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ABSTRACT

Ovarian epithelial cancer (OEC) is the most lethal gynecologic malignancy. Despite current
chemotherapeutic and surgical options, this high lethality can be attributed to multiple
factors, including late-stage presentation. In order to optimize OEC treatment, it is important
to highlight that it is composed of five main subtypes: high-grade serous ovarian carcinoma
(HGSOC), low-grade serous ovarian carcinoma (LGSOC), endometrioid ovarian carcinoma
(EOC), ovarian clear cell carcinoma (CCOC), and mucinous ovarian carcinoma (MOC). These
subtypes differ in their precursor lesions, as well as in epidemiological, morphological,
molecular and clinical features. OEC is one of the tumours in which most pathogenic
germline mutations have been identified. Accordingly, up to 20% OC show alterations in
BRCA1/2 genes, and also, although with a lower frequency, in other low penetrance genes
associated with homologous recombination deficiency (HRD), mismatch repair genes (Lynch
syndrome) and TP53. The most important prognostic factor is the 2014 FIGO staging, while
older age is also associated with worse survival. HGSOC in all stages and CCC and MOC in
advanced stages have the worse prognosis among histological types. Molecular markers
have emerged as prognostic factors, particularly mutations in BRCA1/2, which are associated
with a better outcome. Regarding treatment, whereas a proportion of HGSOC is sensible to
platinum-based treatment and PARP inhibitors due to HRD, the rest of the histological types
are relatively chemoresistant. New treatments based in specific molecular alterations are
being tested in different histological types. In addition, immunotherapy could be an option,
especially for EOC carrying mismatch repair deficiency or POLE mutations.
© 2020 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Ovarian epithelial cancer (OEC), as other malignant epithelial
tumours in other organs, is a heterogeneous disease. Criteria
for its classification has evolved during the last decades from a
pure histogenetic approach to the current vision in which
each major histological type is associated with different pre-
cursor lesions and specific epidemiological, morphological,
genetic, epigenetic and clinical features [1,2]. Currently, five
major histological types of EOC are recognized,
including high-grade serous ovarian carcinoma (HGSOC), low-
grade serous ovarian carcinoma (LGSOC), mucinous ovarian
carcinoma (MOC), ovarian clear cell carcinoma (CCOC) and
endometrioid ovarian carcinoma (EOC) [3]. Although HGSOC is
the most common histological type, it is important to
remember that the frequency of OEC histotypes depends on
the stage at diagnosis. Thus, in early-stage OEC (FIGO stages I-
IIC), the frequencies of HGSOC, EOC and CCOC are similar,
according to both our own data in the RECLAMO cohort and
previously reported series [4] (see Figs. 1-5).

Due to the high frequency of HGSOC, there is much
research focused on this particular subtype. However, in order
to optimize treatment, it is important to consider the char-
acteristics of other histological types. The goal of this review is
to highlight the most relevant histopathological and

molecular features that define each major type of EOC and
that could have an impact on the treatment of patients.

2. Epidemiology

Ovarian cancer is not the most frequent gynaecological cancer
in women, but it is the most lethal. Thus, in countries with a
high human development index (HDI) the most frequent
gynaecological cancer is endometrial carcinoma, linked to
obesity, while in countries with a low HDI, the most prevalent
one is cervical cancer linked to HPV infection and limited
screening strategies (GLOBOCAN) [5].

GLOBOCAN reported in 2018 an incidence of near 240.000
new OEC cases per year, representing 3.6% of all cancer cases
worldwide. OEC was responsible of approximately 150.00
deaths yearly, representing 4.3% of all cancer deaths [5]. In
Europe, the incidence was of 67,771 new cases per year and
44,576 deaths per year. These figures indicate that OEC is a
highly lethal neoplasm, a fact partially due to the absence of
specific early symptomatology and the lack of effective
screening methods, which are responsible for a dispropor-
tionate number of OEC that are diagnosed in advanced stages.

The most important risk factor for developing OEC is in-
heritance (see below). Other risk factors include age beyond
63, infertility, increased body mass index, endometriosis [6]
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Fig. 1 — Clinicopathological and molecular features of high-grade serous ovarian carcinomas (HGSOC). Hematoxylin—eosin
staining (A) and p53 staining of serous tubal intraepithelial carcinoma (STIC) of the Fallopian tube; HGSOC with a glandular
pattern (C) and with WT1-positive expression (D); HGSOC with a solid pattern (E) and with WT1-positive expression (F); p53
mutated pattern abnormal (overexpression) (G), and p53 mutated pattern (null) (note focal positivity in some stromal cells)
(H). 'precursor: serous tubal intraepithelial carcinoma, >median age at diagnosis; *homologous recombination deficiency;
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Fig. 2 — Clinicopathological and molecular features of a low-grade serous ovarian carcinoma (LGSOC). Hematoxylin—eosin
staining (A); WT1-positive expression (B); wild-type pattern of p53 expression (C). *precursor: borderline serous tumour,

’median age at diagnosis.

MBT!; 49 years?; Unilateral; Early stages; Chemoresistant.

CDKN2A (76%); TP53 (52-75%)

d

s KRAS (64-75%); PIK3CA (13-16%);
Yo & ]

ERBB2 (17-38%).

IR, <

WT1-/ Napsin A-/ PR- (96%).

