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Preface

The ovaries are not only reproductive organs that hold the ova, which are a source
of life, but also endocrine organs that produce female sex steroid hormones. Diverse
germ cell tumors and sex-cord tumors develop from respective precursor cells.
Although epithelial tumors, which constitute the most common type of ovarian
tumors, have long been thought to arise from the ovarian surface epithelium, a new
theory has emerged indicating that they can arise within the tubal fimbriae in serous
tubal intraepithelial cancer (STIC) as precursor cells. In 2014, the World Health
Organization revised its histological classifications of gynecological tumors for the
first time in 13 years based on these findings, issuing the WHO Classification of
Tumours of Female Reproductive Organs. Rapid advances in molecular biology
have resulted in a new classification of epithelial ovarian cancer into two types
through the addition of precursors and known molecular genetic alterations to the
conventional histological type. A new point of view for the diagnosis and prevention
of epithelial ovarian cancer was introduced when two genes responsible for heredi-
tary breast—ovarian cancer, which accounts for approximately 5-10% of cases of
epithelial ovarian cancer, were identified.

Clinically, over the past 30 years, a markedly increasing trend in cases of epithe-
lial ovarian cancer has been seen in developed Western countries. Epithelial ovarian
cancer is now the eighth most common disease among women worldwide and the
seventh leading cause of death. For cases of epithelial ovarian cancer, half of which
are progressive cancer cases, it is important to implement multimodal therapy with
surgery and chemotherapy. As various international clinical trials on chemotherapy
with platinum agents and taxane are under way, new and innovative treatments such
as neoadjuvant chemotherapy (NAC) are beginning to be clinically applied. In addi-
tion to the introduction of molecular-targeted therapy, the current feasibility of
immunotherapy has made it possible to anticipate improvement in the long-term
prognosis. However, as no marked improvement in prognosis for cases of progres-
sive ovarian cancer is expected, the most important clinical issue is the treatment of
recurrent ovarian cancer, with the basis of treatment being the early introduction of
palliative medicine. Moreover, the introduction of the concept of oncofertility is an
important issue for young patients, while treatment strategies for elderly patients,
whose number is increasing with the aging population, must not be neglected.

On this topic, we scientifically studied ovarian cancer and summarized the basic
principles and frontline clinical management in Chap. 17. I take pride in the fact that
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all authors are highly renowned in their field worldwide. I sincerely hope that this
book becomes a must-have resource not only for basic scientists and gynecologic
oncologists but also for many doctors, ranging from those in the younger generation
who have just started engaging in research or clinical care to experienced
gynecologists.

Kumamoto, Japan Hidetaka Katabuchi
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Epidemiology and Etiology of Ovarian
Cancer

Hiroyuki Nomura, Naomi Iwasa, Tomoko Yoshihama,
Yoshiko Nanki, and Daisuke Aoki

Abstract

The median age of patients diagnosed with ovarian cancer is 63 years in the
United States, and the risk for developing this cancer increases with age. The
age-adjusted incidence rate of ovarian cancer is 11.9 per 100,000 females, which
is relatively low, and it ranks 17th among all cancers. On the other hand, the
mortality from this cancer is relatively high, and the age-adjusted mortality is 7.5
per 100,000 females. Both the annual incidence rate and the mortality have been
declining in recent years, reflecting advances in treatment. From a global view-
point, the incidence rate is higher in developed countries (especially in Northern
Europe) compared to developing countries.

Although the cause of ovarian cancer is still unknown, several risk factors
related to its development have been identified. The most important factors are
the family history and genetic background, which account for approximately
10% of ovarian cancer. Hereditary breast and ovarian cancer and Lynch syn-
drome are associated with mutations of certain genes. Other causes of ovarian
cancer that have been suggested include continuous ovulation, excessive gonad-
otropin stimulation, excessive hormone stimulation, and pelvic inflammation.
Ovarian cancer occurs more frequently among nulliparous women and infertile
women, while it is less frequent among women with a history of oral contracep-
tive use, pregnancy, or breastfeeding.
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1.1 Introduction

Ovarian cancer is uncommon and often advanced at the time of diagnosis and has a
poor prognosis. The prevalence of ovarian cancer is influenced by the social back-
ground, demographic factors, racial and ethnic factors, and lifestyle factors. The
survival rate of ovarian cancer patients has improved with the development and
standardization of new treatments. It is important to be aware of epidemiological
trends in the diagnosis and treatment of ovarian cancer. This section provides an
outline of the age distribution of ovarian cancer, annual changes of the incidence
rate and mortality, and international comparisons, as well as information about epi-
demiology and etiology with a focus on risk factors.

1.2  General Epidemiology of Ovarian Cancer

Ovarian cancer includes various tumors that arise from the ovaries, and its histologi-
cal classification is based on the classification of the World Health Organization
(WHO) [1]. Superficial epithelial/stromal tumors account for approximately 80% of
all ovarian tumors. These tumors contain epithelial and interstitial tissues in various
proportions, and the tumor components are normally derived from the epidermis.
Sex cord-stromal tumors are derived from granulosa cells and Sertoli cells, theca
cells differentiating from the interstitium, or Leydig cells and account for approxi-
mately 5% of all ovarian tumors. Germ cell tumors are derived from germ cells or
extraembryonic tissues and comprise approximately 15-20% of all ovarian tumors.
Although ovarian cancer occurs in all age groups, the histological types vary with
age (Table 1.1) [2]. While malignant germ cell tumors are most frequent in young
women aged 20 years or younger, malignant epithelial tumors are frequent in older
women aged 50 years or older.

Some patients with ovarian cancer have a positive family history or genetic back-
ground, and the disease is called familial ovarian cancer in a broad sense if a patient
has a relative with ovarian cancer. If a patient has a family history of ovarian cancer
in close relatives or a number of relatives with this cancer, it is called familial or
hereditary ovarian cancer, including hereditary breast and ovarian cancer (HBOC)
and Lynch syndrome. Hereditary ovarian cancer is estimated to account for approxi-
mately 10% of all ovarian cancer [3, 4].

Globally, it has been reported that approximately 200,000 women are diagnosed
with ovarian cancer and 125,000 women die of this cancer every year [5, 6].

Table 1.1 Primary ovarian neoplasms related to age (From ref. 2)

Type <20 years 20-50 years >50 years
Coelomic epithelium 29% 1% 81%
Germ cell 59% 14% 6%
Specialized gonadal stroma 8% 5% 4%

Non-specific mesenchyme 4% 10% 9%
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1.3  Current Status and Changes of Ovarian Cancer
Incidence Rate

The “number of cases (or number of deaths)” is the “number of cases (or deaths) newly
diagnosed during a certain period (usually 1 year) in a target population,” and it is often
expressed as the “incidence rate (mortality).” However, in diseases such as cancer for
which age is considered to be a contributing factor, the age-stratified incidence rate (or
mortality) is important, and therefore the “age-specific incidence rate (or mortality)” is
calculated. When comparing incidence rate (or mortality) between different regions or
periods, it is difficult to perform accurate comparison due to differences in the age dis-
tribution of the target populations. To overcome this problem, the “age-adjusted inci-
dence rate (or mortality)” is often calculated, which is the incidence rate (or mortality)
adjusted for the age-specific population of the standard population, in order for the age
composition to be the same as that of the standard population.

The detailed trends of cancer prevalence and mortality are reported by the
Surveillance, Epidemiology, and End Results (SEER) program compiled by the
National Cancer Institute (NCI) in the United States [7]. Although SEER is based
on data from the United States, it can be used as a relatively general reference since
the racial composition of the population is diverse in the United States.

According to the 2009-2013 data, the age-adjusted incidence rate of ovarian
cancer is 11.9 per 100,000 females. According to the 2010-2012 data, the life-
time risk of ovarian cancer for women is 1.3% (approximately 1 out of every 78
females). The population of women in the United States is approximately 160
million (2015 data) [8], and the estimated annual number of patients developing
ovarian cancer in the United States is 22,280 (as of 2016), while it is estimated
that there were a total of 195,767 patients with ovarian cancer in 2013. The can-
cer causing the highest age-adjusted incidence rate for women is breast cancer,
and the incidence rate is 125.0 per 100,000 females. The incidence rate due to
ovarian cancer is less than one tenth of that caused by breast cancer, and it is
ranked 17th among all cancers affecting women in terms of the estimated annual
number of patients, accounting for only 1.3% of new cancers annually (Table 1.2).

Table 1.2 Estimated new cases and deaths compared to other cancers: ovarian cancer (From ref. 7)

Common types of cancer Estimated new cases 2016  Estimated deaths 2016
1 Breast cancer (female) 246,660 40,450
2 Lung and bronchus cancer 224,390 158,080
3 Prostate cancer 180,890 26,120
4 Colon and rectum cancer 134,490 49,190
5 Bladder cancer 76,960 16,390
6 Melanoma of the skin 76,380 10,130
7 Non-Hodgkin lymphoma 72,580 20,150
8 Thyroid cancer 64,300 1,980
9 Kidney and renal pelvis cancer 62,700 14,240

10 Leukemia 60,140 24,400

17 Ovarian cancer 22,280 14,240
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Fig. 1.2 Percentage of new cases and deaths by age group: ovarian cancer (From ref. 7)

Thus, ovarian cancer is relatively infrequently in proportion to all cancers. The
annual age-adjusted incidence rate of ovarian cancer has been decreasing, as it
was 16.3 per 100,000 females in 1975, 15.4 in 1990, 13.0 in 2005, and 11.9 in
2013 (Fig. 1.1).

The median age of women diagnosed with ovarian cancer is 63 years. As for the
age-specific incidence, 1.3% of women with ovarian cancer are diagnosed at
19 years or younger, 3.8% at 20-34 years, 6.9% at 35-44 years, 18.6% at
45-54 years, 24.2% at 55-64 years, 21.3% at 65-74 years, 15.9% at 75-84 years,
and 8.0% at 85 years or older (Fig. 1.2). Thus, the prevalence of ovarian cancer
increases with age, and it increases rapidly from the age of 45 years. Patients who
are 45 or older comprise 88% of the total number of patients, with a peak at
55-64 years. These points suggest that aging is an important factor in the develop-
ment of ovarian cancer.

As for racial/ethnic background, the age-adjusted incidence rate per 100,000
females is 12.5 for whites, 9.6 for blacks, 9.3 for Asian/Pacific islanders, 10.4 for
American Indians/Alaskan natives, 10.6 for Hispanics, and 12.0 for non-Hispanics.
Thus, ovarian cancer incidence rate tends to be lower among blacks and Asians,
while it is higher among whites and non-Hispanics (Fig. 1.3).
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Fig. 1.3 Age-adjusted incidence rate and mortality by race/ethnicity: ovarian cancer (From ref. 7)
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Fig. 1.4 Percentage of cases and 5-year relative survival rate by stage at diagnosis: ovarian cancer
(From ref. 7)

Ovarian cancer is confined to the ovary at diagnosis in 15% of patients, while it has
spread to regional lymph nodes in 19% and has spread or metastasized beyond the
primary site in 60% (the details are unknown in 6%), indicating that more than half of
all patients have advanced disease at diagnosis (Fig. 1.4). In older women, ovarian
cancer is diagnosed at a relatively more advanced stage than in young women.

On the other hand, the trends of cancer prevalence and mortality in Japan are
reported by the Cancer Registry and Statistics in Cancer Information Service,
National Cancer Center, Japan [9], and the annual report of the Committee on
Gynecologic Oncology, Japan Society of Obstetrics and Gynecology (JSOQG)
[10]. As of 2012, the age-adjusted incidence rate of ovarian cancer was 8.3 per
100,000 females. That of all sites of female cancer was 265.8 per 100,000
females, and that of breast cancer was 64.3 per 100,000 females, which was the
highest in female cancers. Ovarian cancer is ranked seventh among all sites of
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female cancers and accounting for 3.1% of new cancers. In Japan, the annual
age-adjusted incidence rate of ovarian cancer has doubled in these 30 years.
Patients aged 60-69, 50-59, and 40—49 years accounted for 26.9%, 24.6%, and
21.5%, respectively, of all patients whose treatment was initiated in 2013. Women
in their 50s and 60s were predominantly affected by ovarian cancer, same as the
report on SEER. The distribution of surgical stages is as follows: stage I (con-
fined to primary site) accounted for 42.2%, stage II (spread to pelvic cavity)
accounted for 9.8%, stage III (spread to regional lymph nodes and/or peritoneal
cavity) accounted for 28.2%, and stage IV (metastasize to distant organs)
accounted for 8.3% of all patients. Neoadjuvant chemotherapy was administered
to 10.9% of patients.

1.4  Current Status and Changes of Ovarian Cancer
Mortality

According to SEER [7], the age-adjusted mortality rate of ovarian cancer was 7.5
per 100,000 females in 2009-2013. Based on the 2006-2012 data, the 5-year sur-
vival rate of ovarian cancer patients was 46.2%, indicating that more than half of
these patients die within 5 years. In the United States, 14,240 patients are predicted
to die of ovarian cancer in 2016 (Table 1.2). Ovarian cancer accounts for 2.4% of all
cancer deaths, which is high in proportion to the number of patients with this tumor.
When compared to the 5-year survival rate of 89.7% for breast cancer and the
40,450 estimated annual deaths (21.5 per 100,000 females) from this cancer, which
has the highest estimated annual incidence, the higher risk of death from ovarian
cancer becomes obvious. However, the annual age-adjusted mortality due to ovarian
cancer is decreasing, as it was 9.8 per 100,000 females in 1975, 9.3 in 1990, 8.7 in
2004, and 7.5 in 2013. In addition, the 5-year survival rate is increasing, since it was
33.7% in 1975, 40.4% in 1990, and 46.2% in 2008 (Fig. 1.1). This improvement is
thought to be due to advances in operative treatment and to the development and
standardization of novel chemotherapy regimens.

The median age at which patients die of ovarian cancer is 70 years. As for the
age-specific mortality, 0.1% of patients die at 19 years or younger, 0.7% at
20-34 years, 2.3% at 35-44 years, 10.4% at 45-54 years, 21.4% at 55-64 years,
25.8% at 65-74 years, 25.0% at 75-84 years, and 14.3% at 85 years or older
(Fig. 1.2). The ovarian cancer mortality is in proportion to the incidence of this
cancer and thus increases with age to a peak at 55-64 years.

With respect to the influence of racial/ethnic background, the age-adjusted mor-
tality per 100,000 females is 7.8 for whites, 6.5 for blacks, 4.5 for Asian/Pacific
islanders, 6.7 for American Indians/Alaskan natives, 5.5 for Hispanics, and 7.7 for
non-Hispanics. Thus, mortality tends to be lower in Asian/Pacific islanders and
Hispanics compared with the incidence of this cancer (Fig. 1.3).

The 5-year survival rate at the time of diagnosis of ovarian cancer is 92.1% if the
tumor is confined to the ovary, 73.1% if it has spread to regional lymph nodes,
28.8% if it has spread or metastasized beyond the region, and 24.2% when the
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details are unknown. Therefore, the prognosis is poorer as the disease becomes
more advanced, and the overall prognosis is poor because many patients have
advanced disease at the time of diagnosis (Fig. 1.4).

According to the Cancer Registry and Statistics in Japan [9], the age-adjusted
mortality rate of ovarian cancer was 3.1 per 100,000 females in 2014. That of all
sites of female cancer is 63.0 per 100,000 females, and that of breast cancer is 8.9
per 100,000 females. Ovarian cancer is ranked eighth among all sites of female
cancers and accounting for 4.9% of all female cancer deaths. Based on the 2006—
2008 data, the 5-year survival rate of ovarian cancer patients was 58.0%. Those in
1993-1996, in 1997-1999, in 2000-2002, and in 2003-2005 are 49.4%, 52.0%,
53.3%, and 55.0%, respectively. The 5-year survival rate also has been gradually
improving in Japan. According to the annual report of JSOG for patients whose
treatment was initiated in 2008 [10], the 5-year survival rates were 90.5% in stage |
patients, 73.3% in stage II patients, 47.8% in stage III patients, and 30.2% in stage
IV patients. Patients with serous carcinoma had a significantly poorer prognosis
compared with those with mucinous carcinoma, endometrioid carcinoma, and clear
cell carcinoma.

1.5 International Comparison of Ovarian Cancer Incidence
Rate and Mortality

The International Agency for Research on Cancer (IARC), which is an agency
of the World Health Organization (WHO), has reported the trends for the inci-
dence and death from ovarian cancer based on data from 184 countries [11]. As
of 2012, the age-adjusted regional ovarian cancer incidence rate is 8.0-9.9 per
100,000 females in Europe, North America, and Oceania versus 4.8-5.6 in
Africa, South America, and Asia, being somewhat higher in Western countries
(Fig. 1.5). Also as of 2012, the age-adjusted regional ovarian cancer mortality is
4.9-5.4 per 100,000 females in Europe, North America, and Oceania versus
3.0-3.8 in Africa, South America, and Asia, showing a relatively higher number
of deaths in South America and Africa compared to the incidence in these
regions (Fig. 1.5). The age-adjusted incidence rate in developed countries is 9.1
per 100,000 females, and it is 5.0 per 100,000 females in developing countries,
while the age-adjusted mortality is 5.0 and 3.1 per 100,000 females, respec-
tively, suggesting higher incidence rate and mortality from ovarian cancer in
developed countries.

When comparing representative countries from each region, including annual
changes (Fig. 1.6), ovarian cancer incidence rate is highest in countries from
Northern and Eastern Europe (such as Denmark, Norway, and the Czech Republic),
followed by Western Europe and North America, but the overall incidence rate tends
to be low. While ovarian cancer incidence rate is generally low in Asia and Central
or South America, it is increasing in Brazil and Japan. As for ovarian cancer mortal-
ity, it is decreasing markedly in Western countries but remains unchanged in other
regions where the mortality has previously been lower (Fig. 1.6).
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Although the risk of ovarian cancer is influenced by geographical and racial fac-
tors, global differences may become smaller in the future due to environmental
factors and population mobility.

1.6 Risk Factors for Ovarian Cancer

The details of the etiology of ovarian cancer are unknown at present, although sev-
eral environmental, biological, and genetic risk factors have been identified
(Table 1.3) [12].

There have been many reports of familial ovarian cancer, and a family history of
breast cancer or ovarian cancer is the most important known risk factor for this
tumor [13, 14]. In particular, the relative risk is increased by threefold or more for a
female who has a first-degree relative with ovarian cancer (e.g., mother, daughter, or
sister) [15]. In the case of hereditary ovarian cancer, the influence of cancer-related
gene mutations is considered to be significantly stronger than other factors. The
characteristic feature of hereditary breast and ovarian cancer (HBOC) is the pres-
ence of multiple family members with early-onset breast cancer or ovarian cancer.
HBOC is caused by mutation of BRCAI or BRCA2, which functions as tumor sup-
pressor genes. The lifetime risk of developing ovarian cancer is 30% for women
with BRCAI mutation and 27% for those with BRCA2 mutation [16, 17]. Lynch
syndrome is characterized by the presence of a family member with early-onset

Table 1.3 Risk factors for epithelial ovarian cancer (From ref. 10)

Increased Decreased Indeterminate
Hereditary Reproductive Fertility drugs
— Family history of ovarian cancer — Multiparity Exercise

— Personal history of breast cancer — Breastfeeding Cigarette smoking
— Alteration in BRCAI or BRCA2 Hormonal

— Lynch syndrome — Oral contraceptives

Reproductive — Progestins

— Advanced age Surgery

— Nulligravida — Hysterectomy

— Infertility — Tubal ligation

Hormonal

— Early age at menarche

— Late age at natural menopause
— Hormone replacement therapy
— Estrogen

— Androgens

Inflammatory

— Perineal talc exposure

— Endometriosis

— Pelvic inflammatory disease
Lifestyle

— Obesity

Geography

— Extremes in latitude
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Table 1.4 Factors suggestive of an inherited predisposition to breast and/or ovarian cancer (From
ref. 18)

HBOC

Personal history of both breast and ovarian cancer
— Personal history of ovarian cancer and a close relative with breast cancer at
<50 years or ovarian cancer at any age
— History of ovarian cancer at any age combined with Ashkenazi Jewish ancestry
— History of breast cancer at <50 years and a close relative with ovarian or male
breast cancer at any age
— Women of Ashkenazi Jewish ancestry and breast cancer at <40 years
— Women with a first-degree or second-degree relative with a known BRCAI or
BRCA2 mutation
— Women with bilateral breast cancer (particularly if the first cancer was at
<50 years)
— Women with breast cancer at <50 years and a close relative with breast cancer at
<50 years
— Women of Ashkenazi Jewish ancestry with breast cancer at <50 years
— Women with breast or ovarian cancer at any age and two or more close relatives
with breast cancer at any age (particularly if at least one breast cancer was at
<50 years)
Lynch - Women with endometrial or colorectal cancer who have
At least three relatives with a Lynch/HNPCC-associated cancer (colorectal cancer,
cancer of the endometrium, small bowel, ureter, or renal pelvis) in one lineage
One affected individual should be a first-degree relative of the other two
At least two successive generations should be affected
At least one HNPCC-associated cancer should be diagnosed before age 50
— Women with synchronous or metachronous endometrial and colorectal cancer
with the first cancer diagnosed before age 50

colon cancer, endometrial cancer, or other gastrointestinal or urinary tract cancers,
and these patients sometimes develop ovarian cancer as well. This syndrome is
caused by mutation of DNA mismatch repair genes (MLHI, MSH2, MSH6, or
PMS?2), and the lifetime risk of ovarian cancer is 9—12% [18, 19]. In patients with a
family history of certain cancers, a genetic background should be suspected, and
genetic counseling and testing should be performed (Table 1.4) [20]. Note that the
details of hereditary ovarian cancer are described in the following section.

Regarding the etiology of sporadic ovarian cancer, which accounts for the majority
of this disease, continuous ovulation, excessive gonadotropin stimulation, excessive
hormone stimulation, and pelvic inflammation have all been proposed as causes [21].

There is a theory that trauma to the ovarian epithelium through repeated ovula-
tion is a factor contributing to the development of ovarian tumors, and it is thought
that DNA damage occurs in epithelial cells during the course of repeated ovulation
and epithelial repair, possibly leading to carcinogenesis. Ovarian cancer is more
frequent among unmarried, nulliparous, or infertile women, as well as women who
have used ovulation inducers [22-24]. On the other hand, ovarian cancer is less
frequent among women with a history of oral contraceptive use, pregnancy, or
breastfeeding. In other words, ovarian cancer occurs less frequently among women
in whom ovulation has been inhibited either artificially or naturally [25, 26].
Although a long lifetime ovulatory period may also be a risk factor, there is no sta-
ble relationship between the age of first menstruation, first birth, or menopause and
the risk of ovarian cancer.
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In addition, high levels of gonadotropins and steroid hormones are considered to
have a role in ovarian carcinogenesis. It is thought that inclusion cysts formed
within the ovaries due to ovulation may undergo genetic transformation due to stim-
ulation by steroid hormones such as estrogen. Considering that ovarian tumors are
less frequent around puberty and more frequent around menopause [27], involve-
ment of endocrinological factors is further suggested. It is also suspected that high
steroid hormone levels in the tumor microenvironment may possibly facilitate
malignant transformation. A diet high in animal fat, increased cholesterol intake,
and resulting obesity (high body mass index) are also considered to increase the risk
of ovarian cancer [28]. This may possibly be related to increased levels of endoge-
nous steroid hormones (androgens and estrogens) associated with high fat intake.
The reduced risk of ovarian cancer due to the use of oral contraceptives may be
related to inhibition of ovulation and a decrease of gonadotropins [25]. In contrast,
hormone replacement therapy (HRT) after menopause may be a risk factor for ovar-
ian cancer along with breast cancer, endometrial cancer, and liver cancer [29-32].

With respect to pelvic inflammation, it is thought that as with ovulation, DNA
damage triggered during repair of the ovarian epithelium due to inflammation may
lead to tumorigenesis. Exogenous substances such as talc and asbestos may also
possibly increase the risk of ovarian cancer [33], while tubal ligation and hysterec-
tomy are thought to be related to a lower risk of ovarian cancer because these
procedures prevent carcinogenic substances from reaching the ovaries [34].
However, the incidence of ovarian cancer in patients undergoing these operations
could be reduced by intraoperative examination of the ovaries and removal of
asymptomatic early ovarian cancer, so the direct effect is unclear. Among internal
factors, pelvic inflammatory disease (PID) is considered to increase the risk of
ovarian cancer [35], and there is also a risk of precancerous change associated with
endometriosis [36].

Conclusion

Both the incidence rate and mortality of ovarian cancer were increasing in the
past but have stabilized or been decreasing in recent years. Regional differences
seem to be decreasing in developed countries along with advances in and stan-
dardization of surgical treatment and chemotherapy, better understanding of risk
factors, and widespread use of oral contraceptives. On the other hand, there are
still regional differences based on racial/ethnic differences, and genetic back-
ground of this cancer has been attracting attention in recent years. As differences
in the response to treatment may also be related to such differences, close atten-
tion must be paid to future epidemiological trends.
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Hereditary Ovarian Cancer
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Abstract

Hereditary ovarian cancer, approximately 20% of epithelial ovarian cancers,
occurs as part of several genetically distinct syndromes, hereditary breast and
ovarian cancer (HBOC), Lynch syndrome (hereditary nonpolyposis colorectal
cancer, HNPCC), and so on. HBOC are caused by mutations in the BRCA1/2
genes, and the penetrance of the genes for ovarian cancer was estimated to be
8—62% in different populations. A high-grade serous carcinoma is a major histo-
logical subtype, although endometrioid and clear cell carcinomas also have been
reported in the BRCA-related ovarian cancers. Germline mutations in BRCA1/2
are responsible for approximately 15% of epithelial ovarian cancers. BRCA1/2
mutation-positive women with ovarian cancer showed more favorable survival
outcomes compared with mutation-negative women due to higher response rates
to platinum regimens.

Ovarian cancer screening with transvaginal ultrasound and CA-125 has not
been shown to be sufficiently sensitive or specific, so risk-reducing salpingo-
oophorectomy (RRSO) after completion of childbearing has been recommended
for BRCA1/2 mutation carriers. RRSO for ovarian and breast cancer was associ-
ated with 80% and 50% risk reduction in BRCA /2 mutation carriers, respec-
tively. An oral contraceptive significantly reduced the risk for ovarian cancer by
approximately 50% for the mutation carriers. So far, more than 20 genes are
known to be involved in pathogenesis of hereditary ovarian cancer. The NCCN
Guidelines recommend RRSO in BRCA1/2, MMR genes, BRIP1, and RAD51C/D
mutation carriers.
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Poly (ADP-ribose) polymerase (PARP) inhibitors cause cancer cell death in
BRCA-mutated cancers by synthetic lethality. Olaparib was the first PARP inhibitor
approved in the EU and USA for the treatment of advanced ovarian cancer patients
with a germline BRCA mutation. Several trials are ongoing for the inhibitors in other
populations such as patients with homologous recombination deficiency.

Keywords

BRCAI » BRCA2 » Hereditary breast and ovarian cancer (HBOC) ¢ Risk-reducing
salpingo-oophorectomy (RRSO) ¢ Homologous recombination deficiency
(HRD) ¢ Poly (ADP-ribose) polymerase (PARP) inhibitors

2.1 Introduction

Ovarian cancer is the most lethal disease in gynecological malignancy. A positive
family history of ovarian cancer is one of the strongest and most consistent of the
risk factors for the development of the disease. It has been reported that first-degree
relatives of ovarian cancer patients were found to be at a two- to fourfold increased
risk for developing the disease [1, 2].

Now, approximately 20% of ovarian cancers have been related to hereditary con-
ditions [3]. Hereditary ovarian cancer occurs as part of several genetically distinct
syndromes, hereditary breast and ovarian cancer (HBOC), hereditary nonpolyposis
colorectal cancer (HNPCC), and so on. HBOC caused by inherited mutations of
BRCA1/2 and HNPCC caused by the mismatch repair genes are predicted to be
responsible for about 65-75% and 10-15% of hereditary ovarian cancer, respec-
tively. Furthermore, other suppressor genes and oncogenes have been related with
hereditary ovarian cancer [4—7]. So far, more than 20 genes are known to be involved
in pathogenesis of hereditary ovarian cancer; however, unknown susceptibility
genes and their mutations appear to exist [8].

We reviewed the available published data regarding clinical and molecular fea-
tures and management (i.e., surveillance, chemoprevention, risk-reducing surgery,
and molecular targeting agents) of hereditary ovarian cancer, especially BRCA-
related hereditary breast and ovarian cancer.

2.2  Hereditary Breast and Ovarian Cancer (HBOC):
BRCA-Related Breast and Ovarian Cancer

2.2.1 Clinical and Molecular Features of HBOC

Hereditary breast and ovarian cancer (HBOC) is caused by mutations in the BRCA1/2
genes [9, 10]. BRCA1/2 genes are tumor suppresser genes and involved in DNA repair
of double-strand DNA breaks and the regulation of cell-cycle checkpoints in response
to DNA damage [11, 12]. The BRCAI gene is located on short arm of chromosome
17, and the BRCA2 gene on long arm of chromosome 13. The frequency of
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pathogenic mutations in BRCA1/2 genes has been estimated to be 1/300 and 1/800,
respectively [13—15].

It has been estimated that more than 90% of hereditary breast and ovarian cancer
families are related to germline mutation of BRCA1/2 genes in Western countries [16];
on the other hand, approximately 80% of breast and ovarian cancer families in Japan are
based on the mutation [17]. In analysis of hereditary ovarian cancer families, BRCA1/2
mutations were detected in 41.9% of families in which there were at least two ovarian
cancer cases [18]. In Japanese population, among the 55 ovarian cancer families without
breast cancer patients, 24 families were carrying germline mutations in BRCA 1/2 (24/55,
43.6%); however, in 27 breast-ovarian cancer families, 21 families were positive with
the mutation (21/27, 77.8%) [17]. About half of families showing a genetic predisposi-
tion to ovarian cancer did not have identifiable BRCA1/2 mutations, so other gene muta-
tions predisposing a patient to ovarian cancer are likely to exist [19, 20].

Germline mutations in BRCA1/2 are responsible for more than 10% of epithelial
ovarian cancers [21, 22]. Among 1915 patients with ovarian cancer, 280 (15%) had
mutations in BRCAI (n = 182) or BRCA2 (n = 98) [22]. Histological characteristics by
BRCA1/2 mutation status in this large mutational analysis were summarized in Table 2.1
[22]. The BRCA1/2 mutation prevalence was 11-16% in high-grade serous carcinoma
[22, 23]. In analysis of invasive ovarian cancer, 13-20% of the patients have a germline
mutation of BRCA1/2 [24-27]. In Japan, Sakamoto et al. reported that 12 of the 95
unselected women with ovarian cancer (12.6%), including 5 in the BRCAI (5.3%) and
7 in the BRCA2 (7.4%), had deleterious mutations and all cases with BRCA mutation
were diagnosed at advanced stage and had high-grade serous carcinoma [28]. Table 2.2
demonstrates histological and molecular subtypes of epithelial ovarian cancer [29].

Table 2.1 Histological characteristics by BRCA1/2 mutation status

High- Low-

grade grade High-grade  Low-grade Clear Unspecified

serous serous endometrioid endometrioid cell Mucinous carcinoma
No. 1501 70 64 14 58 16 166
BRCAI (%) 103 43 6.3 0 69 0 8.4
BRCA2 (%) 57 14 4.7 0 0 0 5.4
BRCA1/2 16.0 5.7 10.9 0 69 0 13.9
(%)

Table 2.2 Histological and molecular subtypes of epithelial ovarian cancer

High-grade Low-grade High-grade  Low-grade

serous serous endometrioid endometrioid Clear cell Mucinous
Genomic  TP53 BRAF BRCA1/2 PTEN ARIDIA  KRAS
alterations BRCAI1/2 KRAS PIK3CA PIK3CA CDKN2A
Other HRR PTEN CTNNBI PIK3CA
genes PIK3CA ARIDIA BRAF
BRAF TP53
Copy - - - - ERBB2 ERBB2

number
alterations

HRR homologous recombination repair
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Several founder mutations have been observed in the specific population, for
example, the 187delAG and 5385insC mutations in BRCA ! and the 6174delT muta-
tion in BRCA2 have been identified in the Ashkenazi Jewish population [30, 31]. In
Japanese population, it was reported that the L63X and Q934X mutations in BRCA
were the founder mutations with high frequency in hereditary ovarian cancer fami-
lies [17], and it has been reported that the L63X is a founder mutation with the
highest frequency in Japanese breast cancer families [32, 33].

The penetrance of BRCA1/2 gene mutation in ovarian cancer is lower than that in
breast cancer. A lifetime risk for ovarian cancer in BRCA mutation carriers was
estimated to be 8—62% in different populations; however, that for breast cancer was
41-90%. A meta-analysis of these published data showed the average cumulative
risks for breast and ovarian cancer by age 70 years for BRCAI mutation carriers
were 57% and 40%, respectively. For BRCA2 mutation carriers, they were 49% and
18%, respectively, in the meta-analysis [5, 24, 34-42]. In a recent prospective study,
the estimated average cumulative risks for breast and ovarian cancer by age 70 years
for BRCAI mutation carriers were 60% and 59%, respectively. In addition, for
BRCA2 mutation carriers, they were 55% and 16.5%, respectively [39]. A subse-
quent alteration or silencing in the second copy of the gene without the hereditary
mutation is believed to be necessary for the initiation of cancer development, so the
risk of breast and ovarian cancer with BRCA1/2 mutations is various, even within
families with the same mutation. In an international observational study of 19,581
carriers of BRCAI mutations and 11,900 carriers of BRCA2 mutations in 33 coun-
tries on 6 continents, 12% of the BRCAI mutation carriers and 6% of the BRCA2
mutation carriers were diagnosed with ovarian cancer, and 46% of the BRCAI
mutation carriers and 52% of the BRCA2 mutation carriers were diagnosed with
breast cancer [43]. As described above, BRCA1/2 mutation carriers have a high risk
for both breast cancer and an ovarian cancer, so there was a need to consider more
intensive screening and prevention strategies such as chemoprevention and prophy-
lactic surgery.

It has been reported that some pathological features are observed more frequently
in breast and ovarian cancer patients with BRCA1/2 mutation. For example, breast
cancers with BRCA1/2 mutation are characterized as ER/PR and HER?2 negative:
triple negative [44—49]. In ovarian cancers with BRCAI/2 mutation, high-grade
serous carcinoma is a major histological subtype, although endometrioid and clear
cell carcinomas also have been reported in the BRCA-related ovarian cancers [21,
25-27, 50-53]. Mucinous type is very rare in the population [25, 27]. In Japanese
hereditary breast and ovarian cancer families, the major histological type of BRCA-
associated ovarian cancers was serous carcinoma in 81% of tumors, and only one
case was clearcell carcinoma. No tumor with mucinous carcinoma occurred in these
families [17]. Mucinous carcinomas appear to be related to other gene mutations;
KRAS and TP53 [54]. Borderline epithelial ovarian tumors are not associated with
a BRCA1/2 mutation [21]. Although non-epithelial ovarian carcinomas are not sig-
nificantly associated with a BRCA1/2 mutation, sex cord tumors may be associated
with Peutz-Jeghers syndrome, and Sertoli-Leydig cell tumors are caused by germ-
line mutations in the DICER] gene [55-61].
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Fig. 2.1 Association between BRCA /2 mutations and survival in women with invasive epithelial
ovarian cancer. BRCA 1 and BRCA2 mutation carriers showed a more favorable survival than non-
carriers (for BRCAI, HR = 0.78 [95% CI, 0.68-0.89], P < 0.001, and for BRCA2, HR = 0.61 [95%
CI, 0.50-0.76], P < 0.001) in a pooled analysis from 26 observational studies that included invasive
epithelial ovarian cancer cases from BRCAI/2 mutation carriers (n = 1213) and noncarriers
(n = 2666). Kaplan-Meier analysis was adjusted for year of diagnosis and study [63]

Several studies have reported that BRCA mutation-positive women with ovarian
cancer showed more favorable survival outcomes compared with mutation-negative
women [62-67]. Figure 2.1 indicates that BRCA/2 mutation carriers showed a
more favorable survival than noncarriers (for BRCA1, HR = 0.78 [95% CI, 0.68—
0.89], P < 0.001, and for BRCA2, HR =0.61 [95% CI, 0.50-0.76], P < 0.001) in a
pooled analysis from 26 observational studies that included invasive epithelial ovar-
ian cancer cases from BRCAI/2 mutation carriers (n = 1213) and noncarriers
(n = 2666) [63]. The 5-year overall survival was 36% for noncarriers, 44% for
BRCAI carriers, and 52% for BRCA?2 carriers. In a population-based case-control
study of women with invasive epithelial (non-mucinous) ovarian cancer (n = 1001),
patients carrying germline mutations of BRCA1/2 had improved rates of progres-
sion-free survival (median, 20 months vs 16 months; not statistically significant)
and overall survival (median, 62 months vs 55.5 months; P = 0.031) [62]. Survival
outcomes appear to be most favorable for BRCA2 mutation carriers [63]. An obser-
vational study of 1915 women with ovarian cancer from the University of
Washington (UW) gynecologic tissue bank and from the Gynecologic Oncology
Group (GOG) phase III clinical trials (n = 1345) showed that patients with a BRCA2
mutation from the GOG trials had significantly longer progression-free survival
(HR, 0.60; 95% CI, 0.45-0.79; P < 0.001) and OS (HR, 0.39; 95% CI, 0.25-0.60;
P <0.001), compared with those without mutations [22].
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BRCA mutation carriers appeared to be more responsive to cytotoxic chemo-
therapy compared with noncarrier patients [68]. Several studies have shown a higher
response rate to platinum regimens and longer treatment-free intervals between
relapses in BRCA mutation carriers compared with noncarriers [62, 63, 66, 69-71].
These clinical features of BRCA-associated ovarian cancer are attributed to homol-
ogous recombination repair deficiency in the absence of BRCA1/2 function, which
results in an impaired ability of tumor cells to repair platinum-induced double-
strand breaks [66, 70, 72]. Thereby conferring increased chemosensitivity and
increased sensitivity to poly (ADP-ribose) polymerase (PARP) enzyme inhibition
and other DNA-damaging chemotherapeutic agents such as pegylated liposomal
doxorubicin (PLD) [68].

