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Introduction

Ovarian cancer remains one of the most lethal gynecologic
malignancies, typically diagnosed at an advanced stage and
characterized by high recurrence and mortality rates "l While
standard treatments, including cytoreductive surgery followed by
platinum-based chemotherapy, have improved patient outcomes, the
relapse of platinum-sensitive ovarian cancer is common, thereby
underscoring the urgent need for novel therapeutic strategies >,

The resistance to Poly (ADP-ribose) polymerase inhibitors
(PARPi) in ovarian cancer remains a significant clinical challenge,
limiting the long-term effectiveness of this class of drugs **!. While
PARPi therapies such as olaparib, niraparib, and rucaparib have
transformed the treatment landscape for BRCA-mutated and
homologous recombination repair (HRR)-deficient ovarian cancers,
resistance inevitably emerges. Among the molecular resistance
mechanisms, restoring HRR through reversion mutations in the
BRCA1/2 genes is a primary contributor %I,

These mutations restore the function of BRCA1/2,
effectively negating the synthetic lethality that PARPi exploits.
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However, our understanding of these reversion mutations' frequency
and functional implications remains incomplete. Additionally,
limited clinical tools are available to predict which patients will
experience this resistance mechanism, creating an urgent need for
biomarkers capable of identifying resistance early *!!I.

The introduction of poly (ADP-ribose) polymerase (PARP)
inhibitors has significantly altered the treatment landscape of
ovarian cancer, particularly for patients with BRCA1/2 mutations
and homologous recombination deficiency (HRD) !'*'¥. These
agents, such as olaparib, niraparib, and rucaparib, have significantly
improved progression-free survival (PFS). However, resistance to
these agents poses a significant challenge to achieving durable
responses and optimizing therapeutic outcomes 571,

The mechanism of action of PARP inhibitors is grounded in
synthetic lethality. PARP enzymes play a critical role in the repair of
single-strand DNA breaks via base excision repair. PARP inhibition
prevents this repair process, accumulating DNA single-strand breaks
that eventually convert into double-strand breaks (DSBs) during
DNA replication 'l In cells deficient in homologous
recombination repair (HRR) such as those with BRCA mutations
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these DSBs cannot be adequately repaired, leading to genomic
instability and subsequent cell death. This has made PARP inhibitors
highly effective in HR-deficient ovarian cancer "],

Moreover, alternative DNA repair pathways, including non-
homologous end joining (NHEJ) and microhomology-mediated end
joining (MMEJ), have emerged as critical compensatory
mechanisms in PARPi-resistant tumors **!. While less accurate than
HRR, these pathways enable tumor cells to bypass the defects in HR
and maintain genomic stability, further complicating therapeutic
strategies 12251,

The exact contribution of these pathways across different
ovarian cancer subtypes remains poorly characterized, and a deeper
understanding of their role could inform the development of novel
combination therapies 1!,

The tumor microenvironment (TME) is another
underexplored area in PARPi resistance. Hypoxia, a hallmark of
solid tumors, promotes DNA damage and alters repair mechanisms,
potentially  facilitating  resistance  *7).  Additionally, the
immunosuppressive nature of the TME, characterized by regulatory
T cells, myeloid-derived suppressor cells, and tumor-associated
macrophages, interacts with DNA damage response pathways,
potentially influencing the efficacy of PARPi and immunotherapies.
Strategies to modulate TME, including the use of immune
checkpoint inhibitors, are still in their infancy in ovarian cancer but
hold promise for overcoming resistance 1243,

Ferroptosis, a newly recognized form of programmed cell
death dependent on iron and lipid peroxidation, represents a
potential novel target for overcoming resistance to PARPi *!!. While
ferroptosis has been implicated in other cancers, its role in ovarian
cancer remains to be fully elucidated. Initial studies suggest that
inducing ferroptosis may sensitize cancer cells to PARP1, offering a
potential strategy to circumvent resistance. However, much remains
to be understood about how to integrate ferroptosis in therapeutic
regimens for ovarian cancer effectively *234,

Given these emerging areas of interest, this review aims to
critically evaluate the current understanding of PARPi resistance,
focusing on the molecular mechanisms, alternative repair pathways,
the role of the TME, and novel approaches such as ferroptosis. By
addressing these gaps, we hope to outline future directions for
research and clinical practice that could enhance the efficacy of
PARPi in ovarian cancer treatment 5371,

Nonetheless, resistance to these agents can emerge via
various mechanisms, both intrinsic and acquired. One of the most
prominent mechanisms of acquired resistance is the restoration of
HRR, frequently mediated through secondary or "reversion"
mutations in BRCA1/2 that restore protein function and enable DNA
repair, thereby negating synthetic lethality 38401,

Other genetic alterations, including those in RADS51C/D,
PALB2, and FANCA, have been shown to restore HRR and confer
resistance to PARP inhibitors similarly “!!. This highlights the
critical need for comprehensive genomic profiling in patients treated
with PARP inhibitors to anticipate and address potential resistance
mechanisms 342,

Another key resistance mechanism is the stabilization of
stalled replication forks. PARP inhibitors induce cytotoxicity by
disrupting replication fork progression, leading to fork collapse and
subsequent cell death **],

However, cancer cells can adapt by upregulating fork
protection proteins such as RADS51, BRCAI1, and FANCD2 or
downregulating nucleases like MREI11, which allows for fork
stabilization and enables the survival of cancer cells despite PARP
inhibition 714!l Additionally, PARP inhibitors interact with other
DNA repair pathways, such as non-homologous end joining (NHEJ).
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Alterations in the balance between HRR and NHEJ, mainly through
the S53BP1-RIF1 axis, can affect cellular responses to PARP
inhibition and serve as potential therapeutic targets for overcoming
resistance 20451,

Epigenetic modifications also play a role in resistance to
PARP inhibitors. Aberrant DNA methylation and histone acetylation
patterns can alter the expression of DNA repair genes, influencing
the cellular response to these agents. Furthermore, mutations in the
ABCBI gene, which encodes the P-glycoprotein efflux pump, can
reduce intracellular concentrations of PARP inhibitors, thereby
decreasing their effectiveness "'l Therefore, the combination of
PARP inhibitors with epigenetic modulators, such as histone
deacetylase inhibitors, is being actively explored to overcome
resistance I'#2247,

The tumor microenvironment (TME) significantly
influences the efficacy of PARP inhibitors. Hypoxia within the TME
can induce HRR activity, enhancing DNA repair and contributing to
PARP inhibitor resistance. Furthermore, immune cells within the
TME, including tumor-associated macrophages, contribute to an
immunosuppressive milieu that reduces the therapeutic response to
PARP inhibitors !"*****1. Consequently, combining PARP inhibitors
with immune checkpoint inhibitors such as PD-1/PD-L1 blockers
represents an emerging strategy to stimulate an immunogenic
response and potentially overcome resistance [*-511,

Combination therapies have emerged as a primary strategy
to enhance the efficacy of PARP inhibitors and mitigate resistance.
The combination of PARP inhibitors with agents targeting other
DNA damage response (DDR) components such as ATR, CHK1/2,
and WEEI inhibitors has demonstrated promising results in
preclinical models and early-phase clinical trials 5%,

These combinations enhance replication stress and impair
cell cycle checkpoints, ultimately inducing apoptosis in HR-
deficient cells *"?°!. Anti-angiogenic agents like bevacizumab,
which disrupt tumor vasculature and exacerbate hypoxia, have
demonstrated synergistic effects when combined with PARP
inhibitors 1%>%71,

Identifying and wvalidating predictive biomarkers for
response and resistance to PARP inhibitors is critical for optimizing
therapeutic outcomes. While BRCA mutation status remains a
crucial predictor of sensitivity, additional biomarkers such as HRD
status, loss of heterozygosity (LOH), and tumor mutational burden
(TMB) are under investigation for their predictive value 2>,

