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Abstract High-grade serous ovarian carcinoma (HGSOC)
accounts for the majority of the ovarian cancer deaths, but
over the last years little improvement in overall survival has
been achieved. HGSOC is a molecularly and clinically hetero-
geneous disease. At genomic level, it represents a C-class
malignancy having frequent gene losses (NFI, RBI, PTEN)
and gains (CCNE1, MYC). HGSOC shows a simple mutation-
al profile with TP53 nearly always mutated and with other
genes mutated at low frequency. Importantly, 50 % of all
HGSOCs have genetic features indicating a homologous re-
combination (HR) deficiency. HR deficient tumors are highly
sensitive to PARP inhibitor anticancer agents, which exhibit
synthetic lethality with a defective HR pathway.
Transcriptionally, HGSOCs can be grouped into different mo-
lecular subtypes with distinct biology and prognosis.
Molecular stratification of HGSOC based on these genomic
features may result in improved therapeutic strategies.
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Introduction

Epithelial ovarian cancer (EOC) is the most lethal gy-
necological malignancy in western countries and ac-
counts for almost two-thirds of ovarian cancer deaths
[1, 2e¢]. The majority of patients are diagnosed at an
advanced stage due to a lack of symptoms and the pau-
city of effective methods to detect the disease early [3].
High-grade serous ovarian carcinomas (HGSOCs) ac-
count for 60-80 % of the women diagnosed with epi-
thelial ovarian cancer, and most deaths are associated
with this subtype [4]. The disease is referred to as ovar-
ian cancer, but clinical and experimental data indicate
that secretory epithelial cells of the distal fallopian tube
(FTSECs) are the likely progenitors of the majority of
HGSOCs [2¢¢]. Currently, the standard therapy combines
maximal cytoreductive surgery followed by platinum-
taxane chemotherapy [3, 5¢¢]. HGSOC is associated
with initial chemotherapy responsiveness; however, most
tumors recur and become increasingly chemotherapy re-
sistant, resulting in an overall 5-year survival probability
of 31 % [5e, 6]. Importantly, the debulking surgery
remains the key since the extent of debulking profound-
ly influences prognosis in EOC; suboptimal
cytoreductive surgery (residual tumor size of greater
than 2 cm) is indeed associated with poor survival in
advanced EOC and with a specific molecular subtype
characterized by desmoplastic stromal reaction, as re-
cently reported by Liu and colleagues [7]. The evolution
of surgical techniques and chemotherapy regimens over
the past three decades has resulted in improvements in
ovarian cancer treatment [8]. However, in spite of the
fact that changes in both chemotherapy schedules and
administration had increased response rates of over
80 %, most of the patients eventually relapse. One of
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the major disappointments in the field of ovarian cancer
research is the failure of currently established therapies
to induce a cure at diagnosis, even in chemosensitive
tumors [8]. HGSOC has shown little improvement in
overall survival (OS) for decades, whereas improve-
ments in OS were achieved for a number of other com-
mon solid malignancies [2°¢, 9].

This lack of successful treatment strategies led researchers
in the recent years to measure molecular aberrations of
HGSOC in order to identify new therapeutic targets or bio-
markers that could improve treatment options for ovarian can-
cer patients. The emerging view from this work is that high-
grade serous ovarian carcinoma shows a heterogeneous mo-
lecular and cellular biology with no predominant pathway
deregulated in most of the patients [8]. Therefore, individual-
ized patient selection for treatment decision-making becomes
increasingly essential.

Here, I review recent advances in our understanding of the
molecular features of HGSOC with possible therapeutic im-
plications. Table 1 summarized the key molecular features of
high-grade serous ovarian carcinoma (HGSOC).

