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ABSTRACT

In this analysis, we examined the relationship between progression-free
survival (PFS) and mutation status of 18 homologous recombination
repair (HRR) genes in patients in the non-germline BRCA-mutated
(non-gBRCAm) cohort of the ENGOT-OV16/NOVA trial (NCT01847274),
which evaluated niraparib maintenance therapy for patients with recur-
rent ovarian cancer. This post hoc exploratory biomarker analysis was
performed using tumor samples collected from 331 patients enrolled in
the phase III ENGOT-OV16/NOVA trial’s non-gBRCAm cohort. Niraparib
demonstrated PFS benefit in patients with either somatic BRCA-mutated
(sBRCAm;HR, 0.27; 95% confidence interval, CI, 0.08–0.88) orBRCAwild-
type (BRCAwt;HR, 0.47; 95%CI, 0.34–0.64) tumors. PatientswithBRCAwt
tumors with other non-BRCAHRRmutations also derived benefit from ni-
raparib (HR, 0.31; 95% CI, 0.13–0.77), as did patients with BRCAwt/HRRwt
(HRR wild-type) tumors (HR, 0.49; 95% CI, 0.35–0.70). When patients
with BRCAwt/HRRwt tumors were further categorized by genomic insta-

bility score (GIS), clinical benefitwas observed in patientswith homologous
recombination–deficient (GIS ≥ 42; HR, 0.33; 95% CI, 0.18–0.61) and in
patients with homologous recombination–proficient (HRp; GIS < 42; HR,
0.60; 95% CI, 0.36–0.99) disease. Although patients with sBRCAm, other
non-BRCAHRRmutations, or GIS≥ 42 benefited the most from niraparib
treatment, PFS benefit was also seen in HRp (GIS < 42) patients with-
out HRR mutations. These results support the use of niraparib in patients
with recurrent ovarian cancer regardless of BRCA/HRR mutation status or
myChoice CDx GIS.

Significance: We retrospectively evaluated the mutational profile of
HRR genes in tumor samples from 331 patients from the non-germline
BRCA-mutated cohort of the phase III NOVA trial of patients with
platinum-sensitive high-grade serous ovarian cancer. Patients with non-
BRCA HRR mutations generally benefited from second-line maintenance
treatment with niraparib compared with placebo.
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PARPi and HRR Mutations in Ovarian Cancer

Introduction
The PARP family of nuclear proteins is recruited to DNA repair complexes and
activated on sensing DNA single-strand breaks (SSB), playing a crucial role in
SSB repair (1). In the presence of a PARP inhibitor (PARPi), unrepaired SSBs
lead to stalled replication forks and accumulation ofDNAdouble-strand breaks
(DSB; ref. 2). In normal cells, DSBs are repaired effectively by a high-fidelity,
error-free DNA repair process called homologous recombination repair (HRR;
ref. 3). In cells with faulty HRR, called homologous recombination deficient
(HRd), such as those bearing BRCA mutations (BRCAm), PARP inhibition
induces accumulation of DNA DSBs, leading to the activation of nonhomol-
ogous end-joining pathway, an error-prone process to repair DNA DSBs; this
process results in chromosomal instability, cell-cycle arrest, and subsequent
apoptotic cell death (3). PARP inhibition also results in PARP–DNA complexes
by trapping PARP1/2 protein on theDNA, whichwill further intensify the DNA
replication fork damage. This synthetic lethality between PARP inhibition and
homologous recombination defects has served as the basis of PARPi therapy de-
velopment inmultiple solid tumors and is the best-characterizedmechanism of
action for these agents (4, 5). In addition, preclinical and clinical studies have
demonstrated that tumor cells that are homologous recombination proficient
(HRp)may also respond to PARPi, suggesting the utility of PARPi beyondHRd
tumors (6–9).

