multidisciplinary clinical care team, including the
specialties of gynecologic and medical oncology, radiology, critical care, pharmacy,
genetic counseling, nursing, social work, and psychiatry to deliver optimum therapy
and ultimately make meaningful gains in both survival time and quality of life.
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intraperitoneal, 155f, 158-159, 158f
maintenance, 159
neoadjuvant, 159
new combinations and dose schedules for, 157-158,
158f
recommendations on, 155f
taxanes for, 157
for borderline tumors, 198
for early ovarian carcinoma
adjuvant
biological and molecular markers with, 152-154,
154t
choice of agents for, 150, 150t, 151f
for clear cell carcinoma, 151-152, 151f
and definition of early cancer, 143-144, 144b
duration of, 150-151, 151t
efficacy of, 147-149, 148f, 148t, 149t
importance of surgical staging for, 146-147, 147b,
149, 149¢
and natural history of untreated disease, 144-145,
145f, 145¢
vs. radiation therapy, 151, 152f
recommendations on, 144b, 154, 155b
and substaging, 143, 144b, 145, 146f, 146t
intraperitoneal, 152, 152t, 153f, 153t

Chemotherapy (Continued)
for germ cell tumors, 215-216
for granulosa cell tumors, 202-205, 203f
intraperitoneal
for advanced ovarian carcinoma, 155f, 158-159,
158f
for early ovarian carcinoma, 152, 152t, 153f,
153t
hyperthermic, for recurrent ovarian carcinoma,
188-189
for platinum-resistant ovarian cancer, 174
chemoresistance and chemosensitivity testing in
selection of, 175
potential agents for, 171b
for recurrent ovarian cancer
hyperthermic intraperitoneal, 188-189
second-line
combination vs. single-agent, 167-170, 167f, 168t,
169f
considerations in selection of, 165, 165b
goals of, 165, 165b
non-platinum, 170-174, 171b, 1711, 172f, 173f
platinum-based vs. non-platinum regimen for, 166,
166t, 167f
reactions to, 166-167, 168, 168f, 169f
reasons for not using platinum-based therapy in,
166, 166b
sequential delivery of, 170
treatment-free interval and response to, 164, 164f,
164t
third-line, 169, 170t
for Sertoli-Leydig cell tumors, 208
Choriocarcinomas, gross and microscopic appearance of,
212
Chromosomal instability, in carcinogenesis, 25-26
Cisplatin
for advanced ovarian carcinoma, 156-157, 158f
intraperitoneal, 158, 158f
recommendations on, 155f
for borderline tumors, 198
BRCA genes and, 35-36
for early-stage cancer
benefits of, 148t, 153t
choice of, 150, 150t
intraperitoneal, 152, 152t
vs. radiation therapy, 150, 150t
for germ cell tumors, 215
for recurrent ovarian cancer, 166t, 167f
Classification, of ovarian cancer, 17-18
Clear cell borderline tumor, molecular genetic changes in,
26t
Clear cell carcinoma
carcinogenesis of, 19t, 20, 27
chemotherapy for, 151, 151f
imaging of, 71, 71f
Clinical presentation, of ovarian cancer, 7-9, 8t
Clitoromegaly, due to Sertoli-Leydig cell tumors, 206,
206f
Coffee-bean nuclei, in granulosa cell tumors, 201
Colectomy, for hereditary nonpolyposis colorectal cancer,
46
Collision tumor, imaging of, 74-75
Colonoscopy, for hereditary nonpolyposis colorectal
cancer, 46
Color Doppler ultrasound, for detection and
characterization of tumor, 65-67, 66f
Colorectal cancer
hereditary nonpolyposis (See Hereditary nonpolyposis
colorectal cancer (HNPCCQ))
metastatic, 75, 75f



Computed tomography (CT)
for recurrent disease, 79-81, 79f
for secondary cytoreduction, 185-186
for specific tumor characterization, 68
for staging, 77-78, 78f
Cumulative risk, of breast and ovarian cancer, in BRCA
carriers, 102, 102f
Cyclophosphamide (Cytoxan)
for advanced ovarian carcinoma, 156
for borderline tumors, 198
for early-stage cancer, 153t
choice of, 151f
intraperitoneal, 152t
for germ cell tumors, 215
for recurrent ovarian cancer, 166t, 167f
Cyst rupture, in early-stage epithelial cancer, 127, 127,
128f

Cystadenocarcinoma, serous, 70
Cystadenofibroma, serous, 70, 70f
Cystadenoma
benign mucinous, 70
benign serous, 70
Cystectomy, for borderline tumor, 197
Cytoreductive surgery
benefits of, 180, 180b
clinical and theoretical background of, 179-180
defined, 110
for germ cell tumors, 137-138, 137t, 214-215
interval, 122-123, 123t, 124f
predictors, 121-122
principles of, 109-111, 110f, 111f, 112f
recurrence after, 124-125, 126f
residual disease as prognostic factor after, 11-12, 12f,
13t
secondary, 179-189
defined, 180
factors predicting success of, 189, 189b
optimal, 186-187
patient selection for, 181-185, 181b, 189t
disease-free survival in, 181-183, 182f
extent of disease and ascites in, 183-184, 183b,
184f
other factors in, 185
variables related to adjuvant chemotherapy and
response in, 185
preoperative evaluation and imaging for, 185-186
procedures, complications, and outcome of, 186-187,
187t
survival after, 187, 187t, 188, 188f
Cytoxan. See Cyclophosphamide (Cytoxan).

D

Dactinomycin, for germ cell tumors, 215

Death rate, from ovarian cancer, 1, 2f, 87

Debulking surgery. See Cytoreductive surgery.

