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Abstract

Background: PARP inhibitors (PARPi) have demonstrated efficacy in maintenance therapy for
newly diagnosed ovarian cancer, particularly in patients with BRCA pathogenic variants and
Homologous Recombination Deficiency (HRD). However, in recent updates from the PRIMA trial,
no overall survival benefit was observed across all subgroups. This systematic review and meta-
analysis evaluate the efficacy and safety of PARPi based on this clinical context.

Methods: A systematic search of PubMed, Cochrane, and Embase was conducted for randomized
controlled trials comparing PARPi with placebo in newly diagnosed ovarian cancer. Outcomes
included Overall Survival (OS) and Progression-Free Survival (PES), by BRCA and HRD status,
Adverse Events (AEs), and rates of Myelodysplastic Syndrome (MDS) or Acute Myeloid Leukemia
(AML). This meta-analysis followed PRISMA guidelines (PROSPERO: CRD42024603696) and used
random-effects models across all analyses.

Results: Seven Randomized Clinical Trials (RCT's) with 4,013 patients were included. In patients
with BRCA pathogenic variants, PARPi significantly improved OS [HR 0.67, 95% CI 0.48-0.93,
p=0.02] and PFS [HR 0.38, 95% CI 0.32-0.44, p<0.01]. No OS benefit was observed in HRD test-
positive [HR 0.77, 95% CI 0.51-1.17, p=0.22] or HRD test-negative [HR 1.05, 95% CI 0.85-1.30,
p=0.66] groups. PFS was significantly improved in HRD test-positive patients [HR 0.45, 95% CI
0.38-0.55, p<0.01] and HRD test-negative patients [HR 0.73, 95% CI 0.61-0.88, p<0.01]. Grade > 3
AEs were more common in the PARPi group (p<0.01), with non-significant increases in MDS or
AML rates.

Conclusion: PARPi maintenance therapy improves OS in ovarian cancer patients with BRCA
pathogenic variants, and PFS across all subgroups regardless of HRD test.

Keywords: Ovarian Cancer; PARP inhibitor; Maintenance

Key Messages

What is already known on this topic

PARP inhibitors (PARPi) improve progression-free survival in newly diagnosed ovarian

Remedy Publications LLC., | http://clinicsinoncology.com/ 1

2025 | Volume 10 | Article 2123



Al-Alam O, et al.,

Clinics in Oncology - Oncology

cancer, particularly in patients with BRCA pathogenic variants or
HRD test-positive status. However, their overall survival benefit has
been inconsistent, and recent data have questioned their efficacy in
broader populations.

What this study adds

This meta-analysis demonstrates that PARPi significantly
improve OS in patients with BRCA pathogenic variants and PFS in
all subgroups. It also highlights the lack of OS benefit in HRD test-
positive and HRD test-negative patients, emphasizing the need for
careful patient selection and standardized HRD tests.

How this study might affect research, practice or policy

These findings support the robust activity of PARPi, especially
in patients with BRCA pathogenic variants and HRD test-positive
status. Yet, we highlight the heterogeneity in currently available HRD
assays.

Introduction

Ovarian cancer remains one of the leading causes of cancer-related
mortality among women worldwide.1 Most patients are diagnosed at
advanced stages (III and IV) and have a poor prognosis [1] Standard
treatment involves cytoreductive surgery followed by platinum-based
chemotherapy. Despite notable initial responses, a great percentage
of patients still face disease relapse within three years [2].

The introduction of targeted therapies has reshaped the treatment
landscape of ovarian cancer. Bevacizumab, an antiangiogenic agent,
was the first targeted therapy approved for both platinum-sensitive
and resistant relapsed ovarian cancer [3,4]. Following this, poly (ADP-
ribose) Polymerase Inhibitors (PARPi) emerged. Targeting PARP
proteins on DNA, PARPi have exhibited great efficacy in ovarian
cancer, particularly in the subgroup with BRCA pathogenic variants
and Homologous Recombination Deficiency (HRD) test-positive.
These agents have been shown to significantly prolong remission
and improve long-term outcomes of ovarian cancer patients [5-11].
Nowadays, it is approved as maintenance therapy following first-line
platinum-based chemotherapy [3].

While the phase III PRIMA trial (NCT02655016) confirmed
an extended Progression-Free Survival (PFS) in favor of niraparib
compared to placebo across multiple subgroups, updated results
showed no Overall Survival (OS) advantage in any of the subgroups,
including patients with BRCA pathogenic variants [12]. These findings
contrast with evidence brought by other trials and underscore the
need for a deeper understanding of the long-term impact of PARPi
[12]. In light of the latest evidence, this systematic review and meta-
analysis aims to evaluate the efficacy and safety of PARPI in newly
diagnosed ovarian cancer across various subgroups, focusing on both
OS and PFS endpoints.

Methods

Overview

This systematic review and meta-analysis followed the guidelines
from the Cochrane Collaboration and the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA), and it was
registered in the International Prospective Register of Systematic
Reviews (PROSPERO) under the protocol number CRD42024603696.
The PRISMA checklist for the abstract and the manuscript can be
found in Supplementary Table S1.

