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Rucaparib camsylate (CO-338; 8-fluoro-2-{4-[(methylamino)methyl]phenyl}-1,3,4,5-tetrahydro-
6H-azepino[5,4,3-cd]indol-6-one ((1S,4R)-7,7-dimethyl-2-oxobicyclo[2.2.1]hept-1-yl)methane-
sulfonic acid salt) is a PARP1, 2 and 3 inhibitor. Phase I studies identified a recommended 
Phase II dose of 600 mg orally twice daily. ARIEL2 Part 1 established a tumor genomic profiling 
test for homologous recombination loss of heterozygosity quantification using a next-
generation sequencing companion diagnostic (CDx). Rucaparib received US FDA Breakthrough 
Therapy designation for treatment of platinum-sensitive BRCA-mutated advanced ovarian 
cancer patients who received greater than two lines of platinum-based therapy. Comparable 
to rucaparib development, other PARP inhibitors, such as olaparib, niraparib, veliparib and 
talazoparib, are developing CDx tests for targeted therapy. PARP inhibitor clinical trials and CDx 
assays are discussed in this review, as are potential PARP inhibitor combination therapies and 
likely resistance mechanisms.
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Ovarian cancer is the eighth most common type of cancer in women, and the fifth leading cause 
of cancer-related deaths. A lack of effective early stage disease detection results in 70% of patients 
with metastatic disease (stage II–IV) at the time of diagnosis [1,2]. Ovarian cancer has three major 
groups: epithelial (90%), germ cell (5%) and sex cord stromal cell (5%). Epithelial ovarian cancer 
(EOC), which will be used to refer to high-grade serous epithelial ovarian carcinoma, fallopian 
tubal and primary peritoneal carcinoma, is highly heterogeneous. EOC subtypes include high- and 
low-grade serous (75–80%), mucinous (3%), endometrioid (10%) and clear cell (10%). Somatic 
genomic studies by The Cancer Genome Atlas (TCGA) classify EOC molecular and clinical profiles 
to influence potential future treatment paths [3].

Advanced ovarian cancer is chemosensitive to frontline platinum/taxane-based therapy [4–6]. 
New frontline therapies are under investigation, as are maintenance therapies, with a focus on 
anti-angiogenesis inhibitors, such as bevacizumab and pazopanib [7,8]. Despite these efforts, recur-
rence occurs frequently; advanced-stage (stage II–IV) patients relapse (70%) within 5 years [9], 
establishing a need for treatment of recurrent cancer. Patients exhibiting recurrence usually die from 
emergent chemoresistant disease complications; intensive investigation into new agents and strate-
gies is ongoing. Recently, bevacizumab was US FDA approved with chemotherapy in the setting 

For reprint orders, please contact: reprints@futuremedicine.com



Future Oncol. (2016) 12(12)1440

DRug EvaluatiOn Jenner, Sood & Coleman

future science group

of platinum-resistant disease [10]. Coleman et al. 
provide additional information about the con-
temporary management and future directions 
of ovarian cancer treatment [4].

The purpose of this drug review is to provide 
perspective, in the background of current thera-
pies, about the various poly(ADP-ribose) poly-
merase inhibitors (PARPis) under clinical devel-
opment for recurrent ovarian cancer patients. 
PARPi mechanism of action, rationale as drug 
candidates, patient tumor genomic profiling, 
accompanying companion diagnostics, efficacy, 
toxicity profile and potential resistance mecha-
nisms to PARPi therapy is of primary concern. 
Additional information about new and potential 
therapies aimed at improving the recurrence rate 
is discussed.

PARP inhibitor & companion diagnostic 
development
●● PARP biology

PARP1, 2 and 3 are integral in the DNA damage 
response system by activating response pathways 
and facilitating repair [11,12]. Single-strand breaks 
(SSBs) in DNA, occurring at a rate of 104/day, 
are predominantly repaired by utilization of 
PARP1 in base excision repair (BER), which 
accounts for 90% of cellular PARP activity [13]. 
PARP1 also functions in nonhomologous end-
joining (NHEJ) regulation, chromatin remode-
ling and homologous recombination (HR) DNA 
repair pathways [14,15].

●● PARP as a therapeutic target
Initial evaluation of PARP as a novel antican-
cer therapeutic target first appeared in 2005 for 
BRCA1-mutated cancer cells in vitro [16]. BRCA2-
mutated tumor growth in vivo was diminished 
by PARPis, indicating a promising therapeutic 
target [17]. BRCA1 participates in a variety of 
cellular processes, including DNA replication, 
transcription regulation, cell cycle checkpoints, 
apoptosis and chromatin structuring. BRCA1 
and BRCA2 are involved in HR repair. BRCA2 
loads RAD51, an HR repair protein, to DNA 
double-strand breaks, or lesions [18]. Importantly, 
defects in BRCA2 regulation of RAD51 may 
explain increased cancerous phenotypes observed 
in BRCA-mutated cells. Approximately 10–15% 
of breast and ovarian cancers are due to gBRCA1 
and gBRCA2 mutations [19,20]. However, why 
gBRCA mutations have tissue-specific propen-
sity to develop in ovarian and breast tissue is still 
unclear, but increased relative DNA damage and 

subsequent dependency on lower fidelity HR is 
a likely causative factor. In each ovarian can-
cer subtype, BRCA1-mutations (BRCA1mut) or 
BRCA2-mutations (BRCA2mut) are evident in the 
following percentages: serous (10.4%, 6.2%), 
clear cell (6.3%, 0.0%), endometrioid (5.9%, 
2.5%), carcinosarcoma (4.5%, 0.0%) and other 
(2.7%, 5.5%) [21,22]. Studies concerned with 
PARP inhibition in gBRCA-mutated tumors 
revealed a s ynthetic lethality mechanism of 
action.

●● PARP inhibition & synthetic lethality
Synthetic lethality exists when two nonlethal 
defects combine and result in cell death [23]. 
PARPis are synthetically lethal in HR-deficient 
(HRD) cells, such as BRCA1-mutated tumors, 
due to unsalvageable DNA damage [16]. 
Recently, PARP inhibition was shown to pre-
vent poly(ADP-ribos)ylation-dependent BRCA1 
recruitment to damaged DNA [24]. Upon PARP 
inhibition, SSBs are converted to DSBs at rep-
lication forks, and HRD cells fail to repair 
DSBs, resulting in apoptosis [25]. PARPis trap 
PARP1 and PARP2 on DNA, forming toxic 
PARP–DNA complexes, termed ‘PARP trap-
ping’ [26]. Interestingly, PARP inhibition shows 
greater toxicity than PARP genetic deletion, 
further supporting the PARP trapping mech-
anism. Due to the utility of PARP inhibition 
in HR pathways, synthetic lethality may be 
exploitable in sporadic tumors with pathologic 
features similar to BRCA-deficient tumors, such 
as BRCA-like tumors with HR defects [27].