Table1l Summary of the key molecular features of High-Grade Serous
Ovarian Carcinoma (HGSOC) and distribution frequency

Frequency® (%)

Gene mutations

TP53 >95

BRCA1/2 germline 17-22

BRCA 1/2 somatic 6-7

NF1 4

CDK12 3

RBI, FA genes, HR DNA-damage gene 2°

Core RAD gene 1.5
Copy number alterations

CCNEL, MYC, MECOM amplifications >20°

NF1 loss 12

RBI loss 10

PTEN loss

EMSY amplification

PAXS amplification 3
Gene expression subtypes

Proliferative 21

Immunoreactive 23

Differentiated 26

Mesenchymal 30

“Based on [2¢¢, 5e¢, 10ee, 11, 12]
®Frequency for each of the genes listed in the first column
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Genetic Alterations of High-Grade Serous Ovarian
Carcinoma (HGSOC)

Somatic Mutations and HR Pathway Alterations

In 2011, two important studies shed light on the genetic alter-
ations driving ovarian cancer [5¢¢, 13¢]. The Cancer Genome
Atlas (TCGA) Research Network employed a variety of high-
throughput technologies to systematically catalogue molecu-
lar aberrations in about 500 HGSOC cases. Cheung and col-
leagues instead took a more functional approach where they
performed systematic loss-of-function studies in cell lines of
ovarian (and other) cancers to identify genes essential for tu-
mor proliferation and survival. In particular, they aimed to find
genes that were both essential for the ovarian cancer cells but
also amplified or differentially overexpressed in primary tu-
mors and ovarian cancer cell lines.

Consistent with previous reports, the 7P53 gene is nearly
always mutated in HGSOC (97 % of the tumors), and the
TP53 mutation occurs early in the genesis of ovarian cancer
[14, 15]. The next most frequently affected genes are BRCA1
and BRCA2, which had germline mutations in about 9 and 8 %
of'the TCGA tumor samples, respectively, and showed somat-
ic mutations in additional 3 % of cases [5¢¢]. Researchers from
the TCGA also identified mutations in other genes at lower
(<6 %) but statistically significant rates, such as NFI, RBI,
CDK12, FAT3, CSMD3, and GABRAG.
Additional studies are required to confirm these mutation fre-
quencies in independent patient cohorts. The cyclin-
dependent kinase CDK 12 represents an interesting novel hit,
not previously associated with ovarian cancer. Considering its
mutation pattern can be classified as a tumor suppressor gene.
Subsequent functional studies reported that CDK12 kinase
domain mutations impede catalytic activity and cells with cat-
alytically inactive CDK12 have defect in homologous recom-
bination (HR). Similarly, disabling CDK12 in ovarian cancer
cells disrupts HR and also sensitizes cells to DNA cross-
linking agents and poly ADP-ribose polymerase (PARP) in-
hibitors [16, 17¢]. This was explained by the indirect role of
CDK12 affecting the transcription of key factors of the HR
pathway [18, 19]. Taken together, these studies underline a
possible role of CDK12 as biomarker for treatment. Still, fur-
ther studies are needed to refine the mutation frequency of
CDK12 in a larger patient population.

Defects in HR DNA repair pathway occur in up to 50 % of
HGSOC cases. HR defects are mainly caused by germline,
somatic, and epigenetic mutations (silencing through methyl-
ation) in BRCA1 and BRCA?2 and less frequently by muta-
tions in other components of the HR pathway [20].
Specifically, germline BRCA1 and BRCA2 mutations are
the most common alterations and are present in up to 22 %
of the HGSOC, whereas somatic BRCA1 and BRCA2 muta-
tions have been identified in 6 to 7 % of HGSOC [10ee, 21,
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22]. The majority of the BRCA1 and BRCA2 mutations (81
and 72 %, respectively) are also followed by loss of heterozy-
gosity, which indicates a biallelic inactivation [10e°].
Mutations in BRCA1/2 genes are mainly frameshift insertions
or deletions and occur in all functional domains of BRCA1/2
genes [10e¢]. Other HR pathway alterations include mutations
in many Fanconi anemia (FA) genes (mainly PALB2,
FANCA, FANCI, FANCL, and FANCC), in core HR restriction
site associated DNA (RAD) genes (RAD50, RADS51,
RADS51C, and RAD54L) and in DNA damage response genes
involved in HR (ATM, ATR, CHEKI, and CHEK?2).
Alterations in genes that modulate the HR pathway can also
indirectly cause HR deficiency. Mendes-Pereira and col-
leagues proposed that phosphatase and tensin homolog
(PTEN) deficiency could be linked to transcriptional down-
regulation of RADS1 and therefore cause a HR defective phe-
notype [23]. EMSY overexpression and amplification is an-
other mechanism of HR deficiency, seen in 17 % of HGSOC:s.
This could be due to the interaction of EMSY with the
transactivation domain of BRCA2, which leads to inhibition
of its transcriptional activity [24]. However, the exact role of
EMSY alteration in HR deficiency is still controversial.

