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Simple Summary

Treatment for advanced melanoma has improved substantially, but many patients eventually 
develop resistance to available therapies. PARP inhibitors are drugs that target weaknesses 
in the way cancer cells repair damaged DNA and are already being used to treat several 
other cancers. Early studies suggest that these drugs may also benefit some patients with 
melanoma, but it remains unclear how to identify those most likely to respond. This review 
summarizes the biological rationale and current evidence for PARP inhibitors in melanoma, 
with particular attention to biomarkers of defective DNA repair. We discuss why the 
presence of a DNA repair gene mutation alone may not reliably predict treatment response 
and how improving these biomarkers may allow future clinical trials to better select patients 
who are most likely to benefit from PARP inhibitor therapy.

Abstract

Immune checkpoint inhibitors and other targeted therapies have substantially improved out-
comes for patients with advanced melanoma; however, effective treatment options remain 
limited following treatment resistance. Poly(ADP-ribose) polymerase (PARP) inhibitors 
are an established therapeutic strategy in several malignancies with defects in homologous 
recombination repair, and emerging evidence suggests a potential role for PARP inhibition 
in melanoma. Alterations in homologous recombination repair and other DNA damage 
response pathways occur in a subset of melanomas and may create therapeutic vulnerabili-
ties to PARP inhibition. In addition to their direct effects on DNA repair, PARP inhibitors 
have immunomodulatory properties that provide a biologic rationale for combination with 
immune checkpoint blockade. Preclinical melanoma models have demonstrated activity of 
PARP inhibition alone and in combination with chemotherapy, while early clinical studies 
have shown preliminary activity in selected patients with advanced melanoma. However, 
the presence of a homologous recombination repair/DNA damage response gene alteration 
does not necessarily indicate functional homologous recombination deficiency or predict 
sensitivity to PARP inhibition. This review examines the biologic rationale, preclinical and 
clinical evidence, and emerging combination strategies for PARP inhibition in melanoma, 
with particular emphasis on the challenges of biomarker selection and priorities for future 
clinical investigation.
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1. Introduction
Cutaneous malignant melanoma is the most lethal form of skin cancer and accounts 

for the majority of skin cancer-related deaths. In 2025, an estimated 104,960 new invasive 
melanoma diagnoses and 8430 melanoma-related deaths were projected in the United 
States [1]. Although early-stage disease can often be cured with surgical resection, a 
substantial portion of patients develop metastatic disease. Prior to the advent of im-
munotherapy, median overall survival (OS) for metastatic melanoma was 6–8 months, 
with five-year OS below 10% with conventional chemotherapy such as dacarbazine or temo-
zolomide [2]. The development of immune checkpoint inhibitors and molecularly targeted 
therapies has substantially improved outcomes for patients with advanced melanoma. In the
10-year follow-up of the phase III CheckMate 067 trial, overall survival rates were 43% with 
nivolumab plus ipilimumab, 37% with nivolumab alone, and 19% with ipilimumab alone [3]. 
Similarly, combined BRAF and MEK inhibition has demonstrated durable survival bene-
fits in patients with BRAF V600-mutant melanoma, with 5-year overall survival rates of 
approximately 34% in pooled analyses of the COMBI-d and COMBI-v trials [4].

Despite these therapeutic advances, treatment options remain limited for patients who 
develop resistance to immune checkpoint blockade and MAPK-directed therapy, highlight-
ing the need for novel biomarker-driven strategies. Emerging genomic data suggest that a 
subset of melanomas harbor alterations in homologous recombination repair (HRR) and 
other DNA damage response (DDR) pathways. However, whether these alterations repre-
sent actionable biomarkers for poly(ADP-ribose) polymerase (PARP) inhibition remains 
uncertain. This review examines the biologic rationale and emerging evidence for PARP 
inhibition in melanoma, with particular emphasis on biomarker selection and potential 
combination strategies.

2. Molecular Classification of Melanoma
Genomic analyses classify cutaneous melanoma into four major molecular subtypes: 

BRAF-mutant, RAS-mutant, NF-1 mutant, and triple wild-type [5]. These molecular al-
terations activate signaling pathways that promote tumor growth and have important 
therapeutic implications, particularly for tumors harboring actionable BRAF mutations.

3. Current Systemic Therapy for Advanced Melanoma
3.1. Immune Checkpoint Inhibitor Therapy

Immune checkpoint inhibitors have transformed the treatment landscape of advanced 
melanoma. Current immunotherapy options include anti-PD-1 monotherapy, combined 
nivolumab and ipilimumab, and nivolumab plus relatlimab [3,6–9].

Ipilimumab, an anti-CTLA4 antibody, was the first single agent immune checkpoint 
inhibitor approved for advanced melanoma in 2011 [10,11]. Subsequently, anti-programmed 
cell death protein 1 (PD-1) antibodies demonstrated improved efficacy and became a 
cornerstone of melanoma treatment. In the phase III CheckMate 067 trial, 10-year OS 
rates were 43% with nivolumab plus ipilimumab, 37% with nivolumab, and 19% with 
ipilimumab [3,12].

More recently, the phase II/III RELATIVITY-047 trial demonstrated improved out-
comes with nivolumab plus the lymphocyte-activation gene 3 (LAG-3) inhibitor relatilimab 
compared with nivolumab alone [13,14]. Despite the durable disease control achieved with 
immune checkpoint blockade, effective treatment options remain limited for patients who 
develop resistance.
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The selection of first-line systemic therapy for advanced melanoma should be in-
dividualized according to BRAF mutation status, disease burden, pace of progression, 
comorbidities, and patient preferences. Although immune checkpoint inhibitors are 
generally preferred for many patients because of their potential for durable responses, 
BRAF/MEK-targeted therapy remains an important option for patients with BRAF V600-
mutant melanoma, particularly when rapid tumor regression is clinically necessary [15]. 
In addition, therapeutic cancer vaccines, including individualized neoantigen-based ap-
proaches, are being investigated as strategies to enhance antitumor immune responses. 
Early randomized clinical evidence suggests that personalized mRNA-based neoantigen 
vaccines combined with pembrolizumab may improve recurrence-free survival compared 
with pembrolizumab alone in patients with resected high-risk melanoma, although these 
approaches remain investigational [16].

3.2. Treatment After Progression
Treatment following progression on anti-PD-1 therapy depends on prior therapy, BRAF 

mutation status, patient characteristics, and disease burden. For patients who have not 
previously received combination checkpoint blockade, ipilimumab plus nivolumab has 
demonstrated greater activity than ipilimumab alone after anti-PD-1 progression with 
reported response rates of approximately 21–31% [17–19].

Targeted therapy also retains activity in the immunotherapy-refractory setting. In the 
German ADOREG registry, 108 patients with BRAF V600-mutant melanoma who progressed 
on first-line PD-1 therapy and received second-line BRAF/MEK inhibition achieved an ORR 
of 42.6%, disease control rate of 55.6%, median PFS of 6.6 months, and median OS of
16.0 months [20]. Among patients who achieve disease control with anti-PD-1 therapy 
and then relapse, retreatment outcomes depend on prior response; in a retrospective study
(n = 396) response was seen in 15% of patients retreated with single-agent anti-PD-1 and 
25% in those escalated to anti-PD-1 plus ipilimumab [21].

Tumor-infiltrating lymphocyte (TIL) therapy with lifileucel, FDA-approved in 2024, 
represents an important option for patients with good performance status who have pro-
gressed on anti-PD-1 therapy. In the phase II C-144-01 study, lifleucel demonstrated an ORR 
of approximately 31% with durable response in a subset of heavily pretreated patients [22].

4. PARP Inhibitors
4.1. Mechanism of Action and Synthetic Lethality

Poly ADP ribose polymerase-1 (PARP1) is a key enzyme that plays an important role in 
the recognition and repair of DNA single-strand breaks (SSBs), whereas BRCA1 and BRCA2 
proteins are essential components of homologous recombination repair (HRR) of DNA 
double-strand breaks (DSBs). Loss of BRCA1 or BRCA2 function can result in homologous 
recombination deficiency (HRD), rendering tumor cells increasingly dependent on alterna-
tive DNA repair pathways. PARP inhibitors block repair of SSBs, leading to accumulation of 
DNA damage and formation of DSBs. In tumors with HRD, including BRCA 1/2-mutated 
cancers, these DSBs cannot be repaired, leading to cell death, a cytotoxic effect referred 
to as synthetic lethality [23]. In addition to catalytic inhibition, PARP inhibitors also trap 
the PARP1 and PARP2 enzymes at sites of damaged DNA, and thus prevent DNA repair, 
replication, and transcription [24]. PARP inhibition has demonstrated substantial clinical 
benefit in BRCA-mutated breast, ovarian, pancreatic, and prostate cancers, establishing this 
class as a cornerstone of targeted therapy in DNA repair-deficient malignancies.

