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Abstract Poly-ADP-ribose polymerase (PARP) inhibitors
have been one of the most exciting developments in the treat-
ment of ovarian cancer in recent years. Demonstration of anti-
cancer activity has led to the European Medicines Agency
(EMA) approval of the PARP inhibitor (PARPi) olaparib as
maintenance therapy in women with BRCA-mutated
(BRCAm) ovarian cancer with platinum-sensitive recurrence
following response to platinum therapy and the US Food
and Drug Administration (US FDA) approval of olaparib
in relapsed germline BRCA-mutated (gBRCAm) ovarian
cancer in women who have received at least three prior
chemotherapy treatments, both occurring in 2014. Additional
trials are underway or awaiting final analysis with olaparib,
other PARPis, and PARPi combinations to further elucidate
the activity of these drugs in various clinical settings. This
review will focus on the current clinical experience and
ongoing trials with PARPis in ovarian cancer.
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Introduction

Poly-ADP-ribose polymerase (PARP) is a family of enzymes
composed of 17members [1]. PARP-1 is the best characterized

member of this family and plays a critical role in the repair of
single-strand breaks (SSB) by base excision repair (BER) and
has also been implicated in other roles in DNA repair. In cells
that are deficient in double-strand break (DSB) repair due to
defects in homologous recombination (HR), inhibition of
PARP and SSB repair results in synthetic lethality, as first
described in two landmark papers in 2005 [2, 3]. As both
BRCA1 and BRCA2 play key roles in HR, development
of PARPis in ovarian cancer initially focused on germline
BRCA-mutated (gBRCA-mutated) tumors. However, find-
ings from The Cancer Genome Atlas (TCGA) project dem-
onstrating that up to 50 % of high-grade serous ovarian can-
cers (HGSOCs) may have some defect in the HR pathway [4•]
have subsequently suggested that a broader population of
ovarian cancers may be responsive to the activity of PARPis.

While inhibition of the enzymatic function of PARP was
initially postulated to be the primary mechanism by which
PARPis mediated their activity, subsequent research has sug-
gested that PARPis may mediate their effects through a num-
ber of different mechanisms; several manuscripts have
reviewed the mechanisms of action of PARPis [5–7]. One
hypothesis includes the possibility of BPARP trapping,^
whereby PARP-1 that has been inactivated by the PARPi is
Btrapped^ to the site of DNA damage, preventing further
DNA repair at the site [8]. As different PARPis have varying
potency in their ability to enzymatically inhibit PARP and to
Btrap^ PARP, the mechanism of action by which PARPis
achieve their effect may influence which of the various agents
in this drug class prove to be most effective. Other mecha-
nisms of PARPi action have been proposed, including promo-
tion of increased non-homologous end joining [9] and impair-
ment of BRCA1 recruitment to the site of DNA damage [6].

Clinical exploration of the activity of PARPis in ovarian
cancer followed closely after the discovery of synthetic lethal-
ity of these agents with BRCA deficiency, and a timeline of
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PARPi development is shown in Fig. 1. Monotherapy trials of
PARPis in the BRCA-deficient setting have been further aug-
mented by studies exploring the activity of PARPis as main-
tenance therapy or in combination with chemotherapy or other
targeted therapies, in patients with and without known BRCA
mutations. While the findings of these studies have started to
shape our application of PARPis in the clinical setting, find-
ings from several key trials are still pending that may further
clarify where these agents will be best utilized in the treatment
of ovarian cancer.