●● Potential homologous recombination 
pathway targets
In an attempt to identify which HR defects may 
induce synthetic lethality, HR pathway modula-
tors were subsequently explored. Homozygous 
deletion of PTEN in 7% of EOC is proposed 
to downregulate RAD51, resulting in syn-
thetic lethality upon PARP inhibition [28,29]. 
Amplification of the 11q13 locus resulted in 
the overexpression of EMSY, a suppressor of 
BRCA2 transcriptional activity, in 14% of 
EOCs; however, EMSY is still controversial 
due to poor outcomes associated with EMSY 
overexpression [30]. PARP sensitization occurs 
when BRCA1 levels are reduced after CDK12 
inactivation [31]. Targeting HR-associated genes 
with miRNA is also of interest [32]. Recognizing 
potential HRD manifestations is vital to identi-
fying likely patient responders to PARPi therapy.
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●● PARPs & alternative end-joining
PARP1 activity in the alternative end-joining 
(alt-EJ) DSB repair pathway is of interest, pri-
marily due to increased alt-EJ repair protein 
expression, such as the PARP1-mediator Polθ, 
when other HR pathways are deficient [33,34]. 
Polθ inhibition exhibits synthetic lethality 
in HRD tumors due to Polθ-dependent alt-
EJ repair with PARP1 and also prevention of 
RAD51 assembly on ssDNA. Recently, the 
function of PARP1 and Polθ in the error-prone 
alt-EJ pathway may explain a global mecha-
nism of PARPi sensitivity in BRCAwt tumors. 
Targeting Polθ in HRD tumors may enhance 
selective toxicity. Therefore, cells with active alt-
EJ pathways may indicate HRD, with insertion 
or deletion (indel) DNA signatures as HRD 
biomarkers [35].

●● PARP inhibition & genotoxic agents
PARPis are also useful in combination with gen-
otoxic agents. Temozolomide (TMZ) alkylates 
purine bases, which can be removed by robust 
BER activity. PARP is central to BER through 
nick sensing and DNA strand separation via 
electrostatic repulsion of ADP-ribose polymers. 
Thus, PARP-deficient cells are sensitized to gen-
otoxic stress, as was evident in a clinical study 
of TMZ potentiation by PARPis, where cyto-
toxic methyl-purine adducts accumulated [36]. 
PARP inhibition shows preferential activity for 
agents that disrupt DNA replication relative to 
transcriptional processes. The cytotoxic effect of 
5-fluorouracil (5-FU) is thought to be through 
incorporation in RNA, whereas 5-fluorodeoxyu-
ridine (FdUrd) is cytotoxic by DNA replication 
disruption. BER was shown to be important in 
FdUrd-treated cells, but not 5-FU. Interestingly, 
PARP inhibition sensitizes ovarian cancer cells 
to FdUrd, but not 5-FU, which is reflective of 
the importance of BER disruption [37].

●● PARPs & cell cycle checkpoint control
A majority of EOCs are dependent on S and 
G

2
 checkpoints due to loss of p53 functional 

control at G
1
 [38]. Targeting the S/G

2
 check-

points with WEE1 and CHK1 inhibitors, such 
as AZD1775 and GDC-0425, leads to cellular 
death. WEE1 and CHK1 inhibition ultimately 
blocks functional ATR protein kinase activity, 
and disrupts downstream phosphorylation of HR 
proteins. The DNA damage-induced G

2
 check-

point arrest does not occur in cells with inhib-
ited ATR–CHK1–WEE1 pathway, resulting in 

mitotic catastrophe. Monotherapy with AZD1775 
in BRCAmut tumors showed clinical efficacy [39]. 
Synthetic lethality is observed in HRD EOC when 
therapy is targeted at the ATR–CHK1–WEE1 
in addition to chemotherapy; investigation of 
PARPi activity in these tumors is an intriguing 
prospect. Overall, a rush to determine HRD spo-
radic tumors sensitive to PARP i nhibition is on 
the forefront of therapeutic goals.

●● Combining PARP inhibition with 
companion diagnostics
The greatest impending impact on treatment 
options can be elucidated by the utilization 
of companion diagnostic (CDx) techniques 
based on the power of whole-genome analysis. 
Approximately 50% of all high-grade serous 
ovarian tumors are deficient in the Fanconi 
anemia-BRCA pathway, which depends on 
HR, thereby indicating a need to further 
explore BRCA-like HRD genomic scar identi-
fication [21,29,40–41]. PALB2 and BARD1, which 
are both associated with the Fanconi anemia-
BRCA pathway, were recently implicated as fre-
quently mutated genes in hereditary EOC [22]. 
Genomic scarring results from HRD of a variety 
of origins, including mutations, deletions, loss of 
heterozygosity (LOH), miRNA and DNA meth-
ylation, and can be detected by next-generation 
sequencing (NGS). With accurate evaluation 
of the specific HRD in a tumor, sensitivity to 
PARP inhibition is predictable. Effective use 
of PARPis with CDx techniques may provide 
 personalized treatment options.

●● PARP resistance in homologous 
recombination deficient tumors
Mechanisms of resistance in HRD EOCs pri-
marily involve indirect or direct restoration 
of HR. In BRCAmut tumors, restoration of 
BRCA function is one of the primary resist-
ance mechanisms [42]. Back mutation, reading 
frame restoration, loss of BRCA promoter meth-
ylation, stabilization of the BRCA1 C-terminal 
(BRCT) domain of BRCA1 by HSP90 under 
PARPi selection, decreased expression of 
PARP1, expression of ABC transporters like the 
P-glycoprotein (P-gp) efflux pump and reacqui-
sition of DNA end resection capabilities – that 
is, by loss of 53BP1, are all potential resistance 
mechanisms, noninclusive. The first four mecha-
nisms mentioned above can restore BRCAwt 
function. Loss of PARP1 expression, whether 
by promoter hypermethylation or increased 
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protein turnover, decreases PARP-trapping [43]. 
P-gp-mediated resistance is usually due to gene 
upregulation by promoter fusion, resulting in 
PARPi eff lux [44]. In BRCAmut cells, 53BP1 
prevents the replication protein A (RPA) phos-
phorylation-based DNA damage repair path-
way from restoring ssDNA lesions. However, if 
53BP1 is also nonfunctional, RPA can load onto 
DNA and permit repair, bypassing the need for 
functional BRCA [45]. Therefore, BRCAmut cells 
without 53BP1 expression are PARPi resistant, 
and capable of error-free repair. These recent 
discoveries elucidate potential PARPi resistance 
mechanisms clinically.

