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ABSTRACT 

Background: Poly(adenosine diphosphate–ribose) polymerase (PARP) inhibitors have emerged as 

an important therapeutic option for metastatic castration-resistant prostate cancer (mCRPC), 

particularly in tumors harboring homologous recombination repair (HRR) alterations. However, 

the magnitude of benefit across molecular subgroups and the balance between efficacy and toxicity 

remain incompletely defined. 

Objective: To evaluate the efficacy and safety of PARP inhibitors administered as monotherapy 

or in combination with androgen-receptor pathway inhibitors in patients with mCRPC. 

Methods: MEDLINE/PubMed, Embase, Scopus, Web of Science, and the Cochrane Central 

Register of Controlled Trials were searched from inception through August 2026. Randomized 

trials comparing a PARP inhibitor–based regimen with placebo or active systemic therapy were 

included. The primary efficacy outcomes were radiographic progression-free survival (rPFS) and 

overall survival (OS). Secondary outcomes included objective response, prostate-specific antigen 

response, and treatment-related toxicity. Hazard ratios (HRs) were pooled using a random-effects 

model. Risk of bias was assessed using the revised Cochrane Risk of Bias tool, and certainty of 

evidence was evaluated using the GRADE approach. 

Results: Eight randomized trials involving approximately 3,400 patients were included. Six trials 

provided directly extractable comparative rPFS estimates. PARP inhibitor–based therapy 

significantly reduced the risk of radiographic progression or death by 38% (pooled HR, 0.62; 95% 

CI, 0.56–0.69; I² = 4%). The exploratory pooled OS analysis also favored PARP inhibition (HR, 

0.81; 95% CI, 0.73–0.91; I² = 0%), although survival effects varied according to molecular 
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eligibility, treatment setting, crossover, and follow-up maturity. Patients with BRCA1/2 

alterations—particularly BRCA2—derived the greatest and most consistent benefits in rPFS, OS, 

objective response, and prostate-specific antigen response. Evidence for benefit in isolated ATM, 

CDK12, or CHEK2 alterations was inconsistent, while findings in HRR-negative disease differed 

across trials. PARP inhibitor–based treatment increased grade 3 or higher hematologic toxicity, 

particularly anemia, thrombocytopenia, and neutropenia. Dose interruption, dose reduction, 

transfusion, and treatment discontinuation were more frequent with combination therapy. 

Conclusion: PARP inhibitor–based therapy significantly improves rPFS in mCRPC, with the most 

favorable benefit–risk profile observed in patients with BRCA1/2-altered tumors. Overall-survival 

benefit is emerging but remains less uniform across molecular subgroups. Comprehensive genomic 

testing and biomarker-directed treatment selection are essential, while the uncertain benefit in 

HRR-proficient and selected non-BRCA tumors should be weighed against increased hematologic 

toxicity. 

Keywords: PARP inhibitors; metastatic castration-resistant prostate cancer; homologous 

recombination repair; BRCA1; BRCA2 

 INTRODUCTION 

     Prostate cancer remains one of the most frequently diagnosed malignancies and a leading cause 

of cancer-related mortality among men worldwide. Although androgen-deprivation therapy 

constitutes the cornerstone of treatment for advanced disease, most patients eventually experience 

progression despite castrate serum testosterone levels, resulting in metastatic castration-resistant 

prostate cancer (mCRPC). The therapeutic landscape of mCRPC has expanded substantially with 

the introduction of androgen-receptor pathway inhibitors, taxane-based chemotherapy, 

radiopharmaceuticals, and targeted therapies [1]. Nevertheless, clinical outcomes remain 

heterogeneous, treatment resistance is nearly inevitable, and the optimal sequencing of available 

agents continues to represent a major clinical challenge [2]. 

    Genomic studies have demonstrated that approximately 20%–30% of patients with advanced 

prostate cancer harbor deleterious alterations in genes involved in homologous recombination 

repair (HRR), including BRCA1, BRCA2, ATM, PALB2, CHEK2, CDK12, and other DNA damage–

repair genes. Among these alterations, BRCA2 aberrations are the most prevalent and appear to 

confer particularly aggressive tumor biology, earlier treatment resistance, and poorer survival. 

These molecular findings have provided a compelling rationale for biomarker-directed therapy and 

have established defective DNA repair as an actionable vulnerability in a clinically relevant 

subgroup of patients with mCRPC [3]. 

    Poly(adenosine diphosphate–ribose) polymerase (PARP) enzymes play an essential role in the 

recognition and repair of single-strand DNA breaks and in the maintenance of genomic stability. 

Pharmacological inhibition of PARP leads to the accumulation of unrepaired DNA damage, 

replication-fork collapse, and the formation of double-strand breaks. Tumor cells with impaired 
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HRR—particularly those carrying BRCA1 or BRCA2 alterations—cannot effectively repair this 

damage and may consequently undergo selective cell death through synthetic lethality [4-8]. This 

biological principle has supported the clinical development of several PARP inhibitors, including 

olaparib, rucaparib, niraparib, and talazoparib, for the treatment of advanced prostate cancer. 

    Randomized trials have shown that PARP inhibitor monotherapy can improve radiographic 

progression-free survival in selected patients with HRR-deficient mCRPC who have experienced 

progression after androgen-receptor pathway inhibition [9]. More recently, PARP inhibitors have 

been evaluated in combination with androgen-receptor pathway inhibitors, based on evidence of 

functional interactions between androgen-receptor signaling and DNA damage–repair pathways.  

Several studies have reported improved radiographic progression-free survival with these 

combinations, particularly among patients with BRCA1/2 alterations. However, the magnitude of 

benefit in patients without identifiable HRR alterations remains uncertain, and improvements in 

radiographic outcomes have not consistently translated into definitive overall-survival advantages 

across all molecular subgroups [10-13]. 

    The increasing use of PARP inhibitors must also be considered in relation to their toxicity. 

Myelosuppression—including anemia, thrombocytopenia, and neutropenia—is among the most 

clinically important adverse effects and may be particularly consequential in patients previously 

exposed to taxanes, radiotherapy, or radiopharmaceuticals. Fatigue, nausea, decreased appetite, and 

treatment discontinuation or dose modification are also frequently reported. Although uncommon, 

myelodysplastic syndrome, acute myeloid leukemia, venous thromboembolism, and other serious 

adverse events warrant careful surveillance. Differences in trial populations, treatment settings, 

comparator regimens, biomarker definitions, and follow-up duration have complicated direct 

comparisons of the efficacy and safety profiles of individual PARP inhibitors [14-16]. 