Descriptive Evaluation of Preoperative Selection Kriteria
for Operability in Recurrent Ovarian Cancer
(DESKTOP) trial, 181-182, 183, 185

Diaphragm resection, for advanced-stage epithelial cancer,
117, 117f, 118f

Disease-free survival (DFI), and patient selection for
secondary cytoreduction, 181-183, 182f

Distant metastases, imaging of, 77

DNA banking, 49

Docetaxel, for advanced ovarian carcinoma, 157, 158f

recommendations on, 155f

Doppler ultrasound, for detection and characterization of
tumor, 65-67, 66f

“Double determinant” assays, 101

Doxorubicin (Adriamycin)
for advanced ovarian carcinoma, 156
for recurrent ovarian cancer, 166t, 167f
Doxorubicin liposomal (Doxil)
for advanced ovarian carcinoma, 157-158
for recurrent ovarian cancer, 169, 170-172, 172f-173f
as third-line therapy, 170t
Dysgerminomas
adjuvant therapy for, 215
diagnosis of, 213
epidemiology of, 210
gross and microscopic appearance of, 211, 211f
imaging of, 72
surgery for, 136t
surveillance for, 216

E

Early ovarian carcinoma
adjuvant chemotherapy for
biological and molecular markers with, 152-154, 154t
choice of agents for, 150, 150¢t, 151f
for clear cell carcinoma, 151-152, 151f
and definition of early cancer, 143-144, 144b
duration of, 150-151, 151t
efficacy of, 147-149, 148f, 148t, 149t
importance of surgical staging for, 146-147, 147b,
149, 149t
and natural history of untreated disease, 144-145,
145f, 145¢
vs. radiation therapy, 151, 152f
recommendations on, 144b, 154, 155b
and substaging, 143, 144b, 145, 146f, 146t
defined, 143-144, 144b
intraperitoneal chemotherapy for, 152, 152t, 153f, 153t
low-risk vs. high-risk, 143, 144b
substages of, 143, 144b, 145, 146f, 146t
surgery for, 127-132
cyst rupture and, 127, 127¢t, 128f
fertility preservation with, 130
intraoperative frozen-section analysis with, 131-132
recurrence after, 144-145, 145f, 145¢, 146t
role of laparoscopy in, 131, 131t
surgical staging of, 129-130, 129f
importance of, 146-147, 147b, 149, 149t
Embryonal carcinoma, surgery for, 136t
En bloc pelvic resection, 113-117, 114f, 115f, 116f
Endodermal sinus tumors
diagnosis of, 213
epidemiology of, 210
gross and microscopic appearance of, 212, 212f
surgery for, 136t
Endometrioid borderline tumor, molecular genetic changes
in, 26t
Endometrioid carcinoma
carcinogenesis of, 19¢t, 20, 27
imaging of, 71-72, 72f
Environmental risk factors, for ovarian cancer, 7
Epidemiology, of ovarian cancer, 1-3, 2f, 2t, 51, 87
Epithelial ovarian cancer (EOC)
imaging of, 70-71, 70f
surgery for
advanced-stage, 109-127
diaphragm resection in, 117, 117f, 118f
en bloc pelvic resection in, 113-117, 114f, 115f, 116f
interval cytoreduction in, 122-123, 123t, 124f
liver resection in, 118, 118f
lymph node resection in, 121, 122f
palliative, 125-127
predictors of optimal cytoreduction with, 121-122



Epithelial ovarian cancer (EOC) (Continued)
principles of cytoreduction in, 109-111,
110f, 111f, 112f
recurrent, 124-125, 125f
second-look, 124, 125f
splenectomy in, 119, 119f, 120f, 121f
surgical principles for, 111-113
early-stage, 127-132
cyst rupture and, 127, 127t, 128f
fertility preservation with, 130
intraoperative frozen-section analysis with, 131-132
role of laparoscopy in, 131, 131t
surgical staging with, 129-130, 129f
of low malignant potential, 133-135
Estradiol, in granulosa cell tumors, 204
Estrogen replacement therapy, and ovarian cancer, 4-5,
6t
Ethnic differences, in incidence of ovarian cancer, 3, 3t
Etoposide, for germ cell tumors, 217

F
Familial syndrome(s), 33-49
and autosomal dominant inheritance, 34-35, 35f
epidemiology of, 33, 34f, 52, 53t
genetic assessment for, 47
and DNA banking, 49
genetic counseling process in, 47-48, 47f
and genetic discrimination, 48
of minors, 48
referral for, 39b, 49
hereditary breast and ovarian cancer as, 35-43
BRCA genes in, 5-7, 35-36, 37f
features and risks of, 7t, 36-39
genetic testing for, 39-41, 39b, 40f, 41f
and lifetime risk of ovarian cancer, 52, 53t
screening and risk reduction for, 42-43
hereditary nonpolyposis colorectal cancer as, 44-46
features and risks of, 44
genetic testing for, 44-46, 44b, 45b
and lifetime risk of ovarian cancer, 52, 53t
management of, 46
and prevention, 52
Family history
in genetic counseling, 47, 47f
of ovarian cancer, 5-7, 7t
Fat consumption, as risk factor for ovarian cancer, 7
FDG-PET. See 18Fluorodeoxyglucose positron emission
tomography (FDG-PET).
Fertility-sparing surgery
for borderline tumor, 197
for early-stage epithelial cancer, 130
for germ cell tumors, 135-136, 136t, 214
for granulosa cell tumors, 202
Fibromas, 205-206
imaging of, 73-74
survival rates in, 203t
Fibrous tumors, imaging of, 73-74, 73f, 74f
FIGO (International Federation of Gynecology and
Obstetrics) staging system, 9, 10b, 11f
18Fluorodeoxyglucose positron emission tomography
(FDG-PET)
for recurrent disease, 81-82, 82f
for secondary cytoreduction, 186
for specific tumor characterization, 68-69, 69f
for staging, 78, 78f
Follicle-stimulating hormone (FSH), and granuloma cell
tumors, 201
Founder mutations, 7
in BRCA genes, 41, 41f, 52

Frozen section
analysis of, 131-132
of borderline tumor, 196-197
FSH (follicle-stimulating hormone), and granuloma cell
tumors, 201
Fused PET-CT
for recurrence, 81-82, 82f
for secondary cytoreduction, 186
for staging, 78, 78f

