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Article info Abstract

Background and objective: Selection of patients harboring mutations in homologous
recombination repair (HRR) genes for treatment with a PARP inhibitor (PARPi) is chal-
lenging in metastatic castration-resistant prostate cancer (mCRPC). To gain further
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insight, we quantitatively assessed the differential efficacy of PARPi therapy among
patients with mCRPC and different HRR gene mutations.

Methods: This living meta-analysis (LMA) was conducted using the Living Interactive
Evidence synthesis framework. We included clinical trials assessing PARPi as monother-
apy in pretreated mCRPC or in combination with an androgen receptor pathway inhibi-
tor (ARPI) in treatment-naive patients. Random-effects meta-analyses were performed
for a priori subgroups stratified by HRR status, BRCA status, and each gene.

Key findings and limitations: This first report for our LMA includes 13 trials (4278
patients). Among patients with pretreated mCRPC receiving PARPi monotherapy, the
tumor response rate per 100 person-months was numerically higher for patients with
BRCA2 (50% prostate-specific antigen response [PSA50%] 3.3; objective response rate
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prostate cancer [ORR] 3.3), BRCA1 (PSA50% 1.2; ORR 2.0), or PALB2 (PSA50% 3.3; ORR 1.4) alterations than
PARP inhibitors for patients with ATM (PSA50% 0.4; ORR 0.3), CDK12 (PSA50% 0.2; ORR 0.2), or CHEK2
(PSA50% 1.0; ORR 0.7) alterations. Among patients receiving PARPi + ARPI, a significant
radiographic progression-free survival benefit was observed in those with BRCA (hazard
ratio [HR] 0.28, 95% confidence interval [CI] 0.13-0.62) or CDK12 (HR 0.58, 95% CI 0.35-
0.95) alterations, but not in patients with PALB2 (HR 0.53, 95% CI 0.21-1.32), ATM (HR
0.93, 95% CI1 0.57-1.53), or CHEK2 (HR 0.92, 95% CI 0.53-1.61) alterations. An overall sur-
vival benefit was observed for patients with BRCA alterations (HR 0.47, 95% C1 0.31-0.71)
after adjustment for crossover and subsequent therapy, but not for patients with PALB2
(HR 0.33, 95% CI 0.10-1.16), ATM (HR 0.97, 95% CI 0.57-1.67), CDK12 (HR 0.80, 95% CI
0.36-1.78), or CHEK2 (HR 0.81, 95% CI 0.37-1.75) alterations.
Conclusions and clinical implications: Our LMA delivers information on the effect of
PARPi therapy in relation to specific gene alterations in mCRPC via an interactive web
platform. The evidence suggests the greatest PARPi benefit in patients with BRCA
alterations, a strong signal of benefit in patients with PALB2 or CDK12 alterations, and
no benefit in patients with ATM or CHEK?2 alterations.
© 2024 Published by Elsevier B.V. on behalf of European Association of Urology.

ADVANCING PRACTICE

What does this study add?

This living meta-analysis highlights the association between specific genetic alterations in homologous recombination
repair pathways and the benefit from PARP inhibitor (PARPi) therapy in metastatic castration-resistant prostate cancer
(mCRPC). The findings emphasize that patients with BRCA alterations, particularly BRCA2, derive the greatest benefit from
PARPi therapy, whether used as monotherapy or in combination with an androgen receptor pathway inhibitor. There is
also a signal of potential benefit for patients with PALB2 and CDK12 alterations, while no benefit is observed in those with
ATM or CHEK? alterations. This meta-analysis is interactive and provides up-to-date treatment effects of PARPi in relation
to specific gene alterations via a web platform to help clinicians in tailoring treatment according to the genetic profile of
individual patients.

Clinical Relevance

PARP inhibitors provide a non-hormonal, non-cytotoxic treatment option for patients with advanced prostate cancer.
International guidelines based on several phase III clinical trials recommend offering PARP inhibitors to certain patients
with metastatic castration-resistant prostate cancer harboring germline or somatic alterations in specific DNA repair
genes. However, their efficacy varies significantly depending on the type of genetic alteration. This report highlights that
patients with BRCA2 and BRCA1 alterations experience the greatest benefit. Through an interactive web platform, this
living systematic review with meta-analysis provides the most current and robust evidence quantifying these differences.
It serves as a valuable tool for guiding treatment decisions regarding the use of PARP inhibitors, whether offered as
monotherapy or in combination with androgen-receptor pathway inhibitors. Associate Editor: Gianluca Giannarini MD.

Patient Summary

Choosing the right patients to receive drugs called PARP inhibitors as treatment for advanced prostate cancer can be
challenging. To help physicians in making informed treatment decisions, we developed interactive up-to-date evidence
summaries of the effectiveness of PARP inhibitors for prostate cancer with mutations in different genes. Our findings
show that patients with mutations in BRCA genes get the most benefit from this treatment, while those with mutations
in ATM or CHEK?2 genes benefit the least.

1. Introduction for mCRPC treatment are challenging for clinicians because
of the evolving evidence and subtle differences in clinical

Treatment recommendations for patients with metastatic trial designs.

castration-resistant prostate cancer (mCRPC) require careful Genomic profiling to detect alterations in homologous
consideration of clinical and patient-specific factors. Treat-  recombination repair (HRR) pathway genes in patients with
ment options include chemotherapy, androgen receptor mCRPC is the standard of care for PARPi treatment deci-
pathway inhibitors (ARPIs), PARP inhibitor (PARPi) agents,  sions. Deficiencies in the HRR pathway can confer depen-
PARPi + ARPI combinations, radiopharmaceuticals, and  dence on the DNA repair enzyme PARP1, rendering tumors
immunotherapy agents. Optimal decisions on PARPi use in individuals with HRR deficiency exquisitely sensitive to
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PARPi therapy [1]. The efficacy of PARPi in subsets of these
patients led to US Food and Drug Administration (FDA)
approval of olaparib and rucaparib as monotherapies [2,3].
While olaparib was granted broad approval for groups with
mutations in BRCA1/2, ATM, or 12 other HRR genes [2], use
of rucaparib remains restricted to BRCA1/2-mutated mCRPC
[3]. However, other regulatory agencies such as the Euro-
pean Medicines Agency restricted olaparib to the BRCA-
positive (BRCA™) subgroup (Supplementary Table 1).

Three phase 3 clinical trials (PROpel, TALAPRO-2, and
MAGNITUDE; Supplementary Tables 2 and 3) investigated
upfront PARPi and ARPI combinations for patients with
mCRPC who had not received previous ARPI therapy [4-6].
Both PROpel and TALAPRO-2 demonstrated better
progression-free survival (PFS) with PARPi + ARPI in the
overall patient population, with benefit of greater magni-
tude observed for patients with HRR-positive (HRR") tumors
[4,5]. Conversely, MAGNITUDE had a unique trial design in
which HRR" and HRR-negative (HRR ) cohorts were individ-
ually randomized. However, the PFS benefit was only lim-
ited to HRR" patients. It is clear that additional efforts are
needed to harmonize the findings from these different clin-
ical trials.