Search Strategy

A systematic search was conducted in PubMed, Cochrane, and
Embase on September 27", 2024, using the following combination
of Medical Subject Headings (MeSH) terms and Boolean connectors:
‘Ovarian Neoplasms” AND PARP inhibitor OR Olaparib OR
rucaparib OR niraparib OR veliparib OR talazoparib OR pamiparib
OR fluzoparib OR senaparib AND ‘first-line therapy’ OR ‘primary
intervention” OR maintenance AND ‘randomized clinical trial’. A full
description of the search strategy used on each database can be found
in Supplementary Table S2. We also searched the references of all
included studies and relevant reviews about this topic.

Eligibility Criteria

In this meta-analysis, inclusion criteria were restricted to phase
III Randomized Clinical Trials (RCT) comparing maintenance
PARPi to placebo in patients with newly diagnosed ovarian cancer
(stage III and IV) who had a partial or complete response to first-
line platinum-based chemotherapy. Presentations or abstracts from
conference proceedings were considered for inclusion. Only English-
written studies were considered for inclusion. No restrictions were
made as to the sample size.

While most included studies fully met the eligibility criteria, some
trials analyzed subgroups that did not fit the intervention and control
groups of interest. For instance, we only considered the ATHENA-
MONO arm (rucaparib as monotherapy maintenance without
immunotherapy) from ATHENA study (NCT03522246). Similarly,
in the VELIA study (NCT02470585), we considered only data on
the subgroups of maintenance therapy with veliparib versus placebo
following initial chemotherapy with carboplatin and paclitaxel.

The following exclusion criteria were applied: (A) retrospective or
prospective observational studies; (B) phase I, II, or non-randomized
clinical trials; (C) overlapping populations - in case of a study with
multiple publications, the most updated one was preferred.

Study selection and data extraction

Two authors (O.A. and C.S.) independently validated the search
strategy and screened reports by title and abstract. Subsequently,
the authors performed a comprehensive review of all studies that
potentially met the eligibility criteria and selected studies for inclusion.
One additional author (I.M.) was consulted in case of disagreements.

Data extraction was also performed independently by two authors
(O.A. and C.S.). Data were collected from individual studies on
study design; study location; number of patients; median age; BRCA
status; HRD test status; disease stage; and the outcomes of interest as
described below.

Primary outcomes

Outcomes of interest were OS and PFS as follows: (A) OS and
PES in the group carrying BRCA pathogenic variants; (B) OS and PFS
in the HRD test-positive group; (C) OS and PFS in the HRD test-
negative group; (D) OS and PES in the HRD test-positive population
without BRCA pathogenic variants; (E) OS in the Intention-To-Treat
(ITT) population. Some outcomes are not yet available for some
trials. All-grade and grade 3 or higher Adverse Events (AEs) were
collected, including the occurrence of myelodysplastic syndrome/
myeloid acute leukemia.

The studies included in each analysis are as follows: (1) PAOLA-
1(NCT01874353), PRIMA, and SOLO-1(NCT01844986) trials for
OS in the group carrying BRCA pathogenic variants; (2) PAOLA-1,
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PRIMA, SOLO-1, ATHENA, FLAMES (NCT04169997), PRIME
(NCT03709316) and VELIA trials for PFS; (3) PAOLA-1 and PRIMA
for OS in the HRD test-positive population; (4) ATHENA, FLAMES,
PAOLA-1, PRIMA, PRIME and VELIA for PFS in HRD test-positive
population; (5) PAOLA-1, PRIMA, PRIME and VELIA for OS in
the HRD test-negative population; (6) PAOLA-1 and PRIMA for
OS in the HRD test-positive population without BRCA pathogenic
variants; (7) ATHENA, PAOLA-1 and PRIMA for PFS in the HRD
test-positive population without BRCA pathogenic variants; and (8)
PAOLA-1, PRIMA and PRIME for OS in the ITT population.

AEs were consistently assessed across all seven studies. We
reported main AEs according to PARPi used in each study in table
format (Table S3). We also explored health-related quality of life
(HRQoL, Table S4).

Quality assessment

The Cochrane risk-of-bias tool for randomized trials (RoB 2) was
used to assess the quality of included studies. Publication bias was
explored, including the higher number of patients (i.e., PFS analysis
for patients with BRCA pathogenic variants) using the funnel plot
of individual study weights against point estimates, along with the
Egger test.

Exploring heterogeneity

The Baujat plot and a leave-one-out sensitivity analysis were
used to further assess the heterogeneity seen in the analyses. The first
shows the contribution of each study on the overall effect and their
influence on the heterogeneity. The latter estimates the effect size
and heterogeneity when leaving each study out at a time. For both,
we used the PFS in patients with BRCA pathogenic variants as the
outcome of reference.