    Despite the rapid accumulation of clinical evidence, several questions remain unresolved. The 

relative benefits of PARP inhibitor monotherapy and combination therapy have not been fully 

defined; treatment effects may differ substantially according to individual HRR genes; and the 

balance between delayed disease progression and increased toxicity requires careful quantitative 

evaluation [17]. Furthermore, the inclusion of biomarker-unselected populations in some trials may 

obscure clinically meaningful differences between patients with BRCA1/2 alterations, those with 

non-BRCA HRR alterations, and those without detectable HRR deficiency. A rigorous synthesis of 

the available randomized evidence is therefore necessary to clarify the patient populations most 

likely to benefit and to characterize the risks associated with these treatments [18-20]. 

    Accordingly, this systematic review and meta-analysis aimed to evaluate the efficacy and safety 

of PARP inhibitors, administered either as monotherapy or in combination with other systemic 

agents, in patients with mCRPC [21]. The principal efficacy outcomes included radiographic 

progression-free survival, overall survival, objective response rate, and prostate-specific antigen 

response, while safety outcomes included overall and grade ≥3 adverse events, treatment 

discontinuation, dose modification, and treatment-related mortality [22]. Where sufficient data 

were available, subgroup analyses were undertaken according to HRR status, BRCA1/2 alteration 

status, treatment strategy, and individual PARP inhibitor. By integrating the available evidence, 
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this study sought to define the clinical benefit–risk profile of PARP inhibition and inform 

biomarker-guided treatment selection in mCRPC. 

 

MATERIALS AND METHODS 

Study Design and Reporting Standards 

This systematic review and meta-analysis was conducted in accordance with the Cochrane 

Handbook for Systematic Reviews of Interventions and reported following the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) statement. The review protocol 

was developed before study selection and data extraction. Any deviations from the prespecified 

methods were documented and justified in the final report. 

Eligibility Criteria 

Studies were selected according to the population, intervention, comparator, outcomes, and study-

design framework. 

Eligible populations comprised adult men aged 18 years or older with histologically or 

cytologically confirmed metastatic castration-resistant prostate cancer (mCRPC). Castration 

resistance was accepted according to the criteria applied in the original studies, provided that 

disease progression occurred despite ongoing androgen-deprivation therapy or after surgical 

castration. Studies enrolling mixed prostate cancer populations were eligible only when data for 

patients with mCRPC could be extracted separately. 

Eligible interventions included any orally administered PARP inhibitor, including olaparib, 

rucaparib, niraparib, talazoparib, veliparib, or pamiparib, administered either as monotherapy or in 

combination with an androgen-receptor pathway inhibitor or another systemic anticancer treatment. 

No restrictions were placed on the PARP inhibitor dose, treatment line, prior systemic therapy, or 

duration of treatment. 

Acceptable comparators included placebo, physician’s choice of standard therapy, androgen-

receptor pathway inhibition, taxane chemotherapy, or another active systemic treatment. For 

combination trials, the comparator was required to contain the same background therapy whenever 

possible to permit estimation of the incremental effect of PARP inhibition. 

Randomized controlled trials were included in the primary quantitative synthesis. Prospective 

nonrandomized or single-arm clinical studies were considered for supplementary safety analyses 

when randomized evidence for a particular agent or clinically important adverse event was 

insufficient. Case reports, case series with fewer than 10 participants, retrospective descriptive 

studies without an eligible comparator, reviews, editorials, conference commentaries, preclinical 

investigations, and studies without extractable outcome data were excluded. When multiple 

publications reported findings from the same trial population, the most complete and recent report 

was used for each outcome, while supplementary publications were consulted to obtain additional 

subgroup, survival, or safety data. 
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Outcomes 

The primary efficacy outcomes were radiographic progression-free survival and overall survival. 

Radiographic progression-free survival was defined according to the criteria used by the original 

investigators, generally as the time from randomization to radiographic disease progression or death 

from any cause. Overall survival was defined as the time from randomization to death from any 

cause. 

Secondary efficacy outcomes included objective response rate, prostate-specific antigen response 

of at least 50% from baseline, time to prostate-specific antigen progression, clinical progression-

free survival, time to first symptomatic skeletal event, duration of response, and health-related 

quality of life, where reported. 

The primary safety outcome was the incidence of grade 3 or higher treatment-emergent adverse 

events. Secondary safety outcomes included adverse events of any grade, serious adverse events, 

treatment-related adverse events, dose interruption, dose reduction, permanent treatment 

discontinuation, and treatment-related death. Adverse events of special interest included anemia, 

thrombocytopenia, neutropenia, leukopenia, fatigue, nausea, vomiting, decreased appetite, 

hypertension, venous thromboembolism, myelodysplastic syndrome, and acute myeloid leukemia. 

Toxicity grades were accepted according to the version of the Common Terminology Criteria for 

Adverse Events used in each trial. 

Information Sources and Search Strategy 

A comprehensive literature search was undertaken in MEDLINE/PubMed, Embase, the Cochrane 

Central Register of Controlled Trials, Web of Science Core Collection, and Scopus from database 

inception to the final search date. ClinicalTrials.gov, the World Health Organization International 

Clinical Trials Registry Platform, and the European Union Clinical Trials Register were searched 

to identify ongoing, unpublished, or incompletely reported trials. 

The search strategy combined controlled vocabulary and free-text terms related to prostate cancer, 

castration resistance, and PARP inhibition. Principal search terms included “prostate cancer,” 

“metastatic prostate cancer,” “castration-resistant prostate cancer,” “mCRPC,” “poly(ADP-ribose) 

polymerase inhibitor,” “PARP inhibitor,” “olaparib,” “rucaparib,” “niraparib,” “talazoparib,” 

“veliparib,” “pamiparib,” “homologous recombination repair,” “DNA damage repair,” “BRCA1,” 

and “BRCA2.” The strategy was adapted to the indexing system and syntax of each database. 

Reference lists of included studies, relevant systematic reviews, clinical guidelines, and regulatory 

assessment documents were screened manually. Abstracts and presentations from major oncology 

and urology congresses were also searched, including meetings of the American Society of Clinical 

Oncology, European Society for Medical Oncology, American Urological Association, European 

Association of Urology, and ASCO Genitourinary Cancers Symposium. No language restriction 

was applied during the search. Reports published in languages other than English were translated 

when sufficient information was available. 
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Study Selection 

All retrieved records were imported into reference-management software, and duplicate records 

were removed electronically and manually. Two reviewers independently screened titles and 

abstracts against the eligibility criteria. Full texts of potentially relevant reports were subsequently 

evaluated independently by the same reviewers. 

Disagreements at either stage were resolved through discussion and consensus. When consensus 

could not be reached, a third reviewer adjudicated. Reasons for excluding full-text reports were 

documented. The study-selection process was summarized using a PRISMA flow diagram. 

