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H I G H L I G H T S G R A P H I C A L A B S T R A C T
• Age-based analysis of the efficacy and
safety of niraparib first-line mainte-
nance therapy in the phase 3 PRIMA
trial.

• Niraparib first-line maintenance treat-
ment improved median progression-
free survival compared with placebo
regardless of age.

• The incidences of any-grade and grade
≥3 treatment emergent adverse events
were generally similar across all age
subgroups.

• The individualized starting dose
reduced grade ≥3 hematological
treatment-emergent adverse events
across all age subgroups

• Niraparib did not negatively impact
health-related quality of life (HRQOL),
and HRQOL was similar regardless of
age.
aIncludes thrombocytopenia and platelet count decreased. bIncludes anemia, hematocrit decreased, hemoglobin decreased, red blood cell decreased, and macrocytic anemia. 1L, first-line; BICR, blinded independent central review; FSD, fixed starting dose; HRQOL, health-related quality of life; HRD, homologous recombination deficiency; ISD, individualized starting dose; 
Nir, niraparib; PBO, placebo; TEAE, treatment-emergent adverse event; y, year.
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Objective. To evaluate the impact of age on the efficacy and safety of niraparib first-line maintenance therapy
in patients with newly diagnosed advanced ovarian cancer with a complete/partial response to first-line
platinum-based chemotherapy.

Methods. Post hoc analysis of the phase 3 PRIMA/ENGOT-OV26/GOG-3012 study (NCT02655016). Patients in
the intent-to-treat population were categorized according to age at baseline (<65 years vs ≥65 years), and
progression-free survival (PFS), safety, and health-related quality of life (HRQOL) were evaluated for each age
subgroup (clinical cutoff date, May 17, 2019). Safety findings were also evaluated according to a fixed starting
dose (FSD) or an individualized starting dose (ISD).

Results. Of 733 randomized patients, 289 (39.4%) were ≥65 years (190 niraparib, 99 placebo) at baseline.
Median PFS (niraparib vs placebo) and hazard ratios (95% CI) were similar in patients aged <65 years (13.9 vs
8.2 months; HR, 0.61 [0.47–0.81]) and ≥65 years (13.7 vs 8.1 months; HR, 0.53 [0.39–0.74]). The incidences of
any-grade and grade ≥3 treatment-emergent adverse events (TEAEs) were similar across age subgroups; in
the niraparib arm, TEAEs leading to dose discontinuation occurred in 7.8% of patients <65 years and 18.4% of
patients ≥65 years. ISD use lowered the incidence of grade ≥3 thrombocytopenia events in niraparib-treated pa-
tients compared with the FSD (<65 years: 42.8% vs 18.0%; ≥65 years 57.0% vs 26.1%). HRQOL was comparable
across age subgroups.

Conclusion.Niraparib efficacy, safety, and HRQOL were generally comparable across age subgroups, although
patients ≥65 years had a higher rate of discontinuations due to TEAEs. ISD use reduced grade ≥3 thrombocytope-
nia events regardless of age.

© 2024 Published by Elsevier Inc.
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1. Introduction

Age is a well-established risk factor for ovarian cancer (OC), and in-
cidence rates for OC increase with age worldwide [1,2]. In the United
States, the median age for diagnosis of OC is 63 years, and approxi-
mately one-fifth of patients with OC are ≥75 years of age [3]. Increased
age and factors associatedwith advanced age, including advanced Inter-
national Federation of Gynecology and Obstetrics (FIGO) stage, comor-
bidity status, and poor tumor cytoreducibility, have all been shown to
be independent prognostic factors for survival in patients with OC
[4–6]. Although patients with germline BRCA-mutated (BRCAm) disease
tend to be diagnosed at a younger age than patients with BRCA
wild-type (BRCAwt) disease overall, this difference appears to be driven
primarily by patients with BRCA1mutations [7,8].