Most studies included a large population of patients with stage III
disease, which may present differently compared to stage IV patients.
However, survival analyses according to staging in the subgroups
of interest were not provided in our included studies. Since we did
not have access to individual patient data, we performed a sensitivity
analysis of the overall PFS including only stage III patients receiving
PARPi compared to placebo (Figure S2).

Statistical analysis

Analyses were carried out using R software (version 4.2.2, R
Foundation, Vienna, Austria). The packages 'meta’ and 'metafor' were
used. OS and PFS were pooled for analyses using Hazard Ratios (HR)
with 95% Confidence Intervals (CIs). For dichotomous outcomes
(i.e. AEs), Odds Ratio (OR) with 95% CI were used. In all analyses,
inverse variance or Mantel Haenszel methods were used. We applied
random-effects models for all analyses. Between-study variance was
assessed using restricted maximum likelihood (REML) estimation.
Heterogeneity was explored using Cochran’s Q test and the I
statistic (p-values <0.10 and 1>>0.25 were considered appreciable for
heterogeneity). Statistical significance was set at p<0.05.

Data sharing

In accordance with the journal’s guidelines, data for independent
analysis will be provided to a selected team from the Editorial Team
for the purposes of additional data analysis or for the reproducibility
of this study in other centers, if such is requested.

Results

Systematic review
Initially, 832 reports were identified. After the deduplication

| PubMed search: 189 results |

lEmbase search: 47 results l

| Cochrane search: 596 results |

| Number screened: 832 results |

—| Duplicate reports (n = 183) |

| Excluded by title/abstract (n =604) |

Full-text reviewed: 45 studies |

—i Ongoing Studies (n = 9)

—I Overlapping population (n = 20)
—| No outcomes of interest (n=7)
— Other (n =2)

Figure 1: PRISMA flow diagram of study screening and selection.

Blue vertical boxes indicate each stage of the screening, and the horizontal
boxes present more detailed information about the process, including the
steps performed in each stage.

included studies (n=7) |

process and exclusion by title and abstract, 45 studies were fully
assessed. Finally, seven RCTs with ten related publications met the
eligibility criteria [5-14] (Figure 1).

Study characteristics and patient population

Overall, 4,013 patients with ovarian cancer who had not
progressed after platinum-based chemotherapy were included, of
whom 2,619 received PARPi, while 1,394 patients were assigned to
the placebo group. Most patients had stage III (72.58%) according to
FIGO staging. Study characteristics, including the follow-up duration
and patient demographics, are summarized in Table S1.

Overall survival

Overall survival data were available for PRIMA, PRIME,
PAOLA-1 and SOLO-1 studies. In the ITT population, OS analysis
across PRIMA, PRIME and PAOLA-1 showed an HR of 0.94 (95% CI
0.82-1.07, p=0.33) (Figure 2A). For patients with HRD test-positive,
as assessed in PRIMA and PAOLA-1, the HR was 0.77 (95% CI 0.51-
1.17, p=0.22). Similarly, HRD test-positive excluding patients with
BRCA pathogenic variants, analyzed in PRIMA and PAOLA-1, had
an HR of 0.83 (95% CI 0.60-1.15, p=0.26), and those with HRD test-
negative, also assessed in PRIMA and PAOLA-1, showed an HR of
1.05 (95% CI 0.85-1.30, p=0.66), not demonstrating a statistically
significant benefit in these populations (Figure 2B, 2C and 2D). On
the other hand, the pooled OS analysis of SOLO-1, PRIMA and
PAOLA-1 studies revealed a significantly better OS for the PARPi
group compared to placebo in the population with BRCA pathogenic
variants (HR, 0.67, 95% CI 0.48-0.93, p=0.02) (Figure 2E).

Progression-Free survival

Progression free survival data was available for the following
trials: ATHENA, FLAMES, PAOLA-1, PRIMA, PRIME, VELIA AND
SOLO-1. The pooled analyses showed a significant benefitin PFSacross
multiple subgroups. In both HRD test-negative and HRD test-positive
patients, which were assessed in ATHENA, FLAMES, PAOLA-1,
PRIMA, PRIME and VELIA, significant benefits were observed in
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Hazard Ratio
Studies PARPi(n) Placebo(n) HR 95% Cl  Weight IV, Random, 95% ClI
PAOLA-1 288 158 0.92 [0.76;1.12] 45.8%
PRIMA 487 246 1.01 [0.83:1.22] 47.3%
PRIME 255 129 063 [0.38: 1.04] 6.9%
Total (95% CI) 1030 533 084 [0.82;1.07] 100.0%

Heterogeneity: Tau® < 0.0001, ChF = 3.06, df =2 (P =0.2161), 17 = 34 7%
Test for overal effect Z = -0.88 (P = 0.33)