2.2.2 Ovarian Cancer Screening for Surveillance

Ovarian cancer screening with transvaginal ultrasound and CA-125 has not been
shown to be sufficiently sensitive or specific. So far, there is no evidence that
these screening are appropriate methods of substituting for ovarian cancer risk-
reducing surgery [73, 74]. In recent large randomized controlled trial, the UK
Collaborative Trial of Ovarian Cancer Screening (UKCTOCS), which assessed
multimodality screening with ultrasound and CA-125 versus either ultrasound
alone or no screening, showed that a significant mortality reduction was not
observed after a median of 11 years of follow-up; however, a prespecified analysis
of death from ovarian cancer of multimodality screening versus no screening with
exclusion of prevalent cases showed significantly different death rates (P = 0.021)
[75, 76]. In this trial, the cases with increased risk of familial ovarian cancer were
included in exclusion criteria. The NCCN Guidelines recommend that ovarian
cancer screening with transvaginal ultrasound and CA-125 may be considered
starting at age 30-35 years by the doctor’s discretion for women who have not
selected the risk-reducing surgery [13]. GOG-0199 is a two-arm, prospective,
nonrandomized study for managing the risk of ovarian cancer in high-risk women.
One arm is women who elected RRSO, and the other is those who chose the
ROCA (risk of ovarian cancer algorithm) surveillance using transvaginal ultra-
sound and CA-125. This 5-year follow-up period ended in November 2011 and
the data has been analyzed [77].

2.2.3 Risk-Reducing Salpingo-Oophorectomy (RRSO)

The risk for ovarian cancer in BRCA /2 mutation carriers is generally considered to
be lower than the risk for breast cancer. However, due to the absence of reliable
methods of early detection and the poor prognosis associated with advanced ovarian
cancer, RRSO after completion of childbearing has been recommended for BRCA1/2
mutation carriers. The NCCN Guidelines recommend RRSO for women with
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BRCA1/2 mutation, typically between ages 35 and 40 years for women with a
BRCAI mutation [13]. For women with a BRCA2 mutation who have undergone
efforts to maximize their breast cancer prevention (i.e., bilateral mastectomy), it is
reasonable to delay RRSO until between ages 40 and 45 years since ovarian cancer
onset tends to be later in women with a BRCA2 mutation [78]. RRSO should only
be considered upon completion of childbearing.

The effectiveness of RRSO in reducing the risk for ovarian cancer in BRCA1/2
mutation carriers has been reported in various studies. In a meta-analysis including
ten studies, RRSO was associated with a statistically significant reduction in the risk
of BRCA-associated ovarian or fallopian tube cancer (HR = 0.21; 95% CI = 0.12—
0.39) [78]. In an international observational study of 5783 women with a BRCA1/2
mutation, risk-reducing oophorectomy was associated with an 80% reduction (HR,
0.20; 95% (I, 0.13-0.30) in the risk of ovarian, fallopian tube, or peritoneal cancer
in BRCA1/2 carriers and a 77% reduction in all-cause mortality (HR, 0.23; 95% CI,
0.13-0.39) [78]. RRSO reduces mortality at all ages in BRCAI mutation carriers;
however, RRSO is not associated with reduced mortality in those at the ages of
more than 61 in BRCA2 mutations carriers [78]. Furthermore, in prospective, mul-
ticenter cohort study of 2482 women with BRCA 1/2 mutations, RRSO was associ-
ated with lower all-cause mortality (10% vs 3%; HR, 0.40 [95% CI, 0.26-0.61]),
breast cancer-specific mortality (6% vs 2%; HR, 0.44 [95% CI, 0.26-0.76]), and
ovarian cancer-specific mortality (3% vs 0.4%; HR, 0.21 [95% CI, 0.06—0.80]) [79].
We have to take care that 1-4.3% risk of a primary peritoneal cancer has remained
after RRSO [80-84]. The ovarian cancer risk and management were shown in
Table 2.3 [13].

Many studies have reported that RRSO reduced the risk for breast cancer in
BRCA1/2 mutation carriers [80, 81, 83, 85, 86]. In a meta-analysis of all reports of
RRSO published between 1999 and 2007, RRSO was associated with a statistically
significant reduction in risk of breast cancer in BRCAI/2 mutation carriers
(HR = 0.49; 95% confidence interval [CI] = 0.37-0.65), BRCAI mutation carriers
(HR =0.47; 95% CI = 0.35-0.64), and BRCA2 mutation carriers (HR = 0.47; 95%

Table 2.3 Ovarian cancer risk and management

Ovarian cancer risk Management
BRCAI Increased risk of OC Consider RRSO at 35-40 year
BRCA2 Increased risk of OC Consider RRSO at 45-50 year
MMR genes Increased risk of OC Consider RRSO and hysterectomy at

completion of childbearing

BRIPI Increased risk of OC Consider RRSO at 45-50 year
RAD5IC Increased risk of OC Consider RRSO at 45-50 year
RAD51D Increased risk of OC Consider RRSO at 45-50 year
PALB2 Insufficient evidence for OC  ——

risk
TP53 No increased risk of OC —

MMR mismatch repair, OC ovarian cancer, RRSO risk-reducing salpingo-oophorectomy
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CI =0.26-0.84) [80]. Results of a prospective cohort study suggest that RRSO may
be associated with a greater reduction in breast cancer risk for BRCA2 mutation car-
riers compared with BRCA I mutation carriers [87]. Reductions in breast cancer risk
for BRCA1/2 mutation carriers following RRSO may be associated with decreased
hormonal exposure due to resection of the ovaries. In an international case-control
study of 1439 patients with breast cancer and 1866 matched controls derived from
aregistry of BRCA1/2 mutation carriers, the risk reduction was greater if the oopho-
rectomy was performed before age 40 (OR = 0.36; 95% CI, 0.20-0.64 for BRCAI
carriers) than after age 40 (OR = 0.53; 95% CI, 0.30-0.91), and no significant
reduction was found for women aged 51 years or older in breast cancer risk [86].
However, the hazard ratio for breast cancer-specific mortality in BRCA 1/2 mutation
carriers was 0.76 (95% CI, 0.32-1.78; P = 0.53) for women with estrogen receptor-
positive breast cancer and 0.07 (95% CI, 0.01-0.51; P = 0.009) for women with
estrogen receptor-negative breast cancer [88].

RRSO is an opportunity for occult gynecologic cancer detection in BRCA1/2
mutation carriers. In studies of women with a BRCA /2 mutation who underwent
RRSO, occult gynecologic carcinomas and ovarian, tubal, or peritoneal cancer were
identified in 4.5-9% of cases, and tubal intraepithelial carcinoma (TIC) was detected
in 5-8% of cases [84, 89-92]. The fimbriae or distal tube was reported to be the
predominant site of origin for these early malignancies found in patients with
BRCA1/2 mutations [89, 92, 93].

In a prospective cohort of 462 women with BRCA /2 mutation carriers, short-
term hormone replacement therapy (HRT) in women undergoing RRSO does not
negate the protective effect of bilateral prophylactic oophorectomy on subse-
quent breast cancer risk in BRCA1/2 mutation carriers [94]. Moreover, results of
a case-control study of BRCA1 mutation carriers showed no association between
use of HRT and increased breast cancer risk in postmenopausal BRCA I mutation
carriers [95]. However, there is no randomized study of the issue, so the use of
HRT in BRCA1/2 mutation carriers undergoing RRSO should be carried out care-
fully [96, 97].

Salpingectomy has been performed in premenopausal women, and there have
been some evidence regarding the safety and feasibility of this procedure [98, 99].
However, there is limited data regarding its efficacy in reducing the risk for ovarian
cancer [100, 101]. In addition, BRCA1/2 mutation carriers undergoing salpingec-
tomy alone may not get the 50% reduction in breast cancer risk of BRCA1/2 carri-
ers following oophorectomy. Hence, the salpingectomy alone has not been
recommended as the standard risk-reducing surgery in BRCA /2 mutation carriers
at this time.

The NCCN Guidelines recommend RRSO protocol [102]: (1) Perform operative
laparoscopy. (2) Survey upper abdomen, bowel surfaces, omentum, appendix (if
present), and pelvic organs. (3) Biopsy any abnormal peritoneal findings. (4) Obtain
pelvic washing for cytology. (5) Perform total BSO, removing 2 cm of proximal
ovarian vasculature/IP ligament, all tube up to the cornua, and all peritoneum sur-
rounding the ovaries and tubes, especially peritoneum underlying areas of adhesion
between tube and/or ovary and the pelvic sidewall. (6) Engage in minimal
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instrument handling of the tubes and ovaries to avoid traumatic exfoliation of cells.
(7) Both ovaries and tubes should be placed in an endobag for retrieval from the
pelvis. (8) Both ovaries and tubes should be processed according to SEE-FIM pro-
tocol [103]. (9) If occult malignancy or STIC is identified, provide referral to gyne-
cologic oncologist. (10) The prevention benefits of salpingectomy alone are not yet
proven. If considered, the fallopian tube from the fimbria to its insertion into the
uterus should be removed.

Japan Society of Gynecologic Oncology guidelines 2015 for the treatment of
ovarian cancer described procedures for the examination and management of
HBOC. In the guidelines, it was recommended that RRSO only be performed by a
gynecologic oncologist who is a member of the Japan Society of Gynecologic
Oncology in cooperation with a clinical geneticist at a medical facility with an
established genetic counseling system and cooperative pathologists, after review
and approval by the institutional ethics committee [ 104]. In addition, the Gynecologic
Oncology Committee of Japan Society of Obstetrics and Gynecology have pro-
posed the requirement of RRSO for BRCA 1/2 mutation carriers in more detail [105].

2.2.4 Chemoprevention

As regards the effect of oral contraceptives (OC) in BRCA /2 mutation carriers, two
meta-analyses showed significant reduction of the risk for ovarian cancer. In analy-
sis of BRCA1/2 mutation carriers with (n = 1503) and without (n = 6315) ovarian
cancer, OC use significantly reduced the risk for ovarian cancer by approximately
50% for both the BRCAI mutation carriers (RR, 0.51; 95% CI, 0.40-0.65) and
BRCA2 mutation carriers (RR, 0.52; 95% CI, 0.31-0.87) [106]. The other including
one cohort study (N = 3181) and three case-control studies (1096 cases and 2878
controls) also showed an inverse association between OC use and ovarian cancer
(OR, 0.58;95% CI, 0.46—-0.73), and the risks appeared to decrease with longer dura-
tion of oral contraceptive use [107]. Two meta-analyses showed that OC use is not
significantly associated with breast cancer risk in BRCA1/2 mutation carriers [106,
108]. However, case-control studies in the analyses on the effect of OC use on breast
cancer risk in BRCA1/2 mutation carriers have showed conflicting results.

2.3  Genes Other than BRCA1/2 Involved in Hereditary
Ovarian Cancer

2.3.1 Mismatch Repair Genes (Lynch Syndrome)

Ovarian cancer is a component tumor of Lynch syndrome that is associated with
germline mutations in mismatch repair genes (MLHI, MSH2, MSH6, MLH3, and
PMS2) [109]. Lynch syndrome, also known as hereditary nonpolyposis colon cancer
(HNPCC), accounts for 10-15% of all hereditary ovarian cancers [109] and is at
increased risk for endometrial and ovarian cancers: up to 60% and 24%, respectively



24 M. Sekine and T. Enomoto

[110-113]. The loss of function of one of the mismatch repair proteins results in the
accumulation of repeated nucleotide sequences phenotypically expressed as micro-
satellite instability (MSI). Several oncogenes and tumor suppressor genes contain
microsatellites; impairment of MMR could cause mutations in many genes impli-
cated in ovarian tumorigenesis [114—118]. BRCA-related ovarian cancers are associ-
ated with non-mucinous tumors; on the other hand, Lynch syndrome-associated
ovarian cancers appear to be associated with both non-mucinous and mucinous
tumors. Ovarian cancers in Lynch syndrome are mostly endometrioid or clear cell
[119-123]. The cumulative lifetime risk of ovarian cancer is estimated to be 6—10%
in MSH2 and MLH1 mutation carriers. An average age of diagnosis was 51 years in
families associated with MLH mutations and 45 years in families associated with
MSH?2 mutations [113, 124, 125]. Lynch syndrome-associated ovarian cancers were
more likely at diagnosis to be of low grade and early stage and generally showed a
better prognosis [124, 126, 127]. Total abdominal hysterectomy and/or bilateral sal-
pingo-oophorectomy are options that may be considered for risk reduction in women
with mutation of mismatch repair genes who have completed childbearing [128—
132]. No evidence has been showed to support routine transvaginal ultrasound and
CA-125 testing in these mutation carriers because they have not been shown to be
sufficiently sensitive or specific [128, 133-137].

2.3.2 Homologous Recombination Deficiency (HRD)-Related
Genes

Homologous recombination (HR) plays in a repair of double-strand breaks (DSBs)
[29]. A lot of proteins involved in homologous recombination are recognized to also
contribute to hereditary cancer risk, e.g., BRCA1/2, ATM, PALB2, RADSIC,
RADS51D, CHEK2, BARDI, Mrel1, RADS50, NBS1, BRIPI, and Fanconi anemia
proteins [3]. These proteins interact with BRCA1/2 proteins in the DNA repair and
the maintenance of genomic stability. It has been hypothesized that genes coding for
these proteins would be alternative candidates for ovarian cancer susceptibility. The
Cancer Genome Atlas (TCGA) has showed that around half of high-grade serous
ovarian cancers have aberrations in homologous recombination repair (See Fig. 7.1)
[138, 139]. These patients with mutation of HRD-related gene are at increased risk
for both ovarian and breast cancers, similar to BRCA /2 mutation carriers. In addi-
tion, these tumors present a specific phenotype similar to BRCA-related ovarian
cancers [7], including sensitivity to platinum agents and improved survival rates
[71, 72]. The survival was similar for women with mutations in BRCAI and other
HRD-related genes (Fig. 2.2) [22].

RADS51I genes are involved in homologous recombination, and this biallelic
mutation can cause a Fanconi anemia-like phenotype [140]. RAD51C and RAD51D
have been shown to be associated with increased risk for ovarian cancer [140]. In
1915 unselected ovarian cancer cases, 1.1% of patients had either a RAD5IC or
RADS5 1D mutation [22]. In cases from 1100 German families with gynecological
malignancies, Meindl et al. identified six monoallelic pathogenic mutations in
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1.0

Proportion

Mutation category Events Total Median (mos)
BRCAT1 54 121 56.1

~ BRCA2 20 70 N/A
0.2
o Other 24 50 56.0
s \NT 561 1104 44.3
O T T T T T 1
0 12 24 36 48 60 72
Months
No. at risk

BRCA1 121 118 104 63 50 19
BRCA2 70 69 63 41 32 18
Other 50 47 41 28 21 9
WT 1104 1039 832 435 293 153

Fig. 2.2 Overall survival by mutation category in advanced ovarian cancers. The survival was
similar for women with mutations in BRCA! and other HRD-related genes in GOG 218 and GOG
262. GOG indicates Gynecologic Oncology Group; NA indicates not applicable; other indicates
the genes BRIP1, PALB2, RAD51C, RAD51D, and BARDI; WT indicates wild type [22]

RADS1C that confer an increased risk for breast and ovarian cancer [141]. Loveday
et al. reported that 8 inactivating RADS51D mutations were identified in unrelated
individuals from 911 breast-ovarian cancer families, and the mutations confer a 6.3-
fold increased risk of ovarian cancer but cause only a small increase in breast cancer
risk (RR = 1.32) [142]. The analyses from the same trial including 1132 probands
with a family history of ovarian cancer and 1156 controls also showed that RAD51C
was associated with an increased risk for ovarian cancer (RR, 5.88; 95% CI, 2.91-
11.88; P <0.001) [143]. In a case-control analysis of 3429 ovarian cancer cases and
2772 controls, both RADS51C (OR, 5.2; 95% CI, 1.1-24; P = 0.035) and RAD51D
(OR, 12.0; 95% CI, 1.5-90; P = 0.019) were associated with an increased risk for
ovarian cancer [144]. The NCCN Guidelines recommend that RRSO in RAD5IC
and RADS51D mutation carriers is considered beginning at ages 45-50; however,
further analyses are needed to confirm recommendation age of RRSO in these
mutation carriers [13].

BRIP1, BRCAI-interacting protein C-terminal helicase 1, is a DNA helicase and
defective in Fanconi anemia complementation group J. In 1915 unselected ovarian
cancer cases, 1.4% of patients had a mutation in BRIP1 [22]. In analysis of Icelandic
656 ovarian cancer cases and 3913 controls, BRIPI frameshift mutation confers an
increase in ovarian cancer risk (OR, 8.13; 95% CI, 4.74-13.95; P < 0.001) [145].
In addition, an analysis of 3236 invasive ovarian cancer patients, 3431 controls,
and 2000 unaffected high-risk women from a clinical screening trial of ovarian
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cancer (UKFOCSS) showed that BRIPI is associated with a significant increased
risk for ovarian cancer and relative risks associated with BRIPI mutations were
11.22 for invasive ovarian cancer (95% CI, 3.22-34.10; P < 0.001) and 14.09 for
high-grade serous disease (95% CI, 4.04-45.02; P < 0.001) [146]. The cumulative
lifetime risk of developing ovarian cancer by age 80 in BRIPI mutation carriers is
estimated to be 5.8% (95% CI, 3.6-9.1) [146]. The NCCN Guidelines recommend
that RRSO in BRIPI mutation carriers be considered beginning at ages 45-50;
however, their cumulative risk exceeds that of a woman with a first-degree relative
with a non-BRCA-related ovarian cancer in around age 50-55 years. Further pro-
spective trials are needed to confirm recommendation age of RRSO in these muta-
tion carriers [13].

PALB2, partner and localizer of BRCA2, is a Fanconi anemia gene and an inte-
gral component of the BRCA complex required for homologous recombination
repair [147]. PALB2 mutations have been detected in 1-4% of families negative for
BRCA mutations [148]. Norquist et al. reported that 12 patients had germline muta-
tions of PALB?2 in analysis of 1915 ovarian cancer patients [22]. In sequence analy-
sis of genomic DNA of 1144 familial breast cancer patients with wild-type sequences
at BRCAI and BRCA2, PALB2 heterozygotes were 1.3-fold more likely to have a
relative with ovarian cancer (P = 0.18) [6]. Overall, significantly less ovarian cancer
is seen in PALB2 families when compared with BRCAI and BRCA2 families; there-
fore, it remains to be seen whether ovarian cancer risk is truly increased in individu-
als who are PALB2 mutation carriers or not [148].

2.4 PARP Inhibitors

Poly (ADP-ribose) polymerase (PARP) inhibitors cause cancer cell death in BRCA-
mutated cancers by synthetic lethality. Olaparib was the first PARP inhibitor
approved in the European Union and the USA for the treatment of advanced ovarian
cancer patients with a germline BRCA mutation. The FDA approved olaparib for the
patients who have received treatment with three or more lines of chemotherapy
[149, 150]. Recent data suggest that olaparib is especially active in patients with
platinum-sensitive recurrent ovarian cancer; on the other hand, a lower response
rate is observed in patients showing resistance or refractory to platinum agent
[151-156].

Maintenance monotherapy with olaparib significantly prolonged progression-
free survival versus placebo in patients with platinum-sensitive recurrent serous
ovarian cancer. In a randomized, double-blind, phase 2 study, median PFS was sig-
nificantly longer in the olaparib group than in the placebo group of patients with a
BRCA mutation (11.2 months [95% CI, 8.3 to not calculable] vs 4.3 months [3.0—
5.4]; HR 0.18 [0.10-0.31]; P < 0.0001); however, overall survival did not signifi-
cantly differ between two groups (HR 0.88 [95% CI, 0.64-1.21]; P = 0.44).
Interestingly, in the patients with wild-type BRCA, median PFS was also signifi-
cantly longer in the olaparib group than in the placebo group (7.4 months [5.5-10.3]
vs 5.5 months [3.7-5.6]; HR 0.54 [0.34-0.85]; P = 0.0075) [157]. A recent trial of
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monotherapy with olaparib showed that the overall response rate was 34% in
women with recurrent advanced ovarian cancer [149, 158].

A combination of olaparib plus paclitaxel and carboplatin followed by main-
tenance monotherapy significantly improved progression-free survival versus
paclitaxel plus carboplatin alone in patients with platinum-sensitive, recurrent,
high-grade serous ovarian cancer in a randomized phase 2 study. Progression-
free survival was significantly longer in the olaparib plus chemotherapy group
(median 12.2 months [95% CI, 9.7-15.0]) than in the chemotherapy-alone group
(median 9.6 months [95% CI, 9.1-9.7]) (HR 0.51 [95% CI, 0.34-0.77];
P =0.0012), especially in patients with BRCA mutations (HR 0.21 [0.08-0.55];
P =0.0015) [159].

Multiple PARP inhibitors, olaparib, veliparib, talazoparib, rucaparib, and nirapa-
rib, have been evaluated in clinical trials. Current study is extending the use of
PARP inhibitors beyond BRCA mutations, and several trials are ongoing for the
inhibitors in other populations such as patients with HR deficiency [160, 161].

Conclusions

We reviewed the recent data regarding clinical and molecular features and man-
agement of hereditary ovarian cancer. RRSO after completion of childbearing
has been recommended for BRCA1/2 mutation carriers due to the absence of
reliable methods of early detection and the poor prognosis associated with
advanced ovarian cancer. The effectiveness of RRSO in reducing the risk for
breast and ovarian cancer in BRCAI/2 mutation carriers has been reported in
various studies, and RRSO was associated with lower all-cause mortality.
Genetic counseling in RRSO for BRCA /2 mutation carriers should include dis-
cussion of extent of cancer risk reduction, risks associated with surgeries, recon-
structive options, and risks associated with premature menopause (e.g.,
osteoporosis, cardiovascular disease, vasomotor symptoms, and sexual con-
cerns), management of menopausal symptoms, and discussion of reproductive
desires.

In Japan, BRCAI/2 genetic testing has been available as a routine clinical
examination for patients with epithelial ovarian cancer; however, there are too
few genetic counselors to do the counseling sufficiently. Therefore, genetic test-
ing has not been widely performed in Japan. It is important to organize a system
which can usually perform a genetic counseling in every cancer treatment
centers.

Olaparib was the first PARP inhibitor approved in the EU and USA for the
treatment of advanced ovarian cancer patients with a germline BRCA mutation.
Multiple PARP inhibitors, olaparib, veliparib, talazoparib, rucaparib, and nirapa-
rib, have been evaluated in clinical trials. It has been shown that around half of
high-grade serous ovarian cancers have aberrations in homologous recombina-
tion repair. Current study is extending the use of PARP inhibitors beyond BRCA
mutations, and several trials are ongoing for the inhibitors in other populations
such as patients with HR deficiency. Further clinical studies are needed to extend
the use of PARP inhibitors to non-BRCA-mutated ovarian cancers.
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Abstract

Epithelial ovarian tumors (EOTs) are associated with a variety of distinct mor-
phological characteristics that include serous, endometrioid, clear cell, and
mucinous features and have a spectrum of biological behavior that ranges
from benign to malignant. Traditionally, EOTs were believed to originate
from the ovarian surface epithelium (OSE), but the latest research supports the
concept that some subtypes of EOTs originate from extra-ovarian sites.
Although a couple of paradigms in regard to the morphological and molecular
pathogenesis of EOTs have dramatically changed in recent years, the delinea-
tion between old and new concepts remains confused. This chapter summa-
rizes those concepts and the morphological and molecular alterations
associated with each major subtype of EOT, to improve our understanding of
the pathogenesis of EOTs.

Keywords

Epithelial ovarian tumor ® Serous tumor * Endometrioid tumor ¢ Clear cell tumor
* Secondary Miillerian system e Imported disease ® Two-tiered classification
* Type I  Type II

H. Tashiro, M.D., Ph.D. (I<)

Department of Mother-Child Nursing, Faculty of Life Sciences, Kumamoto University,
4-24-1 Kuhonji, Chuo-ku, Kumamoto City, Kumamoto 862-0976, Japan

e-mail: htashiro@kumamoto-u.ac.jp

Y. Imamura, M.D. ¢ T. Motohara, M.D., Ph.D. ¢ I. Sakaguchi, M.D., Ph.D.

H. Katabuchi, M.D., Ph.D.

Department of Obstetrics and Gynecology, Faculty of Life Sciences, Kumamoto University,
1-1-1 Honjo, Chuo-ku, Kumamoto City, Kumamoto 860-8556, Japan

© Springer Nature Singapore Pte Ltd. 2017 37
H. Katabuchi (ed.), Frontiers in Ovarian Cancer Science, Comprehensive
Gynecology and Obstetrics, DOI 10.1007/978-981-10-4160-0_3


mailto:htashiro@kumamoto-u.ac.jp

38 H. Tashiro et al.

3.1 Introduction

Epithelial ovarian tumors (EOTs) represent a complex family of neoplasms, each with
different morphologies that do not necessarily reflect that of the ovary. The major mor-
phological types of EOTs (serous, endometrioid, clear cell, and mucinous) may vari-
ously resemble the epithelia of the adnexal (fallopian tube) and uterine regions
(proliferative endometrium, endometrium with Arias-Stella reaction, and endocervix)
but also the intestinal epithelium (Fig. 3.1). In regard to clinical behavior, EOTs can be
further subdivided into benign and malignant tumors, with intermediate tumors of bor-
derline malignancy. Malignant EOTs are generally known as “ovarian carcinomas.”

Fig. 3.1 The major morphological types of epithelial ovarian tumors and the mimic normal epi-
thelia; (a and b) fallopian tubal epithelium (a) and serous carcinoma (b); (¢ and d) endometrium
in proliferative phase (¢) and endometrioid carcinoma (d); (e and f) gestational endometrium with
Arias-Stella reaction (e) and clear cell carcinoma (f); (g and h) endocervical epithelium (g) and
mucinous carcinoma which recently is classified in seromucinous carcinoma (h); (i and j) intesti-
nal epithelium (i) and mucinous carcinoma (j) [(a—j) hematoxylin and eosin staining; (a—j) x200]
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The source of EOTs has been a recent topic of debate [1, 2]. The past and current
paradigm is that EOTs arise from the ovarian surface epithelium (OSE) covering the
ovary and lining inclusion cysts which are derived from surface invaginations. OSE
originating developmentally from the coelomic epithelium is composed of flat, non-
descript cells morphologically similar to the mesothelium lining of the peritoneal cav-
ity. The OSE is thought to be capable of metaplasia to a Miillerian phenotype
resembling oviductal, endometrial, or endocervical epithelia, known as a secondary
Miillerian system [3-5]. Thus, the OSE is suspected to carry pluripotent cells, i.e.,
putative stem cells. The recent identification of such stem cells implicates the OSE in
the pathogenesis of EOTs [6, 7].

Other recent studies have indicated that a considerable number of EOTs originate in
the fallopian tube and the endometrium, before migrating to the ovary. This theory, one
of “imported disease”, is thought to be an influential paradigm shift in the morphologi-
cal theory of EOTs. According to this theory, serous tumors arise from the implantation
of epithelium from the oviduct, and endometrioid and clear cell tumors are associated
with endometriosis that mainly develops from retrograde menstruation [4].

Clinical, morphological, and molecular studies have provided a model for malig-
nant EOTs, with two broad categories designated as Type I and Type II. Type I carci-
nomas progress in an indolent course, are usually confined to the ovary at diagnosis,
and are relatively genetically stable. Type I carcinomas exhibit a shared lineage with
their corresponding benign and borderline-malignant tumors, supporting the concept
of amorphological sequence of tumor progression. In contrast, Type II carcinomas are
highly aggressive, progress rapidly, and are usually in an advanced stage at diagnosis.
Type II carcinomas do not exhibit the shared lineage and are genetically unstable [8].

In the first section of this chapter, these important theories of ovarian tumorigen-
esis and the two-tiered system of classification are introduced and organized.
Finally, the morphological and molecular details of four representative malignant
EOTs, namely, serous carcinoma (high grade, low grade), endometrioid carcinoma,
clear cell carcinoma, and mucinous carcinoma, will be presented and discussed.

3.2  Representative Theories Related to the Morphological
Pathogenesis of EOTs

3.2.1 The Theory of the Secondary Miillerian System

In the first half of the twentieth century, it was believed that the OSE, which was also
referred to as the germinal epithelium, carried pluripotent stem cells which differenti-
ate to germ cells and follicular cells [9, 10]. Even now, it is thought that the OSE is
derived from a common embryonic origin in the pluripotent coelomic epithelium
which gives rise to the Miillerian ducts, i.e., the epithelia of the fallopian tubes, endo-
metrium, uterine cervix, and upper part of the vagina. According to this theory, a
subset of pluripotent OSE cells and cells lining the inclusion cysts have the propensity
to differentiate along the lineage of the Miillerian epithelium [11], with this therefore
being referred to as a secondary Miillerian system [12-14]. For example, serous meta-
plasia of OSE inclusion cysts is characterized by a cuboidal epithelium with cilia,
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Fig.3.2 Putative or possible sources of the major types of epithelial ovarian tumors. (a) inclusion
cyst (cuboidal epithelium partially with cilia); (b) endometriosis; (¢) adenofibroma (clear cell
type); (d) teratoma (squamous cell and mucinous epithelia); (e) transitional cell (Walthard) nests
[(a—e) hematoxylin and eosin staining; (a—e) x200]

which mimics the endosalpingeal epithelium [15] (Fig. 3.2a). With this in mind, the
morphological alteration of the OSE and its inclusion cysts has been suggested as a
potential site of origin for the development of EOTs [5] (see also Sect. 5.3 in Chap. 5).

In regard to EOT tumorigenesis, the “incessant ovulation” hypothesis for ovarian
cancer, which postulates that follicular rupture [16] and repair trauma increases
OSE cell proliferation and risk of transformation, was proposed more than 40 years
ago [17]. Besides primary endocrinological functions, gonadotropin hormones,
such as follicle-stimulating hormone (FSH), luteinizing hormone (LH), and human
chorionic gonadotropin (hCG), are thought to be involved in OSE cell proliferation
and the repair of OSE following ovulatory trauma [18, 19]. Invagination and inclu-
sion cysts form in the ovarian cortex as a result of the repair, and exposure of the
entrapped cyst-lined OSE cells to foreign micro-substances within the cystic lumen,
which come from the outside environment via the fallopian tube, causes their trans-
formation [5]. In this process, stemlike cells undergo metaplasia and transformation
to acquire a highly complex morphology resembling either the Miillerian duct-
derived fallopian tube (serous type), the endometrium (endometrioid type), the
endometrium with Arias-Stella reaction (clear cell type), or the endocervix (sero-
mucinous or previously mucinous type) [20] (Fig. 3.1a-h).

Initially, the “incessant ovulation” hypothesis proposed for the stemlike cells of
OSE was not widely accepted. The first scientific evidence for the existence of puta-
tive stem cells on the ovarian surface came in 2008, with a subset of stemlike cells
experimentally identified by a stemness assay [6]. Subsequently, a subset of OSE
cells expressing a common hematopoietic stem cell marker (Ly6a+) were identified
in adult mouse ovaries [21], and more recent in vivo studies have used fate-mapping
methodologies to provide direct evidence for the existence and location of self-
renewing epithelial stem cells in the ovary [7, 22]. Stemlike OSE cells that display
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high aldehyde dehydrogenase (ALDH) activity [22] and high ALDH activity with
expression of LGRS (leucine-rich repeat-containing G protein-coupled receptor 5)
[7] have been located in both the murine and human ovary hilum [20]. In view of
such findings, it has been suggested that OSE stem cells might participate in post-
ovulatory wound closure, as well as the tumorigenesis of EOTs [18, 23, 24].

3.2.2 The Theory of Imported Disease

Recent investigations have revealed that high-grade serous carcinomas are derived
from the fimbriae of the fallopian tube. The theory of tubal involvement in the
tumorigenesis of high-grade serous carcinoma proposes that serous tubal intraepi-
thelial carcinomas (STICs) (Fig. 3.3a, b), which are known to occur in the fimbriae,
are ectopically implanted into the ovarian stroma as cortical inclusion cysts, and that
the exposure of these cells to the ovarian stromal microenvironment, which pro-
duces abundant growth factors designed for folliculogenesis, leads to “ovarian can-
cer” consisting of high-grade serous carcinoma [4, 8].

In endometrioid and clear cell carcinoma, it has been well recognized that malig-
nant transformation can occur at epithelial components of endometriosis in endo-
metriotic cysts of the ovary. A follow-up program for endometriotic cysts confirmed

Fig.3.3 Serous tubal intraepithelial carcinoma [(a and b) hematoxylin and eosin staining; (c) p53
immunostaining; (a and ¢) x100; (b) x200]
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the risk of malignant transformation resulting from endometriosis [25].
Endometriosis is thought to occur via retrograde menstruation, where endometrial
epithelial cells and stromal cells move from the uterus through the fallopian tubes
and subsequently become established as an endometriotic cyst [26, 27]. It is also
known that retrograde stromal cells from the endometrium can implant to the ovary
during menstruation, inducing a metaplastic change in the OSE and resulting in
endometriosis [28]. This creates a unique microenvironment where menstruation-
like blood are trapped within the cyst, resulting in high concentrations of iron in a
confined space, subsequent oxidative stress, and a hypoxic environment that pro-
motes DNA damage and the accumulation of mutations [29-32].

Such studies suggest that the fallopian tube epithelium (benign or malignant) can
implant onto the ovary to give rise to both low-grade and high-grade serous carcino-
mas and that similarly, endometrial tissue can implant onto the ovary with resulting
endometriosis, then undergoing malignant transformation into endometrioid and
clear cell carcinoma. According to the theory of “imported disease”, these EOTs are
not ovarian in origin therefore but rather represent “imported disease”, and it is logi-
cal to conclude that the only true primary ovarian neoplasms are germ cell and
gonadal stromal tumors, analogous to the situation in the testis which does not have
epithelial tumors [4] (see also Sect. 5.3 in Chap. 5).

