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This paper will review the current status of genomic-based therapy
of gynecologic malignancies. The routine “standard-of-care” delivery
of targeted therapeutics based on the presence of specific molecular
biomarkers in the management of the gynecologic malignancies has
been delayed compared to the substantial progress made in several
other tumor types. However, relatively recently reported and rather
robust phase 3 trial data have confirmed a potentially major role for
PARP inhibitors as both active treatment and maintenance therapy
of advanced ovarian cancer. Further, data demonstrating the presence of a specific molecular phenotype (micro-satellite ( instability
high – MSI-H) is a valid biomarker for the potential clinical utility of
checkpoint inhibitor immunotherapy has relevance for all gynecologic
malignancies, and particularly in the setting of metastatic or recurrent endometrial cancer. Conclusions. The introduction of PARP inhibitors into the oncology armamentarium has substantially impacted
standard-of-care strategies in the management of ovarian cancer. It
is anticipated that the results of ongoing and future trials will further
define the role of genomic-based therapy in ovarian cancer and other
gynecologic malignancies.

Introduction
Advances in the chemotherapeutic management of ovarian cancer over the past several
decades subsequently led to the introduction of several important anti-neoplastic
drugs (cisplatin, carboplatin, paclitaxel) into
the standard-of-care management of multiple malignancies (1). Unfortunately, the
same cannot be stated for the role played
by ovarian cancer, or any other gynecologic malignancy in the early development of
molecularly-based (“genomic”) therapeutic
strategies. However, over just the past several years rapidly evolving paradigm-changing concepts of precision-cancer medicine
have entered the arena of the gynecologic
cancers and these changes are on the verge
84

of transforming the fundamental management of ovarian cancer and other female
pelvic malignancies.
The goal of this review will be to highlight recent advances in the delivery of targeted therapeutics in the management of the
gynecologic malignancies.

BRCA (BReast CAncer) Mutations
and PARP (poly-[ADP-ribose]
polymerase) Inhibitors
Mutations within the Breast Cancer Susceptibility Gene (BRCA) 1 and 2 gene family
have long been recognized to be responsible for the majority of ovarian cancers discovered to have a hereditary relationship
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(2). While data suggest such mutations are
uncommon within the general population
(0.5% incidence in one large unselected
patient study) as many as 10% − 15% of
women who develop ovarian cancer will
be discovered to possess a germline BRCA
abnormality (2, 3). An additional 5-7% of
ovarian cancers will be found to have a somatic mutation in BRCA with a wildtype
BRCA within the germline.
Of considerable interest to the question
of possible therapeutic implications of the
presence of a BRCA mutation investigators
in several centers noted that the overall survival of patients treated with platinum-based
chemotherapy and whose ovarian cancers
contained this defect appeared to be somewhat superior to the much larger population
of women with a wild-type (normal) BRCA
gene (4, 5). (Note: Evidence also exists that
the presence of a BRCA mutation may favorably impact the outcome associated with
non-platinum-based chemotherapy (6, 7).
Subsequent pre-clinical investigative efforts revealed the major role of BRCA gene
products in the DNA repair process and the
impaired ability of malignant cells to adequately repair damage (including that produced by exposure to platinum agents) in
the presence a mutation in the BRCA genes
(8, 9). In experimental models poly (ADPribose) polymerase (PARP) was shown to
be a second critical component of the DNA
repair process. In fact, in a series of elegant
studies investigators demonstrated that inhibition of PARP function in the presence
of a genetic deficiency of BRCA produced
a rather profound degree of tumor cell kill,
while cells possessing a wild type BRCA
were substantially less susceptible to the effects of PARP inhibition (1000-fold less sensitive) (8, 9).
This observation quickly led academic
researches and biotech/pharma companies
to initiate robust efforts to develop clinically
useful inhibitors of PARP. Several agents in