PARPis as Monotherapy for Relapsed Ovarian
Cancer

BRCA-Mutated Tumors

The activity of PARPis as monotherapy was first reported by
Fong et al. in a phase 1 trial of olaparib, where 9 of 19
evaluable patients with BRCA-mutated ovarian, breast, or
prostate cancer had a complete or partial response [10]
(Fig. 1). In this trial, the dose and schedule of olaparib were
increased from 10 mg daily for 2 out of every 3 weeks to
600 mg twice daily on a continuous basis. Dose-limiting tox-
icities of somnolence and thrombocytopenia were observed in
the 600 mg twice daily dose, and 400 mg twice daily of the
capsule formation of olaparib was deemed the maximally
tolerated dose (MTD). Subsequently, an expansion cohort
in this trial enrolled 50 women with gBRCA-mutated ovarian
cancer and reported a 40 % response rate in this population
[11]. A phase 2 study confirmed these findings of activity in
ovarian cancer patients with a gBRCA mutation, where two
sequential cohorts of women were enrolled to receive
olaparib in the capsule formulation at either 400 mg twice
daily or 100 mg twice daily [12]. Of note, women in this
study had received a median of 3 prior lines of therapy.
Response rates of 33 % were reported in the 400 mg twice
daily cohort, while the response rate in the 100 mg twice
daily cohort was 13 %. In a dedicated ovarian subset of a
separate phase 2 study of olaparib monotherapy using the

capsule formulation at 400 mg twice daily in patients with
gBRCA mutation, the response rate was 31.1 % in 193 ovar-
ian cancer patients [13••]. In the 137 women in this cohort
who had received three or more prior lines of chemotherapy
and who had measurable disease at baseline, the overall
response rate was 34 %, with a median duration of response
of 7.9 months [14]. The response rate for platinum-sensitive
cancers was 46 % (18 of 39), while for platinum-resistant
cancers, it was 30 % (24 of 81). Duration of response in
both platinum-sensitive and platinum-resistant cancers was
similar (8.2 and 8.0 months, respectively). These results
served as the basis for the US FDA approval of olaparib
in 2014 (see Fig. 1).

A phase 2 trial of another PARPi, veliparib, as monothera-
py in 50 women with relapsed gBRCAm ovarian cancer who
had received three or fewer prior lines of chemotherapy also
demonstrated some activity, with an overall response rate of
26 %, including response rates of 20 % (6 of 30) in platinum-
resistant and 35 % (7 of 20) in platinum-sensitive patients
[15]. The PARPis niraparib and rucaparib have also demon-
strated single-agent activity in gBRCAm ovarian cancer in
phase 1 dose finding studies, while the PARPi talazoparib is
currently being studied in BRCA-mutated advanced solid tu-
mors (NCT01989546), as well as in gBRCAm ovarian cancer
that has progressed through treatment with any of the other
PARPis (NCT02326844). In a phase 1 study of niraparib
which tested doses from 30 to 400 mg daily and found the
maximum tolerated dose to be 300 mg daily, 40 % (8 of 20)
of patients with gBRCA mutations and measurable disease
had a confirmed Response Evaluation Criteria In Solid
Tumors (RECIST) and CA125 GCIG partial response [16].
Rucaparib was tested in a separate phase 1 study using doses
from 40 mg up to 500 mg once per day continuously as well
as 240 to 840 mg BID, and the recommended phase 2 dose
of single-agent rucaparib was determined to be 600 mg BID
[17]. In this study, 100 % (3 of 3) patients with platinum-
sensitive and 75 % (6 of 8) of patients with platinum-
resistant gBRCAm ovarian cancer who received doses of
rucaparib of 360 mg twice daily or higher experienced disease
control at 24 weeks.

