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Abstract

Background Ovarian cancer (OC) is the leading cause of
death in women with gynecological cancer. Most patients
are diagnosed at advanced stage with poor prognosis.
Currently, surgical tumor debulking followed by chemo-
therapy based on platinum and taxane is the standard
treatment for advanced OC. However, these patients
remain at great risk for recurrence and developing drug
resistance. Therefore, new treatment strategies are needed
to improve outcomes for patients with advanced and
recurrent OC. Olaparib (AZD2281, KU-0059436), as one
of the best understood Poly-(ADP-ribose) polymerase
(PARP) inhibitor targeting DNA repair mechanisms,
caused more and more attention. Clinical trial data of
Olaparib had been cumulated, which applied as the single-
agent in relapsed OC monotherapy, especially for BRCA
mutation associated OC.

Methods In this review, we demonstrated the mechanism
of PARP inhibitors and summarized clinical trial data and
clinical development of Olaparib targeted OC in order to
address a new promising therapy strategy for advanced
relapsed OC.

Conclusion Given the unprecedented clinical potential of
Olaparib, the further research on Olaparib will have great
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significance in selection of OC patient populations that will
respond to treatment.
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Introduction

Ovarian cancer (OC) is the fifth leading cause of death
from cancer among women and the most lethal gyneco-
logic malignancy [1]. Although the combination of radical
surgery with platinum-taxane-based chemotherapy is ini-
tially effective, most patients experience relapse. In the last
decades, some important advances have been made in both
surgical [2] and anticancer strategies, but only modest
improvements in outcome have been reached. Therefore,
new treatment approaches are required and recently, target
therapies have gained great attention. These agents, who
interfere solely with specific molecular targets, hold the
promise of greater selectivity and lower toxicities than
traditional cytotoxic drugs.

In this scenario, the role of repair pathways of DNA has
emerged as a further critical target, being a fundamental
step for maintenance of genome integrity and for the
response to DNA-damaging chemotherapy. Poly (ADP-
ribose) polymerase (PARP) plays a critical role in the
repair of DNA single-strand breaks (SSB) through the base
excision repair (BER) pathway. PARP inhibitors designed
to target DNA repair pathways and targeting BER pathway
appears one of the most promising in OC.

Up to now, the most investigated PARP inhibitor is
Olaparib (AZD2281, KU-0059436). As an important novel
agent of anticancer drug, there had been several clinical trials
in development with Olaparib in the treatment of cancer.
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However, a comprehensive understanding of the therapeutic
applications of Olaparib in tumor cells was not available
until recently. Within this review, we briefly summarize the
recent research progress on the efficacy and tolerability of
Olaparib in OC patients with or without BRCA mutation.
Hopefully the information in this article summarizing the
recent studies advances will lead to a better understand of the
mechanisms of Olaparib in genome stability maintenance
and provide valuable clues in the selection of patient popu-
lations that will respond to Olaparib.

PARP and its inhibitor

PARP, is an enzyme involved in BER, has been known since
1963 when Chambon et al. [3] wrote “Nicotinamide
Mononucleotide Activation of New DNA-Dependent Poly-
adenylic Acid Synthesizing Nuclear Enzyme”. The PARP
family consists of 17 proteins if based on structural simi-
larity. PARPI is the protein that is best understood and the
first reported PAR polymerase in SSB repair, which plays
important roles in multiple DNA damage response pathways
(Fig. 1a). It includes a nuclear localization signal and is an
abundant nuclear protein. PARP1 mainly contains three
functional domains: the N-terminal DNA-binding domain
(DBD), the central auto-modification domain (AMD), and
the C-terminal catalytic domain (CD). The DBD includes
three zinc finger motifs. The first two (Zn I and Zn II) par-
ticipate in the recognition of double strands break/SSB and
mediate the binding of PARP1 to DNA. The newly identified
third zinc finger motif (Zn III) mediates the regulation of the
DBD on the catalytic activity and is not believed to be
involved in DNA-binding [4, 5]. The AMD contains specific
glutamate and lysine residues serving as acceptors for

Fig. 1 a Structure of PARPI. A ol Znll
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ADP-ribose moieties and also a BRCT domain that can
interact with many DNA damage response proteins. The CD
includes a PARP signature motif and a WGR motif and
catalyzes the formation of PAR. The PARP signature motif
forms the active site and binds nicotinamide adenine dinu-
cleotide (NAD'). The function of the WGR motif is
unknown [6-8].