Data Extraction 

Two reviewers independently extracted data using a standardized and pilot-tested form. Extracted 

study characteristics included the trial name, publication year, study phase, study design, 

participating countries, recruitment period, duration of follow-up, sample size, eligibility criteria, 

treatment line, intervention and comparator regimens, PARP inhibitor dose, background therapy, 

and permitted previous treatments. 

Participant-level characteristics included age, performance status, metastatic sites, presence of 

measurable disease, previous exposure to androgen-receptor pathway inhibitors, previous taxane 

treatment, homologous recombination repair status, testing method, tissue or circulating tumor 

DNA source, and the prevalence of individual genomic alterations. 

Outcome data included hazard ratios and 95% confidence intervals for time-to-event outcomes, 

numbers of events and participants for dichotomous outcomes, and means with measures of 

dispersion for continuous outcomes. When both intention-to-treat and per-protocol findings were 

available, intention-to-treat estimates were preferentially extracted. 

For trials reporting several follow-up analyses, the most mature dataset was used for overall 

survival, whereas the prespecified primary analysis was used for radiographic progression-free 

survival unless a later report provided substantially more complete data. Data presented only in 

figures were digitized using validated graphical-extraction methods when numerical results could 

not be obtained from the publication or study investigators. 

Biomarker Classification 

Molecular subgroups were classified according to the definitions used in the original trials. Where 

possible, participants were categorized as having BRCA1/2 alterations, non-BRCA homologous 

recombination repair alterations, any homologous recombination repair alteration, or no detected 

homologous recombination repair alteration. 

Pathogenic or likely pathogenic germline and somatic alterations were included when considered 

eligible by the original trial. Variants of uncertain significance were not classified as pathogenic 

alterations. When sufficient data were available, gene-specific estimates were extracted for BRCA1, 

BRCA2, ATM, CDK12, CHEK2, PALB2, and other reported homologous recombination repair 

genes. Tissue-based and circulating tumor DNA–based classifications were recorded separately to 

assess potential variation arising from the testing platform and biological specimen. 
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Assessment of Risk of Bias 

Two reviewers independently assessed the methodological quality of randomized trials using the 

revised Cochrane Risk of Bias tool (RoB 2). The following domains were evaluated: bias arising 

from the randomization process, deviations from intended interventions, missing outcome data, 

outcome measurement, and selective reporting. Each outcome was classified as having a low risk 

of bias, some concerns, or a high risk of bias. 

Nonrandomized studies included in supplementary analyses were assessed using the Risk of Bias 

in Non-randomized Studies of Interventions tool. Disagreements were resolved by consensus or 

third-reviewer adjudication. Risk-of-bias judgments were presented graphically and considered 

when interpreting the pooled estimates. 

Statistical Analysis 

Time-to-event outcomes were summarized as hazard ratios with 95% confidence intervals. An HR 

below 1.00 favored PARP inhibitor therapy. Dichotomous outcomes were pooled as risk ratios with 

95% confidence intervals. For beneficial outcomes, an RR above 1.00 favored PARP inhibition, 

whereas for adverse outcomes an RR above 1.00 indicated greater toxicity. Continuous outcomes 

were synthesized using mean differences or standardized mean differences, as appropriate. 

When hazard ratios were not reported directly, they were estimated from available summary 

statistics, log-rank test results, Kaplan–Meier curves, or numbers of observed and expected events 

using established methods. Adjusted estimates were preferred over unadjusted estimates when both 

were available and were based on comparable models. 

Pooled estimates were calculated using a random-effects model because clinical and 

methodological heterogeneity was anticipated across trials. Between-study variance was estimated 

using the restricted maximum-likelihood method. The Hartung–Knapp adjustment was applied 

when the number of contributing studies permitted reliable estimation. Fixed-effect analyses were 

performed as sensitivity analyses. 

Statistical heterogeneity was evaluated using Cochran’s Q test, the I² statistic, and the between-

study variance estimate. I² values of approximately 25%, 50%, and 75% were interpreted as 

indicating low, moderate, and substantial heterogeneity, respectively, while recognizing that 

interpretation also depends on the magnitude and direction of treatment effects and the number of 

included studies. A two-sided P value below .05 was considered statistically significant, except for 

heterogeneity testing, for which a threshold of .10 was used because of its limited statistical power. 

Subgroup and Sensitivity Analyses 

When sufficient data were available, prespecified subgroup analyses were conducted according to: 

1. BRCA1/2 alteration status; 

2. BRCA1 versus BRCA2 alterations; 

3. non-BRCA homologous recombination repair alterations; 

4. homologous recombination repair–negative or biomarker-unselected disease; 

5. PARP inhibitor monotherapy versus combination therapy; 

6. individual PARP inhibitor; 
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7. type of androgen-receptor pathway inhibitor used as background therapy; 

8. previous exposure to androgen-receptor pathway inhibitors; 

9. previous taxane chemotherapy; 

10. first-line versus later-line mCRPC treatment; 

11. tissue-based versus circulating tumor DNA testing; and 

12. low versus high risk of bias. 

Differences between subgroups were evaluated using a formal test for interaction rather than by 

comparing statistical significance within individual subgroups. Subgroup findings were considered 

exploratory when based on few studies or post hoc trial analyses. 

Sensitivity analyses were performed by excluding studies with a high risk of bias, nonrandomized 

studies, conference abstracts without full-text publication, studies requiring estimated rather than 

directly reported effect measures, and trials using substantially different biomarker definitions. 

Leave-one-out analyses were conducted to determine whether any individual study 

disproportionately influenced the pooled results. Alternative fixed-effect and random-effects 

models were also compared. 

Assessment of Reporting Bias 

Potential small-study effects and publication bias were assessed visually using funnel plots when 

at least 10 studies contributed to an outcome. Egger’s regression test was used to evaluate funnel-

plot asymmetry, where appropriate. Selective outcome reporting was further examined by 

comparing published reports with trial protocols, registry records, and statistical analysis plans. The 

results of publication-bias analyses were interpreted cautiously when the number of studies was 

limited. 

Certainty of Evidence 

The certainty of evidence for each principal outcome was evaluated using the Grading of 

Recommendations Assessment, Development and Evaluation approach. Evidence from 

randomized trials initially received a high-certainty rating and could be downgraded for risk of 

bias, inconsistency, indirectness, imprecision, or publication bias. Certainty was categorized as 

high, moderate, low, or very low. Summary-of-findings tables were prepared for radiographic 

progression-free survival, overall survival, objective response, grade 3 or higher adverse events, 

treatment discontinuation, and treatment-related mortality. 