Fig. 1 Timeline of PARP inhibitor development
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Based upon the observed activity of PARPi monotherapy in
gBRCAm ovarian cancers, studies have also been designed to
evaluate their activity in this setting in comparison with standard
chemotherapy (Table 1 lists these and other selected randomized
phase II studies testing PARPis). In an open-label phase 2 study
of 97 women with ovarian cancer and a gBRCA mutation by
Kaye et al., olaparib, dosed in the capsule formulation at either
200 mg twice daily or 400 mg twice daily, demonstrated similar
median progression-free survival (PFS) and overall response
rates (ORR) to pegylated liposomal doxorubicin (PLD) [18].
Women in the study had ovarian cancer that had recurred within
12 months of prior platinum therapy, no prior anthracyclines,
and were randomized in a 1:1:1 fashion to one of the three arms.
ORR and PFS to olaparib 200 mg twice daily, olaparib 400 mg
twice daily, and PLD at 50 mg/m2 were 25, 31, and 18 % and
6.5, 8.8, and 7.1 months, respectively. Differences between the
arms were not statistically significant. A separate phase 3 study
called SOLO3 is currently ongoing that compares olaparib
monotherapy to single-agent non-platinum-based chemotherapy
in women with recurrent somatic or gBRCA-mutated platinum-
sensitive ovarian cancer who have received at least two prior
platinum-based therapies (see Table 2).

BRCA-Non-Mutated Tumors

Growing research in ovarian cancer suggests that responsiveness
to PARPis is not limited to BRCA-mutated cancers alone.
Findings from TCGA suggest that up to 50 % of HGSOCs have
defects in HR that might render them vulnerable to the effects of
PARPis [4•]. In a separate study, Pennington and colleagues
found that 31 % of a panel of 390 ovarian cancers had a delete-
rious germline or somatic mutation in one or more of 13 HR
genes tested [19]. Of note, in this study, the rate of HR mutations
was similar between HGSOC and ovarian cancers of non-
serous (including clear cell, endometrioid, and carcinosarco-
ma) histologies, with rates of 28 and 31 %, respectively. As
sensitivity to PARPis has been demonstrated in the setting of
deficiency in multiple HR genes aside from BRCA1 and
BRCA2 in vitro, these molecular findings suggest that a non-
BRCA-mutated or wild-type (wt) BRCA subset of ovarian can-
cers may also respond robustly to therapy with PARPis.

Clinically, this hypothesis was supported by the results of
an early phase 2 trial of olaparib monotherapy in women with
or without BRCAmutations and breast or ovarian cancer [20].
In the subset of 64 women treated on this trial with ovarian

Table 1 Results of selected randomized phase II studies of PARP inhibitors

Trial Patient population and total
accrual

Treatment arms Primary
endpoint

Results

Ledermann et al [26••, 27••]
(NCT00753545)

Platinum-sensitive recurrent
HGSOC (both germline BRCA
and sporadic)

Accrual = 265

1. Olaparib 400 mg BID
2. Placebo
Given as maintenance following

platinum-based chemotherapy

PFS For olaparib maintenance
11.2 months (BRCAm)/
5.6 months (BRCAwt)
p < 0.00001. For placebo
4.3 months (BRCAm)/5.5 months
(BRCAwt) P = 0.007

Kaye et al [18]
(NCT00628251)

All BRCA mutation carriers, No
prior PLD

Accrual= 97

1. Olaparib 400 mg BID
2. Olaparib 200 mg BID
3. PLD 50 mg/m2

PFS No difference amongst arms for PFS;
6.5 months (200), 8.8 months (400),
7.1 months (PLD)

Oza et al [29] (NCT01081951) Platinum-sensitive recurrent
HGSOC (both germline BRCA
and sporadic)

Accrual = 162

1. Olaparib (200 mg BID, d1–10/21)
Pac (175 mg/m2 iv, d1) C (AUC4
iv, d1), olaparib 400 BID
maintenance

2. C AUC6, Pac 175 mg/m2

PFS Median PFS 12.2 (olaparib arm) vs
9.6 months (no olaparib)
P = 0.0012

Liu et al [32••]
(NCT01116648)

Platinum-sensitive recurrent
HGSOC (both germline BRCA
and sporadic allowed)

Accrual = 90

1. Cediranib 30 mg daily and
olaparib 200 mg BID (ced/olap)

2. Olaparib 400 mg BID (olap)

PFS Median PFS 17.7 months (ced/olap) vs
9 months (olap). For BRCAm pts
19.4 vs 16.5 months. For BRCAwt/
unknown 16.5 vs 5.7 months