The evidence from different cohorts and additional trials
is rapidly evolving (Supplementary Table 4). The ability to
keep track of rapidly evolving evidence for different sub-
groups of interest, such as responses by different gene alter-
ations, and to understand key differences in design among
clinical trials and in patient populations in an intuitive,
user-friendly manner will help clinicians in better sequenc-
ing of treatments. Therefore, we initiated a living interactive
systematic review to highlight and comprehensively syn-
thesize findings from pivotal studies to harmonize the evi-
dence available and quantitatively assess the differential
efficacy of PARPi as monotherapy and in combination with
an ARPI in mCRPC according to the mutation status of dif-
ferent HRR genes. The results are available on an interactive
website [36] on which users can explore the data from key
clinical trials and visualize clinical outcomes.

2. Methods

This “living” systematic review was conducted using the
Living Interactive Evidence (LIVE) synthesis framework [7]
and is reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [8] (Supplementary material). Detailed methods
for the LIVE framework have been published elsewhere
[9,10].

2.1. Literature search and study selection

MEDLINE and EMBASE were initially searched from data-
base inception up to June 16, 2021 to identify relevant
abstract or full-text publications on clinical trials evaluating
PARPi in mCRPC. A “living” search was subsequently cre-
ated, with weekly updates to identify relevant studies (the
watcher module). The search strategy is available in the
Supplementary material.

Trials assessing PARPi as monotherapy or in combination
with an ARPI in previously treated or treatment-naive
mCRPC were considered eligible for inclusion. The
treatment-naive setting was defined as patients who had
not received or progressed on prior systemic therapy for
mCRPC.

2.2. Data extraction and quality assessment

Data were extracted from published reports on eligible
studies using an interactive graphical user interface with
machine-facilitated annotations (the extractor module).
Trial-level outcomes included overall survival (OS), radio-
graphic progression-free survival (rPFS), the radiographic
overall (objective) response rate (ORR), complete response,
prostate-specific antigen (PSA) 50% response, change in
the level of circulating tumor cells from >5 to <5 cells, com-
posite response, and safety. The outcomes were specified in
accordance with the definitions provided in eligible clinical
trials, as outlined in Supplementary Table 5. Details for data
extraction and the quality assessment [11,12] for each indi-
vidual trial are provided in the Supplementary material.

2.3. Data analysis

Stratified data analysis was performed for prespecified sub-
groups, including HRR mutation status (HRR*, HRR ™), BRCA1
or BRCA2 (BRCA1/2) mutation status (BRCA*, BRCA™), and
mutation status for each gene as reported in the individual
trials. The HRR subgroups were defined in accordance with
the defined set of genes across the trials (Tables 1 and 2 and
Supplementary Table 6). Trials assessing PARPi monother-
apy in later-line mCRPC were analyzed separately from
those assessing upfront PARPi combination therapy (PARPi
+ ARPI) in mCRPC.

Given the variable follow-up across trials assessing
PARPi monotherapy, the incidence rate per person-month
[13-14] for each categorical outcome at the level of each
gene was estimated using total participants as follows:

Incidence rate per person-month

_ Number of events for an outcome of interest
" Total number of participants x median follow-up inmonths’

The estimated incidence rates were then pooled using
DerSimonian-Laird random-effects meta-analysis. The
Clopper-Pearson method was used to estimate the 95% con-
fidence intervals (CIs) [16]. For interpretation, an incidence
rate of 3.3 events per 100 person-months means that if we
followed 100 patients for 1 mo or ten patients for 10 mo,
3.3 events would be observed.

For survival outcomes (OS and PFS), precomputed hazard
ratios (HRs) with 95% CI were pooled using DerSimonian-
Laird random-effects pairwise meta-analysis to compare
PARPi combination therapy (PARPi + ARPI) with ARPI alone.
Comparative raw binary outcomes (safety) were pooled
using the Mantel-Haenszel method. Summary pairwise
effect estimates were expressed as the relative risk with
95% CI. Cochran’s Q statistical test was used to assess
heterogeneity. The I index was used to quantify the pro-
portion of total variability observed that was due to
between-study heterogeneity, with > > 50% indicating
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Table 1 - Baseline trial and population characteristics for trials assessing PARPi monotherapy

Characteristics NCT01682772 NCT02987543 NCT01682772 NCT02952534 NCT02854436 NCT03148795 NCT02975934
TOPARP-A PROfound TOPARP-B TRITON2 GALAHAD TALAPRO-1 TRITON-3

YOP 2015 2020 2020 2020 2022 2021 2023

Phase 2 3 2 2 2 2 3

Design Single-arm OL NRS Dual-arm OL RS Dual-arm OL RS Single-arm OL NRS Single-arm OL NRS Single-arm OL NRS Dual-arm OL RS

Treatment arms Olap 400 mg Arm 1: Olap 300 mg Arm 1: Olap 300 mg Rucaparib Nira 300 mg Tala 1 mg Arm 1: Ruca 600 mg

Inclusion criteria

HRRm status for
inclusion

Participants in the
PARPi arm

Median age (yr)

Primary endpoint
Median

follow-up (mo)
Gene panel testing
Genes assessed

Specimen tested
Testing

G/S (%)

Patients regardless of
HRRm status and DP on
1-2 prior TCAs in the
mCRPC setting

None

49 (evaluable)

67.5

Response rate
14.4

BRCA1, BRCA2, ATM,
PALB2, CHEK2, FANCA,
MLH3, NBN, RAD51,
MRE11A, HDAC2, ERCC3

Tissue
In-house panel

Not reported

Arm 2: Enza/Abi

Patients with prespecified
HRRm and DP on at least
1 prior ARPI in the mCRPC
setting

Deleterious BA/MA G/S
HRRm
256 (eligible)

69

rPFS
~7-12

Cohort A: BRCA1, BRCA2,
ATM

Cohort B: BRIP1, BARD1,
CDK12, CHEK1, CHEK2,
FANCL, PALB2, PPP2R2A,
RAD51B, RAD51C,
RAD51D, RAD54L

Tissue

FoundationOne

Not reported

Arm 2: Olap 400 mg
Patients with prespecified
HRRm and DP on 1-2 prior
TCAs in the mCRPC setting

Deleterious BA HRRm

92 (evaluable)

Olaparib 300mg: 67.3;
Olaparib 400mg 67.6
Composite response
24.8

BRCA1, BRCA2, ATM, CDK12,
PALB2, ARID1A, ATRX, CHEK1,
CHEK2, FANCA, FANCF, FANCG,
FANCI, FANCM, MSH2, NBN,
RAD50, WRN

Tissue
In-house panel

44/22
(BRCA1/2 subset)