In addition to HR pathway alterations, other DNA repair
pathways, such as nucleotide excision repair (NER) and mis-
match repair (MMR), can be affected through missense muta-
tions or homozygous deletions in several genes (ERCC2-6,
DDBI, XPC, RFC1, RAD23B, MNATI); this is the case of
approximately 8 % of HGSOC as reported by the TCGA
[See, 25].

Identification of reliable biomarkers that could capture the
diverse mechanisms of HR deficiency represents a very im-
portant step for clinical treatment decisions [10¢¢]. Among
others, tumor gene expression profiles of BRCAness or
targeted mutational profiling of HR genes are promising in
identifying tumors with altered HR pathway. An example is
BROCA, a targeted deep sequencing assay that identifies all
types of mutations of key HR genes and that can predict an
improved primary response to platinum chemotherapy and
longer overall survival in epithelial ovarian cancer [26, 27].
Patients with HR defective tumors are associated with en-
hanced sensitivity to platinum-based chemotherapy; therefore,
platinum sensitivity has been used as “clinical biomarker” of
HR deficiency [10ee, 28]. Clinically, patients with BRCA1/2
mutations show significantly higher response rates and
prolonged progression-free survival (PFS) after platinum-
based chemotherapy. The importance of HR deficiency and
platinum sensitivity is also highlighted by the fact that resto-
ration of proficient HR by different mechanisms (such as sec-
ondary mutations restoring BRCA1/2 protein functionality or
epigenetic reversion of BRCA1 promoter hypermethylation)
induces platinum resistance [10+¢]. What makes HR deficient
tumors clinically very interesting is their high sensitivity to
poly ADP-ribose polymerase inhibitors (PARPis) a novel

class of anticancer agents, which exhibit synthetic lethality
with a defective HR pathway [25, 29, 30]. The strong activity
of PARPis in HR-deficient epithelial ovarian cancer made this
treatment the first molecular-targeted therapy approved in this
disease. In December 2014, the FDA approved the PARP
inhibitor olaparib for use in epithelial ovarian cancer patients
with germline BRCA1/2 mutations after three or more che-
motherapy regimens. Still, patients with HR-deficient/no-
BRCA mutated tumors cannot benefit of these agents outside
clinical trials [10+]. That highlights the importance of identi-
fying biomarkers of HR deficiency in patients that could ben-
efit from the PARPis without having BRCA1/2 mutations.

The molecular mechanism behind the synthetic lethal in-
teraction of PARPis with HR deficiency is still under investi-
gation, and several models were proposed so far. One of the
most accredited is the essential role of PARP1 in the base
excision repair (BER), which would be inhibited by PARPis
leading to DNA double-strand breaks (DSBs) that are normal-
ly repaired by HR. In HR-deficient cells, these lesions will
remained unrepaired and therefore will cause cytotoxicity
[10ee, 31]. Other models that could explain the PARPis-HR
synthetic lethality are the role of PARP1 in inhibiting NHEJ
repair activity, the trapping of PARP1 on DNA damage sites,
the ability of PARP1 of recruiting DNA repair proteins, and
last but not least, the PARP1 function in the alternative end
joining (alt-EJ) DSB repair pathway, on which HR-deficient
cells rely for survival [32-34]. Recently, D’ Andrea and col-
leagues showed that there is an inverse correlation between
HR activity and DNA polymerase 0 (Pol6 also known as
POLQ) expression in EOCs. Specifically, knockdown of
PolO in HR-proficient cells upregulates HR activity and
RADS1 assembly, while knockdown of Pol® in HR-
deficient EOCs enhances cell death [32]. This work identified
PolB as a novel therapeutic target for PARPis.