Fig. 3 — Clinicopathological and molecular features of mucinous ovarian carcinomas (MOC). Hematoxylin—eosin staining of
a borderline tumour (A); MOC with expansive (B) and infiltrating pattern (C); mutated p53 expression (D), HER2
overexpression (E) and silver in situ hybridization (SISH) of ERBB2 amplification (F). *precursor: mucinous borderline

tumour, >median age at diagnosis.

and tobacco [7]. Some studies have suggested an association
with perineal talc application [8]. In addition, there are pro-
tective factors, such as gravidity, the use of oral contracep-
tives [9] and tubal ligation. The regular use of aspirin or
nonsteroidal anti-inflammatory agents has also been

associated with a reduced risk of OEC [10], which suggests
their possible use in chemoprevention. It is important to note
that most risk factors show substantial heterogeneity across
the five histologic subtypes indicating different aetiologies for

each subtype [8].
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Fig. 4 — Clinicopathological and molecular features of clear ovarian clear cell carcinoma (CCOC). Hematoxylin—eosin staining
of endometriosis (A), CCOCs with glandular (B), papilar (C) and solid (D) pattern; lack of Arid1A expression (note positive
staining in inflammatory cells) (E); expression of Napsin A (F). *precursor, median age at diagnosis.
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Ultramutated (POLE) (3-10%); Hypermutated (MSI) (8-19%); NST? (58-66%); p53 abnormal (11-24%).
CTNNBI (30-50%), ARID1A (30%), PIK3CA (15-40%), KRAS (12-33%), PTEN (20%), p53 (CNV)
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Fig. 5 — Clinicopathological and molecular features of endometrioid ovarian carcinomas (EOC). Hematoxylin—eosin staining
of grade 1 (A), grade 2 (B) and grade 3 (C) EOCs; beta-catenin nuclear expression (D); loss of MSH6 (E); p53 wild-type
expression (F). 'precursor, 2median age at diagnosis, >no specific type.
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It is important to note that most risk factors show sub-
stantial heterogeneity across the five histologic subtypes
indicating different etiologies for each subtype [8]. The most
important risk factor for developing EOC is inheritance (see
below). Nulliparity, early menarche or late menopause,
which would all increase the total number of times od
ovulation in a woman’s lifetime, increase the risk of ovarian
cancer. Other risk factors include age beyond 63, infertility,
increased body mass index, endometriosis (associated with
an increased risk of EOC and CCOC) [6] and tobacco (associ-
ated with an increased risk of MOC) [7]. Some studies have
also suggested an association with perineal talc application
[8]. In addition, there are protective factors, such as gravidity,
the use of oral contraceptives [9], tubal ligation, and the
regular use of aspirin or nonsteroidal anti-inflammatory
agents [10]. A meta-analysis of 40 studies on the association
between breastfeeding and ovarian cancer found a signifi-
cant decrease in risk in women who did or did not breastfeed
[12].

3. High grade serous ovarian carcinoma
(HGSOCQ)

HGSOC is the most common histological type of OEC, it typi-
cally occurs in postmenopausal women with a mean age of 63
years, and most cases present in advanced stages. From a
morphological point of view, HGSOC is composed of highly
proliferative and markedly atypical cells. Although they typi-
cally adopt a papillary growth pattern, solid, glandular
(pseudoendometrioid) and transitional patterns can also
occur. These non-papillary patterns seem to be more frequent
in BRCA1 mutation carriers [12].

Serous intraepithelial carcinoma (STIC) is
recognised precursor lesion of HGSOC. The identification of
this lesion requires the systematic histological study of both
Fallopian tubes by using the detailed Sectioning and Exten-
sively Examining the FIMbriated End (SEE-FIM) protocol which
should be performed in all cases of extrauterine HGSOC and
risk-reducing prophylactic surgery [13]. STIC is present in 5%—
10% of risk-reducing salpingo-oophorectomies from BRCA1
germline carriers [14], and according to a meta-analysis, in
11%—61% of HGSOC cases [15]. However, this figure is probably
higher if we consider that even after using the SEE-FIM pro-
tocol a substantial portion of tissue remains to be histologi-
cally analysed. Recently, it has been proposed that earlier
precursors, such as p53 signature (one small stretch of 12 or
more cells with a TP53 mutation) and serous tubal intra-
epithelial lesions (early proliferative lesion without marked
atypia characteristic of STIC) might “escape” progression into
the tubal epithelium to develop STIC and, instead, develop
transformation into extratubal locations, such as the ovary
and peritoneum [16].

The concept of STIC as the precursor lesion of HGSOC,
although not universally accepted for all cases, has important
clinical implications, such as the use of opportunistic sal-
pingectomy with ovarian preservation during routine hyster-
ectomy for benign diseases, and the assignment of the
primary site (Fallopian tube, ovary or peritoneum) of an
extrauterine HGSOC [15].

a well-

Another important issue related to the histopathology of
HGSOC is the evaluation of pathological response after neo-
adjuvant chemotherapy, a therapeutic modality that is being
used with increasing frequency. The chemotherapy response
score (CRS) is a reproducible, validated three-tiered morpho-
logical scoring system to assess the response of HGSOC to
treatment. The interobserver agreement is shown to be sub-
stantial following online training, and women with CRS3 have
significantly improved progression-free and overall survival
[17].