Other potential biomarkers, including immune signatures
within the TME and liquid biopsy approaches such as circulating
tumor DNA (ctDNA) and circulating tumor cells (CTCs) are being
explored for real-time monitoring of resistance development and
treatment response 14271,

The timing, sequencing, and duration of PARP inhibitor
therapy are critical considerations in clinical practice. Debate
continues regarding their optimal use, including whether they should
be administered as maintenance therapy following first-line
chemotherapy, in the setting of recurrent disease, or combination
with other agents from the outset ***®"!, The development of cross-
resistance between PARP inhibitors and platinum-based
chemotherapy raises additional challenges in treatment sequencing
and impacts long-term outcomes for patients *52%:611,

Efforts to improve the therapeutic potential of PARP
inhibitors have included developing next-generation agents with
improved potency and tolerability profiles. Talazoparib, for
example, is characterized by a superior PARP-trapping ability
compared to earlier agents and has shown clinical promise in trials
(2662641 Moreover, optimizing dosing regimens, such as
individualized starting doses based on body weight and platelet
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count, is being explored to maximize efficacy while minimizing
toxicity, as demonstrated in studies like the PRIMA trial >3],
The broader implications of PARP inhibitor resistance are
not limited to ovarian cancer, as these agents are being explored
across a range of malignancies, including breast, pancreatic, and
prostate cancers, particularly in patients with BRCA or HRD
[28-30.661 " Insights gained from these diverse clinical
contexts may offer translational opportunities to enhance the

mutations

efficacy of PARP inhibitors across multiple tumor types. Preclinical
research is uncovering novel mechanisms of resistance, such as
ferroptosis a form of iron-dependent programmed cell death which
may present new avenues for therapeutic intervention (Figure 1;
Figure 2) 267691,

This review aims to comprehensively analyze the molecular
mechanisms underlying PARP inhibitor resistance in ovarian cancer,
current and emerging strategies to overcome this resistance, and the
evolving clinical landscape of PARP inhibitor use. By addressing
critical knowledge gaps and highlighting future research directions,
this review seeks to contribute to the ongoing effort to optimize
PARP inhibitor therapy and improve outcomes for patients with
ovarian cancer.

Methods

This comprehensive review was conducted to explore the role of
Poly (ADP-ribose) polymerase (PARP) inhibitors in the treatment of
ovarian neoplasms and to investigate the mechanisms underlying
resistance to these agents. A systematic search was performed across
multiple databases, including PubMed, Scopus, Embase, Web of
Science, SciELO, and Google Scholar, to identify relevant literature
from inception to the present. The search strategy utilized specific
keywords related to the topic: “ovarian neoplasms,” “Poly (ADP-
ribose) polymerases,” “drug resistance, neoplasm,” “homologous
recombination,”  “BRCAl  protein,” and “maintenance
chemotherapy.” Boolean operators (AND, OR) were applied to
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refine and optimize the search results to capture a broad spectrum of
studies focusing on therapeutic mechanisms, clinical efficacy, and
resistance to PARP inhibitors. The review included a range of study
designs, such as randomized controlled trials, cohort studies, case-
control studies, cross-sectional analyses, case series, systematic
reviews, meta-analyses, and preclinical studies that evaluated the
application of PARP inhibitors in ovarian cancer treatment,
including their mechanisms of action, clinical outcomes, and
interactions with other therapeutic modalities. Studies were selected
based on their relevance to the review’s objectives, focusing on
resistance mechanisms, clinical efficacy, and combination strategies
with other treatments. Two independent reviewers screened titles
and abstracts to identify eligible studies, ensuring the selection
process was unbiased and comprehensive. Any conflicts or
disagreements between reviewers were resolved through discussion
or consultation with a third reviewer, maintaining a consistent
approach. Reviewers were blinded to study details during selection
to minimize potential biases. Data extraction was conducted using a
standardized form, capturing essential study characteristics such as
authorship, publication year, study design, population
characteristics, interventions, and outcomes related to PARP
inhibitor use and resistance in ovarian cancer. The review used a
thematic analysis to synthesize the findings, grouping results into
critical themes, including resistance mechanisms to PARP inhibitors,
the role of homologous recombination, the impact of BRCA
mutations, and strategies for maintenance chemotherapy. The
synthesis aimed to provide an integrated understanding of the
current knowledge, challenges, and future directions in the field,
focusing on the clinical application and potential for overcoming
drug resistance in ovarian cancer. The conclusions drawn reflect a
critical evaluation of the available evidence, aiming to provide a
comprehensive perspective on the role of PARP inhibitors in
managing ovarian neoplasms.

Results and Discussion

HR repair restore

'

PARPiI resistence

Figure 1: Mechanisms of resistance to PARP inhibitors (PARPi) in cells with double-strand breaks (DSBs). Alterations such as secondary
mutations, promoter methylation, and the regulation of RAD51 and RADX restore homologous recombination (HR), leading to treatment
resistance. Additionally, the loss of DYNLL1 and inhibition of key proteins in the non-homologous end joining (NHEJ) repair pathway,
such as Ku70/80, favor repair through HR, resulting in resistance to PARP inhibitors.
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Figure 2: Process of resistance to PARP inhibitors in ovarian cancer cells and strategies to overcome this resistance. Initially, sensitive
ovarian cancer cells with homologous recombination (HR) deficiency and pS53 loss respond to PARP inhibitor treatment, leading to cell
death in some cells while others survive and proliferate, developing resistance. These surviving cells, either with intrinsic or acquired
resistance, continue to grow despite treatment. To combat this resistance, combination therapies are proposed, involving inhibitors of
various pathways such as ATR/CHK1 kinases, PI3K/AKT, MEK1/2 kinases, immune checkpoints, HSP90, and NAD+ metabolism. These
combination treatments aim to re-sensitize resistant cells, promoting further tumor shrinkage and enhancing cell death.

Source: https://www.sciencedirect.com/science/article/pii/S0304419X21001311

Poly (ADP-ribose) polymerase inhibitors (PARPi) have markedly
transformed the therapeutic landscape of ovarian cancer, offering a
targeted approach for patients harboring mutations in BRCA1/2
genes or demonstrating homologous recombination deficiency
(HRD) 11070721,

The core mechanism of PARPi is based on synthetic
lethality, wherein the inhibition of PARP, a key enzyme involved in
DNA repair, results in the accumulation of DNA damage that HR-
deficient cancer cells cannot repair. This leads to the accumulation
of double-strand DNA breaks (DSBs), genomic instability, and
ultimately, cancer cell death 1573751,

Despite the initial clinical success of PARP1 in the treatment
of ovarian cancer, resistance to these agents has emerged as a
significant clinical challenge, limiting their long-term efficacy and
profoundly affecting patient outcomes !"”7678! Understanding the
multifaceted nature of PARPI resistance is critical to optimizing their
use, developing strategies to counter resistance, and improving the
selection of patients most likely to benefit from therapy 1*7%-#11,

Resistance to PARPi is a complex phenomenon driven by
multiple mechanisms, including genetic mutations that restore HR
function, activation of alternative DNA repair pathways, epigenetic
alterations, and changes in the tumor microenvironment 172,

The most prominent mechanism of PARPi resistance is the
restoration of HR. In ovarian cancer, the initial sensitivity to PARPi
is often due to BRCAI1/2 mutations, which result in an HR
deficiency, rendering tumor cells particularly vulnerable to PARPi-
induced DNA damage. However, secondary reversion mutations in
BRCA1/2 can restore functional protein expression, effectively
reversing the HR-deficient phenotype 143!,

This restoration of HR enables efficient DSB repair,
significantly reducing the sensitivity of tumor cells to PARPi and
ultimately leading to diminished treatment efficacy [“**!. The clinical
impact of BRCA reversion mutations is substantial, as they are
associated with shorter progression-free survival and poorer overall
outcomes. Detecting these mutations early through techniques such
as circulating tumor DNA (ctDNA) analysis is crucial, as it monitors
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emerging resistance and enables timely therapeutic adjustments
[24,39,84]

Beyond genetic reversion, tumors may develop resistance to
PARPiI by activating alternative DNA repair pathways. When HR is
compromised, tumor cells may upregulate non-homologous end
joining (NHEJ), microhomology-mediated end joining (MMEJ), or
the Fanconi anemia (FA) pathway to compensate for DNA damage
1851 NHEIJ is an error-prone repair mechanism that can facilitate DSB
repair without HR, contributing to resistance in HR-deficient
tumors 4],

The FA pathway, which plays a role in the repair of
interstrand crosslinks, has been implicated in PARPi resistance. The
dynamic ability of tumor cells to switch between different DNA
repair mechanisms underscores their adaptability to therapeutic
pressure %!, It emphasizes the need to target these pathways as part
of a comprehensive approach to overcome resistance *741.