In 1971, nicotinamide was found to be a weak inhibitor of
PARP [9]. The first generation of inhibitors included nico-
tinamide analogs. The first widely tested agent, 3-amino-
benzamide, developed in 1980 [10], was not as selective and
1,000 times less potent compared with newer inhibitors. The
second generation, including PD128763, NU1025, was 50
times more potent than 3-aminobenzamide. Current PARP
inhibitors in development are the third-generation PARP
inhibitors and have greater potency and specificity for PARP
[11] (Table 1). Importantly, Olaparib is one of the best
understood third-generation PARP inhibitors. Moreover,
compelling data indicate that PARPI1 inhibitors result in
synthetic lethality in homologous recombination (HR)-defi-
cient tumor cells. The rationale for PARP1 inhibitors is that by
inhibiting BER, these agents can prevent repair that occurs
after cytotoxic chemotherapy that causes SSB (Fig. 1b).
PARP1 inhibitors compete with NAD™ at the enzyme’s active
site. Because this site is present in other enzymes, PARP
inhibitors might act in a non-specific manner.

Characteristics of Olaparib

Chemistry

Olaparib (4-[(3-[(4-cyclopropylcabonyl)piperazin-4-yl]
carbonyl)-4 fluorophenyl] methyl(2H) phthalazin-1-one) is
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Table 1 Third-generation PARP inhibitors

PARP inhibitor Company Indications at present Route of administration
AGO14699 Pfizer Melanoma, breast cancer v
Veliparib (ABT 888) Abbott Melanoma, breast cancer, glioblastoma PO
Olaparib (AZD2281, KU59436) AstraZeneca Breast cancer, ovarian cancer PO
Iniparib (BSI 201) BiPar sciences Breast cancer, NSCLC v
BSI 401 BiPar sciences NR PO
MK4827 Merck BRCA ovarian cancer PO
CEP 9722 Cephalon NR PO
BMN-673 Lead parma NR NR
NR not reported
0o 100 mg bd (twice daily) but increased in a less than pro-

Fig. 2 Structure of Olaparib

an oral PARP inhibitor with ICsq of 4.9 nM for PARPI,
which appeared as an off-white to pale yellow/pale orange
crystalline solid, with melting point 210-211 °C and has a
molecular weight of 434.47 Da [12] (Fig. 2).

Pharmacodynamics

The effective concentration for inhibiting cellular PARP1
activity by >90 % is approximately 30-100 Nm of Ola-
parib in several tumor cell lines including ovarian A2780,
breast MCF-7 and colorectal SW620. The media effective
concentration (required to induce a 50 % effect [ECs(]) for
Olaparib is approximately 6 M. This was assayed by
measuring inhibition of poly (ADP-ribose) (PAR) chain
formation in SW620 cellular lysates following incubation
of Olaparib (0.1-300 nM). Concentration in the active
range of between 0.2 and 4 pM, with a mean of 1 uM are
known to be achievable within tumors in vivo [12].

Metabolism

In caner patients, following single capsule oral dose, Ola-
parib was rapidly absorbed. Mean apparent volume of dis-
tribution was 40.3 L, mean apparent plasma clearance was
4.55 L/h and the mean terminal half-life (') was 6.10 h.
Exposure increased proportionally with dose at doses up to

portional fashion at higher doses. Following dosing to cancer
patients at doses of 400 mg bd, the population estimated
maximum plasma concentration at steady state (Cp,ax SS)
ranged from 1.45 to 11.0 pg/mL (3.34-25.3 uM, equiv-
alent to unbound concentrations of 0.26-1.99 pg/mL
[0.6-4.58 uM]); the steady-state area under the plasma
concentration—time curve (AUC) (area under plasma con-
centration—time curve from zero to 12 h [AUC 0-12]) ran-
ged from 6.56 to 122 pg h/mL. Following administration of
a radiolabeled dose of Olaparib to cancer patients, Olaparib
accounted for approximately 70 % of the circulating mate-
rial in the plasma with the remainder accounted for by three
other components (each accounting for approximately 10 %
of the material). Drug-related material was eliminated in the
urine (35-50 %) and in the feces (12-60 %) with 10-20 and
0.6-14 % of the dosed material recovered in the urine and
feces as unchanged drug, respectively [13].

Safety and tolerability

Olaparib monotherapy appears to be generally well tolerated
across studies at doses up to and including the maximum
tolerated dose (MTD) of 400 mg bd. Olaparib monotherapy
at 400 mg bd was generally well tolerated in patients with
platinum-sensitive serous OC [14] and BRCA OC [15].
Preliminary data from dose escalation studies of Olaparib in
combination with various chemotherapy agents indicate an
increase in bone marrow toxicity (anemia, neutropenia,
thrombocytopenia) greater than expected if the agents had
been administered alone. Administration of Olaparib in
combination with Dacarbazine, Topotecan, or Paclitaxel
resulted in a lower MTD compared with administration as a
monotherapy. Administration of Bevacizumab at recom-
mended doses with Olaparib up to 400 mg bd was a well-
tolerated combination treatment resulting in no unusual or
unexpected adverse events (AEs).