The most frequent and early constant molecular alteration
in HGSOC is TP53 mutation. This alteration is responsible for a
high degree of chromosome instability that leads to frequent
gains and losses of chromosomal regions. Accordingly, the
amplification in oncogenes, such as CCNE1, MYC and MECOM
is relatively common [18]. Approximately 50% of HGSOCs
exhibit homologous recombination (HR) deficiency due to ge-
netic or epigenetic alterations in the FANCONI-BRCA
pathway. Germ-line BRCA1 and BRCA2 mutations are the
most common alterations and are present in approximately
15—20% of HGSOCs, whereas somatic BRCA1 and BRCA2 mu-
tations have been identified in 6%—7% of HGSOCs [18—22]. In
addition, BRCA1 promoter hypermethylation has been re-
ported in approximately 10%—20% of HGSOCs and is mutually
exclusive of BRCA1/2 mutations, suggesting that there is
strong selective pressure to inactivate BRCA via either muta-
tion or epigenetic silencing in this disease [23]. Other HR
pathway alterations include mutations in several Fanconi
anemia genes, in core HR RAD genes, and in DNA damage
response genes involved in HR, such as ATM, ATR, CHEK1, and
CHEK?2. Defective HR in OC may also occur via alterations in
nonbona fide HR genes that are known to modulate the HR
pathway, and thus, cause HR deficiency indirectly, such as
PTEN deficiency, EMSY amplification and others [24]. Accord-
ing to the overall pathway analysis, more than half of HGSOCs
show alterations of major genes involved in HR, which in-
dicates that these tumours might be treatable with PARP in-
hibitors [25]. It is interesting to note that a resistance
mechanism to PARP inhibitors that has been found in human
tumours is genetic reversion that corrects or bypasses the
original BRCA1-or BRCA2-inactivating mutation [26].

CCNE1-amplified cancers represent a large subgroup (20%)
of poor prognosis HGSOC that lack BRCA mutations and HR
deficiency. Thus, CCNE1 amplification is common in primary
resistant and refractory HGSOC. Tumours without HR defi-
ciency or CCNE1 amplification are commonly resistant to
platinum-based therapy and have a poor prognosis [27].

Chen et al. analysed 45 HGSOC using high-resolution
melting PCR (HRM-PCR) and NGS. They found mutations in
MET (11%), PIK3CA (7%) and NRAS (4%), but none in KRAS or
BRAF [28].

Several gene expression-based studies have identified four
distinct HGSOC molecular subtypes C1/Mesenchymal, C2/
Immunoreactive, C4/Differentiated, and the C5/Proliferative
[29—-31]. Whereas the mesenchymal and proliferative groups
are associated with poor prognosis, the Immunoreactive and
Differentiated groups have more favourable outcomes. At
present, the clinical utility of this classification is limited due
to the use of different non-standardized -classification
methods.


https://doi.org/10.1016/j.ejcsup.2020.02.001
https://doi.org/10.1016/j.ejcsup.2020.02.001

6 EJC SUPPLEMENTS 15 (2020) I—I§

4. Low grade serous carcinoma

LGSOC presents typically in younger patients than high-grade
serous ovarian cancer (HGSOC) with a median age at diagnosis
of 4355 years. In addition, LGSOC has a more indolent course
than HGSOC, resulting in a longer overall survival (OS). How-
ever, LGSOC is more resistant to chemotherapy and has less
than 5% response rate to first-line chemotherapy compared to
the 80% response rate of HGSOC [32,33].

Cells of LGSOC resemble those of the fallopian tube, have
mild to moderate nuclear atypia and a mitotic index of up to
12 mitoses per 10 high-powered fields. A borderline serous
tumour (BST) is considered to be the precursor lesion of LGSOC
and differs from it by the absence of stromal infiltration
greater than 10 mm?.

LGSOC present few recurrent molecular alterations [34].
The most commonly mutated genes are KRAS and BRAF, with
these mutations being mutually exclusive [25,34,35]. Singer
et al., in 2003, reported the first analysis of KRAS and BRAF
mutations in LGSOC [36], and since then, many studies have
confirmed the presence of these mutations in LGSOC
[33,37—-39]. The frequency of mutations ranged from 0% to 32%
(mean 7.8%) for BRAF and 15.4%—54.5% (mean 24.2%) for KRAS
mutations. BRAF mutations are more frequent in SBT and
early-stage LGSOC tumours and seem to be associated with a
better prognosis [33]. Additional mutations in the MAPK
pathway includes NRAS mutations, reported at a frequency of
3.6%—22% (mean 8.3%) [33,35]. Hunter et al. conducted whole-
exome sequencing in 19 LGSOC cases and identified in addi-
tion to mutations in KRAS, BRAF, and NRAS, somatic muta-
tions in USP9X and EIF1AX [35]. The latter two genes have both
been linked to regulation of mTOR, suggesting that mTOR
inhibitors may be useful in combination with MEK or RAF
inhibitors in LGSOC.

The presence of CNV in LGSOC has been analysed and
reviewed by Van Nieuwenhuysen [33]. The most frequently
reported whole chromosome aberrations were loss of 1p
(33%), 6q (24%), 9p (21%), 16p/q (21%), 17p (24%), 18p/q (21%),
and 22q (40%) and gain in 1q (40%), 7p/q (26%), and 8q (29%).
Loss of 1p36.33 was the most frequent focal alteration (54.1%).
This region is frequently altered in a broad range of human
cancers.

5. Mucinous ovarian carcinoma (MOC)

Malignant mucinous carcinoma in the ovary more frequently
represent metastasis from gastrointestinal tumours. Primary
MOCs tend to present as stage 1 large unilateral tumours.
The most common type of MOC is the intestinal variant,
composed of cells resembling the gastrointestinal epithelium,
which possess intracytoplasmic mucin and adopt a wide
range of morphological patterns. There is little evidence for
grading MOC; however, if grading is reported, it is recom-
mended to use the same grading system that is used for
endometrioid carcinomas [40]. It is also controversial whether
the pattern of invasion in stage 1 MOC has prognostic signif-
icance. Some studies have shown that the expansive pattern
is not associated with lymph node metastases and have a

good prognosis, whereas the infiltrative pattern has a worse
prognosis and is associated with lymph node metastases [41].
In spite of the conflicting results [42], the pattern of invasion in
mucinous ovarian carcinomas should be recorded.

