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Abstract

Ovarian carcinoma (OC) is considered the deadliest gynecological
malignancy. It is typically diagnosed in the advanced stages of the
disease, with metastatic sites widely disseminated within the abdomi-
nal cavity. OC treatment is challenging due to the high rate of disease
recurrence, which is further complicated by acquired chemoresistance
caused by the reversion of the pathological variant. Therefore, more
effective treatments are still being sought. Histologically, OC is clas-
sified into serous, mucinous, endometrioid, clear cell, and transitional
cell carcinomas and malignant Brenner tumor. Recent clinicopatho-
logical and molecular biological studies demonstrated that these sub-
types differ in histogenesis and anti-tumor agent sensitivity. In Japan,
the incidence rates of the histological types of OC, namely, serous
carcinoma, mucinous carcinoma, endometrioid carcinoma, and clear
cell adenocarcinoma, are 39%, 12%, 16%, and 23%, respectively. Se-
rous carcinoma is classified as high or low grade, with the former
accounting for the overwhelming majority. In this study, the molecu-
lar pathological classification of OC has been described based on the
characteristics of the two types of OC, types 1 and 2. Compared with
Europe and the United States, Japan has a higher prevalence of type
1 OC and a lower prevalence of type 2 OC. The prevalence of each
type of OC varies by race. It has been elucidated that the prevalence
rate of each type of ovarian cancer in Asian countries is similar to that
in Japan. Thus, OC is a heterogeneous disease. Furthermore, OC has
been attributed to molecular biological mechanisms that vary among
tissue subtypes. Therefore, it is necessary to conduct treatment based
on accurate diagnoses of each tissue type and establish an optimal
treatment strategy, and now is the transition period.
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Introduction

Ovarian carcinoma (OC) accounts for approximately 239,000
new cases and 152,000 deaths worldwide annually [1]. The high-
est rates were reported in Eastern and Central Europe (11.4 per
100,000 and 6.0 per 100,000, respectively). Although China has
a low incidence of OC (4.1 per 100,000), its large population
translated to an estimated 52,100 new cases and 22,500 related
deaths in 2015 [2]. In the USA, 21,290 new cases and 14,180
related deaths were reported during the same year [3]. The ad-
vanced stage of OC is considered an important prognostic factor,
and the prognosis of patients with stages III and IV is poor [3].
In addition, because the ovary is an internal organ of the pelvis,
few subjective symptoms occur at an early stage even if a tumor
develops. Due to the advanced-stage distribution of OC, approxi-
mately 40-50% of cases are classified as stage III or IV, which
has a poor prognosis [1-5]. In short, the diagnosis of ovarian can-
cer is difficult because the ovaries are located deep in the body.
In particular, high-grade serous ovarian cancer, classified as type
1, is a refractory malignant tumor that repeatedly recurs and me-
tastasizes, although it is sensitive to the combination therapy of
platinum agents and Taxol. Therefore, better treatment outcomes
for advanced cases are important in the treatment of OC.

OC is a malignant tumor with a wide variety of histological
types. Furthermore, the molecular mechanisms leading to its
origin and carcinogenesis significantly differ for each histologi-
cal type; thus, our understanding of OC is limited. The biologi-
cal features, pathological characteristics, and clinical features
of OC are strongly dependent on the tissue type. Because the
biological properties of OC have not yet been elucidated, a
treatment, particularly a radical treatment for advanced-stage
cancer, has also not yet been established. Therefore, the devel-
opment of new anti-tumor agent and identification of biomark-
ers (also called draggable variants) that enable early detection
are warranted based on an understanding of the exact molecular
biological and carcinogenic mechanisms of OC. In this study,
we outline a new classification of OC and describe the mecha-
nisms of carcinogenesis that have been elucidated to date.