●● Expanding PARP inhibitor utility
Approximately 50% of ovarian cancers are 
HRD, which limits PARPi therapy to 50% of 
patients. However, combination of agents that 
inhibit HR may expand the use of PARPis to 
de novo or acquired HR-proficient tumors. To 
address de novo HR proficiency and PARPi 
resistance, several preclinical and early clini-
cal trials will evaluate PARPi combined with 
inhibitors of: CDK1 to prevent phosphoryla-
tion of BRCA1 [46]; VEGFR or AKT to mediate 
BRCA downregulation [47,48]; HSP90 to pre-
vent BRCA1-mutant stabilization [32]; PgP to 
decrease PARPi efflux [49]; and HDAC to down-
regulate HR genes [50]. Expanding the treatable 
patient population has associated risk. Proof of 
mechanistic principle while monitoring adverse 
events (AEs) in early clinical studies is vital to 
developing successful combination therapies.

Overview of the market
Several PARPis are under ovarian cancer thera-
peutic development. These include: olaparib 
(AZD2281, Lynparza®, AstraZeneca); nira-
parib (MK4827, Tesaro); veliparib (ABT-888, 
Abbvie); talazoparib (BMN-673, Medivation) 
and rucaparib (CO-338, Clovis Oncology). 
Veliparib, olaparib, rucaparib and niraparib 
induce PARP-trapping primarily by catalytic 
inhibition, without an allosteric mechanism [51]. 
In common, these PARPis are oral formulations, 
potentiate DNA alkylating agents clinically [36], 
and, except for talazoparib, have ongoing rand-
omized controlled trials for maintenance treat-
ment. Partnerships exist between biopharmaceu-
tical and biotechnological companies to develop 
CDx tests to identify PARPi-responsive patients. 
PARPi efficacy in Phase II open-label clinical 
trials is compared (Table 1).

●● Companion diagnostics
CDx are vital to identifying PARPi responders. 
Myriad’s BRACAnalysis CDx™ is the only FDA-
approved test to determine olaparib treatment 
eligibility. Veliparib is also under development 
with BRACAnalysis CDx. Niraparib and tala-
zoparib are under development with myChoice 
HRD™. However, the talazoparib/myChoice 
HRD partnership is not currently under devel-
opment for ovarian cancer patients. Rucaparib 
uses Foundation Medicine’s NGS-based CDx to 
identify tumors with a BRCA-like signature, but 
the specifics of this assay are yet to be revealed. 
Current CDx platforms are discussed (Table 2).

●● BRACAnalysis CDx
BR ACAnalysis CDx comprises two in 
vitro assays for gBRCA1/2mut identification: 
BRACAnalysis CDx Sanger Sequencing for 
sequence variants, and BRACAnalysis CDx 
Large Rearrangement Test (BART®) for large 
rearrangements. PCR and subsequent Sanger 
sequencing evaluate exons and exon/intron 
boundaries of BRCA1/2 (17,337 bases total) for 
single nucleotide polymorphism (SNP), inser-
tions ≤2 base pairs (bp) and deletions ≤5 bp. 
Sanger sequencing was compared with NGS 
for accuracy, which showed 100% agreement 
for negative (95% CI: 99.99–100%), positive 
(95% CI: 99.62–100%), and overall (95% CI: 
99.99–100%) concordance in identifying 796 
variant and 1,732,907 nonvariant bases [52]. 
BART® utilizes multiplex PCR to assess single- 
and multi-exon deletions/duplications, flanking 
introns, the Portuguese founder mutation and 
proximal promoter sequences, with full sequence 
determination as follows: BRCA1, 5400 bp of 
22 exons, and approximately 750 adjacent 
intronic bp; BRCA2, 10,200 bp of 26 exons, 
and approximately 900 adjacent intronic bp. 
BART was compared with microarray for accu-
racy, which showed 97.3% negative agreement 
(95% CI: 90.6–99.7%), 84.6% positive agree-
ment (95% CI: 65.1–95.6%) and 94% overall 
agreement (95% CI: 87.4–97.8%). Novel del-
eterious missense mutation discovery increases 
with time. Therefore, variants are classified into 
one of five categories (Table 2); the ‘polymor-
phism’ category addresses SNPs not considered 
detrimental. About 1–2% of all variants identi-
fied by BRACAnalysis CDx require confirma-
tory analysis by alternate primer sequencing or 
PCR analysis. As a bridging study, available 
archival specimens (n = 61) from the Study 42 
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population [53] were subjected to BRACAnalysis 
CDx and compared with local BRCA test results, 
which showed a 0.13 difference in objective 
response rate (ORR).

Limitations to the BRACAnalysis CDx include 
an inability to detect deletions >5 bp, insertions 
>2 bp, some RNA transcript processing errors, 
and cannot differentiate between gene dupli-
cation and triplication [54]. Patients previously 
diagnosed with a hematologic malignancy should 
forego BRACAnalysis CDx, as false-positive 
results could be generated. False-negative results 
are of concern for polymorphisms at primer 
sites, leading to unequal allele amplification. 
Fortunately, Myriad provides a more compre-
hensive NGS panel, called myRisk, for patients 
initially screened with BRACAnalysis CDx.

●● myChoice HRD
Myriad’s myChoice HRD is an enhancement of 
BRACAnalysis CDx, as it assesses LOH beyond 
BRCA. While 14% of ovarian cancer patients 
test positive by BRACAnalysis CDx, 48% test 
positive with myChoice HRD [55]. myChoice 
HRD is an NGS-based assay to assess BRCA1/2 
sequences and genomic scarring (HRD Score), 
which is a sum of three components: loss of het-
erozygosity (LOH), telomeric allelic imbalance 
(TAI) and large-scale state transitions (LST).

