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The Status of Poly(Adenosine Diphosphate-
Ribose) Polymerase (PARP) Inhibitors in 
Ovarian Cancer, Part 2: Extending the Scope 
Beyond Olaparib and BRCA1/2 Mutations
Rowan E. Miller, MD, and Jonathan A. Ledermann, MD

Abstract: Poly(adenosine diphosphate-ribose) polymerase (PARP) 

inhibitors have shown clinical activity in epithelial ovarian cancer, 

leading both the US Food and Drug Administration (FDA) and 

the European Medicines Agency to approve olaparib for tumors 

characterized by BRCA1 and BRCA2 mutations. However, it is 

becoming increasingly evident that tumors that share molecular 

features with BRCA-mutant tumors—a concept known as 

BRCAness—also may exhibit defective homologous recombination 

DNA repair, and therefore will respond to PARP inhibition. A 

number of strategies have been proposed to identify BRCAness, 

including identifying defects in other genes that modulate 

homologous recombination and characterizing the mutational and 

transcriptional signatures of BRCAness. In addition to olaparib, a 

number of other PARP inhibitors are in clinical development. This 

article reviews the development of PARP inhibitors other than 

olaparib, and discusses the evidence for PARP inhibitors beyond 

BRCA1/2-mutant ovarian cancer.

Introduction

Epithelial ovarian cancer (EOC), which is the most lethal gyne
cologic malignancy, is the fifthleading cause of cancerrelated 
deaths in women.1 The majority of women present with advanced
stage disease, and eventually relapse after initial therapy.2 The cur
rent standard of care is a combination of aggressive cytoreductive 
surgery and platinumbased chemotherapy, with a response to first
line chemotherapy seen in 65% to 80% of patients.3 Despite high 
initial response rates, most patients die of their disease. The 5year 
survival rate for those with advancedstage disease is approximately 
5% to 22%.1 The current management of relapsed EOC is based 
on sensitivity to platinum chemotherapy. Although initial response 
rates are high, sensitivity to platinum therapy diminishes with 
time; the majority of patients eventually develop platinumresistant 
disease.47 Although recent advances have led to improvements in 
progressionfree survival (PFS), few have resulted in improved 
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overall survival, and recurrent ovarian cancer remains a 
lethal disease. As a consequence, considerable room for 
improvement remains. 

Our greater understanding of the cancer genome 
and the complex processes that underlie cancer develop
ment and progression offers a fundamental change in the 
treatment of cancer. It is now possible to target molecular 
alterations and pathways directly. An example of this is 
the ability to target tumors with defective DNA repair by 
exploiting the molecular differences between tumor and 
normal cells, thereby inducing cancerspecific synthetic 
lethality. The best example of this to date is the use of 
poly(adenosine diphosphateribose) polymerase (PARP) 
inhibitors for the treatment of BRCA1- or BRCA2-mutant 
EOC.8,9 BRCA1 and BRCA2 are involved in the errorfree 
repair of DNA doublestrand breaks via the highly con
served homologous recombination repair pathway, and 
are essential for the maintenance of genomic stability.10 
Cells with defective homologous recombination, such as 
those with BRCA1/2 mutations, rely on alternative means 
of DNA repair, including base excision repair, nucleotide 
excision repair, and mismatch repair, processes that are 
modulated by PARP. This defective homologous recom
bination pathway renders the cells sensitive to PARP 
inhibition, a concept known as synthetic lethality.11,12 
The synthetic lethality between BRCA1/2 mutations and 
PARP inhibition is well established11,12 and is discussed in 
part 1 of this review.13 

It is becoming increasingly evident that tumors that 
share molecular features with BRCAmutant tumors, a 
concept known as BRCAness, also may respond to simi
lar therapeutic approaches. The BRCAness phenotype 
describes the situation whereby a homologous recombina
tion defect exists in a tumor in the absence of a germline 
BRCA1 or BRCA2 mutation.14 As many as 30% to 50% 
of highgrade serous ovarian cancers are associated with 
defects in homologous recombination pathways,15,16 and 
targeting homologous recombination deficiency using 
PARP inhibitors has become one of the first genotype
directed therapies for ovarian cancer.

Olaparib (Lynparza, AstraZeneca) is the most 
established PARP inhibitor to date. However, multiple 
other PARP inhibitors—including rucaparib (CO
338), veliparib (ABT888), niraparib (MK4827), and 
talazoparib (BMN673)—are in clinical development 
either as single agents or as a component of combination 
therapy for the management of EOC (Table 1). Early
phase clinical studies with olaparib have confirmed the 
synthetic lethality previously observed in vitro, with 
dramatic responses to olaparib observed in patients with 
BRCA1/2mutant EOC.17,18 As a result of these and other 
studies, olaparib has been licensed for patients with 
BRCA1/2mutant ovarian cancer in both North America 

and Europe.19,20 In part 1 of this review, we discussed the 
evidence for the use of olaparib in ovarian cancer and 
the mechanisms behind BRCA1/2 and PARP inhibitor 
synthetic lethality.13 In this part, we consider the data 
regarding novel PARP inhibitors (other than olaparib) 
and evaluate the role for expanding the use of PARP 
inhibitors in ovarian cancer beyond BRCA1/2 mutations. 

Expanding the Scope of PARP Inhibition

Targeting Homologous Recombination Deficiency 
Dramatic responses to PARP inhibition have been 
observed in germlineassociated BRCA1/2mutated 
tumors. However, based on early clinical trials with PARP 
inhibitors, it was clear that a sensitive BRCA–wildtype 
cohort also existed, and that identifying these patients 
would be essential to increasing the utility of PARP 
inhibition in EOC. A number of sporadic EOCs are also 
defective in homologous recombination and share the 
BRCAness phenotype.15,16,21 Significant challenges exist in 
identifying these patients, and a number of approaches 
have been suggested for identifying those tumors 
characterized by BRCAness. This includes identifying 
defects in other genes that modulate homologous 
recombination and characterizing the mutational and 
transcriptional signatures of BRCAness. 