A recent study using both whole-genome sequencing for
discovery and target sequencing for validation in a large
cohort of MOC have demonstrated that the most frequent
molecular alteration in this histological type affects CDKN2A
gene (76% of cases) [43] Approximately 60% of MOC with
CDKN2A alterations carried homozygous deletions, whereas
the remaining 40% had mutations, more frequently of trun-
cating type. In addition to CDKN2A alterations, mutations in
KRAS and TP53 (both 64%), amplification of ERBB2 (26% of
cases) and mutations in RNF43, BRAF, PIK3CA and ARID1A
(8—12% of cases) were the next most frequent alteration in this
series [43].

Previous studies have reported frequencies of TP53 muta-
tions in 52%—75%, KRAS mutations in 64—75%, PIK3CA muta-
tions in 13%—16%, and ARID1A mutations in 16%. Mueller et al.
[44] reported that 25% and 8% of MOCs carried homozygous
deletions and mutations in CDKN2A, respectively. Regarding
HER2, the frequency of HER2 overexpression and gene
amplification ranged from 17% to 38% in different series, being
higher in the Asian population [45—47].

The comparison of the frequencies of these alterations
between mucinous borderline tumours (MBTs) and MOCs,
demonstrated that only TP53 mutations play a role in the
progression from MBT to MOC since this alteration is only
found in 10%—18% of MBTs [48,49]. In addition, Cheasley et al.
(2019) reported that the fraction of the genome altered by copy
number variation increases significantly from MBT to MOC
and also with a grade in MOCs, and it was associated with
patient outcome [43]. Specific copy number alterations asso-
ciated with progression from MBT to grade 1 MOC were losses
at 9pter-p21.2 and 17p. Increased 17p loss likely reflected the
increased prevalence of TP53 mutations in MOC. Whereas loss
of CDKN2A (9p21.3) was an early event in mucinous ovarian
carcinogenesis, commonly seen in benign mucinous and MBT
precursors, an expanded area of a deletion encompassing
most of the chromosomal arm was enriched in MOC. This
result suggests that other tumour suppressor genes may be
located on chromosome 9 that is important for invasive pro-
gression. In addition, the copy number alterations most
strongly enriched in grade 3 MOC were gains of 1p and 19p,
affecting multiple oncogenes including JUN, JAK1, MYCL and
BRD4 [43].

6. Ovarian clear cell carcinoma (CCOC)

Ovarian clear cell carcinoma (CCOC) shows a higher preva-
lence in women in Asia, and it is associated with a reduced
response rate following platinum-based chemotherapy and a
poorer prognosis, especially in an advanced stage, than other
histological subtypes of OEC [50].

Histologically, it is composed of polygonal cells containing
clear cytoplasm, in a ‘“hobnail”’ arrangement, with an
enlarged nucleus and prominent nucleolus. However, pleo-
morphism and mitotic index tend to be low. CCOC displays
different architectural patterns, such as tubulocystic,
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papillary or solid. These conventional histopathological pa-
rameters have not been shown to be prognostically informa-
tive, and CCOC is considered to be a high-grade tumour [50].

Endometriosis has been associated with 33%—37% of
OCCC, and the presence of endometriosis has a relative risk of
3.37 (1.24—-9.14) for clear cell carcinoma [51]. Molecular studies
have demonstrated the presence of somatic mutations in the
epithelial cells of ovarian endometriosis, affecting more
frequently the PIK3CA, KRAS and ARID1A genes [52].

The most frequently mutated gene in CCOC is ARIDIA.
Studies using Sanger sequencing reported mutations in 46% of
the cases [53]. By using NGS techniques, slightly higher fre-
quencies have been found (57—-75%) [54—57]. PIK3CA is the
second most frequently mutated gene in CCOC: it is mutated
in 50% of the tumours according to the latest studies by NGS
[56—58]. According to in vivo studies, the inactivation of
ARID1A is not effective for tumour initiation, and thus, addi-
tional alterations, such as mutations in PIK3CA, would be
required for tumour evolution [59]. KRAS (10—17%) and
PPP2R1a (10—19%) are other frequently mutated genes in CCOC
[56—58]. Other less frequently mutated genes but detected in
more than one study included PTEN (1-5%) and ARID1B
(10-12.5%) [55,56,60]. The frequency of TP53 mutations is
lower in CCOC than in the other histological types. Results
from studies were Sanger sequencing was used show fre-
quencies between 5 and 15% [60—62], while in NGS studies,
mutations in TP53 have been reported in between 18 and 20%
of the cases [58,63]. ERBB2 amplification has also been
observed in 14% of CCOC [64]. Friedlander et al. highlight the
frequent alterations in the PIK3CA/Akt/mTOR pathway in
CCOCs and also the molecular heterogeneity of this group; the
authors also pointed out the potential therapeutic targets to
be tested in clinical trials in order to enable better selection of
therapeutic options [58]. Although the frequency of MMRD in
CCC differs among series, two recent studies based on a large
number of cases have reported that 2.8% of CCOC lose at least
one MMR protein [65,66].