Transition of the Classification of Ovarian Can-
cer

The ovaries have a number of anatomical and histological
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structures, and thus, a wider variety of tumors develop there
than in other organs. Because ovarian tumors are classified
by identifying the tissue from which the tumor originates, OC
classification is very complex and diverse [6]. In the molecu-
lar pathological classification of ovarian tumors, the World
Health Organization (WHO) classification emphasized that
histogenesis is widely used. In Japan, the WHO classification
and convertible tissue classification (ovarian tumor-handling
regulations) are used. Based on the 2003 WHO classification,
ovarian tumors were broadly divided into three groups, name-
ly, superficial epithelial/stromal, sex cord stromal, and germ
cell tumors [7], with incidence rates of 70%, 10%, and 20%,
respectively. Recently, high-grade serous carcinoma (HGSC),
which accounts for the majority of superficial epithelial/stro-
mal tumors, was shown to be derived from fallopian tube epi-
thelial cells [8]. Many molecular, pathological, and clinical
findings have been accumulated on the development of ovar-
ian tumors, and in 2020, the OC classification was revised as
the 2020 WHO classification, which significantly changed the
category of epithelial tumors. The conventional rules for han-
dling ovarian tumors/cancer were revised to “Handling rules
for ovarian tumors/cancer, fallopian tube cancer, and perito-
neal cancer” in accordance with the 2020 WHO classification.
In the previous code, the definition of a superficial epithe-
lial/stromal tumor was described as “a tumor originating from
the ovarian superficial epithelium and composed of various pro-
portions of interstitial components.” However, because some se-
rous carcinomas (SCs) are derived from fallopian tube epithelial
cells, the term “epithelial” only became “surface epithelial/inter-
stitial,” and stromal tumors were classified as separate items. In
the revised version of the code, SCs are classified as low or high
grade [9], which are basically considered separate malignant tu-
mors in terms of histogenesis (Table 1) [10-14]. Thus, over the
last decade, OC classification has significantly changed. Based
on the characteristics of both cancer cells and genetic abnor-
malities, Kurman et al [15, 16] proposed an oncogenic model in
which OC was classified into types I and II (Table 1) [10-14].
Type I OCs are classified into low-grade serous, low-grade
endometrioid, mucinous, and clear cell carcinomas and malig-
nant Brenner tumor. It is suggested that type I OCs behave indo-
lently and appear to form part of a morphological and molecu-
lar continuum starting with cystadenoma/adenofibroma benign
tumors that subsequently develop toward atypical proliferative
or borderline tumors and then finally toward invasive tumors
[16]. Tumors classified as type I include benign cystadenomas,
borderline malignant tumors, or endometriosis as precancerous
lesions, and tumors that develop cancer along the “adenoma-
carcinoma sequence.” As a molecular biological feature, acti-
vating mutations, such as the abnormalities including the tumor
suppressor genes (AT-rich interactive domain-containing protein
1A (ARID14), beta-catenin-interacting protein 1 (CTNNBI), B-
raf proto-oncogene (BRAF), human epidermal growth factor
receptor 2 (HER2)/neu, Kirsten ras (KRAS) oncogene, phos-
phatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA), and phosphatase and tensin homolog (PTEN),
as well as tumor protein 53 (7P53) mutations are observed at a
high rate (Table 1) [10-14]. Tumors generally classified as type
I exhibit relatively slow cell growth; furthermore, they are local-
ized in the ovary and detected at an early stage at the time of
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diagnosis. However, because clear cell and mucinous carcino-
mas are difficult to detect at an early stage, their prognosis is
currently worse than that of type I tumors [17].

OC:s classified as type II are the cause of death in most pa-
tients and include HGSC, high-grade endometrioid cancer, ovar-
ian carcinosarcoma, and undifferentiated cancer. These cancers
have strongly proliferating cells and a poor prognosis as they
are detected in advanced stages. Tumors classified as type II are
considered “de novo cancer” without precancerous lesions, and
the origin of HGSC was shown to be secretory cell outgrowth,
serous tubal intraepithelial neoplasia, and serous tubal intraepi-
thelial carcinoma (STIC) (Fig. 1). Molecular biology is charac-
terized by 7P53 mutations in almost all cases, resulting in high
rates of genomic and chromosomal instabilities during carcino-
genesis. Several lines of evidence now indicate that these tumors
may originate from the epithelium of the fimbrial portion of the
fallopian tube and/or the ovarian surface epithelium [18-21].
Uterine serous carcinoma (USC) is an overlooked component
of breast cancer susceptibility gene 1/2 (BRCA1/2)-associated
hereditary breast and ovarian cancer (HBOC) syndrome. For
patients diagnosed with USC, particularly those with a positive
first-degree family history of HBOC syndrome, screening for
germline BRCA 1/2 pathogenic mutations needs to be considered
[22]. Women with pathogenic variants in BRCA1/2 have a high
lifetime risk of developing ovarian cancer [23-26]. To date, a re-
liable early detection method for ovarian cancer has not yet been
established. Patients with advanced ovarian cancer have a poor
prognosis. A meta-analysis of women with BRCA 1/2 pathogenic
variants revealed a 79% reduced risk of developing ovarian or
fallopian tube cancer following risk-reducing salpingo-oopho-
rectomy (RRSO) [27]. Therefore, RRSO has been performed
to prevent the development of ovarian cancer in women with
BRCA1/2 pathogenic variants.