Not only did The Cancer Genome Atlas project 
identify almostuniversal TP53 mutations (96%) in 
highgrade serous ovarian cancer, it also identified muta
tions in homologous recombination pathway genes in 
approximately 50% of these cancers.15 In addition to 
germline mutations in BRCA1 (9%) and BRCA2 (8%), 
this included somatic mutations in BRCA1/2 (3%), ATM 
and ATR (2%), and the FANC family (5%), as well as 
hypermethylation of RAD51C (3%) and EMSY amplifi
cation (8%), which is proposed to inactivate BRCA2.15,22 
In vitro studies have demonstrated that deficiencies in 
many of these genes and other homologous recombina
tion proteins, such as checkpoint kinase 1 (CHEK1), 
check point kinase 2 (CHEK2), and cyclindependent 
kinase 12 (CDK12), also confer sensitivity to PARP inhi
bition, although this remains to be prospectively validated 
in clinical populations.16,2325 

In an attempt to further characterize homologous 
recombination deficiency in EOC, Pennington and 
colleagues employed targeted capture and massively 
parallel genomic sequencing to look for germline and 
somatic lossoffunction mutations in 30 genes, including 
13 homologous recombination genes in 390 EOCs.16 
Overall, 31% of EOCs had a deleterious germline (24%) 
and/or somatic (9%) mutation in 1 or more of the 13 
homologous recombination genes, with similar incidence 
noted in serous (31%) and nonserous histologies (28%, 
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P=.06). Both platinum sensitivity (P=.0002) and 
improved overall survival (P=.0006) were associated 
with the presence of a germline or somatic homologous 
recombination gene mutation.16 Although the majority 
of homologous recombination mutations were either 
germline or somatic BRCA1/2 mutations, 26% occurred 
within other homologous recombination genes. The 
authors hypothesized that these individuals would also 
have increased response rates to PARP inhibitors, and 
should be considered for inclusion in PARP inhibitor 
trials.16 Anecdotal reports support this. For example, 
a number of clinical responses to rucaparib have been 
observed in patients with both germline and somatic 
RAD51C mutations within the ongoing phase 2 ARIEL2 
study (Assessment of Rucaparib in Ovarian Cancer: 
Phase 2 Trial; NCT01891344).26 It is of interest that in 
this study by Pennington, similar rates of homologous 
recombination deficiency were noted in nonserous 
histology, including clear cell carcinoma, endometrioid 
carcinoma, and carcinosarcoma. These types of cancer 
normally are considered homologous recombination–
proficient, and therefore are not included in many clinical 
trials of PARP inhibitors.16 There was a greater proportion 
of nonBRCA homologous recombination deficiencies 
in the nonserous histology cohort, although BRCA1/2 
mutations did exist. These findings suggest that patients 
with nonserous histology also may be considered for 
studies of PARP inhibitors. 

Although using a targeted panel of homologous 
recombination genes is one approach to identifying 
tumors characterized by BRCAness, it remains to be 
tested prospectively. Furthermore, a number of limita
tions exist with this approach. First, each individual 
homologous recombination gene defect—with the 
exception of BRCA1/2—is present at low frequency, and 
therefore a large number of genes need to be analyzed 
to capture all homologous recombination–deficient 
tumors. Secondly, not all homologous recombination 
genes contribute equally to the BRCA phenotype, and 
functional studies still are required to correlate many of 
the homologous recombination mutations to clinical 
responses. Finally, defective homologous recombination 
arises via a variety of mechanisms, which include epi
genetic changes, gene amplifications, and chromosomal 
translocations, not all of which are identified using 
simple sequencing technologies. Rather than concen
trating on identifying individual defects in homologous 
recombination genes, a number of groups have focused 
on the identification of a biomarker to identify tumors 
characterized by BRCAness—one that captures the 
diverse epigenetic and genetic mechanisms of homolo
gous recombination. This approach utilizes the tran
scriptional and mutational signatures of BRCAness. 

Identifying a BRCAness Biomarker
Transcriptional biomarkers usually consist of a pattern of 
gene expression that is associated with germline BRCA1/2 
gene defects and also is present in sporadic tumors. For 
example, Konstantinopoulos and colleagues interrogated 
publicly available gene expression data from BRCA1/2-
mutant or wildtype highgrade serous ovarian cancer to 
derive a BRCAness gene expression profile.27 This profile 
was validated in vitro and correlated with increased 
responsiveness to platinum and to PARP inhibitors in cell 
line models.27 The assay was then applied to a validation 
cohort of 70 patients with sporadic EOC. The authors 
noted that patients with a high BRCAness profile had 
improved diseasefree survival and overall survival 
compared with those who had a BRCA wildtype profile, 
after correcting for traditional diseasespecific prognostic 
markers.27 Although further prospective validation is 
required, in the future it may be possible to use gene 
expression profiling to identify patients with sporadic 
disease who might benefit from PARP inhibition. 