NCT01113957 Recurrent HGSC (both germline
BRCA and sporadic allowed)

Accrual = 168

1. Veliparib and temozolomide
2. PLD

ORR Results not available

Kummar et al. [30]
NCT01306032

Recurrent HGSOC (both germline
BRCA and sporadic allowed)

Accrual = 74

1. Oral cyclophosphamide 50 mg
daily and veliparib 60 mg daily

2. Oral cyclophosphamide

ORR No improvement of RR with
additional of veliparib

HGSOC high-grade serous ovarian cancer, C carboplatin, Pac paclitaxel, PLD pegylated liposomal doxorubicin, AUC area under the curve
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cancer, a response rate of 41 % (7 of 17) was observed in
women with gBRCA mutation, while women without a
gBRCA mutation had a response rate of 24 % (11 of 46). Of
note, all women in this study underwent germline BRCA test-
ing. Similarly, the phase 1 study of niraparib reported that 2
out of 3 patients with platinum-sensitive and 3 out of 19 pa-
tients with platinum-resistant sporadic HGSOC demonstrated
response to niraparib monotherapy by RECIST or GCIG
CA125 criteria [16]. However, in further developing PARPi
therapy for women without BRCA mutation, one challenge
has been in identifying a biomarker that suggests the presence
of HR deficiency. Various such mechanisms have been pro-
posed, including mutational profiling of a targeted panel of
HR or other DNA repair genes [19], identifying gene expres-
sion signatures of BBRCAness^ [21], or using the pattern of
genome-wide chromosomal alterations that can occur in the
setting of HR deficiency [22–24].

Results were reported recently on part 1 of an ongoing
phase 2 trial of monotherapy with the PARPi rucaparib in
women with relapsed platinum-sensitive ovarian cancer
(ARIEL2) [25]. In this trial, 206 women with high-grade se-
rous or endometrioid ovarian cancer were enrolled, with

enrollment of known gBRCA mutation carriers capped at 15
patients. All patients were required to have platinum-sensitive
relapsed measurable disease and had received at least one
prior platinum-based therapy. A pre-treatment biopsy and ar-
chival tumor collection were mandated on all patients. Using
BRCA sequencing and a measurement of genomic loss of
heterozygosity (LOH) on the pre-treatment biopsy, patients
were categorized into one of three categories: tBRCAmt
(presence of a BRCAmutation within the tumor), tBRCA-like
(no BRCA mutation within the tumor, but a genomic LOH
score that was felt to reflect the presence of HR deficiency),
and biomarker negative (no BRCA mutation within the tumor
and a low genomic LOH score). Overall, 20 % of patients
were found to be tBRCAmt, 40 % tBRCA-like, and 34 %
biomarker negative. A remaining 6 % of patients could not
be classified. In the primary endpoint of PFS, the hazard ratio
for tBRCAmt versus biomarker negative was 0.22 (12.8 vs
5.3 months, p<0.0001) while that for tBRCA-like versus bio-
marker negative was 0.67 (5.7 vs 5.3 months, p= 0.045).
Interestingly, while the response rate for tBRCA-like tumors
was less than that for tBRCAmt tumors (36 vs 75 %), the
duration of response was more similar (8.2 vs 9.5 months).