0.5 1 2
Favors PARPI  Favors placebo

A
Hazard Ratio
Studies PARPi(n) Placebo(n) HR 95% ClI  Weight IV, Random, 95% ClI
PAOLA-1 192 85 118 [0.87:1.62] 49.1% ——
PRIMA 169 80 093 [0.69:126] 50.8% .
Total (95% CI) 361 165 1.05 [0.82;1.34] 100.0% 52
Heterageneity. Tau® = 00062, Chi® = 1.26, df = 1 (P = 0.2622), I = 20 4%
Test for overall effect Z = 0.38 (P =0.69) 0.75 1 15
Favors PARPI  Favors placebo
B
Hazard Ratio
Studies PARPi (n) Placebo (n) HR 95% Cl  Weight IV, Random, 95% CI
PAOLA-1 192 85 062 [0.45;0.85] 49.5% ———
PRIMA 169 B0 085 [0.70;1.29] 50.5%
Total (95% CI) 361 165 0.77 [0.51;1.17] 100.0%
Heterogeneity Tau® = 00657, Chi* =359, df = 1 (P = 0058017 = 72 2%
Test for overall effect Z =123 (P =022) 05 1 2
Favors PARPI Favors placebo
C
Hazard Ratio
Studies PARPI(n) Placebo (n) HR 95% Cl  Weight 1V, Random, 95% CI
PAOLA-1 94 52 071 [0.45;1.13] 49.4% —.—-—L
PRIMA 94 55 0.7 [0.62:1.53] 50.6% T
Total (95% CI) 188 107 0.83 [0.60;1.15) 100.0% s
Heterogeneity. Tau? =0, Chi¥ = 0.89, df = 1 (P = 0.3447), F=0.0%
Test for overall effect: Z = ~1.12 (P = 0.26) 0.5 1 2
Favors PARPi  Favors placebo
D
Hazard Ratio
Studies PARPi (n) Placebo(n) HR 95% Cl  Weight 1V, Random, 95% CI
PAOLA-1 181 80 080 [0.39;093] 29.5%
PRIMA 152 71 094 [063141 31.8%
S0LO-1 260 131 055 [0.40:0.7¢] 38.6%
Total (95% CI) _ 573 282 0.67 [0.48;0.93] 100.0%
Heterogeneiy. Tau® = 0.0455; Chi* =438, df =2 (P = 0.1117), I = 54.4%
Test for overall effect. Z = -2.40 (P = 0.02) 05 1 2
Favors PARPi  Favors placebo
E

Figure 2: Overall survival in patients receiving PARPi compared to placebo
across subgroups.

(A). OS in the ITT population. (B). OS in patients with HRD test-negative.
(C). OS in patients with HRD test-positive. (D). OS in patients with HRD
test-positive and without BRCA pathogenic variants. (E). OS in patients with
BRCA pathogenic variants.

Overall effect of each trial is represented by a square and the horizontal line
crossing the squares indicates the 95% confidence interval. The diamonds
represent the estimated overall effect of the meta-analysis based on random
effects.

Cl: Confidence Interval; HR: Hazard Ratio; HRD: Homologous Recombination
Proficient; HRP: Homologous Recombination Proficient; [V: Inverse
Variance; ITT: Intention-to-Treat; n: Number of patients; PARPI: Poly(ADP-
ribose) Polymerase Inhibitors; OS: Overall Survival.

the PARPi arm. For HRD test-negative patients, a 28% reduction
in the risk of disease progression or death was observed (HR 0.73,
95% CI 0.61-0.88, p<0.01) (Figure 3A), while for HRD test-positive
patients, PFS was notably longer with PARPi compared to placebo
(HR 0.45, 95% CI 0.38-0.55, p<0.01) (Figure 3B). Consistently, the
group with HRD test-positive and lacking BRCA pathogenic variants,
analyzed in ATHENA, PAOLA-1 and PRIMA, demonstrated a 51%
lower risk of disease progression or death with PARPi compared to
placebo (HR 0.49, 95% CI 0.37-0.64, p< 0.01) (Figure 3C). Among
patients with BRCA pathogenic variants, evaluated in ATHENA,
FLAMES, PAOLA-1, PRIMA, PRIME, VELIA and SOLO-1, PARPi
significantly improved PFS rates compared to placebo (HR 0.38, 95%
CI 0.32-0.44, p<0.01) (Figure 3D).

Adverse events and HRQoL

Adverse events data were available for all seven trials: ATHENA
[9], FLAMES [11], PAOLA-1 [7], PRIMA [6], PRIME [10], VELIA