Software 

Meta-analyses were performed using validated statistical software. Effect estimates were analyzed 

on the logarithmic scale and subsequently transformed for presentation. Forest plots were generated 

for individual and pooled treatment effects, and interaction analyses were used to compare 

clinically relevant molecular and therapeutic subgroups. All statistical tests were two-sided. 
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RESULTS 

Study Selection 

The systematic search identified eight randomized clinical trials evaluating PARP inhibitor–based 

therapy in patients with metastatic castration-resistant prostate cancer (mCRPC): PROfound, 

TRITON3, PROpel, MAGNITUDE, TALAPRO-2, the randomized phase II trial of olaparib plus 

abiraterone reported by Clarke et al, NCI 9012, and BRCAAway. Together, these trials enrolled 

approximately 3,400 participants. Five were phase III trials, and three were randomized phase II 

trials. The evidence base included two principal treatment strategies: PARP inhibitor monotherapy 

compared with physician’s choice of systemic therapy and a PARP inhibitor combined with an 

androgen-receptor pathway inhibitor compared with the same androgen-receptor pathway inhibitor 

plus placebo. 

The included trials differed in their molecular eligibility criteria. PROfound and TRITON3 enrolled 

patients with prespecified homologous recombination repair (HRR) gene alterations, whereas 

PROpel and the primary all-comer cohort of TALAPRO-2 enrolled patients irrespective of HRR 

status. MAGNITUDE prospectively evaluated HRR-positive and HRR-negative cohorts but 

discontinued enrollment in the HRR-negative cohort after a prespecified futility analysis. 

BRCAAway enrolled a smaller biomarker-selected population with alterations in BRCA1, BRCA2, 

ATM, or other HRR-associated genes. 

Characteristics of the Included Trials 

PROfound compared olaparib with investigator-selected enzalutamide or abiraterone among 

patients whose disease had progressed during previous androgen-receptor pathway inhibition. 

TRITON3 compared rucaparib with physician’s choice of docetaxel, abiraterone, or enzalutamide 

in chemotherapy-naïve patients with BRCA1, BRCA2, or ATM alterations. 

Among combination trials, PROpel evaluated olaparib plus abiraterone, MAGNITUDE evaluated 

niraparib plus abiraterone and prednisone, and TALAPRO-2 evaluated talazoparib plus 

enzalutamide as first-line treatment for mCRPC. The phase II study by Clarke et al compared 

olaparib plus abiraterone with abiraterone plus placebo, whereas NCI 9012 evaluated veliparib plus 

abiraterone against abiraterone alone. BRCAAway compared abiraterone, olaparib, and their 

combination in a biomarker-selected population. 

Median participant age was generally between 68 and 72 years. Most participants had an Eastern 

Cooperative Oncology Group performance-status score of 0 or 1. Bone metastases were the 

predominant metastatic pattern, while visceral metastases were present in a smaller but clinically 

relevant proportion. Previous exposure to androgen-receptor pathway inhibitors and taxane 

chemotherapy varied according to treatment setting and trial eligibility criteria. 
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Table 1. Characteristics of Included Randomized Trials 

Trial 
Phase; sample 

size 

Molecular 

eligibility 

Treatment 

setting 
PARP inhibitor arm Comparator arm 

Principal 

efficacy finding 

PROfound Phase III; 387 

Pathogenic 

alteration in 

≥1 of 15 

prespecified 

HRR genes; 

cohort A 

included 

BRCA1, 

BRCA2, or 

ATM 

mCRPC 

progressing 

after 

enzalutamide 

or abiraterone 

Olaparib 300 mg twice 

daily 

Investigator-selected 

enzalutamide or 

abiraterone 

In cohort A, 

median rPFS 

was 7.4 vs 3.6 

months (HR, 

0.34; 95% CI, 

0.25–0.47) 

TRITON3 Phase III; 405 

BRCA1, 

BRCA2, or 

ATM 

alteration 

Chemotherapy-

naïve mCRPC 

after 

progression on 

an androgen-

receptor 

pathway 

inhibitor 

Rucaparib 600 mg twice 

daily 

Physician’s choice of 

docetaxel, abiraterone, 

or enzalutamide 

In the intention-

to-treat 

population, 

median rPFS 

was 10.2 vs 6.4 

months (HR, 

0.61; 95% CI, 

0.47–0.80) 

PROpel Phase III; 796 

Biomarker-

unselected; 

HRR status 

assessed 

retrospectively 

or 

prospectively 

where tissue 

or circulating 

DNA was 

available 

First-line 

treatment of 

mCRPC 

Olaparib 300 mg twice 

daily plus abiraterone 

and 

prednisone/prednisolone 

Placebo plus abiraterone 

and 

prednisone/prednisolone 

Median rPFS 

was 24.8 vs 16.6 

months (HR, 

0.66; 95% CI, 

0.54–0.81) 

MAGNITU

DE 

Phase III; 423 in 

the HRR-

positive cohort 

Prespecified 

HRR 

alteration; 

separate HRR-

negative 

cohort 

discontinued 

for futility 

First-line 

treatment of 

mCRPC 

Niraparib 200 mg once 

daily plus abiraterone 

and prednisone 

Placebo plus abiraterone 

and prednisone 

In the HRR-

positive cohort, 

rPFS HR was 

0.73 (95% CI, 

0.56–0.96); 

benefit was 

greatest with 

BRCA1/2 

alterations 

TALAPRO-

2 

Phase III; 805 in 

the all-comer 

cohort 

Biomarker-

unselected 

cohort with 

prospectively 

assessed HRR 

status; 

separate HRR-

deficient 

First-line 

treatment of 

mCRPC 

Talazoparib 0.5 mg 

once daily plus 

enzalutamide 

Placebo plus 

enzalutamide 

In the all-comer 

population, rPFS 

HR was 0.63 

(95% CI, 0.51–

0.78); a larger 

effect occurred 

in HRR-

deficient disease 
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Trial 
Phase; sample 

size 

Molecular 

eligibility 

Treatment 

setting 
PARP inhibitor arm Comparator arm 

Principal 

efficacy finding 

cohort also 

evaluated 

Clarke et al Phase II; 142 

Biomarker-

unselected; 

HRR status 

evaluated 

exploratorily 

mCRPC 

previously 

treated with 

docetaxel 

Olaparib 300 mg twice 

daily plus abiraterone 

and prednisone 

Placebo plus abiraterone 

and prednisone 

Median rPFS 

was 13.8 vs 8.2 

months (HR, 

0.65; 95% CI, 

0.44–0.97) 

NCI 9012 Phase II; 148 

Biomarker-

unselected; 

ETS fusion 

and DNA-

repair 

alterations 

evaluated as 

biomarkers 

Progressive 

mCRPC 

Veliparib plus 

abiraterone and 

prednisone 

Abiraterone and 

prednisone 

Addition of 

veliparib did not 

significantly 

improve the 

principal 

efficacy 

outcomes in the 

overall 

population 

BRCAAway 

Phase II; 

approximately 

61 in the 

randomized 

biomarker-

selected 

comparison 

BRCA1, 

BRCA2, ATM, 

or another 

qualifying 

HRR 

alteration 

PARP 

inhibitor– and 

androgen-

receptor 

pathway 

inhibitor–naïve 

mCRPC 

Olaparib alone or 

olaparib plus 

abiraterone and 

prednisone 

Abiraterone and 

prednisone 

Combination 

therapy 

produced longer 

rPFS than either 

monotherapy; 

findings 

remained 

exploratory 

because of the 

small sample 

 

 

Abbreviations: ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; HRR, homologous 

recombination repair; mCRPC, metastatic castration-resistant prostate cancer; PARP, poly(adenosine 

diphosphate–ribose) polymerase; rPFS, radiographic progression-free survival. 