Poor survival outcomes in older patients with OC are well docu-
mented, and studies indicate that these patients often receive subopti-
mal treatment compared with younger patients [9–11]. Although the
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reasons for potential suboptimal treatment in older patients are
complex, concerns regarding tolerability are often foremost despite ev-
idence supporting the use of both cytoreductive surgery and chemo-
therapy irrespective of age at diagnosis [9,10,12]. In a registry-based
analysis of patients with advanced-stage epithelial OC, combination
therapy use increased over time in patients aged 70–79 years
and ≥80 years who received active treatment (2002–2004 vs
2008–2010) but remained lower than patients <70 years of age [13].

With the expansion of the OC treatment landscape to include
maintenance treatment with poly(ADP-ribose) polymerase (PARP)
inhibitors, it has become important to understand the tolerability and
efficacy of these agents across age subgroups in both the primary and
recurrent treatment settings. The PARP inhibitor niraparib was first
evaluated in patients with platinum-sensitive recurrent OC in the
ENGOT-OV16/NOVA (NOVA) trial [14]. In NOVA, niraparibmaintenance
therapy extended progression-free survival (PFS) compared with pla-
cebo [14], did not negatively impact health-related quality of life
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(HRQOL) [15], and had similar efficacy and safety in patients aged
<70 years and patients aged ≥70 years [16]. Subsequently, niraparib
was evaluated in the first-line setting in the PRIMA/ENGOT-OV26/
GOG-3012 (PRIMA) trial. In PRIMA, maintenance treatment with the
PARP inhibitor niraparib improved PFS compared with placebo in
patients with newly diagnosed OC who responded to first-line
platinum-based chemotherapy (PBC) regardless of biomarker status
[17]. In this post hoc analysis of PRIMA, we evaluated the impact of
age on the efficacy and safety of niraparib first-line maintenance
therapy.

2. Methods

2.1. Study design

The study design and primary analysis results from PRIMA have
been published previously [17]. Briefly, PRIMA is a double-blind,
placebo-controlled phase 3 trial that evaluated niraparib in patients
aged ≥18 years with newly diagnosed, advanced, high-grade serous or
endometrioid ovarian, primary peritoneal, or fallopian tube cancer,
with a complete or partial response to first-line PBC. All patients were
required to provide tumor samples for homologous recombination
(HR) testing (myChoice® HRD test; Myriad Genetics, Inc., Salt Lake
City, UT) and were eligible regardless of test results. Within 12 weeks
of the first day of the last cycle of chemotherapy, patients were random-
ized 2:1 to receive either niraparib or placebo orally once daily (QD) in
28-day cycles until progressive disease or intolerable toxicity. At study
start (July 2016), patients initially received a fixed starting dose (FSD)
of 300mgQD. Following a protocol amendment in November 2017, pa-
tients received an individualized starting dose (ISD) based on baseline
body weight and baseline platelet count (200 mg QD for patients with
body weight <77 kg or platelet count <150,000/μL; 300 mg QD for pa-
tients with body weight ≥77 kg and platelet count ≥150,000/μL). PFS
assessed by blinded independent central review (BICR)was the primary
efficacy endpoint. PRIMA was conducted in accordance with the tenets
of the Declaration of Helsinki, Good Clinical Practices, and all local laws
under the auspices of an independent data and safety monitoring
committee; all patients gave informed written consent [17].

2.2. Outcomes

The primary objective of this post hoc analysis was to assess the effi-
cacy, safety, and HRQOL in patients who received niraparib first-line
maintenance treatment within each age subgroup. Patients were
categorized by age at baseline, and 2 different age splits were examined
based on a review of the clinical literature [16,18–22]: <65 vs ≥65 years
and <75 vs ≥75 years. Duration of PFS assessed by BICR was a
prespecified trial endpoint andwas defined as time from randomization
to earliest date of objective disease progression. Progression was
assessed by computed tomography or magnetic resonance imaging
every 12 weeks until treatment discontinuation according to Response
EvaluationCriteria in Solid Tumors, version1.1 (RECIST v1.1) [23]. Safety
was assessed by age subgroup for treatment-emergent adverse events
(TEAEs) reported in ≥20% of niraparib-treated patients for any age sub-
group and by starting dose (FSD vs ISD) for medically important TEAEs
of interest: thrombocytopenia, anemia, neutropenia, and hypertension.
Adverse events were graded according to the National Cancer Institute
Common Terminology Criteria for Adverse Events, version 4.03.

