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Abstract

Epithelial ovarian cancer (OC) is one of the most common and lethal cancers in women in the developed

world. Despite progress in the treatment of OC, most patients experience recurrence within 18 months and
long-term survival is low. The development of molecular targeted therapies to complement chemotherapy

and surgery has largely focused on inhibition of angiogenesis and interruption of the DNA repair process.
Inhibition of angiogenesis is a valuable therapeutic strategy at different points in the treatment pathway, with
blockade of the vascular endothelial growth factor VEGF pathway a key target for inhibiting angiogenesis.
Targeting the DNA repair processes with inhibitors of poly-ADP ribose polymerase (PARP), particularly in BReast
CAncer susceptibility gene (BRCA) mutated tumours, has also shown promising anticancer activity. Prevention

of DNA repair and targeting of angiogenesis through PARP inhibition has been extensively explored in OC

and significant activity and clinical benefit has been shown with molecularly targeted therapy. Combining
anti-angiogenic therapy and PARP inhibitors may offer new therapeutic opportunities in OC, and a number

of clinical studies have been exploring the combination of these two molecularly targeted therapies. The
identification of reliable predictive markers of response and translational research to establish factors predictive
of response to combinations of anti-angiogenic and PARP inhibitor drugs will be required before these
therapies can be fully implemented into clinical practice. However, combining anti-angiogenic agents with PARP
inhibitors provides new opportunities to improve the treatment options for women with OC.
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Introduction

In the developed world epithelial ovarian cancer (OC) is
the fifth most common cancer and the fourth cause of can-
cer death in women. Every year 220,000 women develop
epithelial OC worldwide [1]. Debulking surgery followed
by platinum-taxane chemotherapy is the current standard
of care. Although significant progress has been made in
the treatment of OC, most patients develop a recurrence
within 18 months and the reported 5-year survival rate is
still low [2, 3]. During the last decade the focus of clini-
cal research has shifted towards developing molecular tar-
geted therapy to complement chemotherapy and surgery.
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Developments in treatment have occurred in two main ar-
eas. Firstly, inhibition of angiogenesis [4] has been shown
to be a valuable therapeutic strategy at different points in
the treatment pathway. The key target for inhibiting angio-
genesis is blockade of vascular endothelial growth factor
VEGF pathway, blocking its ligand or receptor, or target-
ing the angiopoietin pathway [5]. The second area is target-
ing DNA repair processes, particularly in BReast CAncer
susceptibility gene (BRCA) mutated tumours [6]. These
tumours have a deficiency in homologous recombination
(HRD) repair of DNA damage and depend on single-strand
repair pathways initiated by activation of poly-ADP ribose
polymerase (PARP). Inhibition of PARP in cells with HRD
leads to genomic instability and cell death due to a process
called ‘synthetic lethality’ [7]. BRCA mutations in OC oc-
cur more commonly than previously thought, particularly
in high-grade tumours. It is estimated that at least 15% of
high-grade serous OCs (HGSOC) have a germline BRCA1
or BRCA2 mutation, and in approximately another 35%
there is acquired HRD due to somatic BRCA mutations,
silencing by methylation, mutation in other repair genes,
and inactivation of other pathway proteins [8, 9]. Target-
ing of angiogenesis and prevention of DNA repair through
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PARP inhibitors has been extensively explored in OC and
new opportunities for treatment have emerged. In addition,
preclinical data suggests that inhibition of angiogenesis
increases the degree of HRD [10-12], and this has led to
clinical studies exploring the combination of these two
molecularly targeted therapies. Here we review the current
data from clinical trials with anti-angiogenic therapy and
PARP inhibitors in OC, and the emerging data and studies
on the combination of these two therapies.

Anti-angiogenic targeted therapy

Pharmacodynamic properties

Angiogenesis plays an important role in carcinogenesis
through the promotion of tumour growth and dissemina-
tion [13, 14].