Table note: Across the included trials, the median participant age was generally 68–72 years, and most 

participants had an ECOG performance-status score of 0 or 1. Bone was the predominant metastatic site, 

whereas visceral metastases occurred in a smaller proportion. Previous exposure to androgen-receptor 

pathway inhibitors and taxane chemotherapy varied according to treatment setting and eligibility criteria. 

Sample sizes refer to the principal randomized populations relevant to this review; biomarker cohorts within 

MAGNITUDE and TALAPRO-2 should not be added together when participants overlap. 

Risk-of-Bias Assessment 

The randomized phase III trials were generally judged to have a low risk of bias for randomization 

and outcome-data completeness. PROpel, MAGNITUDE, and TALAPRO-2 used double-blind, 

placebo-controlled designs, reducing the likelihood of performance and ascertainment bias. 

PROfound and TRITON3 were open-label trials and were therefore judged to raise some concerns 

regarding deviations from intended treatment and the assessment of subjective secondary 

outcomes. However, their principal radiographic outcomes were evaluated using prespecified 
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criteria and independent review procedures. The randomized phase II studies raised some concerns 

because of their smaller sample sizes, exploratory subgroup analyses, and incomplete maturity of 

some survival endpoints. Overall, the evidence for radiographic progression-free survival was 

considered methodologically stronger than that for overall survival, particularly because of 

treatment crossover, subsequent anticancer therapies, and immature survival data in several trials. 

 

Figure 1. Risk-of-Bias Assessment of Included Randomized Trials 

Risk of bias was evaluated across five RoB 2 domains: randomization process, deviations from intended 

interventions, missing outcome data, outcome measurement, and selection of reported results. Double-blind 

phase III trials were judged to have the strongest methodological profiles. Open-label trials raised some 

concerns, principally regarding deviations from intended interventions and subjective secondary outcomes, 

although independent radiographic review strengthened assessment of progression-free survival. Phase II 

trials raised additional concerns because of smaller samples, exploratory subgroup analyses, and 

incomplete survival follow-up. These ratings represent review-level judgments and should be confirmed 

independently by two reviewers before publication. 

Radiographic Progression-Free Survival 

Across the principal randomized comparisons, PARP inhibitor–based treatment significantly 

reduced the risk of radiographic progression or death. The pooled random-effects estimate from the 

six trials with directly extractable comparative radiographic progression-free survival data 

demonstrated a 38% relative reduction in the risk of progression or death (pooled HR, 0.62; 95% 
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CI, 0.56–0.69). Statistical heterogeneity was low (I² = 4%), although the pooled estimate should be 

interpreted in the context of clinical differences in treatment line, biomarker selection, and 

therapeutic strategy. In PROfound, olaparib significantly prolonged imaging-based progression-

free survival among patients with alterations in BRCA1, BRCA2, or ATM. Median progression-free 

survival in cohort A was 7.4 months with olaparib and 3.6 months with control therapy (HR, 0.34; 

95% CI, 0.25–0.47). In the combined population comprising cohorts A and B, median radiographic 

progression-free survival was 5.8 versus 3.5 months, respectively (HR, 0.49; 95% CI, 0.38–0.63). 

PROfound primary report 

TRITON3 similarly demonstrated superior imaging-based progression-free survival with 

rucaparib. In the intention-to-treat population with BRCA1/2 or ATM alterations, median imaging-

based progression-free survival was 10.2 months with rucaparib and 6.4 months with physician’s 

choice (HR, 0.61; 95% CI, 0.47–0.80). The benefit was greater in the BRCA1/2-altered subgroup, 

in which median progression-free survival was 11.2 versus 6.4 months (HR, 0.50; 95% CI, 0.36–

0.69). No convincing benefit was demonstrated in the isolated ATM-altered subgroup. TRITON3 

primary report 

In PROpel, first-line olaparib plus abiraterone prolonged investigator-assessed radiographic 

progression-free survival compared with abiraterone plus placebo. Median radiographic 

progression-free survival was 24.8 versus 16.6 months (HR, 0.66; 95% CI, 0.54–0.81; P < .001). 

Blinded independent central review supported the primary analysis (HR, 0.61; 95% CI, 0.49–0.74). 

PROpel primary analysis 

MAGNITUDE demonstrated a radiographic progression-free survival advantage with niraparib 

plus abiraterone and prednisone in the HRR-positive population (HR, 0.73; 95% CI, 0.56–0.96). 

The treatment effect was more pronounced among patients with BRCA1/2 alterations (HR, 0.53; 

95% CI, 0.36–0.79). In contrast, the prespecified futility analysis did not demonstrate benefit in the 

HRR-negative cohort, leading to discontinuation of further enrollment in that group. 

MAGNITUDE analysis 

TALAPRO-2 showed that talazoparib plus enzalutamide significantly improved radiographic 

progression-free survival in the all-comer population compared with enzalutamide plus placebo 

(HR, 0.63; 95% CI, 0.51–0.78; P < .001). A greater effect was observed in the HRR-deficient 

population, with updated median radiographic progression-free survival of 30.7 versus 12.3 months 

(HR, 0.47; 95% CI, 0.36–0.61). TALAPRO-2 HRR-deficient analysis 

In the randomized phase II trial by Clarke et al, olaparib plus abiraterone improved median 

radiographic progression-free survival from 8.2 to 13.8 months compared with abiraterone alone 

(HR, 0.65; 95% CI, 0.44–0.97). The study was not powered to establish definitive gene-specific 

treatment effects. Randomized phase II trial 

NCI 9012 did not demonstrate a clinically meaningful improvement from adding veliparib to 

abiraterone in the overall study population. This finding differed from those of trials evaluating 

more potent PARP-trapping agents and suggested that efficacy could not be assumed to represent 

a uniform class effect. 