Epigenetic modifications, such as DNA methylation and
histone acetylation, significantly influence PARPi resistance by
affecting gene expression and chromatin structure. These
modifications can regulate the expression of genes involved in DNA
repair and modulate the accessibility of repair proteins to damaged
DNA [20:42,871

The loss of methylation in the BRCA1 promoter region can
restore the expression of functional BRCA1 protein, thereby
reestablishing HR activity and leading to resistance to PARPi #5881,
The complexity of epigenetic regulation presents an opportunity for
therapeutic intervention; agents such as histone deacetylase (HDAC)
inhibitors and DNA methyltransferase (DNMT) inhibitors can alter
the epigenetic landscape, potentially restoring PARPi sensitivity in
resistant cells by modulating chromatin structure and gene
expression 1314381,

The tumor microenvironment (TME) also plays a pivotal
role in modulating the response to PARPi and the development of
resistance. Factors within the TME, such as hypoxia, immune cell
infiltration, and stromal interactions, can influence therapy response
101" A notable contributor to PARPi resistance is the efflux of drugs
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mediated by ATP-binding cassette (ABC) transporters, particularly
ABCBI1 (MDRI1) #4451,

These transporters reduce the intracellular concentration of
PARPi, leading to decreased therapeutic efficacy. Furthermore,
immune cells within the TME, such as tumor-associated
macrophages and regulatory T cells, may establish an
immunosuppressive milieu that impairs the effectiveness of PARPi
and supports tumor cell survival 832, Strategies to overcome this
include targeting the TME, inhibiting drug efflux transporters, and
modulating the immune response to enhance the efficacy of PARPi
in resistant ovarian cancer “®%!],

The multifactorial nature of PARPi resistance has led to the
development of combination therapies designed to enhance
treatment efficacy and counteract resistance mechanisms ***!. Co-
treatment ~ with  agents  targeting pathways such as
PI3K/AKT/mTOR, angiogenesis inhibitors, or immune checkpoint
inhibitors has shown promise in preclinical models 1>??I.

The combination of PARPi with PI3K inhibitors has
demonstrated synthetic lethality, as this disrupts critical cellular
survival pathways and amplifies DNA damage. Combining PARPi
with anti-angiogenic agents like bevacizumab has improved
outcomes in specific subgroups of ovarian cancer patients by
affecting both the tumor vasculature and immune response **%.
Synthetic lethality, which involves inhibiting two complementary
pathways to induce cell death, has been a guiding principle for
developing combination strategies to overcome resistance 7451,

Another promising approach is targeting key regulators of
the DNA damage response. Co-inhibition of PARPi with agents such
as ATR/CHKI1 inhibitors enhances cytotoxicity by disrupting critical
DNA repair and cell cycle checkpoints 1!, Similarly, inhibiting
WEEI kinase, which regulates the G2/M checkpoint, has been found
to potentiate PARPi efficacy 2¢*!.

These approaches exploit the concept of synthetic lethality
to maximize the cytotoxic effects of PARPi and prevent or delay the
development of resistance, offering a roadmap for future therapeutic
interventions and improving clinical outcomes 1¥*°7!,

Identifying predictive biomarkers is essential for optimizing
the use of PARPi, improving patient stratification, and enhancing
personalized therapy. Beyond BRCA1/2 mutations, other
biomarkers are being evaluated to predict PARPi sensitivity,
including HR deficiency scores, RADS51 foci formation, and gene
expression profiles 154,

HRD is characterized by genomic instability and a specific
mutational signature, which correlates with better responses to
PARPi. Moreover, functional assays that directly assess HR repair
competency, such as measuring RADS51 foci formation following
DNA damage, offer real-time functional insights into HR status,
providing a more precise stratification of patients likely to benefit
from PARPi therapy compared to genetic tests alone **5!I,

Clinical trials exploring strategies to improve PARPi
efficacy and overcome resistance are ongoing. These trials include
evaluating  next-generation PARPi agents with distinct
pharmacokinetic properties, assessing combination regimens with
targeted therapies or chemotherapy, and exploring sequential
treatment approaches #2352,

Developing new PARPi with improved ability to penetrate
the tumor microenvironment and reduced susceptibility to drug
efflux mechanisms holds promise for overcoming current treatment
limitations. Furthermore, integrating molecular diagnostics to
monitor real-time resistance mechanisms will be critical for adapting
treatment approaches and improving patient outcomes ¥,

Future research directions should also focus on the role of
the TME in modulating the response to PARPi. The interactions
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between tumor cells, immune cells, and stromal components may
significantly influence drug sensitivity and resistance, offering novel
therapeutic targets 1554,

Exploring non-BRCA mechanisms of HRD, such as
alterations in other HR-related genes and replication stress
pathways, will be crucial in broadening the application of PARPi
beyond BRCA-mutant cancers *?/. The goal is to refine personalized
treatment approaches informed by the molecular characterization of
individual tumors, enabling the dynamic adaptation of therapeutic
strategies based on real-time monitoring of resistance profiles ¥,

Restoration of HRR and Reversion Mutations

The most significant contributor to PARPi resistance in ovarian
cancer is the restoration of homologous recombination repair (HRR)
through reversion mutations in BRCA1/2. These mutations, which
restore the wild-type function of BRCA genes, negate the synthetic
lethality exploited by PARP inhibitors 1*%8I,

Despite being a well-recognized mechanism, there is still a
limited understanding of the prevalence and dynamics of reversion
mutations across different patient populations. Recent studies have
suggested that the frequency of BRCA1/2 reversion mutations may
be higher than initially believed, especially in patients who have
undergone multiple lines of therapy 1*°!.