Vascular endothelial growth factor (VEGF) is a pro-an-
giogenic factor that induces proliferation, migration and
survival of vascular endothelial cells. The two most im-
portant strategies to block angiogenesis are inhibition of
binding between VEGF and its receptor, and the direct
inhibition of receptors. The greatest experience has been
with bevacizumab, a recombinant humanized monoclonal
antibody that prevents the ligand from binding the vascu-
lar endothelial growth factor A (VEGF-A). Bevacizumab
has multiple effects on the cell in vitro. Firstly, it inhibits
VEGF blocking signal transduction through VEGFR1 and
VEGFR2 receptors. It induces increased cell permeability,
nitric oxide, and migration and tissue factor production
in vascular endothelial cells and monocytes [15]. In pa-
tients with previously untreated advanced breast cancer,
bevacizumab decreases phosphorylation of VEGFR2 and
increases tumour cell apoptosis by changing permeability
parameters [16]. Additionally, it inhibits metalloprotein-
ase (MMP)-9 expression, which is thought to contribute
to tumour progression [17]. As a single agent, it has been
shown to have anti-tumour activity in OC [18]. While bev-
acizumab is the most studied anti-angiogenic agent in OC,
there are other strategies to effectively block the VEGF
including receptor tyrosine-kinase inhibitors (TKIs) that
often have a broad spectrum of activity, inhibiting other
surface receptor tyrosine kinases. The key drugs that have
been tested are pazopanib, nintedanib and cediranib (Ta-
ble 1). Pazopanib is an oral TKI that inhibits several ki-
nase receptors, including those for VEGFR-1,-2, and -3,
platelet-derived growth factor (-a and -B), and fibroblast
growth factor. It also targets stem cell-factor receptor (c-
kit), interleukin 2-inducible T-cell kinase, lymphocyte-
specific protein tyrosine kinase, and colony-stimulating
factor 1 receptor [19, 20]. Nintedanib (BIBF 1120) is an
orally administered potent blocker of the receptors of vas-
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cular endothelial growth factor (VEGFR-1-3), platelet-
derived growth factor (PDGFR-0/B) and fibroblast growth
factor (FGFR-1-3) [21].

Cediranib is an oral tyrosine kinase inhibitor that blocks all
three VEGFRs (VEGFR-1, -2, and -3) [22].

Preclinical investigations have shown broad-spectrum anti-
tumour activity with a pharmacokinetic profile that sup-
ports once-daily oral administration [23].

Inhibition of the angiopoietin axis is another strategy that
has been explored in OC. The lead compound, AMG-386
(trebananib), is a recombinant peptide-Fc fusion protein
(peptibody) that binds to and inhibits angiopoeitin-1 and
-2, preventing activation through the Tie-2 receptor [24].
Trials have been performed in both first-line and recur-
rent OC. Whilst this compound is active [25], it is unclear
whether it is a clinically useful addition to the group of
anti-angiogenic therapies for OC.