PatientHRQOLwas a prespecified secondary endpoint andwas eval-
uated using the European Organisation for the Research and Treatment
of Cancer Quality of Life Questionnaire Core Questionnaire (EORTC-
QLQ-C30) [24–27], the EORTC OC module (EORTC-QLQ-OV28)
[26,28,29], the Functional Assessment of Cancer Therapy Ovarian Symp-
tom Index (FOSI) [30,31], and the EQ-5D-5L [32,33]. Patient-reported
outcome (PRO) assessments were performed at baseline (defined as
the most recent measurement prior to the first administration of the
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study drug including day 1 of cycle 1), every 8 weeks (±7 days) for
56 weeks, and every 12 weeks (±7 days) thereafter while receiving
study treatment. PRO assessments were also collected at the time of
treatment discontinuation and at 4, 8, 12, and 24 weeks after the last
dose of study treatment.

2.3. Statistical analysis

PFS was analyzed with a stratified log-rank test using stratification
factors from randomization and summarized using Kaplan-Meiermeth-
odology. Hazard ratios with 95% CIs were estimated using a stratified
Cox proportional hazards model, with stratification factors used in
randomization (best response to first-line therapy [complete or partial
response], receipt of neoadjuvant chemotherapy [yes or no], and
tumor HR deficiency status [HR deficient (HRd) versus HR proficient
(HRp) or HR not determined]). Multivariate Cox proportional hazards
models were used to identify independent patient characteristics asso-
ciated with PFS in patients <65 years and patients ≥65 years who re-
ceived niraparib; this analysis was not performed in patients aged
<75 years versus ≥75 years because of the small number of patients
≥75 years. Variables included in the initial model were Eastern Cooper-
ative Oncology Group performance status (ECOG PS) scores (0 vs 1),
FIGO disease stage (III vs IV), postoperative residual disease status
(visible vs no visible residual disease), and all stratification factors
used in randomization. A backward selection procedure was used, and
only variables with a significance level <5% were selected for the final
model.

For all PROs, least squares (LS) mean change from baseline was esti-
mated using a mixed-effects model for repeated measures to adjust for
data variability (detailed methods published previously, see Pothuri B
et al. Gynecol Oncol, 2024;184:168–177. for additional details [34]). LS
mean change from baseline (95% CI) over time data are reported for
EORTC-QLQ-C30 (global health and overall QOL), EORTC-QLQ-OV28
(abdominal/gastrointestinal symptoms), FOSI, and EQ-5D-5L (visual an-
alog scale [VAS]). Additional EORTC QLQ-C30 data for select functional
scales (physical function) and symptom domains (fatigue, nausea and
vomiting, pain, appetite loss, constipation, and diarrhea) are reported
for patients <65 years and ≥65 years only; data are not reported for pa-
tients <75 years and ≥75 years because the small number of patients
aged ≥75 years resulted in a level of variability that precludedmeaning-
ful interpretation of the results. This was a post hoc analysis, and the
study was not powered to determine a treatment difference across age
subgroups for evaluated endpoints. All analyses were conducted using
data from the primary analysis data cut with a clinical cutoff date of
May 17, 2019, and were performed using SAS® 9.4 (Cary, NC).

3. Results

3.1. Patient population

The median age at baseline was 62 years (minimum, 32 years; Q1,
54 years; Q3, 69 years; maximum, 88 years). Of 733 randomized pa-
tients, 289 (39.4%) were aged ≥65 years and 76 (10.4%) were aged
≥75 years. Because of the limited number of patients aged ≥75 years
(54 niraparib, 22 placebo), this analysis focused on patients aged
<65 years (297 niraparib, 147 placebo) and patients aged ≥65 years
(190 niraparib, 99 placebo). When available, results from the 75-year
cutoff analysis are presented in the supplemental appendix.

The baseline demographic and clinical characteristics for the overall
PRIMA population have been previously published [17]. Patient charac-
teristicswere generally similar between age subgroups for disease stage
at baseline, best response to first-line PBC, postoperative residual dis-
ease, and tumor BRCA2 mutation status. Compared with patients aged
<65 years, a higher percentage of patients aged ≥65 years had ECOG
performance status score of 1 (niraparib, 10.8% difference; placebo,
6.8% difference), neoadjuvant chemotherapy (niraparib, 8.1%



Table 1
Baseline characteristics of the study population (<65 years and ≥65 years).