Patients with prespecified
HRRm and DP on 1-2 ARPIs
and 1 prior TCA in the
mCRPC setting

Deleterious BA/MA G/S
HRRm

193

(BRCA subset: 115)
(non-BRCA subset: 78)
72

Objective response rate
17.1

BRCA1, BRCA2, ATM, BARD1,
BRIP1, CDK12, CHEK2,
FANCA, NBN, PALB2, RAD51,
RAD51B, RAD51C, RAD51D,
RAD54

Plasma/tissue
FoundationOne

38/62

Patients with
prespecified HRRm and
DP on at least 1 prior
ARPI and 1 prior TCA in
the mCRPC setting

BA HRRm/germline
pathogenic alterations
223

BRCA subset: 142
Non-BRCA subset: 81
BRCA subset: 67
Non-BRCA subset: 70
Objective response rate
BRCA subset: 10.0
Non-BRCA subset: 8.6

BRCA1, BRCA2, ATM,
FANCA, PALB2, CHEK?2,
BRIP1, HDAC2

Plasma/tissue
Resolution Bioscience;
FoundationOne

Not reported

Patients with
prespecified HRRm and
DP on at least 1 prior
ARPI and 1 prior TCA in
the mCRPC setting
BA/MA HRRm

104 (antitumor activity
population)

69
Objective response rate

16.4

BRCA1, BRCA2, ATM,
PALB2, ATR, CHEK?2,
FANCA, MLH1, NBN,
RAD51C, MRE11A

Tissue
FoundationOne

35/62

Arm 2: Doc/Enza/Abi
Patients with
prespecified HRRm and
DP on at least 1 prior
ARPI but no prior TCA in
the mCRPC setting
Deleterious BRCA1/2 or
ATM mutations

270

(BRCA subset: 201)
(ATM: 69)

70

rPFS
62

BRCA1, BRCA2, ATM

Plasma/tissue
FoundationOne
FoundationACT
Local

35/63

Abi = abiraterone; ARPI = androgen receptor pathway inhibitor; BA = biallelic; Doc = docetaxel; DP = disease progression; Enza = enzalutamide; G/S = germline/somatic; HRRm = homologous recombination repair mutation;
MA = monoallelic; mCRPC = metastatic castration-resistant prostate cancer; Nira = niraparib; NRS = nonrandomized study; OL = open-label; Olap = olaparib; PSA = prostate-specific antigen; PARPi = PARP inhibitor; rPFS =
radiographic progression-free survival; RS = randomized study; Ruca = rucaparib; Tala = talazoparib; TCA = taxane chemotherapy agent; YOP = year of original publication.
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Table 2 - Baseline trial and population characteristics of the trials assessing PARPi + ARPI combinations

Characteristics NCT01576172 NCT01972217 NCT03431350 NCT03732820 NCT03748641 NCT03395197
NCI 9012 QUEST 11 PROpel MAGNITUDE TALAPRO-2

YOP 2018 2018 2023 2023 2023 2023

Phase 2 2 2 3 3 3

Design Dual-arm OL RS Dual-arm DB RS Single-arm OL NRS Dual-arm DB RS Dual-arm DB RS Dual-arm DB RS

Treatment arms

Inclusion criteria

HRRm status for
inclusion

Total trial
participants
Median age (yr)

Primary endpoint

Median follow-up
(mo)

Gene panel testing

Genes assessed

Specimen tested
Test used
GJS (%)

Arm 1: Veliparib + Abi
Arm2: Abi

Patients with DP on <2
CTx lines but no prior
ARPI in the mCRPC
setting

None

153
68

PSA response rate
Not available

BRCA1, BRCA2, ATM,
FANCA, PALB2, RAD51B,
RAD51C, BRCA2

Tissue
Not reported
Not reported

Treatment: Olap + Abi
Arm 2: Abi

Patients with DP on <2 CTx lines but no

prior ARPI in the mCRPC setting

None

142

Treatment: 70
Control: 67
rPFS
Treatment: 15.9
Control: 24.5

ATM, BARD1, BRCA1, BRCA2, BRIP1,
CDK12, CHEK1, CHEK2, FANCL, PALB2,
RAD51B, RAD51C, RAD51D, RAD54L,
PPP2R2A

Plasma/tissue

FoundationOne

Not reported

Treatment: Nira + Abi
Patients with prespecified HRRm

and DP on 1 prior ARPI but no prior
taxane CTx in the mCRPC setting

Deleterious BA/MA G/S HRRm

23
73
Composite response rate

18

ATM, BRCA1, BRCA2, BRIP1, CHEK2,
FANCA, HDAC2, PALB2

Plasma/tissue
Not reported
Not reported

Treatment: Olap + Abi

Control: Abi

Patients without PTx in the mCRPC
setting

Ongoing ADT or 1GAA with a 4-wk
washout period was allowed

None

796

Treatment: 69
Control: 70
rPFS
Treatment: 36.6
Control: 36.5

ATM, BRCA1, BRCA2, BARD1, BRIP1,
CDK12, CHEK1, CHEK2, FANCL, PALB2,
RAD51B, RAD51C, RAD51D, RAD54L

Plasma/tissue
FoundationOne
Not reported

Treatment: Nira + Abi
Control: Abi

Patients without PTx
in the mCRPC setting
Up to 4 mo of prior
AAP and ongoing ADT
were allowed
Deleterious BA/MA G/
S HRRm for the HRR*
cohort

423(HRR+)

247 (HRR-)

69

rPFS
26.8

ATM, BRCA1, BRCA2,
BRIP1, CDK12, CHEK2,
FANCA, HDAC2, PALB2

Plasma/tissue
FoundationOne
Not reported

Treatment: Tala + Enza
Control: Enza

Patients without PTx in the
mCRPC setting

Ongoing ADT was allowed

None

Cohort 1: 805
Cohort 2: 230
71

rPFS
Treatment: 24.9
Control: 24.6

BRCA1, BRCA2, PALB2, ATM,
ATR, CHEK2, FANCA, RAD51C,
NBN, MLH1, MRE11A, CDK12

Plasma/tissue
FoundationOne
Not reported

1GAA = first-generation antiandrogen agent; AAP: abiraterone acetate + prednisone; Abi = abiraterone; ADT: androgen deprivation therapy; ARPI = androgen receptor pathway inhibitor; BA = biallelic; CTx = chemotherapy; DB
= double-blinded; DP = disease progression; Enza = enzalutamide; G/S = germline/somatic; HRRm = homologous recombination repair mutation; MA = monoallelic; mCRPC: metastatic castration-resistant prostate cancer; Nira
= niraparib; NRS = nonrandomized study; OL = open-label; Olap = olaparib; PSA = prostate-specific antigen; PTx = prior therapy; rPFS = radiographic progression-free survival; RS = randomized study; Tala = talazoparib; YOP =
year of original publication.
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substantial heterogeneity. Subgroup differences were
assessed using p values for interaction, with p < 0.1 indicat-
ing a statistically significant interaction [9,9,17]. For all
other analyses, p < 0.05 indicated statistical significance.
All statistical analyses were performed using the analyzer
module built in R v4.3.2.