Several PARP inhibitors have been developed for clinical use, including olaparib, 
niraparib, rucaparib, and talazoparib. Notably, while all PARP inhibitors demonstrate 
comparable catalytic inhibition of PARP1 and PARP2, their PARP trapping potency differs 
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substantially. In descending order of PARP-trapping potency, these agents are generally 
ranked as talazoparib, niraparib, olaparib, and veliparib [25–27]. This difference in trapping 
potency is thought to underlie variations in cytotoxicity and clinical dosing as increased 
PARP trapping correlates with greater myelosuppression [28].

Olaparib was the first PARP inhibitor to enter clinical development, with the first in hu-
man trial conducted in 2009 that clinically validated the synthetic lethal interaction between 
PARP inhibition and BRCA1/2 deficiency [29]. Olaparib was then the first PARP inhibitor 
to receive FDA approval initially for BRCA-mutated advanced ovarian cancer [30]. Several 
other PARP inhibitors are now approved for clinical use, including niraparib, rucaparib, and 
talazoparib. These agents have established roles in selected patients with ovarian, breast, 
pancreatic, and prostate cancers, depending on tumor type, disease setting, and underlying 
BRCA1/2 or other HRR alterations. Veliparib remains investigational and has not received 
FDA approval.

4.2. Adverse Effects of PARP Inhibitors
PARP inhibitors share common class-effect toxicities. The most common are gastroin-

testinal symptoms including nausea, vomiting, and diarrhea, fatigue, as well as cytope-
nias [31]. Anemia is the most common grade ≥3 adverse event across PARP inhibitors 
and niraparib is associated with the highest rate of cytopenias [31]. Rare but serious 
adverse events associated with PARP inhibitors include myelodysplastic syndrome and 
acute myeloid leukemia [32]. Overall, adverse events are generally manageable with dose 
modifications and supportive care [33].

4.3. Immunomodulatory Effects of PARP Inhibitors
Beyond their direct cytotoxic effects through synthetic lethality, PARP inhibitors possess 

significant immunomodulatory properties that enhance antitumor immunity and provide a 
rationale for combination with immune checkpoint inhibitors [34,35]. These effects happen 
through multiple mechanisms. One of these mechanisms is that with PARP inhibition, there 
is accumulation of cytosolic DNA fragments that activate the cyclic GMP-AMP synthase-
stimulator of interferon gene which causes a production of interferons and chemokines 
including CCL5, CXCL9, CXCL10, and CXCL11 [34,35]. These chemokines recruit and 
activate immune effector cells within the tumor microenvironment. Preclinical studies 
suggest that these immunomodulatory effects may occur independently of BRCA mutation 
status [35].

An additional way that PARP inhibitors promote immunogenicity is by enhancing 
the tumor microenvironment by causing an increase in CD8+ T-cell infiltration and ac-
tivation [36], M1 macrophage polarization, enhancing antigen presenting by dendritic 
cells and increasing infiltration of B cells and natural killer cells [34,37,38]. Lastly, PARP 
inhibitor-mediated DNA damage has been shown to increase tumor expression of PD-L1 
in vitro and in vivo [39]. This observation provides additional rationale for evaluated PARP 
inhibitors in combination with immune checkpoint blockade.

5. Clinical Experience with PARP Inhibitors in Other Solid Tumors
5.1. PARP Inhibitors in Solid Tumors

PARP inhibitors have demonstrated clinical efficacy across multiple solid tumors, par-
ticularly those harboring DNA repair deficiencies. Clinical activity has been established 
in ovarian, breast, pancreatic, and prostate cancers, with BRCA1/2 and other homologous 
recombination repair alterations serving as predictive biomarkers in selected disease set-
tings. For example, in germline BRCA1/2-mutated advanced breast cancer, the phase III 
EMBRACA trial demonstrated improved PFS and ORR with talazoparib compared with stan-
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dard chemotherapy [40]. Similarly, olaparib demonstrated substantial activity in metastatic 
castration-resistant prostate cancer (mCRPC) harboring DNA repair alterations, providing 
further evidence for biomarker directed PARP inhibition [41].

5.2. Combination Strategies: PARP Inhibitors and Immunotherapy
Given their immunomodulatory effect, PARP inhibitors have been evaluated in combi-

nation with immune checkpoint inhibitors across tumor type.
A study looking at combination niraparib (200 mg daily) and pembrolizumab (200 mg 

IV every 21 days) was studied in a phase 2 trial of 55 patients with advanced or metastatic 
TNBC. This study found an ORR of 21% and disease control rate of 49% with a tolerable 
safety profile [42]. Similarly, the combination talazoparib and avelumab was studied 
in phase 2b and 2 basket nonrandomized controlled trials in patients with advanced or 
metastatic solid tumors. In phase 2, the ORR was 18.2% (95% CI, 5.2–40.3%) in TNBC and 
34.8% (95% CI, 16.4–57.3%) in patients with hormone receptor-positive positive, ERBB2-
negative, and DNA damage repair (DDR)-positive breast cancer [43]. These findings 
support the potential synergy between PARP inhibition and immune checkpoint blockade.

Although these studies do not establish a synergistic effect, they demonstrate the 
feasibility and potential activity of combined PARP inhibition and immune checkpoint 
blockade and provide a rationale for further investigation of this strategy in other
tumor types.

6. PARP Inhibitors and Melanoma
6.1. Preclinical Evidence in Melanoma

Although melanoma is not classically associated with BRCA mutations, emerging 
data suggest that alterations in DNA damage response and homologous recombination 
repair pathways may occur in a clinically relevant subset of melanomas. Preclinical studies 
demonstrated that PARP inhibition can induce synthetic lethality in melanoma models 
with deficiencies in double-strand break repair genes. For example, olaparib selectively 
induced apoptosis in melanoma cells with downregulation of the DSB repair gene LIG4 
and enhanced cytotoxicity when combined with dacarbazine [44]. Similarly, in the B16F10 
murine syngeneic melanoma model, the PARP inhibitor veliparib, strongly potentiated 
temozolomide (TMZ) with significant antitumor efficacy in a dose-proportional manner, 
but did not show single-agent activity [45,46]. More recently, Ferretti et al. demonstrated 
that PARP inhibitors can restore sensitivity to MAPK inhibitors in resistant melanoma cells 
by reversing epithelial–mesenchymal transition like phenotype switching [47]. These 
findings provide a preclinical rationale for investigating PARP inhibition both as a 
biomarker directed strategy and in combination with BRAF/MEK inhibition in treatment-
resistant melanoma.

6.2. Clinical Evidence of PARP Inhibition in Melanoma
Clinical data evaluating PARP inhibitors in melanoma remain limited. A randomized 

phase II trial evaluating veliparib with TMZ in patients with metastatic melanoma demon-
strated modest improvements in PFS compared to TMZ alone (3.7 months in 20 mg of 
veliparib, 3.6 months in 40 mg of veliparib and 2 months in TMZ alone), although results 
did not reach statistical significance [48]. Exploratory biomarker analyses suggested greater 
activity among patients with low ERCC1 expression, wildtype BRAF V600 status, and 
positive p16 status [48]. As ERCC1 participates in the nucleotide excision repair pathway, 
reduced ERCC1 expression may increase susceptibility to DNA damage induced by TMZ in 
the setting of PARP inhibition. These data suggest that biomarker selection may influence 
the efficacy of PARP inhibition in combination-based therapy.

https://doi.org/10.3390/cancers18213525

https://doi.org/10.3390/cancers18213525


Cancers 2026, 18, 3525 6 of 14

More recently, a phase II study evaluated niraparib monotherapy in 14 patients with 
advanced melanoma harboring alterations in homologous recombination pathway genes 
(ARID1A/B, ARID2, ATM, ATR, BRCA1/2, BAP1 and others) who had progressed on 
prior anti-PD1 or BRAF/MEK inhibition. Two patients (14%) achieved a partial response 
and seven (50%) achieved stable disease, for a control rate of 64% [49]. Notably, both 
responses occurred among the 10 patients with nonuveal melanoma, whereas none of the 
four patients with uveal melanoma responded. The study was discontinued because of 
slow accrual, and its small sample size precludes definitive conclusions; however, these 
findings provide preliminary prospective evidence of PARP inhibitor activity in molecularly 
selected melanoma.