Origin of Ovarian Cancer and Molecular Biologi-
cal Abnormalities

In the development process of embryonic ovaries, researchers
may be able to establish why OC has different tissue types.
In the fetal period, the body cavity is covered by mesothelial
cells, and certain tissues within it form the serosal epithelium,
which becomes the ovarian superficial epithelium. Similarly,
mesothelial cells give rise to the Mullerian tube (medium para-
renal tube), from which the oviduct, uterus, and vagina devel-
op. In other words, the concept (secondary Mullerian system)
that the origin of the ovarian superficial epithelium and that of
Mullerian duct-derived organs are the same has been proposed
[28]. Thus, the origin of OC was considered a superficial epi-
thelial inclusion cyst formed when the ovarian surface epithe-
lium invades the ovarian stroma from the wound that occurred
during ovulation. Encapsulated cyst cells that have undergone
cellular stress accumulate gene mutations and eventually
metamorphose into tissue types derived from the Mullerian
tube, such as the fallopian tube epithelium, endometrium, and
cervical glands, of the same developmental origin. Epithelial
OC with various tissue types may develop. During pregnancy,
SC is similar to the fallopian tube epithelium, mucinous car-

www.jocmr.org 69



Molecular Histopathology and OC

J Clin Med Res. 2023;15(2):68-75

Table 1. Classification, Origin, and Mechanism of Epithelial Ovarian Cancer

Serous
Tumor type % Endometrioid Clear cell Mucinous
High grade Low grade
Incidence 34% 5% 16% 23% 12%
Tissue origin Fallopian tube Fallopian tube Endometrial cells Endometrial cells Ovarian surface
epithelium epithelium epithelium
Ovarian surface Ovarian surface  Ovarian surface Ovarian surface Brenner tumor
epithelium epithelium epithelium epithelium
Precancerous lesion STIC [10] Borderline Atypical Atypical Borderline malignant
malignant endometriosis [12] endometriosis tumor [11]
tumor [11]
Molecular biological ~ p53 mutation KRAS mutation ERa high expression ~ HNF-1p high KRAS mutation
abnormalities expression
BRCA1/2 mutation BRAF mutation  PI3KCA mutation PI3KCA mutation HER?2 high expression
Chromosome BRCA1/2 CTNNB1 mutation PTEN mutation
instability mutation
ARID1A4 mutation ARID1A4 mutation
BRCA1/2 mutation
Microsatellite
instability
Sensitivity to High Middle High Low Low
chemotherapy
HBOC [13, 14] ot ++ + = =
RRSO [13, 14] Recommend - - - -
Type V11 Type 11 Type I
Incidence Europe, USA>Asia  Europe, USA < Asia