7. Endometrioid ovarian carcinoma (EOC)

Endometriosis is a well-recognized precursor of EOC, and it
has been reported that approximately 25% of patients with
EOC have concomitant endometriosis [52]. Histologically,
EOCs are typically formed by adjacent glands, similar to those
observed in endometrioid endometrial carcinoma (EEC), with
a confluent (cribriform) pattern. They sometimes exhibit
squamous morules, mucinous differentiation and secretory,
fusiform, ciliated, oxyphilic or clear cells. Similarly to its
endometrial counterpart, three grades of differentiation have
been established based on the percentage of a solid compo-
nent (G1 <5%, G2 5%—50%, G3>50%). Although a binary clas-
sification has been proposed, including only low-grade
carcinoma (G1 EOC) and high-grade carcinoma (G2 and G3 EC)
[67], there is still controversy in considering G2 EOC as low or
high-grade tumours [4,68,69].

Ten to thirty percent of OECs are associated with endo-
metrioid endometrial cancer. Although there has been
considerable controversy regarding the relationship/origin of
such tumours, recent genomics studies have demonstrated

that almost all such tumours are clonally related and likely the
ovarian tumour developed from endometrial transformed
cells reaching the ovary through transtubaric reflux [70,71]. It
is important to note that outcomes of low-grade synchronous
ovarian and endometrial endometrioid carcinomas, when
confined to ovary and uterine corpus, are similar to that of
solitary organ-confined endometrial or ovarian carcinoma,
suggesting that the cells that spread to the ovary do not
possess the ability to invade the circulation and thus colonise
distant sites. The term ‘pseudometastasis’ has been proposed
for this restricted dissemination and underlies the favourable
prognosis seen in synchronous endometrial and ovarian car-
cinomas [72].

EOC shows the same spectrum of mutated genes than
EEC but at different frequencies. For example, PTEN is more
frequently mutated in EEC than EOC, but CTNNBI1 is more
frequently mutated in EOC than EEC [73,74]. EOC is frequently
associated with mutations in CTNNB1 (30—50%), ARID1A (30%),
PIK3CA (15-40%), KRAS (12—33%), PTEN (20%), and TP53
(6—24%) among others [25,50]. In addition, 10%—18% of EOC
show MMRD [66]. The frequency of mutations in each gene
varies depending on the histological grade. Thus, whereas in
FIGO grade 1, EOC CTNNBI1 is frequently mutated, but TP53
mutations are infrequent, the contrary pattern occurs in FIGO
grade 3 EOC [75].

Recently, the new molecular classification of EEC has also
been tested for EOC [76—78]. Based on a combination of mu-
tations in POLE, expression of p53 and MMR protein expres-
sion, EOC could thus be classified into four groups: POLE
mutated, MMR abnormal, p53 abnormal, and Nonspecial Type
(NST, those without POLE mutations, MMRD or p53 abnormal
expression). According to previous studies [79,80] and the re-
sults of the RECLAMO series (manuscript in preparation), the
frequency of the four molecular groups was: 58%—61% NST,
11%—24% p53 abnormal, 8%—19% MMR abnormal, and 3%—
10% POLE mutated. Interestingly, the frequency of POLE
mutated and MMR abnormal tumours was lower in EOC than
in EEC.

This classification could have important prognostic and
therapeutic implications. Thus, no deaths were observed
among POLE mutated tumour in these series [79,80], and the
use of immunotherapy should be an option in POLE mutated
and MMR abnormal tumours.

8. Refining EOC histotyping

Taking into account the differences among the major histo-
logical types of OEC, it is of great importance, both in the
clinical and research settings, to achieve an appropriate his-
tological typing of all tumours. By applying current morpho-
logical criteria, a high to medium reproducibility among
Pathologists in assigning the correct histological type has been
reported [81]. Assignation of the histological type can be
difficult in some situations, such as to differentiate between
LGSC and HGSOC in tumours with intermediate atypia, or
HGSOC with a glandular or solid pattern from EOC, or EOC
with extensive mucinous differentiation from MOC, or COCC
from other histological types with clear cells. The most
frequent discordance between the initial and final diagnosis is
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found in the differential diagnosis of endometrioid and serous
carcinomas. In this sense, between 20% and 30% of the tu-
mours initially diagnosed as EOC, are reclassified as HGSOC
[82].

Histotype classification agreement notably improves by
using a panel of immunohistochemical markers that includes
at least WT1, p53, napsin A (NAPSA) and progesterone re-
ceptor (PR) [82]. WT1 expression is typical of serous carci-
nomas, although this marker does not have 100% sensitivity
and specificity. The expression of p53 makes it possible to
distinguish between HGSOC and LGSOC. Both overexpression
(>70% of expressing tumour cells) and complete absence of
expression in tumour cells (‘null pattern’) with focal expres-
sion in the stroma are regarded as abnormal patterns of
expression indicative of TP53 mutation (‘mutated pattern’),
characteristic of HGSOC. Infrequently (<5%) HGSOC have a
cytoplasmic pattern of p53 expression or a wild non-mutated
pattern of expression due to specific TP53 mutations [83]. In
WTI-positive tumours, when p53 expression pattern is diffi-
cult to interpret, diffuse p16 staining supports a diagnosis of
HGSOC. WT1-negative carcinomas include most CCC, EOC
and MOC. NAPSA has been shown to be a highly sensitive and
specific marker for CCC. However, NAPSA expression can be
weak and focal in some tumours, and its expression may oc-
casionally be detected in other histological types. In EOCs that
express NAPSA, the possibility of a diagnosis of mixed EOC-
CCC carcinoma should be considered, if supported by the
morphology [4]. The use of vimentin may help in the differ-
ential diagnosis of PR-negative EOC with extensive mucinous
differentiation, which is frequently vimentin-positive, from
MOC, which are vimentin-negative [84]. Additional immuno-
histochemical findings that can help in refining EOC histo-
typing include: the absence of expression of ARID1A favour
the diagnosis of CCC or EOC; nuclear beta-catenin expression
favours the diagnosis of EOC; absence of expression of any
MMR protein favours EOC or CCC, and HINF1B expression
favour the diagnosis of CCC [4]. In order to exclude metastasis
from the gastrointestinal tract when dealing with mucinous
tumours, the use of SATB2 is recommended [85].

o. Hereditary cancer syndromes

Ovarian cancer is one of the tumours in which most patho-
genic germline mutations have been identified. Thus, up to
20% of OEC harbour germline autosomal dominant alterations
in BRCA1/2 genes, whereas other low penetrance genes asso-
ciated with homologous recombination deficiency (HRD),
mismatch repair genes (Lynch syndrome) and TP53 are less
frequently present [22].