3. Results
As of July 1, 2024 (the analysis cutoff date), 13 clinical trials

(37 articles) involving 4278 patients were eligible for inclu-
sion (Fig. 1).

3.1. PARPi monotherapy

Seven trials (18 articles) [18-34] assessed PARPi monother-
apy in 1459 patients with previously treated mCRPC. Two
were phase 3 trials [26,35] and the rest were phase 2 trials.
All trials but three [20,26,35] were single-arm studies. Ola-
parib was assessed in three trials [18,20,26], rucaparib in
two trials [34,35], and talazoparib [28] and niraparib [32]
in one trial each. The interquartile range for median
follow-up in the trials was 11.5-19 mo. The frequency dis-
tributions for gene alterations across the eligible trials are
outlined in Supplementary Table 7 and Fig. 2. Detailed base-
line characteristics are listed in Table 1. The risk of bias

Initial records identified through Records identified through automatic
electronic database update
(n=26595) (n =5500)
IS L ]
=
©
Qo
= ) Duplicate records removed
= =
[0} (n=4719)
© Y
Records after de-duplication
(n=27376)
————
> Currently screening*
(n=247)
()]
£ A 4
c
()]
o Titles and abstracts screened
A (n=27129)
—_— ) Excluded by titles and abstracts
(n=25512)
2
3 Full-texts assessed for eligibility
=) (n=1617)
w
> Excluded by full-text review
(n =1580)
i i
Monotherapy studies included in the Combination therapy studies included in
systematic review the systematic review
(trials = 7) (trials = 6)
(references = 18) (references = 19)
gl
[}
©
=
3]
= Monotherapy studies included in the Combination therapy studies included in
meta-analysis the meta-analysis
(trials = 7) (trials = 3)
(references = 18) (references = 16)

Fig. 1 - Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) flowchart outlining the study selection process.

* A total of 247 citations are being screened as of July 1, 2024.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 19,
2025. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



632 EUROPEAN UROLOGY 87 (2025) 626-640

across trials was low for most domains, as shown in Supple-
mentary Fig. 1 (putative biomarkers were retrospectively
identified in the TOPARP-A trial).

Efficacy outcomes by mutation status for different genes
were scarce and inconsistently reported in trials (Supple-
mentary Fig. 2). Comparative pairwise meta-analysis was
not performed using data from PROfound [26] or TRITON-
3 [35] because of heterogeneity in the use of prior therapy
and variable control arms across the two trials.

3.1.1. PSA50% response

The PSA50% response for BRCA1/2 subgroups was reported
in seven trials and was reported separately for BRCA1 and
BRCA2 in only three and four trials, respectively. The
PSA50% response rate in events per 100 person-months
for patients with HRR mutations (Supplementary Fig. 3A)
was 4.0 (95% CI 2.3-5.8; I = 96%) for BRCA1/2, 3.3 (95% CI
2.3-4.4; 1? = 62%) for BRCA2 alone, 3.3 (95% CI 1.0-5.5; I
0.0%) for PALB2, 1.2 (95% CI 0.0-2.3; I> = 0.0%) for BRCA1
alone, 0.98 (95% CI 0.0-2.3) for CHEK2, 0.38 (95% CI 0.0-
0.8; I2 = 48%) for ATM, and 0.22 (95% CI 0.0-0.5; I? = 10%)
for CDK12.

3.1.2. Radiographic objective response rate

Analysis of radiographic ORR (Supplementary Fig. 3B) was
restricted to patients with measurable disease at baseline.
Radiographic ORR was reported for the BRCA1/2 subgroup
in seven trials and was reported separately for BRCA1 and
BRCAZ2 in only four and five trials, respectively. Radiographic

Frequency (%)

'S
o
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20

ORR in events per 100 person-months for patients with HRR
mutations was 3.3 (95% CI 2.1-4.6; I = 66%) for BRCA2, 2.9
(95% CI 1.6-4.2; I? = 90%) for BRCA 1/2, 2.0 (95% CI 0.4-3.6;
12 = 0.0%) for BRCA1, 1.4 (95% CI 0.0-3.0; I? = 0.0%) for PALB2,
0.65 (95% CI 0.0-1.9) for CHEK2, 0.33 (95% CI 0.0-0.7;
I? = 43%) for ATM, and 0.18 (95% CI 0.0-0.5; I? = 0.0%) for
CDK12.

The results were consistent for radiographic complete
response in patients with measurable disease according to
the limited data available (Supplementary Fig. 3C). Similar
results patterns were observed for composite response, as
shown in Supplementary Fig. 3D.

3.1.3. Radiographic progressive disease

The rate of radiographic progressive disease was 2.5 events
per 100 person-months (95% CI 1.3-3.7; 12 = 97%) for
patients with BRCA1/2 alterations, and 3.6 per 100 person-
months (95% CI 0.5-6.6; I? = 94%) for patients with ATM
alterations (Supplementary Fig. 3E).

3.14. All-cause mortality
Results for all-cause mortality were consistent within the
trial follow-up periods (Supplementary Fig. 3F), with
numerically lower rates observed for patients with BRCA1/2
alterations (3.4 events per 100 person-months, 95% CI 1.4-
5.5; I2 = 94%) in comparison to those with ATM alterations
(3.6 per 100 person-months, 95% CI 1.6-5.6; I = 56%).
Limited data stratified by zygosity and allelic variation
are shown in Supplementary Fig. 4. Summaries of the

Genes  Trials (patients*) Frequency (95% Cl)

BRCA2 10 (1093) 44 (35-53)
ATM 10 (545) 22 (20-24)
CDK12 6 (263) 15 (7.1-24)
MLH3 1) 13 (1.6-38)
CHEK2 9 (180) 76 (4.4-12)
ERCC3 1(1) 6.3 (0.16-30)
MRE11 1(1) 6.3 (0.16-30)
BRCA1 10 (133) 46(2967)
PPP2R2A 1(15) 3.9(22:6.3)
FANCA 6 (48) 34 (1559)
ATR 2(17) 3.3 (1.8:5.1)
MLH1 2(15) 31(12:56)
PALB2 9 (60) 24(11-42)
NBN 4(19) 2.0 (0.95-3.4)
HDAC2 3(14) 1.7 (0.04-4.9)
RAD51 2(2) 1.2 (0.0-11)
RAD54L 3(12) 11(0.0-11)
RAD51C 2(8) 1.1(0.27-2.3)
BRIP1 5(16) 1.0 (0.53-1.7)
RAD51B 3(9) 0.98 (0.29-2.0)
BARD1 2(6) 0.97 (0.29-2.0)
CHEK1 1(3) 0.78 (0.16-2.3)
MRE11A 2(4) 069 (0.08-1.7)
RAD51D 2(3) 0.48 (0.04-1.3)
FANCL 2(3) 0.37 (0.0-2.7)