In addition toBRCA andBRCA, other genes play critical roles in orchestrating
the HRR process, including genes involved in DNA DSB recognition (7), initi-
ation of HRR (7), DNA resection (10), RAD51 filament strand invasion (11, 12),
DNA synthesis (12), andHolliday junction resolution (13). Defects in expressing
these HRR genes will impair the integrity of HRR and may confer sensitivity to
PARP inhibition. The sensitivity of tumors with HRR mutations (HRRm), in-
cluding BRCA, BRCA, PALB, and RADC, to PARPi has been reported in
preclinical research (14), as well as clinically (15, 16), across tumor types (Sup-
plementary Table S1). In ovarian cancer, analysis of samples from the ARIEL2
trial of rucaparib maintenance therapy found RADC and RADDmutations
as well as high-level BRCA promoter methylation to be associated with PARPi
sensitivity (17). However, the reported clinical evidence in ovarianmaintenance
with niraparib is limited.

The ENGOT-OV16/NOVA trial (NCT01847274) of niraparib maintenance
enrolled 553 patients with platinum-sensitive recurrent ovarian cancer who re-
sponded to the penultimate platinum-based chemotherapy: 203 in the germline
BRCAm (gBRCAm) (niraparib, n = 138; placebo, n = 65) and 350 in the
non-gBRCAm (niraparib, n = 234; placebo, n = 116) cohorts (7). Patients
in both cohorts experienced a statistically significant improvement in median
progression-free survival (mPFS) comparedwith those in the placebo arm [21.0
vs. 5.5 months in the gBRCAm cohort (HR, 0.27; 95% confidence interval, CI,
0.17–0.41) and 9.3 vs. 3.9 months in the overall non-gBRCAm cohort (HR, 0.45;
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95% CI, 0.34–0.61); P< 0.001 for both comparisons] (7). On the basis of the
results of the ENGOT-OV16/NOVA trial, niraparib became the first PARPi
approved for maintenance treatment of platinum-sensitive recurrent ovarian
cancer regardless of biomarker status.

Whereas the NOVA study used the BRACAnalysis assay (Myriad Genetics,
Inc.) to determine gBRCAm status for patient enrollment, the tissue-based
myChoice CDx (Myriad Genetics, Inc.) was used to determine tumor, or so-
matic, BRCAm status and genomic instability score (GIS). Patient tumors were
identified asHRd [somaticBRCAm(sBRCAm) and/orGIS≥ 42] orHRp (non-
sBRCAm and GIS < 42). Patients whose tumors were identified as HRd in
the non-gBRCAm cohort had longer mPFS in the niraparib arm than in the
placebo arm [12.9 vs. 3.8 months (HR, 0.38; 95% CI, 0.24–0.59)]. In addition,
patients in the niraparib arm who were identified as HRp had a significantly
longer mPFS than those in the placebo arm [6.9 vs. 3.8 months (HR, 0.58; 95%
CI, 0.36–0.92)] (7). These results potentially reflect the limitations of current
tests to reliably capture patients with genomic scarring and HR-deficient tu-
mors who could potentially benefit from therapy. In addition, they also suggest
that mechanisms independent of BRCAm or HRd may confer clinical benefit
with niraparib PARPi in ovarian cancer.

We performed a comprehensive retrospective analysis using tumor samples
collected from the non-gBRCAm cohort in the ENGOT-OV16/NOVA trial to
explore additional biomarkers or mechanisms that may predict sensitivity to
niraparib. The mutation status of the 18 HRR genes, including BRCA/, within
the Myriad HRD research assay (Myriad Genetics, Inc.) was evaluated as a
biomarker for niraparib.

Materials and Methods
Patients and Samples
Of the 553 patients enrolled in the ENGOT-OV16/NOVA trial, 350 patients
were in the non-gBRCAm cohort as determined by BRACAnalysis (Myriad
Genetics, Inc.), which uses blood or saliva samples to test for the presence of
deleterious or suspected deleterious germline BRCA/ mutations. Of the 350
patients in the non-gBRCAm cohort, 331 had archival tumor samples available
for additional tumor biomarker testing and were included in this analysis.