Bevacizumab in first-line and recurrent disease

Bevacizumab has proven to be highly active in the treat-
ment of first-line OC with significant prolongation in
progression-free survival (PFS) in patients with advanced
disease (hazard ratio [HR]: 0.72, 95% confidence interval
[CI] 0.63-0.82; p<0.001 and HR 0.81, 95% CI 0.70-0.94;
p=0.004, in GOG218 and ICON?7, respectively) [26, 27].
Similarly, a benefit in PFS has been seen in two ran-
domised trials in which bevacizumab was combined with
chemotherapy and then given as maintenance treatment
until progression in patients with a first ‘platinum-sensi-
tive’ recurrence of OC (HR 0.484; 95% CI 0.388-0.605;
p<0.0001 and HR 0.61; p<0.0001 in OCEANS and GOG
213 trials, respectively) [28, 29]. Bevacizumab in combi-
nation with chemotherapy has also been given to a third
group of patients with ‘platinum-resistant’ recurrence and
this led to a significant improvement in the tumour re-
sponse rate, PFS and improvement in patient-reported out-
come [30, 31]. The European Medicines Agency (EMA)
has approved bevacizumab, at a dose of 15mg/kg for OC
in first-line therapy with platinum and paclitaxel, and as
maintenance for up to 15 months [32]. In some countries
an alternative dose and treatment duration of bevacizumab
is used based on the results seen in the ICONT7 trial [27].
In ICON7 bevacizumab was given at 7.5 mg/kg for up to
12 months. Furthermore, a preplanned subgroup analysis
demonstrated that the PFS benefit was confined to patients
at high risk of recurrence (>1 cm residual disease and/or
Stage IV) (HR 0.81, 95% CI 0.70-0.94; p=0.004). The
clinical characteristics of this subgroup were similar to
those enrolled in GOG 218, and the magnitude of benefit
in PFS was comparable. The updated analysis showed that
it was only the high risk group in ICON7 who derived an
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improvement in overall survival (OS) from bevacizumab
(HR 0.78 (95% CI; 0.63—0.97), translating into a mean
difference in survival of 4.8 months [33]. The EMA has
also approved second-line use of bevacizumab in com-
bination with carboplatin and gemcitabine followed by
maintenance therapy. Neither first nor second-line use are
approved in the USA. However, both the EMA and the
Federal Drug Administration (FDA) have approved the
use of bevacizumab in combination with weekly paclitax-
el, liposomal doxorubicin and topotecan in patients with
‘platinum-resistant’ disease [30]. In spite of these trials
many questions remain about the best use of bevacizum-
ab in OC. Firstly, there are questions about the optimum
dose, with no apparent detriment using half the dose rec-
ommended in the pivotal trial submitted for licensing. In
the two first-line trials bevacizumab was given for differ-
ent durations. From both studies it appears that maximum
differences in PFS occurs around the time the treatment
stops. This has led to the BOOST trial (NCT 01462890)
in which 15 months treatment with bevacizumab is be-
ing compared to 30 months treatment. Secondly, the ab-
sence of any survival benefit seen in patients treated on
the OCEANS trial, or supporting data of patient benefit
such as quality of life leads to concerns about the value
of this regimen in this setting. However, the recently re-
ported GOG 213 trial of bevacizumab in combination
with carboplatin and paclitaxel and then as maintenance
demonstrated an improvement in PFS and no detriment
in quality of life [29]. Currently, bevacizumab is consid-
ered an option for first ‘platinum-sensitive’ recurrence in
patients who have not received bevacizumab in the first-
line setting. However, the situation is made more complex
by the results of the AURELIA trial, in which significant
benefit was seen in patients with ‘platinum-resistant’ dis-
ease [30]. Currently, there are no validated predictive
markers for response to bevacizumab so that selection of
patients for therapy is based on clinical criteria. This has
led some physicians to reserve the use of bevacizumab for
patients with ‘platinum-resistant’ relapse, where the effect
of chemotherapy alone is generally poor and short-lived.
Resistance to bevacizumab occurs in nearly all patients at
some point, and the mechanisms underlying resistance are
unclear. It is unclear whether patients will respond again
on retreatment, and this is being tested in a clinical trial
where patients who have received first-line bevacizumab
are re-treated with the drug on progression (MITO16/
MANGO-2b, NCT01706120). In summary, bevacizumab
has clearly been shown to be active in different phases
of the treatment pathway. The results of ongoing ‘second
generation’ studies will help to define the position of the
drug in the treatment of advanced OC.
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Tyrosine kinase inhibitors

Several TKIs have now been evaluated in phase I/II stud-
ies and in randomised phase III clinical trials and most of
the trials have demonstrated a significant benefit in PFS in
either the first-line or recurrent disease setting

As first line maintenance treatment, pazopanib improved
the PFS by 5.6 months compared with placebo after first-
line treatment for stages II-IV [34]. However, toxicity
was significant with 58% patients requiring a dose reduc-
tion and 33% discontinued therapy due to adverse events.
Furthermore, there was a decrement in the quality of life
(QOL) in AGO-OVAR-16 for patients randomised to pa-
zopanib [35].