3.3  Two-Tiered Classification for Clinical, Morphological,
and Molecular Pathogenesis

EOTs can be classified into Types I and II, which correspond to two distinct models
of clinical, morphological, and molecular pathogenesis [33]. Type I tumors develop
slowly, in a stepwise manner, from premalignant conditions or borderline tumors,
and include low-grade serous carcinomas, endometrioid carcinomas, clear cell carci-
nomas, and mucinous carcinomas. In contrast, Type II tumors grow rapidly and are
typically found to have spread beyond the ovaries at presentation. The predominate
Type II tumors are high-grade serous carcinomas, with the remainder being carcino-
sarcomas and undifferentiated carcinomas. It was originally thought, since these
tumors are rarely associated with morphologically recognizable precursor lesions,
that they develop de novo from ovarian inclusion cysts or the surface epithelium [34,
35]. More recently, however, it has been recognized that Type II tumors with pelvic
dissemination include carcinomas arising from the epithelium of the fimbriae.
Molecular studies have revealed that distinct biological signatures, compatible
with the Type I and Type II classification system, exist among EOT subtypes. Although
Type I carcinomas lack mutations in the 7P53 gene and have a stable genome, each
morphological subtype exhibits a distinctive molecular profile. Moreover, Type I car-
cinomas typically exhibit a shared lineage with their corresponding benign and bor-
derline-malignant tumors, supporting the concept of a morphological sequence of
tumor progression. Type II carcinomas display 7P53 mutations in 80% or more of
cases and rarely harbor the mutations that are found in Type I carcinomas. Type 11
carcinomas are typically associated with chromosome aneuploidy or chromosomal
copy number abnormality resulting from an inherent chromosomal instability [8].
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3.4 Morphological and Molecular Pathogenesis in Four
Representative Malignant EOTs

3.4.1 Serous Carcinoma

3.4.1.1 High-Grade Serous Carcinoma

High-grade serous carcinoma is the most common type of malignant EOT and is clas-
sified as Type II. Morphologically, the tumor cells of high-grade serous carcinoma
resemble the secretory cells of three distinct cell types from the fallopian tube epithe-
lium, namely, secretary cells, ciliated cells, and peg cells [36—38]. Almost all of these
tumors express the transcription factor PAXS8 that is a marker of the secretory cell lin-
eage in the fallopian tube epithelium. Until recently, all high-grade serous carcinomas
were presumed to arise de novo in ovarian inclusion cysts or the OSE, although identi-
fication of putative precursors in these tissues had previously been difficult. Since the
discovery of the tumor suppressor genes BRCAI [39] and BRCA2 [40] (BRCA1/2) in
1994 and 1995, respectively, the use of mutation analysis in healthy women with a fam-
ily history of hereditary breast and ovarian cancer (HBOC) syndrome has increased
rates of prophylactic bilateral salpingo-oophorectomy. These surgical specimens have
revealed that a subset of the fimbrial epithelium of the fallopian tube have lesions of
occult carcinoma and STIC without any lesions in the ovary [41, 42]. It has also been
reported that STIC of the fimbriae is concomitant with high-grade serous carcinoma of
the ovary in sporadic but not only germline types and that STIC lesions have the same
TP53 mutations as the ovarian lesions. The 7P53 mutation findings indicate that there
is clonal expansion between STIC and high-grade serous carcinoma of the ovary [43].
In fact, p53 immunopositivity by 7P53 mutation in STIC is occasionally found in cases
with high-grade serous carcinoma (Fig. 3.3). Furthermore, it has been revealed that
small foci of p53-immunoreactive cells exist in largely histologically normal fallopian
tube epithelium [36]. These foci, which predominate in the distal portion of the fallo-
pian tube, have been designated “p53 signatures”. These p53 signatures probably rep-
resent early clonal expansion [44] and are found at the same frequency in women with
or without BRCA 1/2 mutation [36]. TP53 mutation is thus one of the earliest events in
the genesis of high-grade serous carcinoma and may occur first in the discrete foci that
lead to STIC in the distal fallopian tube. Extensive investigations have now examined
the role of the fallopian tube in pathogenesis of the serous type of EOTs [36, 43, 45—
47], yet it is clear that at least a subset of ovarian high-grade serous carcinomas do not
have STIC involvement. Therefore, it is still considered that OSE may be a candidate
as the site of origin for high-grade serous carcinoma without STIC. The exact propor-
tion of tumors of ovarian and tubal derivation in cases of high-grade serous carcinoma
could be revealed with the widespread implementation of an established pathology
protocol for sectioning and examination of the fimbriae [46].

In high-grade serous carcinomas of the ovary including sporadic and hereditary
types, TP53 gene mutations are found in 95% or more of cases [48, 49]. Mutations in
several other tumor suppressor genes and oncogenes, such as NF/, RBI, and CDK12,
have been reported, but their mutation frequency is low [49-51]. As somatic mutations
in BRCA1/2 are known to be uncommon in sporadic serous tumors, it is possible that
these genes are inactivated by mechanisms (loss of heterozygosity and/or methylation)
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other than mutation [52-54]. The proposed model is that loss of p53 and BRCA1/2 are
early events that lead to a deficiency in homologous recombination repair of DNA
double-strand breaks, triggering chromosomal instability and widespread copy number
changes [34, 44, 49, 55-61]. The most common amplifications affect the genes MYC,
CCNE, and MECOM, each of which is highly amplified in more than 20% of high-
grade serous carcinomas [49], but it is the MYC gene that is the most often amplified
and overexpressed [62]. In regard to other cancer-associated pathways harboring muta-
tions, copy number changes, or changes in gene expression, the RB and phosphoinosit-
ide 3-kinase (PI3K)/RAS pathways are deregulated in 67% and 45% of high-grade
serous carcinomas, respectively [49]. Various experimental models using OSE cells or
tubal epithelial cells have supported the concept that molecular pathways based on
TP53 mutation play an important role for the carcinogenesis of high-grade serous car-
cinomas or Type II tumors [23, 63, 64] (Fig. 3.4a) (see also Sect. 7.2.2 in Chap. 7).
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Fig. 3.4 Schematic diagram of morphological and molecular pathogenesis for ovarian carcino-
genesis (a) serous tumors; (b) endometrioid tumors; (¢) clear cell tumors; (d) mucinous tumors.
Solid lines, major pathways; broken lines, minor or putative pathways; blue frames, gene muta-
tions; red frames, genomic status. OSE, ovarian surface epithelium; FTE, fallopian tubal epithe-
lium; STIC, serous tubal intraepithelial carcinomas; CI, chromosomal instability; MI, microsatellite
instability; +, positive; —, negative
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Fig. 3.4 (continued)

3.4.1.2 Low-Grade Serous Carcinoma

Low-grade serous carcinoma is much less common than high-grade carcinoma and
is classified as a Type I tumor. These carcinomas frequently have a component of
serous borderline tumor (SBT) or micropapillary serous carcinoma [65] and are
thought to evolve in a stepwise fashion from benign serous cystadenoma through to
SBT and finally to carcinoma. Morphologically, low-grade serous carcinomas also
resemble tubal secretary cells and show small papillae of tumor cells exhibiting
uniform nuclei within variable amounts of hyalinized stroma, which often contains
psammoma bodies [66]. Low-grade serous carcinomas, like high-grade serous car-
cinomas, typically express the transcription factors PAX8 [67—69].

Low-grade serous carcinomas arise via the transformation of benign and SBTs,
thought to be derived either from inclusion cysts originating from the OSE or from
tubal epithelium that is shed and implanted onto the ovary and gives rise to inclusion
cysts and subsequent serous neoplasms (Fig. 3.2a). An immunohistochemical study
has shown that 80% of ovarian cortical inclusions express PAXS8, a Miillerian
marker, but not calretinin, a mesothelial marker, findings that support the concept of
a tubal phenotype [70]. Recently, it has also been suggested that papillary tubal
hyperplasia may be a putative precursor lesion for SBTs [71, 72].
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Low-grade serous carcinomas are not associated with BRCA1/2 germline muta-
tion and rarely have TP53 mutations, in contrast to KRAS and BRAF mutations
which are frequently present. KRAS and BRAF are the upstream regulators in the
RAS/RAF/MEK/ERK/MAP signal transduction pathway, which plays a critical
role in the transmission of growth signals to the nucleus [73]. Oncogenic mutations
in BRAF and KRAS result in the constitutive activation of this pathway and thus
contribute to neoplastic transformation. Several studies have demonstrated that acti-
vating mutations in codon 12 (and less commonly in codon 13) of KRAS or in
codons 599 and 600 of BRAF occur in approximately two thirds of SBTs and low-
grade serous carcinomas [74, 75]. Mutations in KRAS and BRAF are mutually
exclusive, such that tumors with mutant KRAS do not have mutant BRAF and vice
versa. It has been suggested that mutations of KRAS and BRAF are early events
associated with the initiation of SBTs and low-grade serous carcinomas and that a
small subset of serous cystadenomas that acquire KRAS or BRAF mutations may
progress to SBTs. Low-grade serous carcinomas do not show chromosomal insta-
bility and thus lack the complex genomic abnormalities seen in high-grade serous
carcinomas (Fig. 3.4a) (see also Sect. 7.6 in Chap. 7).

3.4.2 Endometrioid Carcinoma

In 1927, Sampson was the first to describe the malignant transformation of endome-
triosis to ovarian carcinoma [76]. Thereafter, many studies have provided support-
ing evidence that malignant transformation can occur in ovarian endometriosis or
the endometriotic cyst [77, 78] (Fig. 3.2b). The observation of a morphological
transition from endometriosis to carcinoma in over one third of endometrioid carci-
nomas has led to endometriosis being considered its likely cause. It has thus been
accepted that atypical endometriosis at the transition site is the precursor lesion for
endometrioid carcinoma associated with endometriosis, and common genetic alter-
ations have been documented in adjacent endometriosis, atypical endometriosis,
and carcinoma [79]. Besides endometriosis, the coexistence of benign endometrioid
neoplasms, such as adenofibromas or borderline tumors, with endometrioid carci-
nomas has been also recognized [80].

Endometriosis is thought to occur via retrograde menstruation, whereby epithe-
lial and stromal cells of the endometrium are carried from the uterus through the
fallopian tubes and can establish as an endometriotic cyst within the ovary [81].
Recent investigations suggest that the endometriotic cyst, in which chocolate-like
blood is trapped for long time, maintains high concentrations of iron in the cystic
fluid and that the iron-rich environment causes oxidative stress and hypoxia leading
to DNA damage and accumulation of mutations [30, 32].

Like endometrial cancers, ovarian endometrioid carcinoma is commonly encoun-
tered in patients with Lynch syndrome. Microsatellite instability has been also
observed in 13-20% of endometrioid carcinomas. Mutations in the PTEN tumor
suppressor gene, resulting in the activation of PI3K signaling and inhibition of
apoptosis, have been reported in a fifth or less of endometrioid carcinomas and are
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rare in other types of malignant EOT [82, 83]. Mutations in PIK3CA, which encodes
the p110 catalytic subunit of PI3K, have also been identified in a fifth of endometri-
oid carcinomas and similarly result in activation of PI3K signaling [84, 85]. PTEN
and PIK3CA mutations co-occur in a subset of endometrioid carcinomas [86, 87].
The Wnt/p-catenin signaling pathway is involved in the regulation of several impor-
tant cellular processes, including cell fate determination, proliferation, motility, and
survival. Mutations in CTNNBI, which encodes p-catenin, are typically found in
endometrioid carcinomas but are uncommon in the other types of ovarian carci-
noma [88], and several studies have noted the association of CTNNBI mutation with
squamous differentiation.

The tumor suppressor gene ARIDIA, which encodes BAF250a, plays a crucial
role in chromatin remodeling as a member of the SWI/SNF chromatin remodeling
complex. ARIDIA mutation induces changes in the expression of multiple genes
(CDKNIA, SMAD3, MLHI, and PIK3IPI) as the result of chromatin remodeling
dysfunction and has been shown to contribute to molecular pathogenesis and cel-
lular transformation in cooperation with the PI3K pathway [82, 83, 86, 89-92].
KRAS and BRAF mutations have been identified in endometrioid carcinomas, but
the frequency of these mutations is rather low, being 7% or less [92-96]. The fact
that PTEN, KRAS, and ARIDIA mutations are also found in the epithelial compo-
nents of endometriosis adjacent to endometrioid carcinomas provides additional
evidence for the precursor role of endometriosis in the molecular pathogenesis of
ovarian endometrioid carcinomas [29, 97, 98]. In regard to TP53, mutations have
been reported in poorly differentiated or high-grade endometrioid carcinomas.
TP53 mutations are uncommon in tumors with Wnt/p-catenin and/or PI3K/PTEN
signaling defects [96].

Using genetically engineered mice, experimental models of endometrioid tumor
have now been developed. In one approach, simultaneous activation of KRAS and
inactivation of PTEN in the OSE resulted in the development of ovarian tumors
resembling human endometrioid carcinomas associated with endometriosis [99]. In
another approach, conditional bi-allelic inactivation of APC and PTEN in the OSE
promoted ovarian endometrioid tumors harboring Wnt and PI3K pathway defects
comparable to human endometrioid carcinomas [92]. Furthermore, conditional
inactivation of one or both ARIDIA alleles in the OSE concurrently with APC and
PTEN inactivation in these mice induced endometrioid tumors with morphological
features similar to those of human endometrioid carcinoma [100] (Fig. 3.4b) (see
also Sect. 7.4.1 in Chap. 7).

3.4.3 Clear Cell Carcinoma

The morphological characteristics of clear cell carcinoma are multiple complex
papillae, densely hyaline basement membrane material expanding the cores of these
papillae, and hyaline bodies. Mitotic figures are less frequent than in other types of
ovarian carcinoma. As is the case for endometrioid carcinoma, there is a close asso-
ciation between endometriosis and clear cell carcinoma [101, 102]. The coexistence
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of adenofibromas or borderline tumors, with clear cell carcinomas, has been also
recognized, being distinct from those arising from endometriosis [103, 104]
(Fig. 3.2¢).

Hepatocyte nuclear factor-1p (HNF-1f) is upregulated in clear cell tumors,
including benign tumors, borderline tumors, and carcinomas [105], and thus most
clear cell carcinomas are positive for HNF1-f [106, 107]. This transcription factor
is expressed in the mid-to-late secretory and gestational endometrium with Arias-
Stella reaction, atypical and inflammatory endometriosis, and clear cell carcinoma
[105]. HNF-1p regulates several genes such as dipeptidyl peptidase IV (involved in
the control of glycogen synthesis [108]), glutathione peroxidase 3, and annexin A4
[109]. The fact that HNF-1f is important in controlling multiple genes involved in
glucose and glycogen metabolism suggests that upregulation of this factor may be
responsible for the characteristic morphological feature of clear cell carcinoma,
namely, a glycogen-rich cytoplasm with clear appearance [108, 110].

Mutations involving PI3K/PTEN signaling are common in clear cell carcinomas,
with PIK3CA mutations reported in 20-25% of tumors and PTEN mutations in 8%
of tumors [84, 86, 98]. Recently, it has been found that nearly half of clear cell car-
cinomas carry ARIDIA mutations and lack BAF250 protein [97]. The occurrence of
somatic mutations of PTEN and ARIDIA in a subset of ovarian endometriotic cysts,
within both tumor tissue and adjacent endometriosis, but not in distant endometrio-
sis sites, suggests shared molecular alterations between clear cell and endometrioid
carcinomas of the ovary and their putative precursor lesion [98]. This finding also
suggests that PTEN and ARIDIA inactivation occurs early during the malignant
transformation of endometriosis [97].

Clear cell carcinomas do not appear to share other genetic changes with endome-
trioid carcinomas. Wnt signaling pathway defects and microsatellite instability, for
example, have not been observed with significant frequency in these tumors [86,
111, 112] (Fig. 3.4¢) (see also Sects. 7.3.3 and 7.3.4 in Chap. 7).

3.4.4 Mucinous Carcinoma

Although mucinous tumors account for 10-15% of EOTs, almost all are benign, with
the remainder being of borderline malignancy. The tumors usually show cystic and
multilocular features; those that are large and unilateral are likely to be primary
lesions, while metastatic tumors are typically smaller and bilateral. Primary ovarian
mucinous carcinomas are usually confined to the ovary however, and if external
metastases to the ovary, particularly from the gastrointestinal tract, are carefully
excluded, only 3—4% of ovarian carcinomas are typically found to be of the mucinous
type. The cells of mucinous tumors may resemble those of the gastric pylorus, intes-
tine, or endocervix (Fig. 3.1g—j). Recently, mucinous tumors with cells resembling
those of the endocervical epithelium have been classified as separate category of sero-
mucinous tumor that is associated with endometriosis or low-grade serous carcinoma
[113]. The origin of mucinous tumors, which includes inclusion cyst or OSE, is not
well characterized, but the association of some mucinous tumors with teratoma
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indicates that some may be of germ cell origin [114] (Fig. 3.2d). More recent data
suggest that transitional cell (Walthard) nests, which relate to Brenner tumors, present
at the tubal-mesothelial junction may also be a possible origin for these tumors [72,
115] (Fig. 3.2e) (see also Sect. 5.3 in Chap. 5 and Sect. 7.5.1 in Chap. 7). Mucinous
carcinomas are often heterogeneous. Benign, borderline, noninvasive, and invasive
features may all coexist within an individual tumor, suggesting that tumor progression
proceeds from benign to borderline and from borderline to carcinoma [116].

KRAS mutations are frequent in mucinous carcinomas and are considered to be
an early tumorigenic event [117]. Ovarian mucinous tumors are generally immuno-
reactive for cytokeratin 7 (CK7), whereas metastatic tumors from colorectal adeno-
carcinoma sites are usually CK7 negative but positive for CK20 [118]. Mucinous
tumors express several mucin genes (MUC2, MUC3, and MUC17) irrespective of
their tissue origins, as well as additional genes that are markers of intestinal differ-
entiation, such as the caudal-type homeobox transcription factors CDX/ and CDX2
and LGALS4. LGALS4 is an intestinal cell surface adhesion molecule overex-
pressed in a spectrum of mucinous tumors, including intestinal carcinomas, but is
not detectable in normal OSE. It is overexpressed in all ovarian mucinous tumors,
however, including benign, borderline, and malignant tumors, indicating that
LGALS4 overexpression is associated with a very early step in the molecular patho-
genesis of this cancer type [119].

KRAS, BRAF, and CDKN2A (which encodes pl16/INK4a) are often mutated in
mucinous tumors, with the RAS/RAF pathway and p16/INK4a thought to be impor-
tant contributors to molecular pathogenesis [120-122]. A recent study has suggested
that a high percentage of mucinous carcinomas may have a 7P53 mutation (50—
70%). While there is a similar, but lower (10-20%), frequency of TP53 mutation in
benign and borderline tumors, the high prevalence of 7P53 mutation in mucinous
carcinomas suggests that aberrant p53 contributes to the invasive phenotype as a late
event in the tumorigenic process [120, 123]. Interestingly, mucinous carcinomas do
not share the widespread genomic instability seen in high-grade serous carcinomas
that carry 7P53 mutations, suggesting that the effect of p53 mutation is distinct in
these two kinds of malignant EOTs [120] (Fig. 3.4d) (see also Sect. 7.5.2 in Chap. 7).

Conclusion

Historically, the early morphological and molecular alterations in ovarian
tumorigenesis have been a black box. While it is relatively easy to biopsy
early lesions in cervical and endometrial carcinomas, this is difficult in ovar-
ian carcinomas because of the location within the pelvic cavity. Since the
introduction in 1995 of prophylactic salpingo-oophorectomy for carriers of
BRCA1/2 mutations, early lesions of high-grade serous carcinomas in HBOC
have become readily identifiable. However, the identification of extra-ovarian
STIC as a precursor lesion in such cases has led to a paradigm shift from the
theory of the secondary Miillerian system of OSE to one of “imported dis-
ease”. Despite this, many secrets of the black box remain, including the cel-
lular origins of especially high-grade serous carcinoma without STIC,
low-grade serous carcinoma, and mucinous carcinoma and the biological



H. Tashiro et al.

basis for the observed morphological diversity in these diseases. Further
molecular studies are required to answer these remaining questions in regard

to the pathogenesis of EOTs.

References

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

. Banet N, Kurman RJ. Two types of ovarian cortical inclusion cysts: proposed origin and pos-

sible role in ovarian serous carcinogenesis. Int J Gynecol Pathol. 2015;34:3-8.

. Auersperg N. Article by Natalie Banet and Robert J. Kurman: Two types of ovarian cortical

inclusion cysts: proposed origin and possible role in ovarian serous carcinogenesis; Int. J.
Gynecol. Pathol. 2015;34:3-8. Int J Gynecol Pathol. 2015;34:303-4.

. Auersperg N. Ovarian surface epithelium as a source of ovarian cancers: unwarranted specu-

lation or evidence-based hypothesis? Gynecol Oncol. 2013;130:246-51.

. Kuhn E, Kurman RJ, Shih IM. Ovarian cancer is an imported disease: fact or fiction? Curr

Obstet Gynecol Rep. 2012;1:1-9.

. Okamura H, Katabuchi H. Pathophysiological dynamics of human ovarian surface epithelial

cells in epithelial ovarian carcinogenesis. Int Rev Cytol. 2005;242:1-54.

. Szotek PP, Chang HL, Brennand K, Fujino A, Pieretti-Vanmarcke R, Lo Celso C, et al.

Normal ovarian surface epithelial label-retaining cells exhibit stem/progenitor cell character-
istics. Proc Natl Acad Sci U S A. 2008;105:12469-73.

. Ng A, Tan S, Singh G, Rizk P, Swathi Y, Tan TZ, et al. Lgr5 marks stem/progenitor cells in

ovary and tubal epithelia. Nat Cell Biol. 2014;16:745-57.

. Kurman RJ, Shih IM. The origin and pathogenesis of epithelial ovarian cancer: a proposed

unifying theory. Am J Surg Pathol. 2010;34:433-43.

. Dubeau L. The cell of origin of ovarian epithelial tumours. Lancet Oncol. 2008;9:1191-7.
. Allen BM. The embrionic development of the ovary and testes of the mammals. Am J Anat.

1904;3:89-153.

Auersperg N, Wong AS, Choi KC, Kang SK, Leung PC. Ovarian surface epithelium: biology,
endocrinology, and pathology. Endocr Rev. 2001;22:255-88.

Lauchlan SC. The secondary Mullerian system. Obstet Gynecol Surv. 1972;27:133-46.
Okamura H, Katabuchi H. Detailed morphology of human ovarian surface epithelium focus-
ing on its metaplastic and neoplastic capability. Ital ] Anat Embryol. 2001;106:263-76.
Okamura H, Katabuchi H, Ohba T. What we have learned from isolated cells from human
ovary? Mol Cell Endocrinol. 2003;202:37-45.

Katabuchi H, Okamura H. Cell biology of human ovarian surface epithelial cells and ovarian
carcinogenesis. Med Electron Microsc. 2003;36:74-86.

Okamura H, Katabuchi H, Nagai R. Ultrastructure of human ovulation: histofunctional
parameters. In: Motta PM, editor. Microscopy of reproduction and development: a dynamic
approach. Rome: Antonio Delfino Editore; 1997. p. 155-61.

Fathalla MF. Incessant ovulation--a factor in ovarian neoplasia? Lancet. 1971;2:163.
Tashiro H, Katabuchi H, Begum M, Li X, Nitta M, Ohtake H, et al. Roles of luteinizing hor-
mone/chorionic gonadotropin receptor in anchorage-dependent and -independent growth in
human ovarian surface epithelial cell lines. Cancer Sci. 2003;94:953-9.

Ji Q, Liu PI, Chen PK, Aoyama C. Follicle stimulating hormone-induced growth promotion
and gene expression profiles on ovarian surface epithelial cells. IntJ Cancer. 2004;112:803—14.
Ng A, Barker N. Ovary and fimbrial stem cells: biology, niche and cancer origins. Nat Rev
Mol Cell Biol. 2015;16:625-38.

Gamwell LF, Collins O, Vanderhyden BC. The mouse ovarian surface epithelium contains
a population of LY6A (SCA-1) expressing progenitor cells that are regulated by ovulation-
associated factors. Biol Reprod. 2012;87:80.



3 Morphological and Molecular Pathogenesis of Epithelial Ovarian Tumors 51

22.

23.

24.

25.

26.
217.
28.

29.

30.

31.

32.

33.

34.
3s.

36.

37.

38.

39.

40.

41.

42.

Flesken-Nikitin A, Hwang CI, Cheng CY, Michurina TV, Enikolopov G, Nikitin AY. Ovarian
surface epithelium at the junction area contains a cancer-prone stem cell niche. Nature.
2013;495:241-5.

Motohara T, Masuko S, Ishimoto T, Yae T, Onishi N, Muraguchi T, et al. Transient depletion
of p53 followed by transduction of c-Myc and K-Ras converts ovarian stem-like cells into
tumor-initiating cells. Carcinogenesis. 2011;32:1597-606.

Bhartiya D, Singh J. FSH-FSHR3-stem cells in ovary surface epithelium: basis for adult ovar-
ian biology, failure, aging, and cancer. Reproduction. 2015;149:R35-48.

Kobayashi H, Sumimoto K, Moniwa N, Imai M, Takakura K, Kuromaki T, et al. Risk of
developing ovarian cancer among women with ovarian endometrioma: a cohort study in
Shizuoka, Japan. Int J Gynecol Cancer. 2007;17:37-43.

Giudice LC. Clinical practice. Endometriosis. N Engl J Med. 2010;362:2389-98.

Giudice LC, Kao LC. Endometriosis. Lancet. 2004;364:1789-99.

Ohtake H, Katabuchi H, Matsuura K, Okamura H. A novel in vitro experimental model for
ovarian endometriosis: the three-dimensional culture of human ovarian surface epithelial
cells in collagen gels. Fertil Steril. 1999;71:50-5.

McConechy MK, Ding J, Senz J, Yang W, Melnyk N, Tone AA, et al. Ovarian and endo-
metrial endometrioid carcinomas have distinct CTNNB1 and PTEN mutation profiles. Mod
Pathol. 2014;27:128-34.

Yamaguchi K, Mandai M, Toyokuni S, Hamanishi J, Higuchi T, Takakura K, et al. Contents
of endometriotic cysts, especially the high concentration of free iron, are a possible cause of
carcinogenesis in the cysts through the iron-induced persistent oxidative stress. Clin Cancer
Res. 2008;14:32—40.

Van Langendonckt A, Casanas-Roux F, Dolmans MM, Donnez J. Potential involvement
of hemoglobin and heme in the pathogenesis of peritoneal endometriosis. Fertil Steril.
2002;77:561-70.

Kobayashi H, Kajiwara H, Kanayama S, Yamada Y, Furukawa N, Noguchi T, et al. Molecular
pathogenesis of endometriosis-associated clear cell carcinoma of the ovary (review). Oncol
Rep. 2009;22:233-40.

Kurman RJ, Shih IM. Pathogenesis of ovarian cancer: lessons from morphology and molecu-
lar biology and their clinical implications. Int J Gynecol Pathol. 2008;27:151-60.

Cho KR, Shih IM. Ovarian cancer. Annu Rev Pathol. 2009;4:287-313.

Eddy JA, Hood L, Price ND, Geman D. Identifying tightly regulated and variably expressed
networks by differential rank conservation (DIRAC). PLoS Comput Biol. 2010;6:e1000792.
Lee Y, Miron A, Drapkin R, Nucci MR, Medeiros F, Saleemuddin A, et al. A candidate precur-
sor to serous carcinoma that originates in the distal fallopian tube. J Pathol. 2007;211:26-35.
Jarboe E, Folkins A, Nucci MR, Kindelberger D, Drapkin R, Miron A, et al. Serous carcino-
genesis in the fallopian tube: a descriptive classification. Int J Gynecol Pathol. 2008;27:1-9.
Paik DY, Janzen DM, Schafenacker AM, Velasco VS, Shung MS, Cheng D, et al. Stem-like
epithelial cells are concentrated in the distal end of the fallopian tube: a site for injury and
serous cancer initiation. Stem Cells. 2012;30:2487-97.

Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA, Harshman K, Tavtigian S, et al. A
strong candidate for the breast and ovarian cancer susceptibility gene BRCAI. Science.
1994;266:66-71.

Wooster R, Bignell G, Lancaster J, Swift S, Seal S, Mangion J, et al. Identification of the
breast cancer susceptibility gene BRCA2. Nature. 1995;378:789-92.

Paley PJ, Swisher EM, Garcia RL, Agoft SN, Greer BE, Peters KL, et al. Occult cancer of the
fallopian tube in BRCA-1 germline mutation carriers at prophylactic oophorectomy: a case
for recommending hysterectomy at surgical prophylaxis. Gynecol Oncol. 2001;80:176-80.
Carcangiu ML, Peissel B, Pasini B, Spatti G, Radice P, Manoukian S. Incidental carcinomas
in prophylactic specimens in BRCA1 and BRCA2 germ-line mutation carriers, with empha-
sis on fallopian tube lesions: report of 6 cases and review of the literature. Am J Surg Pathol.
2006;30:1222-30.



52

H. Tashiro et al.

43

44,

45.

46.

47.

48.

49.
50.
51.

52.

53.

54.

55.

56.

57.

8.

59.

60.

61.

. Kindelberger DW, Lee Y, Miron A, Hirsch MS, Feltmate C, Medeiros F, et al. Intraepithelial
carcinoma of the fimbria and pelvic serous carcinoma: evidence for a causal relationship. Am
J Surg Pathol. 2007;31:161-9.

Bowtell DD. The genesis and evolution of high-grade serous ovarian cancer. Nat Rev Cancer.
2010;10:803-8.

Piek JM, van Diest PJ, Zweemer RP, Jansen JW, Poort-Keesom RJ, Menko FH, et al.
Dysplastic changes in prophylactically removed fallopian tubes of women predisposed to
developing ovarian cancer. J Pathol. 2001;195:451-6.

Medeiros F, Muto MG, Lee Y, Elvin JA, Callahan MJ, Feltmate C, et al. The tubal fimbria is
a preferred site for early adenocarcinoma in women with familial ovarian cancer syndrome.
Am J Surg Pathol. 2006;30:230-6.

Folkins AK, Jarboe EA, Saleemuddin A, Lee Y, Callahan MJ, Drapkin R, et al. A candidate
precursor to pelvic serous cancer (p53 signature) and its prevalence in ovaries and fallopian
tubes from women with BRCA mutations. Gynecol Oncol. 2008;109:168-73.

Salani R, Kurman RJ, Giuntoli R 2nd, Gardner G, Bristow R, Wang TL, et al. Assessment
of TP53 mutation using purified tissue samples of ovarian serous carcinomas reveals a
higher mutation rate than previously reported and does not correlate with drug resistance. Int
J Gynecol Cancer. 2008;18:487-91.

Network CGAR. Integrated genomic analyses of ovarian carcinoma. Nature. 2011;474:609-15.
Merajver SD, Pham TM, Caduff RF, Chen M, Poy EL, Cooney KA, et al. Somatic mutations
in the BRCA1 gene in sporadic ovarian tumours. Nat Genet. 1995;9:439-43.

Sangha N, Wu R, Kuick R, Powers S, Mu D, Fiander D, et al. Neurofibromin 1 (NF1)
defects are common in human ovarian serous carcinomas and co-occur with TP53 mutations.
Neoplasia. 2008;10:1362-72.

Cannistra SA. BRCA-1 in sporadic epithelial ovarian cancer: lessons learned from the genet-
ics of hereditary disease. Clin Cancer Res. 2007;13:7225-7.

Wang C, Horiuchi A, Imai T, Ohira S, Itoh K, Nikaido T, et al. Expression of BRCA1 protein in
benign, borderline, and malignant epithelial ovarian neoplasms and its relationship to methyla-
tion and allelic loss of the BRCA1 gene. J Pathol. 2004;202:215-23.

Baldwin RL, Nemeth E, Tran H, Shvartsman H, Cass I, Narod S, et al. BRCA1 promoter
region hypermethylation in ovarian carcinoma: a population-based study. Cancer Res.
2000;60:5329-33.

Venkitaraman AR. Linking the cellular functions of BRCA genes to cancer pathogenesis and
treatment. Annu Rev Pathol. 2009:4:461-87.

Pothuri B, Leitao MM, Levine DA, Viale A, Olshen AB, Arroyo C, et al. Genetic analysis of
the early natural history of epithelial ovarian carcinoma. PLoS One. 2010;5:e10358.
Norquist BM, Garcia RL, Allison KH, Jokinen CH, Kernochan LE, Pizzi CC, et al. The molec-
ular pathogenesis of hereditary ovarian carcinoma: alterations in the tubal epithelium of women
with BRCA1 and BRCA2 mutations. Cancer. 2010;116:5261-71.

Schraml P, Schwerdtfeger G, Burkhalter F, Raggi A, Schmidt D, Ruffalo T, et al.
Combined array comparative genomic hybridization and tissue microarray analysis sug-
gest PAK1 at 11q13.5-q14 as a critical oncogene target in ovarian carcinoma. Am J Pathol.
2003;163:985-92.

Meinhold-Heerlein I, Bauerschlag D, Hilpert F, Dimitrov P, Sapinoso LM, Orlowska-Volk
M, et al. Molecular and prognostic distinction between serous ovarian carcinomas of varying
grade and malignant potential. Oncogene. 2005;24:1053-65.

Mayr D, Kanitz V, Anderegg B, Luthardt B, Engel J, Lohrs U, et al. Analysis of gene ampli-
fication and prognostic markers in ovarian cancer using comparative genomic hybridization
for microarrays and immunohistochemical analysis for tissue microarrays. Am J Clin Pathol.
2006;126:101-9.

Nowee ME, Snijders AM, Rockx DA, de Wit RM, Kosma VM, Hamalainen K, et al. DNA
profiling of primary serous ovarian and fallopian tube carcinomas with array comparative
genomic hybridization and multiplex ligation-dependent probe amplification. J Pathol.
2007;213:46-55.



3

Morphological and Molecular Pathogenesis of Epithelial Ovarian Tumors 53

62

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

. Tashiro H, Miyazaki K, Okamura H, Iwai A, Fukumoto M. C-myc over-expression in human
primary ovarian tumours: its relevance to tumour progression. Int J Cancer. 1992;50:828-33.
Sasaki R, Narisawa-Saito M, Yugawa T, Fujita M, Tashiro H, Katabuchi H, et al. Oncogenic
transformation of human ovarian surface epithelial cells with defined cellular oncogenes.
Carcinogenesis. 2009;30:423-31.

Jazaeri AA, BryantJL, Park H, Li H, Dahiya N, Stoler MH, et al. Molecular requirements for trans-
formation of fallopian tube epithelial cells into serous carcinoma. Neoplasia. 2011;13:899-911.
Katabuchi H, Tashiro H, Cho KR, Kurman RJ, Hedrick EL. Micropapillary serous carcinoma
of the ovary: an immunohistochemical and mutational analysis of p53. Int J Gynecol Pathol.
1998;17:54-60.

Motohara T, Tashiro H, Miyahara Y, Sakaguchi I, Ohtake H, Katabuchi H. Long-term onco-
logical outcomes of ovarian serous carcinomas with psammoma bodies: a novel insight into
the molecular pathogenesis of ovarian epithelial carcinoma. Cancer Sci. 2010;101:1550-6.
O'Neill CJ, Deavers MT, Malpica A, Foster H, McCluggage WG. An immunohistochemi-
cal comparison between low-grade and high-grade ovarian serous carcinomas: significantly
higher expression of p53, MIB1, BCL2, HER-2/neu, and C-KIT in high-grade neoplasms.
Am J Surg Pathol. 2005;29:1034—41.

Shimizu M, Toki T, Takagi Y, Konishi I, Fujii S. Immunohistochemical detection of the Wilms'
tumor gene (WT1) in epithelial ovarian tumors. Int J Gynecol Pathol. 2000;19:158-63.
Liliac L, Carcangiu ML, Canevari S, Caruntu ID, Ciobanu Apostol DG, Danciu M, et al.
The value of PAX8 and WT1 molecules in ovarian cancer diagnosis. Romanian J Morphol
Embryol. 2013;54:17-27.

Li J, Abushahin N, Pang S, Xiang L, Chambers SK, Fadare O, et al. Tubal origin of 'ovarian’'
low-grade serous carcinoma. Mod Pathol. 2011;24:1488-99.

Kurman RJ, Vang R, Junge J, Hannibal CG, Kjaer SK, Shih IM. Papillary tubal hyperplasia:
the putative precursor of ovarian atypical proliferative (borderline) serous tumors, noninva-
sive implants, and endosalpingiosis. Am J Surg Pathol. 2011;35:1605-14.

Lim D, Oliva E. Precursors and pathogenesis of ovarian carcinoma. Pathology.
2013;45:229-42.

Peyssonnaux C, Eychene A. The Raf/MEK/ERK pathway: new concepts of activation. Biol
Cell. 2001;93:53-62.

Singer G, Oldt R 3rd, Cohen Y, Wang BG, Sidransky D, Kurman RJ, et al. Mutations in
BRAF and KRAS characterize the development of low-grade ovarian serous carcinoma.
J Natl Cancer Inst. 2003;95:484—-6.