Early-phase studies of PARP inhibitor combination have shown mixed results. A phase 
II trial of talazoparib in combination with nivolumab conducted in seven patients with 
heavily pretreated/refractory disease demonstrated limited activity, although ongoing 
studies continue to explore this approach [50].

Additionally, a case series demonstrated partial to near-complete responses to com-
bined PARP inhibitor and BRAF/MEK inhibitor therapy in patients with advanced BRAF 
V600E mutated melanoma that had progressed on targeted agents. These findings pro-
vide preliminary evidence of activity and suggest potential synergy between PARP and 
BRAF/MEK inhibition [51].

Overall, clinical evidence for PARP inhibition in melanoma remains preliminary, with 
modest response rates observed in early studies. In the phase II study of niraparib monother-
apy, objective responses occurred in 14% of patients with HRR pathway alterations and 
20% of patients with nonuveal melanoma, although these findings were based on a small 
cohort [49]. In contrast, the addition of veliparib to temozolomide did not significantly 
improve clinical outcomes compared with temozolomide alone [48]. These findings suggest 
that PARP inhibitors may have activity in selected patients with melanoma, but the optimal 
biomarkers for identifying responsive populations remain uncertain. Larger prospective 
studies incorporating molecular and functional measures of HRD are needed to establish 
the clinical benefit of PARP inhibition in melanoma.

6.3. Homologous Recombination Repair/DNA Damage Response Alterations and Biomarker 
Selection in Melanoma

Genomic analyses suggest that alterations in HRR/DDR pathways occur in a mean-
ingful subset of melanomas, although reported prevalence varies according to the genes 
included and the criteria used to define pathogenic alterations. In an analysis incorporating 
multiple melanoma genomic datasets, Kim et al. reported that 21.4% of patients with 
melanoma have at least one functional HRR/DDR mutation. They most commonly involve 
BRCA1, ARID1A, ATM, ATR, and FANCA. They also found that HR-DDR gene mutation 
was associated with a high tumor mutational burden and responded well to checkpoint 
blockade [52]. Another study found that germline pathogenic/likely pathogenic variants 
were identified in 15.3% of individuals with melanoma with nearly half (46.9%) of these 
variants occurring in homologous repair deficiency genes [53]. This represents a significant 
proportion of patients with metastatic melanoma that could potentially benefit from PARP 
inhibitor therapy.

Huang et al. identified pathogenic germline mutations in all cancers using The Cancer 
Genome Atlas. Out of 470 skin cutaneous melanoma patients that have germline sequenc-
ing data available, 52 (11%) have pathogenic/likely pathogenic germline mutations, and
25 patients (5.3%) have mutations in BRCA1/2 or “BRCA-ness” [54]. Looking at somatic 
mutations involving BRCA1/2 or “BRCA-ness” genes in melanoma in TCGA, 16% (n = 72) 
possess actionable/likely actionable mutations when variants of undetermined significance 
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(VUS) are excluded. If VUS are included, 58% (n = 255) of patients possess likely actionable 
mutations [55,56]. Although these findings suggest that alterations in DNA double-strand 
break repair genes may occur in a substantial proportion of melanomas, the prevalence of 
potentially actionable HRD remains uncertain, as the presence of these alterations does not 
necessarily predict sensitivity to PARP inhibition.

Beyond individual HRR/DDR gene alterations, genomic measures of HRD may provide 
additional insight into potential therapeutic vulnerabilities in melanoma. In a recent analysis 
of 2508 skin cancer samples, Nassief et al. evaluated genomic loss of heterozygosity (LOH) 
as a marker of HRD and found that LOH-high status generally did not correlate with 
mutations in canonical HRR genes. Notably, the prevalence of LOH-high status differed 
across melanoma subtypes, occurring in 30.9% of mucosal melanomas, 13.1% of acral 
melanomas, and 8.3% of cutaneous melanomas. These findings suggest that mutation-
based testing alone may fail to identify tumors exhibiting genomic features associated 
with HRD, particularly in mucosal and acral melanoma. However, genomic LOH reflects 
accumulated genomic instability and does not necessarily establish ongoing functional 
HRD or predict sensitivity to PARP inhibition [57]. Further studies are needed to determine 
whether LOH-based assays, alone or in combination with HRR/DDR gene alterations, can 
reliably identify melanoma patients who may benefit from PARP inhibitor therapy.

Although these genomic studies demonstrate that HRR/DDR alterations are not 
uncommon in melanoma, the presence of a mutation in an HRR-associated gene does 
not necessarily establish functional HRD or predict sensitivity to PARP inhibition. The 
biologic consequences of alterations vary by gene and may depend on factors such as 
pathogenicity, zygosity, and loss of the wild-type allele. Therefore, defining which genomic 
or functional biomarkers best identify PARP-sensitive melanoma remains an important area
of investigation.

Based on the available evidence, patients with melanoma harboring pathogenic alter-
ations in key HRR genes, particularly BRCA1/2, may represent a potential population for 
further investigation of PARP inhibitor therapy [49,52]. However, the predictive significance 
of alterations in other DDR-associated genes, including ATM, ATR, and ARID1A, remains 
uncertain, as these alterations do not uniformly result in functional HRD [49]. Patients with 
elevated genomic LOH scores, particularly those with mucosal or acral melanoma, may 
represent an additional population of interest, although the relationship between LOH-
high status and PARP inhibitor sensitivity has not been established [57]. Future clinical 
trials should therefore consider incorporating both genomic alterations and functional or 
genomic scar-based measures of HRD to improve patient selection. Such biomarker-driven 
approaches may help identify subsets of melanoma patients most likely to benefit from 
PARP inhibition while avoiding treatment of patients whose tumors harbor DDR alterations 
without corresponding therapeutic vulnerability.

6.4. Clinical Implications and Potential Patient Populations
Although molecular profiling studies suggest that a subset of patients with melanoma 

may harbor features associated with HRD, the proportion who could benefit clinically from 
PARP inhibition remains uncertain. Reported rates of LOH-high status range from 8.3% in 
cutaneous melanoma to 30.9% in mucosal melanoma [57]. However, these figures should 
not be interpreted as estimates of PARP inhibitor eligibility or treatment responsiveness, as 
genomic scarring does not necessarily reflect ongoing functional HRD. Furthermore, the lim-
ited clinical evidence, including the 14% ORR observed in the small phase II niraparib study, 
does not permit reliable estimates of the proportion of patients who would benefit [49]. 
Thus, while molecular profiling may identify a population for future biomarker-directed 
trials, the clinical utility of these biomarkers remains to be established. A proposed frame-
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work for integrating genomic alterations, genomic scar measures, and functional evidence 
of homologous recombination deficiency to inform future clinical investigation of PARP 
inhibitors in melanoma is illustrated in Figure 1. 

 

Advanced/Metastatic melanoma
Investigational PARP inhibitor 

strategies

Genomic characterization
BRCA1/2, PALB2 and other HRR/DDR 

alterations; LOH and genomic scar 
measures

Integrated biomarker assessment
Variant pathogenicity; biallelic status 
where available; functional evidence 

of HRD

Evidence suggestive of HRD
Consider biomarker-enriched PARP 

inhibitor clinical trials

HRD uncertain or unsupported
Additional biomarker assessment 

or exploratory clinical trials

Figure 1. Proposed biomarker-guided framework for investigating PARP inhibitors in melanoma. 
This conceptual framework illustrates the integration of genomic alterations, genomic scar measures, 
and functional evidence of homologous recombination deficiency (HRD) to inform future clinical 
trial design. The framework is hypothesis-generating and has not been validated for routine treat-
ment selection. Abbreviation key: HRD: homologous recombination deficiency; HRR: homologous 
recombination repair; DDR: DNA damage response; LOH: loss of heterozygosity.