The first-line trial with nintedanib (BIBF 1120), given with
chemotherapy and then as maintenance had less reported
toxicity than pazopanib and showed a significant benefit
in terms of PFS but the incremental improvement was
small and of questionable clinical value (median PFS: 17.3
versus 16.6 months) [36].

Thus far, there has only been one randomised trial ICONG6)
of a TKI in first ‘platinum-sensitive’ recurrent OC. In
ICONG6, cediranib with chemotherapy followed by main-
tenance therapy was compared to platinum-based chemo-
therapy alone led to a 2.7 month improvement in median
PFS which was significant (from 17.6 to 20.3 months; HR
0.70, p=0.042) [37]. A third arm with cediranib given only
during chemotherapy showed an intermediate effect, sug-
gesting that cediranib added to the action of chemotherapy
as well as being beneficial as maintenance therapy beyond
chemotherapy. Non-randomised trials with TKIs in pa-
tients with multiply pretreated OC, both in the ‘platinum-
sensitive’ and ‘-resistant’ settings show some degree of
activity; tumour response occurred in some patients but
a greater proportion of patients had stable disease as their
recorded outcome. However, in MITO-11, a randomised
trial in patients with ‘platinum-resistant’ and ‘platinum-
refractory’ disease, pazopanib added to weekly paclitaxel
led to a significant improvement in PFS. In fact, patients
were randomly assigned to receive paclitaxel and pazo-
panib or paclitaxel only. PFS was significantly longer in
the pazopanib plus paclitaxel group than with paclitaxel
alone (median 6.35 months [95% CI 5.36-11.02] vs 3.49
months [CI 2.01-5.66]; HR 0.42 [95% CI 0.25-0.69];
p=0.0002, respectively). Adverse events were more com-
mon in the pazopanib arm. The most common grade 3-4
adverse events were neutropenia, fatigue, leucopenia, hy-
pertension [38].

Although TKIs have the advantage of being an oral medi-
cation, the rate of discontinuation of therapy is higher
than comparable studies with bevacizumab (33.3% vs
17%, respectively) [26, 34]. Fatigue, hypertension and

\J



Update on anti-angiogenic agents and PARP inhibitors: is the combination a potential or a reality?

diarrhoea are the main side effects leading to dose reduc-
tion or discontinuation. The much greater experience of
these agents in renal cell cancer has led to the develop-
ment of management guidelines that might in future make
it easier to use TKIs in the treatment of OC [39]. How-
ever, gastrointestinal perforation, a specific concern with
bevacizumab, appears to be less common with TKIs. In
the first-line pazopanib trial this occurred in 1% of pa-
tients compared to 2.8% in those receiving bevacizumab.
The manufacturer of pazopanib does not currently plan to
take forward the further development of pazopanib in OC,
although the provocative results of MITO-11 are worthy
of further exploration of the drug in this setting. At the
moment, cediranib is the only TKI that is being taken for-
ward for licensing, and the results of ICON6 have been
submitted to the EMA. The future of TKIs in OC may lie
in combination with other targeted therapies, as we will
discuss below.

PARP inhibitors

Pharmacodynamic properties

Many of the current anticancer therapies act through dam-
aging DNA. Cancer cells are more susceptible to DNA
damage than normal cells, because of multiple mutations,
some of which may affect the DNA repair pathways. For
cells to survive, damage to DNA, which occurs spontane-
ously in all cells, needs to be repaired. There are many pro-
cesses by which this takes place and one of these involves
PARP, an important enzyme that is involved in the repair
of single-strand DNA breaks. The PARP proteins are a
family of 17 enzymes involved in a large range of cellular
processes including DNA transcription, DNA damage re-
sponse, genomic stability maintenance, cell cycle regula-
tion, and cell death [40].