Borderline malignant tumors are abnormal cells that form in the tissue covering the ovary. They are not cancerous and are generally cured with
surgery. Approximately 15 out of 100 ovarian tumors (15-20%) are borderline tumors [11]. They are also described as atypical proliferative tumors
and were previously called tumors with low malignant potential [11]. They are different from ovarian cancer because they do not grow into the sup-
portive tissue of the ovary (the stroma). They slowly grow and in a more controlled way than cancer cells. Borderline tumors generally affect women
aged between 20 and 40 years. They are usually diagnosed at an early stage when the abnormal cells are still within the ovary. Ovarian atypical
endometriosis is a premalignant lesion, and its potential to progress to endometriosis-associated ovarian cancer highlights its significance [12]. In
BRCA1/2-associated hereditary breast and ovarian cancer (HBOC), female and male breast and ovarian cancers (including fallopian tube and pri-
mary peritoneal cancers) can occur [13]. To a lesser extent, the development of other cancers, such as prostate and pancreatic cancers, is allowed
[13]. Melanoma primarily affects individuals with BRCAZ2 pathogenic variants. The risk of developing associated cancers depends on whether HBOC
is caused by BRCA1/2 pathogenic variants. Pathogenic germline variants underlie up to 20% of ovarian carcinoma (OC) cases and are associ-
ated with varying degrees of OC risk [14]. For pathogenic mutations in high-penetrance genes, such as BRCA1/2, the role of risk-reducing bilateral
salpingo-oophorectomy (RRSO) in cancer prevention is well established, thus improving the mortality rate [14]. STIC: serous tubal intraepithelial
carcinoma; HNF-1B: hepatocyte nuclear factor-1 beta; HGSC: high-grade serous carcinoma; ER: estrogen receptor.

cinoma to the cervical mucosa, endometrioid carcinoma to the
endometrial gland, and clear cell carcinoma to the endometrial
gland. Thus, OC was considered to originate from the ovary
itself. However, recent studies demonstrated that some OCs
may originate from tissues other than the ovary, such as ovar-
ian endometriosis or tubal fistulas that make up the fallopian
tube. A paradigm-shifting theory that the onset of OC is sec-
ondary to the ovary has been proposed [16, 29].

Despite the advancements of debulking surgery with ad-
ditional platinum-based chemotherapy, the outcome of OC re-
mains poor, with a 5-year survival rate of less than 35%; thus,
more effective treatments are still being investigated [30]. OC
is histologically classified into serous, mucinous, endometrioid,
clear cell, and transitional cell carcinomas and malignant Bren-
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ner tumor. Recent clinicopathological and molecular biological
studies demonstrated that these subtypes differ in histogenesis
and anticancer drug sensitivity. In Japan [30], the incidence rates
of the histological types of OC, namely, SC, mucinous carci-
noma, endometrioid carcinoma, and clear cell adenocarcinoma,
are 39%, 12%, 16%, and 23%, respectively (Table 1) [10-14].

Serous carcinoma

Serous carcinoma is classified as high or low grade, with the for-
mer accounting for the overwhelming majority. The most com-
mon histological type of OC is HGSC, and many advanced OCs
with clinicopathological features exist. HGSC reflects the classic
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Fallopian tube
fimbriated end

High-grade
serous carcinoma

Figure 1. Fallopian tube hypothesis on the origin of high-grade serous carcinoma (HGSC). Fallopian tube epithelium cells of the
fimbriated ends undergo initial neoplastic transformation and become serous tubal intraepithelial carcinoma (STIC). STIC cells
are resistant to anoikis, which favors settlement and ovarian surface invasion. The ovarian microenvironment, rich in hormonal
and inflammatory factors, drives the full neoplastic transformation to invasive high-grade serous carcinoma (HGSC). SCOUT:

secretory cell out-growth.

clinical picture of OC that is highly sensitive to anticancer drugs.
More than 90% of cases have 7P53 mutations, of which approxi-
mately 50% are considered to originate from the fallopian tube
[31]. On the other hand, low-grade SC is considered to occur in
the background of serous borderline malignant tumors; however,
there are not many advanced cases, and the proliferative activity
and anticancer drug sensitivity are low. Many cases of low-grade
SC have KRAS and BRAF somatic mutations [32, 33]. Although
the estrogen receptor is positive, the effectiveness of hormonal
therapy has not been confirmed in clinical studies [32, 33].