this class have been examined in trials in
ovarian cancer and other malignances. Three
PARP inhibitors are currently commercially
available in the United States with regulatory approval granted for their administration
in the management of ovarian cancer. Two
PARP inhibitors (olaparib, rucaparib) are
currently specifically approved for delivery
as “therapy” of recurrent or persistent disease following several lines (>2 for rucaparib; >3 for olaparib) of cytotoxic chemotherapy in the presence of a BRCA mutation. Objective response rates have been reported to
range between 30-70+% in this setting with
the greatest opportunity to achieve clinical
benefit where there is also likely persistent
sensitivity to platinum agents (10-17). It is
important to acknowledge here that in the
absence of formal randomized trial comparisons between the various PARP agents it
is not possible to make any definitive statement regarding the relative clinical effectiveness of the individual drugs.
Three drugs (niraparib, olaparib, rucaparib) are approved as a “maintenance” approach following attainment of a clinical
response (complete or partial) to a platinum-based second-line (or later) cytotoxic
chemotherapy regimen (Table 1) (18-22).
“Maintenance therapy” in this setting implies knowledge that the cancer remains
present with the therapeutic goal to extend
(“maintain”) an achieved response with acceptable treatment-related side effects. The
general concept is to continue therapy for
an indefinite period, or until subsequent
progression is documented, unacceptable
toxicity develops, or a patient desires to discontinue treatment.
It is relevant to acknowledge here that
the trials of PARP inhibitors in ovarian cancer have revealed the very impressive “sensitivity” and documented clinical benefit
associated with tumors possessing either
germline or somatic BRCA mutations (18,
23). However, even patients with a wild type
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Table 1. PARP Inhibitor Maintenance Therapy in Epithelial Ovarian Cancer
Drug (trial design)

Patient
population

Niraparib (randomized phase 3) second-line (or later) (28)
Olaparib (randomized phase 2) second-line (or later) (19,
20)

Olaparib (randomized phase 3) second-line (or later) (21)

Median PFS
(in months)*

Hazard
Ratio†

Germline BRCA mutation

21.0 vs. 5.5

0.27

Wildtype BRCA

9.3 vs. 3.9

0.45

Overall population

8.4 vs. 4.8

0.35

Germline BRCA mutation

11.2 vs. 4.3

0.18

Wildtype BRCA

7.4 vs 5.5

0.54

Germline BRCA mutation

19.1 vs 5.5

0.30

Olaparib (randomized phase 3) front-line (25)

Germline BRCA mutation

(Not reached) vs. 13.8

0.30

Rucaparib (randomized phase 3) second-line (or later) (22)

Germline BRCA mutation

16.6 vs. 5.4

0.23

Intention to treat

10.8 vs. 5.4

0.36

PARP=Poly (ADP-ribose) polymerase; PFS=Progression-free survival; Active Treatment vs. Placebo Control (all differences noted are “statistically
significant”); †Treatment vs. Control; BRCA= Breast Cancer Susceptibility Gene.
*

BRCA (and no evidence of a somatic mutation) can respond to this class of drugs. The
older term “BRCAness” had been employed
to suggest the presence of additional poorly
defined molecular abnormalities that interfered with DNA repair, in a manner like a
BRCA mutation, and which might render
cancer cells more susceptible to PARP inhibitors and platinum agents (24).
Researchers and molecular diagnostic
companies are actively exploring possible
algorism that may be employed in this clinical setting to identify such cancers that exhibit “homologous recombination deficiency” (HRD) independent of the presence of
a documented BRCA mutation. However,
while the presence of HRD with existing diagnostic platforms does appear to identify
a population of individuals more likely to
respond to a PARP inhibitor there remain
a considerable percentage of patients whose
cancers fail to exhibit this phenotype but
who also achieve evidence of clinical benefit
(based on the randomized phase 3 trial results compared to placebo). As a result, the
FDA approval of the three available PARP
drugs specifically did not require the presence of a BRCA mutation or of a HRD molecular phenotype to prescribe these agents.
Results of the first completed phase 3
randomized trial employing a PARP inhibi86