PARP1 is the best characterized member of the PARP fam-
ily and is involved in base excision repair (BER) in re-
sponse to single-stranded DNA breaks (SSBs). It is a com-
ponent of the BER complex, which consists of DNA ligase
III, DNA polymerase beta, and the XRCCI1 protein [41].
PARPI also has a role in nucleotide excision repair (NER).
Both BER and NER are key pathways that enable repair of
DNA damage that can be caused by certain alkylating and
chemotherapeutic agents [42, 43]. Inhibitors of PARP lead
to an accumulation of double-strand DNA breaks. PARP
emerged as an important therapeutic target following the
observation that inhibitors of PARP led to deficient repair
of double-stranded DNA breaks in cells with homozygous
deficiency of BRCA1 or BRCA2 and a 1000-fold increase
in cytotoxicity due to lethal genomic instability [6, 44].
Trials in patients began shortly afterwards.
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PARP inhibitors: updating trials

The first clinical demonstration of the anti-tumour activity
and potential clinical value of PARP inhibitors was dem-
onstrated in a phase I trial using olaparib (AZD2281) in
BRCA mutated cancers [45]. In this study 60 patients were
enrolled and 22 had a BRCA mutated cancer or a strong
family history of BRCA-associated cancers. A clinical
benefit rate (CBR), defined as a radiological response,
tumour marker response or stabilisation for more than 4
months was seen in 12 out of 19 (63%) patients with a
confirmed BRCA mutation. The cohort of patients was
expanded with BRCA1/2 mutation—associated gynaeco-
logic malignancies (ovarian, primary peritoneal, and fal-
lopian tube cancers) where a CBR of 46% was observed.
A RECIST (Response Evaluation Criteria in Solid Tu-
mours) radiological response or CA125 response was
observed in 40% of patients. There was a correlation of
response with ‘platinum-sensitivity’; the CBR was 69% in
patients with ‘platinum-sensitive’ tumours and 45% and
23% in patients with ‘platinum-resistant’ and ‘refractory’
disease, respectively [46].

In addition to patients with a germ line BRCA mutation
there is evidence that HRD occurs in a much larger group
of patients, perhaps as many as 50% of patients with
HGSOC [8], potentially widening the use of PARP inhibi-
tors in OC. This feature of wider HRD deficiency, some-
times called ‘BRCAness’ [47] was demonstrated clinically
in a phase II study of olaparib 400 mg twice daily mono-
therapy in patients with high-grade serous OC without a
BRCA mutation, where a response was seen in 11 out of
46 patients (24%) [48].

These emerging data coupled with interest in exploring
whether olaparib maintenance might lead to useful prolon-
gation of disease control led to the design of a randomised
phase II trial in which patients with high grade serous can-
cer which had responded to platinum-based chemothera-
py were randomised to olaparib maintenance therapy or
placebo. In this study maintenance olaparib significantly
improved PFS compared to placebo (from 4.8 months in
the placebo group to 8.4 months in the experimental group
after the completion of chemotherapy), representing a 65%
reduction in risk of progression in patients with platinum-
sensitive HGSOC following a response to two or more lines
of platinum-based therapy (HR 0.35; 95% CI 0.25-0.49;
p<0.0001) [49].

A subgroup of analysis in patients with a germline or so-
matic BRCA mutation (51%) showed that this population
had the greatest benefit from maintenance with olaparib,
reducing the risk of progression by 82% and with a median
PFS of 11.2 versus 4.3 months for placebo arm (HR 0.18;
95% CI 0.10-0.31; p<0.0001) [50]. The combination of
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therapeutic efficacy with minimal toxicity has ultimately
led to the approval of olaparib maintenance therapy by
the EMA for the treatment of recurrent platinum-sensitive
HGSOC and a BRCA mutation.