G
Gadolinium-enhanced MRI
for detection and characterization of tumor, 66f, 67-68
for recurrence, 79-80, 80f
GCTs. See Granulosa cell tumors (GCTs).
Gemcitabine
for advanced ovarian carcinoma, 157-158, 158f
for germ cell tumors, 216
for recurrent ovarian cancer, 168, 168t
Genetic assessment, 47
and DNA banking, 49
genetic counseling process in, 47-48, 47f
and genetic discrimination, 48
of minors, 48
referral for, 39b, 49
Genetic counseling, process of, 47-48, 47f
Genetic discrimination, 48
Genetic Information Nondiscrimination Act (GINA), 48
Genetic predisposition syndrome(s), 33-49
and autosomal dominant inheritance, 34-35, 35f
epidemiology of, 33, 34f, 52, 53t
genetic assessment for, 47
and DNA banking, 49
genetic counseling process in, 47-48, 47f
and genetic discrimination, 48
of minors, 48
referral for, 39b, 49
hereditary breast and ovarian cancer as, 35-43
BRCA genes in, 5-7, 35-36, 37f
features and risks of, 7t, 36-39
genetic testing for, 39-41, 39b, 40f, 41f
and lifetime risk of ovarian cancer, 52, 53t
screening and risk reduction for, 42-43
hereditary nonpolyposis colorectal cancer as, 44-46
features and risks of, 44
genetic testing for, 44-46, 44b, 45b
and lifetime risk of ovarian cancer, 52, 53t
management of, 46
and prevention, 52
Genetic risk factors, for ovarian cancer, 5-7, 7t
Genetic testing
for hereditary breast and ovarian cancer, 39-41, 39b,
40f, 41f
for hereditary nonpolyposis colorectal cancer, 44-46,
44b, 45b
of minors, 48
Germ cell tumors, 210-217
adjuvant treatment of, 215-216
clinical characteristics of, 212-213
diagnosis of, 213
epidemiology of, 210
gross and microscopic appearance of, 211-212, 211f,
212f
histologic classification of, 210, 210t
outcomes with, 216-217
prognosis for, 213-214, 216-217
recurrences of, 215-217
surgical management of, 135-138, 136t, 137t, 214-215,
214f



Germ cell tumors (Continued)
surveillance for, 216
tumor markers for, 212, 212t
GINA (Genetic Information Nondiscrimination Act), 48
Glutathione peroxidase, in clear cell carcinoma, 27
GOG (Gynecology Oncology Group) screening study,
104-105
Gorlin’s syndrome, with fibromas, 206
Grade, as prognostic factor, 10-11
Granulosa cell tumors (GCTs), 201-205
adjuvant therapy for, 202-204, 203f
diagnosis of, 201
epidemiology of, 201
etiology of, 201
histology and pathology of, 201, 202f
imaging of, 73
presentation of, 201
prognostic factors for, 202
recurrence of, 204
subtypes of, 201
surgical treatment for, 139f, 202, 203f
surveillance for, 204
survival rates in, 202-204, 203t
Granulosa-stromal cell tumors, 200-206
epidemiology of, 200
fibromas as, 203t, 205-206
granulosa cell tumors as, 201-205
adjuvant therapy for, 202-204, 203f
diagnosis of, 201
epidemiology of, 201
etiology of, 201
histology and pathology of, 201, 202f
presentation of, 201
prognostic factors for, 202
recurrence of, 204
subtypes of, 201
surgical treatment for, 139f, 202, 203f
surveillance for, 204
survival rates in, 202-204, 203t
thecomas as, 203t, 205
Gynandroblastomas, 209
Gynecology Oncology Group (GOG) screening study,
104-105

H

B-hCG (B-human chorionic gonadotropin), in germ cell
tumors, 213
Hepatic metastases, resection of, 118, 118f
Hepatocyte nuclear factor-1b, in clear cell carcinoma, 27
HER2/neu proto-oncogene amplification, as prognostic
factor, 13
Hereditary breast and ovarian cancer (HBOC), 35-43
BRCA genes in, 5-7, 35-36, 37f
features and risks of, 7t, 36-39
genetic testing for, 39-41, 39b, 40f, 41f
and lifetime risk of ovarian cancer, 52, 53t
screening and risk reduction for, 42-43
Hereditary cancer predisposition syndrome(s), 33-49
and autosomal dominant inheritance, 34-35, 35f
epidemiology of, 33, 34f, 52, 53t
genetic assessment for, 47
and DNA banking, 49
genetic counseling process in, 47-48, 47f
and genetic discrimination, 48
of minors, 48
referral for, 39b, 49
hereditary breast and ovarian cancer as, 35-43
BRCA genes in, 5-7, 35-36, 37f

Hereditary cancer predisposition syndrome(s) (Continued)
features and risks of, 7t, 36-39
genetic testing for, 39-41, 39b, 40f, 41f
and lifetime risk of ovarian cancer, 52, 53t
screening and risk reduction for, 42-43
hereditary nonpolyposis colorectal cancer as, 44-46
features and risks of, 44
genetic testing for, 44-46, 44b, 45b
and lifetime risk of ovarian cancer, 52, 53t
management of, 46
and prevention, 52
Hereditary nonpolyposis colorectal cancer (HNPCC),
44-46
features and risks of, 44
genetic testing for, 44-46, 44b, 45b
and lifetime risk of ovarian cancer, 52, 53t
management of, 46
and ovarian cancer, 7
High-risk population
prophylactic surgery in, 57-60, 61t
vs. screening, 102, 104, 104b
screening for, 102-105
CA-125 and transvaginal ultrasound for, 103-105
vs. prophylactic surgery, 102, 104, 104b
recommendations on, 102
Risk of Ovarian Cancer Algorithm in, 105, 105b
UKFOCSS trial of, 105
HIPEC (hyperthermic intraperitoneal chemotherapy), for
recurrent ovarian carcinoma, 188-189
Histology, as prognostic factor, 10-11
HLA-G (human leukocyte antigen G) overexpression, in
carcinogenesis, 22t, 25
HNPCC. See Hereditary nonpolyposis colorectal cancer
(HNPCC).
Hormonal therapy, for granulosa cell tumors, 205
Hormone replacement therapy
in BRCA mutation carriers, 42-43
and ovarian cancer, 4-5, 6t
B-Human chorionic gonadotropin (8-hCG), in germ cell
tumors, 213
Human leukocyte antigen G (HLA-G) overexpression, in
carcinogenesis, 22t, 25
Hyperthermic intraperitoneal chemotherapy (IPHC,
HIPEC), for recurrent ovarian carcinoma,
188-189
Hysterectomy
for advanced-stage epithelial cancer, 113, 114
for borderline tumor, 197
for granulosa cell tumors, 202
prophylactic
for BRCA mutations, 42
for hereditary nonpolyposis colorectal cancer, 46
in high-risk population, 58-59
for risk reduction in general population, 57, 57t