Table 1 summarizes the completed and ongoing trials of PARP inhibitors in Melanoma.

Table 1. Published and Ongoing Clinical Studies of PARP inhibitors Relevant to Melanoma.

Trial Name/Type Date PARP 
Inhibitor Phase Major Results Author, Reference

PUBLISHED 
TRIALS

Veliparib + 
Temozolomide 

Phase II

2009–2010 
(published

in 2015)

Veliparib 
(ABT-888) Phase 2

Metastatic melanoma: 
ORR 10.3% and 8.7% with 
veliparib + TMZ vs. 7.0% 
with TMZ alone. Median 

PFS 3.7 and 3.6 vs.
2.0 months; differences not 

statistically significant. 
Greater hematologic 

toxicity.

Middleton MR 
et al. [48].
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Table 1. Cont.

Trial Name/Type Date PARP 
Inhibitor Phase Major Results Author, Reference

Niraparib in 
BAP1/DDR-

mutant tumors

2018–2021 
(published

in 2024)
Niraparib Phase 2

Melanoma-enriched 
BAP1/DDR cohort: ORR 
6% (1 PR); SD 44%; PD 
50%. Cohort stopped at 

first stage.

George T
et al. [58].

Niraparib in HR 
pathway-mutant 

melanoma

Accrual period not 
specified 

(published
in 2025)

Niraparib Phase 2

HR pathway-altered 
melanoma (n = 14): ORR 
14% (2 PR); SD 50%; DCR 

64%; median PFS
16 weeks. Nonuveal 

subgroup (n = 10): ORR 
20%; no responses in uveal 
subgroup (n = 4). Small, 
nonrandomized study.

Kim KB et al. [49].

OLAPCO Trial 
(Olaparib 

Combinations)

Enrollment period 
not specified 
(published

in 2026)

Olaparib ±
ceralasertib or 
capivasertib

Phase 2

Mixed solid tumors with 
DDR alterations (n = 66): 
ORR 6.1%; clinical benefit 

rate 31.2%. Primary 
endpoint not met. These 
are pooled results, not 

melanoma-specific
efficacy estimates.

Doroshow DB
et al. [59].

JAVELIN PARP 
Medley

Enrollment period 
not specified 
(published

in 2023)

Talazoparib + 
avelumab Phase 2

Multicohort solid-tumor 
study of talazoparib plus 

anti-PD-L1 therapy. 
Melanoma-specific 

efficacy outcomes have not 
been separately reported.

Yap, TA et al. [43].

ONGOING/RE-
CRUITING 

TRIALS

NCT05524935
Active, not 
recruiting-

results pending

Olaparib + 
pem-

brolizumab
Phase 2

Advanced uveal 
melanoma; efficacy results 

pending.

Clinical trial 
database

NCT02693535 
(TAPUR) Ongoing

Olaparib, 
talazoparib, 

atezolizumab + 
talazoparib

Phase 2

Molecularly matched, 
multi-tumor basket trial; 

melanoma-specific 
outcomes not
reported here.

Clinical trial 
database

NCT05933265 Active, not 
recruiting

LP-184 ±
olaparib Phase 1/2

Advanced solid tumors, 
including melanoma; 

results pending.

Clinical trial 
database

NCT07382544 Ongoing
BMS-986504 

(MRTX1719) + 
olaparib

Phase 1

MTAP-deleted solid 
tumors; 

melanoma-specific results 
not reported here.

Clinical trial 
database

NCT04693468 
(TalaCom) Ongoing

Talazoparib + 
palbociclib, 
axitinib, or 
crizotinib

Phase 1

Advanced solid-tumor 
combination study; 

melanoma-specific results 
not reported here.

Clinical trial 
database
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Table 1. Cont.

Trial Name/Type Date PARP 
Inhibitor Phase Major Results Author, Reference

NCT05327010 
(ComBET) Ongoing

Talazoparib + 
ZEN-3694 

(BET inhibitor)
Phase 2

Advanced solid-tumor 
combination study; 

melanoma-specific results 
not reported here.

Clinical
trial database

Abbreviation Key: BAP1: BRCA1-associated protein 1; BET: Bromodomain and Extra-Terminal 
motif; DDR: DNA damage repair; HR: Homologous Repair; mg: milligrams; MTAP: Methylth-
ioadenosine phosphorylase; ORR: Objective Response Rate; OS: Overall survival; PARP: Poly(ADP-
ribose) polymerase; PD: Progressive disease; PR: Partial response; PFS: Progression Free Survival;
SD: Stable disease.

7. Key Points
- PARP inhibitors are established treatments for several cancers and are now being 

investigated as a potential therapeutic strategy in melanoma.
- Early laboratory and clinical studies suggest that some melanomas may be sensitive 

to PARP inhibition, either alone or in combination with immunotherapy or targeted 
therapy.

- Identifying which patients are most likely to benefit remains a major challenge and 
will be critical to the design of future clinical trials.

8. Conclusions
Outcomes for patients with advanced melanoma have improved substantially with 

immune checkpoint inhibitors and targeted therapies; however, effective treatment op-
tions remain limited for patients who develop resistance to these therapies. PARP in-
hibitors have demonstrated clinical benefit in several malignancies with defects in ho-
mologous recombination repair, providing a rationale for investigating this therapeutic 
strategy in melanoma. Preclinical studies have demonstrated activity of PARP inhibition in 
melanoma models, while early clinical studies have shown preliminary evidence of activ-
ity both as monotherapy in molecularly selected patients and in combination with other
systemic therapies.

Genomic studies suggest that alterations in homologous recombination repair and other 
DNA damage response pathways occur in a clinically relevant subset of melanomas. How-
ever, the presence of an HRR/DDR gene alteration does not necessarily indicate functional 
homologous recombination deficiency or predict sensitivity to PARP inhibition. Identifying 
biomarkers that reliably define PARP-sensitive melanoma will therefore be critical to the 
development of this therapeutic approach. Prospective studies are needed to define the 
efficacy of PARP inhibitors in appropriately selected patients and to determine the role of 
combination strategies, including PARP inhibition with immune checkpoint blockade or 
MAPK-directed therapy. At present, PARP inhibitors remain investigational in melanoma, 
but emerging preclinical and clinical data support continued evaluation of this strategy.

Author Contributions: Conceptualization, T.A.S.; methodology, T.A.S. and C.P.; writing—original 
draft preparation, C.P.; writing—review and editing, T.A.S. and C.P.; supervision, T.A.S. All authors 
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is 
not applicable to this article.

https://doi.org/10.3390/cancers18213525

https://doi.org/10.3390/cancers18213525


Cancers 2026, 18, 3525 11 of 14

Acknowledgments: During the preparation of this manuscript/study, the authors used ChatGPT-
6 (OpenAI) for the purpose of language editing and organizational assistance. The authors have 
reviewed and edited the output and take full responsibility for the content of this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Joshi, U.M.; Kashani-Sabet, M.; Kirkwood, J.M. Cutaneous Melanoma: A Review. JAMA 2025, 334, 2113–2125. [CrossRef] 

[PubMed]
2. Patel, P.M.; Suciu, S.; Mortier, L.; Kruit, W.H.; Robert, C.; Schadendorf, D.; Trefzer, U.; Punt, C.J.; Dummer, R.; Davidson, N.; et al. 