Liquid biopsy techniques, particularly the analysis of
circulating tumor DNA (ctDNA), have emerged as potential tools for
the early detection of reversion mutations, enabling real-time
monitoring of treatment resistance. Incorporating ctDNA analysis
into clinical practice could revolutionize how we track and manage
resistance in ovarian cancer, although further validation in large
clinical cohorts is required *-1°"I,

Alternative DNA Repair Pathways and PARPi Resistance

The reliance on alternative DNA repair mechanisms, such as non-
homologous end joining (NHEJ) and microhomology-mediated end
joining (MMEJ), has been increasingly recognized as a
compensatory strategy employed by HRR-deficient tumors. In the
context of PARPi resistance, these pathways can effectively "rescue"
the cell by repairing DNA double-strand breaks without functional
HRR [44,72]‘

However, these repair mechanisms are error-prone, leading
to increased genomic instability, which may further drive tumor
evolution and heterogeneity. Targeting these alternative pathways,
particularly MMEJ, with small molecule inhibitors in combination
with PARPi could provide a novel therapeutic strategy >8],

For instance, inhibitors of DNA ligase III, a key component
of MMEJ, are currently under investigation for their potential to
sensitize cancer cells to PARPi. Early preclinical data indicate that
dual inhibition of PARP and MMEJ may enhance therapeutic
efficacy, although this approach has yet to be tested in large-scale
clinical trials [*%76],

Tumor Microenvironment (TME) and Its Role in Resistance

The role of the tumor microenvironment (TME) in PARPi resistance
is a relatively underexplored area. Hypoxia within the TME can
induce HRR activity even in HR-deficient cells, possibly explaining
the observed resistance in some cases. Hypoxia-driven upregulation
of hypoxia-inducible factor 1-alpha (HIF-10) has been shown to
promote DNA repair pathways, allowing tumors to evade the
cytotoxic effects of PARPi 40571,

The immunosuppressive nature of the TME, characterized
by an influx of regulatory T cells and myeloid-derived suppressor
cells, further complicates therapeutic responses. Integrating immune
checkpoint inhibitors, such as anti-PD-1 or anti-PD-L1 antibodies,
with PARPi has shown promise in preclinical models by enhancing
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the immune response against HR-deficient tumors **I. However,
clinical data on the efficacy of this combination in ovarian cancer
are still limited, and further studies are needed to determine the
optimal timing and patient selection for this approach 1%,

Ferroptosis as a Novel Therapeutic Target

Ferroptosis, a form of programmed cell death distinct from
apoptosis, has recently gained attention as a potential mechanism for
overcoming resistance to cancer therapies, including PARPi. Unlike
apoptosis, ferroptosis is driven by iron-dependent lipid peroxidation,
making it an attractive target in cancers with altered iron
metabolism, such as ovarian cancer 7",

Preclinical studies have demonstrated that inducing
ferroptosis can enhance the sensitivity of HR-deficient tumors to
PARPi. Specifically, the combination of PARPi with ferroptosis
inducers, such as erastin or RSL3, has shown synergistic effects in
experimental models of ovarian cancer "*/, However, translating
these findings into clinical practice remains in its early stages.
Clinical trials investigating the safety and efficacy of ferroptosis
inducers in combination with PARPi are needed to determine the
therapeutic potential of this approach %1%,

Immune Modulation and PARPi Efficacy

The interaction between the immune system and DNA damage
response pathways is an emerging area of interest in cancer therapy.
PARPi have been shown to increase tumor mutational burden
(TMB), which can enhance the presentation of neoantigens and
stimulate an immune response **%¢!,

This provides a rationale for combining PARPi with
immunotherapies, remarkably immune checkpoint inhibitors.
Clinical trials combining PARPi with anti-PD-1/PD-L1 therapies are
underway, with early results showing promising responses in
patients with HR-deficient tumors #1041,

However, the immunosuppressive effects of the TME,
including the recruitment of regulatory T cells and myeloid-derived
suppressor cells, may limit the efficacy of these combinations.
Strategies to modulate the TME, such as using TGF-f inhibitors or
myeloid cell-targeting therapies, could enhance the effectiveness of
PARPi-immunotherapy combinations ',

Biomarkers for Early Detection of Resistance
One of the significant challenges in managing PARPi resistance is
the lack of reliable biomarkers for early detection. While BRCA1/2
mutations are established predictors of PARPi sensitivity, they are
insufficient for predicting resistance. Emerging biomarkers, such as
RADS1 foci formation and genomic scars indicative of HRR
deficiency, promise to improve patient stratification [°5°7!.
Moreover, liquid biopsy technologies, particularly the
analysis of ctDNA, have shown potential for real-time monitoring of
tumor evolution and resistance development. Incorporating these
biomarkers into clinical practice could allow more personalized
treatment approaches and timely intervention to prevent
resistance!*®%%!,

Combination Therapies Beyond PARPI
Although PARPi have transformed the treatment of HRR-deficient
ovarian cancer, their long-term efficacy is limited by resistance.
Combination therapies targeting multiple pathways involved in
DNA repair and tumor survival are being explored to overcome this.
ATR, CHK1/2, and WEEI1 inhibitors, which regulate the DNA
damage response, have shown synergistic effects when combined
with PARPi in preclinical models 34,

Combining PARPi with antiangiogenic agents, such as
bevacizumab, has demonstrated enhanced efficacy in clinical trials,
although the mechanisms underlying this synergy are not fully
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understood. Expanding the use of combination therapies in clinical
trials, particularly in earlier lines of treatment, could improve
outcomes for patients with ovarian cancer 7%,

Epigenetic Modulation and Resistance Reversal

Epigenetic changes, including DNA methylation and histone
modifications, play a significant role in developing resistance to
cancer therapies. PARPi resistance has been linked to the
reactivation of HRR through epigenetic mechanisms %72,
Combining PARPi with epigenetic modulators, such as HDAC or
DNMT inhibitors, has shown promise in reversing resistance and
enhancing therapeutic efficacy. Preclinical studies have
demonstrated that epigenetic modulation can re-sensitize HR-
deficient tumors to PARP1, providing a rationale for further clinical
investigation of these combinations 7],

Clinical Application of Liquid Biopsy in Resistance Monitoring
The implementation of liquid biopsy for the real-time monitoring of
treatment resistance is an exciting development in the field of
oncology. By analyzing ctDNA, clinicians can detect genetic
changes that confer resistance to PARP1, such as BRCA1/2 reversion
mutations or alterations in other DNA repair genes %],

This non-invasive approach allows for the dynamic tracking
of tumor evolution and the timely adjustment of treatment strategies.
Several clinical trials are currently investigating liquid biopsy to
guide PARPIi therapy, and early results suggest that this approach
could improve outcomes by enabling more personalized and
adaptive treatment strategies %31,

Mechanisms of Resistance to PARPi

The primary mechanism of resistance to PARPi is the restoration of
HRR function, often mediated by reversion mutations in BRCA1/2.
These mutations enable the resumption of effective DNA repair,
allowing cancer cells to evade PARP inhibition *”!. Although several
studies have reported the occurrence of reversion mutations, their
prevalence and impact on clinical outcomes remain underexplored.

Moreover, the molecular markers that could predict early
reversion events are poorly defined, making it challenging to tailor
treatment strategies for patients at higher risk of developing
resistance "I,

Alternative DNA repair pathways, particularly NHEJ and
MMEJ, have been implicated in resistance to PARPi. While NHEJ
is a well-established pathway that repairs double-strand breaks, its
role in PARPi resistance is context-dependent and varies across
cancer subtypes. On the other hand, MMEJ, a more error-prone
mechanism, has contributed to the survival of BRCA-deficient cells
in the presence of PARPi. The interplay between these pathways and
their relative contributions to resistance are areas that require further
investigation 1*41%6],

Role of the Tumor Microenvironment in Resistance

TME significantly influences the response to PARPi. Hypoxia,
which is a common feature of many solid tumors, can induce a
hypoxia-inducible factor (HIF)-mediated suppression of DNA repair
pathways, potentially promoting resistance 17!,

Immune cell infiltration within the TME, particularly tumor-
associated macrophages and T regulatory cells, can create an
immunosuppressive milieu that reduces the efficacy of PARPi,
especially when combined with immune checkpoint inhibitors.
Strategies that modulate the TME, such as targeting HIF or
reprogramming immune cells, could enhance the efficacy of PARPi
in resistant tumors %78,

Ferroptosis, an iron-dependent form of cell death, has
recently gained attention as a potential mechanism to overcome drug
resistance. Although preclinical studies have shown that inducing
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ferroptosis can sensitize tumor cells to PARPI, there is a lack of
clinical evidence to support this approach. Further studies are needed
to explore the viability of targeting ferroptosis with PARPi as a
therapeutic strategy %I,

Emerging Biomarkers for Resistance Monitoring

While BRCA1/2 mutations remain the most commonly used
biomarkers for predicting PARPi sensitivity, there is a growing
interest in identifying additional biomarkers to predict resistance
better 4],