LOH regions are ≥15 Mb, but shorter than 
chromosomal length; HRD is detected regard-
less of etiology/mechanism and is highly corre-
lated with defects (e.g., promoter methylation) 
in BRCA1/2, PTEN, FANCM and RAD51C [56]. 
TAI defines regions with allelic imbalance that 
do not cross the centromere, but extend to the 
subtelomere [57]. An inverse proportion existed 
between BRCA1 levels and the number of TAI 
regions in BRCA1/2wt serous ovarian cancers, 
suggesting a high TAI score indicates DNA 
repair defects. LST assesses chromosomal breaks 
in adjacent regions ≥10 Mb after filtering all 
variation ≤3Mb [58]. All BRCA1/2mut tumors 
had high LST scores, and BRCA1 inactivation 
was evident in 80% of near-diploid tumors. 
Regardless of BRCA status, high LST scores 
were associated with interchromosomal translo-
cations as detected by complete genome sequenc-
ing. High LST scores are thought to indicate 
HRD better than BRCA status, and may be 
due to defects in HR pathway gene products 
(e.g., PALB2/FANCN, RAD51, among others). 
Conveniently, the LST signature is inexpensive, 
relatively expedient and a more global measure of Ta
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genomic instability. Tumors are scored (0–100), 
with a cutoff of 42. Scores ≥42 are considered 
to have high HRD, which encompasses 95% of 
BRCAmut tumors [59]. Recently, a retrospective 
analysis of ovarian cancer cohorts that compared 
dichotomized (high/low) individual compo-
nents (LST, TAI and LOH) to the combined 
three biomarker HRD showed excellent signifi-
cance for the combined HRD score in regard 
to progression-free survival (PFS); p = 2 × 10-6) 
and OS (p = 1 × 10-8), but no significance was 
established for any of the individual compo-
nents [60]. A patient-derived xenograft ovarian 
cancer model showed 50% of BRCAmut tumors 
responded to niraparib, 50% of BRCAwt HRD+ 
tumors responded and all sensitive models had 
an HRD score ≥42 [61]. In NOVA Phase III 
tumor samples (n = 174), myChoice HRD 
identified 100% (68/68) of gBRCAmut tumors, 
and 57% (61/106) of gBRCAwt patients with HR 
deficiencies that would benefit from niraparib 
therapy.

●● FoundationOneTM

Foundation Medicine applies massively par-
allel DNA sequencing to accurately detect 
genomic alterations in therapeutically relevant 
cancer genes. Unlike BRACAnalysis CDx, 
FoundationOneTM utilizes archival formalin-
fixed, paraffin-embedded (FFPE) solid tumor 
samples, and is highly tissue sparing. While 
simultaneously accounting for the degree of 
stromal admixture, the NGS-based test ana-
lyzes 315 cancer-related genes (≥4557 exons) 
and ≥47 introns of 28 genes by whole-genome 
shotgun library construction and hybridization 
capture with biotinylated DNA oligonucleotides 
for base substitutions using a Bayesian method, 
indels (1–40 bp) using the deBruijn approach, 
copy number alterations (CNAs), rearrange-
ments and homozygous deletions. In regard to 
potential PARPi targets, the current 315-gene list 
includes BRCA1/2, PALB2, FANCM, BARD1, 
CHK1, ATM, RAD51C, RAD51B and BLM. 
In regard to heredity EOC genes, PALB2 and 
BARD1 were recently reported as genes of future 
investigation, based on mutant frequency [22]. In 
a validation study [62], 3.06 alterations per sample 
(2221 specimens) were reported overall, and 1.57 
alterations per sample (1579 unique alterations) 
were identified in tumors with clinically action-
able treatment option(s). Specificity exceeded 
99% for all genomic alteration testing, with sen-
sitivity as follows: base substitutions (>99% when 

mutant allele frequency [MAF] ≥5%), indels 
(>97% when MAF ≥10%), CNAs (>95%) and 
rearrangements (>90%). Clinically relevant and 
pertinent negative alterations, FDA-approved 
therapies, and potential clinical trials are inte-
grated in FoundationOne reports. Variants of 
unknown significance (VUS), equivocal and 
subclonal designations are also given. VUS are 
included for variants with currently inadequate 
scientific literature characterizations. Equivocal 
labels ambiguous evidence of homozygous loss 
or amplification. Subclonal denotes when tumor 
DNA contains <10% of a certain alteration. 
Clinically, FoundationOne is advantageous; it 
identifies large indels, does not require a matched 
normal sample, consumes a small tumor frac-
tion (≥40 μM tissue, >20% malignant origin), 
is amenable to core- and needle biopsies, has a 
14-day turn-around, exhibits a 97% concord-
ance between replicates, has high sensitivity and 
specificity, detects mutations at low MAF, identi-
fies actionable alterations (76% of patients) and 
may reveal additional treatment options to con-
sider. Specific for the ARIEL2 and Foundation 
Medicine utilizes a modified NGS-based CDx to 
develop an HRD LOH cutoff to identify EOC 
patient tumors with a BRCA-like signature. The 
specifics of this customized assay are not currently 
available publicly, but are thought to be similar to 
the analytical capacity of FoundationOne.

●● Olaparib
Olaparib is an oral small molecule inhibitor 
of PARP1/2/3, and received US FDA accel-
erated approval in December 2014 as fourth 
line and beyond monotherapy for deleterious 
gBRCAmut advanced ovarian cancer patients. The 
BRACAnalysis CDx was FDA-approved along-
side olaparib in December 2014, and can only be 
marketed in the USA with this CDx. However, 
the European Commission (EC) approved olapa-
rib for maintenance therapy use in platinum-
sensitive, relapsed BRCA-mutated high-grade 
serous epithelial ovarian cancer. The EC and 
US FDA approvals are based on Phase II clini-
cal trial evaluations [53,63]. Olaparib extended 
PFS versus placebo from 4.8 to 8.4 months 
without significant change in overall survival 
(OS). Retrospective tumor BRCAmut evaluation 
revealed a PFS of 11.2 months for those treated 
with olaparib, versus 4.3 months for placebo 
(HR: 0.18; 95% CI: 0.10–0.31; p < 1 × 10-4). 
Common AEs were mild-to-moderate fatigue, 
anemia, nausea and vomiting. FDA approval 
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for maintenance therapy was withheld due to 
a concern for a lack of randomization in the 
gBRCA-mutated subgroup, a lack of significant 
increase in OS and a concern for cases of myelo-
dysplastic syndrome (MDS) and acute myeloid 
leukemia (AML). These diseases are of concern 
among patients carrying gBRCAmut treated with 
PARPi, but are also seen as a result of DNA dam-
aging chemotherapeutics, particularly alkylators, 
which are commonly used in the treatment of 
EOC patients. Nevertheless, accelerated approval 
was granted based on impressive single-agent 
response rates (31%; 95% CI: 25–38%) in heav-
ily pretreated patients and the lack of therapeutic 
options available.