Extended schedule, escalated dose temozolomide versus dacarbazine in stage IV melanoma: Final results of a randomised phase 
III study (EORTC 18032). Eur. J. Cancer 2011, 47, 1476–1483. [CrossRef] [PubMed]

3. Wolchok, J.D.; Chiarion-Sileni, V.; Rutkowski, P.; Cowey, C.L.; Schadendorf, D.; Wagstaff, J.; Queirolo, P.; Dummer, R.; Butler, M.O.; 
Hill, A.G.; et al. Final, 10-Year Outcomes with Nivolumab plus Ipilimumab in Advanced Melanoma. N. Engl. J. Med. 2025, 392, 
11–22. [CrossRef] [PubMed]

4. Robert, C.; Grob, J.J.; Stroyakovskiy, D.; Karaszewska, B.; Hauschild, A.; Levchenko, E.; Chiarion Sileni, V.; Schachter, J.; Garbe, C.; 
Bondarenko, I. Five-year outcomes with dabrafenib plus trametinib in metastatic melanoma. N. Engl. J. Med. 2019, 381, 626–636. 
[CrossRef] [PubMed]

5. Schadendorf, D.; van Akkooi, A.C.J.; Berking, C.; Griewank, K.G.; Gutzmer, R.; Hauschild, A.; Stang, A.; Roesch, A.; Ugurel, S. 
Melanoma. Lancet 2018, 392, 971–984. [CrossRef] [PubMed]

6. Larkin, J.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.J.; Cowey, C.L.; Lao, C.D.; Schadendorf, D.; Dummer, R.; Smylie, M.; 
Rutkowski, P. Combined nivolumab and ipilimumab or monotherapy in untreated melanoma. N. Engl. J. Med. 2015, 373, 23–34. 
[CrossRef] [PubMed]

7. Weber, J.S.; D’Angelo, S.P.; Minor, D.; Hodi, F.S.; Gutzmer, R.; Neyns, B.; Hoeller, C.; Khushalani, N.I.; Miller, W.H., Jr.; Lao, C.D.; 
et al. Nivolumab versus chemotherapy in patients with advanced melanoma who progressed after anti-CTLA-4 treatment 
(CheckMate 037): A randomised, controlled, open-label, phase 3 trial. Lancet Oncol. 2015, 16, 375–384. [CrossRef] [PubMed]

8. Callahan, M.K.; Kluger, H.; Postow, M.A.; Segal, N.H.; Lesokhin, A.; Atkins, M.B.; Kirkwood, J.M.; Krishnan, S.; Bhore, R.; 
Horak, C.; et al. Nivolumab Plus Ipilimumab in Patients with Advanced Melanoma: Updated Survival, Response, and Safety 
Data in a Phase I Dose-Escalation Study. J. Clin. Oncol. 2018, 36, 391–398. [CrossRef] [PubMed]

9. Wolchok, J.D.; Kluger, H.; Callahan, M.K.; Postow, M.A.; Rizvi, N.A.; Lesokhin, A.M.; Segal, N.H.; Ariyan, C.E.; Gordon, R.A.; 
Reed, K.; et al. Nivolumab plus ipilimumab in advanced melanoma. N. Engl. J. Med. 2013, 369, 122–133. [CrossRef] [PubMed]

10. Topalian, S.L.; Hodi, F.S.; Brahmer, J.R.; Gettinger, S.N.; Smith, D.C.; McDermott, D.F.; Powderly, J.D.; Carvajal, R.D.; Sosman, J.A.; 
Atkins, M.B.; et al. Safety, activity, and immune correlates of anti-PD-1 antibody in cancer. N. Engl. J. Med. 2012, 366, 2443–2454. 
[CrossRef] [PubMed]

11. Maio, M.; Grob, J.J.; Aamdal, S.; Bondarenko, I.; Robert, C.; Thomas, L.; Garbe, C.; Chiarion-Sileni, V.; Testori, A.; Chen, T.T.; et al. 
Five-year survival rates for treatment-naive patients with advanced melanoma who received ipilimumab plus dacarbazine in a 
phase III trial. J. Clin. Oncol. 2015, 33, 1191–1196. [CrossRef] [PubMed]

12. Hodi, F.S.; Chiarion-Sileni, V.; Gonzalez, R.; Grob, J.J.; Rutkowski, P.; Cowey, C.L.; Lao, C.D.; Schadendorf, D.; Wagstaff, J.; 
Dummer, R.; et al. Nivolumab plus ipilimumab or nivolumab alone versus ipilimumab alone in advanced melanoma (CheckMate 
067): 4-year outcomes of a multicentre, randomised, phase 3 trial. Lancet Oncol. 2018, 19, 1480–1492. [CrossRef] [PubMed]

13. Tawbi, H.A.; Schadendorf, D.; Lipson, E.J.; Ascierto, P.A.; Matamala, L.; Castillo Gutierrez, E.; Rutkowski, P.; Gogas, H.J.; Lao, C.D.; 
De Menezes, J.J.; et al. Relatlimab and Nivolumab versus Nivolumab in Untreated Advanced Melanoma. N. Engl. J. Med. 2022, 
386, 24–34. [CrossRef] [PubMed]

14. Tawbi, H.A.; Hodi, F.S.; Lipson, E.J.; Schadendorf, D.; Ascierto, P.A.; Matamala, L.; Gutierrez, E.C.; Rutkowski, P.; Gogas, H.; 
Lao, C.D.; et al. Three-Year Overall Survival with Nivolumab Plus Relatlimab in Advanced Melanoma From RELATIVITY-047.
J. Clin. Oncol. 2025, 43, 1546–1552. [CrossRef] [PubMed]

15. Atkins, M.B.; Lee, S.J.; Chmielowski, B.; Tarhini, A.A.; Cohen, G.I.; Truong, T.-G.; Moon, H.H.; Davar, D.; O’Rourke, M.; Stephenson, 
J.J. Combination dabrafenib and trametinib versus combination nivolumab and ipilimumab for patients with advanced BRAF-
mutant melanoma: The DREAMseq trial—ECOG-ACRIN EA6134. J. Clin. Oncol. 2023, 41, 186–197. [CrossRef] [PubMed]

16. Weber, J.S.; Carlino, M.S.; Khattak, A.; Meniawy, T.; Ansstas, G.; Taylor, M.H.; Kim, K.B.; McKean, M.; Long, G.V.; Sullivan, R.J. 
Individualised neoantigen therapy mRNA-4157 (V940) plus pembrolizumab versus pembrolizumab monotherapy in resected 
melanoma (KEYNOTE-942): A randomised, phase 2b study. Lancet 2024, 403, 632–644. [CrossRef] [PubMed]

17. VanderWalde, A.; Bellasea, S.L.; Kendra, K.L.; Khushalani, N.I.; Campbell, K.M.; Scumpia, P.O.; Kuklinski, L.F.; Collichio, F.; 
Sosman, J.A.; Ikeguchi, A.; et al. Ipilimumab with or without nivolumab in PD-1 or PD-L1 blockade refractory metastatic 
melanoma: A randomized phase 2 trial. Nat. Med. 2023, 29, 2278. [CrossRef] [PubMed]

https://doi.org/10.3390/cancers18213525

https://doi.org/10.1001/jama.2025.13074
https://www.ncbi.nlm.nih.gov/pubmed/40853557
https://doi.org/10.1016/j.ejca.2011.04.030
https://www.ncbi.nlm.nih.gov/pubmed/21600759
https://doi.org/10.1056/NEJMoa2407417
https://www.ncbi.nlm.nih.gov/pubmed/39282897
https://doi.org/10.1056/nejmoa1904059
https://www.ncbi.nlm.nih.gov/pubmed/31166680
https://doi.org/10.1016/S0140-6736(18)31559-9
https://www.ncbi.nlm.nih.gov/pubmed/30238891
https://doi.org/10.1056/nejmoa1504030
https://www.ncbi.nlm.nih.gov/pubmed/26027431
https://doi.org/10.1016/S1470-2045(15)70076-8
https://www.ncbi.nlm.nih.gov/pubmed/25795410
https://doi.org/10.1200/JCO.2017.72.2850
https://www.ncbi.nlm.nih.gov/pubmed/29040030
https://doi.org/10.1056/NEJMoa1302369
https://www.ncbi.nlm.nih.gov/pubmed/23724867
https://doi.org/10.1056/NEJMoa1200690
https://www.ncbi.nlm.nih.gov/pubmed/22658127
https://doi.org/10.1200/JCO.2014.56.6018
https://www.ncbi.nlm.nih.gov/pubmed/25713437
https://doi.org/10.1016/S1470-2045(18)30700-9
https://www.ncbi.nlm.nih.gov/pubmed/30361170
https://doi.org/10.1056/NEJMoa2109970
https://www.ncbi.nlm.nih.gov/pubmed/34986285
https://doi.org/10.1200/Jco.24.01124
https://www.ncbi.nlm.nih.gov/pubmed/39671533
https://doi.org/10.1200/jco.22.01763
https://www.ncbi.nlm.nih.gov/pubmed/36166727
https://doi.org/10.1016/s0140-6736(23)02268-7
https://www.ncbi.nlm.nih.gov/pubmed/38246194
https://doi.org/10.1038/s41591-023-02498-y
https://www.ncbi.nlm.nih.gov/pubmed/37592104
https://doi.org/10.3390/cancers18213525