1
ICON-3 (International Collaborative Ovarian Neoplasm 3)
trial, 157
ICON-4 (International Collaborative Ovarian Neoplasm 4)
trial, 168
[HC (immunohistochemistry) analysis, in hereditary
nonpolyposis colorectal cancer, 45
Imaging, 63-82
overview of role of, 63-64
for recurrent disease, 79-82, 79f, 80f
CT for, 79-81, 79f
FDG-PET for, 81-82, 82f
MRI for, 79-81, 79f, 80f



Imaging (Continued)
for screening, 64-65
for secondary cytoreduction, 185-186
for specific tumor characterization, 70-76
ancillary findings in, 71
of clear cell carcinomas, 71, 71f
of collision tumor, 74-75
CT for, 68
of dysgerminoma, 72
of endometrioid carcinomas, 71-72, 72f
of epithelial tumors, 70-71, 70f
FDG-PET for, 68-69, 69f
of fibrous tumors, 73-74, 73f, 74f
of granulosa cell tumors, 73
of metastasis to ovaries, 75-76, 75f
MRI for, 66f, 67-68
papillary projections in, 71
of sex cord-stromal tumors, 73
of teratoma
immature, 72
mature, 71-72, 72f
ultrasound for, 65-67, 66f
for staging, 76-79
CT for, 77-78
distant metastases in, 77
FDG-PET for, 78, 78f
fused PET-CT for, 78
intraperitoneal dissemination in, 76, 76f
lymph node metastases in, 76-77
MRI for, 77-78
Immunohistochemistry (IHC) analysis, in hereditary
nonpolyposis colorectal cancer, 45
Immunostaining, for screening, 97
Implants, of borderline tumors, 194
In vitro fertilization (IVF), and ovarian cancer, 4
Incidence, of ovarian cancer, 1
by race, 3, 3t
Infertility, as risk factor for ovarian cancer, 4
Inhibin, in granulosa cell tumors, 204
International Collaborative Ovarian Neoplasm 3 (ICON-3)
trial, 157
International Collaborative Ovarian Neoplasm 4 (ICON-4)
trial, 168
International Federation of Gynecology and Obstetrics
(FIGO) staging system, 9, 10b, 11f
Interval cytoreduction, 122-123, 123t, 124f
Intraoperative frozen section
analysis of, 131-132
of borderline tumor, 196-197
Intraperitoneal (IP) chemotherapy
for advanced ovarian carcinoma, 155f, 158-159, 158f
for early ovarian carcinoma, 152, 152t, 153f, 153t
hyperthermic, for recurrent ovarian carcinoma,
188-189
Intraperitoneal (IP) dissemination, imaging of, 76, 76f
IPHC (hyperthermic intraperitoneal chemotherapy), for
recurrent ovarian carcinoma, 188-189
Irinotecan, for clear cell carcinoma, 151f
IVF (in vitro fertilization), and ovarian cancer, 4

K

Kallikreins, for screening, 96
Kinase inhibitors, in treating ovarian cancer, 27-30,
28t-30t
KRAS mutations
in mucinous carcinoma, 26-27
in serous carcinoma, 21, 22-23, 22t, 23f
Krukenberg tumors, imaging of, 75, 75f

L

Laparoscopic staging, 131, 131t
Leiomyoma, imaging of, 74, 74f
Lewis X mucin determinant (OVX1), for screening, 95
Leydig cell tumors. See Sertoli-Leydig cell tumors
(SLCTS).
Lifetime probability, of ovarian cancer, 1, 2t, 52, 87
in high-risk population, 102
Liver resection, for advanced-stage epithelial cancer, 118,
118f
Locally advanced epithelial cancer, surgery for, 109-127
diaphragm resection in, 117, 117f, 118f
en bloc pelvic resection in, 113-117, 114f, 115f, 116f
interval cytoreduction in, 122-123, 123t, 124f
liver resection in, 118, 118f
lymph node resection in, 121, 122f
palliative, 125-127
predictors of optimal cytoreduction with, 121-122
principles of cytoreduction in, 109-111, 110f, 111f, 112f
recurrent, 124-125, 125f
second-look, 124, 125f
splenectomy in, 119, 119f, 120f, 121f
surgical principles for, 111-113
Low malignant potential, tumors of. See Borderline
tumors.
Lung metastases, imaging of, 78, 78f
Lymph node metastasis(es)
of germ cell tumors, 213-214
imaging of, 76-77
Lymph node resection, for advanced-stage epithelial
cancer, 121, 122f
Lynch syndrome. See Hereditary nonpolyposis colorectal
cancer (HNPCC).
Lysophosphatidic acid (LPA), for screening, 96

M

Macrophage colony-stimulating factor (M-CSF), for
screening, 95
Magnetic resonance imaging (MRI)
for breast screening with BRCA mutations, 43
for detection and characterization of tumor, 66f, 67-68
for recurrent disease, 79-81, 79f, 80f
for staging, 77-78
Maintenance chemotherapy, for advanced ovarian
carcinoma, 159
MALDI-TOF (matrix-assisted laser desorption and
ionization time-of-flight mass spectrometry), for
screening, 97-98, 100t
Malignant mixed mesodermal tumor, carcinogenesis of,
19¢, 20
MAPK signaling pathway, in carcinogenesis, 30
Mastectomy, bilateral prophylactic, for BRCA mutation
carriers, 43
Matrix-assisted laser desorption and ionization time-of-
flight mass spectrometry (MALDI-TOF), for
screening, 97-98, 100t
M-CSF (macrophage colony-stimulating factor), for
screening, 95
Meigs syndrome, with fibromas, 205
MEK inhibitors, 22, 30
Melphalan, for early-stage cancer, 147, 148t, 153t
Mesothelin, for screening, 96
Metastasis(es)
distant, imaging of, 77
hepatic, resection of, 118, 118f
lymph node
of germ cell tumors, 213-214
imaging of, 76-77