As part of the ENGOT-OV16/NOVA trial, myChoice CDx was performed on
tumor samples prior to database lock. The myChoice CDx test is an integrated
next-generation sequencing test assessing sBRCAm status and measuring
tumor genomic instability (18). Three algorithms were used to assess genomic
instability—loss of heterozygosity (LOH) profiles, telomeric allelic imbalance,
and large-scale state transitions—resulting in the myChoice CDx GIS, which
is the sum of the three individual scores (Supplementary Fig. S1). Although the
myChoice CDxGISs distribute along a continuum, patients were categorized as
either myChoice CDx HRD-positive (now called HRd) or HRD-negative (now
called HRp) according to the prespecified cut-off score of 42 and/or sBRCAm
presence (19). This analysis excludes patientswhowere enrolled in the gBRCAm
cohort of the trial, as determined by BRACAnalysis, regardless of HR status.

HRR Biomarker Test
The Myriad research-grade assay (Myriad Genetics, Inc.) was performed
on the 331 available patient tumor samples from the 350 patients in the
non-gBRCAm cohort to determine the mutation status of 18 HRR genes
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(ATM, ATR, BAP, BARD, BRCA, BRCA, BRIP, MREA, NBN, PALB,
RAD, RADB, RADC, RADD, RADB, RADL, XRCC, andXRCC).
Deleterious or suspected deleterious mutations were defined by Myriad
Genetics based on review of multiple lines of evidence.

Statistical Analysis
All statistical analyses in this article were post hoc. An exploratory analysis was
performed on the 331 patients from the non-gBRCAm cohort with available
tumor samples to determine HRR genemutation status. For the subgroup anal-
yses, we performed a two-sided log-rank test using the stratification factors
from randomization (best response to last platinum-based therapy,HRD status,
and time from penultimate platinum-based therapy to progression) to analyze
PFS, which was summarized using Kaplan–Meier methods. Patients were cen-
sored according to the methods used in the primary analysis (7). We estimated
HRs with two-sided 95%CIs using a stratified Cox proportional hazards model
with the stratification factors used in randomization.

HRs refer to the comparison of the niraparib armwith the placebo control arm.
Formal P-value correction for multiple testing was not applied, but the multi-
plicity was accounted for in the interpretation of results. This approach was
considered the most suitable given the exploratory nature of the analyses and
that themeasured biomarkers (BRCAm,HRRm, andmyChoice CDxGIS) were
selected on the basis of biological relevance.

Data Availability
All patients provided written informed consent as approved by an Institutional
Review Board, in accordance with ethical guidelines as described in the U.S.
Common Rule. As patients were not specifically consented for open-access ge-
nomic data, complete sequencing data, such as BAM files, cannot be shared
publicly. Anonymized individual participant data and study documents can be
requested for further research from www.clinicalstudydatarequest.com.

Results
Post hoc Classification of HRR Gene Mutation Status
Among Patients in the Non-gBRCAm Cohort of the
Phase III ENGOT-OV16/NOVA Trial
Baseline characteristics of the 331 patients from non-gBRCAm cohort with
known HRR status were included in this analysis are shown in Supplemen-
tary Table S2. Demographic and clinical characteristics were well balanced
in the niraparib and placebo arms. For exploratory purposes, patients whose
tumor contained a loss-of-function (LOF) mutation in at least one of the 18
HRR genes including BRCA/ were considered as HRRm (Supplementary
Fig. S1). Of the 331 tumor samples analyzed from the non-gBRCAm cohort, 283
(85.5%, 283/331) wereBRCAwild type (BRCAwt) with no detectable deleterious
or suspected deleterious mutation in BRCA/, and 48 (14.5%, 48/331) carried
deleterious or suspected deleterious somatic BRCA/ mutations (sBRCAm;
Supplementary Fig. S2A). Of the 48 patients with sBRCAm disease, 43 carried
biallelic sBRCAm (BRCAm and LOH event), 1 carried a monoallelic BRCAm,
and 4 carried BRCAm with unknown allelic status of the tumor (Supplemen-
tary Fig. S2B). Of the 283 patients in the BRCAwt subgroup, 41 (14.5%, 41/283)
had an LOF mutation in at least 1 non-BRCA HRR gene (non-BRCA HRRm;
Supplementary Fig. S2A). Among the 16 non-BRCA HRR genes evaluated in
this cohort, RADC was the most commonly mutated (n = 9), followed by
BRIP (n = 7), and the remaining genes had mutations observed in 5 or fewer