However, it is important to remember that epithelial ovar-
ian tumors that are sensitive to platinum-based treatment due
to alterations in another DNA repair pathway than HR, name-
ly the nucleotide excision repair (NER) pathway, may exhibit
resistance to PARP inhibition as recently showed by Ceccaldi
and colleagues [25].

Copy Number Alterations

With the exception of TP53, BRCA1, and BRCA2, mutations
in oncogenes or tumor suppressor genes are relatively uncom-
mon in HGSOC [2¢¢]. Instead, HGSOC is mostly character-
ized by chromosomal instability with a large burden of copy
number gains and losses making this type of cancer a good
example of a chromosomally unstable malignancy, so-called
C-class [2¢e, 35-37]. The TCGA researchers identified ampli-
fications in CCNEI, MYC, and MECOM genes in at least
20 % of cases. Moreover, they found that areas of focal am-
plification encode the receptor for activated C-kinase
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(ZMYNDR8), a p53 target gene (IRF2BP?2), a telomerase cata-
lytic subunit (TERT), and, interestingly, an embryonic devel-
opment gene (P4X8) that was also reported by Cheung and
colleagues [13]. Interestingly, PAXS was the only gene in the
Cheung study that hit the three selection criteria used by the
authors: it was amplified primary ovarian tumors,
overexpressed in ovarian cancer cell lines, and scored as “es-
sential” by all three scoring methods. Of importance, PAXSE
suppression induced apoptosis and viability reduction
(>50 %) only in ovarian cell lines with PAX8 amplification
and/or overexpression. Immunohistochemistry suggests that it
is expressed in 90-100 % of serous, clear-cell, and
endometrioid subtypes. PAX8 encodes a transcription factor
involved, among others, in the development of the female
reproductive tract. Its expression is restricted to secretory cells
of the fallopian tube epithelium, which is the point of origin
for serous ovarian carcinoma [13¢].

The TCGA study reported also 50 focal deletions, and
among others in known tumor suppressor genes PTEN, RBI,
and NFI. Recently, Patch and colleagues showed that gene
breakage inactivates not only tumor suppressors RB1, NF1,
and PTEN but also RAD51B and contributes to acquired che-
motherapy resistance in HGSOC [38+¢]. Additionally, the
group of Brenton confirmed that PTEN loss is a common
event in HGSOC and defines a subgroup with significantly
worse prognosis, suggesting the rational use of drugs to target
PI3K and androgen receptor pathways for HGSOC [39].