Metastasis(es) (Continued)
to ovaries, imaging of, 75-76, 75f
thoracic, imaging of, 78, 78f
Microinvasion, by borderline tumors, 195
Micropapillary architecture, within borderline tumors, 195
Micropapillary serous carcinoma (MPSC), carcinogenesis
of, 18, 23, 25
Microsatellite instability (MSI)
in carcinogenesis, 25-26, 27
in hereditary nonpolyposis colorectal cancer, 44-45, 44b
Minors, genetic testing of, 48
Mitoxantrone, for early-stage cancer, 152t
Mixed germ cell tumors, surgery for, 136t
Mixed multivariate analysis (MMA), for screening, 95
MLH], in hereditary nonpolyposis colorectal cancer, 45
Molecular markers, with adjuvant chemotherapy, 152—
154, 154t
Monoclonal antibodies, for screening, 96
Mortality, from ovarian cancer, 1, 2f, 87
MPSC (micropapillary serous carcinoma), carcinogenesis
of, 18, 23, 25
MRI. See Magnetic resonance imaging (MRI).
MSH?2, in hereditary nonpolyposis colorectal cancer, 45
MSHS6, in hereditary nonpolyposis colorectal cancer, 45
MSI (microsatellite instability)
in carcinogenesis, 25-26, 27
in hereditary nonpolyposis colorectal cancer, 44-45, 44b
Mucinous adenocarcinoma, metastatic, imaging of, 78, 78f
Mucinous borderline tumors
advanced-stage, surgery for, 134-135, 135t
molecular genetic changes in, 26t
Mucinous carcinoma, carcinogenesis of, 19t, 20, 26-27
Mucinous cystadenoma, imaging of, 70
Miillerian-inhibiting substance, in granulosa cell tumors,
204
Multiple markers, for screening, 95-96, 96b, 97f, 98f
Multiplex arrays, for screening, 101

N

Neoadjuvant chemotherapy, for advanced ovarian
carcinoma, 159
Nodal metastases
of germ cell tumors, 213-214
imaging of, 76-77
Nulliparity, as risk factor for ovarian cancer, 4

(0]
Obesity, as risk factor for ovarian cancer, 7
OCCR (ovarian cancer cluster region), of BRCA2, 36, 37f
Occult malignancy, 57-58
Omental caking, imaging of, 75f, 76
Qophorectomy
for advanced-stage epithelial cancer, 113-117, 114f,
115f, 116F
bilateral prophylactic
for BRCA mutations, 42
in general population, 56-57
for hereditary nonpolyposis colorectal cancer, 46
in high-risk population, 57-60, 61t
procedure for, 58, 58f-59f
and risk reduction, 132-133, 132f
vs. screening, 102, 104, 104b
for borderline tumor, 197
for germ cell tumors, 135, 136t
for granulosa cell tumors, 202
Oral contraceptives, and risk reduction, 4, 51, 53
in general population, 53-54, 55t
for women with increased risk, 55-56, 56t

OV-10 trial, 157
Ovarian cancer cluster region (OCCR), of BRCA2, 36, 37f
Ovarian carcinogenesis model
clinical and pathologic observations supporting dualistic, 18
molecular evidence supporting, 22-27, 23f
in borderline tumors, 26, 26t
in clear cell carcinoma, 19t, 20, 27
in endometrioid carcinoma, 19t, 20, 27
in malignant Brenner (transitional) tumor, 19t, 20
in malignant mixed mesodermal tumor
(carcinosarcoma), 19t
in mucinous carcinoma, 19t, 20, 26-27
in serous carcinoma, 22-26
allelic imbalance and chromosomal instability as,
25-26
apolipoprotein E overexpression as, 25
BRAF and KRAS mutations as, 21, 22-23, 22t, 23f
HLA-G overexpression as, 22t, 25
P53 mutation as, 22t, 23f, 24, 24f
proliferation (ki-67) index as, 22t
in undifferentiated carcinoma, 19t
proposal for, 18-21
type I tumors in, 20, 20f
clinicopathologic features of, 22t
molecular features of, 22t
precursors and molecular genetic alterations of, 19t
type II tumors in, 20-21, 20f
clinicopathologic features of, 22t
gross appearance of, 21f
microscopic appearance of, 21f
molecular features of, 22t
precursors and molecular genetic alterations of, 19t
Ovulation, as risk factor for ovarian cancer, 3-4, 52
OVX1 (Lewis X mucin determinant), for screening, 95

P
P53 tumor suppressor gene mutations
in pathogenesis, 23f, 24, 24f
as prognostic factor, 13
in type I vs. type II tumors, 22t
Paclitaxel
for advanced ovarian carcinoma, 155f, 157, 158f
intraperitoneal, 158, 158f
maintenance, 159
for clear cell carcinoma, 151f
for early-stage cancer
benefits of, 153t
choice of, 150-151, 151f
intraperitoneal, 152, 152t
for germ cell tumors, 216
for recurrent ovarian cancer, 166t, 167f, 168, 168t, 169
Palliative surgery, 125-127
Papillary projections, imaging of, 71
PARP (poly-AD-ribose polymerase) inhibitor, for recurrent
and resistant ovarian cancer, 175
Pathogenesis, of ovarian cancer, 52-53
Patient characteristics, as prognostic factors, 9-10
Peak systolic velocity (PSV), on spectral Doppler, 65-67
Pedigree, in genetic counseling, 47, 47f
Pelvic resection, en bloc, 113-117, 114f, 115f, 116f
Pelvic sidewall recurrence, 80-81
Peritoneal carcinomatosis, imaging of, 76, 76f
PET. See Positron emission tomography (PET).
Peutz-Jeghers syndrome (PJS), sex cord tumors with
annular tubules in, 208-209
PI (pulsatility index), on spectral Doppler, 65-67
Platinum-based chemotherapy
for advanced ovarian carcinoma, recommendations on,

155f



Platinum-based chemotherapy (Continued)
for borderline tumors, 198
for clear cell carcinoma, 151f
for early-stage cancer
benefits of, 148, 148f, 148t, 153t
choice of, 150-151, 150t, 151f
intraperitoneal, 152, 152t
evolution of, 156
for granulosa cell tumors, 205
for recurrent ovarian cancer
combination vs. single-agent, 167-170, 167f, 168t,
169f
considerations in selection of, 165, 165b
goals of, 165, 165b
vs. non-platinum regimen, 166, 166t, 167f
reactions to, 166-167, 168, 168f, 169f
reasons for not using, 166, 166b
sequential delivery of, 170
treatment-free interval and response to, 164, 164f,
164t
Platinum-resistant ovarian cancer
chemotherapy for, 174
chemoresistance and chemosensitivity testing in
selection of, 175
potential agents for, 171b
ongoing research on, 175-176
radiation therapy for, 174
recurrent vs., 163-165, 165b
PLCO (Prostate, Lung, Colorectal and Ovarian) cancer
screening trial, 92-93, 92t
Ploidy, as prognostic factor, 13
Poly-AD-ribose polymerase (PARP) inhibitor, for
recurrent and resistant ovarian cancer, 175
POMB-ACE regimen, for germ cell tumors, 216
Positive predictive value (PPV), 90
of transvaginal ultrasound, 91
Positron emission tomography (PET)
for recurrent disease, 81-82, 82f
for secondary cytoreduction, 186
for specific tumor characterization, 68-69, 69f
for staging, 78, 78f
PPV (positive predictive value), 90
of transvaginal ultrasound, 91