patients. None of the tested samples had mutated RADB or XRCC (Sup-
plementary Fig. S2A). When using OncoPrint plot to illustrate the mutational
spectrum at the patient level by different treatment groups, LOF mutations
in any of the other 16 non-BRCA HRR genes were rarely detected (2/48) in
the sBRCAm tumor samples (Supplementary Fig. S2B). One patient had both
BRCA and RADB mutations, and 1 patient had both BRCA and RAD L
mutations. Among patients with non-BRCAHRRm tumors, only 1 patient had
both RADC and BRIPmutation (Supplementary Fig. S2B).

Relationships Between GIS, BRCAMutation Status, and
Non-BRCA HRRm Status
The GIS histogram of the non-gBRCAm cohort showed a bimodal distri-
bution, and the current Myriad GIS cutoff of 42 separated the two modes
(Fig. 1A). All 43 sBRCAm samples with myChoice CDx GISs available for anal-
ysis had scores ≥33, and 37 had a GIS ≥ 42 (Fig. 1A). myChoice CDx GISs for
non-BRCA HRRm samples ranged from 2 to 79. Of the 36 patients with non-
BRCAHRRm tumors with available GIS, 25 had a GIS≥ 42 (Fig. 1A). sBRCAm
tumors had the highest medianGIS (Fig. 1B), non-BRCAHRRm tumors had an
intermediate median GIS, and BRCAwt/HRR wild-type (HRRwt) tumors had
the lowest median GIS (Fig. 1B).

Efficacy by sBRCAm Status Among Patients in
the Non-gBRCAm Cohort
Exploratory post hoc analysis of mPFS was performed to evaluate the benefit of
niraparib in patients with sBRCAm (Figs. 2 and 3). The HR of niraparib versus
placebo was 0.32 (95% CI, 0.09–1.11; mPFS, 20.9 vs. 11.0 months, �9.9 months)
in the 43 patients with biallelic sBRCAm (Figs. 2 and 3A), 0.27 (95% CI, 0.08–
0.88;mPFS, 20.9 vs. 11.0months;�9.9months) in the 48 patients with sBRCAm
(Figs. 2 and 3B), and 0.47 (95% CI, 0.34–0.64; mPFS, 7.4 vs. 3.9 months,
�3.5 months) in the 283 patients with BRCAwt tumors (Figs. 2 and 3C).