An alternative approach to the use of gene expres
sion signatures is to classify tumors according to their 
under lying mutational spectrum.28 Owing to the reliance 
on errorprone DNA repair pathways, tumors with def
ec tive homologous recombination have a characteristic 
mutational signature or “mutational scar.”29 Homolo
gous recombination–deficient tumors harbor large (<15 
mega base) subchromosomal deletions, allelic imbalance, 
and singlenucleotide polymorphisms. Genotyping and 
comparative genomic hybridization have shown that the 
genomes of highgrade serous ovarian cancer harbor com
mon loss of single parental alleles, which are detected as 
loss of heterozygosity (LOH).29,30 High levels of LOH are 
associated with reduced platinum resistance and improved 
PFS in patients with highgrade serous ovarian cancer.31 

Prospective validation of an LOH assay is ongoing 
within the ARIEL2 phase 2 study of rucaparib. Here, 
nextgeneration sequencing is performed on fresh tumor 
biopsies, allowing patients to be classified in 1 of 3 
molecularly defined subgroups: those with BRCA1/2
mutant tumors (germline and somatic), those with 
BRCA-like tumors, and those whose tumors are bio
markernegative. BRCA-like tumors are defined as those 
with high levels of genomic LOH in the context of wild
type BRCA.32 Early results suggest increased activity for 
rucaparib within the BRCA-like population compared 
with the lowLOH population, although the benefit was 
not quite as great as that seen in the BRCA1/2mutant 
cohort (see below).32 We await with interest the final 
results, to see whether this homologous recombination 
deficiency LOH assay can predict an additional subset of 
patients with sporadic EOC who are likely to respond to 
PARP inhibition. 
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Other Genes Conferring PARP Inhibitor Sensitivity
Until recently, the role of PARP inhibitors has focused on 
homologous recombination deficient, highgrade serous 
ovarian cancer. However, in vitro data suggest that other 
molecular aberrations may sensitize tumors to PARP 
inhibition in other histologic subtypes. For example, 
deficiency in ATrich interaction domain 1A (ARID1A), 
a key component of the chromatinremodeling complex, 
sensitizes cancer cells to PARP inhibition in vitro and in 
vivo.33 ARID1A is recruited to DNA doublestrand breaks, 
facilitates efficient processing of doublestrand breaks, and 
sustains DNA damage signaling. Mutations in ARID1A 
are common in both clear cell and endometrioid ovarian 
epithelial carcinomas, occurring in up to 57% and 30% 
of cases, respectively.34,35 This finding suggests that a trial 
of PARP inhibitors should be used in these patients. Loss 
of phosphatase and tensin homolog (PTEN) function 
has been shown to sensitize tumors to PARP inhibition 
in endometrioid endometrial cancer owing to defects 
in repair of DNA doublestrand breaks by homologous 
recombination. Therefore, loss of PTEN function may 
sensitize cells to PARP inhibition.36 PTEN mutations are 
common in endometrioid and clear cell ovarian cancer,37,38 
and these patients may therefore represent an additional 
group that may benefit from PARP inhibition. This use of 
PARP inhibitors requires clinical validation. 

It is clear that a subset of patients with BRCA1/2–
wildtype EOC exists who would benefit from PARP 
inhibition, but as yet it has not been established how to best 
identify this population. With improved understanding 
of PARP biology and homologous recombination–
directed biomarker studies, it will be possible to identify 
the population that is most likely to benefit. 

Novel PARP Inhibitors

In addition to olaparib, a number of novel PARP inhibitors 
are in various stages of clinical development (Table 1). 

Rucaparib 
Rucaparib is an oral PARP1/2 inhibitor that also has 
activity against tankyrase 1 and 2 (TNKS1/2).39 The 
initial phase 1 trial established a recommended dose of 
600 mg twice daily and demonstrated early clinical activ
ity in patients with both platinumsensitive and platinum
resistant ovarian and peritoneal cancers.39 Further evalu
ation of rucaparib in recurrent ovarian cancer is ongoing. 
Results of the first part of ARIEL2, a phase 2 biomarker 
study in 206 women with relapsed platinumsensitive 
highgrade serous or endometrioid cancer, recently were 
reported.26 As discussed earlier, ARIEL2 was designed to 
assess sensitivity to rucaparib in 3 prospectively defined 
molecular subgroups of patients who had received at least 

1 prior chemotherapy regimen. Overall response rates by 
Response Evaluation Criteria in Solid Tumors (RECIST) 
and CA 125 response criteria were 82%, 43%, and 22% 
for the BRCA1/2mutant, BRCA-like, and biomarker
negative populations, respectively, with median PFS 
of 286 days, 216 days, and 111 days. Interestingly, the 
median duration of response to rucaparib among the 
responders was similar in the BRCA1/2-mutant and 
BRCA-like cohorts (9.5 and 8.2 months, respectively), 
and work is ongoing to identify those patients with the 
BRCA-like phenotype who are most likely to respond. 

The same prospective molecular stratification of 
patients is being applied to 2 ongoing ovarian cancer trials: 
the second part of ARIEL2, a singlearm study in patients 
with highgrade ovarian cancer who have received at least 
3 prior chemotherapy regimens, and ARIEL3, a random
ized maintenance study of rucaparib vs placebo in patients 
with highgrade ovarian cancer who have received at least 2 
platinum regimens (NCT01968213, Table 2). In addition 
to being explored for use as a single agent, rucaparib also 
has been combined with temozolomide in patients with 
melanoma, with some evidence of chemopotentiation.40 

Niraparib 
Niraparib is an orally bioavailable PARP1/2 inhibitor 
that inhibits tumor growth in models with loss of BRCA 
and PTEN function.41 A total of 60 patients in the initial 
dosefinding study received 30 to 400 mg of oral nirapa
rib daily in a 21day cycle. A further 40 patients were 
enrolled in the study’s expansion phase, which established 
300  mg daily as the maximum tolerated dose.42 Dose
limiting toxic effects reported in the first cycle were grade 
3 fatigue (1 patient given 30 mg/day), grade 3 pneumo
nitis (1 patient given 60  mg/day), and grade 4 throm
bocytopenia (2 patients given 400   mg/day). Included 
in the trial were 22 patients with BRCA1/2-mutated 
ovarian or primary peritoneal cancer, of whom 20 were 
radiologically assessable. Eight (40%) of these 20 patients 
achieved a confirmed RECIST and Gynecologic Cancer 
Intergroup CA 125 partial response at doses ranging from 