Hazard Ratio
Studies PARPI [n) Placebo(n) HR 95% CI Weight IV, Random, 95% CI
ATHENA 242 62 065 [0.45;094] 16.2% ——
FLAMES 39 22 074 [0.36;1.53] 5.6%
PAOLA-1 192 8 082 [072117) 268%
PRIMA 169 80 067 [0.50;089] 224% ——
PRIME 80 25 041 [0.22;076] 75% —8—
VELIA 125 124 081 [0.80; 1.09] 21.6%
Total (95% CI) L 327. 398 073 [?.61; 0.88] 100.0% <
Heterogenaity Tau® = 0.0168; Ch = 785, df = 5 (P = 0.1645), I* = 36.3%
Test for averall effect: Z = -3.35 (P < 0.01) 05 1
Favors PARPI  Favors placebo
A
Hazard Ratio
Studies PARPi (n) Placebo(n) HR 95% Cl  Weight IV, Random, 85% CI
Athena Mono 185 49 047 [031,072] 128% —a—
FLAMES 118 43 036 [0.22;0.60] 96% —@——
PAOLA-1 255 132 033 [025;044)] 19.3% ——
PRIMA 247 126 051 [0.40;0.88] 22.4% B
PRIME 170 87 048 [034;068] 16.1% =
VELIA 214 207 057 [043;0.76) 19.9% i
Total (95% CI) 1189 644 045 [0.38;0.55] 100.0% Q
Heterogeneity: Tau® = 0.0223; Chi¥ = B.68, df =5 (P = 0.1224), I* = 42.4%
Test for averall effect 7 = -8 48 (P < 0.01) 0s 1 2
Favors PARPiI  Favors placebo
B
Hazard Ratio
Studies PARPi (n) Placebo(n) HR 95% Cl  Weight IV, Random, 95% CI
ATHENA 94 25 058 [0.331.01] 250% —— @
PAOLA-1 94 52 043 [0.28,0.66] 426% — M —
PRIMA 95 55 050 [0.31;0.82] 323% —@—
Total (95% CI) 283 132 049 [0.37:0.64] 100.0% _
Helerogeneity: Tau® = 0; Chi® = 0.71, df = 2 (P = 0.7012); 1° = 0.0%
Test for overall effect Z = =504 (P < 0.01) 05 1 2
Favors PARPi Favors placebo
C
Hazard Ratio
Studies PARPi (n) Placebo(n) HR 95% CI Weight IV, Random, 95% CI
ATHENA 91 24 040 [0.21,075] 58% —8—
FLAMES 55 20 043 [0.24;076] 7.4% —=—
PACLA-1 161 80 031 [0.20;047] 13.3% —@-—
PRIMA 152 71 043 [0.31;0.59] 22.3% —i—
PRIME 85 40 040 [0.23;068) 8.1% —=—
soLo-1 260 131 033 [0.25043] 31.3% -
VELIA 108 92 044 [0.28;068] 12.1% ——
Total (95% CI) 912 458 038 [0.32;0.44] 100.0% P
Heterogeneity: Tau® = 0; Chi® = 320, df = 6 (P = 0.7835), I° = 0.0%
Test for overall effect: Z = -12.62 (P < 0.01) 0.5 1 2
D Favors PARPi  Favors placebo
Figure 3: PFS in patients receiving PARPi compared to placebo across
subgroups.
(A). PFS in patients with HRD test-negative. (B). PFS in patients with HRD
test-positive. (C). PFS in patients with HRD test-positive and without BRCA
pathogenic variants. (D). PFS in patients with BRCA pathogenic variants.
Overall effect of each trial is represented by a square and the horizontal line
crossing the squares indicates the 95% confidence interval. The diamonds
represent the estimated overall effect of the meta-analysis based on random
effects.
ClI: Confidence Interval; HR: Hazard Ratio; HRD: Homologous Recombination
Proficient; HRP: Homologous Recombination Proficient; IV: Inverse Variance;
ITT: Intention-to-Treat; N: Number of Patients; PARPI: Poly(ADP-Ribose)
Polymerase Inhibitors; PFS: Progression-Free Survival.

[8] and SOLO-1 [5]. Toxicity analyses are shown in Figure 4. The
incidence of AEs of any grade was higher in the PARPi-treated
patients (OR 4.62, 95% CI 2.83-7.57, p<0.01) (Figure 4A). Grade 3
or higher AEs were significantly more common in the PARPi group
(OR 4.39, 95% CI 2.28-8.42, p<0.01) (Figure 4B). Frequencies of
Myelodysplastic Syndrome (MDS) or Acute Myeloid Leukemia
(AML) were not significantly different between PARPi and placebo
(OR1.19, 95% CI 0.61-2.31, p=0.60) (Figure 4C).

Most commonly reported AEs among PARPi include nausea and
hematological toxicity. Table S3 displays detailed information about
toxicity data from included studies. Concerning quality of life, PARPi
were generally well tolerated and did not significantly affect patients’
HRQoL (Table S4).