As previously discussed, approximately 50 % of HGSOC
shows a defective HR DNA repair pathway. This phenotype is
most likely a key determinant of platinum and PARPi sensi-
tivity in HGSOC. However, the other half of HGSOC, which
have no evidence of HR deficiency, is poorly characterized.
Interestingly 20 % of this group has focal amplification of
Cyclin E1 (CCNEL1), which is an early event in HGSOC tu-
morigenesis. Clinically, tumors with CCNE! gene amplifica-
tion are associated with poor overall survival and primary
treatment failure [40]. It has been showed that HGSOC cell
lines with CCNE1 amplified undergo cell cycle arrest or apo-
ptosis when cyclin E1 or its binding partner cyclin-dependent
kinase 2 (CDK2) is lost [2¢¢, 41]. This leads to the possibility
of using CDK2 as novel therapeutic target in CCNEI1-
amplified tumors. Preclinical studies showed indeed that ovar-
ian cell lines with CCNE1 amplification are selectively sensi-
tive to CDK2 suppression using small-molecule inhibitors
[40]. Nevertheless, resistance to CDK?2 inhibitors may occur
due to upregulation of CDK2 target protein and through
preexisting cellular polyploidy [40]. Intriguingly, a recent
study provides an explanation for the observed mutual exclu-
sivity of CCNE1 amplification and BRCA1/2 loss in HGSOC,
namely the intolerance of CCNE1 amplified cell lines of
BRCAI1 suppression [42]. CCNE1 overexpression promotes
uncontrolled S-phase entry and therefore disrupts DNA repli-
cation and increased genomic instability. This can make cells
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dependent on an intact HR repair pathway with functional
BRCAL. Additionally, cells that harbor CCNE1 amplification
show dependency on members of the ubiquitin pathway as
well. Based on these findings, the same study proposed a
novel therapeutic approach where platinum-resistant tumors
could be treated with bortezomib, which inhibits both the pro-
teasome and the HR pathway [42].

As described in the previous section (“Somatic Mutations
and HR Pathway Alterations™), CDK 12 was found statistical-
ly significantly mutated gene in the TCGA patient cohort, and
cells with inactivated CDK 12 showed high sensitivity to DNA
damaging as PARPis. Only very recently, Popova and col-
leagues reported that ovarian tumors with CDK12 inactivation
show a specific genomic instability pattern consisting of a
>200 tandem duplications (TDs) up to 10 Mb [18]. This so-
called CDK12 TD-plus phenotype is observed in 4 % of the
HGSOC samples included in their study (~650 cases).

mRNA and miRNA Expression Analysis

Large-scale genomics studies have identified novel molecular
subtypes of HGSOC that are characterized by distinct biology
and are prognostically relevant with potential therapeutic im-
plications. First, a gene expression analysis of HGSOC and
endometrioid OCs from the Australian Ovarian Cancer Study
identified six different subtypes, of which four subtypes rep-
resented higher grade and advanced stage cancers of serous
and endometrioid morphology [43]. Tothill and colleagues
called these four subtypes C1 (high stromal response), C2
(high immune signature), C4 (low stromal response), and C5
(mesenchymal, low immune signature). These four subtypes
were then validated by the TCGA group using an independent
set of 489 HGSOCs and renamed as proliferative, immunore-
active, differentiated, and mesenchymal. The proliferative
subtype is characterized by high expression of proliferative
markers (MCM2, PCNA) and transcription factors
(HMGA2, SOX11) and low expression of ovarian tumor
markers (MUC1 and MUCI16) [Se]. Patients with these tu-
mors displayed a significant trend toward early relapse and
short OS [43]. In addition, this group shows a decrease in
the rate of MYC amplification and RB1 deletion compared
to the other subtypes. The immunoreactive subtype expresses
T-cell chemokine ligands (CXCL11 and CXCL10) and the
receptor CXCR3. The immune subtype may benefit from
use of immune checkpoint inhibitors also in light of what
Zhang and colleagues reported that a subset of HGSOC shows
intratumoral infiltration with activated lymphocytes, such as
CD8+ T-cells [44]. The differentiated subtype is associated
with high expression of MUC1 and MUCI16, and it represents
an advanced stage of development reflected by the expression
of SLP1, the secretory fallopian tube marker. The mesenchy-
mal subtype is characterized by a de-differentiated phenotype
with overexpression of the WNT signaling genes,
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developmental transcription factors, and reduced expression
of E-cadherin, which is suggestive of epithelial-mesenchymal
transition [43]. It displays high expression of HOX genes and
markers of increased stromal components [Se¢]. Interestingly,
Tothill and colleagues observed low numbers of intratumoral
CD3+ T-cell numbers for subtypes C1 and CS5, both of which
are associated with poorer prognosis compared with other
groups. When the TCGA investigated whether there were
mutations significantly associated with the subtypes, only
CDK12 mutations appeared to be nearly significantly
enriched in the differentiated and in the immunoreactive sub-
types (corrected p value=0.055) [5¢¢]. This result might be
related to the rather homogeneous mutation spectrum of
HGSOC with relatively uncommon mutations in oncogenes
or tumor suppressor genes and the majority of the tumors
having mutations in 7P53 gene.