Jones S, Wang TL, Kurman RJ, Nakayama K, Velculescu VE, Vogelstein B, et al. Low-grade
serous carcinomas of the ovary contain very few point mutations. J Pathol. 2012;226:413-20.
Sampson JA. Metastatic or embolic endometriosis, due to the menstrual dissemination of
endometrial tissue into the venous circulation. Am J Pathol. 1927;3:93-110.43.

Scully RE, Richardson GS, Barlow JF. The development of malignancy in endometriosis.
Clin Obstet Gynecol. 1966;9:384-411.

Sainz de la Cuesta R, Eichhorn JH, Rice LW, Fuller AF Jr, Nikrui N, Goff BA. Histologic
transformation of benign endometriosis to early epithelial ovarian cancer. Gynecol Oncol.
1996;60:238-44.

Jiang X, Morland SJ, Hitchcock A, Thomas EJ, Campbell IG. Allelotyping of endometriosis with
adjacent ovarian carcinoma reveals evidence of a common lineage. Cancer Res. 1998;58:1707—12.
Bell KA, Kurman RJ. A clinicopathologic analysis of atypical proliferative (borderline)
tumors and well-differentiated endometrioid adenocarcinomas of the ovary. Am J Surg
Pathol. 2000;24:1465-79.

Fukunaga M, Nomura K, Ishikawa E, Ushigome S. Ovarian atypical endometriosis: its close
association with malignant epithelial tumours. Histopathology. 1997;30:249-55.

Obata K, Morland SJ, Watson RH, Hitchcock A, Chenevix-Trench G, Thomas EJ, et al.
Frequent PTEN/MMAC mutations in endometrioid but not serous or mucinous epithelial
ovarian tumors. Cancer Res. 1998;58:2095-7.

Catasus L, Bussaglia E, Rodrguez I, Gallardo A, Pons C, Irving JA, et al. Molecular genetic
alterations in endometrioid carcinomas of the ovary: similar frequency of beta-catenin



54

H. Tashiro et al.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93

94.

95.

96.

97.

98.

99.

100.

101.

abnormalities but lower rate of microsatellite instability and PTEN alterations than in uterine
endometrioid carcinomas. Hum Pathol. 2004;35:1360-8.

Campbell 1G, Russell SE, Choong DY, Montgomery KG, Ciavarella ML, Hooi CS, et al.
Mutation of the PIK3CA gene in ovarian and breast cancer. Cancer Res. 2004;64:7678-81.
Nakayama K, Nakayama N, Kurman RJ, Cope L, Pohl G, Samuels Y, et al. Sequence muta-
tions and amplification of PIK3CA and AKT?2 genes in purified ovarian serous neoplasms.
Cancer Biol Ther. 2006;5:779-85.

Willner J, Wurz K, Allison KH, Galic V, Garcia RL, Goff BA, et al. Alternate molecu-
lar genetic pathways in ovarian carcinomas of common histological types. Hum Pathol.
2007;38:607-13.

Catasus L, Gallardo A, Cuatrecasas M, Prat J. PIK3CA mutations in the kinase domain (exon
20) of uterine endometrial adenocarcinomas are associated with adverse prognostic param-
eters. Mod Pathol. 2008;21:131-9.

Wright K, Wilson P, Morland S, Campbell I, Walsh M, Hurst T, et al. Beta-catenin mutation
and expression analysis in ovarian cancer: exon 3 mutations and nuclear translocation in 16%
of endometrioid tumours. Int J Cancer. 1999;82:625-9.

Palacios J, Gamallo C. Mutations in the beta-catenin gene (CTNNB1) in endometrioid ovar-
ian carcinomas. Cancer Res. 1998;58:1344-7.

Gamallo C, Palacios J, Moreno G. Calvo de Mora J, Suarez a, Armas a. Beta-catenin expres-
sion pattern in stage I and II ovarian carcinomas : relationship with beta-catenin gene muta-
tions, clinicopathological features, and clinical outcome. Am J Pathol. 1999;155:527-36.
Saegusa M, Okayasu I. Frequent nuclear beta-catenin accumulation and associated mutations
in endometrioid-type endometrial and ovarian carcinomas with squamous differentiation.
J Pathol. 2001;194:59-67.

Wu R, Hendrix-Lucas N, Kuick R, Zhai Y, Schwartz DR, Akyol A, et al. Mouse model
of human ovarian endometrioid adenocarcinoma based on somatic defects in the Wnt/beta-
catenin and PI3K/Pten signaling pathways. Cancer Cell. 2007;11:321-33.

. Enomoto T, Weghorst CM, Inoue M, Tanizawa O, Rice JM. K-ras activation occurs fre-

quently in mucinous adenocarcinomas and rarely in other common epithelial tumors of the
human ovary. Am J Pathol. 1991;139:777-85.

Caduff RF, Svoboda-Newman SM, Bartos RE, Ferguson AW, Frank TS. Comparative anal-
ysis of histologic homologues of endometrial and ovarian carcinoma. Am J Surg Pathol.
1998;22:319-26.

Amemiya S, Sekizawa A, Otsuka J, Tachikawa T, Saito H, Okai T. Malignant transformation
of endometriosis and genetic alterations of K-ras and microsatellite instability. Int J Gynaecol
Obstet. 2004;86:371-6.

Mayr D, Hirschmann A, Lohrs U, Diebold J. KRAS and BRAF mutations in ovarian tumors:
a comprehensive study of invasive carcinomas, borderline tumors and extraovarian implants.
Gynecol Oncol. 2006;103:883-7.

Wiegand KC, Shah SP, Al-Agha OM, Zhao Y, Tse K, Zeng T, et al. ARIDIA mutations in
endometriosis-associated ovarian carcinomas. N Engl J Med. 2010;363:1532-43.

Sato N, Tsunoda H, Nishida M, Morishita Y, Takimoto Y, Kubo T, et al. Loss of heterozygos-
ity on 10g23.3 and mutation of the tumor suppressor gene PTEN in benign endometrial cyst
of the ovary: possible sequence progression from benign endometrial cyst to endometrioid
carcinoma and clear cell carcinoma of the ovary. Cancer Res. 2000;60:7052-6.

Dinulescu DM, Ince TA, Quade BJ, Shafer SA, Crowley D, Jacks T. Role of K-ras and Pten
in the development of mouse models of endometriosis and endometrioid ovarian cancer. Nat
Med. 2005;11:63-70.

Zhai Y, Kuick R, Tipton C, Wu R, Sessine M, Wang Z, et al. Aridla inactivation in an Apc-
and Pten-defective mouse ovarian cancer model enhances epithelial differentiation and pro-
longs survival. J Pathol. 2016;238:21-30.

Komiyama S, Aoki D, Tominaga E, Susumu N, Udagawa Y, Nozawa S. Prognosis of Japanese
patients with ovarian clear cell carcinoma associated with pelvic endometriosis: clinicopatho-
logic evaluation. Gynecol Oncol. 1999;72:342-6.



3 Morphological and Molecular Pathogenesis of Epithelial Ovarian Tumors 55

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Matsuo Y, Tashiro H, Yanai H, Moriya T, Katabuchi H. Clinicopathological heterogeneity in
ovarian clear cell adenocarcinoma: a study on individual therapy practice. Med Mol Morphol.
2015;48:146-54.

Yamamoto S, Tsuda H, Yoshikawa T, Kudoh K, Kita T, Furuya K, et al. Clear cell adeno-
carcinoma associated with clear cell adenofibromatous components: a subgroup of ovarian
clear cell adenocarcinoma with distinct clinicopathologic characteristics. Am J Surg Pathol.
2007;31:999-1006.

Veras E, Mao TL, Ayhan A, Ueda S, Lai H, Hayran M, et al. Cystic and adenofibromatous
clear cell carcinomas of the ovary: distinctive tumors that differ in their pathogenesis and
behavior: a clinicopathologic analysis of 122 cases. Am J Surg Pathol. 2009;33:844-53.
Kato N, Sasou S, Motoyama T. Expression of hepatocyte nuclear factor-1beta (HNF-1beta)
in clear cell tumors and endometriosis of the ovary. Mod Pathol. 2006;19:83-9.

Kobel M, Kalloger SE, Carrick J, Huntsman D, Asad H, Oliva E, et al. A limited panel of
immunomarkers can reliably distinguish between clear cell and high-grade serous carcinoma
of the ovary. Am J Surg Pathol. 2009;33:14-21.

Kobel M, Kalloger SE, Boyd N, McKinney S, Mehl E, Palmer C, et al. Ovarian carcinoma
subtypes are different diseases: implications for biomarker studies. PLoS Med. 2008;5:¢232.
Senkel S, Lucas B, Klein-Hitpass L, Ryffel GU. Identification of target genes of the tran-
scription factor HNF1beta and HNF1alpha in a human embryonic kidney cell line. Biochim
Biophys Acta. 1731;2005:179-90.

Kobayashi H, Yamada Y, Kanayama S, Furukawa N, Noguchi T, Haruta S, et al. The role of
hepatocyte nuclear factor-1beta in the pathogenesis of clear cell carcinoma of the ovary. Int
J Gynecol Cancer. 2009;19:471-9.

Tanaka T, Tomaru Y, Nomura Y, Miura H, Suzuki M, Hayashizaki Y. Comprehensive search
for HNF-1beta-regulated genes in mouse hepatoma cells perturbed by transcription regula-
tory factor-targeted RNAI. Nucleic Acids Res. 2004;32:2740-50.

Fujita M, Enomoto T, Yoshino K, Nomura T, Buzard GS, Inoue M, et al. Microsatellite
instability and alterations in the hMSH2 gene in human ovarian cancer. Int J Cancer.
1995;64:361-6.

King BL, Carcangiu ML, Carter D, Kiechle M, Pfisterer J, Pfleiderer A, et al. Microsatellite
instability in ovarian neoplasms. Br J Cancer. 1995;72:376-82.

Kobel M, Bell DA, Carcangiu ML, Oliva E, Prat J, Shih IM, et al. Seromucinous tumours.
In: Kurman RJ, Carcangiu ML, Herrington CS, Young RH, editors. WHO classification of
tumours of female reproductive organs. 4th ed. ITARC: Lyon; 2014.

Vang R, Gown AM, Zhao C, Barry TS, Isacson C, Richardson MS, et al. Ovarian mucinous
tumors associated with mature cystic teratomas: morphologic and immunohistochemical
analysis identifies a subset of potential teratomatous origin that shares features of lower gas-
trointestinal tract mucinous tumors more commonly encountered as secondary tumors in the
ovary. Am J Surg Pathol. 2007;31:854—69.

Seidman JD, Khedmati F. Exploring the histogenesis of ovarian mucinous and transitional
cell (Brenner) neoplasms and their relationship with Walthard cell nests: a study of 120
tumors. Arch Pathol Lab Med. 2008;132:1753-60.

Rodriguez IM, Prat J. Mucinous tumors of the ovary: a clinicopathologic analysis of 75 bor-
derline tumors (of intestinal type) and carcinomas. Am J Surg Pathol. 2002;26:139-52.
Cuatrecasas M, Villanueva A, Matias-Guiu X, Prat J. K-ras mutations in mucinous ovarian
tumors: a clinicopathologic and molecular study of 95 cases. Cancer. 1997;79:1581-6.

Park SY, Kim HS, Hong EK, Kim WH. Expression of cytokeratins 7 and 20 in primary
carcinomas of the stomach and colorectum and their value in the differential diagnosis of
metastatic carcinomas to the ovary. Hum Pathol. 2002;33:1078-85.

Heinzelmann-Schwarz VA, Gardiner-Garden M, Henshall SM, Scurry JP, Scolyer RA, Smith
AN, et al. A distinct molecular profile associated with mucinous epithelial ovarian cancer. Br
J Cancer. 2006;94:904—-13.

Ryland GL, Hunter SM, Doyle MA, Caramia F, Li J, Rowley SM, et al. Mutational landscape
of mucinous ovarian carcinoma and its neoplastic precursors. Genome Med. 2015;7:87.



56 H. Tashiro et al.

121. Anglesio MS, Kommoss S, Tolcher MC, Clarke B, Galletta L, Porter H, et al. Molecular
characterization of mucinous ovarian tumours supports a stratified treatment approach with
HER?2 targeting in 19% of carcinomas. J Pathol. 2013;229:111-20.

122. Hunter SM, Gorringe KL, Christie M, Rowley SM, Bowtell DD, Campbell IG. Pre-invasive
ovarian mucinous tumors are characterized by CDKN2A and RAS pathway aberrations. Clin
Cancer Res. 2012;18:5267-717.

123. Mackenzie R, Kommoss S, Winterhoff BJ, Kipp BR, Garcia JJ, Voss J, et al. Targeted deep
sequencing of mucinous ovarian tumors reveals multiple overlapping RAS-pathway activat-
ing mutations in borderline and cancerous neoplasms. BMC Cancer. 2015;15:415.



Screening and Prevention of Ovarian
Cancer

Hiroshi Kobayashi

Abstract

The aim of this study is to review clinical studies for organizing a screening and
prevention program for ovarian cancer. A search of the relevant English-
language literature published between 1986 and 2016 was conducted using the
MEDLINE online database. Several reviews have dealt with ovarian cancer
screening in the general populations and specific high-risk groups. The results
from the medical literature showed that a variety of screening of ovarian cancer
were unable to provide the impact on clinical survival benefit. Although the
survival data from the UK study provided a modest degree of hope, at present
there is no effective screening test for ovarian cancer. Since ovarian cancer is
not a uniform entity, it is unlikely that a single approach to screening will be
appropriate for all patients. Clinical guidelines are available for HBOC, which
include breast and ovarian cancer screening (surveillance) and risk-reducing
interventions (risk-reducing surgical and medical options). Surgical and phar-
macological options are available. Prophylactic RRSO and RRM reduced can-
cer incidence compared to chemoprevention or surveillance, but many women
who are at risk for BRCA1/2 mutations delay or decline prophylactic surgery.
Oral contraceptives are proposed as a chemoprevention agent for ovarian can-
cer. Chemoprevention contributes to reducing ovarian cancer deaths, with a spe-
cial attention on the breast cancer risk. Importantly, a recent meta-analysis
demonstrated a significant ovarian cancer risk reduction and no increased breast
cancer risk with oral contraceptive use by BRCA mutation carriers. Breast can-
cer risk may vary by age at first oral contraceptive use, duration of use, intervals
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from the last use, and oral contraceptive formulation. At present, there is no
effective screening for ovarian cancer. Clinicians are recommended to encour-
age high-risk women who delay or decline risk-reducing surgery to discuss risk-
reducing pharmacologic options in order to prevent ovarian cancer progression
without elevation of breast cancer risk.

Keywords
Screening ° Prevention ¢ Ovarian cancer ® Breast cancer

4.1 Introduction

Epithelial ovarian cancer (EOC) is the leading cause of cancer death among all
gynecological malignancies worldwide. More than 50% of patients have already
reached to the advanced stages of disease in which 5-year survival rate is <40%.
The incidence of sporadic and hereditary EOC increases with age. EOC, highly
heterogeneous histological appearances, including serous, clear cell, endometri-
oid, and mucinous carcinomas, was divided into type I and type II tumors [1]. At
least the type I tumors are mostly low-grade, low-growing, and well- or intermedi-
ately differentiated tumors of endometrioid or clear cell histological subtype. They
demonstrate a stepwise progression from a benign precursor such as endometriosis
to atypical endometriosis as an intermediate lesion and subsequently to
endometriosis-associated ovarian cancer (EAOC). EAOC was frequently diag-
nosed at a younger age and an earlier stage of disease with favorable clinical out-
come compared to high-grade serous carcinoma. A number of specific genetic
alterations, like loss of heterozygosity (LOH), microsatellite instability, PTEN
(phosphatase and tensin homolog), KRAS (KRAS proto-oncogene, GTPase),
CTNNBI (catenin beta 1), and ARIDIA (AT-rich interaction domain 1A) muta-
tions, have been found in EAOC. In contrast, type II tumors, including high-grade
serous carcinoma (HGSC), are clinically aggressive, accompanied by rapid growth
and present in advanced stage with unfavorable clinical outcome. Among EOC,
HGSC accounts for 70-80% of cancer deaths. Deleterious point mutations in
tumor suppressor genes, such as TP53 (tumor protein p53), BRCAl (BRCAI,
DNA repair associated), and BRCAZ2, are relatively common in HGSC. Mutations
of BRCA1 and BRCA2, the most frequently affected genes, are associated with the
hereditary breast and ovarian cancer (HBOC) syndrome. BRCA 1/2 mutation carri-
ers have an increased risk of developing breast cancer and gynecologic cancers
including ovarian, fallopian, and peritoneal cancers. This type of ovarian cancers
might originate from the distal end of the fallopian tube (fimbria), but not from the
precursor cells in the ovarian surface epithelium as previously believed [2].
Morphologically transformed cells with p5S3 mutations cannot be detected in inclu-
sion cysts of the ovary in a series of prophylactic oophorectomy specimens [3].
Widespread disease can be diagnosed <6 months after a negative surveillance
using transvaginal sonography (TVS) and CA125 test [4].
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Epidemiologic studies have identified that nulliparity, age at first pregnancy,
early menarche, late menopause, a greater number of ovulatory cycles, cumula-
tively summed as lifetime number of ovulatory cycles, infertility, obesity, and hor-
mone replacement therapy have been associated with definite risks of ovarian
cancer. Protective factors have been identified, which include oral contraceptive
use, multiparity, hysterectomy, tubal ligation, breastfeeding, prior oophorectomy,
and NSAID and oral contraceptive use [5].

Interestingly, there is a significant difference by race in the histology of
EOC [6]. Of Caucasians, 70-80% had HGSC and <10% had clear cell carci-
noma. Of Asians (or Japanese), 40% had HGSC and 25% had clear cell lesions.
Type II tumors are significantly common in Caucasians, and the rate of type I
tumors is relatively higher in Japanese than in Caucasians. Japanese research-
ers have been trying to identify suitable or novel screening methods that enable
stratification of patients with type I ovarian cancer for optimal screening (see
Sect. 4.4.4).

Population-based cancer screening programs for breast, lung, gastric, colon, and
cervical cancers allow an early diagnosis, even before the onset of symptoms.
Effective screening methods have impacted on a cost-effective prevention and sur-
vival in these cancers. Ovarian cancer screening strategies are as follows: to identify
women without symptoms in an early stage allowing curative treatment; to improve
survival for the screeners versus non-screeners; to avoid false-positive findings,
leading to unnecessary workup or surgery; to avoid causing harm to the women who
do not have the disease; and routine screening or surveillance for early detection is
not costly. An effective screening requires a sufficient time interval from initiation
to the metastatic stage, namely, a sufficient window for early detection. Indeed,
ovarian cancer cells rapidly spread in the peritoneum, and most diseases are diag-
nosed at an advanced stage. The endeavor may be hindered because of the lack of
cost-effective screening strategies.

Several reviews have dealt with ovarian cancer screening in the general popu-
lations and specific high-risk groups. The ideal strategy for surveillance of high-
risk ovarian cancer has become increasingly challenging. The purpose of this
article is to critically review the published literature on the factors associated
with ovarian cancer screening and prevention program. Since EOC is not a uni-
form entity, it is unlikely that a single approach to screening will be appropriate
for all patients. The goal is to identify modifiable screening methods for the
Japanese population.

4.2  Materials and Methods
4.2.1 Search Strategy and Selection Criteria
A literature review was conducted to identify screening and prevention program

for ovarian cancer. MEDLINE search via PubMed, Scopus, and the Cochrane
Central Register of Controlled Trials (CENTRAL) of the relevant literature
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published between January 1, 1986, and July 31, 2016, was systematically per-
formed using the following keywords: “epithelial ovarian cancer,” “breast can-
cer,” “screening,” “prevention,” “general population,” “high-risk population,”
“HBOC,” “BRCALI,” and “BRCA2.” English-language publication search results
from MEDLINE and references within the relevant articles were analyzed.
Furthermore, references within the references were searched to identify additional
relevant studies.

ELIT3 ELIT3
>

4.3  Results
4.3.1 The Systematic Literature Review

The systematic search resulted in the identification of 1617 citations, and 56 addi-
tional studies were identified through manual searches of accepted studies and pub-
lished systematic reviews. Of the 1673 citations identified in the search, 1286 were
further excluded following abstract screening. Of the 387 full-text articles retrieved
and reviewed, we selected RCTs and prospective studies. Overall, 35 studies (17 for
ovarian cancer screening and 18 for ovarian cancer prevention) were included in this
review.

4.3.2 Ovarian Cancer Screening in the General Population

In the general populations, it is prudent to target an older population, especially
postmenopausal women. The serum marker CA125 and transvaginal sonography
(TVS) have received the most attention to date.

4.3.2.1 CA125

CA125 is a high molecular weight transmembrane mucin (MUC16). This marker,
currently the most widely used tumor marker for EOC, was elevated in serum from
90% of patients with advanced EOC and released into blood from cancer cells,
possibly through the tumor necrosis factor (TNF)-alpha and interferon (IFN)-
gamma stimulation [7]. CA125 was originally developed to monitor patients previ-
ously diagnosed with ovarian cancer. To date, CA125 can help in the evaluation of
an adnexal mass in appropriate patients. In most studies, CA125 was elevated in
approximately 50-60% of stage I disease, demonstrating that this marker is not
sufficiently sensitive to detect all cases of early-stage ovarian cancer [8]. In addi-
tion, a number of common benign conditions, including endometriosis, adenomyo-
sis, ovarian cysts, uterine fibroids, renal dysfunction, hepatic disease, and
inflammation, can cause elevation of CA125 levels. In ovarian cancer patients, an
exponential rise is seen in CA125 level before clinical detection of diseases, which
was documented in some studies [9]. Taken together, CA125 alone was not recom-
mended as a screening test in asymptomatic women, because of its low sensitivity
and limited specificity.
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Table 4.1 A summary of the key findings of the two ovarian cancer screening trials using CA125

St Bartholomew’s Hospital trial The Boston study
Ref. [9] [10]
Published 1996 2003
Design Single arm prospective study Single arm prospective study.
Subjects The low-risk asymptomatic women > 33,621 CA125 results from
or = 45 years of age. 22,000 volunteers 9233 low-risk women older than

45 years for whom two or more
serial samples were available

Recruitment Between June 1, 1986 and May 1, 1990, Between June 1, 1986, and May
London 1, 1990

Strategy CA125 measured annually for 1-4 years and CA125 II levels
a positive CA125 was recalled for
ultrasound

Interpretation A CA125 concentration > or = 30 U/mL Calculation based on serial

CA125 11 levels

Results The relative risk of developing ovarian and  The risk calculation significantly
fallopian cancers within 5 years was improved the area under the
increased 14.3-fold (8.5-24.3) after a curve from 84 to 93% compared
CA125 cut-off > or = 30 U/mL and with a fixed cutoff for CA125.
74.5-fold (31.1-178.3) after a cut-off > CA125 achieved a sensitivity of
or = 100 U/mL 62%

Mortality Serial CA125 elevation is associated with an Serial CA125 elevation
increase in risk of an index cancer in improved the ovarian cancer

asymptomatic women older than 45 years.  detection rate in asymptomatic
The mortality effect has not been reported as women. The mortality effect has
yet not been reported as yet

Although an effective strategy must meet the stringent requirement of screening,
several studies have reported ovarian cancer screening trials that have been con-
ducted using CA125 in postmenopausal women in the general population. Table 4.1
is a summary of the key findings of the two ovarian cancer screening trials using
CA125. In the Boston study, serial CA125 elevation contributed more significantly
to successfully predict the risk of ovarian cancer compared with a fixed cutoff in
asymptomatic women older than 45 years [10]. However, the survival benefit has
not been reported as yet. At present, CA125 alone cannot be recommended for
screening for ovarian cancer in asymptomatic women [11]. Given the heterogeneity
of EOC, a panel of biomarkers may be more effective than a single marker. CA125
is more often negative in clear cell carcinoma than in other subtypes of EOC. Recent
study has demonstrated that a new marker TFPI2 may be useful for detection of
clear cell carcinoma [12]. Current biomarkers including TFPI2 will be investigated
in combination with CA125 in larger cohorts to improve ovarian cancer diagnosis.

4.3.2.2 Transvaginal Sonography

Transvaginal sonography (TVS) has been considered a primary imaging modality
for diagnosing and evaluating adnexal masses. TVS has high specificity and sensi-
tivity for detecting an adnexal mass based on a pattern recognition approach and
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morphological feature through gray-scale ultrasound. Table 4.2 is a summary of the
findings of the four major ovarian cancer screening trials using TVS. These studies
used gray-scale TVS as a primary screening modality [13, 14, 16, 17]. The percent-
age of the total number of stage I cases increased after the induction of screening
(stage shift). It was not effective in detecting ovarian cancers in women who had
normal ovarian volume. The use and role of Doppler ultrasonography as a screening
technique are controversial. Color flow imaging for detection of ovarian cancer
greatly improves specificity but at the expense of potential sensitivity in the triage
of adnexal masses. Dr. van Nagell and his colleagues have reported some encourag-
ing evidence of not only stage shift but also survival benefit by a single-arm pro-
spective study, not a RCT [18]. A large-scale RCT is required for answering this
question. Further, stringent quality control and quality assurance are necessary for
TVS screening of asymptomatic postmenopausal women.

4.3.2.3 Two-Stage Strategies

Several studies have assessed the diagnostic value of combinations of CA125 and
imaging concurrently or sequentially to augment the specificity and sensitivity for
screening. Clinicians and public health informants were in consensus that the key
issue is to reduce mortality. Table 4.3 is a summary of the key conclusions from the
five major ovarian cancer screening trials using CA125 and TVS.

First, Jacobs and coworkers studied a group of 1010 asymptomatic postmeno-
pausal women, comparing the specificities of individual evaluation or a combina-
tion of CA125, TVS, and pelvic examination (the first London study) [19]. Their
study showed a specificity of 99.8% and 99.0% for CA125 plus TVS and CA125
plus pelvic examination, respectively, indicating that the combination of CA125
with TVS achieved acceptable specificity.

In the second study (a pilot randomized controlled trial in the second London
study) conducted in the UK by Jacobs and coworkers, the specificity of CA125
alone or in combination with abdominal ultrasound was evaluated in postmeno-
pausal women 45 years of age or above [20]. The subjects were divided into a con-
trol group (10,977) and a screened group (10,985). A total of 16 and 21 cancers
were detected in the screened and control group, respectively, during the same inter-
val. Median survival in the screened group (72.9 months) was significantly greater
than in the control group (41.8 months) [20].

Third, the original intention in the Shizuoka study (RCT with one screening
strategy in study group) conducted in Japan by Kobayashi and coworkers was to
offer women in the intervention group annual screens by gynecological examination
(sequential TVS and serum CA125 test) [21]. Women with abnormal TVS findings
and/or elevated CA125 values were referred for surgical investigation by a gyneco-
logical oncologist. Twenty-seven index cancers were detected in the 41,688 screened
women. Eight cancers were diagnosed outside the screening program. Among the
40,779 control women, 32 women developed ovarian cancer. The detection rate of
early-stage ovarian cancer was elevated in the screened group compared with the
controls, which did not reach statistical significance (63% vs 38%, p = 0.2285).
Interestingly, sub-analysis assessment identified that the Shizuoka screening
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favorably detected certain histotypes such as clear cell and endometrioid types that
are more common, low-grade, and less aggressive tumors in Japan. Since the pro-
gression of endometriosis to cancer is usually slow, recognition of patients at early
stages may improve survival.

Fourth, the prostate, lung, colon, and ovary (PLCO) screening trial in the USA
aimed to conduct concurrent testing of CA125 and TVS in the low-risk asymptom-
atic women between 55 and 74 years of age to determine if screening could reduce
mortality in these cancers [22]. This RCT of screening versus usual care was initi-
ated in 1993 and has studied 78,216 women. Data from the PLCO trial has not
shown mortality benefit [15, 22, 23].

Finally, the UK Collaborative Trial of Ovarian Cancer Screening (UKCTOCS)
used the risk of ovarian cancer algorithm (ROCA) to interpret the impact of CA125,
which has shown an encouraging sensitivity and specificity [15]. The mortality
reduction was not significant in the primary analysis, but this trial may have the
potential to make an impact on survival benefit when prevalent cases were excluded
[24]. The survival data from the UKCTOCS study provide a modest degree of
hope.

Given the paucity of randomized controlled trial data, at present there is no effec-
tive screening test for ovarian cancer. The previous RCT results are unable to pro-
vide the impact on clinical survival benefit. This allowed us to explore the impact of
growing insights into disease etiology and biomarker discovery on future screening
strategies. In an era of promising advances in ovarian cancer screening, researchers
have to focus on detecting low-volume disease using cancer-specific markers and
targeted imaging. More cost-effective approaches might utilize novel biomarkers
alone or in combination with imaging modalities in a more limited number of
women.

4.3.3 Ovarian Cancer Screening in the High-Risk Population

Hereditary breast and ovarian cancer (HBOC) syndrome accounts for 5%—-10% of
breast cancers and 15% of invasive ovarian cancers [26]. Mutations in two genes,
BRCALI and BRCAZ2, are associated with HBOC. The average lifetime risk of EOC
in the general populations is 1.3%, but the risk is markedly increased in women who
carry mutations of the BRCA1 or BRCA2 (40% and 18% risk, respectively, by age
70 years) or the mismatch repair genes of hereditary nonpolyposis colorectal cancer
(Lynch) syndrome (12% lifetime risk) [27-29]. Women with BRCA mutations have
a markedly increased risk of early-onset breast, ovarian, pancreatic, and other can-
cers when compared to the risks in the general population. EOC is a spectrum of
several subtypes, with different clinicopathological characteristics, possibly sepa-
rate pathways of progression, and different sets of genetic and epigenetic character-
istic of familial versus sporadic tumors. Since the molecular biology of the known
hereditary disease may differ from that of sporadic cancer, separate trials and
screening strategies may be required to detect hereditary and sporadic ovarian can-
cer. The overall occult gynecological carcinoma has been detected in 9.1% of BRCA
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mutation carriers [30]. Clinical guidelines are available for HBOC, such as those
published by the National Comprehensive Cancer Network (NCCN), which include
breast and ovarian cancer screening (surveillance) and risk-reducing interventions
(risk-reducing surgical and medical options) [30, 31]. Published guidelines adopt
standardized surveillance strategies that limit medication side effects, medical/sur-
gical exposure without compromising cancer control and unnecessary cost, as well
as enhance overall clinical and economic outcomes.

4.4 Prevention of Ovarian Cancer

Potential preventive strategies against breast and ovarian cancer are the mainstay of
cancer risk management and for improving quality of life in BRCA mutation carri-
ers. Surgical and pharmacological options are available.

4.4.1 Risk-Reducing Surgical Options

4.4.1.1 Risk-Reducing Salpingo-Oophorectomy (RRSO)

The prospective studies on the efficacy of RRSO in BRCA mutation carriers showed
a significant reduction in the risk of breast and ovarian cancer-specific mortality
(hazard ratio [HR] 0.44 and HR 0.21, respectively) [32]. The risk stratification data
revealed that the risk of ovarian cancer is 10-21% by age 50 in BRCA1 mutation
carriers, whereas BRCA?2 mutation carriers have a 2-3% risk of ovarian cancer by
age 50. Without any prophylactic therapeutic interventions, the likelihood ratio of
survival to the age of 70 was 53% for BRCAL1 and 71% for BRCA2 mutation carri-
ers. The only effective and economical surgical strategy to control this disease was
RRSO at age 40 plus RRM at age 25, which improves survival to 79% in BRCA1
and to 83% in BRCA2 mutation carriers. After RRSO at age 40, BRCA1 and
BRCA2 mutation carriers had a 37% and 64% risk reduction for breast cancer,
respectively. Delay in RRSO from age 40 to age 50 decreased the survival gain from
15 to 8% in BRCA1 mutation carriers and from 6 to 4% in BRCA?2 mutation carri-
ers. This analysis revealed that delaying RRSO until the early 40s for the BRCA2
mutation carrier appears safe [33] but does not provide breast cancer risk reduction
[32]. Furthermore, delaying RRM until age 40 or replacing RRM with breast cancer
screening decreased survival gain [32, 34]. In BRCA mutation carriers with a his-
tory of breast cancer, RRSO reduced breast cancers in the ipsilateral and contralat-
eral breast, but other study showed that RRSO did not alter the risk of a second
primary breast cancer [35, 36]. Taken together, the NCCN recommends RRSO
between 35 and 40 years of age, upon completion of childbearing and based on the
age of the youngest affected relative with an ovarian cancer diagnosis, regardless of
the type of BRCA mutation [31]. Since changes in sexual function, body image,
menopause quality of life, and psychological functions are common outcomes fol-
lowing RRSO, long-term follow-up will be needed and critical to a full understand-
ing of the late medical impact of RRSO. Actually, many women do not undergo
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prophylactic surgery because of stress and anxiety [37, 38]. Rates of the surgery
vary depending on balance between anxiety reduction and complications of
surgery.

4.4.1.2 Risk-Reducing Oophorectomy (RRO)

BRCA germline mutation carriers are not only at risk for ovarian and breast cancer
but also for primary fallopian tube carcinoma and peritoneal carcinoma. Some arti-
cles have compared the efficacy of patients with prophylactic bilateral risk-reducing
oophorectomy (RRO) in the risk of fallopian tube carcinoma and peritoneal carci-
noma to those of RRSO [39—41]. RRO has been chosen by some women with
BRCAL1 or BRCA2 mutation carriers as an alternative for RRSO. RRO reduces the
risk of coelomic epithelial cancer (HR, 0.04; 95 percent confidence interval, 0.01—
0.16) and breast cancer (HR, 0.47; 95 percent confidence interval, 0.29-0.77) in
women at high-risk ovarian cancer due to inherited predisposition. Among the
women with BRCA1 or BRCA2 mutations who chose RRSO, peritoneal cancer was
not diagnosed in this group [41]. In contrast, primary peritoneal carcinoma has
developed in 1.9% [40], 10.7% [39], and 11.5% [41] of women after RRO. Taken
together, RRO may be ineffective in preventing papillary serous peritoneal cancer.

4.4.1.3 Risk-Reducing Salpingectomy (RRS)

Risk-reducing salpingectomy (RRS) with ovarian retention has been proposed as a
bridge to RRO, due to evidence that ovarian cancer precursor lesions (e.g., serous
tubal intraepithelial carcinoma, STIC) in BRCA mutation carriers may originate in
the distal fimbrial end of the fallopian tubes [42]. RRS has the net clinical benefit,
including sparing the ovaries until future oophorectomy (longer maintenance of
ovarian function), offering delay of surgical menopause (delaying negative effects
of early surgical menopause) and allowing for preservation of some reproductive
options [43]. RRS has been suggested as a risk-reducing strategy for BRCA1/2
mutation carriers [44], but delay in RRO theoretically could reduce the protective
effect against breast cancer. Although RRS should be considered an investigational
risk management option, the application of prophylactic surgeries may reduce the
incidence of ovarian cancer (65% risk reduction by RRS and 96% by RRSO) [45].
Prophylactic RRSO may provide greater benefits with the view of reducing the risk
for ovarian cancer compared to RRS.

It has been reported that majority of cases with ovarian HGSC arise in the fal-
lopian tube fimbria [46]. Furthermore, in the BRCA 1/2 mutation carriers, the micro-
scopic cancers were confined to not only the fallopian tubes but also ovaries only or
peritoneal washings only, suggesting that the site of origin may be in the fallopian
tube, ovary, or peritoneum [47]. This suggests that cancer initiation may occur in the
fallopian tube fimbriae, but tumor growth and progression are favored in the ovary.
Quite a lot of information may exist in favor of a cancer progression role of ovarian
surface epithelium or inclusion cyst. Ovulation-induced inflammation and oxidative
stress may induce genotoxic damage leading to ovarian carcinogenesis. Currently,
RRS is not included in the NCCN guidelines as strategies for risk reduction in
BRCA mutation carriers. Additional evidence is needed regarding the effectiveness
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of the surgical options such as RRS and RRO for cancer risk reduction. It remains
unclear whether oral contraceptives would be useful in a decreased risk of ovarian
cancer after RRS in BRCA mutation carriers.

4.4.1.4 Tubal Ligation

Tubal ligation has been associated with the risk reduction of ovarian cancer, particu-
larly in the type II ovarian cancer, in the general populations [5]. There are a few
small studies of ovarian cancer risk reduction with tubal ligation in BRCA mutation
carriers. In a case-control study, a history of tubal ligation was associated with a
decrease in risk for ovarian cancer in BRCA mutation carriers [48]. In contrast,
tubal ligation may not be protective against ovarian cancer for BRCA mutation car-
riers [49]. It remained controversial that tubal ligation has the clinical benefit in the
high-risk groups.

