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Introduction

The Breakthrough

PARP inhibitors (PARPI) exploit tumor-specific DNA repair
vulnerabilities through synthetic lethality (1,2). In tumors with
BRCA1/2 mutations or homologous recombination deficiency (HRD),
impaired DNA repair creates a therapeutic vulnerability that can be
selectively targeted by PARP inhibition.

The Clinical Evolution

This biologic principle has translated into clinically meaningful

Results Clinical Evidence

PARP inhibitor therapy has undergone a substantial clinical evolution, progressing from treatment of
heavily pretreated BRCA-mutated disease to maintenance and earlier-line therapy across gynecologic and
breast malignancies. In ovarian cancer, landmark trials established PARPi maintenance as an effective
strategy following response to platinum-based chemotherapy, with subsequent studies expanding
iInvestigation into first-line treatment and broader biomarker-defined populations (5). In breast cancer, trials
of olaparib and talazoparib demonstrated the clinical utility of PARP inhibition in patients with germline
BRCA mutations, extending the application of synthetic lethality beyond ovarian cancer (5,6). Collectively,
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pretreated disease to maintenance and earlier-stage settings (3-9).
Increasingly, BRCA1/2 status, HRD, and other biomarkers inform
patient selection and therapeutic strategy.

The Remaining Challenge

therapeutic resistance.

Clinical Evolution
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recurrent disease to maintenance following platinum response and first-line

(OS), and objective response rate (ORR). Key regulatory approvals
and emerging combination strategies were also evaluated to
characterize the evolution of PARPI therapy and identify remaining
challenges and opportunities for clinical advancement.
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therapy. In breast cancer, PARPI have demonstrated benefit in both metastatic
and high-risk early disease, illustrating a broader shift toward biomarker-
directed treatment and earlier therapeutic intervention.

Remaining Challenges

The next phase of PARP inhibitor development is defined by selectivity rather
than simply expansion. Not all patients with HRD derive the same degree of
benefit, and acquired resistance remains a major limitation. Restoration of
homologous recombination, replication-fork  stabilization, and other
mechanisms can allow tumor cells to escape PARP-mediated cytotoxicity.
Future Directions

Future development will focus on expanding the therapeutic window of PARP
inhibition while overcoming resistance and improving patient selection.
Combination strategies—including PARPi with antiangiogenic therapy and
immune checkpoint blockade—seek to exploit complementary vulnerabilities

Take-Home Message

From exploiting a DNA-repair vulnerability to reshaping precision oncology,
PARP inhibition continues to redefine the treatment landscape for women's

E cancers.
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within the tumor microenvironment. At the same time, selective PARP1
iInhibitors represent a next-generation approach designed to preserve antitumor
activity while potentially reducing effects associated with broader PARP
inhibition. Together, these strategies may move PARP-directed therapy beyond
its current biomarker-defined boundaries.
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