Olaparib utility was expanded by Kaufmann 
et al. to tumors of the breast, pancreas and 
prostate, and was effective therapy in these 
BRCA1/2mut tumors as well [53]. Additional 
Phase III data elaborating PFS and OS benefits 
in the maintenance setting will be conducted 
in SOLO trials, which investigates efficacy fol-
lowing frontline chemotherapy (primary main-
tenance, SOLO1: NCT01844986), and in 
platinum-sensitive, relapsed high-grade serous 
ovarian cancer (switch maintenance, SOLO2: 
NCT01874353). A recent randomized Phase II 
study of olaparib monotherapy compared with 
olaparib and cediranib combination showed an 
increase in median PFS from 9.0 to 17.7 months 
(HR: 0.42; 95% CI: 0.23–0.76) [64]. This 
PARPi and VEGFR inhibitor combination 
study prompted two additional Phase III stud-
ies. EOC patients with platinum-sensitive 
and recurrent disease will be evaluated in 
NCT02446600 (experimental arms: platinum-
based chemotherapy vs olaparib vs olaparib and 
cediranib), and platinum-resistant or -refractory 
tumors will be evaluated in NCT02502266 
(experimental arms: physician’s choice chemo-
therapy vs  olaparib or cediranib vs olaparib and 
cediranib).

●● Veliparib
Veliparib is an oral small molecule PARP1/2 
inhibitor. Phase I data demonstrated a com-
parable safety profile to other PARPis [65]. 
Combination of oral cyclophosphamide and 
veliparib did not improve PFS or ORR compared 
with cyclophosphamide alone in BRCA-mutant 
ovarian cancer [66], but this may be attributable to 
the low dose of veliparib (60 mg q.d.), which was 
below the 250–400 mg b.i.d. doses used in other 
trials. A Phase II study showed effective veliparib 

monotherapy against platinum-resistant BRCA-
mutated ovarian cancer [67]. Veliparib (400 mg 
b.i.d., 28-day cycle) response in platinum-resist-
ant and platinum-sensitive patients was 20 and 
35%, with a median PFS of 8.2 months. Only 
one grade 4 (G4) event (thrombocytopenia) was 
found, and G3 AEs were fatigue (6%), nausea 
(4%), leuokopenia (2%), neutropenia (2%), 
dehydration (2%) and ALT (2%). Veliparib effi-
cacy against platinum-resistant disease warrants 
further investigation. Evaluation of veliparib 
combination with carboplatin/paclitaxel and as 
maintenance therapy in patients with previously 
untreated stage III/IV EOC in a double-blind, 
randomized Phase III study is currently recruit-
ing participants (n = 1100; NCT02470585). 
Veliparib switch maintenance trials are under 
planning [68].

●● Niraparib
Another oral small molecule PARP1/2 inhibi-
tor, niraparib, showed antitumor activity in 
gBRCAmut tumors in Phase I/II studies [69,70], 
and also in tumor models with loss of BRCA 
and PTEN function. Niraparib fourth-line 
monotherapy (300 mg q.d.) is under investiga-
tion for recurrent ovarian cancer patients with 
HRD or gBRCAmut tumors in a multicenter, 
open-label, single-arm Phase II study (n < 225; 
NCT02354586). Niraparib is under develop-
ment with myChoice HRD, which measures 
HRD (i.e., LOH, TAI and LST). Combination 
niraparib-bevacizumab is under investigation in 
Phase I/II trials (AVANOVA: NCT01244789), 
with patient assessment based on myChoice 
HRD scores. Common AEs include fatigue, 
anemia, nausea, vomiting and anorexia [69]. 
Phase I dose-limiting toxicities (DLTs) include 
G3 fatigue (dosage: 30 mg) and pneumonitis 
(60 mg), and G4 thrombocytopenia (400 mg). 
A Phase III switch maintenance therapy trial 
against platinum-sensitive ovarian cancer is 
ongoing (NOVA: NCT01847274).

●● Talazoparib
All worldwide rights to talazoparib were acquired 
by Medivation from BioMarin Pharmaceutical 
in August 2015. Selective against BRCA1/2 and 
PTEN mutants, talazoparib is a potent PARP1/2 
inhibitor (PARP1 IC

50
: 0.57 nM), which dem-

onstrated greater stereospecific PARP-DNA-
trapping ability than other PARPis [71], and also 
potentiated cytotoxic effects of TMZ, SN-38 
and carboplatin [72]. Combination of talazoparib 
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Figure 1. Chemical structure of rucaparib 
(CO338; 8-fluoro-2-{4-[(methylamino)methyl]
phenyl}-1,3,4,5-tetrahydro-6H-azepino[5,4,3-
cd]indol-6-one).
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with a DNA methyltransferase inhibitor in vitro 
decreased ovarian cancer cell line clonogenic 
survival, regardless of BRCA status [73]. In a 
single-arm, open-label Phase I study to evalu-
ate safety, PK and preliminary efficacy of tala-
zoparib in patients with advanced or recurrent 
solid tumors, the recommended Phase II dose 
(RP2D) was established (1 mg/day) for sin-
gle agent therapy (NCT01286987). Patients 
with gBRCAmut ovarian tumors had RECIST 
(response evaluation criteria in solid tumor), 
CA-125 and clinical benefit responses of 44, 
70 and 82%. Fatigue, nausea and alopecia were 
observed in 30% of patients, as were myelosup-
pression-related dose reductions (15%) and G3/4 
anemia (13%), thrombocytopenia (14%) and 
neutropenia (6%). Ongoing and future talazo-
parib open-label, single-arm studies include: a 
Phase 0 study of the effects of talazoparib on 
DNA copy number, RNA expression and pro-
tein levels (NCT02316834); a Phase I study 
of the utility and tolerability of talazoparib 
to treat advanced or metastatic nonresectable 
stage III/IV ovarian cancer and liver or kidney 
disease (NCT02567396); a Phase I/II study in 
BRCAmut advanced solid tumors at 1 mg/day 
(28-day cycle), with tumor biopsies for DNA 
damage response markers prior to treat-
ment, during cycle 1, and if disease progresses 
(NCT01989546); and a Phase II evaluation of 
talazoparib in patients with metastatic gBRCAmut 
ovarian cancer  previously treated with a PARPi 
(NCT02326844).

Chemistry
Rucaparib, a potent PARP1/2/3 inhibitor, refers 
to the free base (formerly known as PF01367338 
and AG014447). Rucaparib camsylate (CO-
338; 8-f luoro-2-{4-[(methylamino)methyl]
phenyl}-1,3,4,5-tetrahydro-6H-azepino[5,4,3-
cd]indol-6-one ((1S,4R)-7,7-dimethyl-2-
oxobicyclo[2.2.1]hept-1-yl)methanesulfonic 
acid salt) (Figure 1) is formulated into oral tablets.