Table 1. PARP Inhibitors in Clinical Development

PARP Inhibitor Route
Phase of 

Development

Olaparib AZD2281 PO Phase 13

Rucaparib CO338 PO Phase 13

Veliparib ABT888 PO Phase 13

Niraparib MK4827 PO Phase 13

Talazoparib BMN673 PO Phase 12

PARP, poly(adenosine diphosphateribose) polymerase inhibitor;  
PO, by mouth.
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80 to 400 mg per day with a median response duration 
of 387 days.42 Responses also were observed in platinum
sensitive and platinumresistant sporadic ovarian cancers. 
Treatmentrelated adverse events were mostly grade 1 or 
2, and included anemia (48%), fatigue (42%), throm
bocytopenia (35%), neutropenia (24%), and anorexia 
(26%). In a phase 3 trial of niraparib vs placebo as main
tenance therapy called NOVA (A Maintenance Study 
With Niraparib Versus Placebo in Patients With Platinum 
Sensitive Ovarian Cancer; NCT01847274), patients with 
platinumsensitive highgrade serous ovarian cancer were 
randomly assigned in a 2:1 ratio to receive either niraparib 
or placebo. The agent’s manufacturer announced in June 
that niraparib significantly improved PFS in patients with 
germline BRCA mutations and in those without germline 
BRCA mutations who had homologous recombination–

deficient tumors43; full results will be presented later this 
year. Two additional trials of niraparib in ovarian cancer 
are underway: a singlearm phase 2 study in patients with 
highgrade serous ovarian cancer who have received 3 or 
more prior lines of chemotherapy called QUADRA (A 
Study of Niraparib in Patients With Ovarian Cancer Who 
Have Received Three or Four Previous Chemotherapy 
Regimens; NCT02354586; Table 2) and a phase 1/2 
combination study with bevacizumab called AVANOVA 
(Niraparib and/or NiraparibBevacizumab Combination 
Against Bevacizumab Alone in HRD Platinum Sensitive 
Ovarian Cancer; NCT02354131; Table 3). 

Veliparib 
Veliparib is an oral bioavailable PARP1/2 inhibitor that 
has been predominately studied in combination with 

Table 2. Ongoing PARP Inhibitor SingleAgent Studies

NCT Identifier 
Number Phase Trial type

Platinum 
Status

Previous Lines of 
Treatment Inclusion Criteria

PARP 
Inhibitor Comparator

NCT01482715 2 Maintenance PS ≥3 chemotherapy
BRCA1/2 

(germline or 
somatic)

Rucaparib NA

NCT01968213 
(ARIEL3) 3 Maintenance PS ≥2 platinum

HGSOFPC or 
endometrioid 

cancer
Rucaparib Placebo

NCT02354586
(QUADRA) 2 Singlearm PS ≥3 chemotherapy

HGSOFPC or 
endometrioid 

cancer
Niraparib NA

ARIEL3, A Study of Rucaparib as Switch Maintenance Following PlatinumBased Chemotherapy in Patients With PlatinumSensitive, HighGrade 
Serous or Endometrioid Epithelial Ovarian, Primary Peritoneal or Fallopian Tube Cancer; HGSOFPC, highgrade serous ovarian, fallopian tube, or 
primary peritoneal cancer; NA, not available; PARP; poly(adenosine diphosphateribose) polymerase; PS, platinumsensitive; QUADRA, A Study of 
Niraparib in Patients With Ovarian Cancer Who Have Received Three or Four Previous Chemotherapy Regimens.

Table 3. Ongoing EarlyPhase PARP Inhibitor Combination Studies

NCT Identifier 
Number Phase

PARP 
Inhibitor Combination Inclusion Criteria BRCA Status

NCT02354131 
(AVANOVA) 1/2 Niraparib Bevacizumab (VEGF) HGSOFPC,  

PS to ≥1 platinum Mutant and WT

NCT02358200 1 Talazoparib Carboplatin and paclitaxel BRCA1/2mutant solid tumor 
or TN breast Mutant

NCT02627430 1 Talazoparib AT13387 (HSP90 inhibitor) Advanced solid tumour, 
EOFPC, or TN breast Mutant and WT

NCT01145430 1 Veliparib PLD EOFPC or TN breast Mutant and WT

NCT00989651 1 Veliparib Carboplatin, paclitaxel,  
and bevacizumab HGSOFPC, treatmentnaive Mutant and WT

AVANOVA, Niraparib and/or NiraparibBevacizumab Combination Against Bevacizumab Alone in HRD Platinum Sensitive Ovarian Cancer; 
EOFPC, epithelial ovarian, fallopian tube, or primary peritoneal carcinoma; HGSOFPC, highgrade serous ovarian, fallopian tube, or primary 
peritoneal cancer; HSP90, heat shock protein 90; PARP; poly(adenosine diphosphateribose) polymerase; PLD, pegylated liposomal doxorubicin; 
PS, platinumsensitive; TN, triplenegative; VEGF, vascular endothelial growth factor; WT, wildtype.
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cytotoxic chemotherapy. Phase 1 studies have been per
formed using veliparib in combination with top otecan, 
doxorubicin, and cyclophosphamide (both oral and 
intravenous), with significant myelosuppression observed 
when combined with DNAdamaging agents.4446 The 
combination of veliparib and topotecan led to significant 
myelosuppression, necessitating dose reductions. The 
maximum tolerated dose was established as topotecan 
0.6 mg/m2 per day and veliparib 10 mg twice a day on 
days 1 to 5 of each 21day cycle.44 No responses to treat
ment were reported.44 For recurrent, platinumresistant 
highgrade serous ovarian cancer, the combination of 
veliparib and temozolomide is currently being tested vs 
pegylated liposomal doxorubicin (NCT01113957). The 
combination of veliparib and metronomic cyclophospha
mide (50 mg once daily) was well tolerated, with grade 
2 myelosuppression the most common doselimiting 
toxicity in the phase 1 trial. Although responses were 
observed in patients with known BRCA1/2 mutations (6 
out of 13 patients) in the phase 1 trial,45 the combina
tion of veliparib and cyclophosphamide failed to improve 
the response rate or PFS vs cyclophosphamide alone in 
a randomized phase 2 trial in patients with BRCA1/2
mutant highgrade ovarian cancer.47 The platinum sensi
tivity status of tumors in this trial was unknown. Other 
ongoing veliparib and chemotherapy combination trials 
include the Gynecologic Oncology Group phase 1 study 
with carboplatin, paclitaxel, and bevacizumab (Avastin, 
Genentech; NCT00989651). 