Predictive test, of chemoresistance and chemosensitivity,

175
Predictive values, of screening test, 89, 90
Predisposition syndromes. See Hereditary cancer
predisposition syndrome(s).
Prevalence, of ovarian cancer, 90
Prevention, 51-61
chemo-
defined, 52
in general population, 53-54, 55t
for women with increased risk, 55-56, 56t
genetic predisposition and, 52, 53f
pathogenesis and, 52-53
prophylactic surgery for
defined, 52
in general population, 56-57, 57t
in high-risk population, 57-60, 61t
procedure for, 58, 58f-59f
and risk reduction, 60-61, 61t
Progesterone, for granulosa cell tumors, 205
Prognostic factor(s), 9-13
age as, 9-10
CA-125 as, 12-13
HER2/neu proto-oncogene amplification as, 13
histology and grade as, 10-11
p53 tumor suppressor gene mutations as, 13
patient characteristics as, 9-10

Prognostic factor(s) (Continued)
ploidy as, 13
residual disease after cytoreductive surgery as, 11-12,
12f, 13t
stage as, 9, 10b, 11f
tumor biology as, 13
Prognostic test, of chemoresistance and chemosensitivity,
175
Prophylactic surgery
for BRCA mutations, 42
defined, 52
in general population, 56-57, 57t
for hereditary nonpolyposis colorectal cancer, 46
in high-risk population, 57-60, 61t
procedure for, 58, 58{-59f
and risk reduction, 132-133, 132f
vs. screening, 102, 104, 104b
Prostate, Lung, Colorectal and Ovarian (PLCO) cancer
screening trial, 92-93, 92t
Protective factors, for ovarian cancer, 4
Proteomic techniques, for screening, 96-101, 99t, 100t
Pseudo-Meigs syndrome, 205-206
PSV (peak systolic velocity), on spectral Doppler, 65-67
PTEN mutations, in endometrioid carcinoma, 27
Pulsatility index (PI), on spectral Doppler, 65-67
PVB regimen, for germ cell tumors, 215

R

Racial differences, in incidence of ovarian cancer, 3, 3t
Radiation therapy
for early carcinoma, 150, 150t
for germ cell tumors, 215
for granulosa cell tumors, 205
for platinum-resistant ovarian cancer, 174
Radiofrequency ablation (RFA), for hepatic metastases,
118, 118f
Rectosigmoid resection, for advanced-stage epithelial
cancer, 114, 116-117
Recurrent ovarian cancer
borderline, 199
central vs. pelvic sidewall, 80-81
chemotherapy for
second-line
combination vs. single-agent, 167-170, 167f, 168t,
169f
considerations in selection of, 165, 165b
goals of, 165, 165b
non-platinum, 170-174, 171b, 1711, 172f, 173f
platinum-based vs. non-platinum regimen for, 166,
166t, 167f
reactions to, 166-167, 168, 168f, 169f
reasons for not using platinum-based therapy in,
166, 166b
sequential delivery of, 170
treatment-free interval and response to, 164, 164f,
164t
third-line, 169, 170t
factors taken into account in management of, 189, 189b
germ cell, 215-217
granulosa cell, 204-205
imaging of, 79-82, 79f, 80f
CT for, 79-81, 79f
FDG-PET for, 81-82, 82f
MRI for, 79-81, 79¢, 80f
ongoing research on, 175-176
platinum-resistant vs., 163-165, 165b
secondary cytoreduction for, 179-189
defined, 180
factors predicting success of, 189, 189b



Recurrent ovarian cancer (Continued)
optimal, 186-187
patient selection for, 181-185, 181b, 189t
disease-free survival in, 181-183, 182f
extent of disease and ascites in, 183-184, 183b,
184f
other factors in, 185
variables related to adjuvant chemotherapy and
response in, 185
preoperative evaluation and imaging for, 185-186
procedures, complications, and outcome of, 186-187,
187t
survival after, 187, 187t, 188, 188f
after surgery
in advanced carcinoma, 124-125, 126f
in early carcinoma, 144-145, 145f, 145t, 146t
Referral, for genetic assessment, 39b, 49
Relative risk (RR), of breast and ovarian cancer in
mutation carriers, 88, 88t
Reproductive risk factors, for ovarian cancer, 3-5, 6t,
52-53
Residual disease, after cytoreductive surgery, as prognostic
factor, 11-12, 12f, 13t
Resistive index (RI), on spectral Doppler, 65-67
RFA (radiofrequency ablation), for hepatic metastases,
118, 118f
Risk factors, 3-7
environmental, 7
genetic, 5-7, 7t
reproductive, 3-5, 6t, 52-53
Risk of Ovarian Cancer Algorithm (ROCA)
in general population, 95
in high-risk women, 105, 105b
Risk reduction, prevention and, 60-61, 61t
Risk reduction factors, for ovarian cancer, 53
Risk reduction strategies, for BRCA mutations, 42-43
Risk-reducing surgery, 132-133, 132f
ROCA (Risk of Ovarian Cancer Algorithm)
in general population, 95
in high-risk women, 105, 105b
Rokitansky nodule, 71, 72f
RR (relative risk), of breast and ovarian cancer in mutation
carriers, 88, 88t