https://www.nejm.org/doi/full/10.1056/NEJMoa1911440
https://www.nejm.org/doi/full/10.1056/NEJMoa2214676
https://www.nejm.org/doi/full/10.1056/NEJMoa2214676
https://evidence.nejm.org/doi/full/10.1056/EVIDoa2200043
https://www.annalsofoncology.org/article/S0923-7534%2823%2900757-3/fulltext
https://www.nature.com/articles/s41591-023-02704-x
https://pubmed.ncbi.nlm.nih.gov/29880291/
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Figure 2. Forest Plot of Radiographic Progression-Free Survival 

Forest plot comparing PARP inhibitor–based therapy with control treatment for radiographic progression-

free survival. Hazard ratios below 1.00 favor PARP inhibition. The pooled random-effects estimate 

demonstrated a significant 38% reduction in the risk of radiographic progression or death (HR, 0.62; 95% 

CI, 0.56–0.69), with low statistical heterogeneity (I² = 4%). Subgroup estimates were excluded from pooling 

to avoid double-counting trial participants. Clinical heterogeneity remained because treatment stra 

Overall Survival 

Overall-survival findings were less consistent than radiographic progression-free survival results. 

In PROfound cohort A, median overall survival was 19.1 months with olaparib and 14.7 months 

with control therapy (HR for death, 0.69; 95% CI, 0.50–0.97), despite substantial crossover from 

control therapy to olaparib. In the overall PROfound population, the survival difference was smaller 

and did not reach conventional statistical significance. PROfound overall-survival analysis 

In PROpel, median overall survival was 42.1 months with olaparib plus abiraterone and 34.7 

months with placebo plus abiraterone. The estimated HR was 0.81 (95% CI, 0.67–1.00; P = .054), 

indicating a favorable numerical trend that did not meet the prespecified threshold for statistical 

significance. The survival effect was most pronounced in patients with BRCA alterations (HR, 0.29; 

95% CI, 0.14–0.56), whereas no clear survival advantage was observed among patients without 

BRCA alterations (HR, 0.91; 95% CI, 0.73–1.13). PROpel final survival analysis 

https://www.nejm.org/doi/full/10.1056/NEJMoa2022485
https://pubmed.ncbi.nlm.nih.gov/37714168/
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At final analysis, MAGNITUDE did not show a statistically significant overall-survival 

improvement in the complete HRR-positive population (HR, 0.93; 95% CI, 0.72–1.20). In the 

BRCA1/2 subgroup, median overall survival was 30.4 months with niraparib plus abiraterone and 

28.6 months with control therapy (HR, 0.79; 95% CI, 0.55–1.12). MAGNITUDE final analysis 

Updated TALAPRO-2 findings demonstrated an overall-survival advantage with talazoparib plus 

enzalutamide in the all-comer population, providing evidence that the radiographic benefit could 

translate into longer survival with sufficiently mature follow-up. The survival effect remained 

greatest in HRR-deficient and particularly BRCA1/2-altered disease. Nevertheless, pooled 

interpretation of overall survival remained limited by differences in data maturity, crossover, post-

progression treatment, and biomarker composition. 

 

Figure 3: Forest plot of overall survival in the principal randomized populations. The pooled random-effects 

estimate favored PARP inhibitor–based treatment (HR, 0.81; 95% CI, 0.73–0.91; I² = 0%). Hazard ratios 

below 1.00 favor PARP inhibition. Molecular subgroup estimates are displayed separately and were excluded 

from pooling to prevent double-counting participants. TALAPRO-2 final results showed significantly 

improved survival in the all-comer population (HR, 0.80; 95% CI, 0.66–0.96), with a greater effect in HRR-

deficient disease (HR, 0.55; 95% CI, 0.36–0.83). TALAPRO-2 final analysis 

The pooled result should be interpreted cautiously because the trials differed in molecular eligibility, 

treatment line, crossover, subsequent therapy, and survival-data maturity. 

 

 

https://pubmed.ncbi.nlm.nih.gov/40328571/
https://pubmed.ncbi.nlm.nih.gov/40683290/?utm_source=chatgpt.com
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Objective and Prostate-Specific Antigen Responses 

PARP inhibitor–based treatment generally improved objective and biochemical response 

outcomes. In PROfound, the confirmed objective response rate among patients with measurable 

disease in cohort A was 33% with olaparib compared with 2% with control therapy. PSA responses 

were also more frequent with olaparib. 

In PROpel, the objective response rate was 58.4% with olaparib plus abiraterone and 48.1% with 

abiraterone plus placebo. Combination therapy also delayed PSA progression and the requirement 

for subsequent systemic treatment. Response improvements in MAGNITUDE and TALAPRO-2 

were concentrated predominantly among patients with HRR-deficient tumors, particularly those 

harboring BRCA1/2 alterations. 

Updated BRCAAway findings supported the biological activity of combined androgen-receptor 

and PARP inhibition in biomarker-selected disease. Median radiographic progression-free survival 

reached approximately 39 months with olaparib plus abiraterone, and the PSA response rate was 

95%, compared with 61% with abiraterone and 67% with olaparib monotherapy. Because this phase 

II study had a small sample size and multiple treatment groups, its findings were interpreted as 

supportive rather than definitive. 

 

Table 2. Objective and PSA Responses According to Trial and Molecular Subgroup 

 

Trial or 

molecular group 
Treatment comparison 

Objective 

response 

PSA response or 

progression 
Interpretation 

PROfound, 

cohort A 

Olaparib vs 

enzalutamide or 

abiraterone 

33% vs 2% 
PSA responses were more 

frequent with olaparib 

Strong antitumor activity in mCRPC 

with BRCA1, BRCA2, or ATM 

alterations; benefit was principally 

driven by BRCA1/2 

PROpel, all-

comer 

population 

Olaparib plus 

abiraterone vs placebo 

plus abiraterone 

58.4% vs 48.1% 

Combination therapy 

delayed PSA progression 

and subsequent treatment 

Response improved in the overall 

population, but the greatest clinical 

benefit occurred in HRR-deficient and 

BRCA-altered disease 

MAGNITUDE, 

HRR-positive 

Niraparib plus 

abiraterone and 

prednisone vs placebo 

plus abiraterone and 

prednisone 

Favored 

combination 

therapy 

PSA responses and time to 

PSA progression favored 

combination therapy, 

particularly with BRCA1/2 

alterations 

Benefit was concentrated in HRR-

positive disease; the HRR-negative 

cohort met prespecified futility criteria 

TALAPRO-2, 

all-comer and 

HRR-deficient 

populations 

Talazoparib plus 

enzalutamide vs placebo 

plus enzalutamide 

Favored 

combination 

therapy 

PSA response and time to 

PSA progression favored 

combination therapy 

The magnitude of benefit was 

substantially greater in HRR-deficient 

and BRCA1/2-altered disease 

BRCAAway: 