The role of veliparib as a single agent was recently 
explored in a singlearm phase 2 study in 50 ovarian can
cer patients with germline BRCA1/2 mutations who had 
received 3 or fewer chemotherapy regimens.48 In 60% of 
patients, the disease was considered platinumresistant. 
The overall response rate was 26% (90% CI, 16%38%), 
the response rate for platinumresistant disease was 20%, 
and the response rate for platinumsensitive disease 
was 35%.48 Grade 3 adverse events included fatigue (3 
patients), nausea (2 patients), and neutropenia (1 patient), 
with the most common grade 2 events including nausea 
(46%), vomiting (18%), and anemia (14%). The role of 

veliparib vs placebo in combination with carboplatin and 
paclitaxel and then as maintenance therapy in newly diag
nosed highgrade serous ovarian cancer (stages III and IV) 
is currently undergoing evaluation in a randomized phase 
3 trial (NCT02470585, Table 4). 

Talazoparib
Talazoparib is a potent PARP1/2 inhibitor that selec
tively targets BRCA1/2-mutant tumor cells in preclinical 
models. Its potency is 20 to 200fold greater than that of 
other PARP1/2 inhibitors, such as olaparib, rucaparib, 
and veliparib.49 In the phase 1 doseescalation study, 39 
patients were enrolled in 9 cohorts and received doses 
from 25 to 1100 µg per day, resulting in the establishment 
of 1000 µg per day as the maximum tolerated dose. A total 
of 17 patients with BRCA1/2mutant highgrade ovarian 
cancer were included and treated with doses of at least 100 
µg per day. Within this group, RECIST and/or CA 125 
responses were observed in 11 patients.50 Doselimiting 
thrombocytopenia occurred in 1 of 6 patients receiving 
900 µg per day and 2 of 5 patients receiving 1100 µg 
per day. Potentially related adverse events included fatigue 
(10 patients), nausea (10 patients), anemia (6 patients, 
including 2 with grade 3/4), neutropenia (7 patients, 
including 3 with grade 3/4), and thrombocytopenia (4 
patients, including 3 with grade 3/4). A singlearm phase 
2 study is currently underway evaluating talazoparib activ
ity in platinumsensitive BRCA1/2-mutant solid tumors 
(NCT01989546), with phase 3 trials ongoing in meta
static breast cancer but not in ovarian cancer. Whether 
this morepotent PARP inhibitor has activity following 
progression on another PARP inhibitor is currently being 
evaluated (NCT02326844). This phase 2, singlearm 
study is examining the role of talazoparib in patients with 
BRCA1/2-associated ovarian cancer who have received 
prior PARP inhibitor therapy. Eligible patients must have 
progressed on prior PARP inhibitor monotherapy after 
attaining a response (complete response, partial response, 
or stable disease for ≥4 months). This study addresses an 
important issue as to whether rechallenge with an alterna
tive PARP inhibitor can induce further clinical response. 

Table 4. Ongoing Randomized Phase 3 PARP Inhibitor Combination Studies

NCT Identifier 
Number Phase

PARP 
Inhibitor Combination

Platinum 
Status Inclusion Criteria

NCT02470585 3 Veliparib
Veliparib or placebo in combination 

with carboplatin and paclitaxel and as 
maintenance therapy

Firstline 
treatment HGSOFPC, stage III/IV

NCT01113957 2 Veliparib Veliparib and temozolomide or PLD Platinum
resistant HGSOFPC

HGSOFPC, highgrade serous ovarian, fallopian tube, or primary peritoneal cancer; PARP; poly(adenosine diphosphateribose) polymerase; PLD, 
pegylated liposomal doxorubicin.
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Resistance to PARP Inhibitors

Despite promising response rates to PARP inhibition in 
BRCA-mutant and other homologous recombination–
deficient tumors, de novo and acquired resistance are 
significant clinical problems. One surprising mechanism 
of resistance observed in vitro is the development of sec
ondary mutations in BRCA1 or BRCA2 that restore the 
open reading frame of the gene, enabling translation of 
the functional BRCA protein and the ability to repair the 
DNA damage caused by PARP inhibitors (and platinum 
salts).51,52 Similar BRCA1/2 reversion mutations have 
been observed in platinumresistant and PARP inhibi
tor–refractory disease,53,54 with up to 46% of patients 
with platinumresistant disease harboring tumorspecific 
secondary mutations that restored the open reading frame 
of either BRCA1 or BRCA2.53 

A second observed resistance mechanism occurs via 
reduced activity of nonhomologous end joining due to 
loss of 53BP1. Loss of 53BP1 in cellline and animal 
models restores homologous recombination activity in 
BRCA1-mutant cells, leading to olaparib resistance.55 
Interestingly, sensitivity to cisplatin is maintained, pos
sibly owing to the more complex nature of the DNA 
crosslink lesions induced by cisplatin.55 The importance 
of 53BP1 in clinical resistance to PARP inhibitors is not 
clear, but it may be one mechanism by which ongoing 
platinum responses are observed after PARP inhibitor 
therapy.9,56 Although the above resistance mechanism 
involves changes in the DNA damage response mediat
ing resistance, pharmacologic effects that alter the cel
lular response to PARP inhibitors also may be relevant. 
Increased expression of adenosine triphosphate (ATP)
binding cassette transporters, which are transmembrane 
proteins that shuttle substrates across extracellular 
and intracellular membranes, alters PARP inhibitor 
response.57,58 The contribution of ATPbinding cassette 
transporter overexpression to PARP inhibitor resistance 
in clinical samples has yet to be established. 