S

Salpingo-oophorectomy
for advanced-stage epithelial cancer, 113-117, 114f,
115f, 116F
bilateral prophylactic
for BRCA mutations, 42
in general population, 56-57
for hereditary nonpolyposis colorectal cancer, 46
in high-risk population, 57-60, 61t
procedure for, 58, 58f-59f
and risk reduction, 132-133, 132f
vs. screening, 102, 104, 104b
for borderline tumor, 197
for germ cell tumors, 135, 136t
for granulosa cell tumors, 202
Salvage surgery, for recurrent malignant germ cell tumors,
138
Saturated fat consumption, as risk factor for ovarian
cancer, 7/
SBTs (serous borderline tumors)
in carcinogenesis model, 17-18
molecular genetic changes in, 26t
Schiller-Duval body, in endodermal sinus tumors, 212,
212f
SCOTROC study, 157

Screening, 87-106
for BRCA mutations, 42-43
challenges of, 89-90
characteristics of good test for, 89, 89b
defined, 88
general population, 90-102
CA-125 for, 91-95
genetic structure of, 91, 91f
limitations of, 91
serial measurements of, 93, 93f, 94f
with transabdominal ultrasound, 92
with transvaginal ultrasound, 92-93, 92t, 94-95,
95f
UKCTOCS trial of, 92t, 93-94, 95f
usefulness of, 91-92
multiple markers for, 95-96, 96b, 97f, 98f
multiplex assays for, 101
proteomic techniques for, 96-101, 99¢t, 100t
Risk of Ovarian Cancer Algorithm in, 95
transvaginal ultrasound for, 90-91, 90f
with CA-125, 92-93, 92t, 94-95, 95f
validation of biomarker panels for, 101-102
in high-risk women, 102-105
CA-125 and transvaginal ultrasound for, 103-105
vs. prophylactic surgery, 102, 104, 104b
recommendations on, 102
Risk of Ovarian Cancer Algorithm in, 105, 105b
UKFOCSS trial of, 105
imaging for, 64-65
principles of, 88-89, 89b
SCTATs (sex cord tumors with annular tubules), 208-209
Secondary cytoreduction, 179-189
defined, 180
factors predicting success of, 189, 189b
optimal, 186-187
patient selection for, 181-185, 181b, 189t
disease-free survival in, 181-183, 182f
extent of disease and ascites in, 183-184, 183b, 184f
other factors in, 185
variables related to adjuvant chemotherapy and
response in, 185
preoperative evaluation and imaging for, 185-186
procedures, complications, and outcome of, 186-187,
187t
survival after, 187, 187t, 188, 188f
Second-look surgery, 124, 125f
SELDI-TOF (surface-enhanced laser desorption and
ionization time-of-flight mass spectrometry), for
screening, 97-98, 99t, 100t
Sensitivity, of screening test, 89
Serous adenocarcinoma, metastatic to omentum, 75, 75f
Serous borderline tumors (SBTs)
in carcinogenesis model, 17-18
molecular genetic changes in, 26t
Serous carcinoma
carcinogenesis of, 22-26
allelic imbalance and chromosomal instability as,
25-26
apolipoprotein E overexpression as, 25
BRAF and KRAS mutations as, 21, 22-23, 22t, 23f
clinical and pathologic observations on, 18
high-grade, 18, 19t, 20-21
HLA-G overexpression as, 22t, 25
low-grade, 18, 19t, 20
micropapillary, 18, 23, 25
p53 mutation as, 22t, 23f, 24, 24f
proliferation (ki-67) index as, 22t
serous borderline tumors in, 17-18
high-grade
carcinogenesis of, 18, 19t, 20-21



Serous carcinoma (Continued)
clinicopathologic features of, 22t
gross appearance of, 211
microscopic appearance of, 21f
molecular features of, 22t
low-grade
carcinogenesis of, 18, 19t, 20
clinicopathologic features of, 22t
molecular features of, 22t
Serous cystadenocarcinoma, 70
Serous cystadenofibroma, 70, 70f
Serous cystadenoma, 70
Sertoli-Leydig cell tumors (SLCTs), 206-208
ablative treatment for, 208
diagnosis of, 207, 207f
epidemiology of, 206
etiology of, 206
imaging of, 73, 73f
pathology of, 207, 208f
presentation of, 206, 206f
surgical treatment for, 207
surveillance for, 208
survival rates in, 203t
Sex cord tumors with annular tubules (SCTATS),
208-209
Sex cord-stromal tumors, 199-209
advanced-stage, 200
classification of, 199, 199t
clinical manifestations of, 199-200
epidemiology of, 199
granulosa-stromal cell tumors as, 200-206
epidemiology of, 200
fibromas as, 203t, 205-206
granulosa cell tumors as, 201-205
adjuvant therapy for, 202-204, 203f
diagnosis of, 201
epidemiology of, 201
etiology of, 201
histology and pathology of, 201, 202f
presentation of, 201
prognostic factors for, 202
recurrence of, 204
subtypes of, 201
surgical treatment for, 202, 203f
surveillance for, 204
survival rates in, 202-204, 203t
thecomas as, 203t, 205
gynandroblastomas as, 209
imaging of, 73
prognosis for, 200
Sertoli-Leydig cell tumors (androblastomas) as, 206-208
ablative treatment for, 208
diagnosis of, 207, 207f
epidemiology of, 206
etiology of, 206
pathology of, 207, 208f
presentation of, 206, 206f
surgical treatment for, 207
surveillance for, 208
survival rates in, 203t
sex cord tumor with annular tubules as, 208-209
surgery for, 138, 139f
surveillance for, 200
survival rates in, 203t
treatment for, 200
Signs, of ovarian cancer, 9
Skates, Steven, 105
SLCTs. See Sertoli-Leydig cell tumors (SLCTs).
Smoothing techniques, for disease-free interval and
secondary cytoreduction, 182, 182f