Clear cell carcinoma

Ovarian clear cell carcinoma accounts for about half of stage
I cases and has the following characteristics: related to endo-
metriosis, difficult dissemination, local growth, and resist-
ance to chemotherapy. Therefore, ovarian clear cell carci-
noma is different from SC. In advanced cases, ovarian clear
cell carcinoma has a poorer prognosis than SC. Many cases
are caused by endometriosis and have ARIDIA and PIK3CA
somatic mutations [34]. The importance of endometriosis as
the origin of ovarian clear cell carcinoma has been reported
by many specialist journals. A large population-based study in
Scandinavia demonstrated that the incidence of OC caused by
endometriosis was 2.01-fold higher in women in their 20s and
1.76-fold higher in those in their 30s than in healthy women
[35]. Furthermore, no significant increases were observed in
the incidence of OC in women in their 40s or older.

Endometrioid carcinoma

Endometrioid carcinoma is often low grade and rarely ad-
vanced [36, 37]. It is associated with endometriosis and may
have somatic mutations in PIK3CA in addition to ARID1A [36,
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37]. Overexpression of hepatocyte nuclear factor-1 beta (HNF-
1B) and somatic mutations in the ARID1A gene have also been
observed in atypical endometriosis adjacent to the carcinoma
[38, 39]. Also, the histogenesis of endometrioid carcinoma
may be from endometriosis, which originates from HNF-1§-
negative inclusion cyst cells.

Mucinous carcinoma

Because mucinous carcinoma often co-exists with intestinal
mucinous borderline malignant tumors, it is regarded as a tu-
mor originating from a benign mucinous tumor [40]. An internal
cervical borderline malignant tumor rarely becomes cancerous.
Mucinous carcinoma macroscopically forms multilocular cysts,
and the tumor diameters are often greater than 10 cm. Regarding
mucinous carcinoma, there are few advanced cases and bilateral
tumors, and KRAS somatic mutations are frequently observed
[41]. Primary transitional cell carcinoma of the ovary is classi-
fied as surface epithelial/interstitial tumor and is a relatively rare
disease accounting for 0.38% of all OC cases [42]. In the prima-
ry transitional cell carcinoma of the ovary, imprint and ascites
cytologies have been reported, but there has been no definite
view of the cytology. It is suggested that the nature of transi-
tional cell carcinoma is HGSC or poorly differentiated endome-
trioid carcinoma [43-45]. Thus, OC is a heterogeneous disease
that occurs via different molecular biological mechanisms for
different tissue subtypes [46]. Treatment must be administered
with an accurate diagnosis for each tissue type, and an optimal
treatment strategy needs to be developed.

Fallopian Tube Epithelium as the Origin of Se-
rous Ovarian Cancer

OC is the fifth leading cause of cancer deaths in women.

www.jocmr.org 71



Molecular Histopathology and OC

J Clin Med Res. 2023;15(2):68-75

Generally, most patients are diagnosed at an advanced stage,
with fewer than 30% surviving longer than 10 years. Some
researchers have attributed the most common type of OC to
the fallopian tube, a thin fibrous tube connecting the ovary to
the uterus. Previous findings obtained from nine OC patients
indicated that the genomic origin of many ovarian tumors was
the fallopian tube [47, 48]. Previous studies provided insights
into the origin of OC and the potential of novel interventions
for the prevention and treatment of OC. Over the last few dec-
ades, no significant change has been observed in the treatment
of OC. This may be because doctors and researchers are inves-
tigating the wrong focal tissue for OC. Therefore, if extensive
research confirms that most OCs originate from the fallopian
tube, the strategies employed to clinically manage OC in pa-
tients with a genetic risk of OC may significantly change in
the future. In recent studies, clinical researchers at the Johns
Hopkins University Kimmel Cancer Center and the Dana-Far-
ber Cancer Center in Boston collected normal cells, OC, and
distant metastases to elucidate the origin cells of OC. A small
cancer tissue sample found in the fallopian tube was also col-
lected. Small cancers in the fallopian tube included a single
cell layer cancer called the “TP53 signature” and SC in situ of
the fallopian tube, i.e., STIC lesion. Tissue samples were col-
lected from five patients with high-grade serous OC. This type
of cancer accounts for 75% of an estimated 22,000 cases of OC
diagnosed each year in the United States.