Pharmacokinetic & pharmacodynamic
Rucaparib was granted FDA Breakthrough 
Therapy designation in April 2015, and is 
under investigation as monotherapy and in 
combination with cytotoxic/anti-angiogenic 
agents for solid tumors with BRCA mutation(s) 
or a BRCA-like phenotype. A breakthrough 
designation was granted based on interim 
ORRs from two ongoing Phase II trials. Using 
Foundation Medicine’s NGS-based CDx 

platform in ARIEL2 Part 1, patients with plat-
inum-sensitive tumors that received one prior 
platinum-based therapy were evaluated. Tumors 
were classified into three subgroups based on 
tumor HRD status: BRCAmut (n = 23; 65% 
ORR), BRCAwt/LOHhigh (n = 25; 40% ORR) 
and BRCAwt/LOHlow (n = 13; 8.0% ORR) [74]. 
For comparison, olaparib received FDA acceler-
ated approval in 2014 for the BRCAmut patient 
population, yet this study observed only a 34% 
ORR in BRCAmut patients.

PARP1 and PARP2 inhibition constants (Ki) 
are 1.4 and 0.17 nM [75]. Rucaparib, veliparib and 
olaparib PARP catalytic domain binding capaci-
ties were compared [76]: all stabilized PARP1, 
2, 3 and 4. However, veliparib did not stabilize 
PARP12, 15 or 16, and only rucaparib stabilized 
PARP10. Unlike olaparib and veliparib, rucaparib 
distinguishably stabilized TNKS1 and TNKS2 
catalytic domains. Rucaparib has enhanced 
PARP enzyme inhibition compared with olapa-
rib. An enzymatic screen showed rucaparib and 
olaparib inhibited PARP5A (TNKS1) at 796 nM 
and 1.90 μM, and inhibited PARP5B (TNKS2) 
at 486 nM and 7.40 μM [75]. A tankyrase inhi-
bition cellular assay showed 50% inhibition by 
rucaparib at 2.07 μM, whereas olaparib showed 
no detectable tankyrase inhibition. Rucaparib’s 
ability to bind and inhibit TNKS1 and TNKS2 
in addition to PARP1–4, 12, 15 and 16 is unique, 
although the clinical relevance of such distinction 
remains to be understood. Promiscuous activity 
could harbor the potential for enhanced thera-
peutic significance, yet may result in a surplus 
of side effects.

Studies in vivo were consistent with the syn-
thetic lethality concept. Xenograft BRCA1-
mutated tumors were 15-fold more sensitive to 
rucaparib compared with BRCAwt. Rucaparib 
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cytotoxicity of epigenetically silenced BRCAwt cells 
was comparable to BRCA1/2mut [77]. Rucaparib 
potentiates type-I topoisomerase inhibitors 
(e.g., topotecan) and DNA alkylating agents 
(e.g., N-methyl-N’-nitro-N-nitrosoguanidine 
and TMZ) [78]. Xenograft mice data showed 
HRD cell lines were rucaparib-sensitive, and an 
additive or synergistic efficacy existed when com-
bined with PI3K pathway inhibitors [79].

Vasoactivity of rucaparib may account for 
emesis and GI toxicity via inhibition of myosin 
light chain kinase (MLCK). However, this same 
vasoactivity may account for rucaparib’s newly 
hypothesized function as a ch emosensitizer 
through MLCK inhibition [80].

●● Companion diagnostic development
Clinical data show gBRCAmut tumors respond 
to rucaparib therapy [81,82], as do tumors with 
other HR defects [75]. To address the issue of 
identifying PARPi therapy beyond gBRCAmut, 
a collaboration with Foundation Medicine 
to develop a biomarker assay for BRCA-like 
tumors based on genomic scarring is under-
way [56]. Quantification of genome-wide loss-
of-heterozygosity (G

LOH
) by NGS identifies 

base substitutions, insertions/deletions (indels) 
and homozygous deletions in BRCA1/2 and 28 
other HR-pathway genes through pretreat-
ment screening biopsies and FFPE tumor 
specimens [83,84]. However, this assay does not 
assess all DNA repair genes that respond to 
rucaparib [85]. A G

LOH
 cutoff was established for 

ARIEL2 Part 1 (NCT01891344) using public 
data. TCGA data analysis was used to estab-
lish a G

LOH
 cutoff for tumors with a BRCA-

like signature. Using this cutoff, median OS 
was increased in high G

LOH
 (LOHhigh) tumors 

versus low G
LOH

 (LOHlow) tumors (56.4 vs 38.2 
months). Initial ARIEL2 clinical data showed 
that in 54% of BRCAwt patients, LOHhigh tumors 
were detected (p < 1 ×  10-4), and response 
rates were 36% (LOHhigh) and 16% (LOHlow) 
(p = 0.0072). Therefore, prospective identifi-
cation of rucaparib-responsive BRCAwt ovarian 
tumors was accomplished with this G

LOH
 assay 

for BRCA-like tumors. This CDx is prospec-
tively incorporated in the ongoing ARIEL2 Part 
2 study and the maintenance study (ARIEL3, 
NCT01968213).

Clinical efficacy
Initial clinical safety and tolerability were estab-
lished in Phase I studies of advanced solid tumor 

patients treated with rucaparib/AG-014699 and 
TMZ [86]. Rucaparib clinical trial data are in 
Table 3.

●● Study CO-338-010 (Phase I/II)
In a Phase I, open-label, multicenter, 3+3 dose-
escalation (40 mg q.d. to 840 mg b.i.d.) study 
to determine the maximum tolerated dose, 
RP2D, and efficacy of rucaparib monotherapy in 
patients with ovarian (n = 20), breast (n = 27) or 
pancreatic (n = 9) cancer with gBRCAmut tumors, 
an 80% response rate (3/4 ovarian cancer and 
1/1 breast cancer patients) by RECIST and 
CA-125 levels was observed at 600 mg b.i.d. 
doses. No G4 events were treatment-associated, 
and dose-dependent G2/3 myelosuppression 
occurred in 50%, which was manageable with 
dose reduction. Treatment-related AEs with 
≥10% patient involvement included: G1/2 
fatigue (30%), nausea (30%), vomiting (23%), 
diarrhea (13%), anorexia (11%); and G2/3 ane-
mia (29%/29%), thrombocytopenia (0/14%) 
and neutropenia (29%/0) [81]. With acceptable 
tolerance and encouraging clinical benefit, the 
RP2D was determined (600 mg b.i.d.) in fasted 
and fed states, with maximum serum concentra-
tions 4 h after administration. All responders 
harbored BRCA1/2mut; responses were evident in 
platinum-sensitive and -resistant tumors.

