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Abstract

Ovarian cancer is the most important cause of gynaecological cancer-related mortality. Although the
combination of radical surgery and platinum-taxane-based chemotherapy is initially effective, most women

will relapse, requiring further treatments. The poor outcome and the lack of effective chemotherapeutic
regimens at recurrence have stimulated the exploration of new strategies. Research has been recently focused
on targeted therapies and the family of polyadenosine diphosphate-ribose polymerase (PARP) inhibitors seems
to be one of the most promising alternatives. The aim of this review is to summarize recent research and clinical
progress with PARP inhibitors as novel targeting agents in ovarian cancer.
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Introduction

Ovarian cancer represents the most important cause of gyn-
aecological cancer-related mortality with a 5-year survival
rate of approximately 50% for advanced disease, when
most patients are diagnosed [1]. The traditional treatment of
advanced ovarian cancer is based on cytoreductive surgery,
followed by platinum-based chemotherapy. Unfortunately,
despite the high response rate to the initial chemotherapy,
there remains a significant risk for recurrence of the disease
and resistance to the chemotherapy. These discouraging
data have stimulated the exploration of new strategies such
as targeted therapies, in order to achieve greater selectivity
and reduced toxicities [2-4]. In this regard, the strategy of
targeting DNA repair pathways has been explored and the
family of poly-ADP ribose polymerase (PARP) inhibitors
has proved particularly promising. They have been investi-
gated in various cancers, with interesting results especially
in women with hereditary breast and ovarian cancers asso-
ciated with BRCA1 and BRCA2 (BRCA1/2) mutations [5].
In this review we will summarize the recent research and
clinical progress with PARP inhibitors as novel targeting
agents in ovarian cancer.

BRCA1 and BRCA2 and ovarian cancer

The inheritance of mutations in either BRCA1 or BRCA2
is associated with an estimated lifetime risk of develop-
ing ovarian cancer of up to 40-60% for BRCA 1 mutation
carriers [6]. Hereditary germline mutations in either of
these BRCA mutations account for about 10% of inva-
sive ovarian carcinomas in unselected cases [7-9]. A key
focus for BRCA1 and BRCA2 carriers has been preven-
tion through early cancer detection with screening and
prophylactic surgical measures. Although prophylactic

oophorectomy reduces the risk of ovarian cancer by ap-
proximately 90%, BRCA mutation carriers are still at
increased risk of developing ovarian and other malig-
nancies and may already have developed cancer prior
to screening. Recent data indicate that the fallopian tube
rather than the ovary is the organ most at risk for malig-
nancy and in the future prophylactic surgery should cer-
tainly take this into account [10].

Although the oncological management of BRCA muta-
tion ovarian cancer patients has not differed from that of
non-hereditary carriers, recent retrospective studies evalu-
ating the clinical impact of germline BRCA1/2 mutations
in ovarian cancer patients, found that BRCA carriers may
have better clinical outcomes and higher response rates
than non-hereditary ovarian cancer patients to first and
subsequent lines of platinum-based chemotherapy [11, 12].
Common characteristics included serous ovarian cancer
histology, longer treatment-free intervals between disease
relapses, and improved overall survival (OS).

BRCAness, PARP1 inhibitors
and synthetic lethality
It is now well established that 10-15% of women with
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ovarian cancer have germline BRCA1 or BRCA2 mu-
tations [7-9]. In addition, data from studies such as the
Cancer Genome Atlas [13] indicate that up to 50% of
women with high-grade epithelial ovarian cancer (EOC)
could have functional loss of proteins involved in the ho-
mologous recombination repair (HRR) pathways of DNA
repair and behave like BRCA1/2 mutant cancers, even
in the absence of germline BRCA mutations. This is the
phenomenon called ‘BRCAness’ and the identification of
the BRCA-like or BRCAness ovarian cancer population
could define a larger population of patients who might po-
tentially benefit from PARP inhibition.

PARP is a complex enzyme initially identified in 1963
involved in DNA repair. PARP-1 and PARP-2 represent
the best-characterized subtypes of the 17 members of
the PARP family [14]. Mechanisms of DNA repair can
be grouped into those following single-stranded DNA-
binding protein (SSB), which include base excision re-
pair (BER), nucleotide excision repair and mismatch
excision repair; or those following double-strand breaks
(DSB), which comprise non-homologous end-joining
(NHEJ) and HRR. PARPs are involved in DNA repair that
utilizes the BER pathway. DNA damage stimulates the
catalytic [15, 16] activity of PARP 1, which, by two zinc
finger motifs in the DNA-binding domain, binds to DNA
SSB, thus activating the BER machinery to repair the
SSB. Inhibition of PARP blocks the BER pathway leading
to the generation of DSB. Normal cells can readily repair
this DNA damage through the HRR pathway. However,
cells with deficient HRR, such as BRCA-mutated ovarian
cancer cells, without both copies of BRCA1 or BRCA2,
have to use alternative pathways such as NHEJ; this is
error-prone and eventually leads to cell death. In normal
cells, patients are heterozygous for the defect, with one
functional allele, and therefore retain BRCA1/2 protein
expression and maintain a functional HRR pathway. This
difference between tumour and normal cells means that
PARP inhibitors kill tumour cells selectively compared
with the effects in normal cells and this has led to the con-
cept of ‘synthetic lethality’, which describes the situation
whereby one pathway is mutated in the cancer cell and
another pathway is inhibited by the drugs [17, 18].