The activity of olaparib has also been directly compared
to pegylated liposomal doxorubicin (PLD) in patients with
BRCA mutated OC. A phase II study compared two doses
of olaparib, 200 or 400 mg with PLD 50 mg/m?. No statisti-
cally significant differences were reported for the objective
response rate, duration of response, changes in tumour size,
or OS. The tumour response rates were 25% and 31% with
200 mg and 400 mg olaparib, respectively, and 18% with
PLD. PFS was 6.5 months (95% CI 5.5-10.1), 8.8 months
(95% CI 5.4-9.2), and 7.1 months (95% CI 3.7-10.7)
for the three arms, respectively [51].

The activity of PLD was higher than previously observed
in a phase III randomised study [52], suggesting that this
drug may have greater activity in patients carrying a BRCA
mutation. A recent retrospective comparison supports this
hypothesis; PLD was more active in women with a BRCA
mutated OC and this difference seemed independent of
platinum sensitivity [53]. Notwithstanding these results,
the FDA has accepted the use of olaparib as a single agent
for treatment of patients with OC and a BRCA mutation
who have had 3 or more previous lines of treatment. This
is based mainly on data from a single arm phase II trial
that included patients with OC as well as other tumour
types [54] and additional data accumulated from other tri-
als in this setting [55].

Extensive preclinical studies have shown that PARP inhibi-
tors increase the cytotoxic effects of chemotherapy [56, 57].
A phase I study of olaparib with carboplatin (AUC4/5)
showed clinical benefit in 85% of 27 women with BRCA1/2
mutation-associated recurrent breast and OCs [58]. How-
ever, in the ‘platinum-sensitive’ setting the addition of
olaparib to chemotherapy does not appear to confer addi-
tional benefit. In the randomised, phase II study reported
by Oza et al [59] the rate of progression during chemo-
therapy was similar for the arms with and without olaparib;
the benefit in PFS was seen during the maintenance phase
of olaparib. In this study, 38 patients were known to have a
BRCA mutation, and the benefit in PFS in this group was
similar that reported in the Study 19 trial [50].

These are at least five PARP inhibitor agents: olaparib,
rucaparib, niraparib, BMN-673 and ABT-888 (veliparib).
The most important are reported in Table 2.

Two agents are currently undergoing clinical trials as
maintenance therapy after platinum-based chemother-
apy. The NOVA trial (NCT01847274) uses niraparib
(MK-4827), a drug that has been shown to have activ-
ity as a single agent in patients with BRCA mutated OC
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[60]. The second, rucaparib, shown to be active in pa-
tients with BRCA mutated OC [61], is being evaluated
in a similar setting in the ARIEL3 trial (NCT01968213).
Both these trials are enrolling patients with BRCA muta-
tion or BRCA wild type with built-in translational re-
search to develop a companion diagnostic to identify tu-
mours with HRD. Olaparib has now been reformulated as
a tablet and it is being evaluated in ongoing maintenance
trials in the first-line setting (SOLO1; ClinicalTrials.
gov: NCTO01874353) and after platinum-based therapy
in patients with relapsed high-grade tumours (SOLO2;
ClinicalTrials.gov: NCT01874353). Veliparib has activ-
ity as a single agent with 20% and 35% of patients with
platinum-resistant or -sensitive ovarian responding, re-
spectively [29]. In patients who have received several
lines of therapy, a randomised phase II trial reported that
it does not appear to add to the activity of cyclophospha-
mide in either wild type or BRCA mutated tumours [62].
However, the drug is now in a first-line phase III trial
(NCT00989651) in unselected patients with ovarian,
tubal or peritoneal cancer, or carcinsarcoma, following
a phase I trial with different schedules of platinum, pa-
clitaxel and bevacizumab [63]. Telazoparib (BMN-673)
is a highly potent PARP inhibitor with activity in breast
and OC [64]. At the moment there is no clear develop-
ment strategy for this drug in OC.

Inhibitors of PARP and anti-angiogenic agents:

an effect combination therapy?

Preclinical data suggests that inhibition of angiogenesis
induces hypoxia and this increases DNA damage when a
second DNA hit was included in a mouse model [65].