tor (olaparib) as “maintenance” therapy for
patients with a germline BRCA mutation in
the front-line setting following the completion of a platinum and taxane regimen have
recently been reported (25). Compared
to “placebo” maintenance, treatment with
olaparib resulted in a 70% reduction in the
risk of disease progression or death. At
three years follow-up 60% of patients treated
with olaparib had not progressed compared
to 27% who received placebo.
While the available oral PARP inhibitors
differ somewhat in their toxicity profiles
and schedule of administration they have
all been shown to be reasonably well tolerated in the clinical trials setting, including
the performance of formal quality-of-life assessments (26, 27). However, it is relevant to
note that the administration of these agents
results in a high incidence (approximately
70%) of so-called “low grade” nausea which
in the context of daily oral therapy anticipated to be taken for several years may be far
more serious to an individual patient’s overall quality-of-life than the existing toxicity
scale terminology might suggest. And the
question to be asked here is of the willingness of a patient to continue to take an oral
medication for this extended duration if she
experiences “low grade” nausea every day.
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Other Genomic Abnormalities
of Therapeutic Relevance in the
Gynecologic Malignancies
Both high grade and low grade epithelial ovarian malignancies are characterized by a reasonably high incidence of molecular abnormalities including genes known or suspected
to be “driver mutations” (e.g., PI3KCA, ADAMTS, DICER1, BRAF, KRAS, ARIDA1A;
MEK; AKT2; PTEN, FBXW7) (28-34). However, either effective targeted therapeutics do
not currently exist for these molecular events
or the utility of agents revealed to be effective in other malignancies have not yet been
shown to be relevant in ovarian cancer. Unfortunately, a similar conclusion can be drawn
for the status of molecular targeting therapeutics in endometrial cancer (35).
A phase 2 study which examined the
clinical activity in ovarian cancer of the established lung cancer anti-neoplastic, gefitinib (a tyrosine kinase inhibitor of EGFR)
revealed only a single response (4% overall
response rate) (36). However, this response
occurred in the one patient in the trial whose
cancer possessed an activating mutation in
EGFR known to characterize the responding lung cancer patient population. The investigators also examined the incidence of
such molecular events in ovarian cancer and
revealed a rate of 3.5% (2 of 57 patients).
Unfortunately, but certainly not surprisingly
due to the low incidence of such mutations
in ovarian cancer, this potentially highly relevant observation has not been followed-up
with further essential clinical studies.
Similarly, an older phase 2 trial of trastuzumab in ovarian cancer discovered an
overall incidence of overexpression of the
Her2 receptor of only 11.4%, a far lower proportion of patients than observed in breast
cancer (37). In fact, a total of 837 patients
were required to be screened to find the
45 patients who entered this phase 2 study.
While the objective response rate was only

7.3% it must be noted that the cancers of
only 14 patients, 31% of study participants
had +3 staining by immunohistochemistry for overexpression of Her2, the patient
population with the highest probability of
achieving a clinical response. The report
did not describe the relationship between
Her2 tissue staining and response, so it remains unknown today if the small subgroup
of ovarian cancer patients (<2%; 14 of 837
screened individuals) who strongly overexpress Her-2 within their cancers might
be reasonable candidates to receive one or
more of several known highly clinically active anti-Her2 therapeutic agents.
The documented presence of micro-satellite instability (MSI-H) is associated with
the presence of multiple molecular abnormalities within a cancer cell and this event
and has been shown represent a malignant
phenotype with a reasonably high statistical probability (approximately 40% − 50%)
of responding to an immune modulatory
checkpoint inhibitor (38, 39). Based on data
from several small, but impressive studies,
the FDA has approved the commercial use
of this strategy in the presence of the MSI-H
phenotype, completely agnostic to the specific tumor type. (Note: This was the first
time the FDA has approved the use of an anti-neoplastic agent completely independent
of the site of tumor origin.
Overall, approximately 17%, 2% and
3.5% of endometrial, ovarian, and cervical cancers, respectively, will be found to be
MSI-H if the tumors are subjected to specific
molecular testing for the presence of this abnormality or the diagnostic platform utilized
examines for multiple genomic events (40).

Conclusions
While to date genomic abnormalities within
two genes (BRCA 1 and 2) has dominated
both research efforts and clinical use of precision medicine within the domain of the fe87
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male pelvic malignancies, it can be anticipated that this situation will substantially change
over the coming years due to efforts by the
pharmaceutical/biotech industry to develop
novel products designed to effectively “target” both relatively common and unique molecular events within this group of cancers.
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