Song et al. analysed 2240 invasive OEC patients and found
that the most common germline mutations were in BRCA1
(3.8%) and BRCA2 (4.2%), while mutations in mismatch repair
genes were less common: MSH6 (0.45%) and MSH2 (0.18%) [86].

Other series have reported a higher incidence (up to 14%) of
BRCA1/2 germline mutations in OEC [20,22]. When histological
type is taken into account, BRCA1/2 mutations are not
observed in MOC, but in 6% of CCC, 8,2% EOC and 17% of
HGSOC [20,87]. Penetrance of these genes for the development
of breast and/or ovarian cancer is high but incomplete. At 80

years, 65% and 37% of BRCA1 and BRCA2 carriers will ulti-
mately develop OEC, respectively, [88]. To help to estimate
ovarian cancer risk, we have to take into considerations that
beyond carrying a germline pathogenic mutation, other fac-
tors, such as OEC in other family members, can increase the
risk [89].

Regarding strategies to prevent OEC among BRCA1/2 car-
riers, prophylactic salpingo-oophorectomy (SOP) has shown to
decrease overall mortality (10% vs. 3%; HR, 0.40 [95% CI,
0.26—0.61]), as well as 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] [90]. SOP
efficacy goes beyond and it also decreased breast (HR: 0.49;
[95% IC: 0.37—0.65]) and ovarian cancer risk (HR: 0.21; [95% IC:
0.12—0.39]) [91]. This reduction was observed for both BRCA1
and BRCA2 mutation carriers [91]. Alternative options to SOP
should be carefully discussed with the women since CA125
monitoring and periodical ultrasound evaluation have not
shown any survival advantage [92]. The SOP is usually per-
formed after childbearing desire has been fulfilled.

Currently, the use of gene panels that include, in addition
to BRCA1/2, other genes with lower penetrance, is recom-
mended for the screening of germline mutations in women
with OEC. Thus, some studies have reported germline muta-
tions in BRIP1 (1.71%), ATM (0.86%), and RAD51C (0.64%) in OEC
patients [93]. In favour of their use is the possibility to identify
further 25% [22] of non-BRCA mutations, while one of the
disadvantages is the increased possibility of finding variants
of uncertain significance (VUS) in up to 25% of the patients
[94]. Besides the increased VUS, there is a risk of the psycho-
logical burden since the evidence supporting the management
of low penetrance genes is scarce, as we will discuss later. Of
note, not all mutations in other OEC risk genes are associated
with increased breast cancer risk, as is BRCA1/2.

BRIP1 (BRCAL1 interaction protein c-terminal helicase 1 gene)
accounts for around 1.5% of OEC patients with a relative risk
among carriers of 11.2 (95% IC, 3.22—34.10, p < 0.001) and of 14
for those with high grade serous histology (95% IC, 4.04—45.02,
p < 0.001) [93,95]. RAD51C and RAD51D genes are mutated in
less than 1% of OEC [96] non BRCA patients [19]. In case control
studies, mutations in RAD51C were associated with increased
OC risk (RR 5.88; 95% IC, 2,91-11.88, p < 0.001) [97], as well as
mutations in RAD51D (RR 6.30; 95% IC, 2,86-13,85, p < 0.011)
[98].

Lynch syndrome defined by mismatch repair genes muta-
tions (MMR), such as MLH1, MSH2, MSH6, PMS2, accounts for
1-2% of hereditary OEC [93,99]. MMR protein loss and micro-
satellite instability for revised Bethesda criteria patients
help to screen this population. The most frequent mutations
are in MSHS6, followed by mutations in MSH2 or MLHI, ac-
cording to different series [93,99]. OEC penetrance is around
7%, making prophylactic measures less obvious to implement
in these patients than in those carrying BRCA1/2 mutations.
Most OEC in the setting or Lynch syndrome are endometrioid
or clear cells. Other histological types are extremely infre-
quent when current classification criteria is applied [66,100].

Cowden syndrome is due to germline PTEN mutations, and
it causes endometrial, breast and ovarian cancer [22,93].
Clinical criteria to identify patients at risk have been proposed
and are available in the Cleveland Clinic PTEN risk calculator
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[101]. Li-Fraumeni syndrome due to TP53 germline mutations
is responsible for 0.8% of OEC [22]. From a clinical standpoint,
radiotherapy should be avoided, and there are limited stra-
tegic measures.

10.  Prognostic factors

Several factors are associated with long-term survival,
including younger age at diagnosis, nonserous histotypes,
early-stage disease, no gross residual disease after cytore-
ductive surgery, absence of ascites and lower CA-125 levels.

The most important prognostic factor is the 2014 FIGO
staging that divides early (I-IIB) versus advanced (III-IV) stage
[102] (Table 1). If possible, staging should be done through a
complete surgical diagnostic procedure.