Cancers 2026, 18, 3525 12 of 14

18. Zimmer, L.; Apuri, S.; Eroglu, Z.; Kottschade, L.A.; Forschner, A.; Gutzmer, R.; Schlaak, M.; Heinzerling, L.; Krackhardt, A.M.; 
Loquai, C.; et al. Ipilimumab alone or in combination with nivolumab after progression on anti-PD-1 therapy in advanced 
melanoma. Eur. J. Cancer 2017, 75, 47–55. [CrossRef] [PubMed]

19. da Silva, I.P.; Ahmed, T.; Reijers, I.L.; Weppler, A.M.; Warner, A.B.; Patrinely, J.R.; Serra-Bellver, P.; Allayous, C.; Mangana, J.; 
Nguyen, K. Ipilimumab alone or ipilimumab plus anti-PD-1 therapy in patients with metastatic melanoma resistant to anti-PD-(L) 
1 monotherapy: A multicentre, retrospective, cohort study. Lancet Oncol. 2021, 22, 836–847. [CrossRef] [PubMed]

20. Kreft, S.; Glutsch, V.; Zaremba, A.; Schummer, P.; Mohr, P.; Grimmelmann, I.; Gutzmer, R.; Meier, F.; Pfohler, C.; Sachse, M.M.; 
et al. MAPKinase inhibition after failure of immune checkpoint blockade in patients with advanced melanoma—An evaluation 
of the multicenter prospective skin cancer registry ADOREG. Eur. J. Cancer 2022, 167, 32–41. [CrossRef] [PubMed]

21. Betof Warner, A.; Palmer, J.S.; Shoushtari, A.N.; Goldman, D.A.; Panageas, K.S.; Hayes, S.A.; Bajwa, R.; Momtaz, P.; Callahan, M.K.; 
Wolchok, J.D.; et al. Long-Term Outcomes and Responses to Retreatment in Patients with Melanoma Treated with PD-1 Blockade. 
J. Clin. Oncol. 2020, 38, 1655–1663. [CrossRef] [PubMed]

22. Chesney, J.; Lewis, K.D.; Kluger, H.; Hamid, O.; Whitman, E.; Thomas, S.; Wermke, M.; Cusnir, M.; Domingo-Musibay, E.; 
Phan, G.Q.; et al. Efficacy and safety of lifileucel, a one-time autologous tumor-infiltrating lymphocyte (TIL) cell therapy, in 
patients with advanced melanoma after progression on immune checkpoint inhibitors and targeted therapies: Pooled analysis of 
consecutive cohorts of the C-144-01 study. J. Immunother. Cancer 2022, 10, e005755. [CrossRef] [PubMed]

23. Helleday, T. The underlying mechanism for the PARP and BRCA synthetic lethality: Clearing up the misunderstandings. Mol. 
Oncol. 2011, 5, 387–393. [CrossRef] [PubMed]

24. Murai, J.; Huang, S.Y.; Das, B.B.; Renaud, A.; Zhang, Y.; Doroshow, J.H.; Ji, J.; Takeda, S.; Pommier, Y. Trapping of PARP1 and 
PARP2 by Clinical PARP Inhibitors. Cancer Res. 2012, 72, 5588–5599. [CrossRef] [PubMed]

25. Man, X.; Zhang, Y.; He, J.; Wang, P.; Qu, W. From bench to bedside: Synthetic strategies and clinical application of PARP inhibitors. 
Bioorg. Chem. 2025, 163, 108761. [CrossRef] [PubMed]

26. Murai, J.; Huang, S.Y.; Renaud, A.; Zhang, Y.; Ji, J.; Takeda, S.; Morris, J.; Teicher, B.; Doroshow, J.H.; Pommier, Y. Stereospecific 
PARP trapping by BMN 673 and comparison with olaparib and rucaparib. Mol. Cancer Ther. 2014, 13, 433–443. [CrossRef] 
[PubMed]

27. Hopkins, T.A.; Shi, Y.; Rodriguez, L.E.; Solomon, L.R.; Donawho, C.K.; DiGiammarino, E.L.; Panchal, S.C.; Wilsbacher, J.L.; 
Gao, W.; Olson, A.M.; et al. Mechanistic Dissection of PARP1 Trapping and the Impact on In Vivo Tolerability and Efficacy of 
PARP Inhibitors. Mol. Cancer Res. 2015, 13, 1465–1477. [CrossRef] [PubMed]

28. Shen, Y.; Aoyagi-Scharber, M.; Wang, B. Trapping Poly(ADP-Ribose) Polymerase. J. Pharmacol. Exp. Ther. 2015, 353, 446–457. 
[CrossRef] [PubMed]

29. Mateo, J.; Lord, C.J.; Serra, V.; Tutt, A.; Balmana, J.; Castroviejo-Bermejo, M.; Cruz, C.; Oaknin, A.; Kaye, S.B.; de Bono, J.S.
A decade of clinical development of PARP inhibitors in perspective. Ann. Oncol. 2019, 30, 1437–1447. [CrossRef] [PubMed]

30. Kim, G.; Ison, G.; McKee, A.E.; Zhang, H.; Tang, S.; Gwise, T.; Sridhara, R.; Lee, E.; Tzou, A.; Philip, R.; et al. FDA Approval 
Summary: Olaparib Monotherapy in Patients with Deleterious Germline BRCA-Mutated Advanced Ovarian Cancer Treated with 
Three or More Lines of Chemotherapy. Clin. Cancer Res. 2015, 21, 4257–4261. [CrossRef] [PubMed]

31. Tew, W.P.; Lacchetti, C.; Ellis, A.; Maxian, K.; Banerjee, S.; Bookman, M.; Jones, M.B.; Lee, J.M.; Lheureux, S.; Liu, J.F.; et al. PARP 
Inhibitors in the Management of Ovarian Cancer: ASCO Guideline. J. Clin. Oncol. 2020, 38, 3468–3493. [CrossRef] [PubMed]

32. Tian, X.; Chen, L.; Gai, D.; He, S.; Jiang, X.; Zhang, N. Adverse Event Profiles of PARP Inhibitors: Analysis of Spontaneous Reports 
Submitted to FAERS. Front. Pharmacol. 2022, 13, 851246. [CrossRef] [PubMed]

33. LaFargue, C.J.; Dal Molin, G.Z.; Sood, A.K.; Coleman, R.L. Exploring and comparing adverse events between PARP inhibitors. 
Lancet Oncol. 2019, 20, E15–E28. [CrossRef] [PubMed]

34. Yi, X.F.; Gao, R.L.; Sun, L.; Wu, Z.X.; Zhang, S.L.; Huang, L.T.; Han, C.B.; Ma, J.T. Dual antitumor immunomodulatory effects of 
PARP inhibitor on the tumor microenvironment: A counterbalance between anti-tumor and pro-tumor. Biomed. Pharmacother. 
2023, 163, 114770. [CrossRef] [PubMed]

35. Shen, J.; Zhao, W.; Ju, Z.; Wang, L.; Peng, Y.; Labrie, M.; Yap, T.A.; Mills, G.B.; Peng, G. PARPi Triggers the STING-Dependent 
Immune Response and Enhances the Therapeutic Efficacy of Immune Checkpoint Blockade Independent of BRCAness. Cancer 
Res. 2019, 79, 311–319. [CrossRef] [PubMed]

36. Gohari, Z.; Stojanovic, L.; Rassool, F.V. Combining STING Agonists with PARP Inhibitors Mounts an NK-Dependent Defense 
against Therapy-Resistant Breast Cancer. Cancer Res. 2025, 85, 1747–1749. [CrossRef] [PubMed]

37. Huang, J.; Wang, L.; Cong, Z.; Amoozgar, Z.; Kiner, E.; Xing, D.; Orsulic, S.; Matulonis, U.; Goldberg, M.S. The PARP1 inhibitor 
BMN 673 exhibits immunoregulatory effects in a Brca1(-/-) murine model of ovarian cancer. Biochem. Biophys. Res. Commun. 
2015, 463, 551–556. [CrossRef] [PubMed]