Soluble mesothelin-related protein (SMRP), for screening,
96
Specificity, of screening test, 89
Spectral Doppler analysis, for detection and
characterization of tumor, 65-67, 66f
Splenectomy, for advanced-stage epithelial cancer, 119,
119¢, 120, 121f
Stage, as prognostic factor, 9, 10b, 11f
Staging
imaging for, 76-79
CT as, 77-78, 78f
distant metastases in, 77
FDG-PET as, 78, 78f
fused PET-CT as, 78, 78f
intraperitoneal dissemination in, 76, 76f
lymph node metastases in, 76-77
MRI as, 77-78
laparoscopic, 131, 131t
surgical, 129-130, 129f
and adjuvant chemotherapy, 146-147, 147b, 149,
149t
for borderline tumors, 134, 197-198
for malignant germ cell tumors, 135
Surface-enhanced laser desorption and ionization time-of-
flight mass spectrometry (SELDI-TOF), for
screening, 97-98, 99t, 100t
Surgery, 109-139
for advanced-stage epithelial cancer, 109-127
diaphragm resection in, 117, 117f, 118f
en bloc pelvic resection in, 113-117, 114f, 115f, 116f
interval cytoreduction in, 122-123, 123t, 124f
liver resection in, 118, 118f
lymph node resection in, 121, 122f
palliative, 125-127
predictors of optimal cytoreduction with, 121-122
principles of cytoreduction in, 109-111, 110f, 111f,
112f
recurrent, 124-125, 125f
second-look, 124, 125f
splenectomy in, 119, 119f, 120f, 121f
surgical principles for, 111-113
for borderline tumors, 133-135, 196-198
extent of, 197
intraoperative frozen section in, 196-197
staging in, 134, 197-198
for early-stage epithelial cancer, 127-132
cyst rupture and, 127, 127t, 128f
fertility preservation with, 130
intraoperative frozen-section analysis with, 131-132
recurrence after, 144-145, 145f, 145t, 146t
role of laparoscopy in, 131, 131t
surgical staging with, 129-130, 129f
for germ cell tumors, 135-138, 136t, 137t, 214-215,
214f
prophylactic
for BRCA mutations, 42
defined, 52
in general population, 56-57, 57t
for hereditary nonpolyposis colorectal cancer, 46
in high-risk population, 57-60, 61t
procedure for, 58, 58f-59f
and risk reduction, 132-133, 132f
vs. screening, 102, 104, 104b
risk-reducing, 132-133, 132f
for sex cord—stromal tumors, 138, 139f
Surgical cytoreduction
benefits of, 180, 180b
clinical and theoretical background of, 179-180
for germ cell tumors, 137-138, 137¢t, 214-215
interval, 122-123, 123t, 124f




Surgical cytoreduction (Continued)
optimal
defined, 110
predictors, 121-122
principles of, 109-111, 110f, 111f, 112f
recurrence after, 124-125, 126f
secondary
defined, 180
factors predicting success of, 189, 189b
optimal, 186-187
patient selection for, 181-185, 181b, 189t
disease-free survival in, 181-183, 182f
extent of disease and ascites in, 183-184, 183b,
184f
other factors in, 185
variables related to adjuvant chemotherapy and
response in, 185
preoperative evaluation and imaging for, 185-186
procedures, complications, and outcome of, 186-187,
187t
survival after, 187, 187t, 188, 188f
Surgical debulking. See Surgical cytoreduction.
Surgical staging, 129-130, 129f
and adjuvant chemotherapy, 146-147, 147b, 149, 149t
for borderline tumors, 134, 197-198
for malignant germ cell tumors, 135
Surveillance
for borderline tumors, 198
for germ cell tumors, 216
for granulosa cell tumors, 204
for Sertoli-Leydig cell tumors, 208
for sex cord—stromal tumors, 200
Survival rate
factors influencing. See Prognostic factor(s).
with ovarian cancer, 3
Symptoms, of ovarian cancer, 7-9, 8t

T

Talcum powder use, as risk factor for ovarian cancer, 7
Tamoxifen
for BRCA mutation carriers, 43
for granulosa cell tumors, 205
Taxanes
for advanced ovarian carcinoma, 156, 157
for granulosa cell tumors, 205
Teratomas
immature
diagnosis of, 213
epidemiology of, 210
gross and microscopic appearance of, 211-212, 211f
imaging of, 72
surgery for, 136t
surveillance for, 216
mature, imaging of, 71-72, 72f

Thecomas, 203t, 205
Thoracic metastases, imaging of, 78, 78f
TLK 286 (canfosfamide), for recurrent ovarian cancer,
170f
Topotecan
for advanced ovarian carcinoma, 157-158, 158f
for recurrent ovarian cancer, 170, 170f, 172{-173f
Transabdominal ultrasound, for screening, 92
Transforming growth factor-b receptor type I, in clear cell
carcinoma, 27
Transitional tumor, carcinogenesis of
borderline, 26t
malignant, 19t, 20
Transvaginal ultrasound (TVUS)
for detection and characterization of tumor, 65-67,
66f
for screening, 64-65
with CA-125, 92-93, 92t, 94-95, 95f
in general population, 90-91, 90f
in high-risk women, 103-105
Tubal ligation, for risk reduction in general population, 57,
57t
Tumor biology, as prognostic factor, 13
Tumor debulking. See Surgical cytoreduction.
Tumor marker(s)
with adjuvant chemotherapy, 152-154, 154t
for screening, 95-96, 96b, 97f, 98f
multiplex arrays of, 101
validation of panels of, 101-102
TVUS. See Transvaginal ultrasound (TVUS).

Y]

Ultrasound
for detection and characterization of tumor, 65-67, 66f
for screening, 64-65
with CA-125, 92-93, 92t, 94-95, 95f
in general population, 90-91, 90f
in high-risk women, 103-105
Undifferentiated carcinoma, carcinogenesis of, 19t
United Kingdom Collaborative Trial of Ovarian Cancer
Screening (UKCTOCS), 92t, 93-94, 95f, 105

\%

VAC regimen, for germ cell tumors, 215
Vinblastine, for germ cell tumors, 215
Vincristine, for germ cell tumors, 215

Y

Yolk sac tumors. See Endodermal sinus tumors.



	Cover
	Early Diagnosis and Treatment of Cancer Series: Ovarian Cancer
	ISBN:     9781416046851
	Copyright
	Series Preface
	Preface
	Contributors

	Epidemiology and Clinical Presentation of Ovarian Cancer
	Biology and Pathology of Ovarian Cancer
	Ovarian Cancer Family Syndromes and GeneticTesting
	Ovarian Cancer Prevention: Chemoprevention and Prophylactic Surgery
	Imaging of Ovarian Cancer
	Ovarian Cancer Screening
	Ovarian Cancer Surgery
	Chemotherapy for Ovarian Cancer
	Management of Recurrent Ovarian Cancer: Chemotherapy and Clinical Trials
	Secondary Cytoreduction in the Treatment of Recurrent Ovarian Cancer
	Borderline Epithelial Ovarian Tumors, Sex Cord-Stromal Tumors, and Germ Cell Tumors
	Conclusion
	Index