Genes

Fig. 2 - Pooled frequency of gene alterations from PARP inhibitor trials. CI = confidence interval.
* Number of trials and patients with specific gene mutations as reported across the included trials.
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PSA50% response
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CDK12 ATM CHEK2 BRCA1 BRCA2 PALB2 CDK12 ATM

Radiographic overall response
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CHEK2 PALB2 BRCA1 BRCA2 ATM

CDK12 CHEK2 PALB2 BRCA1 BRCA2
Efficacy with PARPi monotherapy

Fig. 3 - Summary of the differential efficacy of PARP inhibitor (PARPi) monotherapy in the presence of alterations in different homologous recombination
repair genes. Efficacy outcomes for other genes were not consistently reported across the eligible trials. A quarter of patients with FANCA mutations, 1/2
patients with BRIPT mutations, and 1/1 patients with RAD51B mutations had a PSA50% response. A quarter of patients with FANCA mutations had a complete
response. The incidence rate per person-month is a measure of how frequently a particular event occurs within a population over time. For example, in
patients with mutations in only BRCA2, the PSA50% response rate was 3.3 per 100 person-months. This means that if we follow 100 patients with BRCA2
mutations for 1 mo, or ten patients for 10 mo, 3.3 PSA50% responses would be observed. PSA50% = 50% prostate-specific antigen response.

efficacy of PARPi monotherapy are shown in Fig. 3 and Sup-
plementary Fig. 5. Post hoc sensitivity analyses excluding
the TOPARP-A trial (which retrospectively identified puta-
tive biomarkers) showed consistent results (Supplementary
Fig. 6). Additional sensitivity analyses for outcomes with I?
> 50% are reported in Supplementary Table 8.

3.1.5. Safety

The rate of adverse events (AEs) with PARPi monotherapy
was 4.4 events per 100 person-months (95% CI 1.9-6.8)
for grade >3 AEs, and 7.1 events per 100 person-months
(95% CI 3.3-11) for any-grade AEs. Detailed results includ-
ing analyses of hematological toxicities are available online
[36].

3.2. PARPi combination therapy

Among the studies included in the systematic review, three
phase 2 trials (3 articles) [37-39] assessed PARPi combina-
tions with ARPI therapy (olaparib + abiraterone [37],
niraparib + abiraterone [38], veliparib + abiraterone [39])
in patients who had received at least one prior systemic
therapy for mCRPC, including taxane chemotherapy and/or
ARPI therapy. These trials were not included in the final
quantitative meta-analysis because of considerable hetero-
geneity in study design and eligibility criteria.

Three phase 3 trials (16 articles) [4-6,38-50] assessed
upfront PARPi combination therapy in a total of 2501
patients with mCRPC (MAGNITUDE allowed <4 mo of
abiraterone acetate in the mCRPC setting). Olaparib + abi-
raterone [4], niraparib + abiraterone [6], and talazoparib +
enzalutamide [5] were each assessed in one trial. These tri-
als were included in the final quantitative meta-analysis.
The interquartile range for median follow-up for the trials
was 24.9-36.5 mo. Detailed baseline characteristics are out-
lined in Table 2. The risk of bias across trials was low for
most domains, as shown in Supplementary Fig. 1. A

summary of the efficacy of PARPi + ARPI in the overall pop-
ulation and for each clinically relevant gene subgroup is
shown in Fig. 4.

3.2.1. Efficacy by HRR status

3.2.1.1. rPFS. In the HRR' subgroup, PARPi + ARPI signifi-
cantly improved rPFS in comparison to ARPI alone (HR 0.54,
95% CI 0.37-0.79; 1> = 78%; p = 0.002; Supplementary
Fig. 7A). In the HRR™ subgroup, PARPi + ARPI significantly
improved rPFS in comparison to ARPI alone (HR 0.74, 95%
Cl 0.63-0.88; I? = 0.0%; p < 0.001; Supplementary Fig. 7B).
No statistically significant interaction by HRR status was
observed (p = 0.14; Supplementary Fig. 7C). These results
were consistent when limiting the analysis to cohort 1
patients in TALAPRO-2 (Supplementary Table 9).

3.2.1.2. 0S. In the HRR® subgroup, no significant OS
improvement was observed with PARPi + ARPI in compar-
ison to ARPI alone (HR 0.79, 95% CI 0.59-1.05; I*> = 48%;
p = 0.11; Supplementary Fig. 8A). Analyses using data
adjusted for crossover and subsequent therapy in MAGNI-
TUDE showed a significant improvement in OS (HR 0.68,
95% CI 0.55-0.85; I = 0.0%; p < 0.001; Supplementary
Fig. 8B). Analyzable estimates adjusted for crossover and
subsequent therapy were not available for the other trials.
In the HRR™ subgroup, no significant OS improvement was
observed with PARPi + ARPI in comparison to ARPI alone
(HR 0.89, 95% CI 0.73-1.08; I? = 0.0%; p = 0.2; Supplemen-
tary Fig. 8C). There was a statistically significant interaction
by HRR status when using data adjusted for crossover and
subsequent therapy in MAGNITUDE (p = 0.081; Supplemen-
tary Fig. 8D). Detailed results for sensitivity analyses are
available in Supplementary Table 10.

3.2.2. Efficacy by individual gene status
32.2.1. rPFS. In the BRCA™ subgroup, PARPi + ARPI signif-
icantly improved rPFS in comparison to ARPI alone (HR 0.28,
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95% CI 0.13-0.62; 1> = 85%; p = 0.002; Supplementary
Fig. 9A). In the BRCA" subgroup, a significant rPFS improve-
ment was observed with PARPi + ARPI in comparison to
ARPI alone for both BRCA2 (HR 0.19, 95% CI 0.11-0.33;
I = 0.0%; p < 0.001) and BRCA1 (HR 0.12, 95% CI 0.02-
0.73; 12 = 0.0%; p = 0.009) alterations (Supplementary
Fig. 9B,C).

In the BRCA~ subgroup, PARPi + ARPI significantly
improved rPFS in comparison to ARPI alone (HR 0.77, 95%
Cl 0.63-0.93; I2 = 17%; p = 0.008; Supplementary Fig. 9D).
A statistically significant interaction by BRCA alteration sta-
tus was observed (p = 0.016; Supplementary Fig. 9E). The
results were consistent when limiting the analysis to cohort
1 in TALAPRO-2. Results for additional sensitivity analyses
are provided in Supplementary Table 9.