38. Wang, L.; Wang, D.; Sonzogni, O.; Ke, S.; Wang, Q.; Thavamani, A.; Batalini, F.; Stopka, S.A.; Regan, M.S.; Vandal, S.; et al. 
PARP-inhibition reprograms macrophages toward an anti-tumor phenotype. Cell Rep. 2022, 41, 111462. [CrossRef] [PubMed]

https://doi.org/10.3390/cancers18213525

https://doi.org/10.1016/j.ejca.2017.01.009
https://www.ncbi.nlm.nih.gov/pubmed/28214657
https://doi.org/10.1016/s1470-2045(21)00097-8
https://www.ncbi.nlm.nih.gov/pubmed/33989557
https://doi.org/10.1016/j.ejca.2022.02.023
https://www.ncbi.nlm.nih.gov/pubmed/35366571
https://doi.org/10.1200/JCO.19.01464
https://www.ncbi.nlm.nih.gov/pubmed/32053428
https://doi.org/10.1136/jitc-2022-005755
https://www.ncbi.nlm.nih.gov/pubmed/36600653
https://doi.org/10.1016/j.molonc.2011.07.001
https://www.ncbi.nlm.nih.gov/pubmed/21821475
https://doi.org/10.1158/0008-5472.CAN-12-2753
https://www.ncbi.nlm.nih.gov/pubmed/23118055
https://doi.org/10.1016/j.bioorg.2025.108761
https://www.ncbi.nlm.nih.gov/pubmed/40706537
https://doi.org/10.1158/1535-7163.MCT-13-0803
https://www.ncbi.nlm.nih.gov/pubmed/24356813
https://doi.org/10.1158/1541-7786.MCR-15-0191-T
https://www.ncbi.nlm.nih.gov/pubmed/26217019
https://doi.org/10.1124/jpet.114.222448
https://www.ncbi.nlm.nih.gov/pubmed/25758918
https://doi.org/10.1093/annonc/mdz192
https://www.ncbi.nlm.nih.gov/pubmed/31218365
https://doi.org/10.1158/1078-0432.CCR-15-0887
https://www.ncbi.nlm.nih.gov/pubmed/26187614
https://doi.org/10.1200/JCO.20.01924
https://www.ncbi.nlm.nih.gov/pubmed/32790492
https://doi.org/10.3389/fphar.2022.851246
https://www.ncbi.nlm.nih.gov/pubmed/35401230
https://doi.org/10.1016/S1470-2045(18)30786-1
https://www.ncbi.nlm.nih.gov/pubmed/30614472
https://doi.org/10.1016/j.biopha.2023.114770
https://www.ncbi.nlm.nih.gov/pubmed/37105074
https://doi.org/10.1158/0008-5472.CAN-18-1003
https://www.ncbi.nlm.nih.gov/pubmed/30482774
https://doi.org/10.1158/0008-5472.CAN-25-0831
https://www.ncbi.nlm.nih.gov/pubmed/40370063
https://doi.org/10.1016/j.bbrc.2015.05.083
https://www.ncbi.nlm.nih.gov/pubmed/26047697
https://doi.org/10.1016/j.celrep.2022.111462
https://www.ncbi.nlm.nih.gov/pubmed/36223740
https://doi.org/10.3390/cancers18213525


Cancers 2026, 18, 3525 13 of 14

39. Jiao, S.; Xia, W.; Yamaguchi, H.; Wei, Y.; Chen, M.K.; Hsu, J.M.; Hsu, J.L.; Yu, W.H.; Du, Y.; Lee, H.H.; et al. PARP Inhibitor 
Upregulates PD-L1 Expression and Enhances Cancer-Associated Immunosuppression. Clin. Cancer Res. 2017, 23, 3711–3720. 
[CrossRef] [PubMed]

40. Litton, J.K.; Rugo, H.S.; Ettl, J.; Hurvitz, S.A.; Goncalves, A.; Lee, K.H.; Fehrenbacher, L.; Yerushalmi, R.; Mina, L.A.; Martin, M.; 
et al. Talazoparib in Patients with Advanced Breast Cancer and a Germline BRCA Mutation. N. Engl. J. Med. 2018, 379, 753–763. 
[CrossRef] [PubMed]

41. Mateo, J.; Carreira, S.; Sandhu, S.; Miranda, S.; Mossop, H.; Perez-Lopez, R.; Nava Rodrigues, D.; Robinson, D.; Omlin, A.; 
Tunariu, N.; et al. DNA-Repair Defects and Olaparib in Metastatic Prostate Cancer. N. Engl. J. Med. 2015, 373, 1697–1708. 
[CrossRef] [PubMed]

42. Vinayak, S.; Tolaney, S.M.; Schwartzberg, L.; Mita, M.; McCann, G.; Tan, A.R.; Wahner-Hendrickson, A.E.; Forero, A.; Anders, C.; 
Wulf, G.M.; et al. Open-label Clinical Trial of Niraparib Combined with Pembrolizumab for Treatment of Advanced or Metastatic 
Triple-Negative Breast Cancer. JAMA Oncol. 2019, 5, 1132–1140. [CrossRef] [PubMed]

43. Yap, T.A.; Bardia, A.; Dvorkin, M.; Galsky, M.D.; Beck, J.T.; Wise, D.R.; Karyakin, O.; Rubovszky, G.; Kislov, N.; Rohrberg, K.; et al. 
Avelumab Plus Talazoparib in Patients with Advanced Solid Tumors: The JAVELIN PARP Medley Nonrandomized Controlled 
Trial. JAMA Oncol. 2023, 9, 40–50. [CrossRef] [PubMed]

44. Czyz, M.; Toma, M.; Gajos-Michniewicz, A.; Majchrzak, K.; Hoser, G.; Szemraj, J.; Nieborowska-Skorska, M.; Cheng, P.; 
Gritsyuk, D.; Levesque, M.; et al. PARP1 inhibitor olaparib (Lynparza) exerts synthetic lethal effect against ligase 4-deficient 
melanomas. Oncotarget 2016, 7, 75551–75560. [CrossRef] [PubMed]

45. Donawho, C.K.; Luo, Y.; Luo, Y.; Penning, T.D.; Bauch, J.L.; Bouska, J.J.; Bontcheva-Diaz, V.D.; Cox, B.F.; DeWeese, T.L.; Dillehay, 
L.E. ABT-888, an orally active poly (ADP-ribose) polymerase inhibitor that potentiates DNA-damaging agents in preclinical 
tumor models. Clin. Cancer Res. 2007, 13, 2728–2737. [CrossRef] [PubMed]

46. Palma, J.P.; Rodriguez, L.E.; Bontcheva-Diaz, V.D.; Bouska, J.J.; Bukofzer, G.; Colon-Lopez, M.; Guan, R.; Jarvis, K.; Johnson, E.F.; 
Klinghofer, V.; et al. The PARP inhibitor, ABT-888 potentiates temozolomide: Correlation with drug levels and reduction in PARP 
activity in vivo. Anticancer Res. 2008, 28, 2625–2635. [PubMed]

47. Ferretti, L.P.; Bohi, F.; Leslie Pedrioli, D.M.; Cheng, P.F.; Ferrari, E.; Baumgaertner, P.; Alvarado-Diaz, A.; Sella, F.; Cereghetti, A.; 
Turko, P.; et al. Combinatorial Treatment with PARP and MAPK Inhibitors Overcomes Phenotype Switch-Driven Drug Resistance 
in Advanced Melanoma. Cancer Res. 2023, 83, 3974–3988. [CrossRef] [PubMed]

48. Middleton, M.R.; Friedlander, P.; Hamid, O.; Daud, A.; Plummer, R.; Falotico, N.; Chyla, B.; Jiang, F.; McKeegan, E.; Mostafa, N.M.; 
et al. Randomized phase II study evaluating veliparib (ABT-888) with temozolomide in patients with metastatic melanoma. Ann. 
Oncol. 2015, 26, 2173–2179. [CrossRef] [PubMed]