4.4.2 Risk-Reducing Pharmacologic Options

The NCCN guidelines recommend that BRCA mutation carriers could be followed
with pelvic examinations, transvaginal ultrasounds, and serum CA125 levels every
6 months beginning at age 30 or 5-10 years earlier than the youngest diagnosed
relative with ovarian cancer, whichever comes first [31]. Published data clearly indi-
cated that in women at increased risk due to a family history or confirmed mutations
in high-penetrance genes such as BRCA1/2, annual screening with CA125 and TVS
concurrently or sequentially did not detect early-stage cancers [50, 51]. It is also
important to recognize that these surveillance methods have not been shown to
reduce ovarian cancer mortality [51]. Therefore, screening at present cannot be con-
sidered as a safe alternative strategy to risk-reducing surgery.

In the general populations, low parity, infertility, early menarche, and late meno-
pause have all been associated with an increased risk of ovarian cancer. A meta-
analysis of case-control and cohort studies showed that use of oral contraceptives is
associated with a 40-50% lifetime risk reduction of ovarian cancer [52, 53]. The
risk reduction does not differ between the use of the current low-dose oral contra-
ceptives and the high-dose formulations used in the past (OR, 0.5; 95% CI, 0.3-0.7).
A survival benefit from oral contraceptives was achieved with longer use. A 36%
risk reduction occurred with an additional 10 years of use (summary relative risk
[SRR], 0.64; 95% CI, 0.53-0.78), and the benefit can last for 15 years after discon-
tinuation of use.

In the high-risk populations, a meta-analysis of 18 case-control and retrospective
cohort studies in BRCA1/2 mutation carriers who used oral contraceptives identi-
fied a significant reduction in the risk of ovarian cancer (SRR, 0.50; 95% CI, 0.33—
0.75) [54] and by as much as 44%—-60% [55, 56]. There is a positive correlation
between the duration of oral contraceptive use (regardless of the continuous and
discontinuous use) and the degree of ovarian cancer protection, quantified as a
5%—13% risk reduction per year [57-59]. Therefore, in the general populations and
the BRCA mutation carriers, women might consider taking oral contraceptives to
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reduce their ovarian cancer risk in clinical decision-making. Since risk-reducing
pharmacologic options provide improved prevention strategies for high-risk women
who delay or decline RRSO, alternative ovarian cancer risk-reduction strategies
should be discussed.

In addition, a systematic review on a correlation between the use of oral contra-
ceptives and breast cancer risk in the general population has been carried out and
concluded that there may be a small increased risk of breast cancer (OR, 1.08; 95%
CI, 1.00-1.17) and thrombosis [60]. The results indicated that the risk of breast
cancer may vary considerably based on several factors: age at which oral contra-
ceptive commenced (under the age of 30), the length of oral contraceptive use (an
increased risk with use beyond 5 years and the current recommendation of short-
term use), time since cessation of oral contraceptives, and formulation of oral con-
traceptives (an increased risk occurred with formulations used before 1975, but
this risk was not found for the more recent formulations) [61-65]. There was no
significant association between modern oral contraceptive use and breast cancer
risk (SRR, 1.13; 95% CI, 0.88—1.45). There have been conflicting data demonstrat-
ing the efficacy of oral contraceptive use on the risk of breast cancer in BRCA
mutation carriers [56, 61, 65]. Importantly, a recent meta-analysis demonstrated a
significant ovarian cancer risk reduction and no increased breast cancer risk with
oral contraceptive use by BRCA mutation carriers [63]. The management guide-
lines for cancer screening and risk-reducing options will continue to be updated.

4.5 Prevention of Breast Cancer
4.5.1 Risk-Reducing Surgical Options

Risk-reducing bilateral mastectomy (RRM) decreases breast cancer risk by up to
95% in BRCA mutation carriers [66]. A significant impact on life expectancy gain
is derived from RRM in the fourth decade of life. In clinical practice, individualized
recommendations should be made based on the critical role for pretest genetic coun-
seling, the age at which family members developed breast cancer, and addressing
psychosocial concerns after surgery.

4.5.2 Risk-Reducing Pharmacologic Options

Although limited data exist on their efficacy in BRCA mutation carriers, chemopre-
vention with selective estrogen-receptor modulators (tamoxifen and raloxifene) and
aromatase inhibitors (e.g., exemestane) reduced breast cancer incidence [67]. In
contrast, a case-control study of BRCA1/2 mutation carriers with breast cancer
demonstrated a strong protective effect of tamoxifen against contralateral breast
cancer in both BRCA1 (OR, 0.5) and BRCA2 (OR, 0.4) mutation carriers, irrespec-
tive of estrogen-receptor status of the initial breast cancer [68]. In a subset analysis
of another study showed that tamoxifen reduced invasive breast cancer by 62% in



4 Screening and Prevention of Ovarian Cancer 75

BRCA2 mutation carriers, but not in BRCA1 mutation carriers [67]. Tamoxifen
also increased the risks of endometrial cancer, thromboembolic events, stroke, cata-
racts, and others (vasomotor symptoms, leg cramps, vaginal discharge, and irrita-
tion) [69]. The use of tamoxifen should be approached with caution.

4.6 Ovarian Cancer Screening in the Japanese Population

Japanese patients presented with higher incidence of ovarian clear cell carcinoma
that is the second-most common type of EOC in Asia. Endometriosis serves as a
precursor of EAOC, especially of the clear cell and endometrioid subtypes. More
than half of the EOC were attributable to EAOC in Japan. The ovarian cancer
screening program in Japan would be to predict malignant transformation of endo-
metriosis and identify women with EAOC in an early stage, which may improve
survival.

Recent studies have indicated the clinical utility of measurement of cyst fluid
iron, hemoglobin (Hb) species, and their concentrations for the early prediction of
malignant transformation of endometriosis [70]. EAOC cyst fluids had much lower
levels of total iron, heme iron, and free iron compared with endometriotic cyst sam-
ples. Iron-related compounds may serve as predictive biomarkers for early diagno-
sis of malignant transformation for women with endometriosis. Possible biomarkers
have also been extensively investigated in EAOC and endometriosis: methemoglo-
bin (metHb) and oxyhemoglobin (oxyHb) are one of the most abundant Hb species
in benign endometriotic cysts and EAOC cysts, respectively [71]. The metHb/
oxyHb ratio had a sensitivity, specificity, positive predictive value, and negative
predictive value of 62.5%, 100.0%, 100.0%, and 92.1%, respectively, and may pre-
dict subsequent malignant transformation from endometriosis to EAOC. Iron con-
centration and Hb species in the cyst are the central diagnostic indicators for
malignant transformation of endometriosis. Therefore, they can be helpful in the
delineation of malignant tissue from nonneoplastic tissue.

Several imaging technologies have evolved into a clinically translatable platform
to measure the cyst fluid concentrations of iron and Hb species: the potential tech-
niques include conductance methods using electrical admittance plethysmography,
combination near-infrared (NIR) vascular imaging/spectrophotometry, NIR trans-
mission spectroscopy, steady-state visible and NIR diffuse reflectance spectropho-
tometry, or optoacoustic spectroscopy based on pulse-echo ultrasound [72]. The Hb
values may be estimated by the portable devices across a wide Hb spectrum, includ-
ing the Rad-87™ pulse CO-Oximeter with Rainbow Set technology (Masimo),
Haemospect® (MBR Optical Systems), or a transcutaneous spectroscopic device
(Mediscan 2000, MBR Optical Systems, Wuppertal, Germany) by noninvasive and
contact procedures [73, 74]. A truly noninvasive device with the miniaturization and
simplification of actuators has to be adopted as a standard of care in a clinical prac-
tice. These devices’ performance would provide adequate potential for screening
purposes in malignant transformation of endometriosis, more than half of the
patients diagnosed with ovarian cancer in Japan.
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4.7 Discussion

This review focused on the screening and prevention of ovarian cancer. It is a gen-
eral consensus that at present no population-based screening test is recommended
for ovarian cancer detection in the general populations and the high-risk groups.
Although annual screening may be associated with the limited stage shift at ovarian
cancer detection in the UK (the UKCTOCS study) [24, 25] but no stage shift in the
USA (the PLCO study) [22, 23] and Japan (the Shizuoka study) [21], there are no
established data in these randomized controlled trials that the mortality of ovarian
cancer can be decreased by the screening arm. Interestingly, the results of the
UKCTOCS study showed that annual multimodal screening significantly reduced
ovarian cancer mortality after excluding either deaths in the first 7 years after ran-
domization or prevalent cancers [24, 25]. However, exclusion of all deaths in years
0-7 is hard to understand: the impact of multimodal screening on ovarian cancer
mortality may not be established. In the Shizuoka study, stage shift was found in the
screening group, more stage I ovarian cancers in the screened group (63%) com-
pared to the control (38%), but this did not reach statistical significance [21].
However, this screening mainly detected at an earlier stage the less aggressive and
low-grade cancers, which include EAOC (clear cell [33%] and endometrioid [19%]
subtypes) [21]. These data theoretically imply that ovarian cancer mortality may be
lowered by annual screening of endometriosis in Japan [75].

This review also discussed the available data on the risk-reducing surgical
options and chemoprevention strategies in ovarian cancer. Up to now, management
of this condition relied mostly on surgical treatments. The use of preventive surgery
can dramatically reduce ovarian and breast cancer risks and mortality in women
who carry the BRCA1 and BRCA2 mutations. Although prophylactic RRSO and
RRM reduced cancer incidence compared to chemoprevention or surveillance,
many women who are at risk for BRCA1/2 mutations delay or decline prophylactic
surgery [37, 38]. In general, 10%—50% opted for prophylactic surgeries in asymp-
tomatic women with BRCA1/2 mutations. The factors that influence decisions to
undergo or decline prophylactic surgery are age, having children, country, race,
genetic testing itself, risk perceptions, cancer witnessed in family members, family
obligations, concerns about fertility and menopause, psychological factors, and fear
of surgical complications. Women must balance short- and long-term benefits of
anxiety reduction against a series of potential complications of surgery.

Oral contraceptives are proposed as a chemoprevention agent for ovarian cancer.
Chemoprevention is an attractive option to prevent the disease in the general popu-
lations and high-risk populations. Chemoprevention contributes to reducing ovarian
cancer deaths, with a special attention on the breast cancer risk. Breast cancer risk
may vary by age at first oral contraceptive use, duration of use, intervals from the
last use, and oral contraceptive formulation.

We conclude that since there is no effective screening for ovarian cancer in
the general population and high-risk groups, screening at present cannot be con-
sidered as a safe alternative strategy to risk-reducing surgery in the BRCA
mutation carriers. Clinicians are recommended to encourage high-risk women
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who delay or decline risk-reducing surgery to discuss risk-reducing pharmaco-
logic options in order to prevent ovarian cancer progression without elevation of
breast cancer risk.

Conclusion

The aim of this study is to review clinical studies for organizing a screening and
prevention program for ovarian cancer. At present, there is no effective screening
for ovarian cancer. Clinicians are recommended to encourage high-risk women
who delay or decline risk-reducing surgery to discuss risk-reducing pharmaco-
logic options in order to prevent ovarian cancer progression without elevation of
breast cancer risk.
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Pathology of Epithelial Ovarian Tumors

Hiroyuki Yanai

Abstract

Various types of epithelial tumors occur in the ovary. They are classified accord-
ing to the phenotype of the tumor cells, patterns of growth, and malignant poten-
tial. The major phenotypical categories are serous, mucinous, endometrioid,
clear cell, Brenner, and seromucinous tumors. Tumors of each category are sub-
classified as benign, borderline malignancy/atypical proliferative tumor, or
malignant (carcinoma). Phenotypically, tumor cells of serous tumors resemble
the tubal epithelium. Tumor cells of mucinous tumors are similar to the gastroin-
testinal epithelium. Endometrioid and clear cell tumors have epithelium resem-
bling endometrial glandular cells, with the latter recapitulating the morphology
of the Arias-Stella reaction. Brenner tumors show characteristics of the urothe-
lium. Seromucinous tumors show proliferation of various types of Miillerian epi-
thelium. Recent studies have revealed the tumorigenesis of each type of ovarian
epithelial tumor, thus establishing new concepts of ovarian carcinogenesis. These
findings and concepts are reflected in the last (4th) edition of the World Health
Organization classification of ovarian tumors. In this chapter, the clinicopatho-
logical features, etiology, gross and microscopic features, and certain molecular
mechanisms of each type of ovarian epithelial tumor are discussed.
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5.1 Introduction

Epithelial tumors are one of the major categories of ovarian tumors, and they
account for two thirds of ovarian tumors and 90% of ovarian malignant tumors.
Ovarian epithelial tumors are traditionally classified according to morphological
features of tumor cells. Recent clinicopathological and molecular studies reveal that
morphologically different tumors associate with different origin and molecular
mechanisms and support validity of the principle of classification. As each type of
carcinoma shows different clinical behavior and response to therapy, correct histo-
logical diagnosis is essential to effective treatment. In this chapter, pathological
features of each type of tumors are discussed.

5.2  Classification and Nomenclature of Epithelial
Ovarian Tumors

Ovarian epithelial tumors are classified according to three aspects: tumor cell
phenotype, pattern of growth, and malignant potential. In the 4th edition of the
World Health Organization (WHO) classification of ovarian tumors, epithelial
tumors are classified into serous, mucinous, endometrioid, clear cell, Brenner,
seromucinous, and undifferentiated tumors according to the tumor cell types [1].
For a predominantly cystic ovarian epithelial tumor, the prefix “cysto” is applied,
while tumors with prominent fibrous proliferation have the suffix “firoma.”
Tumors with both of cystic and fibrous components are described as “cystadeno-
fibroma.” Occasionally, serous tumors show surface exophytic proliferation, and
such tumor is described as “surface papilloma” or with the term “surface
papillary.”

In view of malignant potential, each type of ovarian epithelial tumor is further
subclassified as benign, borderline/atypical proliferative, and malignant (carci-
noma). Principally, carcinomas are defined as epithelial tumors with destructive
invasion, while borderline/atypical proliferative tumors have clinicopathological
features that are intermediate between clearly benign tumors and clearly malignant
tumors. Some pathologists prefer “atypical proliferative tumors” because of favor-
able prognosis after excluding tumors with special types of proliferation. Historically,
various terms such as “tumor of low malignant potential” and ‘“‘semimalignant
tumor” have also been applied for this category; however, these terms are not rec-
ommended in modern practice.

Although several grading systems have been proposed for ovarian cancer, there
is no unified grading system, which is applicable to all types of ovarian cancer. For
ovarian endometrioid carcinoma, the grading system of endometrial endometrioid
carcinoma, which is defined by proportion of solid growth, is applied. Since low-
grade and high-grade serous carcinomas have their own precursor lesions and
molecular abnormalities, these two tumors are different type of carcinomas rather
than different grade of a single entity.
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5.3  Origin of Ovarian Epithelial Tumors

Historically, it has been believed that most ovarian epithelial tumors are derived
from ovarian surface epithelium (OSE), also known as surface epithelium or germi-
nal epithelium. Congenital rests were also thought to be a possible origin of epithe-
lial tumors.

Recently, thorough examination of prophylactically resected ovaries and fallo-
pian tubes of women who have a germline mutation of BRCA genes revealed that
early serous carcinomas are present in the fallopian tubes, not in the ovaries [2].
Some of these carcinomas are noninvasive and designated as “serous tubal intraepi-
thelial carcinomas (STICs)” (Fig. 5.1). STICs have been shown to accompany
ovarian or pelvic high-grade serous carcinoma in women without any BRCA muta-
tion [3-6]. As STICs and accompanying serous carcinomas share the same 7P53
mutation, STICs are accepted as the precursor lesions of high-grade serous carci-
noma [4]. An immunohistochemical study of the fallopian tubes revealed epithelial
foci of p53 overexpression without cellular atypia and proliferative activities
(Fig. 5.2). Such foci were designated as “p53 signature” and considered to be the
earliest event of serous carcinogenesis. pS3 signatures were also observed in
women without BRCA mutations [3]. About 60% of p53 signature harbor mutation
of TP53 [3].

Ovarian inclusion cysts have previously been considered to be precursors of
serous cystadenoma or serous borderline tumors. Recently, however, it has been
suggested that some inclusion cysts are derived from implanted tubal epithelium,
not from ovarian surface cells [7]. Since aneuploidy of inclusion cyst epithelium is
frequently associated with serous borderline tumors, inclusion cysts could be pre-
cursor of serous borderline tumors [8]. Moreover, some investigators propose that
high-grade serous carcinoma could also originate from inclusion cysts. Together,
these observations and hypotheses suggest that at least some serous tumors are ulti-
mately derived from tubal epithelium.

Abovementioned “tubal origin” theory of ovarian tumorigenesis cannot explain
origin of all serous tumors because some of them lack tubal precursor lesions instead
of exhaustive search. Some researchers have claimed that some ovarian epithelial
tumors derived from OSE or inclusion cysts derived from invaginated OSE [9].
Since both OSE and Miillerian epithelium develop from coelomic epithelium, it is
thought that OSE has the ability to differentiate Miillerian epithelium and transform
to epithelial tumors. Some morphological and immunohistochemical observations
support this metaplasia and transformation theory. In addition, animal models with
genetic alterations showed induction of carcinoma from OSE.

Another possible origin of ovarian epithelial tumors is epithelium of endome-
triosis. Strong association between endometrioid, clear, and seromucinous tumors
and endometriosis has been described, resulting in these tumors being designated as
endometriosis-related ovarian neoplasms (ERONs) [10]. Endometriosis with cellu-
lar atypia (atypical endometriosis) is thought to be a precursor of ERONs. ARIDIA
mutation is frequently detected among ERONs in whole genome analysis; for
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Fig. 5.1 Serous tubal intraepithelial carcinoma. Proliferation of epithelial cells with high-grade
atypia replaces the surface of tubal fimbrial epithelium. (a) low power, (b) high power
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Fig. 5.2 p53 signature. The fimbrial epithelium without nuclear atypia (a) has focus of continu-
ous p53 positivity (b). Ki-67 positive cells are not increased (c)

example, 50% of clear cell carcinomas (CCCs) and 40% of endometrioid carci-
noma have this mutation [11, 12]. One immunohistochemical study showed that
33% of seromucinous borderline tumor might harbor an ARIDIA mutation [13].
ARIDIA encodes the protein BAF250a, a subunit of switch/sucrose non-ferment-
able (SWI/SNF) complex, which binds to AT-rich DNA sequences, and participates
in chromatin remodeling and regulation of gene transcription. Mutation of ARIDIA
results in defective BAF250a and loss of function as tumor suppressor molecule.
Since mutation of ARIDIA is observed in epithelium of atypical or normal-appear-
ing endometriosis adjacent to ERONSs, it might be an early event of ERON tumori-
genesis [12].

Although the histogenesis of mucinous tumors is uncertain, their association
with teratomas and Brenner tumors sheds light on their origin. Fujii et al. conducted
molecular study of mucinous tumors associated with teratomas and showed that
these tumors are derived from germ cells [14]. Frequent coexistence of mucinous
and Brenner tumors suggests a possible common origin. Some studies showed that
Brenner tumors and associated mucinous tumor harbored identical gene mutations
and suggested that some mucinous tumors developed from Brenner tumors [15-17]
(see also Sects. 3.1.2 and 3.4.4 in Chap. 3).
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54 Serous Tumors

Serous tumors are composed of an epithelium resembling the fallopian tube epithe-
lium and often have psammoma bodies. Serous tumors are the most common ovar-
ian epithelial tumors; in the Western world, approximately 60% are benign, 10%
borderline, and 30% carcinoma [18]. Nakashima et al. reported the same distribu-
tion for patients in a Japanese institute [19].

5.4.1 Benign Serous Tumors

Serous adenomas occur in women of a wide age range. Most serous adenomas are
uni- or oligolocular cystic tumors (serous cystadenoma). Sometimes, they show sur-
face papillary growth (serous surface papilloma) or have a prominent solid fibrous
component (serous adenofibroma). Usually, tumors are less than 10 cm in size.
Inner surface of cysts is usually flat or shows low elevated nodules. Differentiation
between ovarian inclusion cysts and serous cystadenomas is arbitrary, and cystic
lesions with tubal-type epithelium larger than 1 cm are diagnosed as serous cystad-
enomas [1].

Microscopically, a single layer of cuboidal to low columnar epithelium lines the
inner surface. Some tumor cells have cilia on their surface (Fig. 5.3). Papillary

Fig. 5.3 Serous adenoma. The inner surface of cystic tumor is lined by single layer of ciliated
epithelium
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proliferation of less than 10% of the tumor area is compatible with benign serous
tumors. The stromal component of adenofibroma is composed of spindle cells with-
out remarkable cellular atypia.

Benign serous tumors present with characters of tubal epithelium. Like tubal
epithelium, tumor cells are cytokeratin (CK) 7 positive and CK20 negative; they are
also estrogen receptor (ER) and progesterone receptor (PR) positive in most cases.
Like tubal epithelium, serous tumors express WT1.

Most serous adenomas are polyclonal and lack mutation of KRAS or BRAF
genes. Large serous adenomas tend to be monoclonal [20].

5.4.2 Serous Borderline Tumor/Atypical Proliferative Serous
Tumor

A serous borderline tumor/atypical proliferative tumor (SBT/APT) is characterized
by proliferative activity between clearly benign and clearly malignant tumors and
the absence of frank stromal invasion. The mean age of patients is 42 years [21].
SBT/APTs are histologically classified as either usual or micropapillary type.
Since micropapillary SBTs are more frequently associated with extraovarian inva-
sive implants and poorer outcome than usual SBT/APTs [22], some investigators
have proposed that these tumors should be diagnosed as noninvasive serous carci-
nomas. On the other hand, others claim that a micropapillary pattern is not in itself
an independent prognostic factor [21]. In the WHO classification 2014, the term
noninvasive low-grade serous carcinoma (LGSC) is used as a synonym of micro-
papillary SBT.

5.4.2.1 Usual Serous Borderline Tumor/Atypical Proliferative Serous
Tumor

Usual SBTs/APTs have papillary excrescence as intracystic or surface papillary pat-

tern, or both. They have hierarchical papillary proliferation of cuboidal to low

columnar cells with some ciliated cells resembling the fallopian tube epithelium and

large cells with eosinophilic cytoplasm (Fig. 5.4). Atypia is mild to moderate and

mitotic figures are rare.

Immunohistochemically, the tumor cells are positive for ER, PR, WT1, and
PAXS. Unlike high-grade serous carcinomas (HGSCs), SBT/APTs do not harbor a
TP53 mutation, and p53 immunoreactivity of these tumors is weak and patchy
(wild-type pattern). SBTs/APTs also show patchy or focal expression of p16 [23].

5.4.2.2 Micropapillary Variant Serous Borderline Tumor

(Noninvasive Low-Grade Serous Carcinoma)
Micropapillary proliferation in SBTs is defined as long (fivefold longer than the
width) non-hierarchical papillary growth directly arising from the thick stalks or
inner surface of the cyst (Fig. 5.5). This pattern of growth is known as the filigree
or medusa head pattern. Cribriform growth in a similar pattern also constitutes part
of the micropapillary pattern. A micropapillary component larger than 5 mm in
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Fig. 5.5 Micropapillary variant of serous borderline tumor/noninvasive low-grade serous carci-
noma. The tumor shows non-hierarchical, filigree pattern



5 Pathology of Epithelial Ovarian Tumors 91

one dimension warrants a diagnosis of micropapillary SBT. Micropapillary SBTs
are composed of uniform small and cuboidal to low columnar cells, and ciliated
cells are rare. Their immunohistochemical findings are almost identical to usual
SBTs/APTs.

5.4.2.3 Serous Borderline Tumor with Microinvasive Components
About 10% of all SBTs/APTs have foci of minute stromal invasion. Microinvasion,
that is, invasive lesions less than 5 mm in size, is acceptable with a diagnosis of
SBT/APT. Microinvasive lesions are further subclassified into two categories
according to histological findings [24]. The first is classical microinvasion,
which is characterized by individual or a small cluster of eosinophilic cells in
the stroma that are terminally differentiated or in senescence (Fig. 5.6) [25].
This pattern of microinvasion is not associated with an aggressive course,
whereas the second pattern, which is characterized by complex, branching
micropapillae embedded in the stroma and surrounded by a cleft, has an unfa-
vorable prognosis. Histological similarity and unfavorable prognosis has led
some pathologists to propose that the second pattern of microinvasion is a small
LGSC component and should be diagnosed as an SBT/APT with microinvasive
carcinoma [26].

Fig. 5.6 Microinvasion of serous borderline tumor. A small cluster of eosinophilic cells is seen in
the stroma
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5.4.2.4 Extraovarian Spread of Serous Borderline Tumor

Peritoneal Implants

Peritoneal lesions of SBTs are found in 30—40% of ovarian SBT/APTs and have been
called as implants. Histologically, implants are classified into noninvasive or invasive
implants [27, 28]. Noninvasive implants show well-circumscribed proliferation of
epithelium limited to the surface of peritoneum or septa of the omental adipose tissue.
According to the absence or presence of the desmoplastic reaction, noninvasive
implants are further classified into “epithelial-type” and “desmoplastic-type” implant.
Invasive implants are characterized by haphazard, destructive infiltration of tumor
cells into the underlying structure. Solid cell nests or papillae in the stroma with sur-
rounding retraction artifacts and micropapillary proliferation are also considered to be
invasive implants by some pathologists [27, 28]. SBTs/APTs with invasive implants
should be diagnosed as LGSCs, since their clinical behaviors resemble each other.

Lymph Node Involvement

Lymph node involvement (LNI) has been reported in about 30% of SBT/APT
patients who have undergone lymph node dissection. Mostly, LNI presents as iso-
lated cells, cell clusters, small papillae, papillae, or cribriform glands. LNI as simple
cysts composed of single layer of tubal type cells is termed endosalpingiosis. The
presence of LNI does not affect the clinical course. Rarely, LGSC-like lesions
replace nodal parenchyma, and such cases should be diagnosed as LGSCs.

5.4.3 Serous Carcinoma

Serous carcinoma is the most common type of ovarian carcinoma and accounts for
more than 50% of ovarian cancers. According to Japanese statistics, 35% of ovarian
malignancies are serous carcinoma. In the 4th edition of the WHO classification of
ovarian tumors, serous carcinoma is subclassified as LGSC and HGSC. Since their
histological features, molecular abnormalities, and precursor lesion are different, these
two types of carcinoma are separated disease entities and not within the same disease
spectrum. Rare cases of transformation of LGSCs to HGSC have been reported [29].

5.4.3.1 Low-Grade Serous Carcinoma

LGSCs are rare carcinomas that account for about 5% of all serous carcinomas.
LGSCs are composed of tumor cells with low-grade atypia and low mitotic index
(usually less than 12 per 10 high power fields). LGSC patients are typically younger
than HGSC patients (mean, 41.7 years vs. 55 years) [30]. An association between
60 to 80% cases of LGSCs and usual and/or micropapillary SBT/APTs supports the
theory that SBT/APTs are precursor of LGSCs [30-32].

LGSCs resemble SBTs/APSTs macroscopically. Histologically, LGSCs show
characteristic invasive patterns such as micro- or macropapillae, or compact cell nests
surrounded by clefts between the tumor cells and stroma. Less commonly, cribriform,
glandular and/or cystic, solid sheets with slit-like spaces or single cells are seen.
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Immunohistochemically, tumor cells are positive for ER, PR, WT1, and PAXS.
Unlike HGSCs, LGSCs show wild-type pS3 immunoreactivity and a negative/patch
pattern of p16 expression [23].

Differential diagnosis of LGSCs includes SBT/APT with microinvasion and
HGSC. Distinction between LGSCs and SBTs/APTs with microinvasion depends
on the pattern and size of the invasive lesion. If each invasive focus shows LGSC-
like invasive pattern and is less than 5 mm in size, a diagnosis of SBT/APT with
microinvasive carcinoma should be made. It should be noted that some HGSCs
show an invasive micropapillary pattern resembling LGSCs. In this situation, nuclear
atypia and mitotic figure counts should be evaluated carefully. Immunohistochemical
studies of p53 expression are useful since most HGSCs show an aberrant p53 expres-
sion pattern (see section of HGSCs), while LGSCs do not [23].

5.4.3.2 High-Grade Serous Carcinoma
HGSCs show a predilection for older patients and are detected at an advanced stage.
Macroscopically, HGSCs are solid, cystic, or mixed. Histologically, they show prolif-
eration of highly atypical tumor cells with various histological patterns including solid,
papillary, glandular, and transitional cell-like patterns (Fig. 5.7). Nuclei have coarsely
vesicular chromatin and prominent nucleoli. Many mitotic figures are observed.
Thorough examination of fimbria reveals that about half cases of HGSCs are
accompanied with serous tubal intraepithelial carcinoma.

Fig. 5.7 High-grade serous carcinoma (HGSC). The tumor cells have highly atypical nucleus.
Slit-like lumen is characteristic for HGSC
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Fig. 5.8 Aberrant p53 expression in high-grade serous carcinoma (HGSC). Diffuse and strong
positivity of p5S3 immunohistochemistry suggest mutation of 7P53

Immunohistochemically, HGSCs are positive for CK7 but negative for CK20.
Most cases are positive for WT'1 and PAX8 and show variable positivity for ER and
PR. As most HGSCs harbor the 7P53 mutation, the pS3 protein expression pattern in
HGSCs is diffuse and strongly positive (Fig. 5.8) or completely negative (“null”) [23].

Other types of ovarian cancers should be distinguished from HGSC. Some HGSCs
show glandular proliferation of columnar cells and resemble endometrioid carci-
noma, but HGSCs usually have aberrant p53 expression and are positive for WT1,
while endometrioid carcinomas show a wild-type p53 immunostaining pattern and
are WT1 negative. Sometime, HGSCs show papillary growth of clear cells, and,
hence, clear cell carcinoma has to be included in the differential diagnosis. Differential
diagnosis between HGSCs with clear cells and clear cell carcinoma is discussed in
the section of clear cell carcinoma (please see Sect. 5.7.2 of this chapter).

5.5 Mucinous Tumors

Mucinous tumors are epithelial tumors composed of gastrointestinal-type mucinous
epithelium. Goblet cells, Paneth cells, and neuroendocrine cells also appear in
mucinous tumors. Previously, tumors with mucinous epithelium resembling the
endocervix have been included among mucinous tumors. However, in the 4th edi-
tion of WHO classification, these are designated as seromucinous tumors.
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Although mucinous tumors are more frequent in older patients, they are also
more common in children and adolescents than other types of ovarian epithelial
tumors.

Usually, mucinous tumors are large, multilocular cystic tumors. Most cases are
unilateral. The tumor size is not associated with the malignant potential. Since the
coexistence of tumor components of different malignancy is not unusual in muci-
nous tumors, careful gross observation and adequate sampling are keys to accurate
histological diagnosis. Mucinous tumors less than 10 cm in greatest dimension
require one section per 1 cm, but larger tumors or those with microinvasion or
intraepithelial carcinoma require two sections per cm [33]. As most malignant com-
ponents tend to be small cystic or solid, such area should be extensively sampled at
the time of dissection.

5.5.1 Mucinous Cystadenoma/Adenofibroma

These tumors are composed of cyst of various sizes or glands lined with a single
layer of columnar epithelium containing intracytoplasmic mucin (Fig. 5.9). Goblet
cells are often observed. Mucinous adenofibromas contain solid fibrous stroma.
Tumors with papillary proliferation of epithelium, which occupy less than 10% of
the tumor, are classified into this category.

Fig. 5.9 Mucinous adenoma. Columnar epithelium with abundant intracytoplasmic mucin forms
glands. Cellular atypia is mild
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5.5.2 Mucinous Borderline Tumor/Atypical Proliferative
Mucinous Tumor (MBT/APMT)

The characteristic feature of MBT/APMT is papillary proliferation of epithelium
associated with mild to moderate nuclear atypia (Figs. 5.10 and 5.11). Foci of
marked cellular atypia in MBT/APMT are designated as intraepithelial carcinoma.
Stromal invasion of less than 5 mm in maximal linear dimension is defined as
microinvasion, and tumors with this feature are designated as MBT/APMT with
microinvasion. In these tumors, the microinvasive component with marked cellular
atypia is classified as microinvasive carcinoma. A tumor stage >IC, intraepithelial
carcinoma, microinvasion, and patient age of less than 45 years are associated with
tumor recurrence [34].

5.5.3 Mucinous Carcinoma

Mucinous carcinoma is a malignant tumor, comprising of gastrointestinal-type
mucinous epithelium. Mucinous carcinoma is usually unilateral, and advanced
stage disease is rare [35].

Fig. 5.10 Mucinous borderline tumor. The tumor shows complex papillary growth of mucinous
epithelium
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Fig.5.11 Mucinous borderline tumor. In contrast to benign mucinous tumors (upper), tumor cells
of borderline tumors (lower) show nuclear atypia that is short for diagnosis of carcinoma

Two types of stromal invasion are recognized for mucinous carcinoma: confluent
invasion and destructive invasion. Confluent or expansile invasion (Fig. 5.12) is
defined as marked glandular crowding or cribriform growth of mucinous epithelium
with significant cellular atypia. Such an area should be larger than 5 mm to make a
diagnosis of carcinoma. The destructive stromal invasive pattern (Fig. 5.13) is char-
acterized by proliferation of glands with irregular shape in haphazard arrangement
in usually desmoplastic stroma.

Mucinous tumor cells are diffusely positive for CK7 and show variable positivity
for CK20. Positivity of CDX2 expression also varies [36], while ER and PR are usu-
ally negative. PAXS is positive in about half the cases [37]. A recent study showed
that the expression of SATB2, a transcription regulator expressed in colorectal normal
epithelium and carcinoma, is negative in primary ovarian mucinous carcinoma [38].

The most critical differential diagnosis of mucinous carcinoma is metastatic
adenocarcinoma, especially of colonic or pancreatobiliary origin. Some metastatic
adenocarcinomas are similar to primary ovarian mucinous tumors both macroscopi-
cally and microscopically. Bilaterality, small size (<10 cm), multinodular growth,
hilar involvement, and the International Federation of Gynecology and Obstetrics
(FIGO) stage III or IV suggest metastatic carcinoma [39]. Although both histologi-
cal and immunohistochemical findings may help differential diagnosis, there is
overlapping immunoreactivity [40]. For accurate diagnosis, histological findings, as
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Fig. 5.12 Mucinous carcinoma with expansile invasion. Marked crowding of glands and severe
nuclear atypia warrant the diagnosis of mucinous carcinoma

Fig. 5.13 Mucinous carcinoma with destructive invasion. Highly atypical mucinous glands pro-
liferate haphazardly
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well careful search of medical history, are essential. Even with no history of carci-
noma, a systemic workup is highly recommended for patients whose tumor shows
histological features characteristic of metastatic tumors.

5.5.4 Mucinous Tumor with Mural Nodule

MBTs/APMTs or mucinous carcinomas rarely have well-demarcated mural nod-
ules. Histologically, three types of mural nodules have been described: reactive
sarcoma-like mural nodules (SLMNs), anaplastic carcinoma, and sarcomatous
nodules. Different types of mural nodules may be seen in a single tumor. SLMNs
are composed of epulis-type giant cells, atypical spindle cells, and inflammatory
cells. The SLMN cells are weakly/focally positive for cytokeratin and positive for
vimentin and CD68. Mucinous tumors with SLMN are almost always detected in
stage Ia, and the prognosis is favorable [41]. Anaplastic carcinomatous nodule
shows sheet of highly atypical rhabdoid, spindle, or pleomorphic epithelial cells. In
contrast to SLMN, anaplastic carcinoma cells are definitely positive for cytokera-
tin. Although the prognosis of mucinous tumors with anaplastic carcinomatous
mural nodules is favorable in unruptured stage Ia cases, these tumors are often
associated with extraovarian spreading, which usually predicts a poor prognosis
[42]. Sarcomatous nodules may appear as fibrosarcomas, rhabdomyosarcomas, or
undifferentiated sarcomas.

5.6 Endometrioid Tumors

Endometrioid tumors are defined as tumor with proliferation of endometrial-like
epithelium. Most endometrioid tumors are malignant—benign and borderline endo-
metrioid tumors are quite rare.