To date, clinical studies evaluating PARP inhibitor 
resistance mechanisms have been performed in only small 
numbers of patients. Additional studies are required to 
conclusively define the frequency of various resistance 
mechanisms for both acquired and de novo PARP 
inhibitor resistance. Clearly under the selective pressure 
of PARP inhibition (and indeed platinum treatment), the 
highgrade ovarian cancer genome is able to adapt in a 
number of ways, and overcoming resistance will require 
a variety of approaches. Further clarification of resistance 
mechanisms will aid in the discovery of novel approaches 
to overcome PARP inhibitor resistance, and may help 
determine the optimal sequence of these agents in the 
management of ovarian cancer. 

Conclusions and Future Directions

Although it is clear that a benefit exists for PARP inhibi
tors in EOC characterized by BRCA1/2 mutations, there 
is also a role in tumors displaying the BRCAness pheno
type, which harbor homologous recombination defects 
via alternative mechanisms. Furthermore, there may be 
an additional role for PARP inhibition in EOCs that are 
traditionally thought to be homologous recombination–
proficient, such as nonserous histology, or those charac
terized by mutations in nonhomologous recombination 
genes, such as PTEN, that may modulate homologous 
recombination pathways. It remains unclear what deter
mines the best predicator of response to PARP inhibition, 
although a number of clinical trials are ongoing that 
are beginning to address this. Furthermore, it is not yet 
established how to optimize the use of PARP inhibitors 
(eg, as single agents, in combination with chemotherapy/
targeted therapy, or as maintenance therapy) or whether 
clinical differences exist among PARP inhibitors. As yet, 
there are no ongoing direct comparative trials to evaluate 
for differences in efficacy and/or toxicity between PARP 
inhibitors, although these may become necessary if the 
newer PARP inhibitors prove efficacious. 

Disclosures
Dr Miller has no conflicts of interest. Dr Ledermann is the 
Principal Investigator of AstraZeneca’s Study 19 and Clovis 
Oncology’s ARIEL3. He has participated in Advisory Boards 
for both companies, and has undertaken speaking engage-
ments for AstraZeneca with institutional remuneration.

References

1. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014. CA Cancer J Clin. 
2014;64(1):929.
2. Green JA, Kirwan JM, Tierney JF, et al. Survival and recurrence after concomi
tant chemotherapy and radiotherapy for cancer of the uterine cervix: a systematic 
review and metaanalysis. Lancet. 2001;358(9284):781786.
3. Bookman MA. Developmental chemotherapy and management of recurrent 
ovarian cancer. J Clin Oncol. 2003;21(10)(suppl):149s167s.
4. Luvero D, Milani A, Ledermann JA. Treatment options in recurrent ovarian 
cancer: latest evidence and clinical potential. Ther Adv Med Oncol. 2014;6(5): 
229239.
5. Aghajanian C, Blank SV, Goff BA, et al. OCEANS: a randomized, doubleblind, 
placebocontrolled phase III trial of chemotherapy with or without bevacizumab in 
patients with platinumsensitive recurrent epithelial ovarian, primary peritoneal, 
or fallopian tube cancer. J Clin Oncol. 2012;30(17):20392045.
6. Parmar MK, Ledermann JA, Colombo N, et al; ICON and AGO Collabora
tors. Paclitaxel plus platinumbased chemotherapy versus conventional platinum
based chemotherapy in women with relapsed ovarian cancer: the ICON4/AGO
OVAR2.2 trial. Lancet. 2003;361(9375):20992106.
7. PujadeLauraine E, Wagner U, AavallLundqvist E, et al. Pegylated liposo
mal doxorubicin and carboplatin compared with paclitaxel and carboplatin for 
patients with platinumsensitive ovarian cancer in late relapse. J Clin Oncol. 
2010;28(20):33233329.
8. Fong PC, Yap TA, Boss DS, et al. Poly(ADP)ribose polymerase inhibition: 
frequent durable responses in BRCA carrier ovarian cancer correlating with 
platinumfree interval. J Clin Oncol. 2010;28(15):25122519.



Clinical Advances in Hematology & Oncology  Volume 14, Issue 9  September 2016  711

P O LY ( A D E N O S I N E  D I P H O S P H A T E - R I B O S E )  P O LY M E R A S E  I N H I B I T O R S  I N  O V A R I A N  C A N C E R