Histological type, according to current classification
criteria [103], is an important prognostic factor. Considering
all stages, HGSOC is the histological type with worse prog-
nosis; however, itis important to remember that distant-stage
MOC and CCC have similar or worse 10-year survival esti-
mates than distant-stage HGSOC [103], whereas EOC is the
histological type with a better prognosis, both in early and
advanced stages [4,104].

Older age is associated with worse survival with a median
overall survival of 18.7 months vs. 53.2 months comparing >70
years versus the range of 50—69 years [105]. Performance

status of 2 versus 0—1 remains to be of prognostic importance
in multivariate analysis [106]. Approximately 75% of the cases
are of advanced stage and require expertise in gynaecological
cancer treatment.

Another important prognostic factor is the expertise of the
surgeon. Two quality surgery measures, the rate of lympha-
denectomies in early stage (60%, 36% and 16%) and the rate of
complete cytoreduction in advanced stages (58%, 51% and
40%), are higher among gynaecologic oncologists surgeons
compared to general gynaecologist surgeons and general
surgeons [107]. In a pooled analysis of 11,999 patients [108],
when complete cytoreduction, 0.1-1 cm residual disease and
>1 cm was achieved, the overall survival was 70, 40 and 30
months, respectively.

Molecular markers that are deeply reviewed in this article
have emerged as prognostic factors, of which deficiency in
DNA repair by homologous recombination has been clinically
validated [22], particularly the status of BRCA1/2 mutation. As
such, BRCA2 carriers have a better prognosis than BRCA1
carriers and BRCA1/2 carrier’s better prognosis than BRCA wild
type patients [109]. As previously stated, microarray-based
transcriptome expression classification into molecular sub-
groups of HGSOC, although powerful, lack any clinical use at
this moment [29].

Regarding other biological markers, the status of oestrogen
and progesterone receptors are prognostic factors in OEC
[110,111]. Moreover, several studies have demonstrated that

Table 1 — FIGO staging system (Prat 2014).

Stage I Tumour confined to ovaries

1A Tumour limited to one ovary, capsule intact, no tumour on surface,
negative washing

1B Tumour involves both ovaries, otherwise like 1A

IC Tumour limited to one or both ovaries

IC1 Surgical spill

1C2 Capsule rupture before surgery or tumour on ovarian surface

IC3 Malignant cells in ascites or peritoneal washings.

Stage II Tumour involves one or both ovaries with the pelvic extension (below the
pelvic brim) or primary peritoneal cancer

IIA Extension and/or implant on the uterus and/or Fallopian tubes

1B Extension to other intraperitoneal tissues

Stage III Tumour involves one or both ovaries with cytologically or histologically

confirmed spread to the peritoneum outside the pelvis and/or metastasis to
the retroperitoneal lymph nodes

IIA Positive retroperitoneal lymph nodes and/or microscopic metastasis
beyond the pelvis.
IIA1 Positive retroperitoneal lymph nodes only

IIIA1(i) Metastasis </ = 10 mm
IIIA1 (5) Metastasis >10 mm

1I1IA2 Microscopic, extrapelvic (above the brim) peritoneal involvement +/,
positive retroperitoneal lymph nodes
111B Macroscopic, extrapelvic, peritoneal metastases < or = 2 cm +/, positive

jiiie

Stage IV
IVA
IVB

retroperitoneal lymph nodes. Includes extension to the capsule of liver or
spleen.

Macroscopic, extrapelvic, peritoneal metastases >2 cm +/, positive
retroperitoneal lymph nodes. Includes extension to the capsule of liver or
spleen

Distant metastasis excluding peritoneal metastasis

Pleural effusion with positive cytology

Hepatic and/or spleen parenchymal metastasis to extraabdominal organs
(including inguinal lymph nodes and lymph nodes outside the abdominal
cavity)



https://doi.org/10.1016/j.ejcsup.2020.02.001
https://doi.org/10.1016/j.ejcsup.2020.02.001

10 EJC SUPPLEMENTS 15 (2020) I—I§

the presence of CD8+ TILs within the epithelial component of
OECs is associated with favourable prognosis in HGSOC
[112,113]. However, little information is available regarding
TILs in other histotypes. A recent study based on a large OEC
cohort has confirmed the histotype-specific nature of immune
infiltration, and it has also provided definitive evidence for a
dose-response relationship between CD8+ TILs and HGSOC
survival. Thus, also, the extent of infiltration is prognostic and
not merely its presence or absence. In this study a survival
benefit was additionally observed among women with endo-
metrioid and mucinous carcinomas, but not the other histo-
types [114].

Recently, the role of PD-L1 as a possible prognostic factor
has been analysed in some studies, most frequently in HGSOC
[115]. Results among series are discrepant due to differences
in the samples analysed, antibodies used, and the evaluation
criteria, including whether staining was evaluated in tumour
or immune cells. For example, Darb-Esfahani [116] reported
that 89% of HGSOC expressed PD-L1 in cancer cells and that
positive expression was an independent favourable prog-
nostic factor. In contrast, Wang et al. [117]and Schmoeckel
etal. [118] observed that tumour PD-L1 expression, which was
present in 24% of HGSOC, was a predictive factor for poorer
overall survival. Regarding PD-L1 expression in inflammatory
cells, Kim et al. have reported that PD-L1 expression in HGSOC
is associated with a good prognosis. In histological types other
than HGSOC, Willis et al. (2017) reported tumour cell PD-L1
staining in 43% of the CCOC cases [119], but Friedlander
et al. reported only a 7% of positivity in this histological type
[58].