Characteristic, n (%) Niraparib Placebo

<65 years (n = 297) ≥65 years (n = 190) <65 years (n = 147) ≥65 years (n = 99)

ECOG PS score
0 218 (73.4) 119 (62.6) 108 (73.5) 66 (66.7)
1 79 (26.6) 71 (37.4) 39 (26.5) 33 (33.3)
FIGO stage
III 192 (64.6) 126 (66.3) 89 (60.5) 69 (69.7)
IV 105 (35.4) 64 (33.7) 58 (39.5) 30 (30.3)
Best response to 1L PBC
Complete response 206 (69.4) 131 (68.9) 102 (69.4) 70 (70.7)
Partial response 91 (30.6) 59 (31.1) 45 (30.6) 29 (29.3)
NACT
Yes 187 (63.0) 135 (71.1) 93 (63.3) 74 (74.7)
No 110 (37.0) 55 (28.9) 54 (36.7) 25 (25.3)
Postoperative macroscopic residual disease status
No visible residual disease 132 (44.4) 92 (48.4) 69 (46.9) 48 (48.5)
Visible residual disease 137 (46.1) 83 (43.7) 71 (48.3) 41 (41.4)
Missing/data not available 28 (9.4) 15 (7.9) 7 (4.8) 10 (10.1)
Tumor homologous recombination status
HRd 173 (58.2) 74 (38.9) 88 (59.9) 38 (38.4)
HRp 88 (29.6) 81 (42.6) 41 (27.9) 39 (39.4)
HRnd 36 (12.1) 35 (18.4) 18 (12.2) 22 (22.2)
Tumor BRCA status
BRCAm 109 (36.7) 43 (22.6) 54 (36.7) 17 (17.2)
BRCA1 88 (29.6) 17 (8.9) 36 (24.5) 7 (7.1)
BRCA2 21 (7.1) 26 (13.7) 18 (12.2) 10 (10.1)

Abbreviations: 1L= first-line, ECOG=Eastern Cooperative Oncology Group, FIGO= International Federation of Gynecology and Obstetrics, HRd=homologous recombination deficient,
HRnd = homologous recombination not determined, HRp = homologous recombination proficient, NACT = neoadjuvant chemotherapy, PBC = platinum-based chemotherapy, PS =
performance status.
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difference; placebo, 11.4%difference); HRp tumors (niraparib, 13.0% dif-
ference; placebo, 11.5% difference; Table 1). Conversely, a higher per-
centage of patients aged <65 years had tumors with BRCA1 mutations
than patients aged ≥65 years (niraparib, 20.7% difference; placebo,
17.4% difference). Baseline characteristics for patients using the 75-
year cutoff are shown in Table S1.

3.2. Efficacy

Niraparib efficacy was similar in patients aged <65 years and in
patients aged ≥65 years, with longer median PFS (mPFS) in niraparib-
treated patients than in placebo-treated patients. In patients aged
P
haza

(95

PlaceboNiraparib

n/N
mPFS,
months

mPFS,
monthsn/N

<65 years
0.61 (08.286/14713.9136/297All patients

0.50 (011.545/8819.659/173HRd

0.73 (05.428/415.857/88HRp

≥65 years
0.53 (08.169/9913.796/190All patients

0.25 (08.228/38NR22/74HRd

0.51 (05.328/398.254/81HRp

Fig. 1. Efficacy (PFS) outcomes by age (<65 years and ≥65 years) and HRD status.
Abbreviations: HRD = homologous recombination deficiency, HRd = homologous recombi
reached, PFS = progression-free survival.
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<65 years, the mPFS was 13.9 months in the niraparib arm compared
with 8.2 months in the placebo arm (hazard ratio, 0.61; 95% CI,
0.47–0.81); in patients aged ≥65 years, the mPFS was 13.7 months in
the niraparib arm and 8.1 months in the placebo arm (hazard ratio,
0.53; 95% CI, 0.39–0.74; Fig. 1). PFS results also favored niraparib in
patients aged <75 and ≥75 years in the overall population (Fig. S1). In
patients with HRd tumors, the benefit of niraparib compared with pla-
cebo was maintained in both age subgroups; for patients <65 years,
the hazard ratio was 0.50 (95% CI, 0.34–0.74), and for patients
≥65 years, the hazard ratio was 0.25 (95% CI, 0.14–0.46). In patients
with HRp tumors, PFS hazard ratios were 0.73 (95% CI, 0.45–1.17) for
patients aged <65 years and 0.51 (95% CI, 0.32–0.84) for patients aged
FS
rd ratio
% CI) Hazard ratio