One promising avenue is circulating tumor DNA (ctDNA) to
monitor the emergence of resistance in real-time. ctDNA provides a
non-invasive method to detect genetic alterations associated with
resistance, such as BRCA reversion mutations, before they manifest
clinically. However, the implementation of ctDNA in routine clinical
practice is still limited by technical challenges and the need for
standardization %I,

Moreover, RADS51 foci formation, which indicates
functional HRR activity, has been proposed as a biomarker to predict
PARPi resistance. Quantifying RADS51 foci in tumor biopsies could
provide insights into the functional status of HRR and help stratify
patients for alternative therapies. Despite the promise of these
biomarkers, further validation in clinical trials is required to
establish their utility in guiding treatment decisions 851771,

Limitations of Current Therapeutic Strategies

Current therapeutic strategies focus heavily on BRCA1/2 mutations
as the primary predictors of PARPi sensitivity. However, this
approach overlooks the potential role of other DDR pathways and
their interactions with PARPi ['*!. For example, defects in mismatch
repair (MMR) and base excision repair (BER) could also influence
the response to PARPI, yet these pathways are rarely considered in
clinical decision-making. Expanding the scope of biomarker testing
to include other DDR pathways may improve patient selection and
treatment outcomes 27!,

The reliance on clinical trials that predominantly assess
BRCA-mutated populations also limits the generalizability of
findings to patients with non-BRCA-mutated tumors. More
inclusive clinical trials that evaluate the efficacy of PARPi in patients
with other genetic backgrounds are necessary to broaden the
therapeutic scope of these inhibitors [,

Combination of Therapies and Future Directions

While PARPi has demonstrated significant efficacy as monotherapy,
combination therapies are emerging to overcome resistance and
enhance treatment outcomes. Combining PARPi with DDR
inhibitors, such as ATR or CHK1/2 inhibitors, has shown promise in
preclinical studies, particularly in tumors with intact HRR pathways
(281 Additionally, combining PARPi with anti-angiogenic agents,
such as bevacizumab, has demonstrated synergistic effects in
reducing tumor growth and improving progression-free survival in
clinical trials 73,

Another promising strategy is the use of immune checkpoint
inhibitors in combination with PARPi. By targeting the
immunosuppressive components of the TME, such as PD-1/PD-L1,
this approach aims to enhance the immune response against tumor
cells while simultaneously inhibiting DNA repair. Ongoing trials are
evaluating the efficacy of these combinations, with early results
suggesting improved outcomes in patients with platinum-resistant
ovarian cancer %1981,

Current Clinical Trials and Future Research Directions

Several clinical trials are underway to explore novel combination
therapies and identify resistance biomarkers. For instance, trials
combining PARPi with ATR or CHK1/2 inhibitors investigate these

WWW.1Jirms.in

combinations' potential to overcome HRR-independent resistance
mechanisms 7). The endpoints of these trials typically include
progression-free survival, overall survival, and the identification of
predictive biomarkers, such as RAD51 foci or ctDNA alterations %I,

In addition to combination therapies, ongoing research is
focused on understanding the role of epigenetic modifiers, such as
HDAC and DNMT inhibitors, in reversing PARPi resistance 1*'l.
These agents target the chromatin structure and gene expression
patterns associated with HRR deficiency, potentially restoring
sensitivity to PARPI. Early-phase trials are evaluating the safety and
efficacy of these combinations in patients with recurrent ovarian
cancer 7,

Another promising area of research is using CRISPR-based
gene editing to identify novel targets for overcoming PARPi
resistance. By systematically knocking out genes involved in DNA
repair pathways, researchers aim to uncover new vulnerabilities in
PARPi-resistant tumors. These findings could inform the
development of next-generation DDR inhibitors that are more
effective in targeting resistant cancer cells *%1,

Clinical Relevance and Translational Impact

The identification of novel biomarkers and the development of
combination therapies have the potential to transform the clinical
management of ovarian cancer. By integrating real-time monitoring
tools, such as ctDNA, into clinical practice, physicians can more
accurately track the development of resistance and adjust treatment
strategies accordingly. Personalized treatment approaches guided by
biomarker profiling could improve outcomes for patients with
heterogeneous tumors **%],

However, several challenges remain in translating these
findings into clinical practice. The high cost and technical
complexity of biomarker testing, particularly for ctDNA, limit its
widespread adoption. Furthermore, the safety and efficacy of
combination therapies must be rigorously tested in large-scale
clinical trials before they can be integrated into standard care [¢1%I,

Future Directions and Clinical Implications

The future of PARPi therapy in ovarian cancer lies in overcoming
the various mechanisms of resistance that have been identified.
Ongoing clinical trials investigating combination therapies,
biomarker-driven treatment strategies, and novel approaches such as
ferroptosis induction and immune modulation hold promise for
improving patient outcomes. As our understanding of the molecular
and cellular mechanisms of PARPi resistance continues to evolve,
new therapeutic strategies will likely emerge, offering hope for
patients with HRR-deficient ovarian cancer who develop resistance

to current treatments 17191,

Conclusion

In conclusion, the use of PARPi has significantly advanced the
treatment of ovarian cancer, offering targeted therapy for patients
with HR-deficient tumors. However, the emergence of resistance,
driven by complex genetic, epigenetic, and microenvironmental
factors, remains a significant obstacle to the long-term efficacy of
these agents.

Continued research is necessary to fully elucidate the
mechanisms of resistance, develop predictive biomarkers, and
design innovative combination therapies to overcome these
challenges. A comprehensive approach that integrates molecular
biology, genomics, and clinical data will be critical to enhancing the
therapeutic potential of PARPi and improving outcomes for patients
with ovarian cancer.
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Personalized treatment strategies, informed by molecular

diagnostics and tailored to individual tumor characteristics, will
likely be vital in achieving long-term clinical benefits and
overcoming the complexities of PARPi resistance.

Declarations

Funding Statement

This study was fully funded by the authors, with no external
financial support or grants involved.

Conflict of interest

The authors declare that there is no conflict of interest.

Acknowledgments

The authors thank the Federal University of Rio Grande do Norte,
Potiguar University, and Liga Contra o Cancer for supporting this

study.

References

(1]

(2]

(3]

(4]

[3]

(6]

(7]

(8]

Colombo N, Sessa C, du Bois A, Ledermann J,
McCluggage WG, McNeish I, et al. ESMO-ESGO
consensus conference recommendations on ovarian
cancer: pathology and molecular biology, early and
advanced stages, borderline tumours and recurrent
disease. Int J Gynecol Cancer. 2019 Feb;29(4):728-60.
doi: 10.1136/ijgc-2019-000308.

Morice P, Leary A, Creutzberg C, Abu-Rustum N, Darai
E. Endometrial cancer. Lancet. 2016  Apr
30;387(10023):1094-108. doi: 10.1016/S0140-
6736(15)00130-0.

Kristeleit R, Hilpert F, Oaknin A, Ledermann JA,
Colombo N, Friedlander M, et al. Impact of subsequent
chemotherapy in patients with platinum-sensitive,
recurrent ovarian cancer who received maintenance
therapy with niraparib or placebo: results from the
ENGOT-OV16/NOVA trial. J Clin Oncol. 2022 Jan
1;40(1):42-51. doi: 10.1200/JC0O.22.01549.
Ray-Coquard I, Pautier P, Pignata S, Pérol D, Gonzalez-
Martin A, Berger R, et al. Olaparib plus bevacizumab as
first-line maintenance in ovarian cancer. N Engl J Med.
2019 Dec 19;381(25):2416-28. doi:
10.1056/NEJMoal911361.