However, in spite of clear biological differences between
the molecular subtypes and the variation in outcome observed
in HGSOC patients (also based on stage and residual disease),
the TCGA subtypes did not differ significantly in survival
time. Therefore, the TCGA network created a classification
tool termed CLOVAR (Classification of Ovarian Cancer) that
combines the original TCGA subtype gene signatures with
survival gene expression signatures and allows stratifying
HGSOCs based on survival and treatment outcome [4].
Using CLOVAR, the authors could identify different risk
groups, and the group with worse outcome showed a median
survival of 23 months and a platinum resistance rate of 63 %.
Still, CLOVAR needs to be prospectively validated also in-
cluding other prognostic factors such as BRCA1/2 mutation
status and residual disease. More recently, Konecny and col-
leagues proposed a de novo classification for molecular
subtyping the HGOCs. They confirmed the presence of four
stable molecular TCGA subtypes in two independent patient
cohorts, and more importantly they added a prognostic value
to them [45¢¢]. The immunoreactive-like subtype had the best
survival, whereas the proliferative-like and the mesenchymal-
like subtypes had a significantly worse survival. However,
both the TGCA and the Konecny studies showed that individ-
ual HGSOC samples could be assigned to more than one
subtype at the time when using alternative ways of sample
clustering and statistics. This points out that the same tumor
can express multiple subtype signatures at different levels of
activation, or, in other words, that HGOC does not consist of
mutually exclusive expression subtypes, as it is more the case
of other cancer types (i.e., breast, colon, or glioblastoma)
[45¢¢]. As Verhaak and colleagues interestingly underlined,
infiltrating cells have a major impact on the expression pat-
terns of HGSOC, and purified HGSOC cells could express
novel signatures which are now masked by tumor microenvi-
ronment signals [4]. Taken together, it emerges that HGSOC
is a highly heterogeneous disease both at molecular and clin-
ical level. Therefore, a classification approach that could take

into account a spectrum with overlapping phenotypes may be
more informative for stratifying HGSOCs with clinical rele-
vance. This can be the reason why these molecular subtypes
have not yet been integrated into the clinical setting. Thus,
before these subtypes can be effectively used in the clinic,
more extensive validation of their prognostic value and addi-
tionally, an accurate assessment of their predictive value (i.e.,
association with treatment response) are required.