.47–0.81)

.34–0.74)

.45–1.17)

.39–0.74)

.14–0.46)

.32–0.84)

0.500 1.000 2.0000.250

Niraparib better Placebo better

0.125

nation deficient, HRp = homologous recombination proficient, m = median, NR = not



Table 2
Summary of TEAEs and dose reductions, interruptions, and discontinuations by treatment arm and age (<65 years and ≥65 years).

Niraparib Placebo

<65 years (n = 294) ≥65 years (n = 190) <65 years (n = 145) ≥65 years (n = 99)

Treatment exposure, months
Median treatment exposure 11.2 9.7 8.3 8.3
Median duration of follow-up 15.1 14.6 14.8 14.2
TEAE summary, n (%)
Any TEAE 289 (98.3) 189 (99.5) 136 (93.8) 88 (88.9)
Any grade ≥3 TEAE 203 (69.0) 138 (72.6) 28 (19.3) 18 (18.2)
Any serious TEAE 88 (29.9) 68 (35.8) 18 (12.4) 14 (14.1)
Any TEAE leading to death 2 (0.7) 0 0 1 (1.0)
Any TEAE leading to dose interruption 233 (79.3) 152 (80.0) 28 (19.3) 16 (16.2)
Any TEAE leading to treatment discontinuation 23 (7.8) 35 (18.4) 4 (2.8) 2 (2.0)

Abbreviations: TEAE = treatment-emergent adverse event.
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≥65 years (Fig. 1). In themultivariate analysis of PFS in patients who re-
ceived niraparib, tumor HRd status remained in the model after back-
ward selection and was significantly associated with improved PFS in
both age subgroups (P < 0.0001; Table S2). In patients aged ≥65 years
who received niraparib, best response to first-line treatment (complete
vs partial response)was also retained in themodel andwas significantly
associated with improved PFS (P = 0.0010).

3.3. Safety

The median duration of follow-up and the median treatment expo-
sure were similar in the <65-year and ≥65-year age subgroups
(Table 2). In each treatment arm, the incidences of any-grade and
grade ≥3 TEAEs were similar in patients aged <65 years and ≥65 years
(Table 2). In niraparib-treated patients, the incidence of serious TEAEs
was 29.9% and 35.8% in the <65-year and ≥65-year subgroups, respec-
tively. TEAEs leading to dose discontinuation in the niraparib arm oc-
curred in 7.8% of patients aged <65 years and 18.4% of patients aged
≥65 years. In the 35 patients aged ≥65 years who discontinued niraparib
because of a TEAE, 10 patients (28.6%) discontinued because of events
that were grade 1 or 2 in severity (see Table S3 for additional details
on TEAEs leading to niraparib discontinuation in patients aged
≥65 years). Results were similar when patients were assessed using
the 75-year cutoff (Tables S3 and S4).

In patients aged <65 years and ≥65 years, the most common any-
grade TEAEs in the niraparib arm were thrombocytopenia, anemia,
and nausea (Fig. 2). The most common grade ≥3 TEAEs with niraparib
treatment were thrombocytopenia (<65 years, 34.4%; ≥65 years,
45.8%), anemia (<65 years, 33.3%; ≥65 years, 27.4%), and neutropenia
(<65 years, 20.4%; ≥65 years, 21.1%). One patient in the niraparib arm,
aged <65 years, developed myelodysplastic syndrome (MDS). In the
<75-year and ≥75-year subgroups, the most common any-grade
TEAEs in niraparib-treated patients were thrombocytopenia, anemia,
and nausea; themost common grade ≥3 TEAEswere thrombocytopenia,
anemia, and neutropenia (Fig. S2). In the placebo arm, which is gener-
ally considered reflective of the underlying comorbidities in the baseline
population, the most common any-grade TEAEs in patients aged
<65 years and ≥65 years were fatigue, abdominal pain, and nausea
(Fig. 2). The most common any-grade TEAEs with placebo treatment
were fatigue, abdominal pain, and nausea in patients aged <75 years
and abdominal pain, nausea, and constipation in patients aged
≥75 years. No placebo-treated patients experienced events of MDS or
acute myeloid leukemia (AML).