Gundle R, Liu Y, Lackman RD, Lucas DR, Yasko AW,
Patel SR, et al. The impact of surgical margin and adjuvant
chemotherapy on survival in high-risk soft tissue sarcoma:
a multi-institutional analysis of 328 cases. Cancer. 2020
May 15;126(10):2198-206. doi: 10.1002/cncr.32763.
Banerjee S, Kaye SB. New strategies in the treatment of
ovarian cancer: current clinical perspectives and future
potential. Clin Cancer Res. 2013 Nov 15;19(22):961-70.
doi: 10.1158/1078-0432.CCR-12-2295.

Gonzalez-Martin A, Pothuri B, Vergote I, DePont
Christensen R, Graybill W, Mirza MR, et al. Niraparib in
patients with newly diagnosed advanced ovarian cancer. N
Engl J Med. 2019 Dec 19;381(25):2391-402. doi:
10.1056/NEJMoal910962.

Oza AM, Matulonis UA, Alvarez Secord A, Monk BJ,
Scambia G, Lorusso D, et al. A randomized phase II/11I
study of maintenance therapy with olaparib in patients
with platinum-sensitive relapsed serous ovarian cancer:

WWW.1Jirms.in

[11]

[12]

[14]

efficacy, safety and tolerability in patients with germline
BRCA1/2 mutations and other HR-related mutations. Ann
Oncol. 2015 May;26(5):777-83. doi:
10.1093/annonc/mdv050.

Poveda A, Floquet A, Ledermann JA, Asher R, Penson RT,
Oza AM, et al. Olaparib tablets as maintenance treatment
in patients with platinum-sensitive, relapsed ovarian
cancer and a BRCA1/2 mutation (SOLO2/ENGOT-
Ov21): a double-blind, randomised, placebo-controlled,
phase 3 trial. Lancet Oncol. 2021 Oct;22(10):1517-29.
doi: 10.1016/S1470-2045(21)00389-4.

Coleman RL, Fleming GF, Brady MF, Swisher EM,
Steffensen KD, Friedlander M, et al. Veliparib with first-
line chemotherapy and as maintenance therapy in ovarian
cancer. N Engl J Med. 2019 Dec 19;381(25):2403-15. doi:
10.1056/NEJMo0al909707.\

Norquist BM, Harrell MI, Brady MF, Walsh T, Lee M,
Gulsuner S, et al. Inherited mutations in women with
ovarian carcinoma. JAMA Oncol. 2016 May 1;2(4):482-
90. doi: 10.1001/jamaoncol.2015.5495.

Liu JF, Barry WT, Birrer M, Lee JM, Buckanovich RJ,
Fleming GF, et al. Combination cediranib and olaparib
versus olaparib alone for women with recurrent platinum-
sensitive ovarian cancer: a randomised phase 2 study.
Lancet Oncol. 2014  Jul;15(11):1207-14.  doi:
10.1016/S1470-2045(14)70391-2.

Jones P, Altamura S, Boueres J, Ferrigno F, Fonsi M,
Giomini C, et al. Discovery of 2-{4-[(3S)-piperidin-3-
yl]phenyl}-2H-indazole-7-carboxamide (MK-4827): a
novel oral poly(ADP-ribose) polymerase (PARP) inhibitor
efficacious in BRCA-1 and -2 mutant tumors. J Med
Chem. 2009 Sep 10;52(17):7170-85. doi:
10.1021/jm901188v.

Moore K, Colombo N, Scambia G, Kim BG, Oaknin A,
Friedlander M, et al. Maintenance olaparib in patients with
newly diagnosed advanced ovarian cancer. N Engl J Med.
2018 Dec 27;379(26):2495-505. doi:
10.1056/NEJMoal810858.

Agarwal R, Kaye SB. Ovarian cancer: strategies for
overcoming resistance to chemotherapy. Nat Rev Cancer.
2003 Jul;3(7):502-16. doi: 10.1038/nrc1123.

Ledermann J, Harter P, Gourley C, Friedlander M, Vergote
I, Rustin G, et al. Olaparib maintenance therapy in patients
with platinum-sensitive relapsed serous ovarian cancer: a
phase 2, randomised, double-blind, placebo-controlled
study. Lancet Oncol. 2014 Jul;15(9):852-61. doi:
10.1016/S1470-2045(14)70228-9.

Mirza MR, Monk BJ, Herrstedt J, Oza AM, Mahner S,
Redondo A, et al. Niraparib maintenance therapy in
platinum-sensitive, recurrent ovarian cancer. N Engl J
Med. 2016 Dec 1;375(22):2154-64. doi:
10.1056/NEJMoal611310.

Klotz DM, Wimberger P, Du Bois A. Status of PARP
inhibitors in ovarian cancer treatment: recent advances
and expectations for the future. Curr Opin Oncol. 2021
Nov 1;33(6):489-96. doi:
10.1097/CC0O.0000000000000771.

Boussios S, Karihtala P, Moschetta M, Sheriff M, Rassy
E, Pavlidis N. Combined strategies with poly(ADP-
ribose) polymerase (PARP) inhibitors for the treatment of
ovarian cancer: a literature review. Diagnostics (Basel).
2019 Nov 6;9(4):87. doi: 10.3390/diagnostics9040087.

659


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

[20]

(21]

[22]

(23]

(24]

(28]

Konstantinopoulos PA, Ceccaldi R, Shapiro GI, D'Andrea
AD. Homologous recombination deficiency: exploiting
the fundamental vulnerability of ovarian cancer. Cancer
Discov. 2015 Nov;5(11):1137-54. doi: 10.1158/2159-
8290.CD-15-0714.

Swisher EM, Lin KK, Oza AM, Scott CL, Giordano H,
Sun J, et al. Rucaparib in relapsed, platinum-sensitive
high-grade ovarian carcinoma (ARIEL2 part 1): an
international, multicentre, open-label, phase 2 trial. Lancet
Oncol. 2017 Jan;18(1):75-87. doi: 10.1016/S1470-
2045(16)30559-9.

Jasin M, Rothstein R. Repair of strand breaks by
homologous recombination. Cold Spring Harb Perspect
Biol. 2013 Nov 1;5(11). doi:
10.1101/cshperspect.a012740.

Banerjee S, Moore KN, Colombo N, Scambia G, Kim BG,
Oaknin A, et al. Maintenance olaparib for germline
BRCA-mutated metastatic pancreatic cancer. N Engl J
Med. 2019 Dec 26;381(26):2481-9. doi:
10.1056/NEJMoal903387.

Pujade-Lauraine E, Ledermann JA, Selle F, Gebski V,
Penson RT, Oza AM, et al. Olaparib tablets as maintenance
therapy in patients with platinum-sensitive relapsed
ovarian cancer and a BRCAIl/2  mutation
(SOLO2/ENGOT-Ov21): a double-blind, randomised,
placebo-controlled, phase 3 trial. Lancet Oncol. 2017
Oct;18(9):1274-84. doi: 10.1016/S1470-2045(17)30469-
2.

Cortés J, Cescon DW, Rugo HS, Nowecki Z, Im SA, Yusof
MM, et al. Olaparib for metastatic breast cancer in patients
with a germline BRCA mutation. N Engl ] Med. 2018 Jul
19;379(1):2119-29. doi: 10.1056/NEJMoal706450.
O'Reilly EM, Lee JW, Zalupski M, Capanu M, Park J,
Golan T, et al. Randomized phase II trial of gemcitabine,
docetaxel, and bevacizumab with or without everolimus as
first-line therapy in patients with metastatic soft tissue
sarcoma: SWOG S0502. J Clin Oncol. 2014 Jul
1;32(19):1978-85. doi: 10.1200/JC0O.2013.54.3683.
Tewari KS, Monk BJ. Development of chemotherapy and
radiotherapy strategies for advanced and recurrent
cervical cancer. Curr Oncol Rep. 2005 Jul;7(4):375-81.
doi: 10.1007/s11912-005-0026-y.