Hematological toxicities associated with Olaparib include
anemia and lymphopenia and are usually manageable.
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Interestingly, the most frequently documented drug-related
toxicities are gastrointestinal symptoms (nausea, vomiting)
and fatigue, which may occur in up than 20 % of patients and
may present of moderate/severe entity, more frequently than
hematological AEs [13, 16]. In addition, in a small number of
patients, pneumonitis or myelodysplastic syndrome/acute
myeloid leukemia have been observed [13, 15-18].

Major clinical trials of Olaparib as single-agent therapy

As shown in Table 2, in OC, six primary papers have been
published concerning the clinical studies of Olaparib,
including two phase I studies and four phase II studies.

In 2009, considering cell lines lacking wild-type BRCA1/
2 are highly sensitive to PARP inhibitors compared to het-
erozygous mutant or wild-type cells [19], Fong et al. [13]
conducted the Phase I trial with dose escalation of Olaparib
from 10 mg daily to 600 mg bd in a population enriched in
carriers of a BRCA1/2 mutations. The study included 60
patients with histologically or cytologically confirmed
refractory solid tumors, including 21 OC patients. Interest-
ingly, inhibition of PARP by more than 90 % was observed
in cells from patients treated with 60 mg or more of Olaparib
bd, measured in peripheral mononuclear cells. Dose-limiting
toxicities were observed at 400 and 600 mg bd; the maxi-
mum MTD was 400 mg bd. AEs were minimal (predomi-
nant gastrointestinal and fatigue). Clinical benefit, with
either radiological or tumor-marker response or stable dis-
ease for a period of 4 months or more, was achieved in 63 %
of patients with BRCA-related cancer, including eight OC
patients. The important finding of this study was the
observation of objective antitumor activity in platinum
resistant patients at dosage well below the recommended
MTD [13, 20].

These promising data of the above trial were lately con-
firmed by the same team in an expanded cohort of 50 patients
with advanced BRCA1/2 mutation-associated ovarian, pri-
mary peritoneal, and fallopian tube cancers (13 platinum
sensitive, 24 platinum resistant, and 13 platinum refractory)
[21]. The clinical benefit rate was 46 % in the expansion
cohort, with median response duration of 28 weeks (range
10-86 weeks). The overall clinical benefit rate decreased
significantly with platinum insensitivity (platinum-sensitiv-
ity: 69 %, platinum-resistant: 46 %, platinum-refractory:
23 %). Furthermore, there was a positive association
between the overall platinum-free interval and response to
Olaparib (P = 0.002). Consistent with previously reported
AEs in the dose-escalation cohorts, the most common drug-
related toxicities in this study were gastrointestinal symp-
toms and fatigue. Their findings suggest that Olaparib cor-
relate with platinum sensitivity in addition to showing a
benefit in resistant and refractory patients.

@ Springer

The promising data of Olaparib reported by Fong et al.
[13, 21] was pursued rapidly into Phase II clinical trials
with preselected patient group of advanced OC. Audeh
et al. showed that greater Olaparib activity is seen at high
dose of 400 mg bd than 100 mg bd (objective response
rate: 33 vs. 13 %, media of PFS: 5.8 vs. 1.9 months,
P < 0.05) in the Phase II international multicentre single
arm, open label sequential dosing cohort study of BRCA1/
2 mutation carriers with recurrent EOC [18]. Two patients
in the 400 mg cohort had complete responses and none in
the lower dose group. Toxicity was mild with severe AE of
grade 3—4 infrequent.

Upon the indication of a dose—response relationship and
in order to address the role of Olaparib as a second-line
treatment in BRCA1/2 mutated patients with OC, a three-
arm study comparing two different dosages of Olaparib
with the reference was planned. Kaye et al. demonstrated
that 97 patients with BRCA-mutated progressive or
recurrent disease <12 months after their last platinum were
randomized in a 1:1:1 ratio to receive Olaparib 200 mg or
400 mg bd or pegylated liposomal doxorubicin (PLD)
50 mg/m? intravenously [15]. Objective response rates
were 25, 31, and 18 % for Olaparib 200 mg, Olaparib
400 mg, and PLD, respectively, statistically comparable
across the three arms. No statistically significant differ-
ences in PFS (200 mg: 6.5 months vs. 400 mg: 8.8 months
vs. PLD: 7.1 months; P = 0.6) have been observed.
Remarkably, the median PFS of 7.1 months of PLD
observed in this trial is considerably greater than the
4 months expected, taking as a reference the large ran-
domized trial from Gordon et al. [22], in a similar mix of
platinum-resistant and sensitive cancers and which defini-
tively defined PLD as standard treatment for recurrent OC.
These results are also in accordance with the retrospective
data published by Adams et al. [23] showing a higher
activity of PLD in BRCA-mutated OC patients. Is therefore
possible to speculate that that HR deficient OC may have a
better clinical outcome from anthracyclines such as PLD
compared to unselected cases? That warrants further study.