A Simon two-stage design was incorporated 
in a Phase II, open-label safety and efficacy 
evaluation for relapsed, platinum-sensitive ovar-
ian cancers with gBRCAmut. RECIST v1.1 and 
CA-125 levels assessed the ORR primary end-
point. Secondary endpoints included AEs, labo-
ratory and electrocardiogram abnormalities and 
response duration. Overall response in relation 
to BRCA1/2 status was an exploratory endpoint. 
All ovarian cancer patients enrolled (n = 35) were 
platinum-sensitive and BRCA-mutated, with 
a prominent ORR (74%) and disease control 
rate (DCR; sum of complete response, partial 
response and stable disease after 24 weeks) of 
77%, regardless of prior treatment number [87]. 
No treatment discontinuations existed at the 
data cutoff, with G3/4 AEs managed by dose 
reduction. Fatigue (64%), nausea (58%), ane-
mia (50%) and elevated ALT/AST (42%) were 
most common, without liver dysfunction evi-
dence. Primary endpoints were met, as were 
exploratory endpoints.

Patient enrollment is open for Study CO-338-
010 extensions to evaluate EOC patients with 
≥3 prior chemotherapy treatments, rucaparib 
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efficacy to treat any advanced solid tumor, 
inclusive of lymphoma, which is BRCAmut and 
the pharmacokinetics of a higher dose strength 
tablet in fed versus fasted states while maintain-
ing 600 mg b.i.d. dosages.

●● ARIEL2
ARIEL2, a novel international Phase II study 
to prospectively identify HRD tumors using 
Foundation Medicine’s NGS-based CDx, will 
evaluate PFS, ORR, safety and pharmacokinet-
ics in platinum-sensitive ovarian cancer patients 
with ≥1 chemotherapy regimen (Part 1; enroll-
ment complete) or ≥3 prior chemotherapy regi-
mens (Part 2; currently enrolling) based on the 
following tumor molecular subgroups; BRCAmut, 
BRCA-like and biomarker negative. The genomic 
scarring molecular signature established in Part 
1 will be prospectively applied to Part 2 and 
ARIEL3.

Tumor HRD status in Part 1 (n = 204) was: 
BRCAmut (20%); BRCA-like, defined as BRCAwt/
LOHhigh (40%); biomarker-negative, defined as 
BRCAwt/LOHlow (34%); and unclassified (6%). 
HRD status is pending for Part 2 (n = 300). 
Treatment-related AEs accounted for few Part 1 
discontinuations (6%; n = 10) due to anemia and 
fatigue. Rucaparib is well tolerated, and AEs were 
comparable between BRCAwt and BRCAmut, with 
a predominance of G1/2 nausea, asthenia/fatigue 
and elevated ALT/AST without alkaline phos-
phatase or bilirubin elevation. G3/4 AEs present 
in ≥5% of patients in Part 1 were: anemia (19%); 
elevated ALT/AST (11%); asthenia/fatigue (7%) 
and neutropenia (8%). Approximately 90% of 
patients experienced G1/2 creatinine increases 
without elevated BUN (see the ‘Safety & tol-
erability’ section for an explanation). Single 
and multiple dose reduction schedules will be 
e laborated in the future.

In ARIEL2 Part 1, rucaparib eff icacy 
in patients with platinum-sensitive tumors 
(n = 205) was evaluated [88]. ORRs by RECIST 
criteria were: BRCAmut (75%), BRCA-like (36%) 
and biomarker negative (16%). Median duration 
of responses (months; 95% CI) were: BRCAmut 
(9.5; 7.4–12.9), BRCA-like (8.2; 5.6–10.8) and 
biomarker negative (5.5; 2.1–7.4). Out of the 
152 BRCAwt patients, four had RAD51C altera-
tions (germline truncation, somatic homozygous 
deletion and two germline splice), all of which 
were LOHhigh. Partial responses were evident in 
the RAD51C truncation and homozygous dele-
tion tumors, and one partial response and one St
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stable disease outcome existed in the two splice-
based mutations. Median PFS results (months; 
95% CI) were: BRCAmut (12.8; 9.0–NR), 
BRCA-like (5.7; 5.2–7.6) and biomarker nega-
tive (5.3; 3.5–7.1). Subgroup efficacy data were 
compared (HR; 95% CI; p-value): BRCAmut ver-
sus biomarker negative tumors (0.22; 0.12–0.40; 
p < 1 × 10-4) and BRCA-like versus biomarker 
negative tumors (0.67; 0.45–0.99; p = 0.0445). 
Preliminary Part 1 data suggest a robust abil-
ity of comprehensive genomic analysis to iden-
tify rucaparib-sensitive ovarian cancer patients. 
Completed Part 2 data are not yet available.

●● ARIEL3
ARIEL3 (NCT01968213) will evaluate ruca-
parib switch maintenance after response to 
platinum-based therapy in a Phase III, double-
blinded, randomized study of EOC patients to 
serve as a confirmatory study for NDA approval. 
RECIST v1.1 will evaluate investigator-assessed 
PFS as the primary end point, with secondary 
endpoints of OS, safety and pharmacokinetics. 
Patients will be stratified into three groups by 
the NGS-based HRD signature assay, with PFS 
analyzed according to LOH status. Enrollment 
(approximately 540 patients) is on target to be 
completed in 2Q 2016.

Safety & tolerability
The synthetic lethality mechanism of action 
may protect against severe PARPi toxicity. 
Noncancerous cells in BRCAwt patients are 
capable of homologous recombination, and are 
less likely to be susceptible to rucaparib-induced 
AEs. In line with other PARPi side effects, AEs 
were primarily GI related, and were manage-
able with dose modification and concomitant 
treatment.

G3/4 events were primarily laboratory abnor-
malities (anemia, neutropenia and elevated ALT/
AST), which subsided upon supportive care and 
treatment modifications. A lack of alkaline phos-
phatase and bilirubin increase is a favorable obser-
vation in regard to hepatic toxicity. Creatinine 
elevation did stall some treatment deliveries. 
Elevation of serum creatinine, a surrogate marker, 
is due to transporter inhibition by rucaparib and 
olaparib, with elevation resolving upon treatment 
interruption. Rucaparib is likely to inhibit uptake 
and eff lux transporters, as olaparib  inhibits 
OCT1, OCT2, MATE1 and MATE2-K [89].

Other rucaparib safety parameters are note-
worthy. Myelosuppression is of concern for all 

PARPis, as demonstrated by olaparib clini-
cally [53]. However, no instances of MDS or 
AML have been reported for rucaparib to date. 
The transporters ABCG2 and ABCB1/P-gp/
MDR1 efficiently efflux rucaparib in vitro [90]. 
A consequence of MDR1 efflux susceptibility 
is that rucaparib delivery to the central nervous 
system is limited [91].