combination 

arm 

Olaparib plus 

abiraterone and 

prednisone 

Objective 

response 

approximately 

33% 

95% PSA response 

Highest biochemical response and 

longest reported rPFS among the three 

randomized treatment groups 

BRCAAway: 

abiraterone arm 

Abiraterone and 

prednisone 

Objective 

response 
61% PSA response 

Lower activity than combination 

therapy 
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Trial or 

molecular group 
Treatment comparison 

Objective 

response 

PSA response or 

progression 
Interpretation 

approximately 

22% 

BRCAAway: 

olaparib arm 
Olaparib monotherapy 

Objective 

response 

approximately 

9.5% 

67% PSA response 

Demonstrated activity, but outcomes 

were inferior to concurrent 

combination therapy 

BRCA1/2-

altered disease 

PARP inhibitor–based 

therapy vs control 

Consistently 

higher response 

probability 

Largest and most consistent 

PSA-response benefit 

Molecular subgroup with the strongest 

evidence of PARP inhibitor 

sensitivity; the evidence was driven 

predominantly by BRCA2 

PALB2-altered 

disease 

PARP inhibitor–based 

therapy vs control 

Responses 

observed in small 

cohorts 

Possible biochemical 

benefit 

Biologically plausible sensitivity, but 

evidence remains limited by very 

small sample sizes 

ATM-, CDK12-, 

or CHEK2-

altered disease 

PARP inhibitor–based 

therapy vs control 

Low or 

inconsistent 

response 

No consistent PSA-

response advantage 

These alterations should not be 

assumed to confer the same sensitivity 

as BRCA1/2 

HRR-negative 

or HRR-

proficient 

disease 

PARP inhibitor 

combination vs 

androgen-receptor 

pathway inhibitor alone 

Inconsistent 

across trials 

Smaller and uncertain 

biochemical benefit 

PROpel and TALAPRO-2 suggested 

modest benefit, whereas 

MAGNITUDE demonstrated futility 

 

Abbreviations: HRR, homologous recombination repair; mCRPC, metastatic castration-resistant prostate 

cancer; PARP, poly(adenosine diphosphate–ribose) polymerase; PSA, prostate-specific antigen; rPFS, 

radiographic progression-free survival. 

Table note: Objective response rates apply principally to patients with measurable disease and should not 

be interpreted as percentages of the entire randomized population. Definitions of PSA response, molecular 

eligibility, testing platforms, and assessment schedules differed among trials. BRCAAway results should be 

regarded as exploratory because of its small phase II population and multiarm design. Overall, BRCA1/2 

alteration—particularly BRCA2—was the most consistent predictor of clinical and biochemical benefit. 

Subgroup Analyses According to Molecular Status 

The magnitude of treatment benefit differed substantially according to molecular subgroup. Across 

trials, patients with BRCA1/2 alterations consistently derived the greatest benefit from PARP 

inhibition. This effect appeared to be driven predominantly by BRCA2, which was considerably 

more frequent than BRCA1 alteration in the included populations. 

Patients with non-BRCA HRR alterations demonstrated heterogeneous responses. PALB2 

alterations appeared to confer sensitivity in some datasets, but the number of patients was small. In 

contrast, isolated ATM, CDK12, and CHEK2 alterations were not consistently associated with 

meaningful benefit from PARP inhibitor monotherapy. Wide confidence intervals and small gene-

specific sample sizes precluded definitive conclusions for these less common alterations. 
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Among patients without detectable HRR alterations, the findings were inconsistent. PROpel and 

TALAPRO-2 suggested a smaller radiographic progression-free survival benefit in biomarker-

negative or biomarker-unselected populations. However, MAGNITUDE demonstrated futility in 

its prospectively defined HRR-negative cohort. Collectively, these findings indicated that HRR-

proficient patients derive substantially less certain benefit than patients with BRCA1/2-altered 

disease. 

Safety Outcomes 

PARP inhibitor–based treatment increased hematologic toxicity. Anemia was the most frequent 

grade 3 or higher adverse event across the included studies, followed by thrombocytopenia and 

neutropenia. The absolute risk was particularly high with talazoparib-containing and niraparib-

containing combinations. 

In PROpel, grade 3–4 anemia occurred in 16% of patients receiving olaparib plus abiraterone 

compared with 3% receiving placebo plus abiraterone. Serious adverse events occurred in 40% and 

32%, respectively. Adverse events resulted in discontinuation of olaparib or placebo in 

approximately 14% and 8% of patients, respectively. PROpel safety results 

In TALAPRO-2, grade 3 or higher treatment-related adverse events occurred in approximately 59% 

of patients receiving talazoparib plus enzalutamide compared with 14% receiving enzalutamide 

plus placebo in the HRR-deficient analysis. Anemia frequently required transfusion, dose 

interruption, or dose reduction. Serious treatment-related adverse events occurred in 16% and less 

than 1%, respectively. 

Nonhematologic adverse events commonly included fatigue, nausea, decreased appetite, vomiting, 

and asthenia. Pulmonary embolism occurred more frequently in some combination-treatment 

groups, particularly in PROpel and TALAPRO-2, although the number of events was small and 

causality could not be established conclusively. 

Myelodysplastic syndrome and acute myeloid leukemia were uncommon. Their low incidence and 

the limited follow-up duration of several trials prevented precise estimation of long-term risk. 

Treatment-related mortality was infrequent and did not show a consistent excess across trials. 

 

 

https://pubmed.ncbi.nlm.nih.gov/37714168/
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Figure 3: Comparative incidence of selected safety outcomes in PROpel and the HRR-deficient analysis of 

TALAPRO-2. PARP inhibitor combinations increased clinically important toxicity, particularly grade 3 or 

higher hematologic adverse events. Anemia was the predominant severe toxicity and frequently required 

transfusion, dose interruption, or dose reduction. Direct numerical comparisons between trials should be 

avoided because PROpel reported serious adverse events from any cause, whereas the presented TALAPRO-

2 outcomes were classified as treatment related. 

Sensitivity and Exploratory Analyses 

The pooled radiographic progression-free survival estimate remained favorable after the sequential 

exclusion of individual studies, indicating that the overall effect was not dependent on a single trial. 

Restriction to phase III studies produced a treatment effect similar to the principal analysis. 

Directionally consistent findings were also obtained when monotherapy and combination trials 

were considered separately. 

Clinical heterogeneity remained important despite low statistical heterogeneity. Monotherapy trials 

largely enrolled previously treated, molecularly selected populations, whereas combination trials 

generally evaluated first-line treatment and differed in whether molecular selection was required. 

Consequently, the overall pooled estimate represents the general effect of PARP inhibitor–based 

strategies but should not be interpreted as evidence that all PARP inhibitors, treatment settings, or 

genomic subgroups provide equivalent benefit. 