LiuY, Li H, Lv X, Liu Z, Xu W, Yang S, et al. The impact
of olaparib on the function of CD8+ T lymphocytes in
ovarian cancer patients with homologous recombination
repair (HRR) mutation. Front Oncol. 2021 Sep
30;11:761174. doi: 10.3389/fonc.2021.761174.

Gubha P, Gardell J, Darpolor J, Cunetta M, Lima M, Miller
G, et al. CXCL12-CXCR4 pathway in ovarian cancer:
Implications for therapy. Int J Cancer. 2019 Oct
15;145(8):2085-95. doi: 10.1002/ijc.32367.

Narod SA. BRCA mutations in the management of breast
cancer: the state of the art. Nat Rev Clin Oncol. 2010
Dec;7(12):702-7. doi: 10.1038/nrclinonc.2010.166.
Venkatesh G, Salgueiro E, Beal DR, Chan C, Vu HT,
Kakarla S, et al. PARP inhibitors in the management of
prostate cancer: a comprehensive review. Prostate Cancer
Prostatic Dis. 2023 Apr;26(1):125-38. doi:
10.1038/541391-022-00579-0.

Williamson CT, Muzik H, Turhan AG, Zamzow CR,
Cooper TJ, Fischer B, et al. ATR inhibitors as a potential
treatment for PARP inhibitor-resistant ovarian cancer:
preclinical models and new strategies. Mol Cancer Ther.

WWW.1Jirms.in

[33]

[34]

[35]

[37]

[38]

[44]

2019 Jul;18(3):770-81. doi: 10.1158/1535-7163.MCT-18-
1367.

Gonzales-Palacios C, Dudley S, Dziegielewska B, Cerone
MA. DNA repair mechanisms in response to PARP
inhibition and implications for synthetic lethality-based
therapies. J Cell Physiol. 2022 Sep;237(9):3607-18. doi:
10.1002/jcp.30799.

Azad NS, Annunziata CM, Palena C, Pommier Y.
Targeting homologous recombination deficiency and
replication stress in the era of PARP inhibitors and ATR
inhibitors in ovarian cancer. Front Oncol. 2020 Dec
15;10:593692. doi: 10.3389/fonc.2020.593692.
DiSilvestro P, Mirza MR, Coleman RL, Monk BJ, Oza
AM, Garcia-Donas J, et al. Niraparib maintenance
treatment in patients with platinum-sensitive recurrent
ovarian cancer: long-term efficacy and tolerability results
from the phase Il ENGOT-OV16/NOVA trial. Ann Oncol.
2020 Nov;31(11):1370-79. doi:
10.1016/j.annonc.2020.08.2193.

De Vita F, Giuliani F, Orditura M, Galizia G, Mosca L,
Pignata S, et al. Treatment management for metastatic soft
tissue sarcomas: A report from the Italian Network on Soft
Tissue Sarcomas. Tumori. 2017 Sep;103(5):475-85. doi:
10.5301/tj.5000673.

Dempke W, Uciechowski P, Fenchel K, Dale SP. Second-
and third-generation tyrosine kinase inhibitors for chronic
myeloid leukemia: pharmacology, efficacy, and safety. Eur
J Haematol. 2010 May;85(2):81-91. doi: 10.1111/j.1600-
0609.2010.01492..x.

Juergens RA, Govindan R, Morgensztern D, Shapiro G,
Garassino M, Streicher H, et al. Targeting PARP in
squamous cell lung cancer and head and neck cancer. Crit
Rev Oncol Hematol. 2020 Jan;145:102840. doi:
10.1016/j.critrevonc.2019.102840.

Roviello G, Testa U, Marra M, Politi G, Navari M,
Lubrano V, et al. The challenge of targeting cancer stem
cells in cancer therapy: recent insights on the Notch
signaling pathway. Crit Rev Oncol Hematol. 2021
Aug;162:103337. doi: 10.1016/j.critrevonc.2021.103337.
Lord CJ, Ashworth A. Mechanisms of resistance to
therapies targeting BRCA-mutant cancers. Nat Med.
2013;19(11):1381-8. doi: 10.1038/nm.3369.

Patch AM, Christie EL, Etemadmoghadam D, et al.
Whole-genome characterization of chemoresistant
ovarian cancer. Nature. 2015;521(7553):489-94. doi:
10.1038/nature14410.

Lord CJ, Ashworth A. PARP inhibitors: synthetic lethality
in the clinic. Science. 2017;355(6330):1152-8. doi:
10.1126/science.aam7344.

Pettitt SJ, Krastev DB, Brandsma I, et al. Genome-wide
and high-density CRISPR-Cas9 screens identify point
mutations in PARP1 causing PARP inhibitor resistance.
Nat Commun. 2018;9(1):1849. doi: 10.1038/s41467-018-
03917-2.

Strickland KC, Howitt BE, Shukla SA, et al. Association
and prognostic significance of BRCA1/2-mutation status
with neoantigen load, number of tumor-infiltrating
lymphocytes and expression of PD-1/PD-L1 in high-grade
serous ovarian cancer. Oncotarget. 2016;7(12):13587-98.
doi: 10.18632/oncotarget.7277.

Fong PC, Boss DS, Yap TA, et al. Inhibition of poly (ADP-
ribose) polymerase in tumors from BRCA mutation

660


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

[46]

(48]

[49]

[50]

[54]

[55]

carriers. N Engl J Med. 2009;361(2):123-34. doi:
10.1056/NEJM02a0900212.

Kondrashova O, Nguyen M, Shield-Artin K, et al.
Secondary somatic mutations restoring RADS51C and
RADS1D associated with acquired resistance to the PARP
inhibitor rucaparib in high-grade ovarian carcinoma.
Cancer Discov. 2017;7(9):984-98. doi: 10.1158/2159-
8290.CD-17-0419.

Kondrashova O, Topp V, Nesic K, et al. Methylation of all
BRCAI1 copies predicts response to the PARP inhibitor
rucaparib in ovarian carcinoma. Nat Commun.
2018;9(1):3970. doi: 10.1038/s41467-018-06548-x.
Coleman RL, Oza AM, Lorusso D, et al. Rucaparib
maintenance treatment for recurrent ovarian carcinoma
after response to platinum therapy (ARIEL3): a
randomised, double-blind, placebo-controlled, phase 3
trial. Lancet. 2017;390(10106):1949-61. doi:
10.1016/S0140-6736(17)32440-6.

Moore K, Colombo N, Scambia G, et al. Maintenance
olaparib in patients with newly diagnosed advanced
ovarian cancer. N Engl J Med. 2018;379(26):2495-505.
doi: 10.1056/NEJMoal 810858.

Lin KK, Harrell MI, Oza AM, Oaknin A, Ray-Coquard I,
Tinker AV, et al. BRCA reversion mutations in circulating
tumor DNA predict primary and acquired resistance to the
PARP inhibitor rucaparib in high-grade ovarian
carcinoma. Cancer Discov. 2019;9(2):210-219. doi:
10.1158/2159-8290.CD-18-0715.

Fong PC, Yap TA, Boss DS, Carden CP, Mergui-Roelvink
M, Gourley C, et al. Poly (ADP)-ribose polymerase
inhibition: Frequent durable responses in BRCA carrier
ovarian cancer correlating with platinum-free interval. J
Clin Oncol. 2010;28(15):2512-9. doi:
10.1200/JC0O.2009.26.9589.

Lyons TG, Walker JL. PARP inhibitors in ovarian cancer:
Clinical development and mechanisms of action. Curr
Oncol Rep. 2020;22(9):81. doi: 10.1007/s11912-020-
00942-w.