To evaluate the effect of starting dose on safety, TEAEs in the
niraparib armwere summarized according towhether patients received
an FSD or an ISD based on baseline body weight and platelet count.
Rates of grade ≥3 thrombocytopenia events were 42.8% with the FSD
and 18.0% with the ISD in patients aged <65 years and 57.0% with the
FSD and 26.1% with the ISD in patients aged ≥65 years (Fig. 3). Grade ≥3
anemia events occurred in 35.6% and 29.0% of patients aged <65 years
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who received the FSD and ISD, respectively; in patients aged
≥65 years, rates were 35.5% and 13.0% by starting dose. Similar trends
in reduced rates of selected grade ≥3 TEAEs with ISD use were also ob-
served in patients aged <75 years and ≥75 years (Fig. S3).

3.4. Patient-reported outcomes

Overall HRQOL and OC-specific symptoms were assessed by treat-
ment arm for each age subgroup. LS mean change from baseline data
are reported through cycle 18, which corresponds to the median
follow-up time for the overall population (13.8 months). For patients
aged ≥75 years, results are reported through cycle 15 because the
small number of patients precluded analysis for cycle 18. Overall
HRQOL assessed using the EORTC QLQ-C30 global health/overall QOL,
FOSI, and EQ-5D-5L was similar between treatment arms in patients
aged <65 years and in patients aged ≥65 years (Fig. 4). OC-specific
symptoms were assessed using the EORTC QLQ-OV28 abdominal/gas-
trointestinal symptoms domain and showed similar results between
treatment arms and across age subgroups (Fig. S4). Although the
small number of patients aged ≥75 years makes interpretation difficult,
PRO results for that group were generally similar to those for patients
<75 years (Fig. S5). Because niraparib treatment is associated with ane-
mia and gastrointestinal symptoms [35], EORTC QLQ-C30 PROs related
to fatigue, a common symptom of anemia, and gastrointestinal symp-
toms were also evaluated by age at baseline (<65 years vs ≥65 years
only). Through cycle 18, the LS mean change from baseline scores for
EORTC QLQ-C30 physical function were similar across treatment arms
and age subgroups; symptom scores for fatigue trended downward
over time, indicating improvement, whereas pain scoreswere generally
stable over time (Fig. S6). EORTC QLQ-C30 LS mean change from base-
line scores for gastrointestinal symptoms (nausea and vomiting, appe-
tite loss, and constipation) were higher (worse symptoms) in
niraparib-treated patients than in placebo-treated patients in both age
subgroups (Fig. S7). Except for constipation, differences between treat-
ment arms resolved over time in both age subgroups. In the niraparib
arm, constipation LS mean change from baseline scores trended down-
ward from cycle 3 to cycle 7 but remained consistently higher than in
the placebo arm through cycle 18; the separation between treatment
arms was more pronounced in patients aged ≥65 years, with older
niraparib-treated patients reporting higher scores (worse symptoms)
than the younger patients. Diarrhea LS mean change from baseline
scores trended higher (worse symptoms) in placebo-treated patients
than in niraparib-treated patients over time in patients <65 years of
age, although there was no separation between treatment arms
(Fig. S7).