As mentioned above, one of the greatest questions to be
answered is whether or not the activity of Olaparib, in
general, is limited to tumors with BRCA mutations or is
also directed throughout those tumors having the property
of ‘BRCAness’. Gelmon et al. recently addressed this issue
in a Phase II single-arm study of Olaparib in patients with
high-grade serous/undifferentiated OC with unknown
BRCA status or BRCA-negative. In addition, there was a
reference group known to have germ-line BRCA mutations
treated within the trial [16]. Indeed, 90 patients were
enrolled (64 OC and 26 breast cancer) and treated with
Olaparib 400 mg bd. After BRCA testing, 17 patients
showed BRCA mutations. Consistently with previous
studies, objective responses were seen in 41 % patients
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with BRCA1 or BRCA2 mutations and 24 % without
mutations. The most common AEs were gastrointestinal
and fatigue, which analogously with previous studies. This
study represents the first important evidence of PARP
inhibitor activity in non-BRCA mutant OC. Similar data
for relapsed OC, irrespective for BRCA mutations, have
been recently found in a randomized, double-blind, pla-
cebo-controlled, Phase II study by Ledermann et al. [14].
Their trial involved patients with platinum-sensitive,
relapsed, high-grade serous OC who had received two or
more platinum-based regimens and had a partial or com-
plete response to their most recent platinum-based regimen
with the aim to evaluate the efficacy of Olaparib mono-
therapy as maintenance treatment. Of 265 randomized
patients, 136 received Olaparib and 129 received placebo.
Median PFS was 8.4 months for the study group, compared
with 4.8 months of the control group (P < 0.001). AEs
more commonly reported in the Olaparib group than in the
placebo group but the majorities of AEs were grade 1-2.
Nevertheless, no significant difference between groups of
overall survival (P = 0.75) in interim analysis. This data
should be interpreted with caution, considering that at the
moment of publication of the manuscript, 21 % of the
patients were still receiving Olaparib (and 3 % were still
receiving placebo), which indicates that the disease is
controlled for a prolonged period in some patients.

Additionally, on December 22, 2011, a financial new
sentences that Astra Zeneca canceled Olaparib Phase III
trials. The drug-maker said that at this moment its inves-
tigational compound would not progress into Phase III
development for the maintenance treatment of serous OC,
because significant PFS observed in the study from Le-
dermann et al. [14] did not translate into an overall survival
benefit, even if data were still not mature [24].

Olaparib in combined therapies

However, what are the effects of Olaparib with other drugs,
either cytotoxic agents or target therapies finalized to other
molecular pathways?

The rationale for association with chemotherapy is
based on two potential mechanisms: the enhancement of
chemosensitivity by blocking BER, which may be
responsible of drug resistance and the potential increase in
cell death and activity of PARP inhibitor through tumor-
selective synthetic lethality, brought about by the addi-
tional exogenous DNA damage caused by chemotherapy
[25-27]. Up to now, association of Olaparib and cytotoxic
agents such as Topotecan [28], Dacarbazine [29], Paclit-
axel [30], and Cisplatin plus Gemcitabine [31] have been
described in four clinical trials of Phase I. In all these
studies, an overlapping, dose-limiting toxicity, particularly

myelosuppression, has emerged, more pronounced than
that seen with chemotherapeutic agents alone, which
maybe attribute to an increase in Olaparib exposure in the
presence of cytotoxic agents, which causes DNA double-
strand breaks, could potentially explain the higher degree
of myelosuppression due to an effect on rapidly dividing
bone marrow cells.

Therefore, in the beginning of current year, the safety
and tolerability of Olaparib have also been tested in another
Phase I trial evaluating the association regimen with Bev-
acizumab in patients affected by advanced solid tumors
[32]. In the study from Dean et al. increasing doses of
continuous oral Olaparib (100, 200, and 400 mg) in com-
bination with endovenous Bevacizumab (10 mg/kg every
2 weeks) have been administrated. The evidence that the
vessel regression caused by the anti-angiogenic agent
induces hypoxia and results in an increase of DNA damage
and genetic instability [33] represents the basis for this
association. Combining Olaparib and Bevacizumab is
based on the rationale that direct targeting of PARP by
Olaparib and indirect sensitization to Olaparib by acquisi-
tion of HR defects by Bevacizumab will be therapeutically
beneficial.

Conclusions

In summary, the Phase I/II clinical data of Olaparib we
reviewed in the treatment of advanced OC and Olaparib
has shown great clinical promise, particularly as it repre-
sents a real departure from conventional chemotherapy.
Given the unprecedented clinical potential of Olaparib, the
further research on Olaparib will have great significance,
not only in elucidation of the complex mechanisms of
Olaparib with respect to DNA repair, but also in selection
of patient populations that will respond to treatment.
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