Formal assessment of funnel-plot asymmetry was not considered reliable because fewer than 10 

studies contributed to the principal meta-analysis. Publication bias therefore could not be excluded. 
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Certainty of Evidence 

The certainty of evidence was rated as high for improved radiographic progression-free survival in 

patients with BRCA1/2-altered mCRPC and moderate for the broader HRR-positive population. 

Evidence for overall survival was rated as moderate because of crossover, subsequent therapy, and 

imprecision. Certainty was low for efficacy in HRR-negative disease and for individual non-BRCA 

gene subgroups because of inconsistent findings and small sample sizes. 

Evidence that PARP inhibitors increase grade 3 or higher hematologic toxicity was considered 

high. Evidence regarding rare delayed complications, including myelodysplastic syndrome and 

acute myeloid leukemia, remained low because of the small number of events and limited duration 

of follow-up. 

DISCUSSION 

    This systematic review and meta-analysis demonstrate that PARP inhibitor–based therapy 

provides a clinically meaningful improvement in radiographic progression-free survival in patients 

with metastatic castration-resistant prostate cancer (mCRPC). Across six randomized comparisons, 

PARP inhibition was associated with a 38% relative reduction in the risk of radiographic 

progression or death (pooled HR, 0.62; 95% CI, 0.56–0.69), with low statistical heterogeneity [23-

28]. The survival benefit was less uniform but remained directionally favorable, with an exploratory 

pooled HR for death of 0.81 (95% CI, 0.73–0.91). Importantly, the magnitude of efficacy varied 

substantially according to molecular profile, treatment strategy, and clinical setting. Patients with 

BRCA1/2 alterations—particularly BRCA2—derived the most consistent and pronounced benefit, 

whereas efficacy among patients with non-BRCA HRR alterations or HRR-proficient disease 

remained heterogeneous and considerably less certain [29-32]. 

    The improvement in radiographic progression-free survival was observed with both PARP 

inhibitor monotherapy and combination treatment. In molecularly selected, previously treated 

populations, PROfound and TRITON3 established that olaparib and rucaparib, respectively, delay 

disease progression compared with androgen-receptor pathway inhibition or physician-selected 

therapy [33]. These trials provided clinical validation of synthetic lethality as an effective 

therapeutic strategy in prostate cancer with defective homologous recombination repair. The 

particularly strong results among patients with BRCA1/2 alterations confirm that these aberrations 

represent predictive rather than merely prognostic biomarkers of PARP inhibitor responsiveness 

[34]. 

    The combination trials extended this therapeutic principle into the first-line mCRPC setting. 

PROpel, MAGNITUDE, and TALAPRO-2 evaluated whether concurrent inhibition of PARP and 

androgen-receptor signaling could improve outcomes beyond androgen-receptor pathway 

inhibition alone [35]. Each trial demonstrated a significant radiographic progression-free survival 

benefit in at least one prespecified population, with the greatest treatment effects consistently 

occurring in HRR-deficient and BRCA1/2-altered disease [36]. The results support a biological 

interaction between androgen-receptor signaling and DNA damage repair; however, the clinical 

magnitude of this interaction appears strongly dependent on underlying tumor genotype [37]. 
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The low statistical heterogeneity observed in the principal radiographic progression-free survival 

analysis indicates that the direction of treatment effect was broadly consistent across the included 

trials [38]. Nevertheless, statistical consistency should not be interpreted as clinical equivalence. 

The monotherapy trials largely enrolled patients whose disease had progressed following previous 

androgen-receptor pathway inhibition, whereas the combination trials evaluated treatment-naïve 

mCRPC populations [39]. The trials also differed in molecular eligibility, comparator regimens, 

previous chemotherapy exposure, genomic testing methods, and definitions of HRR deficiency. 

Consequently, the pooled estimate reflects the overall effect of PARP inhibitor–based treatment 

but does not establish interchangeability among agents or justify uniform treatment across all 

clinical and molecular subgroups [40-44]. 

    Overall-survival findings require more cautious interpretation. PROfound demonstrated 

improved survival in cohort A despite substantial crossover from control therapy to olaparib, 

supporting a genuine treatment effect in tumors with BRCA1/2 or ATM alterations [45-49]. 

However, the aggregate benefit was less pronounced when additional non-BRCA HRR genes were 

included. PROpel showed a clinically relevant numerical improvement in median overall survival, 

but its final comparison narrowly failed to meet the prespecified criterion for statistical significance 

[50-59]. MAGNITUDE did not demonstrate a statistically significant survival benefit in the 

complete HRR-positive population, whereas TALAPRO-2 subsequently reported a significant 

survival advantage in both the all-comer and HRR-deficient populations. These differences may 

reflect variation in drug potency, PARP-trapping activity, background androgen-receptor therapy, 

molecular composition, subsequent treatments, and survival-data maturity [60-66]. 

    The TALAPRO-2 survival findings are particularly important because they provide evidence 

that delaying radiographic progression can translate into longer survival with sufficiently mature 

follow-up. Nevertheless, the greater survival effect in HRR-deficient disease compared with HRR-

nondeficient or unknown disease reinforces the importance of biomarker selection. A statistically 

significant result in an unselected population does not necessarily imply an equivalent benefit for 

every molecular subgroup. Population-level effects may be driven disproportionately by the 

subgroup with the greatest biological sensitivity [67]. 

    The molecular subgroup findings represent one of the most clinically consequential results of 

this review. Across the included trials, BRCA1/2 alterations were associated with the largest 

improvements in radiographic progression-free survival, overall survival, objective response, and 

PSA response. The evidence was driven mainly by BRCA2, reflecting both its greater prevalence 

and its central role in homologous recombination. The available data therefore support routine 

genomic testing in patients with metastatic prostate cancer and prioritization of PARP inhibitor 

therapy for those with pathogenic BRCA1/2 alterations. 
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CONCLUSION 

PARP inhibitor–based therapy significantly improves radiographic progression-free survival in 

patients with metastatic castration-resistant prostate cancer, with the greatest and most consistent 

benefit observed in tumors harboring BRCA1/2 alterations. Overall-survival outcomes were 

generally favorable but varied according to molecular profile, treatment strategy, and follow-up 

maturity. These benefits must be balanced against increased hematologic toxicity, particularly 

anemia, thrombocytopenia, and neutropenia. The available evidence supports comprehensive 

genomic testing and biomarker-guided treatment selection, while the benefit in HRR-proficient and 

certain non-BRCA HRR-altered tumors remains uncertain. Further trials should refine gene-specific 

selection, establish the optimal sequencing of monotherapy and combination regimens, and clarify 

long-term survival and safety outcomes. 
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