It has been shown in a mouse model that PARP inhibi-
tion, or deletion of the PARP1 gene reduces angiogene-
sis [11]. Similarly, downregulation of homologous repair
genes, eg BRCA and Rad51 occurs in the presence of hy-
poxia, or VEGFR3 inhibition [10, 66]. In a phase I study
of olaparib and cediranib in recurrent OC or triple nega-
tive breast cancer there was an objective response rate
(ORR) of 44%. Responses were not limited to the BRCA
mutation carriers. Grade 3 or 4 toxicities were observed
in 75% of patients, the most common being hyperten-
sion (25%), fatigue (18%), and neutropenia (11%) [67].
Following these observations Liu and colleagues per-
formed a randomised phase II trial in platinum-sensitive
OC comparing this combination to single agent olaparib
(NCTO01116648). Patients were randomly assigned to re-
ceive olaparib, 400 mg twice daily (n=46), or to receive
a combination of olaparib, 200 mg twice daily and cedi-
ranib, 30 mg daily (n=44). There was an ORR of 79.6%
with the cediranib and olaparib compared to 47.8% with
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olaparib alone. The PFS of 17.7 months with the com-
bination compared to 9.0 months (HR 0.42; 95% CI
0.23-0.76; p=0.005) [68]. As in the phase I trial, toxicity
was problematic with a dose reduction being required
in 77% of patients in the combination arm compared
to 24% in the olaparib-alone arm. A subgroup analysis
showed there was a greater difference in PFS with the
combination in patients without a BRCA mutation. The
interesting results seen in this trial has led to the design
of further studies combining a PARP inhibitor with an

anti-angiogenic drug. An example is a randomised phase
IIT in which olaparib maintenance is added to bevaci-
zumab in patients who have not progressed on first-line
chemotherapy and bevacizumab (PAOLAI1 trial). In re-
current OC, trials are being developed comparing cedira-
nib/olaparib with chemotherapy (NCI-CTEP) or adding
olaparib to cediranib maintenance after chemotherapy
and cediranib (ICON 9). A similar approach is being
developed with niraparib and bevacizumab in platinum-
sensitive relapsed OC (Avanova; NCT02354131).

Table 1. Receptor tyrosine-kinase inhibitors in ovarian cancer (Phase II-1II randomised studies)

TKI Trial PFS HR CI p value
Pazopanib AGO-OVARI6 Du Bois et al. 2014 [34] 17.9 0.77 0.64-0.91 0.0021
Nintedanib AGO-OVARI2 Du Bois et al. 2013 [36] 17.3 0.84 0.72-0.98 0.0239
Cediranib ICONG6 Ledermann et al. 2013 [37] 20.3 0.70 0.45-0.74 0.042
Sorafenib Phase II trial Herzog et al. 2013 [69] 15.7 1.09 0.72-1.63 0.655

CI: confidence interval; HR: hazard ratio; PFS: progression free survival; TKI: tyrosine-kinase inhibitor.

Table 2. Key studies reported with PARP inhibitors to show activity in ovarian cancer

Phase Setting Schedule Overall response rate
I Fongetal. Recurrent OC/BRCA1/2 Olaparib CBR 69% in platinum-sensitive (13 pts)
2010 [46] mutations 40-600 mg bid (dose escalation) CBR 45% in platinum-resistant (24 pts)

and 200 mg bid (dose expansion)

CBR 23% in platinum-refractory (13 pts)

I Sandhu et al.
2013 [60]

Recurrent solid tumors
(29/100 pts BRCA1/2
mutation-positive)

Niraparib

30-400 mg qd
(dose escalation)

40% in BRCA mutation-positive OC (8/20 pts)
50% in BRCA mutation-positive Breast Cancer
(2/4 pts)

43% in CRPC (9/21 pts)

Recurrent solid tumors
(11/29 pts BRCA1/2
mutation-positive)

1 Kristeleit et al.
2013 [70]

Rucaparib

40-500 mg qd
(dose escalation)

2 PR (2 pts with BRCA mutations)
10 SD (9/10 pts with BRCA mutations)

Advanced solid tumors BMN673
(39 pts; 25/39 pts BRCA1/2

mutation-positive)