Researchers removed serous fallopian tube carcinoma
and normal tissue from patients with a pathological variant of
the BRCA1/2 genes associated with OC and breast cancer and
from four patients who underwent prophylactic resection of the
ovary and fallopian tube due to a pelvic mass. Cells containing
mutant 7P53 genes that were previously shown to be associ-
ated with a number of cancer types have been highlighted by
clinical researchers. They then used an infrared laser to remove
the cancer cells highlighted by staining. For all known genes
in all cancer tissues, whole-exome sequencing was performed,
and a blueprint for the gene encoding the protein was created.
Without this approach, the findings of genome sequencing will
be buried in genetic information from normal cells, and detect-
ing cancer-related DNA errors will be difficult. The Johns Hop-
kins and Dana-Farber teams subsequently searched for DNA
sequence errors, such as regions that switch to another DNA
or changes in a large region of a particular chromosome. The
findings from genome-wide approach studies indicated that
the region of chromosome 17, where the cancer-related 7P53
gene is located, was completely deleted in tissues containing
early serous intratubal carcinoma lesions obtained from nine
patients [49]. Thus, the “misprint” of or a defect in the TP53
gene is an early stage of OC development. Furthermore, all
nine patients had a deletion in part of the chromosome contain-
ing the BRCAI or BRCA2 gene or both. These genes have been
linked to hereditary and sporadic breast cancers and OC, i.e.,
HBOC syndrome. Four of the patients lacked chromosome 10,
which contains another cancer-related gene called PTEN. The
findings of these genomic studies indicated that some cancer
cells prone to mutations were estimated. Origin cancer cells
may have fewer germline and/or somatic mutations than suc-
cessor cells. Therefore, a phylogenetic tree was created for OC
in five women. The findings indicated that each serous OC was
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caused by a serous fallopian tube intraepithelial carcinoma le-
sion in the fallopian tube or a mistake in early lesions. Addi-
tional DNA misses were detected in cancer cells that remained
in the ovaries, near the fallopian tubes, and in metastatic sites
[50]. Overall, these studies demonstrated that early tumors of
serous intratubal carcinoma in the fallopian tube already have
important DNA changes necessary for OC development. These
findings suggest that serous fallopian tube carcinoma migrated
to the ovary and carcinoma progressed in the ovary [47, 48,
50] (Fig. 1).

To determine the time for OC progression, clinical re-
searchers used multiple statistical models, considering patient
age at diagnosis and the total number of mutations in cancer
cells. The findings of these studies indicated that serous in-
tratubal carcinoma lesions progressed to OC within an average
of 6.5 years in the analyzed patients [51]. When the serous
intratubal carcinoma reached the ovaries, progression to meta-
static disease was estimated to rapidly occur within an aver-
age of 2 years [51]. The recent findings are consistent with
the data obtained in clinical practice. In many patients newly
diagnosed with OC, the carcinoma cells have already spread
within the pelvis. The clinical practice for OC management
will remain unchanged until further studies verify that serous
tubal carcinoma in sifu is the origin of a new serous OC. If
the findings of recent studies are validated, the loss of female
hormones that increase the risk of heart and other diseases
caused by ovariectomy may be avoided in some women. Be-
cause the development of metastatic disease from serous tubal
carcinoma in situ takes 2 years, it is important to develop new
screening strategies, such as liquid biopsy (testing with body
fluids, such as blood), to detect serous OC early and easily
[51]. In clinical practice, bilateral salpingectomy is performed
to prevent the development of ovarian cancer in women with
hereditary BRCAI and BRCA?2 pathogenic variants that cause
serous cancer [14].