9. Ledermann J, Harter P, Gourley C, et al. Olaparib maintenance therapy in patients 
with platinumsensitive relapsed serous ovarian cancer: a preplanned retrospective 
analysis of outcomes by BRCA status in a randomised phase 2 trial. Lancet Oncol. 
2014;15(8):852861.
10. Prakash R, Zhang Y, Feng W, Jasin M. Homologous recombination and human 
health: the roles of BRCA1, BRCA2, and associated proteins. Cold Spring Harb Per-
spect Biol. 2015;7(4):a016600.
11. Bryant HE, Schultz N, Thomas HD, et al. Specific killing of BRCA2
deficient tumours with inhibitors of poly(ADPribose) polymerase. Nature. 
2005;434(7035):913917.
12. Farmer H, McCabe N, Lord CJ, et al. Targeting the DNA repair defect in BRCA 
mutant cells as a therapeutic strategy. Nature. 2005;434(7035):917921.
13. Miller RE, Ledermann JA. The status of poly(adenosine diphosphateribose) 
polymerase (PARP) inhibitors in ovarian cancer, part 1: olaparib. Clin Adv Hematol 
Oncol. 2016;14(8):619627.
14. Lord CJ, Ashworth A. BRCAness revisited. Nat Rev Cancer. 2016;16(2):110120.
15. Bell D, Berchuck A, Birrer M, et al; Cancer Genome Atlas Research Network. 
Integrated genomic analyses of ovarian carcinoma. Nature. 2011;474(7353):609615.
16. Pennington KP, Walsh T, Harrell MI, et al. Germline and somatic mutations in 
homologous recombination genes predict platinum response and survival in ovarian, 
fallopian tube, and peritoneal carcinomas. Clin Cancer Res. 2014;20(3):764775.
17. Fong PC, Boss DS, Yap TA, et al. Inhibition of poly(ADPribose) polymerase in 
tumors from BRCA mutation carriers. N Engl J Med. 2009;361(2):123134.
18. Ledermann J, Harter P, Gourley C, et al. Olaparib maintenance therapy in 
platinumsensitive relapsed ovarian cancer. N Engl J Med. 2012;366(15):13821392.
19. Lynparza. European Medicines Agency. http://www.ema.europa.eu/ema/
index.jsp?curl=pages/medicines/human/medicines/003726/human_med_001831.
jsp&mid=WC0b01ac058001d124. Accessed October 25, 2015.
20. Kim G, Ison G, McKee AE, et al. FDA approval summary: olaparib monotherapy 
in patients with deleterious germline BRCAmutated advanced ovarian cancer treated 
with three or more lines of chemotherapy. Clin Cancer Res. 2015;21(19):42574261.
21. Turner N, Tutt A, Ashworth A. Hallmarks of ‘BRCAness’ in sporadic cancers. Nat 
Rev Cancer. 2004;4(10):814819.
22. HughesDavies L, Huntsman D, Ruas M, et al. EMSY links the BRCA2 pathway 
to sporadic breast and ovarian cancer. Cell. 2003;115(5):523535.
23. Bajrami I, Frankum JR, Konde A, et al. Genomewide profiling of genetic 
synthetic lethality identifies CDK12 as a novel determinant of PARP1/2 inhibitor 
sensitivity. Cancer Res. 2014;74(1):287297.
24. Loveday C, Turnbull C, Ramsay E, et al; Breast Cancer Susceptibility Collabora
tion (UK). Germline mutations in RAD51D confer susceptibility to ovarian cancer. 
Nat Genet. 2011;43(9):879882.
25. McCabe N, Turner NC, Lord CJ, et al. Deficiency in the repair of DNA dam
age by homologous recombination and sensitivity to poly(ADPribose) polymerase 
inhibition. Cancer Res. 2006;66(16):81098115.
26. Kristeleit R, Swisher E, Oza A, et al. Final results of ARIEL2 (part 1): a phase 
2 trial to prospectively identify ovarian cancer (OC) responders to rucaparib using 
tumor genetic analysis [ESMO abstract 2700]. Eur J Cancer. 2015;51(suppl 3):S531. 
27. Konstantinopoulos PA, Spentzos D, Karlan BY, et al. Gene expression profile of 
BRCAness that correlates with responsiveness to chemotherapy and with outcome in 
patients with epithelial ovarian cancer. J Clin Oncol. 2010;28(22):35553561.
28. Alexandrov LB, NikZainal S, Wedge DC, et al; Australian Pancreatic Cancer 
Genome Initiative; ICGC Breast Cancer Consortium; ICGC MMMLSeq Consor
tium; ICGC PedBrain. Signatures of mutational processes in human cancer. Nature. 
2013;500(7463):415421.
29. Watkins JA, Irshad S, Grigoriadis A, Tutt AN. Genomic scars as biomarkers of 
homologous recombination deficiency and drug response in breast and ovarian can
cers. Breast Cancer Res. 2014;16(3):211.
30. Walsh CS, Ogawa S, Scoles DR, et al. Genomewide loss of heterozygosity and 
uniparental disomy in BRCA1/2associated ovarian carcinomas. Clin Cancer Res. 
2008;14(23):76457651.
31. Wang ZC, Birkbak NJ, Culhane AC, et al; Australian Ovarian Cancer Study 
Group. Profiles of genomic instability in highgrade serous ovarian cancer predict 
treatment outcome. Clin Cancer Res. 2012;18(20):58065815.
32. McNeish IA, Oza AM, Coleman RL, et al. Results of ARIEL2: a phase 2 trial 
to prospectively identify ovarian cancer patients likely to respond to rucaparib using 
tumor genetic analysis [ASCO abstract 5508]. J Clin Oncol. 2015;33(15)(suppl).
33. Shen J, Peng Y, Wei L, et al. ARID1A deficiency impairs the DNA damage check
point and sensitizes cells to PARP inhibitors. Cancer Discov. 2015;5(7):752767.
34. Jones S, Wang TL, Shih IeM, et al. Frequent mutations of chromatin remodeling 
gene ARID1A in ovarian clear cell carcinoma. Science. 2010;330(6001):228231.