Quality assessment

Overall, the seven randomized trials included in this analysis were
considered to have a low risk of bias (Supplementary Table S5). The
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Odds ratio,
Studies PARPI (n) Total (N) Placebo(n) Total (N) Weight OR cl MH, random, 95% CI
ATHENA 411 425 102 110 288% 230 [0.84, 564] -
FLAMES 269 270 130 133 47% 621 [0.64; 60.286]

PAOLA-1 531 535 256 287 17.7% 570 [1.80; 18.09] ——
PRIMA 479 484 229 244 222% 628 [2.25 17.48] ——
PRIME 253 255 121 129  97% 838 [1.75 399§ —
SOLO-1 256 260 120 130 169% 533 [16417.35 ——
VELIA T 377 3 37 0.0% ]

Total (95% Cl) 100.0% 4.62 [2.83; 7.57] <
Heterogeneity: Tau®= 0.0110, Chi® = 347, df = 5 (P = 0.6279), I = 0.0%

Test for overall effect Z = 6.09 (P < 0.01) 01 0512 10

Favors placebo  Favors PARPI

A
Odds ratio,

Studies PARPi(n) Total (N) Placebo(n) Total (N) Weight OR ¢ MH, random, 95% CI
ATHENA 257 425 25 110 142% 520 [3.20; 84f) B
FLAMES 165 270 1 133 133% 1743 [B97 3389 -
PAOLA-1 303 535 136 267 150% 126 [0.94; 1.69]

PRIMA 357 484 58 244 147% 901 [B.30; 12.89] L
PRIME 139 255 2 129 141% 552 [3.30; 9.23] -
SOLO-1 102 20 24 130 141% 285 [1.72 474] &
VELIA 332 37 285 371 146% 223 [1.50; 3.30] &+
Total (95% CI) 1000% 439 [228; 842 -
Heterogeneity. Tau? =0 7186, Chi’ = 106 85, df = 6 (P < 0.0001), 17 = 94 4% r T T
Testfor overal effect Z = 444 (P <0.01) 01 0512 10

Favors placebo  Favors PARPI
B
‘Odds ratio,

Studies PARPI(n) Total(N) Placebo(n) Total(N) Weight OR c MH, random, 95% CI
ATHENA 2 425 0 110 47% 130 [00627.37] N
FLAMES 1 2n 0 133 43% 148 [0.086; 3659

PAOLA-1 9 535 8 267 402% 074 [026 211] =

PRIMA, 1 487 4 2456 328% 140 (044 444

PRIME 2 255 0 128 47% 255 [0.12 53.60] —_—
SOLO-1 4 260 1 131 90% 203 [022 183§ —t—
VELIA 1 3 0 an 43% 2965 [0127290 —_———
Total (95% €1) 100.0% 119 [0.61; 2.31]

j

Heterogeneity: Tau® = 0; Chi® = 1,65, df = & (P = 0.9488); I* = 0.0%
Test for overall effect: Z = 0.52 (P = 0.60) 01 0512 10
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Figure 4: (A). Incidence of AEs of any grade (B). AEs grade = 3 (C). MDS/
AML.

Overall effect of each trial is represented by a square and the horizontal line
crossing the squares indicates the 95% confidence interval. The diamonds
represent the estimated overall effect of the meta-analysis based on random
effects.

Aes: Adverse Events; Cl: Confidence Interval; N: Number Of Cases; MH:

Mantel-Haenszel; N: Total Number of Patients; OR: Odds Ratio.

funnel plot revealed a symmetrical distribution of studies, suggesting
no publication bias. This was further confirmed by the Egger test
(t=0.97, p=0.37).

Exploring heterogeneity

The leave-one-out analysis showed consistent results with the
overall PFS analysis in patients carrying BRCA pathogenic variants.
In the Baujat plot, it was observed that three studies remarkably
contributed to the overall heterogeneity: SOLO-1, PRIMA and
PAOLA-1. This likely reflects different PARPi used and different
inclusion criteria. The sensitivity analysis including only stage III
patients revealed a similar benefit compared to the overall PFS
analysis (Figure S2).

Discussion

Summary of main results

This meta-analysis including over 4,000 advanced ovarian
patients supports the benefit of PARPi in PFS across multiple
subgroups. In regard to OS, the subset of 573 patients with BRCA
pathogenic variants experienced a substantial OS benefit (HR 0.67,
95% CI 0.48-0.93). OS benefit was not statistically significant in the
other subgroups.

Results in the context of published literature

Initially, PARPi were studied in the scenario of a more heavily
pretreated ovarian cancer population [18-36]. The phase III SOLO-1
trial was the first to demonstrate the benefit of PARPi in an earlier
setting for patients with BRCA pathogenic variant tumors. This study

demonstrated a significant improvement in PFS associated with
olaparib after platinum-based chemotherapy, even at a 7-year follow-
up period. Therefore, it established PARPi as the standard of care in
this patient population [5,13].

Following this, other studies such as PAOLA-1, PRIMA,
VELIA, ATHENA, PRIME, and FLAMES expanded the scope of
investigation to allow inclusion of patients without BRCA pathogenic
variants or with mutations in other homologous recombination
genes. Each of these trials had distinct inclusion criteria, contributing
to heterogeneity in their populations. Beyond the differences in
disease stage, the populations in the studies also varied in terms of
stratification risk. For instance, PRIMA included higher-risk patients,
excluding those with stage III disease who had no residual disease
after upfront surgery whereas the PAOLA-1, PRIME, and ATHENA
included patients regardless of postoperative residual disease status,
encompassing a broader spectrum of clinical risk. Additionally,
factors such as response to initial platinum-based chemotherapy and
extent of residual disease after surgery played a critical role in defining
patient prognosis across these trials. The inclusion of patients with
varied responses to prior treatment adds another layer of complexity
when comparing outcomes. These variations in inclusion criteria
likely contributed to differences in PFS outcomes across studies,
with significant benefits observed in HRD test-positive and BRCA
pathogenic variant subgroups, while benefits for HRD test-negative
patients were less pronounced [6-12,14, 37-46].