In the BRCA™ subgroup, a significant improvement in
rPFS was observed with PARPi + ARPI versus ARPI alone
for patients with CDK12 alterations (HR 0.58, 95% CI 0.35-
0.95; I = 0.0%; p = 0.029; Supplementary Fig. 10A). No sig-
nificant rPFS improvement was observed for patients with
PALB2 (HR 0.53, 95% CI 0.21-1.32; I? = 0.0%; p = 0.17),
ATM (HR 0.93, 95% CI 0.57-1.53; 12 = 21%; p = 0.8), or CHEK2
(HR 0.92, 95% CI 0.53-1.61; I = 0.0%; p = 0.8) alterations
(Supplementary Fig. 10B-D).

3222 Overall survival. In the BRCA* subgroup, PARPi +
ARPI did not significantly improve OS in comparison to ARPI
alone when there was no adjustment for crossover (HR 0.56,
95% CI 0.29-1.08; I? = 72%; p = 0.083; Supplementary
Fig. 11A). However, analyses using data adjusted for cross-
over and subsequent therapy in MAGNITUDE showed a sig-
nificant improvement in OS (HR 0.47, 95% CI 0.31-0.71;
I2 = 26%; p < 0.001; Supplementary Fig. 11B). Analyzable

estimates adjusted for crossover and subsequent therapy
were not available for the other trials. In the BRCA* sub-
group, analyzable OS data for BRCA1 and BRCA2 separately
were only available from a single trial (Supplementary
Table 14). In the BRCA™ subgroup, there was no significant
difference in OS between PARP + ARPI and ARPI alone (HR
0.84, 95% CI 0.65-1.10; I? = 23%; p = 0.2; Supplementary
Fig. 11C). A statistically significant interaction by BRCA
alteration status was observed when using data adjusted
for crossover and subsequent therapy in MAGNITUDE for
the BRCA® subgroup (p = 0.020; Supplementary Fig. 11D).
OS data for the BRCA~ subgroup in MAGNITUDE were not
available. The results were consistent when limiting the
analysis to cohort 1 in TALAPRO-2 (Supplementary
Table 10).

In the BRCA~ subgroup, there was no significant OS
improvement with PARPi + ARPI in comparison to ARPI
alone for patients with CDK12 (HR 0.80, 95% CI 0.36-1.78;
I> = 30%; p = 0.6), PALB2 (HR 0.33, 95% CI 0.10-1.16;
> = 0.0%; p = 0.084), ATM (HR 0.97, 95% CI 0.57-1.67;
I = 0.0%; p = 0.9), or CHEK2 (HR 0.81, 95% CI 0.37-1.75;
I = 0.0%; p = 0.6) alterations (Supplementary Fig. 12A-D).

Summaries of treatment efficacy in terms of rPFS and OS
improvement by alteration status for HRR, BRCA, and differ-
ent individual genes are provided in Table 3 and Supple-
mentary Figs. 13 and 14. Additional sensitivity analyses
for outcomes with I > 50% are reported in Supplementary
Table 11.

3.23. Safety

PARPi + ARPI was associated with higher risk of grade >3
AEs in comparison to ARPI alone (relative risk 1.83, 95% CI
1.11-3.01; I? = 96%; p = 0.021). There were no significant

Table 3 - Evidence profile for PARPi + ARPI in comparison to ARPI alone by subgroup®

Outcome Participants Relative effect Anticipated absolute effect (events/1000 patients)
MTEAEE A HR (95% CI) Baseline risk Risk difference with
with ARPI PARPi + ARPI (95% CI)

rPFS
HRR-positive 1048 0.54 570 204 fewer

(3 RCTs) (0.37-0.79) (from 302 fewer to 83 fewer)
HRR-negative 1099 0.74 470 95 fewer

(3 RCTs) (0.63-0.88) (from 140 fewer to 42 fewer)
BRCA-positive 465 0.28 624 384 fewer

(3 RCTs) (0.13-0.62) (from 505 fewer to 169 fewer)
BRCA-negative 1131 0.77 528 89 fewer

(3 RCTs) (0.63-0.93) (from 151 fewer to 25 fewer)
0s
HRR-positive 1048 0.68 389 104 fewer

(3 RCTs) (0.55-0.85) (from 151 fewer to 47 fewer)
HRR-negative 866 0.89 471 38 fewer

(2 RCTs) (0.73-1.08) (from 99 fewer to 26 more)
BRCA-positive 465 0.47 658 262 fewer

(3 RCTs) (0.31-0.71) (from 375 fewer to 125 fewer)
BRCA-negative 933 0.84 503 59 fewer

(2 RCTs) (0.65-1.10) (from 138 fewer to 34 more)

HR = hazard ratio; CI = confidence interval; ARPI = androgen receptor pathway inhibitor; PARPi = PARP inhibitor; HRR = homologous recombination repair; OS =

overall survival; RCT = randomized controlled trial; rPFS = radiographic progression-free survival.

2 The table outlines relative and absolute risk estimates with PARPi + ARPI in comparison to ARPI alone. The relative effect estimates with 95% CI were
translated into corresponding intervention risk values. The assumed baseline risk of death for each comparator by subgroup was computed as the mean of
risk of event (radiographic disease progression or death for rPFS; death for OS) within the study follow-up period for the trials included in the systematic
review. The absolute risk difference was calculated as the difference between the intervention risk and the assumed comparator risk.
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differences between PARPi + ARPI and ARPI alone in the risk
of any-grade or grade 5 AEs. Detailed results including anal-
yses of hematological toxicities are available online [36].

4. Discussion

This living interactive meta-analysis provides a comprehen-
sive quantitative summary of the PARPi treatment effect in
mCRPC when used upfront in combination with an ARPI or
as monotherapy in later lines for pretreated disease. We
used the latest evidence available from clinical trials to pro-
vide precise efficacy estimates, with greater statistical
power for clinically important subgroups for which
previous analyses across the individual trials were mostly

inconclusive because of limited sample size. The results
suggest that genes involved in the HRR pathway are not
equivalent in elicting a response to PARPi therapy. Genomic
alterations most amenable to PARPi are those in BRCA2,
PALB2, BRCA1, and CDK12 genes. Our findings move beyond
the general guidance for “HRR” versus “non-HRR” in inform-
ing clinicians about PARPi use. A gene-specific approach
seems to be optimal in guiding appropriate use of PARPi
in mCRPC.