PARP inhibitors in hereditary epithelial
ovarian cancers

A recent Cochrane review summarized the evidence for
using PARP inhibitors in clinical trials in BRCA1/2 mu-
tated women [19]. From this and other reports the follow-
ing conclusions can be drawn.

Olaparib is the most investigated PARP inhibitor; it was
initially assessed in a phase I trial by Fong et al. with a
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dose escalation from 10 mg daily to 600 mg twice daily
(bid) in a cohort which included recurrent/refractory ovar-
ian cancer patients [5]. Of the 60 recruited patients, 22
(37%) were carriers of BRCA1 or BRCA2 mutation and
one had a strong family history of BRCA-associated can-
cer. In this trial, dose-limiting toxicities were observed
at olaparib 400 and 600 mg bid; the maximum tolerated
dose (MTD) was 400 mg bid. Most frequently reported
adverse events were gastrointestinal effects and fatigue.
Clinical benefit was reached in 63% (12/19) of patients
with BRCA-related cancer, including eight patients with
ovarian cancer. It was noteworthy that anti-tumour activ-
ity was seen in platinum-resistant patients even at a dos-
age below the recommended/maximum tolerated doses
[5, 20]. An expanded cohort of 50 patients affected by
advanced BRCA1/2 mutation-associated ovarian, primary
peritoneal and fallopian tube cancers received olaparib
200 mg bid; the results in the initial cohort were largely
confirmed with an indication that efficacy was greater in
platinum-sensitive than platinum-resistant patients [21].
A subsequent international phase II trial in patients with
recurrent EOC and BRCA1/2 mutation suggested a dose-
response relationship; although not randomized, greater
activity for olaparib was seen at the dose of 400 mg bid,
compared with the 100 mg bid dose (RECIST objective
tumour response rate: 33% vs. 12.5%, p <0.05, progres-
sion-free survival [PFS] 5.8 months), with an acceptable
toxicity profile (grade 3 nausea in 7% and leucopoenia in
5% of patients) [22].

The first randomized trial investigated two different dosag-
es of olaparib in 97 patients with BRCA-mutated progres-
sive or recurrent disease (<12 months after last platinum
administration) [23]. Patients were randomized to receive
olaparib 200 mg bid or 400 mg continuously or intrave-
nously pegylated liposomal doxorubicin (PLD) 50 mg/m?.
Although objective response rates favoured olaparib (25%,
31% and 18% for olaparib 200 mg, olaparib 400 mg and
PLD, respectively), there was no statistically significant
difference in progression-free survival (PFS), the primary
endpoint of the trial (olaparib 200 mg: 6.5 months; olaparib
400 mg: 8.8 months; PLD: 7.1 months; hazard ratio [HR]
0.88, p=0.6) [23]. The explanation was the unexpectedly
high level of activity of PLD in patients with BRCA muta-
tions and this has been confirmed in other studies.
Finally, positive results for mutated BRCA1/2 patients
have recently been reported in a large multicentre non-
comparative study conducted by Kaufman et al. and pre-
sented at ASCO 2013 [24]. Two hundred and ninety-eight
BRCA1/2 mutated patients with various advanced can-
cers refractory to standard therapy received olaparib 400
mg bid until disease progression. The median duration



Marchetti et al.

of treatment was 5.5 months (range 1-28.5 months) and
most common toxicities were (generally mild/moderate)
fatigue (59%), nausea (59%) and vomiting (37%). The
most common grade >3 adverse event (AE) was anaemia
(17%). Among 193 heavily pre-treated patients with ovar-
ian cancer, the overall response rate was 31%; 124 pa-
tients (64,4%) were alive after 1 year of treatment, with a
progression-free interval of 6 months in 105 patients (PFS
54.6%) [24].