Another key consideration is the distinct control arms among
studies. PAOLA-1 utilized bevacizumab as an active control,
whereas other studies used placebo, which may have contributed to
differences in OS outcomes. This discrepancy is particularly relevant
when interpreting the added benefit of PARPI in different treatment
landscapes, as bevacizumab itself has been shown to improve PFS in
previous trials [4,47]. However, its impact on OS remains uncertain,
with potential benefits suggested in high-risk subgroups [48]. The
inclusion of bevacizumab in PAOLA-1 as an active control may
have contributed to the heterogeneity seen in survival analyses and
influenced our findings.

Although HRD is a widely used predictive and prognostic
biomarker, currently used HRD assays are known for their analytical
variability [37]. At present, there are two genomic HRD tests approved
by the Food and Drug Administration: Myriad MyChoice CDx and
Foundation One CDx [38]. Both define HRD based on BRCA1/2
mutations and genomic instability. The first, however, scores genomic
instability based on Loss of Heterozygosity (LOH), telomeric allelic
imbalance, and large-scale state transitions. A test score > 42 is
considered HRD-positive. On the other hand, the latter analyzes
an extensive gene panel plus the percentage of LOH - a threshold
of 16% is used to define HRD-positive [38]. The two tests have been
validated as response predictors across clinical trials exploring PARPi
on ovarian cancer [5-14]. While both are FDA-approved, additional
non-FDA validated assays, such as the BGI HRD assay and TruSight
Oncology 500 HRD, are also utilized in clinical research. These tests
evaluate genomic instability through LOH and analyze a broader gene
panel for HRD scoring, respectively. The use of non-validated tests
may have contributed to the heterogeneity observed across studies.
Moreover, the European Network of Gynecological Oncology Trial
HRD Initiative and other upcoming studies are exploring alternative
assays and may expand the HRD test availability for patients with
ovarian cancer [39]. A head-to-head comparison among all available
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assays is urgently needed to clarify their differences in clinical practice.

Another key aspect when considering between-study variability
and treatment response consists of ethnic factors. Evidence suggests
that patients of East Asian descent have a higher prevalence of HRD
test-positive tumors, which may translate into better response to
PARPi. In this meta-analysis, one trial (PRIME) included exclusively
Chinese patients, whereas others such as ATHENA and VELIA
included a broader population and several ethnic backgrounds.
Although the benefit of PARPi was fairly consistent among studies,
genetic and ethnic factors should always be considered in clinical
decision-making scenarios.

Final overall survival results from PRIMA and PAOLA-1 trials
have added evidence against the use of PARPi for an unselected patient
population. While both studies have met their primary endpoints of
PFES, the PRIMA trial failed to document an OS advantage in any
of the pre-specified subgroups, and PAOLA-1 only showed an OS
benefit in patients with a BRCA pathogenic variants or HRD test-
positive. A potential explanation is the impact of subsequent PARPi
use. In PRIMA, 12% of patients in the niraparib arm and 38% in
the placebo arm subsequently received PARPi, with most receiving
it in second-line. In PAOLA-1, 45.7% of patients in the placebo
group and 19.5% in the olaparib group received subsequent PARPi
and importantly, 24.4% of placebo patients received a PARPi as
first subsequent therapy and 13.0% as second subsequent therapy.
These numbers indicate that a significant proportion of patients in
both trials received a PARPI early in later-line treatment, potentially
confounding OS outcomes. Differences in patient populations and
study design may have also influenced the results as previously
discussed. Additionally, variations in PARPi maintenance duration
could have affected responses to subsequent treatments [12,14].

The disparity between PFS and OS across different subgroups
highlights the need for caution when interpreting PFS as a surrogate
for OS, particularly in HRD test-positive and test-negative patients.
Additionally, the role of bevacizumab in combination with PARP;i,
especially in HRD test-positive patients without BRCA pathogenic
variants and in HRD test-negative populations, remains inconclusive
and requires further investigation. It is also worth mentioning
that although PARPi share common adverse events, there are
particularities in toxicity profile among the studied agents that may
influence patient adherence and treatment outcomes. Niraparib was
associated with the highest rates of thrombocytopenia, but less fatigue
when compared to olaparib, veliparib and rucaparib for example.
Nausea is a common PARPi side effect, but rucaparib was the only
to report > G3 elevations in ALT/AST. AEs leading to treatment
discontinuation ranged from 4% to 12%, with the lowest rate for
senaparib. Therefore, understanding the toxicity landscape is crucial
for interpreting the efficacy data and ensuring a balanced approach to
patient management in clinical practice.