5.6.1 Benign Endometrioid Tumor

In the 4th edition of the WHO classification, endometriotic cysts are classified as
benign endometrioid tumors. Endometrioid cystadenomas and adenofibromas show
proliferation of endometrial-type epithelium without endometrial-type stroma.

5.6.2 Endometrioid Borderline Tumor/Atypical Proliferative
Endometrioid Tumor

Endometrioid borderline tumors/atypical proliferative endometrioid tumors (EBTs/
APETs) show intracystic or adenofibromatous growth. Tumor glands with mild to
moderate cellular atypia show fused or confluent proliferation. Squamous
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differentiation or morula formation is not uncommon. By definition, borderline tumors
lack more than 5 mm of confluent or infiltrative growth of the glands.

5.6.3 Endometrioid Carcinoma

Endometrioid carcinomas display proliferation of endometrial gland epithelium.
Coexistence of endometriosis or endometriotic cysts has been reported in 9 to 70%
of cases. Peak incidence is in the fifth and sixth decades of life. Uterine endometrial
endometrioid carcinomas coexist in 15-20% of patients with ovarian endometrioid
carcinoma [43].

A typical endometrioid carcinoma has confluent glandular, cribriform, and pap-
illary proliferation of columnar cells (Fig. 5.14). Destructive infiltrative growth is
also seen. Squamous differentiation is seen in 30-50% of cases. Squamous com-
ponents are often in the form of morules (Fig. 5.15). The secretory variant of
endometrioid carcinoma is characterized by cytoplasmic sub- and supranuclear
vacuoles resembling early secretory phase endometrial glands. Ciliated variant is
characterized by cilia on the luminal surface of the tumor cells. Oxyphilic variant
has cells with abundant eosinophilic granular cytoplasm and centrally located
nucleus. Spindle cell variants display proliferation of spindle-shaped epithelial
cells. Occasionally, endometrioid carcinoma shows trabecular or small glandular

Fig. 5.14 Endometrioid carcinoma. Well-formed glands with columnar cells show confluent
growth without intervening stroma
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Fig.5.15 Endometrioid carcinoma. Morula occupies the lumen of glands

pattern resembling sex cord tumors such as adult-type granulosa cell tumors or
Sertoli cell tumors.

Endometrioid carcinoma cells express cytokeratin, vimentin, ER, and PR. Tumor
with a CTNNBImutation shows nuclear localization of p-catenin. About 30% of
ovarian endometrioid carcinomas harbor the ARIDIA gene mutation and show loss
of BAF250a immunoreactivity [12]. Some carcinomas histologically resembling
endometrioid carcinoma show aberrant p53 expression. Such tumors, especially in
association with WT1 expression and high-grade atypia, should be diagnosed as
HGSCs [44].

When ovarian endometrioid carcinoma is associated with uterine endometrioid
carcinoma, differential diagnosis whether ovarian tumor is primary or metastatic is
important. Diagnostic criteria including several factors such as tumor size, lateral-
ity, depth of invasion of uterine myometrium, background lesions (e.g., endometrio-
sis in ovaries, atypical endometrial hyperplasia in endometrium), and molecular
abnormalities have been proposed [43].

5.7 Clear Cell Tumors

Clear cell tumors present proliferation of epithelium with clear or eosinophilic cyto-
plasm. Some tumor cells have a hobnail appearance. These cytological features are
similar to endometrial epithelium in the Arias-Stella reaction. Most clear cell tumors
are malignant; benign and borderline tumors are rare.
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5.7.1 Benign Clear Cell Tumor and Borderline Tumor

Benign and borderline clear cell tumors are extremely rare. Most tumors have an
adenofibromatous appearance with round glands of various sizes embedded in
fibrous stroma. Up to moderate nuclear atypia is observed in borderline tumors. By
definition, stromal invasion of more than 5 mm is absent.

5.7.2 Clear Cell Carcinoma

CCCs comprise about 10% of ovarian cancers in the Western world [45]. In Japan,
about 25% of ovarian cancers are CCCs, which is a higher proportion than in other
Asian countries or among Asian women living in the USA [46, 47]. Most CCC
patients are diagnosed during their fifth to seventh decades. In a Japanese multicen-
tric study, the average patient age was 52.4 years (range, 23—73 years) [48].

Macroscopically, most CCCs are unilateral and frequently cystic with several
intracystic polypoid masses of various sizes. Some can be predominantly solid. The
cysts contain serous or mucinous fluid and can be hemorrhagic when the tumor is
associated with an endometriotic cyst.

CCCs are characterized by a variety of histological patterns including papillary,
tubulocystic, and solid patterns (Fig. 5.16) and are often admixed. The nuclear

Fig. 5.16 Clear cell carcinoma. The tumor cells with clear cytoplasm and high-grade nuclear
atypia growth in solid pattern
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Fig.5.17 Clear cell carcinoma. Hyalinized eosinophilic stroma is a characteristic

atypia are usually marked. Cytoplasm of tumor cells is rich in glycogen, and, hence,
periodic acid-Schiff staining shows granular positivity that disappeared with dia-
stase. The stroma often contains hyalinized eosinophilic (Fig. 5.17) or spherule-like
myxoid material [49, 50]. Hyalinized eosinophilic material is derived from base-
ment membrane materials produced by tumor cells and is immunoreactive for type
IV collagen and laminin, while spherule-like myxoid material is seen at the core of
papillary structures or with in solid nests of tumor cells and hyaluronan produced by
tumor cells [50].

CCC tumor cells are positive for CK7 and negative for CK20. They are usually
ER and PR negative. Most cases show nuclear positivity for hepatocyte nuclear fac-
tor 18 (HNF-1p) and cytoplasmic granular expression of napsin A [51, 52]. About
50% of CCC cases harbor an ARIDIA mutation, and, hence, immunostaining for
BAF250a is negative [12].

Ovarian tumors other than CCC sometimes show proliferation of tumor cells
with clear cytoplasm. Some HGSCs contain clear cell component. Even though
such cancers appear to be mixture of HGSC and CCC, they often present clinico-
pathological features of HGSCs (advanced disease, immunoreactivity for WT1,
ER, and p53) and should be diagnosed as HGSCs [53]. Some endometrioid carci-
nomas such as secretory variant have clear cell component and mimic CCC. This
type of endometrioid carcinomas lack high-grade nuclear atypia and characteristic
histological pattern of CCCs [54]. Among the germ cell tumors, dysgerminoma and
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yolk sac tumors should be included in the differential diagnosis. Compared to
CCCs, these tumors usually affect women at a younger age. Immunostaining of
Oct4 and SALL4 can be used for differential diagnosis, since dysgerminomas
express Oct4 and both dysgerminomas and yolk sac tumors express SALL4, while
CCCs only show occasional and focal positivity for Oct4 and are negative for
SALLA4 [55, 56].

5.8 Brenner Tumors

Brenner tumors are characterized by the proliferation of a transitional (urothelial)-
like epithelial component. Like other types of ovarian epithelial tumors, Brenner
tumors are subclassified as benign, borderline/atypical proliferative, or malignant.
Nonetheless, most of Brenner tumors are benign.

Formerly, a carcinoma resembling transitional cell carcinoma of the urinary tract
without a benign or borderline Brenner component was designated as transitional
cell carcinoma and included among transitional tumors. However, recent studies
have revealed that most of such carcinomas are HGSCs or endometrioid carcino-
mas with a transitional-like growth pattern [57, 58]. Hence, the transitional cell
carcinoma category has been abolished in the 4th edition of the WHO
classification.

The immunoprofile of Brenner tumors is similar to that of the urothelium; tumor
cells express CK7, p63, and urothelial markers such as uroplakin III, thrombomodulin,
S-100P, and GATA3. Luminal surface cells in the epithelial nests express CK20 [59-61].

5.8.1 Benign Brenner Tumor

The mean age of the patients is 51.5 years [61]. Most pure benign Brenner tumors
are small and often less than 1 cm in size. Some benign Brenner tumors are inciden-
tally found in ovaries resected because of other diseases.

Benign Brenner tumor cells show nested growth in rich fibrous stroma with each
nest containing solid growth of transitional-cell like tumor cells (Fig. 5.18).
Occasionally, mucinous epithelium forms lumens within the nests. Tumor cell nuclei
are ovoid and have a characteristic groove along the longitudinal axis, resulting in a
coffee-bean appearance. The stroma is composed of collagen fibers and fibroblastic
spindle cells without high-grade cellular atypia. Calcification is frequently present.

5.8.2 Borderline Brenner Tumor/Atypical Proliferative Brenner
Tumor

Previously, these tumors were known as proliferative Brenner tumors. Most border-
line Brenner tumors/atypical proliferative Brenner tumors (BBTs/APBTs) occur in
women older than 50 [62]. These tumors have a large, cystic appearance with intra-
cystic papillary excrescence. Histologically, urothelial-like cells with mild to
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Fig. 5.18 Benign Brenner tumor. Solid tumor cell nests are embedded in fibrous stroma. The
tumor cells have nuclear groove (inset)

moderate atypia show intracystic papillary proliferation resembling low-grade uro-
thelial carcinoma of the urinary tract.

5.8.3 Malignant Brenner Tumor

Brenner tumors with destructive invasion are designated as malignant Brenner
tumors (Fig. 5.19). Such tumors have a predilection for older women and the median
age in one study was 60 years [63]. The invasive component is always associated
with benign Brenner tumors or BBTs/APBTSs. Rarely, these tumors may show squa-
mous cell features.

5.9 Seromucinous Tumors

Tumors containing Miillerian mucinous epithelium were previously combined with
gastrointestinal-type mucinous tumors and together classified as mucinous tumors.
Rutgers et al. described borderline tumors with Miillerian-type mucinous epithe-
lium and mixed Miillerian-type tumors containing endocervical-like mucinous cells
[64, 65]. They noted an association between these tumors and endometriosis. Later,
benign tumors and carcinoma of this type were described. Since these tumors are
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Fig.5.19 Malignant Brenner tumor. The tumor cell nests invade into the stroma. Some tumor cell
nests contain lumens. In this case, typical proliferative Brenner tumor component coexists in other
fields

mainly composed of serous-type cells such as ciliated or hobnail cells and
endocervical-like mucinous cells, some pathologists prefer the name of “seromuci-
nous tumors” [66], and this term is adopted in the 4th edition of the WHO classifica-
tion. However, other pathologists think that “seromucinous” is inadequate
nomenclature and misleading since other types of cells besides serous and muci-
nous cells can also be found and these tumors are not related to serous tumors or
(gastrointestinal) mucinous tumors [67].

Most cases of seromucinous tumors have borderline malignancy: benign and
malignant tumors are relatively rare [66]. Both borderline and malignant seromuci-
nous tumors show a predilection for younger women compared to other ovarian
epithelial tumors.

5.9.1 Seromucinous Borderline Tumors

Some studies report that the average age of patients with seromucinous borderline
tumors (SMBTSs) is 34-39 years [64—66, 68]. At diagnosis, most patients have stage
I disease.

Macroscopically, typical SMBTs are cystic tumors with intracystic papillary
excrescences. In low-power view, SMBTs show papillary proliferation resembling
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Fig. 5.20 Seromucinous borderline tumor. Intracystic branching papillary excrescence has vari-
ous types of epithelium including endocervical-like mucinous cells. There are many neutrophils in
the stroma

serous borderline tumors (Fig. 5.20). SMBTs are composed of a mixture of muci-
nous, ciliated, clear, hobnail, columnar endometrioid, indifferent, and squamous
epithelium. Intracytoplasmic mucin is basophilic on staining and goblet cells are
absent. Rarely, squamous cells are predominant in SMBTs [69]. Numerous neutro-
phils in the stroma or extracellular mucins are characteristics in SMBTs. Associated
endometriosis is found in 30-50% of SMBTs. Microinvasion or intraepithelial car-
cinoma components are observed in some cases, but these findings do not have an
impact on prognosis [66, 68].

SMBTs express CK7, vimentin, ER, and PR, but are negative for CK20, CDX2,
and WT1 [70]. Squamous epithelium and cervical reserve cell-like cells express p63
[71]. About one third of SMBT cases show loss of ARIDI1A [13].

5.9.2 Seromucinous Carcinoma

Seromucinous carcinoma (SMC) is defined as a carcinoma composed predomi-
nantly of serous and endocervical-type mucinous epithelium. According to the larg-
est series (19 cases) study, the age of patients ranges from 16 to 79 with a mean of
47 years [72]. The tumor is usually unilateral and solid or solid and cystic.
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Fig. 5.21 Seromucinous carcinoma. The glands composed of endocervical-like mucinous cells
show confluent proliferation without intervening stroma

The tumor is mainly composed of a mixture of endocervical-type mucinous,
endometrioid, and indifferent cells with eosinophilic cytoplasm. Clear, hobnail, and
squamous cells are also found in some cases. Neutrophil or eosinophil infiltration is
often seen. Carcinoma is diagnosed on the basis of expansile stromal invasion show-
ing complex papillary proliferation, confluent glandular proliferation without inter-
vening stroma (Fig. 5.21), or infiltrative/destructive stromal invasion. Taylor et al.
found endometriosis in the same ovary in 10 of the 19 cases (53%) and direct transi-
tion in 5 of those cases [72].

SMC show almost identical immunoprofile to SMBT, i.e., it is positive for CK7,
ER, PR, and PAXS8 and negative for CK20 and CDX2 [72].

5.10 Other Epithelial Tumors
5.10.1 Squamous Cell Carcinoma

Primary squamous cell carcinoma (SCC) of the ovary is rare. Most commonly primary
ovarian SCC is malignant transformation of a mature cystic teratoma and thus should
be classified as a germ cell tumor. Other background conditions of ovarian SCC are
endometriosis and Brenner tumors. The prognosis of primary ovarian SCC is poor [73].



5

Pathology of Epithelial Ovarian Tumors 109

5.10.2 Undifferentiated Carcinoma

Undifferentiated carcinoma is a malignant epithelial tumor without specific differ-
entiation. Round to polyhedral tumor cells proliferate in a sheet-like, cord, or nested
manner. Brisk mitotic activity is seen.

Undifferentiated carcinoma may be seen in association with low-grade endome-

trioid carcinoma (dedifferentiated carcinoma). In such cases, clinical behavior is
aggressive [74, 75]. The undifferentiated carcinoma component is often confused as
a granulosa cell tumor or high-grade sarcoma.

Conclusion

Our understanding of ovarian epithelial tumors has been expanded, and it shows
that ovarian epithelial tumors are not homogeneous, but collection of heteroge-
neous diseases. In the era of precision medicine, the most appropriate therapy of
ovarian cancer will be different from type to type. Correct diagnosis warrants the
selection of the most effective therapy.
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Pathology of Non-epithelial Ovarian
Tumors
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Abstract

Non-epithelial ovarian tumors have posed pathologic diagnosis and management
challenges. The World Health Organization classification of Tumors of Female
Reproductive Organs was revised in 2014, and the new version addresses several
new concepts and the histological classification of non-epithelial ovarian tumors
and tumor-like lesions that were not previously included. In the new WHO clas-
sification, sex cord-stromal tumors is divided into three categories, pure stromal
tumor, pure sex cord tumor, and mixed sex-cord tumor.

This chapter reviews recent developments regarding the pathology, differ-
ential diagnosis, immunohistochemical markers, and genetics of poorly under-
stood non-epithelial ovarian tumors, including sex cord-stromal tumors,
immature teratoma, small cell carcinoma of the ovary, hypercalcemic type, and
newly described non-epithelial tumors. Many of these neoplasms and those in
the differential diagnosis occur predominantly in young women, and they can
be aggressive and require specific chemotherapy. Some of non-epithelial neo-
plasms show histologically biphasic or epithelioid features, mimicking epithe-
lial tumors. The recent discovery of somatic mutations in FOXL2 in adult
granulosa cell tumors and germline and somatic mutations in DICER1 in
Sertoli-Leydig cell tumors and SMARCA4 in small cell carcinoma, hypercal-
cemic type, contributes immunohistochemical analyses and molecular research
of these tumors. A few non-epithelial tumors are not specific to the ovary and
may arise more frequently at extraovarian sites. A correct diagnosis is impera-
tive for appropriate therapies.
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6.1 Introduction

The new World Health Organization (WHO) classification of Tumors of Female
Reproductive Organs addresses several new concepts and histological classifica-
tions that were not previously included [1]. Non-epithelial ovarian tumors have
posed pathologic diagnosis and management challenges because general diagnostic
pathologists and even gynecologic pathologists rarely encounter these lesions and it
is very difficult to make a correct diagnosis. Furthermore gynecologists have no or
little experience of treatments of rare ovarian tumors.

This chapter reviews recent developments regarding the pathology, differential
diagnosis, and genetics of poorly understood non-epithelial ovarian tumors,
including pure and mixed sex cord-stromal tumors (Table 6.1), immature tera-
toma, small cell carcinoma of the ovary, hypercalcemic type, and newly described
non-epithelial tumors. Many of these neoplasms and those in the differential diag-
nosis occur predominantly in young women, and some of them can be aggressive
and require specific chemotherapy. Some non-epithelial neoplasm show histologi-
cally biphasic or epithelioid features, mimicking epithelial tumors. Thus, a cor-
rect diagnosis is imperative for ensuring that appropriate treatment is administered.
Due to the rarity of these tumors and the lack of knowledge about them, a special
review and confirmation of the diagnosis by an expert gynecological pathologist
is recommended [2]. A few of these lesions are not specific to the ovary and may
occur more frequently at extraovarian sites, but the mere knowledge that they
occasionally occur in or involve the ovary will facilitate their recognition by
pathologists [2]. In addition, the recent discovery of mutations will aid molecular
diagnosis and the development of relatively specific immunohistochemical
markers.

6.2 Sex Cord-Stromal Tumors: Pure Stromal Tumors
6.2.1 Fibroma, Cellular Fibroma, and Fibrosarcoma

6.2.1.1 Clinical Features

Fibroma is a benign tumor composed of fibroblasts and collagen fibers. The mean
age of patients with ovarian fibroma is about 50 years. Cellular fibroma can recur,
and so clinical follow-up is necessary. Fibrosarcoma is a malignant mesenchymal
tumor with a poor prognosis [3]. The standard treatment involves complete resec-
tion followed by chemotherapy.
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Table 6.1 WHO classifica- Sex cord-stromal tumors
tion of ovarian sex cord-

P fi It
stromal tumors (2014) [1] Ure stromat tumors

Fibroma
Cellular fibroma
Thecoma
Luteinized thecoma associated with sclerosing
peritonitis
Fibrosarcoma
Sclerosing stromal tumor
Signet-ring stromal tumor
Microcystic stromal tumor
Leydig cell tumor
Steroid cell tumor
Steroid cell tumor, malignant
Pure sex cord tumors
Adult granulosa cell tumor
Juvenile granuloma cell tumor
Sertoli cell tumor
Sex cord tumor with annular tubules
Mixed sex cord-stromal tumors
Sertoli-Leydig cell tumors
Well differentiated
Moderately differentiated
With heterologous elements
Poorly differentiated
With heterologous elements
Retiform
With heterologous elements
Sex cord-stromal tumors, not otherwise specified

6.2.1.2 Pathological Features

Fibroma is firm with a smooth, lobulated surface and average size is 6 cm. Cellular
fibroma is mainly composed of solid components with white cut surface.
Fibrosarcomas are large and soft and typically exhibit necrosis and hemorrhaging.
Microscopically, fibromas are composed of fusiform and uniform cells arranged in
a fascicular or whorled pattern. The stroma is fibrous with focal hyalinization or
calcifications; however, approximately 10% of fibromas are hypercellular (little col-
lagenous stroma is seen). Cellular fibroma is defined as fibroma group tumor with
high cellularity, mild to moderate nuclear atypia, and 3 or few mitotic figures in
10/10HPF(high power fields). Cellular fibromas may have mitotic activity of >
4/10HPF (mitotically active cellular fibroma) [4] (Fig 6.1). Many ovarian tumors
that have been reported as fibrosarcomas would now be considered to be mitotically
active cellular fibromas. Fibrosarcomas are characterized by cellular spindle cell
fibromatous lesions with moderate to marked nuclear atypia, 4 or more mitotic fig-
ures per 10/HPF, and atypical mitotic figures and necrosis [3] (Fig. 6.2).
Fibrosarcomas are usually large and have often spread beyond the ovary at
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Fig.6.1 Mitotically active cellular fibroma. Proliferating bland spindle-shaped cells and scattered

mitotic figures are shown

Fig. 6.2 Fibrosarcoma. The fascicular proliferation of atypical spindle cells and bizarre giant
cells is shown
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diagnosis. Their differential diagnoses include leiomyosarcoma, high-grade endo-
metrial stromal sarcoma, gastrointestinal stromal sarcoma, and various types of pri-
mary or metastatic soft tissue sarcoma.

6.2.2 Thecoma

6.2.2.1 Clinical Features

Thecomas are gonadal stromal tumors that are predominantly composed of theca
cell-like cells. In daily practice, thecomas are uncommon, whereas fibromas are
relatively common. Thecomas usually occur in premenopausal or postmenopausal
women, but can arise in children in rare cases. Luteinized thecomas occur at a
younger age, usually in patients in their 20s or 30s. Premenopausal women display
either endocrine-associated symptoms, such as irregular bleeding or amenorrhea, or
nonspecific complaints, such as pelvic pain or abdominal distention. Luteinized the-
comas can be estrogenic (50%), androgenic (11%), or nonfunctional (39%) [5].
Some patients with luteinized thecomas are virilized, whereas others show hyperes-
trogenic symptoms. Thecomas are benign, and excision is an appropriate treatment.
The diagnosis of luteinized thecoma is restricted to luteinized thecomas associated
with sclerosing peritonitis, a distinctive stromal tumor that is typically associated
with sclerosing peritonitis [1].

6.2.2.2 Pathological Features

Macroscopically, thecomas are firm or hard tumors with a mean diameter of 7 cm.
The cut surfaces of thecomas are solid and yellow or white. Cysts and calcifications
may be present.

Histologically, thecomas are composed of fascicles or sheets of plump spindle-shaped
or ovoid stromal cells that resemble the cells of the theca interna. Tumor cells have round
or fusiform nuclei and amphophilic or lightly eosinophilic or clear cytoplasm (Fig. 6.3).
Miitotic figures are rare. A variable number of fibroblasts are intermixed among the theca-
like cells. From a practical point of view, the diagnosis of thecoma is restricted to tumors
that show evidence of steroid hormone secretion, have a conspicuous tumor composed of
cells with clear or vacuolated cytoplasm, or contain luteinized cells (Fig. 6.4).
Immunohistochemically, most thecomas express inhibin and calretinin.

6.2.3 Sclerosing Stromal Tumor

Sclerosing stromal tumors are uncommon benign stromal tumors that mainly occur
in teenagers and young women [6]. They should be treated by excision or unilateral
salpingo-oophorectomy. Macroscopically, these tumors are firm and white to
yellowish-white. Histologically, they are characterized by the lobular proliferation
of tumor cells with staghorn or hemangiopericytomatous vascular spaces. Tumor
cells include polygonal theca-like cells with vacuolated eosinophilic cytoplasm and
fibroblast-like cells (Fig. 6.5). Immunohistochemically, their cells are positive for
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Fig.6.3 Thecoma. Solid nests of cells with uniform round nuclei and lightly eosinophilic or clear
cytoplasm are shown

Fig. 6.4 Luteinized thecoma. Sheets of luteinized cells with abundant eosinophilic cytoplasm are
shown
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Fig. 6.5 Sclerosing stromal tumor. The tumor is composed of polygonal theca-like cells with
vacuolated eosinophilic cytoplasm, fibroblast-like cells, and staghorn vascular spaces

vimentin, inhibin, calretinin, signal transducer activator of transcription 6 (STAT6),
and the estrogen and progesterone receptors.

6.2.4 Microcytic Stromal Tumor

6.2.4.1 Clinical Features

This tumor has recently been described by Irving and Young [1] as a previously
uncharacterized ovarian neoplasm that exhibits prominent microcystic changes and
is most likely of stromal origin. The reported cases involved patients who ranged in
age from 26 to 63 (mean, 45) years, and most patients presented with a pelvic mass.
Hormonal manifestations are rarely seen. Microcytic stromal tumors are unilateral
and do not undergo extraovarian spread.

6.2.4.2 Pathological Features

Microcystic stromal tumors are solid-cystic, solid, or predominantly cystic and
display a mean diameter of 8.7 cm. Their solid components are firm and tan or
white-tan. Microscopically, these ovarian tumors contain microcysts with
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variable amounts of solid cellular tissue and fibrous stroma. In addition, they
exhibit lobular demarcation as well as sharp separation from the ovarian stroma.
The microcysts are characterized by small round to oval cystic spaces.
Intracytoplasmic lumens or vacuoles are also present (Fig. 6.6). The tumor cells
contain moderate abundant finely granular, eosinophilic cytoplasm and bland,
round to oval or spindle-shaped nuclei with fine chromatin and indistinct nucleoli
[7]. Mitotic figures are very rare. This type of tumor is characterized by an
absence of morphological features that would result in any other specific diagno-
sis in the sex cord-stroma category, an absence of epithelial elements, and an
absence of teratomatous or other germ cell elements [7]. Immunohistochemically,
the tumors are strongly positive for CD10 and vimentin, but do not express S-100
protein, calretinin, inhibin, epithelial membrane antigen (EMA), cytokeratin
(CK), melan A, and estrogen receptors, desmin, chromogranin A, synaptophysin,
WTI1, or CD34 [1].

Fig. 6.6 Microcystic stromal tumor. The microcysts are characterized by small round to oval
cystic spaces. Intracytoplasmic lumens or vacuoles are also present



6 Pathology of Non-epithelial Ovarian Tumors 123

6.3 Pure Sex Cord Tumors
6.3.1 Adult Granulosa Cell Tumor (AGCT)

6.3.1.1 Clinical Features
Granulosa cell tumor is the most common type of malignant sex cord-stromal tumor.
There are two types of granulosa cell tumor, the adult type, which mainly occurs in
premenopausal and postmenopausal women (mean age, 45-55 years), and juvenile
granulosa cell tumors (JGCT), which mainly occur in children (mean age, 15 years)
[1]. It is important that the distinction between AGCT and JGCT is made on the basis
of the histology and not the patient age. The typical clinical presentation of AGCT is
postmenopausal bleeding in older women and menorrhagia or amenorrhea in younger
patients. Granulosa cell tumors typically secrete estrogen, and patients with these
tumors exhibit endometrial hyperplasia (30-40%) or adenocarcinoma (5-10%) [8].
Granulosa cell tumors are typically unilateral and confined to the ovary at diagnosis.
The overall recurrence rate ranges from 10 to 30%. Metastases or recurrence is
often detected more than 5 years after the initial treatment, particularly in the peri-
toneum and omentum. There is no correlation between the microscopic features of
tumors, including mitotic activity, and outcomes.

6.3.1.2 Pathological Features

Macroscopically, most AGCT are solid and cystic. The solid areas are soft to firm
and yellow/brown to tan. Some tumors are predominantly cystic. The average size
is about 10 cm. A variety of growth patterns are observed in AGCT, including
admixtures of different patterns. The cells of such tumors often grow in microfol-
licular or diffuse patterns. Granulosa cell tumors consist of nests and sheets of gran-
ulosa cell-like cells punctuated by small spaces, which resemble Call-Exner bodies
(Fig. 6.7). Occasionally, larger follicles are sometimes observed (the macrofollicu-
lar pattern). The cells of granulosa cell tumors are often arranged in cords, trabecu-
lae, and ribbons (Fig. 6.8). In addition, they have scant pale cytoplasm and uniform,
pale, round oval nuclei. Coffee bean-like nuclear grooves were considered to be a
characteristic of granulosa cell tumors, but they are not seen every case, and they
also occur in many other neoplasms, including Sertoli cell tumors and Sertoli-
Leydig cell tumors. Brisk mitotic figures are seen in some lesions. Some AGCT
have a JGCT component, and such tumors should be classified based on their pre-
dominant histology.

Immunohistochemically, granulosa cell tumors are usually positive for inhibin,
calretinin, FOXL2 (forkhead box L2), WT1, and CD56, whereas they are negative
for CK7 and EMA. A missense somatic point mutation that is characteristic of
AGCT has recently been identified in the FOXL2 gene [9]. This mutation is seen in
approximately 95% of AGCT.
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Fig. 6.7 Adult granulosa cell tumor. The tumor cells are uniform and have grooved nuclei. Note
the numerous Call-Exner bodies

Fig. 6.8 Adult granulosa cell tumor. The tumor cells grow in cords, trabeculae, and ribbons
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6.3.2 Juvenile Granulosa Cell Tumor (JGCT)

6.3.2.1 Clinical Features

Fewer than 5% of granulosa cell tumors occur in children or teenagers. Almost all
JGCT are unilateral, and more than 95% of them are confined to the ovary (stage I).
The symptoms of JGCT are often caused by the estrogen they secrete. Young girls
frequently display isosexual pseudoprecocity, whereas older children and pre-
menopausal women develop menstrual abnormalities or amenorrhea. Associations
have been detected between JGCT and Ollier (enchondromatosis) disease and
Maffucci (enchondromatosis and multiple hemangiomas) syndrome [10]. The
prognosis of patients with JGCT is better than that of patients with AGCT. JGCT
are less likely to recur or metastasize. The long-term survival of patients with
JGCT is good, but patients whose tumors rupture or who exhibit positive perito-
neal cytology or extraovarian tumor spread are at significant risk of recurrence.
Inhibin and Miillerian inhibitory substance are useful tumor markers for follow-
ing up patients with JGCT.

6.3.2.2 Pathological Features

The average size is about 12 cm, and most of them exhibit a mixed solid-cystic
appearance, but some are completely solid or cystic. Their solid areas are yellow or
tan. Hemorrhaging is sometimes seen, but necrosis is uncommon.

Microscopically, JGCT show a multinodular growth pattern, and macrofollicu-
lar, solid, and cystic growth patterns are characteristic of JGCT. Follicles often
vary in size and shape and contain mucinous material (Fig. 6.9), macrofollicles
are lined by one or more layers of granulosa cells and are surrounded by a rim of
theca cells. Solid areas are composed of sheets of granular cells made up of an
admixture of theca cells or fibroblasts. The microfollicular, insular patterns and
trabeculae seen in AGCT are rarely observed in JGCT. Tumor cells have large and
round nuclei and amphophilic or pink cytoplasm. In addition, they lack coffee
bean-like nuclear grooves and may contain conspicuous nucleoli. Some tumor
cells have enlarged pleomorphic nuclei, and multinucleated cells can also be
observed (Fig. 6.10). Mitotic figures tend to be numerus with an average around
6/10HPF.

The immunohistochemical features of JGCT are similar to those of AGCT. A
small minority of JGCT express FOXL2, and the FOXL2 mutation that occurs in
AGCT is generally absent in JGCT [10], indicating that these two tumors, both of
which are composed of granulosa cells, probably have different pathogenic mecha-
nisms. Immunohistochemistry is of considerable value for differentiating JCGT
from small cell carcinoma, hypercalcemic type (SCCHT); SCCHT does not exhibit
nuclear immunoreactivity for SMARCA4 (INI1) and is focally positive for EMA,
while JGCT is positive for sex cord markers, negative for EMA, and exhibits posi-
tive nuclear staining for SMARCAA4.
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Fig.6.9 Juvenile granulosa cell tumor. The tumor shows macrofollicular, solid, and cystic growth
patterns. The follicles vary in size and shape

Fig. 6.10 Juvenile granulosa cell tumor. Enlarged pleomorphic nuclei and multinucleated cells
are observed in solid areas
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6.3.3 Sex Cord Tumor with Annular Tubules (SCTAT)

6.3.3.1 Clinical Features

About a third of patients with SCTAT have Peutz-Jeghers syndrome (PJS) [11,
12]. In these patients, the lesions are found incidentally, are often bilateral, and
grossly appear to be yellow nodules of up to 3 cm in diameter. In patients with-
out PJS (sporadic), SCTAT tumors are always unilateral, moderately large, and
present as palpable masses. In patients with PJS, SCTAT presents at a mean age
of 27 years, whereas it tends to appear around 34 years in patients without
PJS. Subsets of both sporadic and PJS-associated SCTAT might be associated
with hyperestrinism and menstrual irregularities. SCTAT is primarily treated
with surgery, and PJS-associated tumors are entirely benign (albeit multifocal).
About one-fifth of sporadic cases is clinically malignant and spread via the lym-
phatics. Recurrent lesions often occur late. Patients with PJS carry a 5-15% risk
of developing sex cord-stromal tumors (SCTAT). PJS is characterized by a
germline mutation of the STK 11 (serine threonine kinase 11) gene on chromo-
some 19p. Patients with PJS are at very high risk of gastrointestinal and non-
gastrointestinal cancer (carcinoma of the gastrointestinal tract, pancreas, and
breast) [13] and adenoma malignum (gastric-type mucinous adenocarcinoma)
(10% risk) of the uterine cervix.

6.3.3.2 Pathological Features
SCTAT is a distinctive type of ovarian neoplasm with morphological features that
are intermediate between those of granulosa cell tumors and Sertoli cell tumors.
While differentiation into either of the two latter tumors can occur in some cases,
Scully reported that the distinctive architecture of SCTAT, which involves simple
and complex ring-shaped tubules, warrants a separate designation [11].
PJS-associated and sporadic SCATAT histologically consist of well-
circumscribed round nests of cells and a mixture of simple and complex ring-
shaped tubules, which contain hyalinized basement membrane-like material
(Fig. 6.11). The nests or tubules are composed of uniform cells with peripher-
ally located nuclei and a moderate amount of cytoplasm. Multiple tumorlets
form single tubules or clusters of tubules, and calcifications are scattered within
the ovarian stroma. Large tumors in non-PJS patients can exhibit extensive hya-
linization of the tubules and stroma. Ultrastructural examinations demonstrate
bundles of Charcot-Bottcher filaments in some cases of SCTAT, leading some
authorities to consider this neoplasm as a subtype of Sertoli or granulosa cell
tumor [14]. However, the distinctive features of SCTAT and its frequent associa-
tion with PJS warrant its classification as a specific form of sex cord-stromal
tumor. Immunohistochemically, SCTAT shows positive staining for inhibin, cal-
retinin, vimentin, and CK, but is negative for EMA.
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Fig.6.11 Sex cord tumor with annular tubules. The nests and tubules are composed of uniform
cells. Note the complex annular tubules surrounded by fibrous stroma

6.4 Mixed Sex Cord-Stromal Tumors
6.4.1 Sertoli-Leydig Cell Tumor (SLCT)

The WHO classification divides SLCT into retiform and well, moderately, and
poorly differentiated variants. The moderately differentiated, poorly differentiated,
and retiform variants sometimes contain heterologous elements.

6.4.1.1 Clinical Features

SLCT mainly arise in relatively young patients (mean age, 25 years). The retiform
variant usually occurs in particularly young patients (mean age, 15 years). The
symptoms of SLCT are related to the presence of an ovarian mass and virilization.
Approximately 50% of SLCT secrete steroid hormones, which can also cause
symptoms, and 40% of patients are virilized [15]. The serum testosterone and urine
17-ketosteroid levels of SLCT patients are increased. Most tumors are unilateral
and confined to the ovary at presentation. Well-differentiated SLCT is clinically
benign and does not recur after complete excision. The prognosis of patients with
intermediate and poorly differentiated SLCT is generally favorable, but patients
with poorly differentiated SLCT can exhibit an aggressive clinical course.
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6.4.1.2 Pathological Features

Macroscopically, SLCT are usually solid and partly cystic, and the solid areas of
SLCT are firm or soft and yellow or tan. Well-differentiated SLCT exhibit a mean
size of 5 cm, whereas the intermediate and poorly differentiated types both display
a mean size of 15 cm. Poorly differentiated tumors tend to be larger than those dem-
onstrating intermediate differentiation [15].

Well-differentiated SLCT is histologically characterized by hollow or closed
tubules lined by columnar Sertoli cells and surrounded by a fibrous stroma.
Aggregates of luteinized Leydig cells are often observed (Fig. 6.12). Reinke crystal-
loids are rarely found in Leydig cells. Cellular atypia and mitotic figures are rare in
well-differentiated SLCT.