Table 2 Ongoing phase III studies of PARP inhibitors for ovarian cancer treatment

Trial and NCI trial number Study arms Trial population Primary
endpoint

Total
accrual

Trial status

Newly diagnosed ovarian cancer

SOLO1 (NCT01844986) Olaparib versus placebo post-
platinum-based chemotherapy

BRCAm only, HGSOC, or
endometrioid stage III and IV
only

PFS 344 Accrual completed;
results pending

GOG-3005 (NCT02470585) Carboplatin and paclitaxel versus
carboplatin, paclitaxel, and
veliparib versus carboplatin,
paclitaxel, and veliparib followed
by veliparib maintenance therapy

Advanced HGSOC, both
BRCAm and BRCAwt

PFS 1100 Accrual ongoing

PAOLA1 (NCT02477644) Platinum/taxane/bev, bev
maintenance versus platinum/
taxane/bev, bev/olaparib
maintenance

Newly diagnosed high-grade
ovarian cancer

PFS 612 Accrual ongoing

Recurrent ovarian cancer

NOVA (NCT01847274) Niraparib versus placebo post
platinum-based chemotherapy

Platinum-sensitive, HGSOC,
BRCA-stratified

PFS 360 Accrual completed;
results pending

SOLO2 (NCT01874353) Olaparib versus placebo post
platinum-based chemotherapy

Platinum-sensitive
BRCAm only, HGSOC, or

endometrioid

PFS 264 Accrual completed;
results pending

ARIEL3 (NCT01968213) Rucaparib versus placebo post-
platinum-based chemotherapy

Platinum-sensitive recurrence,
HGSOC or endometrioid

BRCA-stratified

PFS 540 Accrual ongoing

SOLO3 (NCT02282020) Olaparib versus MD choice non-
platinum chemotherapy

Platinum-sensitive BRCAm
HGSOC

PFS 411 Accrual ongoing

NRG-GY004 (NCT02446600) Olaparib versus olaparib/cediranib
versus platinum doublet

Platinum-sensitive recurrent
high-grade ovarian cancer

BRCA-stratified

PFS 450 Accrual ongoing

NRG-GY005 (NCT02502266) Olaparib/cediranib versus single-
agent chemotherapy

Platinum resistant recurrent high-
grade ovarian cancer

PFS (ph 2)
OS (ph 3)

680 Accrual ongoing

HGSOC high-grade serous ovarian cancer, BRCAm BRCA mutation carrier, PFS progression-free survival, Bev bevacizumab
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This may reflect the fact that while genomic LOH can capture
the prior presence of HR deficiency, it is a permanent change
to the DNA and does not reverse even if the HR defect is
no longer present. Of note, in biomarker-negative patients,
the response rate was 16 %, with a duration of response
of 5.5 months.

Ongoing studies of PARPi monotherapy in non-selected
women with ovarian cancer continue to seek to define a bio-
marker signature that can identify those patients who are most
likely to respond. Part 2 of the ARIEL2 study will apply the
genomic LOH signature described above to ovarian cancer
patients who have received at least three prior chemotherapy
treatment regimens. Similarly, an ongoing trial of niraparib
monotherapy in women who have received at least three prior
lines of chemotherapy for ovarian cancer (QUADRA) as well
as the NOVA study described below will plan to analyze
the activity of niraparib by evaluating HR deficiency
(HRD) status using the Myriad HRD test (developed by
Myriad Genetics). This test calculates an HRD score from
three components reflecting different types of tumor rear-
rangements. The results of the QUADRA study and part 2
of the ARIEL study will provide greater information re-
garding the use of PARPi monotherapy in women with
relapsed non-BRCA-mutated ovarian cancer.

PARPis as Maintenance Therapy for Ovarian
Cancer

A key appeal of PARPis has been their relatively low side
effect profile, especially in comparison to traditional chemo-
therapies. This low side effect profile has also made them
appealing agents to consider as maintenance therapy follow-
ing a response to standard chemotherapy. A randomized, dou-
ble-blind, placebo-controlled phase 2 study of maintenance
olaparib therapy following response to platinum therapy in
women with platinum-sensitive ovarian cancer who had re-
ceived at least two prior platinum-based regimens demonstrat-
ed a significant PFS benefit in women receiving olaparib
maintenance therapy [26••]. In this study, 265 women were
randomized to receive either olaparib in capsule formulation
at 400 mg twice daily or placebo following either partial or
complete response to their most recent chemotherapy regi-
men. PFS was 8.4 months following randomization in women
receiving olaparib compared to 4.8 months in women receiv-
ing placebo (hazard ratio 0.35, p<0.001). In a pre-planned
retrospective analysis to determine the effects of olaparib on
PFS based on BRCA mutation status of the cancer, patients
with a known germline or tumor BRCA mutation (74 patients
receiving olaparib; 62 patients receiving placebo), the median
PFS was 11.2 months in the olaparib group and 4.3 months in
the placebo group (hazard ration 0.18, p< 0.0001) [27••].
While overall survival at 58 % maturity did not significantly