Recent studies tried to map the micro RNA (miRNA) reg-
ulatory network in HGOC and have identified specific
miRNA that regulate the epithelial-mesenchymal transition
in the mesenchymal subtype [5¢¢, 46-48]. The TCGA group
identified three miRNA subtypes (1, 2, 3) which partially
overlapped with the messenger RNA (mRNA) expression
subtypes. The miRNA 1 had a significantly longer survival
and overlapped with the proliferative subtype, whereas the
miRNA 2 showed similarities with the mesenchymal subtype.
Yang and colleagues investigated further the mesenchymal
HGSOC subtype integrating mRNA, miRNA, DNA copy
number and methylation data from the TCGA cohort
(N=459 cases), and selected a set of 219 genes targeted by
19 miRNAs, which included EMT (epithelial-mesenchymal
transition) inducers such as SNAI2 and ZEB2. The 19
miRNAs were dowregulated and inhibited EMT. Using these
219 genes, the authors were able to group three independent
patient groups in so-called iM (mesenchymal) and iE
(epithelial) subtypes that significantly differ in overall surviv-
al. Eight key miRNAs were the master regulators for the iM
subtype, which robustly associated with poor OS in HGSOC
patients. Additionally, among these eight miRNAs, the miR-
506 was extensively characterized and proved to be a potent
EMT inhibitor. They showed that miR-506 directly targets
SNAI2 that induces EMT by repressing E-cadherin [49].
Interestingly, miR-506 induced E-cadherin expression and re-
duced tumor growth when it was delivered into lipid-based
nanoparticles in orthotopic mouse models [47]. This high-
lights a potential therapeutic value of miR-506, which will
need further investigation also with regard to treatment sensi-
tivity. A subsequent study identified another miRNA, miR-
181a that promoted TGF 3-mediated EMT by repressing its
functional target, SMAD7 [46]. The authors used the P-
SMAD?2 protein levels to assess the activation status of the
TGF 3-pathway. In patients, higher levels of P-SMAD2 sig-
nificantly correlated with shorter median progression-free in-
terval (PFI) and survival, whereas concomitant decrease in
both miR-181a and P-SMAD?2 expression was associated to
significantly prolonged PFI and OS. Moreover, the authors
observed that miR-181a expression is increased in recurrent
HGSOC clinical tumors compared with primary chemothera-
py-naive tumors and that miR-181a expression is inversely
correlated with SMAD?7 expression. Taken together, the study
empbhasized the importance of TGF 3-pathway in HGSOC and
its role in contributing to poor patient outcome.
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Another group profiled microRNA expression in serous
ovarian carcinoma with the attempt of finding predictive
markers of treatment response [48]. They focused their atten-
tion on the miR-484 that appeared to be significantly
dowregulated in non-responders tumors. Interestingly, miR-
484 targets the VEGF signaling by both modulating the
VEGFB protein of tumor cells and VEGFR2 receptor of
tumor-associated endothelial cells. The modulation of both
VEGFB and VEGFR2 leads to better control of the tumor
neovascularization, which plays an important role in ovarian
cancer progression. These findings support once again the
importance of neoangiogenesis in HGSOC patients. HGSOC
express high levels of proangiogenic proteins, and this con-
tributes to the formation of ascites in patients [2¢¢]. Many
groups explored the activity of antiangiogenic agents in
HGSOC, such as the VEGF-specific monoclonal antibody
bevacizumab. Clinical trials showed that bevacizumab in-
creases progression-free survival (PFS) in ovarian patients in
combination with chemotherapy in a first-line setting and also
in platinum-resistant recurrent HGSOC [50-52]. However,
low response rate, high toxicity, de novo resistance, and no
evidence of increase in overall survival (OS), downsized the
use of bevacizumab in a standard clinical setting. As Bowtell
and colleagues rightly pointed out, greater effort should be
placed on identifying predictive biomarkers of response using
tissue and blood samples of patients enrolled in clinical trials
[2¢°]. A recent attempt came from the transcriptional profiling
of samples collected during the ICON7 clinical trial. In this
study, researchers identified a molecular subgroup of HGSOC
that highly expressed immune response genes and that
showed a shorter PFS and OS after receiving bevacizumab
maintenance therapy compared to those who did not received
bevacizumab maintenance therapy [53]. Therefore, the use of
miRNA (e.g., miR-484) and mRNA molecular signatures
could potentially identify those patients that will effectively
benefit from the addition of antiangiogenic compounds.

Conclusions

High-grade serous ovarian cancer remains one of the most
lethal gynecologic malignancies in women. A detailed char-
acterization at a molecular level is essential for developing
new treatment strategies to add to the preexisting standard
therapy. Many studies in recent years, and particularly the
TCGA network group, addressed this issue and have begun
to unravel the high degree of clinical and molecular heteroge-
neity of this disease. What is emerging is that an accurate
patient stratification based on molecular features such as HR
deficiency, PTEN loss, CCNE1 amplification, and molecular
subtypes will contribute to patient stratification for selected
drugs.
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