Our quantitative results for the differential rPFS benefit
indicate that BRCA alterations delineate a molecular subset
with exquisite sensitivity to PARPi, confirming that the ben-
efit observed in HRR* subgroups in individual studies was
most likely driven by patients with BRCA alterations. This
marked effect also translated to better OS in this population

Radiographic progression-free survival

Group Trials Participants HR (95% CI) p value for interaction
Overall 3 2147 —— 0.68 (0.57-0.81)
HRR status
HRR+? 3 1048 — 0.54 (0.37-0.79) 0.14
HRR-? 3 1099 —— 0.74 (0.63-0.88)
BRCA status
BRCA+ 3 465 — 0.28 (0.13-0.62) 0.016
BRCA-* 3 1131 —— 0.77 (0.63-0.93)
PALB2 3 30 0.53 (0.21-1.32)
CDK12 3 125 — 0.58 (0.35-0.95)
ATM 3 191 0.93 (0.57-1.53)
CHEK2 3 105 0.92 (0.53-1.61)
[ T 1
0 0.5 15 b
Favors PARPi + ARPI Favors ARPI
Overall survival
Group Trials Participants HR (95% CI) p value for interaction
Overall 2 1491 —— 0.84 (0.72-0.98)
HRR status
HRR+* 3 ~1048 —a 0.68 (0.55-0.85) 0.081
HRR-¢ 2 866 —— 0.89 (0.73-1.08)
BRCA status
BRCA+"" 3 ~465 ——— 0.47 (0.31-0.71) 0.020
BRCA-2* 2 ~1131 R 0.84 (0.65-1.10)
PALB2 2 19 0.33 (0.10-1.16)
CDK12 2 67 - 0.80 (0.36-1.78)
ATM 2 134 0.97 (0.57-1.67)
CHEK2 2 57 . 0.81 (0.37-1.75)

0 0.5

1i5 2

Favors PARPi + ARPI

Favors ARPI

Fig. 4 - Summary of the differential efficacy of PARP inhibition combined with an androgen receptor pathway inhibitor by clinically relevant subgroups.
Overall population results for radiographic progression-free survival (rPFS) and overall survival (0S) include data from TALAPRO-2 cohort 1. rPFS data for
homologous recombination repair (HRR) positive (HRR*) and negative (HRR") subgroups in the MAGNITUDE trial were pooled using a fixed-effect meta-
analysis to estimate rPFS in the overall population. Results for OS for the HRR” subgroup in MAGNITUDE were not reported and hence could not be pooled with
the HRR* subgroup.  For rPFS for HRR*, BRCA*, and BRCA™ subgroups, results from the expanded cohort in TALAPRO-2 were used due to increase the sample
size. For the PROpel trial, all HRR" patients were also considered in the BRCA™ subgroup. Data from cohort 1 in TALAPRO-2 were used for the HRR" subgroup. ”
For 0S, data adjusted for crossover and subsequent therapies from MAGNITUDE were used for HRR* and BRCA*. However, multiple sensitivity analyses were
also conducted (as explained in the text) and are available in the Supplementary material. © Data from cohort 1 in TALAPRO-2 were used for the HRR

subgroup. The MAGNITUDE trial did not report OS for the HRR" subgroup.
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after adjusting for subsequent receipt of PARPi and other
life-prolonging treatments in the MAGNITUDE trial (Supple-
mentary Table 12). These findings support the unequivocal
efficacy of upfront PARPi + ARPI in patients with mCRPC
harboring BRCA alterations when not previously exposed
to an ARPI. This benefit in the BRCA* subgroup is also consis-
tent with the use of PARPi monotherapy in patients who
had previously been treated for mCRPC. The BRCA" sub-
group, particularly patients with BRCA2 alterations, had
greater tumor responses and numerically lower risk of pro-
gression and all-cause mortality (while on trial) in compar-
ison to subgroups with alteration in other genes.

It remains unclear whether PARPi efficacy differs by
BRCA1 versus BRCA2 mutation [53], mainly owing to the
sparsity of data because of the relatively lower frequency
of BRCA1 alterations in mCRPC (Fig. 2). Our analysis based
on limited data suggests lower sensitivity to PARPi
monotherapy among patients with BRCA1 mutations in
comparison to those with BRCA2 mutations (Supplementary
Tables 13 and 14). A recent retrospective study yielded sim-
ilar results [54]. One possible reason for these differences
could be the lower prevalence of biallelic and/or germline
mutations in BRCA1 than in BRCA2, which would explain
the lower sensitivity to PARPi therapy observed in the for-
mer subgroup [55-58].

The rPFS improvement conferred by PARPi + ARPI ther-
apy persisted, even in the non-BRCA subset in our analysis,
although no OS improvement was observed in this popula-
tion. The reproducibility of this statistically significant rPFS
benefit, although moderate in magnitude, strongly implies
the existence of additional genetic or nongenetic determi-
nants of PARPi response besides BRCA dysfunction. For
example, PALB2 serves as an effector in the HRR pathway
and is functionally equivalent to BRCA2 [59]. However, no
significant benefit was observed for patients with PALB2
alterations, probably because the small sample size pre-
cluded statistical significance (Fig. 2 and Supplementary
Table 7).

Patients harboring ATM alterations did not experience a
significant survival improvement with upfront PARPi +
ARPI, and similar findings were observed for PARPi
monotherapy in pretreated mCRPC. One possible explana-
tion for these results is that ATM protein acts principally
as a sensor of DNA damage rather than a mediator of the
HRR pathway [60]. Hence, these findings signal limited effi-
cacy of PARPi therapy in ATM-altered mCRPC tumors, so
exploration of other treatment options for this subgroup
of patients is warranted. In the future, newer therapies
including ATR inhibitors that have shown promising results
in different cancers may be considered for ATM-altered
mCRPC tumors.

Alterations are more common in CDK12 (pooled fre-
quency of 14%) than in other genes in the HRR pathway.
The totality of the evidence suggests a statistically signifi-
cant improvement in rPFS with PARPi + ARPI therapy in
the CDK12* subgroup. However, it should be noted that the
tumor response was attenuated in patients with previously
treated mCRPC receiving PARPi monotherapy. This could
potentially be attributed to the role of CDK12 inactivation
in the HRR pathway, which is molecularly distinct from

other HRR genes. The biological plausibility of co-inhibition
of PARP and ATR has also been suggested as an explanation
for the induction of HRR deficiency and synthetic lethality in
mCRPC patients with CDK12 alterations [61].

In the subgroup with CHEK?2 alterations, upfront PARPi +
ARPI therapy or PARPi monotherapy in later lines yielded no
apparent survival benefit, suggesting a limited role of
CHEK? alterations in rendering tumor sensitive to PARPi.

Notably, an rPFS improvement was also observed for the
HRR™ subgroup, although this was of lower magnitude than
for the HRR® subgroup. Several potential reasons may
account for the efficacy of PARPi in the HRR™ population.
First, PARPi may impact both DNA repair and androgen
receptor (AR) regulation, with PARP1 potentially essential
for AR transcription. Combining PARPi with ARPI could
therefore synergistically disrupt AR signaling, explaining
the efficacy in patients without HRR mutations [62-64].
Second, additional genetic alterations have been observed
in up to 14% of mCRPC cases, which could potentially
increase PARPi sensitivity, even in HRR-proficient tumors
[65-67]. Third, classification of patients with technically
uninterpretable sequencing or reliance on a single sample
type (blood vs tissue) for biomarker-negative status risks
inaccurate assignment of some HRR-deficient patients to
the HRR-proficient group [68]. A detailed discussion of
potential explanations to account for the efficacy of PARPi
therapy in the HRR™ subgroup is provided in Supplementary
Table 20.