35. Wiegand KC, Shah SP, AlAgha OM, et al. ARID1A mutations in endometriosis
associated ovarian carcinomas. N Engl J Med. 2010;363(16):15321543.
36. Dedes KJ, Wetterskog D, MendesPereira AM, et al. PTEN deficiency in endo
metrioid endometrial adenocarcinomas predicts sensitivity to PARP inhibitors. Sci 
Transl Med. 2010;2(53):53ra75.
37. Hashiguchi Y, Tsuda H, Inoue T, Berkowitz RS, Mok SC. PTEN expression in 
clear cell adenocarcinoma of the ovary. Gynecol Oncol. 2006;101(1):7175.
38. Kuo KT, Mao TL, Jones S, et al. Frequent activating mutations of PIK3CA in 
ovarian clear cell carcinoma. Am J Pathol. 2009;174(5):15971601.
39. Shapiro G, Kristeleit R, Middleton M, et al. Pharmacokinetics of orally admin
istered rucaparib in patients with advanced solid tumors [AACRNCIEORTC 
abstract A218]. Mol Cancer Ther. 2013;12(11)(suppl). 
40. Plummer R, Lorigan P, Steven N, et al. A phase II study of the potent PARP 
inhibitor, Rucaparib (PF01367338, AG014699), with temozolomide in patients 
with metastatic melanoma demonstrating evidence of chemopotentiation. Cancer 
Chemother Pharmacol. 2013;71(5):11911199.
41. Jones P, Altamura S, Boueres J, et al. Discovery of 2{4[(3S)piperidin3yl]
phenyl}2Hindazole7carboxamide (MK4827): a novel oral poly(ADPribose)
polymerase (PARP) inhibitor efficacious in BRCA1 and 2 mutant tumors. J Med 
Chem. 2009;52(22):71707185.
42. Sandhu SK, Schelman WR, Wilding G, et al. The poly(ADPribose) polymerase 
inhibitor niraparib (MK4827) in BRCA mutation carriers and patients with sporadic 
cancer: a phase 1 doseescalation trial. Lancet Oncol. 2013;14(9):882892.
43. Tesaro’s niraparib significantly improved progressionfree survival for patients with 
ovarian cancer in both cohorts of the phase 3 NOVA trial [press release]. Waltham, 
MA: Tesaro; June 29, 2016.
44. Kummar S, Chen A, Ji J, et al. Phase I study of PARP inhibitor ABT888 in 
combination with topotecan in adults with refractory solid tumors and lymphomas. 
Cancer Res. 2011;71(17):56265634.
45. Kummar S, Ji J, Morgan R, et al. A phase I study of veliparib in combination with 
metronomic cyclophosphamide in adults with refractory solid tumors and lympho
mas. Clin Cancer Res. 2012;18(6):17261734.
46. Tan AR, Toppmeyer D, Stein MN, et al. Phase I trial of veliparib, (ABT888), a 
poly(ADPribose) polymerase (PARP) inhibitor, in combination with doxorubicin 
and cyclophosphamide in breast cancer and other solid tumors [ASCO abstract 
3041]. J Clin Oncol. 2011;29(7)(suppl).
47. Kummar S, Oza AM, Fleming GF, et al. Randomized trial of oral cyclophospha
mide and veliparib in highgrade serous ovarian, primary peritoneal, or fallopian tube 
cancers, or BRCAmutant ovarian cancer. Clin Cancer Res. 2015;21(7):15741582.
48. Coleman RL, Sill MW, BellMcGuinn K, et al. A phase II evaluation of the 
potent, highly selective PARP inhibitor veliparib in the treatment of persistent or 
recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer in patients 
who carry a germline BRCA1 or BRCA2 mutation  An NRG Oncology/Gyneco
logic Oncology Group study. Gynecol Oncol. 2015;137(3):386391.
49. Shen Y, Rehman FL, Feng Y, et al. BMN 673, a novel and highly potent PARP1/2 
inhibitor for the treatment of human cancers with DNA repair deficiency. Clin Cancer 
Res. 2013;19(18):50035015.
50. De Bono JS, Mina LA, Gonzalez M, et al. Firstinhuman trial of novel oral 
PARP inhibitor BMN 673 in patients with solid tumors [ASCO abstract 2580]. J 
Clin Oncol. 2013;31(15)(suppl).
51. Edwards SL, Brough R, Lord CJ, et al. Resistance to therapy caused by intragenic 
deletion in BRCA2. Nature. 2008;451(7182):11111115.
52. Sakai W, Swisher EM, Karlan BY, et al. Secondary mutations as a mechanism of 
cisplatin resistance in BRCA2mutated cancers. Nature. 2008;451(7182):11161120.
53. Norquist B, Wurz KA, Pennil CC, et al. Secondary somatic mutations restoring 
BRCA1/2 predict chemotherapy resistance in hereditary ovarian carcinomas. J Clin 
Oncol. 2011;29(22):30083015.
54. Patch AM, Christie EL, Etemadmoghadam D, et al; Australian Ovarian Cancer 
Study Group. Wholegenome characterization of chemoresistant ovarian cancer. 
Nature. 2015;521(7553):489494.
55. Jaspers JE, Kersbergen A, Boon U, et al. Loss of 53BP1 causes PARP inhibitor 
resistance in Brca1mutated mouse mammary tumors. Cancer Discov. 2013;3(1):68
81.
56. Ang JE, Gourley C, Powell CB, et al. Efficacy of chemotherapy in BRCA1/2 
mutation carrier ovarian cancer in the setting of PARP inhibitor resistance: a multi
institutional study. Clin Cancer Res. 2013;19(19):54855493.
57. Choi YH, Yu AM. ABC transporters in multidrug resistance and pharmacokinet
ics, and strategies for drug development. Curr Pharm Des. 2014;20(5):793807.
58. Lord CJ, Ashworth A. Mechanisms of resistance to therapies targeting BRCA
mutant cancers. Nat Med. 2013;19(11):13811388.