Efficacy by HRRm Status Among Patients with
BRCAwt Tumors
To evaluate whether other HRRms contributed to the clinical benefit of ni-
raparib observed in patients with BRCAwt tumors, an exploratory post hoc
analysis of mPFS was performed in subgroups of patients with or without other
HRRms in BRCAwt tumors. The HR of niraparib versus placebo was 0.31 (95%
CI, 0.13–0.77; mPFS, 6.2 vs. 3.8 months, �2.4 months) in the 41 patients with
non-BRCAm HRRm tumors (Fig. 4A) and 0.49 (95% CI, 0.35–0.70; 7.4 vs.
4.2 months, �3.2 months) in the 242 patients with BRCAwt/HRRwt tumors
(Fig. 4B). This result suggests that mutations in non-BRCA HRR genes
may impair HRR and sensitize patients to niraparib beyond BRCA/,
demonstrating similar positive predictive value to that of sBRCA mutation.
Nevertheless, patients with BRCAwt tumors, regardless of their HRR gene
mutation status, also benefit from treatment with niraparib. The positive
predictive value of mutations in at least one of the 16 HRR genes is simi-
lar to that of sBRCAm, as suggested by HRs of biomarker-positive cohorts,
BRCAwt/HRRm (HR, 0.31; 95% CI, 0.13–0.77) and sBRCAm (HR, 0.27; 95%
CI, 0.08–0.88), when comparing between the niraparib and placebo arms
(Figs. 2–4); however, neither biomarker demonstrates optimal negative predic-
tive value, as suggested byHRs of biomarker negative cohorts, BRCAwt/HRRwt
(HR, 0.49; 95% CI, 0.35–0.70) and BRCAwt (HR, 0.47; 95% CI, 0.34–0.64)
when comparing between the niraparib and placebo arms (Figs. 2–4). When
comparing niraparib and placebo, HRs of the biomarker-positive cohorts
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FIGURE 1 HRR status in the non-gBRCAm cohort of NOVA. A, GIS distribution by biomarker. B, GIS by biomarker. Of the 331 patients with HRR
results, 41 did not have a GIS available for analysis; 2 patients had both BRCA mutation and non-BRCA HRRm and were classified as sBRCAm. BRCAwt,
BRCA wild type; gBRCAm, germline BRCA mutated; GIS, genomic instability score; HRR, homologous recombination repair; HRRm, homologous
recombination repair mutated; HRRwt, homologous recombination repair wild type; sBRCAm, somatic BRCA mutated.

(BRCAwt/HRRm and sBRCAm, respectively) are smaller than HRs of the
biomarker-negative cohorts (BRCAwt/HRRwt and BRCAwt, respectively), but
HRs of both biomarker-negative cohorts are still statistically significant and less
than 1.

In a subanalysis of the 41 patients with non-BRCAHRRm tumors, the HR of ni-
raparib versus placebo was 0.22 (95% CI, 0.05–0.89; mPFS, 15.7 vs. 4.5 months,
�11.2 months) in the 18 patients with biallelic HRRm (Fig. 4C) and 0.91 (95%
CI, 0.35–2.34; mPFS, 4.8 vs. 3.7 months,�1.2 months) in the 23 patients whose
HRRms were monoallelic or had unknown allelic status (Fig. 4D). Because
non-BRCAHRR genes function differently within the HRR pathway, niraparib
treatment response was also evaluated in patients with tumor mutations in the
more well-characterized HRR genes known to contribute to HRD and PARPi
sensitivity (i.e., RADC, RADD, BRIP, and PALB) and patients with other,
less well-studiedHRRgenes. Although the data should be approachedwith cau-
tion because of the small sample size, the benefit of niraparib treatment was

more apparent in patients with mutations in well-known HRR genes than in
the other group (Supplementary Table S3).

Analysis of HRRms Against GISs Among Patients
in the NOVA Trial
A further exploratory post hoc analysis of mPFS was performed to evaluate the
predictive value of GIS, with 42 as the cutoff, in patients with BRCAwt/HRRwt
tumors. Niraparib treatment improvedmPFS in the 88 patients with a GIS≥ 42
(HR, 0.33; 95% CI, 0.18–0.61; mPFS, 9.3 vs. 3.8 months, �5.5 months; Fig. 5A).
Similarly, an improvement in mPFS was seen with niraparib treatment in the
123 patients whoseGISwas<42 [niraparib vs. placebo:HR, 0.60 (95%CI, 0.36–
0.99); mPFS, 7.2 vs. 4.2 months, �3.0 months; Fig. 5B]. Outcomes were also
examined byGIS in patients with non-BRCAHRRm tumors; however, the sam-
ple sizes for each subgroup were too small to draw conclusions (Supplementary
Table S4).
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Kaplan–Meier estimates of progression-free survival in the niraparib group and in the placebo group among patients with biallelic sBRCAm
(A), sBRCAm (B), and BRCAwt tumors (C). BRCAwt, BRCA wild type; gBRCAm, germline BRCA mutated; mPFS, median progression-free survival;
sBRCAm, somatic BRCA mutated.