Intermediate and poorly differentiated SLCT are composed of mature and imma-
ture Sertoli cells. Various proliferative patterns are seen in such tumors, including
well-formed tubules, ill-defined tubules, trabeculae, and cord-like arrangements
(Fig. 6.13). The tubules have a retiform appearance in 10-25% of intermediate and
poorly differentiated tumors. The retiform tubules are branched and lined by low
columnar to cuboidal cells. Bizarre cells can also be seen, but this does not appear
to be an adverse prognostic finding. Cases of SLCT involving a predominant reti-
form growth pattern should be diagnosed as retiform variant (Fig. 6.14). In poorly

Fig.6.12 Well-differentiated Sertoli-Leydig cell tumor. Hollow tubules lined by columnar Sertoli
cells surrounded by fibrous stroma and aggregates of luteinized Leydig cells are shown
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Fig. 6.13 Moderately differentiated Sertoli-Leydig cell tumor. Note the trabeculae and cord-like
arrangements of Sertoli cells together with aggregates of luteinized Leydig cells

Fig.6.14 Moderately differentiated Sertoli-Leydig cell tumor, retiform variant. Note the long and
branching retiform tubules
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Fig.6.15 Poorly differentiated Sertoli-Leydig cell tumor. The predominant component is derived
from the sarcomatous proliferation of immature spindle-shaped cells, and brisk mitotic figures are
also seen

differentiated tumors, the sarcomatous proliferation of immature stromal cells is
predominant (Fig. 6.15). Brisk mitotic figures are also seen.

Heterologous elements are seen in 20-25% of intermediate and poorly differen-
tiated SLCT. Intestinal-type mucinous epithelial tissue is the most common heter-
ologous element (Fig. 6.16). Mucinous components can be composed of mucinous
cystadenoma, a mucinous borderline tumor, or mucinous adenocarcinoma.
Carcinoid cells, cartilage, neuroblasts, and rhabdomyoblasts have also been
observed in such heterologous elements [16].

Immunohistochemically, most mature and immature Sertoli cells are positive for
CK, but negative for EMA. Most cases of SLCT show positive membrane staining
for CD99 and nuclear staining for WT1. The stromal cells of such tumors are posi-
tive for vimentin. Sertoli cells and Leydig cells are positive for inhibin (Fig. 6.17)
and calretinin. Sertoli-form endometrioid adenocarcinoma of the ovary mimics
SLCT, butis positive for EMA and negative for inhibin and calretinin. Histologically,
Sertoli-form endometrioid adenocarcinoma displays greater cellular atypia, more
irregular tubular arrangements, and necrosis.
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Fig.6.16 Moderately differentiated Sertoli-Leydig cell tumor with heterologous elements. Note
the intestinal-type mucinous epithelial tissue, which is the most common type of heterologous ele-
ment seen in such tumors

Fig.6.17 Poorly differentiated Sertoli-Leydig cell tumor. The tumor cells are immunohistochem-
ically positive for inhibin
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6.5 Immature Teratoma
6.5.1 Clinical Features

Immature teratoma is one of most common malignant germ cell tumor of the ovary.
This tumor occurs predominantly in children and young adult. The clinical presen-
tation is nonspecific, such as abdominal discomfort, pelvic pain, abdominal swell-
ing, or a palpable abdominal mass. They are unilateral and spread mainly to the
pelvic and peritoneum by implantation.

6.5.2 Pathologic Features

Macroscopically immature teratoma is a predominantly solid tumor. The cut surface
is gray or brown and soft. It may contain cysts, hemorrhage, and necrosis.
Histologically, a mixed mature and mature element is found in most tumors.
Recognition of immature neuroectodermal element is most important to make a
diagnosis of immature teratoma. These include sheets of mitotically active imma-
ture neuroepithelial cells, tubules lined by columnar embryonal cells with stratified
hyperchromatic nuclei, nests of neuroblasts, Homer-Wright rosettes, mitotically
active glia, and primitive retina with melanin pigments (Figs. 6.18 and 6.19).
Immature cartilage, adipose, bone, and skeletal muscle are often present.

Fig. 6.18 Immature teratoma. Immature neuroectodermal tubules are prominent
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Fig. 6.19 Immature teratoma. Note neural crest-like structures and sheets of immature neural
cells

Immature teratoma should be histologically graded [1]:

Grade 1: Tumors with rare foci of immature neuroepithelial tissue that occupy < low
power fields (40x) in any slide (low grade).

Grade 2: Tumors with similar elements, occupying 1-3 power fields (40x) in any
slide (high grade).

Grade 3: Tumors with large amount of immature neuroepithelial tissue occupying >
3 low power field (40x) in any slide (high grade).

Grade 1 cases are not treated and grade 2 and 3 are treated with same chemo-
therapy. Stage and grade of the primary tumor and metastases remain important
predictive factor. In approximately one-third of cases, gliomatosis peritonei is
observed [20]. This lesion has been considered a possible metastasis from tera-
toma; however, it may represent an independent lesion, probably peritoneal meta-
plasia [17]. The presence of gliomatosis peritonei does not indicate adverse
clinical effect.
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6.6  Small Cell Carcinoma of Ovary, Hypercalcemic Type
6.6.1 Clinical Features

Small cell carcinoma of the ovary, hypercalcemic type (SCCHT), is a rare neoplasm
that occurs in young females. Its histogenesis is unclear, and it is categorized as a
miscellaneous tumor in the revised WHO classification [1].

The reported patients with SCCHT ranged in age from 14 months to 43 (mean,
24) years [18-23]. Most patients present with signs and symptoms related to an
abdominal or pelvic mass, but in rare cases, patients will present with clinical symp-
toms related to hypercalcemia. Approximately 66% of patients present with hyper-
calcemia [19]. Some studies have serologically documented the presence of
parathyroid hormone-related protein. This type of ovarian carcinoma has a dismal
prognosis. About 50% of such tumors have spread beyond the ovary at the time of
laparotomy. The overall survival rate of SCCHT is approximately 16%.

6.6.2 Pathological Features

SCCHT typically appear as yellowish-white, soft solid tumors with marked hemor-
rhaging and necrosis. SCCHT exhibit a mean diameter of 15 cm. Most SCCHT are
unilateral (Fig. 6.20).

Fig. 6.20 Gliomatosis peritonei. Mature astrocytes form multiple nodes in the peritoneum
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SCCHT are histologically composed of small to medium-sized round cells
arranged in a solid sheet or follicular pattern (Figs. 6.21 and 6.22). Follicles that
vary from small to large in size are considered to be an important feature of SCCHT,
and such follicles are seen in about 80% of these tumors. The follicles contain peri-
odic acid-Schiff-positive proteinaceous material. SCCHT usually display moderate
atypia and numerous mitotic figures (typical frequency, >20/10 HPF) (Fig. 6.22).
Furthermore, tumor necrosis and hemorrhaging are often prominent, whereas the
stroma is fibrous but inconspicuous. In addition, a “large cell-type” variant of
SCCHT, which is sometimes called “rhabdoid tumor of the ovary,” is also known to
exist [23] (Fig. 6.23).

Immunohistochemically, SCCHT are focally positive for EMA and low molecu-
lar weight CK. Nuclear staining for p53 is often observed, and diffuse strong nuclear
staining for WTT1 is seen in most cases. A minority of tumors show focal staining for
neuroendocrine markers, such as CD56, chromogranin A, or synaptophysin.
Staining for CD99, desmin, inhibin, calretinin, and thyroid transcription factor-1
(TTF-1) is negative.

Recently, inactivating mutations in SMARCA4, a member of the switch/sucrose
non-fermenting chromatin remodeling complex, have been identified as driving
events in most cases of SCCHT [24], and SCCHT exhibits complete immunohisto-
chemical loss of SMARCA4 (INI1) (Fig. 6.24) [25]. Thus, SMARCA4 immunohis-
tochemistry is a highly valuable tool for identifying SCCHT.

Fig.6.21 Small cell carcinoma, hypercalcemic type. The tumor is composed of small- to medium-
sized round cells arranged in solid sheets and follicular patterns
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Fig.6.22 Small cell carcinoma, hypercalcemic type. The tumor cells have hyperchromatic round
or oval nuclei, a moderate amount of cytoplasm, and numerous mitotic figures

Fig.6.23 Small cell carcinoma, hypercalcemic type, large cell variant. Note the large cells (rhab-
doid cells) have eccentric nuclei and dense eosinophilic globular cytoplasm
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Fig. 6.24 Small cell carcinoma, hypercalcemic type. Note the complete immunohistochemical
loss of SMARCA4 (INI1) (reactive cells are positive)

6.6.3 Differential Diagnosis

The differential diagnoses of SCCHT include sex cord-stromal tumors, small
blue round cell tumor neoplasms, and pulmonary-type ovarian small cell carci-
noma. SCCHT is often confused with granulosa cell tumors [10, 26]. Adult gran-
ulosa cell tumors are rare in the young. Most SCCHT have spread beyond the
ovary at presentation, which is unusual in both variants of granulosa cell tumor.
Granulosa cell tumors are usually positive for inhibin-alpha and calretinin, but
negative for EMA. These features are opposite to those of SCCHT. Pulmonary-
type small cell carcinoma lacks the follicular arrangement that is characteristic
of SCCHT and is positive for neuroendocrine markers. SCCHT, particularly the
large cell variant, can be misdiagnosed as undifferentiated carcinoma or mela-
noma. The large cell variant of SCCHT should always be considered in young
patients with suspected undifferentiated carcinoma, and a diligent search for
typical small cell carcinoma foci, including the presence of follicles, should be
performed.
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6.7 Solid Pseudopapillary Neoplasm of the Ovary

These tumors are histologically and immunohistochemically identical to pancre-
atic solid pseudopapillary neoplasms [27, 28]. The reported patients with solid
pseudopapillary neoplasms of the ovary ranged in age from 17 to 57 years.
Macroscopically, these tumors are solid and cystic, and histologically they exhibit
diffuse, pseudopapillary, nested, and microcystic growth patterns (Fig. 6.25). In
these lesions, the tumor cells have a moderate amount of pale or eosinophilic cyto-
plasm and uniform round nuclei. Mitoses and atypia are rare. In addition, they are
positive for beta-catenin and negative for E-cadherin. The differential diagnoses of
solid pseudopapillary neoplasm of the ovary include sex cord-stromal tumors, ste-
roid cell tumors, and struma ovarii. This type of tumor rarely occurs at extrapan-
creatic sites [29]. Deshpande et al. [27] reported that one of three patients died of
their disease and that these tumors exhibit necrosis, lymphovascular invasion, and
brisk mitotic figures [27].

Fig. 6.25 Solid pseudopapillary neoplasm. Note the pseudopapillary, nested, and microcystic
growth patterns. The tumor cells contain a moderate amount of eosinophilic cytoplasm and round
nuclei
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Conclusion

Non-epithelial ovarian tumors have posed pathologic diagnosis, and a correct
diagnosis is imperative for appropriate therapies. Many of these neoplasms and
those in the differential diagnosis occur predominantly in young women, and
they can be aggressive and require specific chemotherapy. Some of non-epithe-
lial neoplasms show histologically biphasic or epithelioid features, mimicking
epithelial tumors. A few non-epithelial tumors are not specific to the ovary and
may arise more frequently at extraovarian sites. The recent discovery of somatic
mutations in FOXL2 in adult granulosa cell tumors and germline and somatic
mutations in DICERI in Sertoli-Leydig cell tumors and SMARCA4 in small cell
carcinoma, hypercalcemic type, contributes immunohistochemical analyses and
molecular research of these tumors.
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Abstract

A large number of genomic studies have provided important insights into molecu-
lar pathogenesis of ovarian cancer. Ovarian cancer is divided into two types: type
I and type II tumors. Type I ovarian tumors include clear cell, endometrioid, muci-
nous, and low-grade serous carcinomas, while type II tumors are mainly high-
grade serous carcinomas. High-grade serous carcinomas are characterized by 7P53
gene mutations and extensive copy number alterations. Approximately half of
high-grade serous ovarian carcinomas harbor homologous recombination pathway
deficiency. Clear cell carcinomas are characterized by upregulation of HNFIB and
IL6 and mutations in PIK3CA and ARIDIA. Alterations of HNF1B pathway, IL6
pathway, PI3K pathway, and SWI/SNF complex are influenced by copy number
alterations and epigenetic regulation. Endometrioid carcinomas are divided into
low-grade (G1-G2) and high-grade (G3) tumors, although some of high-grade
serous carcinomas have been misclassified as high-grade endometrioid carcino-
mas. Low-grade endometrioid carcinomas harbor mutations in CTNNBI, PTEN,
KRAS, PIK3CA, and ARIDIA, while high-grade endometrioid carcinomas harbor
TP53 mutations. Mucinous carcinomas exhibit ERBB2/KRAS/BRAF pathway
activation by KRAS or BRAF mutations or ERBB2 amplifications. Unlike other
type I tumors, half of mucinous carcinomas harbor 7P53 mutations. Low-grade
serous carcinomas evolve from serous borderline tumor. KRAS and BRAF muta-
tions are common in serous borderline tumors and low-grade serous carcinomas.
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7.1 Introduction

There are two types of epithelial ovarian cancer: type I and type II [1]. Type I
tumors grow slowly, while type II tumors behave aggressively. Type I tumors con-
tain low-grade serous, clear cell, endometrioid, and mucinous cancers, while type II
tumors are mainly high-grade serous cancers. A large number of genomic studies
have provided important insights into molecular pathogenesis of ovarian cancer.
This chapter summarizes genomic alterations of epithelial ovarian cancer from his-
tology to histology.

7.2  High-Grade Serous Ovarian Carcinoma
7.2.1 Germline Mutations in Ovarian Carcinoma

Ovarian carcinoma, mainly high-grade serous, can occur via germline gene mutations
in DNA repair system. In a study of 1915 ovarian carcinoma cases, 347 (18%) carried
pathogenic germline mutations, 280 (15%) had mutations in BRCA1 (n = 182) or
BRCA2 (n = 98), and the remaining cases had mutations in other 5 homologous
recombination (HR) pathway genes (BARDI, BRIPI, PALB2, RAD51C, RAD51D)
and four mismatch repair (MMR) genes (MSH2, MLHI, PMS2, and MSH6) [2].

7.2.2 The Genomic Landscape of High-Grade Serous Ovarian
Carcinoma

The Cancer Genome Atlas (TCGA) project analyzed more than 300 high-grade
serous ovarian carcinoma cases with whole-exome sequencing, SNP array (to ana-
lyze copy number alterations), mRNA expression microarray, DNA methylation
microarray, and microRNA microarray [3]. The TCGA analyses identified four
ovarian cancer transcriptional subtypes, three miRNA subtypes, four promoter
methylation subtypes, and a transcriptional signature correlated with prognosis.

Strikingly, nearly all the high-grade serous ovarian carcinoma cases harbored
somatic mutations in 7P53 (96%). Furthermore, a study by five gynecologic pathol-
ogists who reviewed the negative TP53 cases from TCGA study found that all of the
negative tumors except for one were histologically misclassified. The one exception
contained a homozygous deletion of the gene, indicating that all high-grade serous
ovarian carcinomas have a TP53 abnormality, which is almost always a mutation
[4]. Somatic gene mutations other than 7P53 occurred in less than 5% of high-grade
serous ovarian carcinomas.

Additional feature of high-grade serous ovarian carcinoma is the widespread
copy number alterations. The TCGA analysis identified regional copy number aber-
rations including 8 recurrent gains and 22 losses [3], all of which have been reported
previously [5]. Focal amplifications were observed in 63 regions. The most com-
mon focal amplifications encoded CCNEI, MYC, and MECOM in more than 20%
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of tumors. The TCGA study also identified homozygous deletions of known tumor
suppressor genes, such as PTEN, RB1, and NF1. A focal deletion at 10g23.31 that
includes only PTEN has been found in approximately 7% of tumors, which is asso-
ciated with downregulation of PTEN mRNA expression [3]. Another group con-
firmed that PTEN loss is a common event in high-grade serous ovarian cancer with
significantly worse prognosis [6].

Exome sequencing has a limited ability to detect gene mutation by structural
rearrangement. A whole-genome sequencing analysis for 92 cases of high-grade
serous ovarian carcinoma was performed focusing on the mechanism of chemore-
sistance [7]. Although NFI and RB1 were inactivated by truncating point mutations
and indels in limited number of samples (NFI; n =3, RBI; n = 2, out of 80), inclu-
sion of gene breakage raised the frequency of inactivating mutations to 20% for
NFI and 17.5% for RBI. Gene inactivation by breakage was also seen for PTEN
(7.5%) and RAD51B (5%).

Homologous recombinant (HR) pathway-deficient tumors, having extensive
copy number alterations and increased single nucleotide variants, are sensitive to
platinum and PARP inhibitor. HR pathway-deficient tumors tend to use error-prone
nonhomologous end joining to repair DNA, leading to extensive genome DNA vari-
ations. Approximately 50% of high-grade serous ovarian carcinomas exhibit genetic
or epigenetic alterations in the FA-BRCA pathway (Fig. 7.1) [3, 8]. In TCGA analy-
sis, germline BRCA 1/2 mutations are present in 14% [3], whereas somatic BRCA1/2
mutations have been identified in 6% [3]. Importantly, 81% of BRCAI and 72% of

HR deficient

BRCA1 germline mutations

Other

BRCA1 somatic mutations

NER mutations
BRCA1 promoter methylation

MMR mutations
uiet CDK12 mutations

HR proficient Other HR gene mutations

CCNE1 29,
° RAD51C promoter methylation

amplification : '
EMSY
PTEN amplification
homozygous
loss

Possibly HR deficient

Fig. 7.1 HR-deficient and HR-proficient tumors of high-grade serous ovarian carcinoma [8]
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BRCA2 mutations are accompanied by heterozygous loss [3]; thus, both alleles are
inactivated. Epigenetic silencing via promoter hypermethylation occurs for BRCAI,
but not BRCA2, in approximately 10% and is mutually exclusive of BRCA 1/2 muta-
tions [3]. Other HR pathway alterations include mutations in FA genes (mainly
PALB2, FANCA, FANCI, FANCL, and FANCC), in RAD genes (RAD50, RADS1,
RADS51C, and RAD54L), and in DNA damage response genes (ATM, ATR, CHEK ,
and CHEK?2). RAD51C was also epigenetically silenced via promoter hypermethyl-
ation in about 2% of the cases [3]. CDK12 is known to promote the transcription of
several HR pathway genes, including BRCAI. Inactivation mutation of CDKI2,
found in 3% of the cases [3], leads to downregulation of BRCA and other HR genes
[9, 10]. HR defect may also occur via indirect mechanism. PTEN inactivation has
been reported to be synthetically lethal with PARP inhibition, and one of the pro-
posed mechanisms is downregulation of RAD5 [11, 12]. Additionally, overexpres-
sion and amplification of EMSY, which inhibits transcriptional activity of BRCA2
[13], is found in as high as 17% of high-grade serous ovarian carcinomas [3].
Furthermore, there may be other mechanisms of HR deficiency, such as miRNAs
that target BRCA1/2 [14, 15].

HR pathway proficient tumors with CCNEI amplification were common in pri-
mary resistant and refractory cases [7]. Inactivation of the p53 pathway and activa-
tion of the CCNEIl pathway also contribute to chromosomal instability [16].
Alterations in nucleotide excision repair (NER) and mismatch repair (MMR) have
been reported in up to 8% and 3% of high-grade serous ovarian carcinomas, which
tumors are sensitive to platinum and resistant to PARP inhibitor [17].

Mechanism of acquired resistance to chemotherapy included breakage of tumor
suppressor genes, reversion mutation of BRCA I/2 mutated cases, and upregulation
of BRCAI gene expression by demethylation of the methylated BRCAI promoter
region in a primary tumor. Additionally, gene fusion of ABCBI with SLC25A40
promoter caused upregulation of ABCBI expression, which can cause increased
excretion of chemotherapeutic agents [7] (see also Sect. 3.4.1.1 in Chap. 3).

7.2.3 Experiments to Identify Origin of High-Grade Serous
Ovarian Carcinoma

Recently, fallopian tubal epithelial cell has been thought as the origin of high-grade
serous ovarian carcinoma [1]. Using a genetically engineered mouse that expresses
Cre recombinase from a Pax8 promoter, Brca, Tp53, and Pten genes were targeted
in fallopian tubal secretory epithelial cells. This mouse model generated serous
tubal intraepithelial carcinoma as the precursor lesion that gave rise to high-grade
serous ovarian and peritoneal carcinomas [18]. In this model, tumor-bearing mice
had higher serum CA125 levels than controls. Furthermore, the tumors had exten-
sive copy number alterations similar to human high-grade serous ovarian
carcinomas.

There is another idea regarding cell of origin of high-grade serous ovarian carci-
noma. Cells of the hilum ovarian surface epithelium, the transitional area between



7 Ovarian Cancer Genome and Molecular Experimental Sciences 147

the ovarian surface epithelium, mesothelium, and tubal epithelium, express stem
cell markers and display stem cell properties. The hilum cells show increased trans-
formation potential after inactivation of tumor suppressor genes Tp53 and Rbl.
Therefore, stem cell niches in those areas are susceptible to malignant transforma-
tion and could be the origin of high-grade serous ovarian carcinoma [19].

7.3 Ovarian Clear Cell Carcinoma
7.3.1 Gene Expression of Ovarian Clear Cell Carcinoma

Ovarian clear cell carcinoma shows unique clinical features including an associa-
tion with endometriosis and poor prognosis. A gene expression microarray analysis
identified genes commonly expressed in both ovarian clear cell carcinoma cell lines
and clinical samples, which comprise an ovarian clear cell carcinoma gene signa-
ture. The gene signature contains known markers of ovarian clear cell carcinoma,
such as HNFIB, VCAN, IL6, and other genes that reflect oxidative stress. Expression
of ovarian clear cell carcinoma signature genes was induced by treatment of immor-
talized ovarian surface epithelial cells with the contents of endometriotic cysts, indi-
cating that the ovarian clear cell carcinoma signature is largely dependent on the
tumor microenvironment [20].

7.3.2 DNA Methylation Analysis of Ovarian Clear Cell Carcinoma

Recently, genome-wide methylation and expression data were generated for 14
ovarian clear cell carcinoma, 32 non-ovarian clear cell carcinoma, and four normal
cell lines. Consensus clustering showed that ovarian clear cell carcinoma is epige-
netically distinct. Inverse relationships between expression and methylation in ovar-
ian clear cell carcinoma were identified, suggesting functional regulation by
methylation, and included 22 hypomethylated genes and 276 hypermethylated
genes. The ovarian clear cell carcinoma-specific hypomethylated genes were
involved in response to stress and many contain HNF1-binding sites, while the ovar-
ian clear cell carcinoma-specific hypermethylated genes included members of the
ERa network and genes involved in tumor development [21].

7.3.3 Genetic Analyses of Ovarian Clear Cell Carcinoma

ARIDIA mutations were reported in 46-57% and PIK3CA mutations in 31-33% of
ovarian clear cell carcinoma samples [22-24]. A whole-exome sequencing of 39
ovarian clear cell carcinoma samples identified recurrent somatic mutations in 426
genes [25]. In these 39 samples, ARID1A (62%) and PIK3CA (51%) were frequently
mutated, and known key ovarian clear cell carcinoma-related genes such as KRAS
(10%), PPP2RIA (10%), and PTEN (5%), as well as novel genes MLL3 (15%),
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ARIDIB (10%), and PIK3R1 (8%) were also mutated. Gene interaction analysis and
functional assessment revealed that mutated genes were clustered into groups per-
taining to chromatin remodeling, cell proliferation, DNA repair and cell cycle
checkpointing, and cytoskeletal organization.

A copy number variation analysis based on the above exome sequencing identi-
fied frequent amplification of MYC (chr8q, 64%), ZNF217 (chr20q, 54%), and
ERBB2, STAT3, HNFIB, PPMID (chrl7q, 46%) loci as well as deletion in
SMARCA4 (chr19p, 41%), RB1 (chr13q, 28%), NOTCH 1 (chr9q, 21%), and SMAD4
(chr18q, 21%) loci. Other copy number alterations included amplification of /L6,
IL6R, KRAS, PIK3CA, PIK3C2B, CDK2, CDK4, and CCNE1, as well as deletion of
ARIDIA, SMARCCI, SMARCA2, ARIDIB, CDKNIA, CDKN2A, CDKN2B, and
TP53. Integration of the analyses discovered that frequently mutated or amplified/
deleted genes were involved in the KRAS/PI3K signaling (82%) and MYC/RB sig-
naling (75%) pathways as well as the critical chromatin remodeling complex SWI/
SNF (85%) [25] (see also Sect. 3.4.3 in Chap. 3).

7.3.4 Role of ARID1A, PIK3CA, and IL6 in the Carcinogenesis
of Ovarian Clear Cell Carcinoma

Concurrent Aridla inactivation and Pik3ca activation in mouse ovaries generated
adenocarcinomas similar to human ovarian clear cell carcinomas. These tumors
expressed Hnflb, a marker of ovarian clear cell carcinoma. Furthermore, in this
model, the tumor growth was promoted through sustained IL6 overproduction [26].

Ovarian clear cell carcinoma was generated in vitro by introducing ARIDIA
knockdown and mutant PIK3CA into a normal human ovarian epithelial cell line.
Loss of ARIDIA impairs the recruitment of the Sin3A-HDAC complex, while the
PIK3CA mutation releases RelA from IkB, leading to NF-kB pathway activation
resulting in IL6 overexpression [27].

Collectively, these findings indicate that ARIDIA and PIK3CA mutations, fre-
quently seen in ovarian clear cell carcinoma, are sufficient to generate ovarian clear
cell carcinoma, associated with the specific gene expression including HNF1B and
IL6 (see also Sect. 3.4.3 in Chap. 3).

7.4  Ovarian Endometrioid Carcinoma
7.4.1 Genetic Analysis of Ovarian Endometrioid Carcinoma

Gene mutations in ovarian endometrioid carcinoma samples with different grades
(grade 1, n = 20; grade 2, n = 26; grade 3, n = 26) were analyzed, and mutations in
CTNNBI (13%, 5%, 0%), APC (5%, 0%, 0%), KRAS (10%, 12%, 0%), PTEN (20%,
8%, 0%), PIK3CA (20%, 8%, 0%), and TP53 (15%, 46%, 65%) were found [28].
Therefore, high-grade ovarian endometrioid carcinomas are likely to harbor TP53
mutations, while low-grade ovarian endometrioid carcinomas frequently harbor
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mutations of Wnt/p-catenin pathway and/or KRAS/PI3K pathway genes. In another
study, ARIDIA mutations were reported in 10 of 33 ovarian endometrioid carcino-
mas (30%) [23]. Another group reported mutations of CTNNBI (53%), PIK3CA
(40%), ARIDIA (30%), PTEN (17%), KRAS (33%), PPP2RIA (17%), and TP53
(7%) in low-grade (grade 1 and 2) ovarian endometrioid carcinomas (n = 30) [29].
Activating mutations of the CTNNB1 gene is associated with squamous differentia-
tion [30].

High-grade endometrioid carcinoma tumors with TP53 mutations have expres-
sion profiles similar to those of high-grade serous carcinoma [31]. However, these
tumors may have been misclassified, as suggested by more recent studies reporting
a subset of high-grade serous carcinomas that display a pseudoendometrioid pattern
[32] (see also Sect. 3.4.2 in Chap. 3).

7.4.2 Mouse Models of Ovarian Endometrioid Carcinoma

Like ovarian clear cell carcinomas, ovarian endometrioid carcinomas are frequently
associated with endometriosis. Peritoneal endometriosis occurs in mice by the acti-
vation of an oncogenic K-ras. Additionally, expression of oncogenic K-ras and Pten
deletion within the ovarian surface epithelium leads to the induction of adenocarci-
nomas similar to human ovarian endometrioid carcinomas [33]. In another study,
inactivation of the Pten and Apc in murine ovaries resulted in the formation of endo-
metrioid adenocarcinomas [28]. More recently, codeletion of Aridla and Pten
resulted in ovarian endometrioid carcinoma [34].

7.4.3 Microsatellite Instability (MSI) in Ovarian Endometrioid
Carcinoma

Ovarian cancer, particularly endometrioid adenocarcinoma, is associated with
Lynch syndrome, although the risk is much smaller than for uterine cancer. Among
71 cases with ovarian endometrioid adenocarcinoma, 7 (10%) tumors had abnormal
mismatch repair (MMR) protein status, defined as complete loss of expression of
MLH1, MSH2, MSH6, and/or PMS2. Each of these tumors with abnormal MMR
status demonstrated MSI. Importantly, concurrent uterine tumor was present in 5/7
patients whose ovarian tumor had abnormal MMR/MSI [35].

7.4.4 Genetic Analysis of Synchronous Endometrial and Ovarian
Carcinoma

Five to ten percent of women with ovarian endometrioid carcinomas present with
concurrent endometrial carcinoma. Based on both targeted and exome sequencing
of 18 synchronous endometrial and ovarian tumors, most (17/18) cases showed
evidence of clonality. Importantly, 10 of 11 cases that fulfilled clinicopathological
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criteria that would lead to classification as independent endometrial and ovarian
primary carcinomas showed evidence of clonality [36]. Therefore, the genome-wide
analysis demonstrated that most synchronous endometrial and ovarian carcinoma
tumors develop from a clonal origin.

7.5  Mucinous Ovarian Tumors
7.5.1 Origin of Mucinous Ovarian Tumors

Mucinous ovarian carcinomas typically display heterogeneity, with lesion of muci-
nous cystadenoma admixed with borderline tumor and carcinoma. The identical
KRAS mutation in these components provides strong evidence that mucinous cyst-
adenomas are the precursor lesions of mucinous carcinoma [37, 38].

In terms of the origin of mucinous cystadenoma, a subset develops from muci-
nous epithelium in mature teratomas. A microsatellite genotyping analysis of muci-
nous tumors associated with a teratoma revealed five of six pairs of tumors with
teratoma showed a high or complete degree of allelotype matching, which differed
from the somatic allelotypes of the normal control tissue [39].

It has been proposed that many of nongerm cell mucinous tumors are derived
from Brenner tumors. In a study of 40 mucinous cystadenomas, 67 Brenner tumors,
and 13 combined tumors, a total of 25% of tumors with a mucinous component
contained a Brenner component, and 16% of tumors with a Brenner component
contained a mucinous component. Mucinous tumors are typically large, whereas
Brenner tumors tend to be smaller. Accordingly, the Brenner tumor is compressed
by the large mucinous cystadenoma and may be overlooked [40]. This hypothesis
was supported by a recent study showing that, in combined Brenner and mucinous
tumors, the Brenner and mucinous components are clonally related [41] (see also
Sect. 3.4.4 in Chap. 3).

7.5.2 Genetic Features of Mucinous Ovarian Tumors

KRAS-activating mutation is the most common single molecular genetic alteration
in mucinous carcinomas, occurring in 65% of cases [42]. Another study identified
mutations in a novel gene, RNF43, a zinc finger-dependent E3 ubiquitin protein
ligase. RNF43 mutations were observed with a frequency of 2/22 (9%) in mucinous
ovarian borderline tumors and 6/29 (21%) in mucinous ovarian carcinomas [43]. In
contrast to other type I ovarian carcinomas, 7P53 mutation is frequent in mucinous
carcinomas, being present in approximately one-half of cases [42, 43]. In a genetic
analysis of a total of 82 mucinous ovarian tumors, which included exome sequenc-
ing of 24 tumors and a validation cohort of benign 58 tumors for specific gene
regions, benign, borderline, and carcinoma samples harbored mutations in BRAF
(0%, 10%, 23%), TP53 (9%, 14%, 52%), and RNF43 (0%, 7%, 20%), respectively,
which mutations were associated with progression of the disease. Other recurrent,
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but not associated with progression, mutations were found in KRAS (54%), CDKN2A
(16%), ARIDIA (8%), ELF3 (6%), GNAS (6%), ERBB3 (5%), and KLF5 (5%) [44].

Overexpression and amplification of ERRB2 was observed in 11/176 (6%) muci-
nous borderline tumors and 29/154 (19%) mucinous cancers. KRAS mutations and
ERRB?2 amplification are near mutually exclusive (#41#). Thus, mutations in KRAS,
BRAF, and/or ERRB2 amplification are present in the majority of mucinous neo-
plasms, indicating RAS/RAF pathway activation is frequent in this tumor. (See also
Sect. 3.4.4 in Chap. 3).

7.6 Serous Borderline Tumor and Low-Grade Serous
Ovarian Carcinoma

It has been well established that low-grade serous ovarian carcinomas can develop
from serous borderline tumor. Deletions of ch1p36 and ch9p21 are much more com-
mon in low-grade serous ovarian carcinomas than in serous borderline tumors [45].
The ch1p36 region contains several candidate tumor suppressor genes including miR-
34a. Then, the ch9p21 region including the CDKN2A/B locus encodes three tumor
suppressor proteins, p14 (Arf), p16, and p15. Thus, deletions of ch1p36 or ch9p21 may
cause progression of some serous borderline tumors to low-grade serous carcinomas.

KRAS mutations occur in one-third of serous borderline tumors and log-grade
serous ovarian carcinomas, and BRAF mutations occur in another one-third of serous
borderline tumors but less commonly in low-grade serous ovarian carcinomas [46,
47]. BRAF-mutated advanced-stage low-grade serous ovarian carcinomas are much
less common than are BRAF-mutated advanced-stage serous borderline tumors [48—
50]. ERBB2 and NRAS mutations are also detected in a small percentage of low-
grade serous ovarian carcinomas [47, 51]. These mutations result in activation of the
MAP kinase signal transduction pathway. Exome sequencing analyses also identified
BRAF and KRAS as the most frequently mutated genes (#43#, #44#).

A better outcome has been reported for women whose tumors contain BRAF
mutations than for women with KRAS mutations or wild-type BRAF and KRAS [48,
49, 52]. BRAF mutations correlate with the presence of cells with abundant eosino-
philic cytoplasm, which may suggest cellular senescence caused by BRAF activa-
tion [53, 54] (see also Sect. 3.4.1.2 in Chap. 3).

Conclusion

Type I tumors, containing low-grade serous, clear cell, endometrioid, and muci-
nous cancers, are characterized by activating mutations in the ERRB2/KRAS/
BRAF/MEK pathway, PI3K/AKT pathway, and Wnt pathway and inactivation
mutations in the PTEN- and ARID1A-related chromatin remodeling. In contrast,
type II tumors, mainly high-grade serous cancers, are characterized by inactiva-
tion of the TP53, deficiency of the HR pathway, and extensive copy number
alterations. Representative genetic alterations are summarized in Table 7.1.
These findings would lead to discovery of effective molecularly targeted drugs
and their biomarkers.
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Table 7.1 Representative genetic alterations in epithelial ovarian cancer

Copy number
Gene mutation amplification Copy number loss
High-grade serous TP53, BRCA1/2 CCNEI, MYC, MECOM  PTEN, RBI, NF1
Clear cell ARIDIA, PIK3CA MYC, ZNF217, ERBB2,  SMARCA4, RBI,
STAT3, HNFI1B, PPMID SMAD4
Endometrioid CTNNBI, PIK3CA,
(low-grade) KRAS, PTEN
Mucinous KRAS, TP53, BRAFE, ERBB2
RNF43, CDKN2A
Low-grade serous KRAS, BRAF CDKN2A/2B,
miR-34a
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Strategies for the Management
of Epithelial Ovarian Cancer

Nozomu Yanaihara and Aikou Okamoto

Abstract

Ovarian cancer is the most lethal gynecological malignancy worldwide. Ovarian
cancer mostly responds to primary treatment; however, patients with advanced
stage disease have a high recurrence rate, and the 5-year survival rate is esti-
mated to be below 45%. The basic primary treatment of epithelial ovarian cancer
comprises surgical intervention, which aims to completely eradicate the tumor,
and platinum—taxane-based combination chemotherapy, followed by optimal
follow-up. In this context, fundamental strategies for the management of epithe-
lial ovarian cancer are discussed based on the current clinical practice
guidelines.

Keywords
Chemotherapy ® Molecular targeted therapy ¢ Surgical management

8.1 Introduction

Optimal treatment strategies for epithelial ovarian cancer are well documented in
the current clinical practice guidelines; these guidelines are based on the evidence
obtained from clinical studies performed worldwide [1-3]. In Japan, the fourth
edition of the Japan Society of Gynecologic Oncology guidelines for the treat-
ment of ovarian cancer was published in 2015 with the overall task to improve the
prognosis of ovarian cancer [3]. Basic primary treatment for epithelial ovarian
cancer includes surgical intervention (staging laparotomy and debulking surgery)
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Fig. 8.1 Flowchart of fundamental strategies for the management of epithelial ovarian cancer.
Cited from Komiyama et al. [3] with slight modifications

and chemotherapy (postoperative and neoadjuvant) followed by optimal follow-
up. Fundamental strategies for the management of epithelial ovarian cancer are
shown in the flowchart (Fig. 8.1) [3].