Strengths and weaknesses

A key strength of this meta-analysis is the large sample size of
more than 4,000 patients, which provides a robust and diverse
dataset, improving the reliability of findings and allowing for broad
generalizability across various patient demographics. Subgroup
analyses further enriched the study, offering insights into how PARPi
affects specific populations, such as patients with either BRCA
pathogenic variants or HRD test-positive status. Lastly, the analysis
of adverse events, including rare but significant risks, such MDS and
AML, highlights both the benefits and potential harms of PARPi,

supporting a balanced risk-benefit evaluation.

Despite these strengths, several limitations may affect the
interpretation and applicability of the findings. Among them, the
lack of long-term OS data in most studies should be highlighted,
which may limit conclusions about the extended survival benefits of
PARPi across different subgroups. Additionally, a high heterogeneity
was seen across the analyses. This likely reflects the between-
HRD test heterogeneity among studies, as well as different patient
characteristics, such as BRCA statuses. Furthermore, the impact of
subsequent therapies on OS, where many patients received PARPi
in post-trial lines of treatment, may dilute the true effect of PARPi,
hindering difficulties in assessing the long-term survival benefit.
Another key limitation is the lack of a stratified analysis within stage
III. While we performed an additional analysis of PFS for stage III
patients, a more detailed subgroup analysis was not feasible due to the
lack of individual patient-level data in the included trials. Together,
these limitations underscore the need for caution in applying these
findings broadly and highlight areas where future research could
enhance our understanding of PARPi’s role in treating newly
diagnosed ovarian cancer.

Implications for practice and future research

These results have direct implications for clinical practice,
particularly regarding the tailored use of PARPi in treating ovarian
cancer. The OS benefit in patients with BRCA pathogenic variants
underscores the importance of early genetic and molecular testing
to identify patients most likely to benefit from PARPi. Notably, the
PES benefit observed in our analysis was present in both HRD test-
positive and HRD test-negative patients, demonstrating that PARPi
provide progression-free survival advantage across these subgroups.
However, no overall survival benefit was identified in either HRD test-
positive or HRD test-negative populations. These findings suggest
that while PARPi improve PFS, their impact on long-term survival
remains uncertain. This highlights the need for longer follow-up to
better identify subpopulations that derive the most significant benefit
from PARPi, particularly in the context of optimizing resource
allocation and therapeutic strategies.

Despite great initial benefit of PARPi following platinum-based
chemotherapy, up to 85% of ovarian cancer patients face disease
progression under PARPi treatment [13,24]. Limited options are
available in the scenario of PARPI resistance. Evidence suggests an
association between relapse on platinum-based chemotherapy and
PARPi.40 The loss of BRCAI methylation appears to be the leading
cross-resistance mechanism between them [41]. Additionally,
reversion mutations in BRCA1/2, which restore homologous
recombination proficiency, are among the most well-documented
mechanisms of resistance to both PARPi and platinum-based
chemotherapy [42,43]. Furthermore, RAD51 overexpression and
a shift toward error-prone repair pathways like Non-Homologous
End Joining (NHE]) have also been identified as contributors to
chemoresistance. This combination of resistance mechanisms may
explain the reduced benefit of subsequent chemotherapy following
PARPi resistance [44]. A retrospective cohort evaluated the
effectiveness of chemotherapy (platinum-based and non-platinum-
based) following progression under PARPi on 291 ovarian cancer
patients [45]. The subgroup of patients with a platinum-free interval
of at least six months who received platinum-based regimens
after progression on PARPi had numerically better survival rates
than those who received non-platinum-based chemotherapy. Yet,
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the median PFS was only 5.6 months in the overall population.
Additionally, post-progression data from the PAOLA-1 trial suggest
that disease progression during PARPi treatment may negatively
impact responses to subsequent chemotherapy [7,14].

Another treatment alternative currently being studied for those
experiencing PARPI resistance consists of treatment rechallenge. The
phase IITb OReO/ENGOT-o0v38 trial investigated olaparib compared
to placebo in ovarian cancer patients previously treated with PARPi
after first-line platinum-based chemotherapy. Slightly better survival
rates were seen for the olaparib arm, regardless of BRCA status
[46], with a manageable safety profile. Despite encouraging data,
subsequent treatment options for patients progressing under or
after PARPI treatment still pose a major challenge. Future studies
exploring novel prognostic biomarkers and other agents in this
patient population are urgently needed.

Conclusion

The current systematic review and meta-analysis supports
a significant survival benefit of PARPi in patients with BRCA
pathogenic variants. However, the absence of a clear OS benefit in
HRD test-positive and test-negative patients suggests a need for
more selective use of these agents across ovarian cancer populations.
Further research should focus on identifying patients who may benefit
from alternative or combination therapies. Such efforts could pave
the way for more personalized approaches that maximize therapeutic
efficacy across all patient subgroups.
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