Difficulty of Preoperative Diagnosis at an Early
Stage for HGSC

Clinical approaches elucidated two possible pathways of OC
development, namely, adenoma-carcinoma sequence and de
novo carcinogenesis [52]. Although half of OCs might sudden-
ly develop from a normal-appearing ovary, previous clinical
studies suggested that the remaining half develops secondar-
ily from preexisting, benign-appearing cysts, endometriotic
cysts, and STIC. Ovarian SC is an intra-ovarian metastasis of
a primary malignant tumor, an STIC that does not clearly form
a dominant tubal mass like other solid cancers. When STIC
reaches the ovaries, progression to metastatic disease is esti-
mated to rapidly occur within an average of 2 years [48, 51].
It has been reported that transvaginal and/or abdominal
ultrasound examinations in conjunction with either color Dop-
pler or power Doppler imaging increase the accuracy of di-
agnosis as malignant tumors exhibit characteristic changes in
vascularity [53]. Furthermore, a three-dimensional ultrasound
could be useful in the evaluation of benign and malignant
ovarian lesions. However, STIC does not clearly form visuali-
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zation mass; thus, STIC could not be easily detected at an early
stage via transvaginal and/or abdominal ultrasound examina-
tion [54]. As a result, several patients with normal screening
results were found to develop stage III HGSC; thus, it can be
concluded that ultrasound screening may decrease the stage at
detection but may not be effective in detecting HGSC cases at
an early stage. Therefore, it should be kept in mind that SC or
other histological types that appear to develop from normal-
appearing ovary cannot be detected even by careful examina-
tion via transvaginal and/or abdominal ultrasound. This is a
very serious point for gynecologist to explain to the patients
who have developed OC, especially HGSC, at advanced stages
during follow-up or clinical treatment.

Ethnicity Specifics in the Incidence of Ovarian
Cancer

In the United States, approximately 21,000 individuals are di-
agnosed with OC and 14,000 die from the disease annually.
According to the American Cancer Society, the diagnosis rate
has slowly decreased over the past 20 years. Although OC
may develop at any time in a woman’s life, it is rare among
those younger than 40 years. According to the American Can-
cer Society in Atlanta, GA, 50% of all OCs occur in individu-
als aged 63 years and older. The diagnosis of and death from
OC vary depending on race and ethnicity. Between 1999 and
2014, Caucasians were more likely to be diagnosed with or die
from OC than those from any other ethnic groups, followed
by black individuals, Asian Americans, Hispanics, Pacific Is-
landers, and then American Indian or Alaska Natives. OC is
rare in women younger than 40 years. The latest data from the
National Cancer Institute indicated that the percentage of new
cases was 4% in those between the ages of 20 and 34 years.
The percentage of OC-related deaths in the same age group
was less than 1%. However, certain germline pathogenic vari-
ants, such as BRCAI and BRCA2, significantly increase the
risk of OC and breast cancer [55, 56]. These germline muta-
tions may be inherited from a mother or a father. Women with
an Ashkenazi Jewish or Eastern European genetic background
also have a higher risk of these germline mutations (Fig. 1).
The prevalence of mutations varies among ethnic groups and
may be influenced by founder mutations.

Penetrance may be influenced by pathogenic variant-spe-
cific phenotypes and the potential modifying effects of genetic
and environmental background in kindreds. The estimates of
both germline mutation prevalence and mutation penetrance
rates are inconsistent and occasionally controversial; thus, a
clearer understanding is crucial for providing accurate risk
information to each patient. The ability to identify germline
BRCA1/2 pathogenic variants was found to be important in the
gynecological management of HGSC. Based on implications
for clinical care and advances in cancer prevention, the iden-
tification of racial differences in genetic or lifestyle factors,
which may modify the risk of cancer due to germline BRCA1/2
pathogenic variants, is of high priority for future research. Cli-
nicians who are interested in providing personalized cancer
risk counseling for patients need to understand the potential
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modifying factors that are particular to a patient’s ethnicity,
race, family history, and environmental influences.

Conclusions

Throughout many years of basic and clinical research on OC,
as its carcinogenic mechanism and origin gradually become
clear, a new classification of ovarian tumors will be identi-
fied based on new findings. However, the precise carcinogenic
mechanisms that correspond to different OC histotypes are
still unclear; therefore, the therapeutic outcome, especially in
HGSC, remains unsatisfactory. An effective method for the
early detection of HGSC has not yet been established. There-
fore, RRSO for women with BRCA1/2 pathogenic variants is
the only preventive measure against HGSC development. In
the future, to establish a novel treatment for OC, in line with
knowledge on the origin and mechanism of OC obtained from
new pathological and molecular biological studies, it will be
necessary to make an accurate and detailed classification of
OC. Furthermore, appropriate clinical treatment for each tissue
type and patient background is expected to ultimately contrib-
ute to the improvement of OC prognosis.
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