8.2  Surgical Management
8.2.1 Early (Localized to the Ovary)-Staged Ovarian Cancer

The primary aim of surgery for early ovarian cancer is to resect the tumor and define
a precise pathological diagnosis to obtain definitive staging according to the
International Federation of Gynecology and Obstetrics guidelines. Optimal staging
laparotomy, which can reveal important information for subsequent treatment,
includes bilateral salpingo-oophorectomy, total hysterectomy, omentectomy, perito-
neal cytology, pelvic/para-aortic lymph node dissection (biopsy), and biopsies from
sites in the abdominal cavity. Both retroperitoneal lymph node dissection up to the
renal veins and intraperitoneal (IP) biopsy of the Douglas pouch, parietal perito-
neum, surface of the diaphragm, intestinal tract, mesentery, and suspected lesions
are informative factors for accurate staging. It is well known that the comprehensive
surgical staging is important to disclose occult advanced disease [4, 5]. Therefore,
if the final diagnosis of ovarian cancer is confirmed after initial surgery (incomplete
surgery and/or staging), staging laparotomy by re-laparotomy should be performed
[3]. Although retroperitoneal lymph node metastases have been observed in
5%-21% of patients with pT1 diseases, there is no strong evidence based on
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randomized clinical trials to indicate that lymph node dissections have any impact
on the prognosis of early ovarian cancer [6].

The clinical requirement of preserving fertility in young patients with ovarian
cancer may be present. The basic fertility-sparing surgical procedure for early ovar-
ian cancer includes disease-side salpingo-oophorectomy, omentectomy, and perito-
neal cytology with informed consent after providing detailed information about
fertility preservation and the potential risk of disease recurrence [3]. In addition,
staging laparotomy, including the biopsy of the contralateral ovary, pelvic/para-
aortic lymph nodes, and sites in the abdominal cavity, should be considered to
exclude the possibility of advanced disease. The basic indication for fertility-sparing
surgery is stage IA disease with grade 1 or 2 of the serous, mucinous, or endometri-
oid histotype. In addition, stage IC (localized to one ovary with negative ascites
cytology) with grade 1 or 2 of non-clear histotype or stage IA of clear cell histotype
can also be considered for fertility-sparing surgery.

8.2.2 Advanced Stage (Stage Il or More) Ovarian Cancer

Maximal debulking surgery to achieve complete visible disease resection is recom-
mended for advanced ovarian cancer because no residual tumor at the end of sur-
gery has been shown to be associated with prolonged patient survival [3, 7]. In
general, complete surgery is defined if there is no residual tumor detectable by
macroscopic evaluation, optimal surgery is defined as residual tumors of <1 cm in
diameter, and suboptimal surgery is defined if the residual tumors are >1 cm in
diameter. Surgical procedures that may lead to achieve complete resection include
bowel resection, peritoneal stripping, diaphragm resection, bulky lymph node
removal, splenectomy, and other procedures. Therefore, multidisciplinary expert
surgical and medical management may be required. Conversely, indications for
pelvic/para-aortic lymph node dissection in advanced ovarian cancer remain to be
elucidated. A retrospective review of three randomized trials for advanced ovarian
cancer indicated that lymphadenectomy might offer benefit mainly to patients with
advanced ovarian cancer but without gross residual disease [8]. A multicenter ran-
domized clinical trial, however, demonstrated that there was no difference in over-
all survival (OS) between patients with systemic lymphadenectomy and those with
removed bulky nodes [9]. Altogether, systemic retroperitoneal lymphadenectomy
could be considered if optimal surgery has been achieved in patients with advanced
ovarian cancer.

If primary surgery for advanced ovarian cancer results in a suboptimal outcome,
interval debulking surgery (IDS) should be considered as a treatment option during
chemotherapy [3]. There have been two controversial randomized clinical trials
about the value of this treatment strategy: the Gynecological Cancer Cooperative
Group of the European Organization for Research and Treatment of Cancer
(EORTC) trial, which showed IDS to have improved survival [10], and the
Gynecologic Oncology Group phase III treatment trial, which reported negative
effects of IDS for these patients [11].
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Although the fundamental treatment strategy for advanced ovarian cancer has
generally been primary debulking surgery (PDS) followed by chemotherapy, thera-
peutic benefit of neoadjuvant chemotherapy (NAC) followed by IDS is still
debated. Till date, two large randomized clinical trials (the EORTC 55971/NCIC
OV13 and CHORUS trials) have demonstrated that the prognosis of advanced
ovarian cancer with NAC + IDS was not inferior to that of PDS followed by che-
motherapy [12, 13]. In addition, a recent phase III noninferiority trial (the JCOG
0602 trial) comparing PDS with NAC + IDS conducted by the Japan Clinical
Oncology Group supports the idea that NAC + IDS is becoming more widely
accepted [14]. Based on these results, NAC + IDS could be considered as a treat-
ment option for patients with advanced ovarian cancer in whom an optimal out-
come by primary surgery cannot be expected because of its extensive dissemination
and metastasis, poor patient condition, and serious complications [1-3]. The per-
formance status and the American Society of Anesthesiologists (ASA) physical
status classification are generally used for evaluating the patient’s general condi-
tion. Patient’s age (particularly of the elderly), general condition, nutrition status,
and clinical stage should be taken into consideration for choosing appropriate sur-
gery. It should be noted that the incidences of intraoperative and perioperative
complications are frequent in elderly patients. Because it is thought that maximal
debulking surgery should also be performed in elderly patients, NAC with the
improvement of the general condition followed by IDS (hopefully complete sur-
gery) should be considered in these patients [15].

8.2.3 Risk-Reducing Salpingo-Oophorectomy (RRSO)

Recent accumulating evidence has revealed that prophylactic bilateral salpingo-
oophorectomy is associated with a reduced risk of breast, ovarian, fallopian tube,
and primary peritoneal cancers in women with BRCAI or BRCA2 mutations [16,
17]. Therefore, RRSO, under the institutional ethics committee approval, is recom-
mended for the patients carrying BRCA1/2 mutations, along with genetic counsel-
ing by clinical geneticists and careful pathological review [3].

8.2.4 Laparoscope-Assisted Surgery

There is no difference in terms of the survival benefit for selected patients with early
ovarian cancer between open laparotomy and minimally invasive procedures, such
as laparoscope-assisted surgery, performed by experienced gynecologic oncologists
[18]. In addition, it is noted that laparoscopic inspection for observing intraperito-
neal cavity and for staging in patients with advanced ovarian cancer can be a useful
method [19]. However, quite a few randomized trials of laparoscope-assisted sur-
gery for ovarian cancer have been conducted till date, but laparoscope-assisted sur-
gery is not currently recognized as a standard procedure that can replace open
laparotomy [3]. In patients with advanced cancer, however, the minimally invasive
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procedure may be substituted for open laparotomy to observe the abdominal cavity
and collect tissue samples [3]. Furthermore, in general, laparoscope-assisted
approach can be used for prophylactic bilateral salpingo-oophorectomy.

8.2.5 Intraoperative Pathological Evaluation

Although the diagnosis of ovarian cancer may be made by preoperative evaluation
and intraoperative findings, the judgment between benign and borderline malignan-
cies is occasionally difficult. Intraoperative rapid pathological examination using
frozen sections may help to select the optimal surgical procedure and avoid an
unnecessary second surgical procedure in such cases [1-3].

8.3  Frontline Chemotherapy
8.3.1 Standard Chemotherapy

Standard frontline chemotherapies include (1) conventional TC therapy with pacli-
taxel (3-h intravenous infusion at 175 or 180 mg/m?) followed by carboplatin (1-h
intravenous infusion of area under the curve [AUC] of 5 or 6) on day 1, given every
3 weeks for 6 cycles, and (2) dose-dense TC therapy with paclitaxel (1-h intrave-
nous infusion at 80 mg/m? on days 1, 8, and 15) plus carboplatin (1-h intravenous
infusion at an AUC of 6 on day 1), given every 3 weeks for 6 cycles. Significant
improvement in both progression-free survival (PFS) and overall survival (OS) with
a dose-dense schedule when compared with conventional therapy in stage 1I-IV
ovarian cancer was documented by the JGOG3016 trial [20, 21]. However, higher
toxicity, which is a potential reason to discontinue treatment, was observed in dose-
dense regimens.

As frontline chemotherapy, other than conventional TC therapy, DC therapy with
docetaxel (1-h intravenous infusion at 70 or 75 mg/m?) followed by carboplatin (1-h
intravenous infusion at an AUC of 5) on day 1, given every 3 weeks for 6 cycles, and
also PLD-C therapy with pegylated liposomal doxorubicin (1-h intravenous infu-
sion at 30 mg/m?) followed by carboplatin (1-h intravenous infusion at an AUC of
5) on day 1, given every 4 weeks for 6 cycles, can be considered as alternatives [3].
In addition, for frail and elderly patients who may not be able to tolerate these com-
bination therapies, cisplatin or carboplatin monotherapy is recommended [3].

It has been suggested that response rates to standard first-line chemotherapy, which
is conventionally used for high-grade serous carcinoma (HGSC), are less in rare ovar-
ian cancer subtypes, such as low-grade serous carcinoma, clear cell carcinoma (CCC),
and mucinous carcinoma [22]. However, at present, there is insufficient evidence to
support the modification of standard chemotherapy according to tumor histopathol-
ogy [3]. Arandomized phase III trial (the JGOG3017/GCIG trial) of paclitaxel/carbo-
platin versus irinotecan/cisplatin as a first-line chemotherapy for stage IC-IV CCC
showed no significant difference in 2-year PES and OS rates [23].
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Postoperative chemotherapy can be avoided for patients with stage IA or IB, grade
1 disease, as confirmed by optimal staging laparotomy [3], based on evidence from a
Cochrane meta-analysis of five randomized clinical trials, including the ACTION and
ICONT1 trials. This meta-analysis aimed to evaluate the benefit of postoperative che-
motherapy for early ovarian cancer and found that adjuvant platinum-based chemo-
therapy was effective in the majority of early ovarian cancer patients, except in the
subpopulations involving patients with stage IA or IB, grade 1 disease [24].

8.3.2 Intraperitoneal Chemotherapy

IP chemotherapy after optimal surgery can be considered for advanced ovarian
cancer [3], although this delivery method may have greater toxicity associated
with catheter complications, such as infection, abdominal pain, and abdominal
discomfort. The GOG172 trial demonstrated that IP chemotherapy conveyed a
survival advantage to stage III ovarian cancer patients with no more than 1 cm of
residual disease [25]. The IP chemotherapy regimen used in this trial was 24-h
intravenous infusion of paclitaxel at 135 mg/m? on day 1, followed by IP cisplatin
at 100 mg/m? on day 2, and IP paclitaxel at 60 mg/m* on day 8, given every
3 weeks for 6 cycles. A recent Cochrane meta-analysis of nine randomized clini-
cal trials reported reliable estimates of survival benefits for IP chemotherapy for
advanced ovarian cancer [26].

8.3.3 After Primary Treatment

In general, observation rather than maintenance chemotherapy is recommended for
patients who exhibit no evidence of disease progression (complete remission) after
initial treatment because the usefulness of maintenance chemotherapy has not yet
been demonstrated through several randomized clinical trials [27-30]. However,
maintenance with molecular targeted drugs, which is described in a later section,
has been shown to increase PFS when the agents were concurrently used with TC
therapy followed by maintenance therapy. If complete remission is not achieved by
initial treatment (partial remission or progression), additional treatment (second-
line chemotherapy and radiotherapy), participation in a clinical trial, or best sup-
portive care should be considered [1, 3].

8.4  Molecular Targeted Therapy

The use of bevacizumab (a monoclonal antibody targeting vascular endothelial
growth factor) should be considered in combination with chemotherapy and as
subsequent maintenance therapy with careful patient selection and appropriate
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monitoring for adverse events [3]. Two large randomized trials (the GOG218 and
ICONT7 trials) have evaluated the benefit of bevacizumab with conventional TC
therapy as a frontline treatment for ovarian cancer [31, 32]. There were several dif-
ferences between the two trials regarding patient characteristics and the dose and
duration of bevacizumab. Both trials showed that PES, but not OS, was significantly
improved if bevacizumab was concurrently used with TC therapy and followed by
maintenance therapy compared to the control arm (conventional TC therapy).
Subgroup analysis of the ICON7 trial showed that both the PFS and OS of patients
at high risk of disease progression (stage IV, inoperable stage III, or stage III with a
residual tumor >1 cm) were significantly prolonged by the addition of bevacizumab
[33]. Since neither of these trials documented a significant impact on OS, the con-
sensus and license situations differ among counties in terms of the incorporation of
bevacizumab into frontline therapies.

Molecular targeted agents with a potential for use in the treatment of ovarian
cancer as a frontline therapy include poly ADP-ribose polymerase (PARP) inhibi-
tors (including olaparib, niraparib, veliparib, and rucaparib) and immune check-
point inhibitors (including anti-CTLA-4 antibody, anti-PD-1 antibody, and
anti-PD-L1 antibody). We should not overlook the ongoing clinical trials regarding
the use of these molecular targeted agents in a variety of clinical settings, including
frontline, maintenance, and recurrent disease with or without cytotoxic agents in
ovarian cancer treatment [34, 35].

8.5 Optimal Follow-Up After Primary Treatment

Because there is a lack of strong evidences in terms of the optimal follow-up
interval and methods after initial treatment, clinical practice based on current
guidelines varies [1-3]. In general, routine visit could be every 1-3 months for
2 years, followed by every 3—6 months for 3 years, and every 1 year for year 6
onward. History taking and pelvic examination should be considered at every
visit, whereas CA125 measurement and imaging studies, including transvaginal
ultrasonography and computed tomography scanning, may be ordered as clini-
cally required. Early intervention for patients with a complete clinical remission
after initial treatment who have elevated CA125 levels without any symptoms of
recurrent disease remains to be elucidated. A phase III trial (the MRC OVO0S5-
EORTC 55955 trial) evaluating the utility of CA125 monitoring for ovarian
cancer recurrence demonstrated that early intervention based on elevated CA125
levels alone had no clinical benefit compared with the treatment after the clini-
cal evidence of relapse [36]. Therefore, early intervention in response to ele-
vated CA125 levels alone is not necessarily recommended at present [3].
Although one may argue the usefulness of CA125 measurement as a part of
follow-up, it may be useful as a clue to identify patients with surgically resect-
able recurrence [1, 3].



162 N. Yanaihara and A. Okamoto

Conclusion

Ovarian cancer is one of the most challenging cancers affecting women, with
5-year survival rates below 45% [37]. Multidisciplinary therapy of surgery with
chemotherapy remains the fundamental strategies for first-line therapy of ovarian
cancer. In the past decades, only a few clinical trials have been able to achieve an
improved overall survival. Many current practice guidelines are based on evi-
dence generated by clinical trials that have been conducted through international
collaboration. Further ongoing clinical trials addressing IP chemotherapy,
NAC + IDS, and the integration of molecular targeted agents may result in
greater impact on the outcome for patients with ovarian cancer.
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Strategies for the Management 9
of Epithelial Ovarian Borderline Tumors

Kimio Ushijima

Abstract
Borderline ovarian tumor (BOT) has distinct characteristics from benign or carci-
noma of the ovary. BOT occurs more often in young women, so usually fertility
preservation should be considered. BOT has some histologic subtypes and differ-
ent clinical behavior. So the clinical management for BOT should be decided indi-
vidually. Serous borderline tumor (SBT) shows relatively higher incidence of extra
ovarian peritoneal implant lesion than other subtypes, and micropapillary pattern
(MP) has worse prognosis. As other subtypes, mucinous boderline tumor (intesti-
nal type) and seromucinous boderline tumor are existed. Intestinal type has ten-
dency to be large tumor and having histologic heterogeneity. Seromucinous BOT
has similar character with SBT. Prognosis of BOT is much better than carcinoma,
but advanced cases with invasive implant have high incidence of recurrence.
Standard surgical procedure for BOT is staging laparotomy for ovarian cancer
excepting systemic lymphadenectomy by open surgery. In young women
fertility-sparing surgery is accepted. Laparoscopy itself has no relation with
worse prognosis. Restaging surgery is necessary after cystectomy. Accurate
pathological diagnosis and appropriate surgical treatment are most important for
the management of BOT. Adjuvant chemotherapy has no evidence of clinical
benefit even for advanced-stage BOT.
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9.1 Introduction

Borderline ovarian tumor (BOT) was defined by the World Health Organization
(WHO) histologically as exhibiting atypical epithelial proliferation, greater than
seen in benign counterparts without destructive stromal invasion. BOT also was
recognized as having intermediate clinical behavior between benign and malignant
ovarian tumor [1]. The incidence of BOT is increasing [2]. From the data of the
Japan Society of Obstetrics and Gynecology, Gynecologic Oncology Committee, in
1998, 300 cases from 89 institutions, in 2007, 968 cases from 269 institutions, and,
in 2013, 1903 cases from 423 institutions were reported [3]. The increasing ten-
dency is more remarkable than the increase of number of institutions. Furthermore,
comparing with carcinoma, BOT occurs 10 years younger than carcinoma does, so
fertility-sparing treatment strategy should be usually considered.

BOT has various histologic types having different clinical behavior. Also, diag-
nostic accuracy of BOT is relatively low preoperatively and at surgery. Due to these
unique characteristics, different treatment strategy from invasive carcinoma should
be planned, but it is still controversial. In this chapter, it is explained how we should
make the treatment strategy for typical histologic types of BOT.

9.2 Characteristics of Serous Borderline Tumor

Serous borderline tumor (SBT) is diagnosed by the stratified serous epithelial cells
resembling the fallopian tube with a hierarchical pattern of branching and a varying
degree of nuclear atypia with an absence of frank invasion. About 30% of SBT occur
in bilateral ovaries, and 20—40% of cases have extra ovarian peritoneal implants [4].
Some SBT has worse prognostic pathologic features, such as micropapillary pattern
(SBT-MP), microinvasion, extraovarian implant, and bilateral tumors. Each charac-
teristic often coexists in same patient. Especially in SBT-MP, surface involvement,
bilateral appearance, and peritoneal implants are found more frequently and show
remarkably worse prognosis than usual SBT (Fig. 9.1) [5]. Among peritoneal

Fig.9.1 Serous borderline
tumor, micropapillary
pattern. Non-hierarchial
pattern is shown with
micropapillary projection
five times longer than
width at least 5 mm in
dimension with fibrous
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implants, invasive implant has more aggressive behavior but less frequently (12% of
all implants) than noninvasive implant [5]. Retroperitoneal lymph node involvement
was found in 20%-30% of SBT, but most of them were not significantly prognostic,
suggesting lymph nodes via peritoneal route and not through lymphatic channels [6].

The prognosis of SBT is excellent in stage I tumor, and advanced-stage SBT with
noninvasive implant still has 90% in 5-year survival rate. Nevertheless, longtime
follow-up should be required, because recurrence may occur in longer period as
about 20 years [7].

9.3 Characteristics of Mucinous Borderline Tumor
and Seromucinous Borderline Tumor

Mucinous borderline tumor (MBT) is diagnosed by the proliferation of mucinous epithe-
lial tumor cells with intermediate (variable) nuclear atypia and an absence of frank stro-
mal invasion. In 2014 WHO tumor classification about mucinous tumors was revised.
Only intestinal-type mucinous ovarian tumor was classified as mucinous tumor. And
tumor with two or more epithelial types, such as endocervical-type mucinous, serous
epithelium, and rarely endometrioid or squamous epithelium, was newly classified as
seromucinous type [8]. These two tumors should be discriminated, because their clinical
characteristics are apparently different [9]. MBT intestinal type is more frequently (85%
of MBT), and usually large and multicystic tumor, and mostly confined to the ovary.
Seromucinous BOT includes tumors which were used to be called as endocervical-like
mucinous, mixed Miillerian mucinous, and mixed serous, endometrial, or squamous bor-
derline epithelium. Prognosis of MBT was excellent in stage I tumor. Seromucinous
BOT has 40% of bilateral tumors, and more than 20% are stage II-III tumors like SBT
[4]. Also clinical behavior of seromucinous BOT resembles with SBT [10].

MBT has often heterogeneous histology, containing areas of cystadenoma or muci-
nous carcinoma. The discordant diagnosis of frozen section and permanent diagnosis
occurs in 34% of MBT [11]. The prognosis of MBT is also excellent, but around 10%
of MBT has recurred during 5-10 years period as mucinous carcinoma. Most recur-
rent cases have the possibility of sampling error at the primary tumor resection because
of more heterogeneity (benign, borderline, intraepithelial carcinoma, microinvasion,
invasive carcinoma) in huge mucinous tumor [12]. If borderline is suspicious, ade-
quate pathologic sampling is needed. National Cancer Institute-sponsored ovarian
tumor workshop proposed that one section per cm (<10 cm) and two sections per cm
(>10 cm) should be obtained for the accurate diagnosis [13].

9.4  Surgical Management of BOT
9.4.1 Standard Surgical Procedure
Standard surgical procedure for BOT is staging laparotomy for ovarian cancer

excepting systemic lymphadenectomy by open surgery. Lymphadenectomy can be
omitted even for stage II and III disease, as there is no difference in the recurrence
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or survival rate between with and without lymphadenectomy [14]. No residuals at
surgery would be very important as a favorite prognostic factor. If suspected perito-
neal lesions are found by intra-abdominal examination, removing such lesions
should be considered, or taking peritoneal biopsies from several sites should be
considered if there are no suspected peritoneal lesions [15]. Appendectomy is to be
added for MBT.

For patients who wish to preserve fertility, in addition to salpingo-oophorectomy
on the affected side + omentectomy + peritoneal cytology, detailed intra-abdominal
examination should be considered [15].

9.4.2 Laparoscopic Surgery and Restaging Surgery

BOT which was diagnosed accurately has excellent prognosis. Some surgical fac-
tors are related to recurrence of BOT, such as cystectomy, incomplete resection, and
intraoperative spillage. Recently, laparoscopic surgery (LS) has become a standard
procedure for benign ovarian tumor resection. LS was often employed for BOT with
preoperative diagnosis as a benign tumor. LS has the potential risk of recurrence
such as rupture of cyst, tumor cell dissemination, and trocar site metastasis. Most
recurrent cases after LS had received conservative therapy. Nevertheless, LS itself
had no relation with worse prognosis [16].

Restaging surgery is planned when unexpected final pathological result of BOT
is obtained after primary surgery. The upstaging rate varies 7-40% among the stud-
ies, and it was always remarkably higher in SBT, especially SBT-MP histology has
high risk of upstage [17]. Most positive findings of upstaged cases are peritoneal
implant or positive washing cytology (Fig. 9.2). The standard procedure of restag-
ing surgery for BOT is as follows. Disease-side unilateral salpingo-oophorectomy
(USO), careful inspection of peritoneum, random biopsy at peritoneum, infracolic
omentectomy, appendectomy (in case of MBT), and washing cytology should be

Fig. 9.2 Peritoneal implant in serous borderline tumor. (a) Small nodule on Douglas pouch peri-
toneum showed peritoneal (non invasive) implant (b)
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Fig. 9.3 Management strategy for serous BOT. OT ovarian tumor, SBT serous borderline tumor,
SBT-MP serous borderline tumor with micropapillary pattern, USO unilateral salpingo-
oophorectomy, OMT omentectomy, TAH total abdominal hysterectomy, BSO bilateral
salpingo-oophorectomy

performed. If peritoneal implant is found, fertility preservation may be abandoned
in some cases (Fig. 9.3). On the other hand, MBT has low incidence of upstaged
cases as 4% [17]. Therefore, in case of MBT intestinal type, restaging surgery may
be not required, if at least USO was already performed. Nevertheless, recheck the
pathology by full-sectioned specimen which should be done to avoid missing the
worse prognostic findings, such as intraepithelial carcinoma, microinvasive carci-
noma, or mucinous carcinoma. In seromucinous BOT, therapeutic strategies are
almost same as SBT (Fig. 9.4).

In cases with bilateral tumors, surgical approach may be individualized.
Conservative procedure, such as USO plus cystectomy or bilateral cystectomy, has
risk of recurrence. Both procedures retrospectively have shown no significant dif-
ference of recurrence rate as 26%, so less invasive strategy may be chosen for fertil-
ity outcomes [18].

About the adjuvant therapy, BOT was often described to be chemoresistant
because of its low proliferation rate. There is no prospective study about the adju-
vant chemotherapy for BOT. In a retrospective study for 80 patients with stages II to
IV SBT, 3-year progression-free survival (PFS) was 89.9% without adjuvant che-
motherapy group. On the other hand, PFS was 70.6% with adjuvant chemotherapy
group [19]. A recent meta-analysis showed no survival difference between patients
with adjuvant chemotherapy and surgery only [20].
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Fig. 9.4 Management strategy for mucinous and seromucinous BOT. MBT mucinous borderline
tumor

Conclusion

In conclusion, BOT mainly consists of three different types, SBT, intestinal
MBT, and seromucinous MBT. Each type shows different characteristics, and
each has unique clinical features which influence prognosis. Accordingly, we
should not treat them uniformly under the simple diagnosis of “borderline
tumor.” Inadequate or overtreatment should be avoided. To propose the optimal
treatment strategy for patient, close communication with the pathologist and dis-
cussion with individual patient are essential.
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Non-epithelial Ovarian Tumors

Satoru Kyo

Abstract

The rarity of non-epithelial ovarian tumors provides many challenging aspects
for the clinician, with most general gynecologists only seeing a patient every
several years. The first barrier to the management of these tumors is the difficulty
of pathological diagnosis, and specialists in pathology must therefore be involved
in the diagnostic process. The second barrier is a lack of clinical practice guide-
lines, due to the paucity of reliable clinical studies resulting from the rarity of
such patients. A more advanced information base can be found in the field of
testicular cancer, and some treatment strategies have thus been based on clinical
studies of testicular tumors. Fortunately, the prognosis of patients with non-
epithelial ovarian tumors is not poor in the early clinical stages, and fertility-
sparing operations can be selected although there are some unresolved issues
concerning the indication of this type of surgery. Furthermore, established che-
motherapies have been associated with a favorable prognosis. Recent advances
in molecular biology have identified a variety of genetic alterations in these
tumors, some of which can be useful as biomarkers. Further basic research to
dissect the molecular mechanisms of carcinogenesis of these tumors is now nec-
essary to develop novel molecular-targeting approaches that can be combined
with existing chemotherapeutic regimens, such as BEP (bleomycin, etoposide,
and cisplatin), that have been shown to be effective in this type of tumors.
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10.1 Introduction

Malignant non-epithelial ovarian tumors are relatively rare, but account for approxi-
mately 10% of ovarian malignancies. Although there are few reliable clinical trials
on the treatment of these tumors, surgical procedures and appropriate chemotherapy
regimens have now been established. Each of these tumors has characteristic clini-
cal features that are helpful for proper preoperative diagnosis. In the latest World
Health Organization (WHO) classification guidelines for ovarian cancer [1], non-
epithelial tumors encompass a large variety of types, including mesenchymal tumors
(low- and high-grade endometrioid stromal tumors), mixed epithelial and stromal
tumors (adenosarcomas and carcinosarcomas), pure stromal tumors (e.g., fibromas
and thecomas), pure sex cord-stromal tumors (SCSTs, e.g., adult granulosa cell
tumors or AGCTs and juvenile granulosa cell tumors or JGCTs), mixed SCSTs
(e.g., Sertoli-Leydig cell tumors), and germ cell tumors (see Table 6.1 in Chap. 6).
Considering relatively high prevalence of SCSTs and malignant ovarian germ cell
tumors (MOGCTs) in malignant ovarian tumors, this chapter focuses on the man-
agement strategies for these tumors, with a discussion on the molecular aspects of
each.

10.2 Ovarian Sex Cord-Stromal Tumors (SCSTs)
10.2.1 Clinical Features of Ovarian SCSTs

In Japanese population, the SCSTs account for 0.3—0.5% of malignant ovarian neo-
plasia [2-4]. Among the various SCSTs, two types of pure sex cord tumor, namely,
AGCTs and JGCTs, are representative. They are usually characterized by age at
diagnosis, with the former commonly arising in perimenopausal and early post-
menopausal women and the latter in younger patients (most often 10-30 years of
age). Although patient age is informative, clinical symptoms are variable in SCSTs,
and a definitive diagnosis can only be made by pathological examination of the dis-
sected tumors. Approximately 50% of patients with granulosa cell tumor (GCT)
exhibit estrogen-related symptoms, such as atypical bleeding and menstrual disor-
ders, and may have abdominal symptoms, including distension and pain. Elevation
of serum estradiol (E2) levels is representative of this disease, but is only observed
in 70% of patients [5], meaning that it has limitations as a diagnostic marker and
that a diagnosis of GCT cannot therefore be ruled out simply by the absence of
elevated serum E2.

Some differences in clinical behavior are observed between AGCTs and
JGCTs, with JGCTs appearing to have more favorable clinical outcome with less
likelihood of recurrence and metastasis. However, when recurrence occurs in
JGCT, it is typically early (within a few years), while AGCTs are likely to have
late onset of recurrence [6]. About 80-90% of SCSTs are diagnosed as Stage I,
and 95% are unilateral. The SEER (Surveillance, Epidemiology, and End Results)
Program of the National Cancer Institute (NCI) has demonstrated that 5-year
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survival of Stage I and II patients is excellent (95%), but is poorer in Stage III and
IV patients (59%), suggesting that surgical staging may be as important in GCTs
as it is in epithelial ovarian cancer [7]. Of additional clinical relevance is the
accompaniment of endometrial disorders alongside GCTs caused by tumor-pro-
duced estrogen, with 50% of patients having endometrial hyperplasia and up to
10% having endometrial cancer. This is an important issue because the presence
of such disorders, particularly endometrial cancer, may affect operative proce-
dures such as the addition of pelvic and para-aortic lymphadenectomy. Preoperative
and postoperative evaluation of the endometrium is therefore required to detect
endometrial neoplasms.

Although Sertoli-Leydig cell tumors are representative of the mixed type of
SCSTs, they are rare and account for <0.5% of ovarian neoplasms, in which
moderately and poorly differentiated forms are more common [1]. Sertoli-
Leydig cell tumors have been reported in patients with a wide range of ages, but
with a mean age of 25 years [8]. Between 40% and 60% of patients are virilized,
while occasional patients have estrogenic manifestations [9]. Androgenic mani-
festations include amenorrhea, hirsutism, breast atrophy, clitoral hypertrophy,
and hoarseness [1]. Patients typically present with abdominal pain, ascites, or
tumor rupture. About 2-3% of tumors are found to have spread beyond the
ovary at presentation, but lymph node metastases are rare [1]. The prognosis of
Sertoli-Leydig cell tumors is favorable overall, but this depends significantly on
the particular grade. Well-differentiated tumors are associated with close to
100% survival, while tumors with moderate differentiation are clinically malig-
nant in about 10% of cases. Poorly differentiated tumors behave in a malignant
fashion, with recurrence usually within 2 years and occurring in the peritoneal
cavity [1].

10.2.2 Molecular Aspects of Ovarian SCSTs

No reports exist regarding genetic susceptibility to AGCT and in families with mul-
tiple AGCTs. There are few somatic molecular abnormalities in AGCTs, but recent
molecular analyses have identified a frequent somatic mutation in approximately
95% of AGCTs in the FOXL2 (forkhead box protein L2) gene, which encodes a
nuclear transcription factor expressed mainly in the adult ovary and which is criti-
cally important for the development of granulosa cells [9]. The reported somatic
mutation in FOXL2 is a recurrent missense mutation in codon C134W (402C>G).
Of particular interest is that this mutation is rare in other types of SCST, suggesting
that it is specific to AGCTs. It may therefore be useful as a molecular marker for the
differential diagnosis of SCSTs, especially in cases with equivocal clinical
features.

In contrast to FOXL2 mutations, FOXL2 expression itself is specific to most
SCSTs, and immunostaining for this protein can therefore be used as a marker for
these tumors. FOXL2 immunostaining has shown higher sensitivity for the diagno-
sis of SCSTs compared to o-inhibin and calretinin, the two traditional
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immunomarkers for SCSTs, and FOXL2 staining is typically more intense in posi-
tive cases than either [10]. In SCSTs that are negative for FOXL2 expression,
a-inhibin and/or calretinin immunostaining has been shown to yield positive results
[9]. Thus, FOXL2 is a sensitive and specific marker for SCSTs. Although most
AGCTs carry a somatic mutation in the FOXL2 gene, the mutation does not affect
expression of the protein, and positive immunostaining has thus also been con-
firmed in AGCTs. In summary, FOXL?2 staining is detectable in nearly all SCST
cases, even those with a FOXL2 mutation, and that together with a-inhibin and
calretinin, forms part of an immunomarker panel that results in positive staining
with at least one marker in essentially all cases of SCST.

In contrast to AGCTs, JGCTs arise in the context of a variety of genetic syn-
dromes, including Ollier’s disease (a rare bone disease characterized by multiple
enchondromatosis) and Maffucci’s syndrome (enchondromatosis with hemangio-
mas) [6, 11, 12]. In Ollier’s disease and Maffucci’s syndrome, somatic mutations in
IDH] (isocitrate dehydrogenase 1) and IDH2 (isocitrate dehydrogenase 2) have
been frequently reported, suggesting that mutation of these genes plays a key role in
the pathogenesis of these diseases [13]. Somatic DICERI (a gene encoding an
RNase III endonuclease involved with the processing of microRNA) mutations have
occasionally been reported in JGCTs, with one study describing low-frequency (1
out of 14 patients) “hotspot” mutations in the gene [14]. In contrast, mutations in
DICERI are found in 60% of Sertoli-Leydig cell tumors [14]. Germline mutations
are also seen in familiar multinodular goiter with Sertoli-Leydig cell tumors, and
tumor susceptibility includes pleuropulmonary blastoma in childhood [1]. Sertoli-
Leydig cell tumors have been associated with cervical embryonal rhabdomyosar-
coma in four cases [1].

In conclusion, the characteristic genetic difference between AGCTs and JGCTs
is the status of FOXL2 gene. The former tumors have very frequent mutations in
FOXL2, while the latter tumors rarely have them, suggesting that AGCTs and
JGCTs arise in different molecular pathways. Sertoli-Leydig cell tumors frequently
have mutations in DICER].

10.2.3 Treatment Strategy of Ovarian SCSTs

The key to success in the treatment is surgery. Considering the relatively worse 5-year
survival of advanced cases (59% in Stages III and IV) [7], primary surgery should
have the basic aim of tumor debulking, including the complete dissection of perito-
neal disseminations, as well as strict surgical staging [15]. Retrospective studies have
reported that retroperitoneal lymph node metastasis is very rare in SCSTs [16] and
that lymphadenectomy can therefore be omitted [15]. One important issue is that pre-
operative and intraoperative differential diagnoses of GCTs from epithelial ovarian
cancers are occasionally difficult. It is essential, therefore, not to delay radical surger-
ies, including lymphadenectomy and staging laparotomy, in such situations [15].
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Fertility-sparing surgery for SCSTs has been accepted due to the rarity of
bilateral occurrence (especially in Stage I disease) and because of the excellent
prognosis for these patients, with the 5-year survival of Stage I-1I patients being
reported as 95% [4]. In particular, most patients with JGCTs are candidates for
fertility-sparing surgery, considering the age of the patients. However, while
radical surgery and adjuvant chemotherapy are recommended by some clini-
cians for better prognosis, quality of life and long-term morbidity should be
considered for such young patients. Although Stage A disease appears to be an
appropriate indication for fertility-sparing surgery, it remains unclear whether
this approach should be recommended for patients with Stage IC or more
advanced disease, with the indication for Stage IC disease being particularly
controversial.

Adjuvant chemotherapy is not recommended for GCTs with Stage I disease,
because most cases can be cured by surgery alone, without recurrence. This concept
is based on the biology of such indolent tumors, in that they usually have slow
growth rates and are less effective to chemotherapy compared with faster-growing
tumors. Furthermore, slow growth generates longer disease-free intervals, even
without chemotherapy. Nevertheless, some researchers recommend chemotherapy
for Stage IC disease in the presence of poor prognostic factors, such as nuclear
atypia, high mitotic index, aneuploidy, or age >40 years [17]. Adjuvant therapy may
be considered for patients with more advanced stages, residual tumor burden, or risk
factors for recurrence, although there is no strong evidence to support prognostic
improvement, and considerable caution is 