Discussion
We conducted a comprehensive retrospective analysis of the phase III
NOVA/ENGOT-OV16 non-gBRCAm cohort, evaluating niraparib efficacy in
subgroups of patients across the spectrum of biomarker status, including all
combinations of sBRCA status, with or without a HRRm, and myChoice CDx–
identified GIS status. We observed a statistically significant and clinically
meaningful benefit of niraparib treatment in the broad NOVA patient popula-
tion regardless of the biomarker status. These results are consistent with results
from the NOVA clinical trial and demonstrate a continuum of benefits across
biomarkers, with the highest sensitivity in patients with deleterious BRCAm,
followed by those with myChoice CDx HRd tumors, and those with myChoice
CDx HRp tumors (7, 20). Although HRRm in BRCAwt tumors was associated
with higher sensitivity to niraparib, wewere unable to determine any biomarker
that could identify a patient subset that did not show a clinical benefit. Given
these results, although the myChoice CDx GIS may help to estimate the mag-
nitude of benefit from maintenance treatment with niraparib, the benefit-risk
ratio of this testing is low in this patient population, especially when the failure
rate of the test is high (17% in the ENGOT-OV16/NOVA trial).

In this analysis, assessment of the HRR genemutation status in NOVA revealed
several interesting findings. At the patient level, evaluation of the mutational
spectrum found that LOF mutations in any of the other 16 non-BRCA HRR
genes were rare in sBRCAm tumor samples, potentially indicating a mutual
exclusivity between BRCA and other HRRms in some cases. In terms of the re-
lationship between HRRm status and GIS, 25 of 36 patients with non-BRCA
HRRm tumors had a GIS ≥ 42. This observation is consistent with previ-
ous findings from Study 19 (21) and might be explained by the myChoice
CDx GIS cutoff of 42, which captures 95% of BRCA/ mutations in breast
and ovarian cancer. In patients with non-BRCA HRRm tumors, the results
suggest that patients with biallelic HRRmsmay show higher sensitivity to nira-
parib. This finding is consistent with the hypothesis that most non-BRCAHRR
genes would require only one intact copy to be functional, which is similar to
BRCA/.

Mechanistically, the responses seen in patients with BRCAwt/HRRwt tumors
could be potentially explained in several ways. BRCA and HRR mutational
profiling does not capture promoter methylation. Promoters of BRCA and
RADC are frequently methylated in ovarian cancer, which results in a “BR-
CAness” phenotype that confers sensitivity to PARPis. BRCA and RADC
promoter methylations are often reported to be mutually exclusive with mu-
tation events (22). Alternatively, the efficacy of niraparib could be explained
via a DNA repair–independent effect. PARP1/2 are known to have pleotropic
effects that extend beyond DNA repair, and there is growing evidence that
PARP-mediated actions impact tumor cell proliferation and viability via alter-
native mechanisms of action such as PARP-regulated gene transcription (23),
ribosome biogenesis (24), and immune activation (25). The efficacy seen with
niraparib in BRCAwt/HRRwt/HRp tumors could be the result of a functional
HR deficiency not identified by either the BRCA/HRR mutational analysis or
the myChoice CDx HRD test. The myChoice CDx assay is based on capturing
genomic scarring resulting from past HR deficiency events, which may not al-
ways reflect the current homologous recombination status of the tumor (26). In
this analysis, the inability to discern between past genomic scarring and current
functional homologous recombination deficiency status could also have been
exacerbated by the archival nature of the tumor samples used for testing. The
archival samples may not have been reflective of the homologous recombina-
tion status of the tumor at the time of niraparib treatment.Moreover, myChoice
CDx genomic scarring is based on large structural chromosomal instabilities
that donot include the additional genomic features associatedwith homologous
recombination deficiency, such as mutational signatures and microhomology
deletion.