Regulatory affairs
Rucaparib received US FDA Breakthrough 
Therapy designation in April 2015.

Conclusion
Rucaparib is a potent inhibitor of PARP1/2/3 
with synthetic lethality in BRCA-mutated and 
BRCA-like tumors. Although not the most bio-
chemically potent PARPi available, the thera-
peutic window is sufficiently ample to allow 
targeted therapy with minimal toxicity to non-
tumor cells. Out of all PARPis under develop-
ment, rucaparib shows unique promiscuous 
binding to tankyrase, which may enhance its 
clinical efficacy over its competition. Preclinical 
studies showed antitumor activity in a variety 
of solid tumors, which was confirmed in clini-
cal trials. In humans, a favorable toxicity profile 
was observed, and primarily limited to fatigue, 
asthenia and GI side effects, which were relieved 
with supportive care and dosage modification. 
Rucaparib’s robust activity in ARIEL2 Part 1 
is an exciting prospect for subsequent ARIEL 
studies.

Foundation Medicine’s NGS-based CDx 
and Myriad’s BRACAnalysis CDx are limited, 
as defects are restricted to known genetic aber-
rations; contrarily, myChoice HRD provides 
a sense of genomic instability regardless of 
etiology. However, in regard to identifying 
the most deleterious mutations with excel-
lent sensitivity and specificity in the current 
time, FoundationOne assesses samples supe-
riorly. The ability of the NGS-based CDx to 
prospectively identify BRCAwt patients with 
high G

LOH
 offers further utility for rucaparib 

beyond BRCAmut patients, and provides an 
additional line of treatment – as monotherapy, 
switch maintenance and/or in combination 
with other chemotherapeutics – for advanced, 
recurrent ovarian cancer patients. With an 
effective CDx, dependence on BRCA status 
becomes less important, and identification of 
patients likely to benefit from PARPi therapy 
increases.
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EXECutivE SuMMaRY
 ●  Rucaparib camsylate (CO-338; 8-fluoro-2-{4-[(methylamino)methyl]phenyl}-1,3,4,5-tetrahydro-6H-azepino[5,4,3-cd]

indol-6-one ((1S,4R)-7,7-dimethyl-2-oxobicyclo[2.2.1]hept-1-yl)methanesulfonic acid salt), developed by Clovis 
Oncology, is a potent oral inhibitor of poly(ADP-ribose) polymerase 1, 2 and 3 (PARP1, PARP2, PARP3). Rucaparib has a 
synthetically lethal mechanism of action in homologous recombination deficient (HRD) tumors.

 ●  Rucaparib is under development for treatment of recurrent ovarian cancers with BRCA mutation(s) or a BRCA-like 
phenotype using a next-generation sequencing (NGS)-based companion diagnostic (CDx) that quantifies tumor 
genomic loss of heterozygosity (LOH).

Overview of the market

 ●  Several PARP inhibitors, such as olaparib (AZD2281, Lynparza®, AstraZeneca), niraparib (MK4827, Tesaro), and veliparib 
(ABT-888, Abbvie), have shown therapeutic efficacy in ovarian cancer Phase II clinical trials. Rucaparib, along with other 
PARPis, exhibits synthetic lethality and PARP trapping primarily by catalytic inhibition, and are all sensitizers to DNA 
alkylating agents.

 ●  Talazoparib (BMN673, Medivation), a highly potent PARPi with favorable selectivity of HRD tumor cells in vitro, is 
currently under investigation in clinical trials as monotherapy and in combination studies.

 ●  Olaparib and Myriad Genetics’ BRACAnalysis CDxTM tests for germline BRCA mutants have been approved by the US 
FDA for fourth-line treatment of advanced ovarian cancer, and by the EC for maintenance treatment of platinum-
sensitive, relapsed BRCA-mutated ovarian cancer. Niraparib and talazoparib are under development with Myriad 
Genetics’ myChoice HRDTM test for HRD by measuring LOH, telomeric allelic imbalance and large-scale state transitions.

 ●  Differing from other PARPis, rucaparib has been shown to clinically inhibit progression of BRCAwt patients, and has 
increased vasoactivity by myosin light chain kinase inhibition.

 ●  In regard to PARPi resistance, the effects of P-gp or HSP90 inhibitors, and also the restoration of 53BP1 expression to 
prevent RPA loading and subsequent HR of ssDNA breaks, are of interest.

 ●  Sensitizing de novo and acquired HR proficient tumors to PARPi by inhibiting BRCA1 phosphorylation with CDK1 
inhibitors, angiogenesis with VEGFR blockers, BRCA1/2 expression with PI3K or AKT inhibitors and HR-associated gene 
expression with HDAC inhibitors may expand PARPi utility.

Pharmacodynamics & pharmacokinetics

 ●  PARP1 and PARP2 enzymatic IC50 for rucaparib (0.8 and 0.5 nM) are more favorable than olaparib (1.1 and 0.9 nM), with 
talazoparib showing the highest potency (PARP1 IC50 = 0.59 nM). The recommended Phase II dose is 600 mg orally 
twice daily rucaparib.

 ●  The most common adverse events of rucaparib are nausea, asthenia/fatigue, anemia and ALT/AST increase without 
elevation of alkaline phosphatase or bilirubin. Myelosuppression is an important consideration for PARPi usage, as 
illustrated by MDS and AML incidents following olaparib treatment.

 ●  Associated creatinine elevation is likely due to uptake and efflux transporter inhibition .

Clinical efficacy

 ●  A Phase II study of rucaparib in 205 patients with EOC (ARIEL2 Part 1) evaluated the clinical benefit of prospective 
comprehensive tumor genomic profiling based on NGS for BRCAmut, BRCA-like and biomarker-negative subgroups 
showed favorable PFS (9.4 vs 7.1 vs 3.7 months) and ORR by RECIST and CA-125 (75, 36 and 15%).

 ●  BRCA-like tumors were BRCAwt with high genomic LOH, with most responses occurring in RAD51C defective tumors. 
The hazard ratio for PFS in BRCA-like versus biomarker-negative subgroups is 0.67 [0.45–0.99], thereby demonstrating 
prospective identification of BRCAwt patients responsive to rucaparib.

 ●  Advantages in overall survival, safety and pharmacokinetics of rucaparib as fourth line treatment of platinum-sensitive 
ovarian cancer will be evaluated in a Phase II expansion study, in addition to a Phase III study of rucaparib efficacy as 
switch maintenance therapy.

Regulatory affairs

 ●  Rucaparib is the only PARP inhibitor to receive US FDA Breakthrough Therapy designation for third-line treatment of 
platinum-sensitive BRCA-mutated advanced ovarian cancer.
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