1 De Bono et al.
2013 [71]

25-1100 pg qd
(dose escalation)

RECIST and/or CA-125 responses in 11/17 pts
with BRCA1/2 mutation-positive OC

ORR: 2/6 pts with BRCA1/2
mutation-positive Breast Cancer

I Camponeetal.  Advanced solid tumors CEP-9722 Only safety data reported
2012 [72] (27 pts) 150-1000 mg qd
(dose escalation)
II Audeh et al. Recurrent OC/BRCA1/2 Olaparib 400 mg bid (33 pts) 33% vs 13%
2010 [73] mutations (57 pts) vs 100 mg bid (24 pts)
II Tuttetal. Advanced Breast Cancer/ Olaparib 400 mg bid (27 pts) 41% vs 22%
2010 [74] BRCA1/2 mutations (54 pts)  vs 100 mg bid (27 pts)
I Gelmon et al. OC (63 pts; 17/63 Olaparib 400 mg bid 41% BRCA mutation-positive
2011 [48] BRCA /2 mutation-positive) 24% BRCA mutation-negative
II Ledermann etal. Platinum-sensitive-relapsed ~ Olaparib 400 mg bid vs placebo  12% vs 4%
2012 [49] (265 pts)
II Kayeetal. Recurrent OC/BRCA1/2 Olaparib 200 mg bid vs 25% vs 31% vs 18%
2012 [51] mutations (97 pts) 400 mg bid vs PLD 50 mg/m?

>>>
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>>> Table 2. Key studies reported with PARP inhibitors to show activity in ovarian cancer

Phase Setting Schedule Overall response rate
II Coleman et al. Recurrent OC/BRCA1/2 Veliparib 400 mg bid 20%
2015 [75] mutations (51 pts)
II Ramanathan OC and Breast Cancer with ~ Talazoparib (BMN 673) od CBR Breast 78%
etal. 2013[76] BRCA1/2 mutations (46 pts) CBR Ovarian 82%
II Kaufmanetal.  Recurrent OC Olaparib 400 mg bid OC31.1%
2015 [54] Breast Cancer BRCA1/2 Breast Cancer 26.9%
mutation-positive and Pancreatic Cancer 12.9%
solid tumours (298 pts) Prostate Cancer 21.7%
II Ozaetal. Platinum-sensitive recurrent ~ Olaparib (200 mg bid days 1-10) PFS
2015 [59] OC (162 pts) plus chemotherapy + Olaparib 12.2 months vs 9.6 months
in maintenance vs Carboplatin
and Paclitaxel without maintenance
I Shapira-Frommer OC recurrence BRCA1/2 Rucaparib 74%

etal. 2015[61]  mutation-positive

CBR: clinical benefit rate; CRPC: castrate-resistant prostate cancer; OC: ovarian cancer; ORR: overall response rate; PFS: progression free
survival; PLD: pegylated liposomal doxorubicin; PR: partial response; pts: patients; RECIST: Response Evaluation Criteria in Solid Tumors;

SD: stable disease.

Conclusions

Whilst chemotherapy remains an important therapeutic
modality, molecularly targeted therapy clearly has sig-
nificant activity and clinical benefit. Inhibitors of angio-
genesis are active in all phases of the disease, and beva-
cizumab is accepted as a useful additional component to
therapy, although doubt remains about where in the treat-
ment pathway it should best be used. Thus far, the oral
drugs have not received market authorisation in OC but
they are clearly active and have a different toxicity profile
to intravenous bevacizumab. The greatest disadvantage
of all these agents is the absence of well-defined predic-
tive markers of response. For costly drugs such as these
the lack of selectivity represents a challenge to healthcare
funders. PARP inhibitors, however, are the first drugs that
selectively target BRCA mutated tumours, and the HRD
hallmark represents the first molecularly defined predic-
tive marker for response in OC. Expansion of the use of
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