When the NOVA trial was designed, the myChoice CDx test was not an ap-
proved diagnostic test, and BRACAnalysis was used to assign cohorts during
randomization. A key difference between BRACAnalysis and myChoice CDx
is that BRACAnalysis only detects germline mutations in BRCA, whereas the
BRCA portion of myChoice CDx detects both germline and somatic mutations
(in addition to the genomic scarring score). Therefore, it was not surprising that
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FIGURE 4 Clinical benefit of niraparib in patients with non-BRCA HRRm versus patients with BRCAwt/HRRwt tumors in the NOVA non-gBRCAm
cohort. Kaplan–Meier estimates of PFS in the niraparib group and in the placebo group among patients with non-BRCA HRRm (A), BRCAwt/HRRm (B),
non-BRCA biallelic HRRm (C), and non-BRCA monoallelic or unknown allelic status HRRm tumors (D). BRCAwt, BRCA wild type; gBRCAm, germline
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progression-free survival.

a number of patients with sBRCAmwere detected in this post hoc analysis. The
results from a randomized phase III trial of niraparib in patients with newly di-
agnosed ovarian cancer (PRIMA/ENGOT-OV26/GOG-3012) were published
recently (6). PRIMA used the myChoice CDx test during randomization, and
therefore patients with sBRCAm have been identified and classified as BRCAm
and included in the HRd subgroup of that trial. We would expect the results
from this analysis—that even patients with GIS < 42 and no known HRR
gene mutations benefit from niraparib as maintenance treatment—to be true

for PRIMA, and that <1% of patients classified as HRp in the PRIMA trial
would have a biallelicBRCAm(germline or somatic), consistentwith the known
parameters of the myChoice CDx test and the results from this analysis. In
PRIMA, patients with HRd disease had a HR of 0.43 (95% CI, 0.31–0.59), and
patients with HRp disease had a HR of 0.68 (95% CI, 0.49–0.94; ref. 6).

There are some important limitations of these results. This was an ex-
ploratory post hoc analysis and was not designed or powered to draw definitive
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conclusions on this topic. All HRR gene mutations are not expected to con-
tribute equally to HR pathway deficiency. However, because the number of
patients with any given HRR gene mutation was small, it was not feasible to
assess the potential impact of each gene individually. The heterogeneous na-
ture of non-BRCA HRR genes also may have contributed to the large 95% CI
observed for HRs for patients with non-BRCA HRRm tumors. In addition,
the myChoice CDx also has its limitations and may have failed to identify all
patients with HR-deficient status. Small sample sizes must also be taken into
consideration for the different subgroup analyses. Because the number of pa-
tients in each subgroup was small and not always evenly distributed between
treatment arms, the 95% CIs for the HRs for several subgroups were quite
large. Accordingly, caution should be used when extrapolating results to other
patient populations. In addition, NOVA only enrolled patients who were plat-
inum sensitive to their penultimate platinum-containing regimen. Because the
platinum-free treatment interval following first-line treatment is an important
predictor of responsiveness to subsequent treatment (27, 28), the selection of
likely responders in NOVA may limit the generalizability of the HRR findings.
Future studies to prospectively test the impact ofHRRgenemutations onPARPi
efficacy (generally and on a per-gene basis) will be important to validate these
results.

The results presented here demonstrate the continuum of niraparib efficacy
across the different biomarkers in the NOVA study. Patients with sBRCAm,
other BRCA HRRms, or HRD score ≥42 benefitted the most from niraparib
treatment. However, significant PFS benefit was also seen in HRp (HRD score
<42) patients without HRRms. The results presented here support the use of
niraparib in patients with recurrent ovarian cancer regardless of BRCA/HRRm
status or myChoice CDx GIS, as all studied subgroups demonstrated a clinical
benefit with niraparib when compared with placebo.
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