PARP inhibitors in sporadic epithelial

ovarian cancers

The question as to whether or not activity of PARP inhibi-
tors is limited to tumours with BRCA mutations, or is also
seen in those tumours having the property of ‘BRCAness’
has been addressed in a phase II single-arm study of olapa-
rib [25]. Gelmon et al. enrolled 90 patients with high-grade
serous/undifferentiated ovarian cancer and breast cancer in-
cluding those with unknown BRCA status and those known
to be BRCA mutation-negative as well as a small number of
BRCA mutation-positive patients. All 90 enrolled patients
(64 with ovarian cancer and 26 breast cancer) were treated
with olaparib 400 mg bid. Seventeen patients had BRCA
mutations. Objective responses were seen in 7/17 patients
with BRCA1 or BRCA2 mutations (41%; 95% confidence
interval [CI] 22-64) and 11/46 without mutations (24%;
95% CI 14-38) with a median response duration of 31
weeks. For those patients without mutations, platinum-sen-
sitive patients obtained a higher response rate (radiological
50%, biochemical 40%) compared with resistant/refractory
disease (radiological 3.8%, biochemical 17.4%). No severe
toxicities were registered [25].

Finally, Ledermann et al. [26] have recently reported
the results of a key trial in patients with relapsed ovar-
ian cancer. In a randomized, double blind, placebo-con-
trolled trial, patients with platinum-sensitive, relapsed,
high-grade serous ovarian cancer were randomized to
receive olaparib or placebo as maintenance treatment,
irrespective of BRCA1/2 mutations. Patients were eli-
gible if they had received two or more platinum-based
regimens and had a partial or complete response to their
most recent platinum-based schedule: 136 received olapa-
rib (400 mg bid) and 129 received placebo. There was an
advantage of approximately 4 months for olaparib ver-
sus placebo group in median PFS (HR for progression
or death 0.35; 95% CI, 0.25-0.49; p <0.001), although
no significant differences in OS between the two groups
of treatment were reported at the first interim analysis
(p = 0.75). More common AEs reported in the olaparib
group, usually grade 1 or 2, included: nausea (68% vs.
35%), fatigue (49% vs. 38%), vomiting (32% vs. 14%),

and anaemia (17% vs. 5%). Initially the BRCA mutation
status was unknown for 64% of the patients, but blood
samples had been stored for retrospective mutation testing
in most cases. A subsequent analysis was recently present-
ed, which reassessed the PFS and OS results according
to BRCA mutation status. A total of 136 (51%) proved
to have either germline or somatic BRCA mutations and
118 (41%) were BRCA wild-type [27]. The data indicated
that olaparib led to a greater PFS and OS benefit in those
women with BRCA1/2 mutations. Specifically, the mu-
tated patients showed the greatest PFS benefit with olapa-
rib maintenance vs. placebo (median: 11.2 vs. 4.1 months;
p <0.001) and a significant quality of life (QoL) improve-
ment (p = 0.03). In addition, the subgroup OS analysis
limited to patients with BRCA1/2 mutations resulted in
an OS HR of 0.74 (median: 34.9 vs. 31.9 months), i.e. a
trend towards benefit. Analysis after longer follow-up is
awaited in order to clarify the extent of OS benefit, but
the investigators have pointed out that crossover from pla-
cebo to PARP inhibitors took place in over 20% of cases
and this is likely to affect the OS results. Interestingly, at
the time of the presentation, 21% of the patients were still
receiving olaparib.

Future challenges - resistance to PARP
inhibitors and the development
of a predictive biomarker

Resistance

Deficiencies in BRCA function and the HRR pathway con-
fer profound genome instability in cancers. Therefore, as
the disease progresses, these cancer cells tend to evolve into
subpopulations, each of which may possess distinct pheno-
types with various degrees of response to PARP inhibitors.
BRCA deficiency may be reverted by changes in the muta-
tional reading frame, resulting in production of wild-type
BRCA protein. In cell lines it has been shown that an ac-
quired secondary mutation can allow a BRCA1/2-deficient
tumour to regain BRCA function and homologous recom-
bination competency, so that PARP inhibition can no longer
be synthetically lethal.

Interestingly, some patients who have responded to
olaparib and then developed resistance have been report-
ed to retain sensitivity to further platinum-based treat-
ment [28], indicating that PARP inhibitors and platinum
are not completely cross-resistant. Nevertheless, second-
ary mutations which have been associated with platinum
resistance have also been noted in tumours from some
patients with PARP inhibitor resistance, suggesting that
this might be part of the explanation [29, 30]. Another
possible mechanism for PARP inhibitor resistance is up-
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regulation of the p-glycoprotein efflux pump, thus re-
ducing intracellular PARP inhibitor concentrations [31].
Careful analysis of tumour tissue acquired from patients
with PARP inhibitor resistance would be necessary in
order to fully understand the underlying mechanisms,
which are likely to be multiple.

Predictive biomarkers

To identify patients who are likely to benefit from treat-
ment, a major aim of current research is the recognition
of biomarkers to detect HRR-deficient cancers, and this
includes developing functional assays of homologous re-
combination. Gene expression or immuno-histochemical
signatures of deficiency of BRCA 1 and BRCA 2 expres-
sion or HRR defects need also to be explored [32] as well
as functional assays performed on tumour cells derived
from ascites and circulating cells.
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