11. General considerations for treatment

Although a multidisciplinary approach is mandatory in all
tumours, this holds particularly true in OEC, since surgery and
systemic treatment usually go together in a constant dialogue,
which is usually preceded by imaging procedures and a pre-
cise pathologic report. Cytoreduction surgery is done at pri-
mary diagnosis (PDS) or after neoadjuvant chemotherapy
(interval debulking surgery). Results of surgery (whether
complete with no macroscopic residual tumour or not) are
essential to treatment planning. The rate of complete
cytoreduction is greater in centres with a high volume of pa-
tients [120] since the procedures are extensive and imply
complete pelvic tumour resection, lymph node removal,
stripping of diaphragm, and also selective bowel resections, in
order to achieve quality indicators, such as those suggested by
ESGO (www.esgo.org).

Medical treatment includes both cytostatic and targeted
therapies. Although usually, the route of administration is
endovenous, intraperitoneal route has some pharmacokinetic
advantages [121], such as higher IP concentration of the drug,
a longer half-life of the drug in the abdominal cavity and
prolonged systemic exposure. Intraperitoneal chemotherapy
after complete cytoreduction in stage III OEC has been asso-
ciated with a decreased mortality rate (HR = 0.81; 95% confi-
dence interval (CI): 0.72 to 0.90 for OS) [122]. However, despite
its efficacy, it has not been widely adopted as a standard of
care.

The first biological compound that was available to treat
OEC was intravenous bevacizumab, targeting angiogenesis.
Hypertension and proteinuria are the main side effects that
should be closely monitored, and special attention should also
be paid to bowel symptoms since patients are at increased risk
of perforations. In Europe, this treatment is approved as first
line for platinum-sensitive and resistant tumours.

Drugs targeting homologous recombination deficiency
have been approved as maintenance or active drugs. These
PARP inhibitors include, but are not limited to, olaparib, nir-
aparib and rucaparib. Since these drugs are oral and are taken
for long periods of time without interruption, some side ef-
fects are observed, including nausea, asthenia and neu-
tropenia. Early management of these side effects is essential
to achieve good adherence. Additionally, dose reduction
should be considered when necessary.

Due to the relative chemoresistance of histological types
other than HGSOC, new therapeutic approaches based on
molecular alterations are being tested. Hormonal therapy
(e.g. aromatase inhibitors) could be considered as mainte-
nance therapy after the end of chemotherapy for LGSOC [123].
In addition, based on the known mutation in the KRAS/BRAF/
MAPK and the PI3K/AKT/mTOR signalling pathway in LGSOC,
several clinical trials have been designed, using targeted
agents to target these pathways. Regarding CCC, direct and
synthetic-lethal therapeutic strategies, in particular, focus-
sing on ARID1A deficiency, are being evaluated in clinical tri-
als [124]. For example, EZH2 facilitates epigenetic methylation
to modulate gene expression, and both uterine and ovarian
cancers show evidence of EZH2 overexpression. EZH2 inhibi-
tion in ARID1A mutated tumours acts in a synthetically lethal
manner to suppress cell growth and promote apoptosis,
revealing a unique new therapeutic opportunity.

Immunotherapy is becoming a standard of care in different
human tumours. Despite the encouraging results in other
malignant tumours, the use of single-agent antibodies inhib-
iting the cytotoxic T lymphocyte-associated protein 4 (CTLA-4)
or PD-1 or PD-L1 axis yielded only modest results in OEC with
median response rates of 10—15% and control of disease was
observed in less than half of the patients [125]. As a conse-
quence, no immunotherapeutic agent has obtained regulatory
approval for OEC so far. A limitation in the use of immuno-
therapy is the lack of predictive biomarkers. Recently, the role
of P-L1 as a predictive marker of response for the immune
checkpoint inhibitor Pembrolizumab has been evaluated in
the Keynote-100 clinical trial. The authors used the combined
positive score (CPS), defined as the number of PD-L1 staining
cells (tumour cells, lymphocytes, macrophages) divided by the
total number of viable tumour cells X100, and found that,
although single-agent pembrolizumab showed only modest
activity in advanced, recurrent ovarian cancer, a CPS >10 was
correlated with higher response [126].

MMRD and POLE mutations are agnostic immunotherapy
predictive markers. As previously discussed, pathogenic POLE
mutations and MMRD occur in about 10% and 18% of EOC,
respectively. In addition, less than 5% of CCCs are MMR-
deficient. These molecular alterations are nearly absent in
serous and mucinous carcinomas.

Tumour mutation burden (TMB) has been reported as a
marker of response to immune checkpoint inhibitor in some
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tumours. There are few studies analysing TMB in OEC, and as
for other biomarkers, most studies have focused on HGSOC.
TMB in HGSOC tend to be lower than in other tumour types
(around 1.5 non-synonymous mutations per megabase). The
optimal cut-off for TMB as a possible predictor of response to
immunotherapy has not been established in OEC [127—-129].

12. Conclusions

In spite of advances in our understanding of its biology and the
incorporation of new therapies during the last decades, the
lethality of OEC remains high. The recognition of five major
histological types of OEC is allowing the transition from a single
therapeutic approach for all OECs, to a more precise one based
on the specific characteristics of each subtype. However, as has
been discussed, there are still problems in the correct classifi-
cation of OEC, and also, substantial molecular heterogeneity
occurs among tumours of each histological type. It is to be
expected that the routine use of immunohistochemistry and
molecular techniques, as next-generation sequencing, will
improve OEC classification and will allow the identification of
potential therapeutic targets. In addition to improving diag-
nosis, reduction of OEC incidence and mortality will need the
implementation of primary prevention and early detection
procedures, and the incorporation of new targeted therapies.
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