It is also necessary to consider the important differences
among contemporary clinical trials assessing PARPi + ARPI
therapy. First, the choice of ARPI agent varied across trials,
with abiraterone acetate used in PROpel and MAGNITUDE,
and enzalutamide in TALAPRO-2. Second, the choice of
PARPi agent differed. PARP trapping on DNA is expected to
vary with the inhibitor used, so the specific PARPi type
may be an important factor to consider [69,70]. Third, the
eligibility of patients with prior systemic therapy differed
among the trials. PROpel did not allow prior use of abi-
raterone acetate but permitted prior ARPI therapy if
stopped at least 12 mo before enrollment without disease
progression. TALAPRO-2 permitted abiraterone acetate use
in the hormone-sensitive setting. Likewise, MAGNITUDE
allowed prior ARPI therapy if used in the hormone-
sensitive or nonmetastatic CRPC setting (Supplementary
Table 15). Lastly, PROpel and TALAPRO-2 (cohort 1)
included unselected patients, while MAGNITUDE allocated
patients on the basis of a priori genomic sequencing (Sup-
plementary Table 16).

Evidence for PARPi and ARPI combinations stems from
trials with designs and eligibility criteria that differ from
those for PARPi monotherapy in later lines. These combina-
tion trials primarily involved patients without previous
ARPI exposure, unlike those on PARPi monotherapy, who
had received a prior ARPI as upfront intensification, indicat-
ing an inherently different population (Supplementary
Tables 12-19). This reflects a challenge in real-world clini-
cal practice, as most patients receiving PARPi therapy have
already been exposed to an ARPI.

Our study has several strengths. First, we presented the
totality of evidence on the efficacy of PARPi alone or in
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combination with an ARPI in the context of specific gene
alterations using a systematic approach to appraise and
synthesize evidence from clinical trials (Supplementary
Figs. 3, 5, 6, 13, and 14). Second, in contrast to a recent
FDA analysis [71], we used a conservative meta-analytic
technique to summarize data from individual trials,
accounting for variance across the included studies. This
provided more precise estimates than individual trials,
and also adjusted for heterogeneity, which simple patient-
level pooled analyses fail to address. Third, we normalized
the incidence of tumor responses using median follow-up
at the level of each trial to account for variable follow-up
across trials assessing PARPi monotherapy. Fourth, in con-
trast to the recent FDA analysis [71], our systematic review
is living and interactive, with results available on a living
website [36] allowing clinicians to explore evidence in
accordance with needs of individualized patient care. The
results will be updated when new data become available.
Finally, our findings for PARPi + ARPI are consistent with
the meta-analysis by Messina et al [72], which showed a
significant rPFS benefit in HRR", HRR, and BRCA" subgroups.
However, the authors did not assess treatment effects at the
level of each gene and only reported OS for the overall pop-
ulation. Conversely, we evaluated the heterogeneity of
treatment effects not only by HRR status but also by each
gene, and found that OS is moderated by these parameters.
Detailed strengths are listed in Supplementary Table 21.

In terms of limitations, the analyses included a small
number of trials with only study-level data. The sample size
at the level of each HRR gene was small, which potentially
could have precluded statistical significance for these sub-
groups in assessing the treatment effect of PARPi + ARPI.
Nevertheless, a large magnitude of effect in certain sub-
groups probably indicates a strong signal of benefit, which
could be confirmed in future studies. Hence, careful inter-
pretation of the results is required. Moreover, the evidence
in this space is rapidly evolving and many trials are ongoing.
We are keeping track of ongoing trials (Supplementary
Table 4) and the results will be incorporated using the LIVE
synthesis framework. Trials assessing PARPi in combination
with ARPI reported OS data that were not mature because of
limited follow-up at the time of analysis. Mature OS data
with complete follow-up will be incorporated into the exist-
ing body of evidence using the LIVE synthesis framework.
Likewise, receipt of subsequent life-prolonging therapies
and crossover across the trials could have influenced OS,
as evidenced by results showing a significant OS benefit
with PARPi + ARPI therapy in HRR* and BRCA® subgroups
after adjusting for crossover and subsequent therapies in
the MAGNITUDE trial. No other trials (PROpel and
TALAPRO-2) reported analyzable estimates adjusted for
crossover and subsequent therapies. Hence, updated data
from these trials would offer additional insights. Most trials
assessing PARPi monotherapy did not have a control arm
and were not originally designed to assess subgroup differ-
ences by gene mutation status. Although incidence rates per
person-months were used to account for differences in
follow-up across these trials, most did not report follow-
up at the gene subgroup level. Thus, we could not assess

whether follow-up patterns differed between subgroups,
which could potentially influence the rates of tumor
response. Most trials did not report genomic efficacy by race
or ethnicity, limiting our ability to assess differential effects
by this parameter. Moreover, emerging data suggest that
biallelic alterations in HRR genes may be linked to greater
genomic instability [73], leading to greater tumor
responses, as evidenced by our results (Supplementary
Fig. 4). Although we report results by zygosity (homozygous
vs heterozygous), allelic distribution (biallelic vs monoal-
lelic), and origin of alterations (germline vs somatic), data
for these subgroups were scarce, so careful considerations
are required. The analysis of response rates in the presence
of BRCA1/2 alterations, primarily in the PARPi monotherapy
setting, showed heterogeneity (12 > 50%). Separate analyses
for BRCA1 and BRCA2 suggest that patients with BRCA2
mutation may derive a greater benefit. In addition, post
hoc leave-one-out sensitivity analyses (Supplementary
Tables 8 and 11) reduced the I? value and demonstrated a
consistent direction for the treatment effect in each itera-
tion. Subgroup analyses according to additional patient
characteristics were attempted but were not feasible
because of inconsistent and sparse reporting across trials
(Supplementary Tables 22 and 23). Moreover, use of
PSA50% response [74] as a standalone endpoint for assess-
ing the efficacy of PARPi monotherapy may not provide a
complete and comprehensive picture of the treatment
effect. While PSA50% decline indicates a reduction in tumor
burden, studies provide conflicting results for its correlation
with survival outcomes [75]. Hence, the results for PSA50%
response in this study should be interpreted in the context
of other patient-important outcomes. The question of
upfront combination therapy versus sequential treatment
remains unanswered. While the BRCAAway trial [76,77]
provides a rationale for upfront combination therapy in
molecularly defined populations, the results are not defini-
tive given the small sample size, the notable rate of attri-
tion, and the small number of patients who received
crossover treatment.

5. Conclusions

Current evidence suggests a delay in disease progression
and better OS with PARPi therapy for patients with mCRPC
with BRCA alterations, and a strong signal of benefit for
patients with PALB2 and CDKI12 alterations. However,
patients with CHEK2 and ATM alterations derive no signifi-
cant benefit from PARPi therapy.
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