49. Kim, K.B.; Desprez, P.-Y.; de Semir, D.; Woo, R.W.L.; Sharma, A.; Jones, R.; Caressi, C.; Nosrati, M.; Janiczek, E.; Rivera Penafiel, J.; 
et al. Phase II Study of Niraparib in Patients with Advanced Melanoma with Homologous Recombination Pathway Gene 
Mutations. JCO Precis. Oncol. 2025, 9, e2400658. [CrossRef] [PubMed]

50. Isaacs, J.; Sussman, T.A.; Kennedy, L.B.; Arbesman, J.; Gastman, B.; Zhou, M.; Zabor, E.; Diaz-Montero, C.; Ko, J.; Funchain, P. 
Phase II trial of nivolumab in combination with talazoparib in patients with unresectable or metastatic melanoma and mutations 
in BRCA or BRCA-ness. Cancer Res. 2024, 84, CT261. [CrossRef]

51. Phillipps, J.; Nassief, G.; Morecroft, R.; Adeyelu, T.; Elliott, A.; Abdulla, F.; Vanderwalde, A.; Park, S.; Butt, O.; Zhou, A.; et al. 
Efficacy of PARP inhibitor therapy after targeted BRAF/MEK failure in advanced melanoma. npj Precis. Oncol. 2024, 8, 187. 
[CrossRef] [PubMed]

52. Kim, K.B.; Soroceanu, L.; de Semir, D.; Millis, S.Z.; Ross, J.; Vosoughi, E.; Dar, A.A.; Nosrati, M.; Desprez, P.Y.; Ice, R.; et al. 
Prevalence of Homologous Recombination Pathway Gene Mutations in Melanoma: Rationale for a New Targeted Therapeutic 
Approach. J. Investig. Dermatol. 2021, 141, 2028–2036 e2022. [CrossRef] [PubMed]

53. Funchain, P.; Ni, Y.; Heald, B.; Bungo, B.; Arbesman, M.; Behera, T.R.; McCormick, S.; Song, J.M.; Kennedy, L.B.; Nielsen, S.M.; et al. 
Germline cancer susceptibility in individuals with melanoma. J. Am. Acad. Dermatol. 2024, 91, 265–272. [CrossRef] [PubMed]

54. Huang, K.L.; Mashl, R.J.; Wu, Y.; Ritter, D.I.; Wang, J.; Oh, C.; Paczkowska, M.; Reynolds, S.; Wyczalkowski, M.A.; Oak, N.; et al. 
Pathogenic Germline Variants in 10,389 Adult Cancers. Cell 2018, 173, 355–370 e314. [CrossRef] [PubMed]

55. Gao, J.; Aksoy, B.A.; Dogrusoz, U.; Dresdner, G.; Gross, B.; Sumer, S.O.; Sun, Y.; Jacobsen, A.; Sinha, R.; Larsson, E.; et al. 
Integrative analysis of complex cancer genomics and clinical profiles using the cBioPortal. Sci. Signal. 2013, 6, pl1. [CrossRef] 
[PubMed]

56. Cerami, E.; Gao, J.; Dogrusoz, U.; Gross, B.E.; Sumer, S.O.; Aksoy, B.A.; Jacobsen, A.; Byrne, C.J.; Heuer, M.L.; Larsson, E.; et al. 
The cBio cancer genomics portal: An open platform for exploring multidimensional cancer genomics data. Cancer Discov. 2012, 2, 
401–404. [CrossRef] [PubMed]

57. Nassief, G.; Adeyelu, T.; Elliott, A.; Phillipps, J.; Morecroft, R.; Zhou, A.Y.; Szlosarek, P.W.; Robert, C.; Abdulla, F.; Vanderwalde, A. 
Homologous Recombination Deficiency in Skin Cancers: Prevalence and Clinical Implications of This Distinct Patient Cohort. 
JCO Precis. Oncol. 2026, 10, e2500923. [CrossRef] [PubMed]

https://doi.org/10.3390/cancers18213525

https://doi.org/10.1158/1078-0432.CCR-16-3215
https://www.ncbi.nlm.nih.gov/pubmed/28167507
https://doi.org/10.1056/NEJMoa1802905
https://www.ncbi.nlm.nih.gov/pubmed/30110579
https://doi.org/10.1056/NEJMoa1506859
https://www.ncbi.nlm.nih.gov/pubmed/26510020
https://doi.org/10.1001/jamaoncol.2019.1029
https://www.ncbi.nlm.nih.gov/pubmed/31194225
https://doi.org/10.1001/jamaoncol.2022.5228
https://www.ncbi.nlm.nih.gov/pubmed/36394849
https://doi.org/10.18632/oncotarget.12270
https://www.ncbi.nlm.nih.gov/pubmed/27705909
https://doi.org/10.1158/1078-0432.ccr-06-3039
https://www.ncbi.nlm.nih.gov/pubmed/17473206
https://www.ncbi.nlm.nih.gov/pubmed/19035287
https://doi.org/10.1158/0008-5472.CAN-23-0485
https://www.ncbi.nlm.nih.gov/pubmed/37729428
https://doi.org/10.1093/annonc/mdv308
https://www.ncbi.nlm.nih.gov/pubmed/26202595
https://doi.org/10.1200/PO-24-00658
https://www.ncbi.nlm.nih.gov/pubmed/40373259
https://doi.org/10.1158/1538-7445.Am2024-Ct261
https://doi.org/10.1038/s41698-024-00684-w
https://www.ncbi.nlm.nih.gov/pubmed/39232122
https://doi.org/10.1016/j.jid.2021.01.024
https://www.ncbi.nlm.nih.gov/pubmed/33610559
https://doi.org/10.1016/j.jaad.2023.11.070
https://www.ncbi.nlm.nih.gov/pubmed/38513832
https://doi.org/10.1016/j.cell.2018.03.039
https://www.ncbi.nlm.nih.gov/pubmed/29625052
https://doi.org/10.1126/scisignal.2004088
https://www.ncbi.nlm.nih.gov/pubmed/23550210
https://doi.org/10.1158/2159-8290.CD-12-0095
https://www.ncbi.nlm.nih.gov/pubmed/22588877
https://doi.org/10.1200/po-25-00923
https://www.ncbi.nlm.nih.gov/pubmed/41533995
https://doi.org/10.3390/cancers18213525


Cancers 2026, 18, 3525 14 of 14

58. George, T.J.; Lee, J.H.; DeRemer, D.L.; Hosein, P.J.; Staal, S.; Markham, M.J.; Jones, D.; Daily, K.C.; Chatzkel, J.A.; Ramnaraign, B.H.; 
et al. Phase II Trial of the PARP Inhibitor, Niraparib, in BAP1 and Other DNA Damage Response Pathway-Deficient Neoplasms. 
JCO Precis. Oncol. 2024, 8, e2400406. [CrossRef] [PubMed]

59. Doroshow, D.B.; Shapiro, G.I.; Do, K.; Keedy, V.L.; Mahdi, H.; Sohal, D.P.S.; Hafez, N.; LoRusso, P.M.; Cecchini, M.; Sklar, J.; et al. 
Targeted therapy for DNA damage response and homologous recombination repair defects: The Olaparib Combinations trial. 
Cancer 2026, 132, e70332. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury 
to people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/cancers18213525

https://doi.org/10.1200/PO-24-00406
https://www.ncbi.nlm.nih.gov/pubmed/39626160
https://doi.org/10.1002/cncr.70332
https://www.ncbi.nlm.nih.gov/pubmed/41808580
https://doi.org/10.3390/cancers18213525

	Introduction 
	Molecular Classification of Melanoma 
	Current Systemic Therapy for Advanced Melanoma 
	Immune Checkpoint Inhibitor Therapy 
	Treatment After Progression 

	PARP Inhibitors 
	Mechanism of Action and Synthetic Lethality 
	Adverse Effects of PARP Inhibitors 
	Immunomodulatory Effects of PARP Inhibitors 

	Clinical Experience with PARP Inhibitors in Other Solid Tumors 
	PARP Inhibitors in Solid Tumors 
	Combination Strategies: PARP Inhibitors and Immunotherapy 

	PARP Inhibitors and Melanoma 
	Preclinical Evidence in Melanoma 
	Clinical Evidence of PARP Inhibition in Melanoma 
	Homologous Recombination Repair/DNA Damage Response Alterations and Biomarker Selection in Melanoma 
	Clinical Implications and Potential Patient Populations 

	Key Points 
	Conclusions 
	References