4. Discussion

In the PRIMA trial of niraparib first-line maintenance therapy in pa-
tients with newly diagnosed advanced OC, mPFS results were similar in
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patients aged<65 years and in patients aged ≥65 years andwere consis-
tent with the primary analysis results showing extended PFS duration
with niraparib treatment compared with placebo [17]. A PFS benefit
with niraparib treatment was observed in patients with HRd and HRp
tumors in both age subgroups, with the greatest benefit compared
with placebo observed in patients ≥65 years with HRd tumors. These
findings were consistent with results from age-based post hoc analyses
of the NOVA trial that evaluated niraparib maintenance therapy in pa-
tients with platinum-sensitive recurrent advanced OC [16]. In NOVA,
there was an increased PFS benefit with niraparib treatment in patients
aged ≥70 years compared with patients aged <70 years, particularly in
patients in the germline BRCAmutant cohort [16].

The efficacy of niraparib in patients aged ≥65 years is also consis-
tent with results for other PARP inhibitors in both the first-line and re-
current maintenance therapy settings. In an age-based post hoc
analysis of the PAOLA-1/ENGOT-ov25 trial of first-line maintenance
treatment with olaparib plus bevacizumab in patients with newly di-
agnosed advanced OC, the PFS benefit of olaparib was maintained in
older patients [19]. Similar to PRIMA and NOVA, mPFS and hazard
ratio data from PAOLA-1 also indicated an increased benefit of
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olaparib plus bevacizumab treatment in older patients with BRCA
mutations or HRd disease [19]. The PFS benefit of PARP inhibitormain-
tenance therapy was also maintained in the overall population of
older patients with platinum-sensitive recurrent advanced OC in the
SOLO-2 trial of olaparib and the ARIEL3 trial of rucaparib [18,22].

In this analysis, the overall safety profile of niraparib was generally
comparable between older and younger patients, with similar
incidences of any-grade and grade ≥3 TEAEs reported across all 4
age subgroups examined. A numerically higher incidence of thrombo-
cytopenia (any-grade and grade ≥ 3) was observed in older patients
using both the 65-year and 75-year age cutoffs. Age-based variations
in TEAEs were also reported in the placebo arm (ie, decreased
incidence of insomnia and increased incidence of hypertension in
patients aged ≥65 years compared with patients aged <65 years), in-
dicating that underlying comorbidities or other patient population
factors could have contributed to differences observed between the
older and younger age subgroups. Consistent with overall population
results [36], implementation of the niraparib ISD based on a patient's
baseline body weight and platelet count reduced the incidence of
grade ≥3 events of thrombocytopenia, anemia, and neutropenia in
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patients in all age subgroups. In all cases, the reductions in TEAE inci-
dence observed with the ISDweremore pronounced in older patients,
with the greatest effect observed in patients aged ≥75 years.

These results are consistent with the age-based post hoc analysis of
NOVA that found that the niraparib safety profile was generally compa-
rable between patients aged <70 years and ≥70 years at baseline [16].
Notably, in NOVA, older age was not associated with an increased inci-
dence of thrombocytopenia in niraparib-treated patients [16]. Other
PARP inhibitors have also reported similar safety profiles regardless of
age. In PAOLA-1, the overall safety findings for olaparib plus bevacizu-
mabwere generally similar across age subgroups [19]. However, the in-
cidence of grade ≥3 adverse events in the olaparib plus bevacizumab
arm was slightly higher in patients aged ≥65 years than in patients
<65 years, with older patients particularly experiencing a higher inci-
dence of grade ≥3 events of hypertension and anemia [19]. In the recur-
rent setting, PARP inhibitormaintenance therapy safetywas also similar
across examined age subgroups. In SOLO-2, olaparib safety was gener-
ally similar in patients <65 years and in patients ≥65 years; however,
the incidence of AML/MDS was notably higher in older patients [22]. A
separate analysis from 8 complete prospective trials of olaparib showed
trends toward increased hematologic toxicity with age [37]. In ARIEL3,
the safety of rucaparib was generally similar across the 3 age groups ex-
amined, with a slightly higher incidence of grade ≥3 TEAEs reported in
patients aged 65–74 years and ≥75 years than in patients aged
<65 years [18].