differ between the groups (hazard ratio 0.88, p=0.44 in entire
study population; 0.73, p=0.19 in BRCA-mutated patients),
these results suggest that maintenance therapy with PARPi
may provide clinical benefit, especially to those patients with
BRCA-mutated tumors. Two phase 3 studies of maintenance
olaparib in women with BRCA-mutated ovarian cancer, either
following initial therapywith surgery and platinum-based che-
motherapy (SOLO1) or in the recurrent platinum-sensitive
setting following response to platinum-based chemotherapy
(SOLO2), have completed accrual and are awaiting final
analysis (Table 2).

Other ongoing or completed trials are also examining the
role of PARPis as maintenance therapy in non-BRCA-mutated
ovarian cancers. The NOVA trial (see Table 2), which ran-
domized women with platinum-sensitive HGSOC or BRCA-
mutated ovarian cancer to receive either niraparib or placebo
maintenance following response to platinum-based chemo-
therapy, will evaluate outcome analyses in patients without a
BRCA mutation using HRD status as an accompanying bio-
marker. The NOVA trial has completed accrual, and results are
anticipated in the near future. Similarly, ARIEL3, which is still
accruing patients, randomizes women with platinum-sensitive
high-grade ovarian cancer to receive either rucaparib or pla-
cebo maintenance following response to prior platinum ther-
apy and will include secondary outcome analyses utilizing the
genomic LOH biomarker applied in the ARIEL2 trial.

PARPis in Combination with Chemotherapy

Another approach that has been explored is whether PARPis
could be combined with chemotherapy to achieve greater clin-
ical effect. As certain chemotherapy agents potentiate DNA
damage, the effects of PARPis in this setting could conceiv-
ably be enhanced. Challenges to combining PARPis with che-
motherapy have included increased hematologic toxicities.
For example, in a phase 1/1b study combining carboplatin
with olaparib in BRCA-mutated breast or ovarian cancer, con-
tinuous dosing of olaparib capsules at 200 mg twice daily and
every 3-week carboplatin at AUC3 resulted in grade 3 throm-
bocytopenia lasting greater than 7 days in 2 of 2 ovarian can-
cer patients [28]. Ultimately, dosing could be achieved with
carboplatin AUC5 every 3 weeks with olaparib 400 mg twice
daily on days 1 through 7 of the cycle.

An open-label randomized phase 2 trial compared the com-
bination of carboplatin, paclitaxel, and olaparib to carboplatin
and paclitaxel alone in women with recurrent platinum-
sensitive HGSOC who had received up to three prior courses
of platinum-based chemotherapy [29] (Table 1). In women
receiving the combination and olaparib, carboplatin was
dosed at an AUC4, paclitaxel at 175 mg/m2, and olaparib at
200 mg twice daily in the capsule formulation on days 1 through
10 of each 21-day cycle. Women receiving carboplatin and
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paclitaxel only were dosed at carboplatin AUC6 and paclitaxel
175 mg/m2 every 21 days. Women receiving combination ther-
apy continued on olaparib maintenance at 400 mg twice daily
following completion of chemotherapy. One hundred sixty-two
women were eligible and treated on the study; 41 had a known
BRCA mutation. PFS was significantly longer in the combina-
tion compared to the chemotherapy-alone arm (12.2 vs
9.6 months, hazard ratio 0.51, p=0.0012), with the effect most
pronounced in those patients with a known BRCAmutation (not
reached vs 9.7 months, hazard ratio 0.21, p=0.0015). As this
trial included olaparib both in combination with chemotherapy
and as subsequent maintenance therapy, it is difficult to distin-
guish what degree of the observed effect can be attributed to the
combination with chemotherapy, as opposed to maintenance
therapy alone.