Consistent with other PARP inhibitor trials [16,18,19,22], the inci-
dence of patients discontinuing niraparib because of a TEAE was nu-
merically higher in patients aged ≥65 years in our analysis. The trend
toward higher discontinuation rates in older patients may reflect an
age-related bias on behalf of investigators, as approximately 30% of
niraparib patients aged ≥65 years who discontinued because of a
TEAE did so because of events that were grade 1 or 2 in severity. In
these patients, discontinuations could have occurred because the
dose-reduction options allowed by the protocol were exhausted for
TEAE management. Additionally, older patients could have been
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less willing to tolerate side effects overall, and persistent low-grade
events of TEAEs such as nausea or fatigue could have negatively af-
fected patient HRQOL and contributed to discontinuations. Similar
results were observed in NOVA, where two-thirds of discontinua-
tions due to TEAEs were for grade 1 or 2 events [16], as well as in
an age-based analysis of first-line doublet chemotherapy from the
AGO OVAR-3 study [38].

Because a patient's treatment experience can impact their will-
ingness to initiate and maintain treatment, HRQOL metrics are im-
portant to consider when evaluating treatment options. In this
analysis, HRQOL metrics were similar across age subgroups, with
older and younger patients generally reporting comparable experi-
ences. Niraparib treatment did not adversely affect overall HRQOL,
but it was associated with an early, largely transient worsening of
gastrointestinal symptoms in both age subgroups. The only gastroin-
testinal symptom associated with niraparib treatment that did not
resolve over time was constipation. Comparable HRQOL regardless
of age is consistent with results from NOVA, SOLO-2, and ARIEL3,
which found no marked difference in the treatment experience of
older patients compared with younger patients [16,18,39]. Taken to-
gether, these results support the use of PARP inhibitor maintenance
therapy in patients aged ≥65 years.

Understanding the impact of age on treatment outcomes remains
complex. There is no universally accepted age cutoff to define older pa-
tients [40], and the varying age cutoffs used in studiesmake direct com-
parisons challenging. In addition, chronological age is an imperfect
proxy that may not reflect a patient's overall health status. Accordingly,
measurements of frailty and other geriatric assessments that are more
comprehensive and account for factors such as comorbidities, functional
status, and social and emotional support can provide important insights
into treatment outcomes and should also be considered to inform treat-
ment decisions and optimize care [41–44].

This retrospective post hoc analysiswas not prespecified or powered
to determine differences between age subgroups, and its findings
should be interpreted accordingly. The analysis did not account for
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known risk factors, such asBRCAmdisease [7,8], that are associatedwith
a younger age at diagnosis. Such analyses were beyond the scope of this
article andwould have been limited by small sample sizes for additional
subgroups. The small number of patients in the ≥75-year age subgroup
also limited the types of analyses that could be performed and the abil-
ity to meaningfully interpret the results for this population. Of note,
older patients were underrepresented in the PRIMA population com-
pared with the overall population of patients with OC. In PRIMA, ap-
proximately 40% of the study population was aged ≥65 years with
only 10% aged ≥75 years. In contrast, approximately 47% and 23% of
135
patients with OC are first diagnosed at ages ≥65 and ≥75 years, respec-
tively [3]. The underrepresentation of older patients is consistent with
other trials [16,18,38] and could be due to the highly selective nature
of clinical trial enrollment, which often results in the exclusion of
older patients because of comorbidities. Accordingly, these findings
may not be generalizable to all older patients with OC. Moving forward,
it will be important to design clinical trials to be more inclusive of older
patients and patientswhomeet frailty or geriatric assessment criteria in
order to provide additional insights into how PARP inhibitors work in
these important patient populations.
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5. Conclusions

In the PRIMA trial, niraparib treatment significantly prolonged
PFS in patients with newly diagnosed advanced OC, and niraparib-
treated patients experienced improved mPFS in all age subgroups
evaluated. TEAE incidences were generally similar in patients aged
<65 years and in patients aged ≥65 years, except for thrombocytope-
nia, which occurred more frequently in patients aged ≥65 years. The
implementation of an ISD regimen reduced the incidence of hemato-
logic TEAEs across age subgroups. PROs were similar across age sub-
groups, with an early, largely transient worsening of gastrointestinal
symptoms observed in niraparib-treated patients. Collectively, these
results demonstrate the efficacy and safety of niraparib first-line
maintenance therapy in older patients enrolled in PRIMA and sup-
port the use of niraparib first-line maintenance therapy in patients
with newly diagnosed advanced OCwho respond to first-line PBC re-
gardless of age.
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