Veliparib has been combined with oral cyclophosphamide
in a randomized phase II study in patients with recurrent
gBRCA-mutated ovarian cancer; cyclophosphamide alone
(50 mg once daily) was compared to cyclophosphamide with
veliparib (60 mg once daily) given on a continuous basis.
Adding veliparib at this 60-mg daily dose did not improve
either the response rate or the median PFS compared to oral
cyclophosphamide alone [30]. A multi-arm phase 1 trial has
also explored the combination of veliparib together with one
of three chemotherapy regimens in women with newly diag-
nosed advanced-stage ovarian cancer [31]. The three chemo-
therapy regimens examined included (1)carboplatin AUC6
and paclitaxel 175 mg/m2 on day 1 of a 21-day cycle; (2)
carboplatin AUC6 on day 1 and paclitaxel 80 mg/m2 on days
1, 8, and 15 of a 21-day cycle; and (3) paclitaxel IV 135 mg/m2

on day 1, cisplatin 75 mg/m2 IP on day 1 or 2, and paclitaxel
60 mg/m2 IP on day 8 of a 21-day cycle. All patients received
bevacizumab starting with cycle 2 of therapy. The study found
the recommended phase 2 dosing for continuous veliparib
dosing to be 150 mg twice daily in combination with all of
the chemotherapy regimens. Based upon the findings from
this phase 1 study, a placebo-controlled phase 3 study
(GOG-3005) comparing carboplatin and paclitaxel chemo-
therapy to carboplatin, paclitaxel, and veliparib therapy and
to carboplatin, paclitaxel, and veliparib therapy followed by
veliparib maintenance therapy has begun accrual in women
with newly diagnosed advanced-stage HGSOC (Table 2).

PARPis in Combination with Other Therapies

Combining PARPis with other non-chemotherapy treatments
has also been proposed as a method to either expand the pop-
ulation in which PARPis may demonstrate clinical relevance
or prevent the development of PARPi resistance. Several strat-
egies of combination PARPi therapy have been explored,
while others are being actively developed.

A randomized open-label phase 2 trial compared the com-
bination of olaparib together with the anti-angiogenic agent
cediranib [32••] (Table 2). Cediranib is an oral tyrosine kinase
inhibitor with activity against VEGFR1, 2, and 3 and has also
been documented to have single-agent activity in recurrent
ovarian cancer [33, 34]. Ninety women with recurrent
platinum-sensitive ovarian cancer were enrolled to this trial;
47 had a known germline BRCA mutation. The combination
was dosed at cediranib 30 mg and olaparib 200 mg twice daily
in the capsule formulation, based upon results from a prior
phase 1 study [35], while olaparib monotherapy was dosed
at 400 mg twice daily. PFS on the cediranib/olaparib combi-
nation was 17.7 months compared to 9.0 months on olaparib
monotherapy (hazard ratio 0.42, p= 0.005). Interestingly,
while women with a known BRCA mutation derived a
non-statistically significant benefit from the combination (me-
dian PFS 19.4 vs 16.5 months; hazard ratio 0.55, p=0.16),
those whose BRCA status was wild type or unknown appeared
to derive more marked benefit from the combination (median
PFS 16.5 vs 5.7 months, hazard ratio 0.32, p=0.008). One
explanation for the results seen in these subset analyses was
that the effects of an anti-angiogenic such as cediranib may
induce a more HR-deficient state in HR-proficient cells by
downregulation of HR proteins such as RAD51 and BRCA1
[36–38]. Two trials exploring the activity of the cediranib/
olaparib combination in women with recurrent ovarian cancer
in either the platinum-sensitive (NRG-GY004) or platinum-
resistant (NRG-GY005) setting are now under way, and a
third trial that will explore the role of the cediranib/olaparib
combination as maintenance therapy following platinum-
based chemotherapy is in development (ICON9). A separate
phase 1/2 trial (AVANOVA) currently enrolling patients is
also exploring the effects of combining an anti-angiogenic
agent with a PARPi utilizing the combination of
bevacizumab and niraparib.

A second PARPi combination strategy builds upon pre-
clinical data in mouse models of BRCA-deficient and triple-
negative breast cancer, which suggested that duration of re-
sponse to PARPis could be enhanced by combining PARPis
with phospho-inositol-3 kinase (PI3K) inhibitors [39, 40]. A
phase 1 trial combining olaparib together with the PI3K in-
hibitor BKM120 demonstrated a response rate of 26 % (12 of
46) in ovarian cancer and 21 % (5 of 24) in triple-negative
breast cancer patients [41]. A study of olaparib together with
the PI3K inhibitor BYL719 in ovarian and triple-negative
breast cancer patients is also ongoing. Another potential
PARPi combination of interest in ovarian cancer is the com-
bination of PARPis together with immune checkpoint agents.
A recent study found that BRCA-mutated HGSOCs demon-
strated significantly higher predicted neoantigens, increased
CD3+ and CD8+ tumor-infiltrating lymphocytes, and elevat-
ed expression of PD-1 and PD-L1, in comparison to HR-
proficient tumors [42]. Other pre-clinical studies have
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reported immunoregulatory effects of PARPi [43] and synergy
between immunomodulatory agents and PARPi [44].

Other strategies for combining PARPi with agents that
might induce HRD in HR-proficient cells have also been
described [5]. These strategies can include combining a
PARPi together with a CDK1 inhibitor, which can decrease
BRCA1 phosphorylation and thereby inhibit BRCA func-
tion [45], with a HDAC inhibitor, which can cause down-
regulation of HR [46], or potentially with HSP90 inhibitors,
which may also regulate HR protein expression [47].
Should these combination strategies prove successful, they
could potentially significantly broaden the population of
ovarian cancer patients in whom PARPis will demonstrate
clinical activity.

Conclusion

The discovery and development of PARPis in ovarian cancer
has proven to be a major breakthrough in the search for novel
targeted therapies in this disease. With olaparib approved in
the USA as monotherapy in women with gBRCA-mutated
recurrent ovarian cancer who have received at least three prior
lines of chemotherapy and in Europe as maintenance therapy
in women with BRCA-mutated recurrent platinum-sensitive
ovarian cancer after response to a platinum therapy, PARPis
have already proven to be a valuable addition to our current
armamentarium against ovarian cancer.

While the activity of PARPis in women with known BRCA
mutations has been demonstrated, ongoing trials seek to clar-
ify when is the ideal time in the course of ovarian cancer
therapy for these agents to be used. Given their low toxicity
profile and PFS benefit observed in a phase 2 trial, mainte-
nance therapy is an appealing potential strategy; however, the
awaited results from the SOLO1 and SOLO2 trials for women
with BRCA-mutated ovarian cancer and the NOVA and
ARIEL3 trials for women without a known BRCA mutation
will be necessary before we understand whether PARPis
should be considered as maintenance therapy. Similarly, re-
sults from the ARIEL2 and QUADRA trials will help us to
understand whether a BRCA wild-type, biomarker-positive
population for HRD can be identified where PARPimonother-
apy will be active. Finally, the combination of PARPis with
other agents, whether chemotherapy or other targeted thera-
pies, is an area of active investigation and interest and may
broaden the population in which this exciting class of thera-
pies may ultimately be used in ovarian cancer.
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