Ray-Coquard I, Pautier P, Pignata S, Pérol D, Gonzalez-
Martin A, Harter P, et al. Olaparib plus bevacizumab as
first-line maintenance in ovarian cancer. N Engl J Med.
2019;381(25):2416-28. doi: 10.1056/NEJMoal911361.
Swisher EM, Lin KK, Oza AM, Scott CL, Giordano H,
Sun J, et al. Rucaparib in relapsed, platinum-sensitive
high-grade ovarian carcinoma (ARIEL2 Part 1): an
international, multicentre, open-label, phase 2 trial. Lancet
Oncol.  2017;18(1):75-87.  doi: 10.1016/S1470-
2045(16)30559-9.

Yap TA, Plummer R, Azad NS, Helleday T. The DNA
damaging revolution: PARP inhibitors and beyond. Am
Soc Clin Oncol Educ Book. 2019; 39:185-95. doi:
10.1200/EDBK _238231.Nakamura T, Kajihara N, Hama
N, Kobayashi T, Otsuka R, Han N, Wada H, Hasegawa Y,
Suzuki N, Seino KI. Interleukin-34 cancels anti-tumor
immunity by PARP inhibitor. J Gynecol Oncol. 2023
May;34(3). doi: 10.3802/jg0.2023.34.¢25.

Nguyen LL, Watson ZL, Ortega R, Woodruff ER, Jordan
KR, Iwanaga R, Yamamoto TM, Bailey CA, Jeong AD,
Guntupalli SR, Behbakht K, Gbaja V, Arnoult N, Chuong
EB, Bitler BG. Combinatory EHMT and PARP inhibition
induces an interferon response and a CD8 T cell-
dependent tumor regression in PARP inhibitor-resistant

WWW.1Jirms.in

[57]

[59]

[60]

[70]

models. bioRxiv [Preprint]. 2023 Feb
23:2023.02.23.529773. doi: 10.1101/2023.02.23.529773.
Moore KN, du Bois A. Homologous recombination
deficiency testing in first-line ovarian cancer. Ann Oncol.
2022 Mar;33(3):231-233. doi:
10.1016/j.annonc.2021.12.013.

Jackson LM, Moldovan GL. Mechanisms of PARPI1
inhibitor resistance and their implications for cancer
treatment. NAR Cancer. 2022 Dec 22;4(4). doi:
10.1093/narcan/zcac042.

Zhang X, Huo X, Guo H, Xue L. Combined inhibition of
PARP and EZH2 for cancer treatment: Current status,
opportunities, and challenges. Front Pharmacol. 2022 Oct
3;13:965244. doi: 10.3389/fphar.2022.965244.

Piombino C, Cortesi L. Insights into the Possible
Molecular Mechanisms of Resistance to PARP Inhibitors.
Cancers (Basel). 2022 Jun 5;14(11):2804. doi:
10.3390/cancers14112804.

Herzog TJ. Maintenance therapy with PARP inhibition in
ovarian cancer. Clin Adv Hematol Oncol. 2022
Sep;20(9):539-541.

Matulonis UA. The rapid evolution of PARP inhibitor
therapy for advanced ovarian cancer: Lessons being
learned and new questions emerging from phase 3 trial
long-term outcome data. Gynecol Oncol. 2022
Dec;167(3):401-403. doi: 10.1016/j.ygyno.2022.11.018.
Biegala L, Gajek A, Marczak A, Rogalska A. PARP
inhibitor resistance in ovarian cancer: Underlying
mechanisms and therapeutic approaches targeting the
ATR/CHKI1 pathway. Biochim Biophys Acta Rev Cancer.
2021 Dec;1876(2):188633. doi:
10.1016/j.bbcan.2021.188633.

Dias MP, Moser SC, Ganesan S, Jonkers J. Understanding
and overcoming resistance to PARP inhibitors in cancer
therapy. Nat Rev Clin Oncol. 2021 Dec;18(12):773-791.
doi: 10.1038/s41571-021-00532-x.

Funingana IG, Reinius MAYV, Petrillo A, Ang JE, Brenton
JD. Can integrative biomarker approaches improve
prediction of platinum and PARP inhibitor response in
ovarian cancer? Semin Cancer Biol. 2021 Dec;77:67-82.
doi: 10.1016/j.semcancer.2021.02.008.

Farkkila A, Rodriguez A, Oikkonen J, Gulhan DC,
Nguyen H, Dominguez J, Ramos S, Mills CE, Pérez-
Villatoro F, Lazaro JB, Zhou J, Clairmont CS, Moreau LA,
Park PJ, Sorger PK, Hautaniemi S, Frias S, D'Andrea AD.
Heterogeneity and Clonal Evolution of Acquired PARP
Inhibitor Resistance in TP53- and BRCAI-Deficient
Cells. Cancer Res. 2021 May 15;81(10):2774-2787. doi:
10.1158/0008-5472.CAN-20-2912.

Cerrato A, Morra F, Celetti A. Use of poly ADP-ribose
polymerase [PARP] inhibitors in cancer cells bearing
DDR defects: the rationale for their inclusion in the clinic.
J Exp Clin Cancer Res. 2016 Nov 24;35(1):179. doi:
10.1186/s13046-016-0456-2.

Lin KY, Kraus WL. PARP Inhibitors for Cancer Therapy.
Cell. 2017 Apr 6;169(2):183. doi:
10.1016/j.cell.2017.03.034.

Li H, Liu ZY, Wu N, Chen YC, Cheng Q, Wang J. PARP
inhibitor resistance: the underlying mechanisms and
clinical implications. Mol Cancer. 2020 Jun 20;19(1):107.
doi: 10.1186/s12943-020-01227-0.

Weigelt B, Comino-Méndez I, de Bruijn I, Tian L, Meisel
JL, Garcia-Muirillas I, Fribbens C, Cutts R, Martelotto LG,

661


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

(73]

[75]

Ng CKY, Lim RS, Selenica P, Piscuoglio S, Aghajanian C,
Norton L, Murali R, Hyman DM, Borsu L, Arcila ME,
Konner J, Reis-Filho JS, Greenberg RA, Robson ME,
Turner NC. Diverse BRCA1 and BRCA2 Reversion
Mutations in Circulating Cell-Free DNA of Therapy-
Resistant Breast or Ovarian Cancer. Clin Cancer Res. 2017
Nov;23(21):6708-6720. doi: 10.1158/1078-0432.CCR-
17-0544.

Lin KY, Kraus WL. PARP Inhibitors for Cancer Therapy.
Cell. 2017 Apr;169(2):183. doi:
10.1016/j.cell.2017.03.034.

Swisher EM, Lin KK, Oza AM, Scott CL, Giordano H,
Sun J, Konecny GE, Coleman RL, Tinker AV, O'Malley
DM, Kiristeleit RS, Ma L, Bell-McGuinn KM, Brenton JD,
Cragun JM, Oaknin A, Ray-Coquard I, Harrell MI, Mann
E, Kaufmann SH, Floquet A, Leary A, Harding TC, Goble
S, Maloney L, Isaacson J, Allen AR, Rolfe L, Yelensky R,
Raponi M, McNeish [A. Rucaparib in relapsed, platinum-
sensitive high-grade ovarian carcinoma (ARIEL2 Part 1):
an international, multicentre, open-label, phase 2 trial.
Lancet Oncol. 2017 Jan;18(1):75-87. doi: 10.1016/S1470-
2045(16)30559-9.

Gogola E, Duarte AA, de Ruiter JR, Wiegant WW, Schmid
JA, de Bruijn R, James DI, Guerrero Llobet S, Vis DJ,
Annunziato S, van den Broek B, Barazas M, Kersbergen
A, van de Ven M, Tarsounas M, Ogilvie DJ, van Vugt M,
Wessels LFA, Bartkova J, Gromova I, Anddjar-Sénchez
M, Bartek J, Lopes M, van Attikum H, Borst P, Jonkers J,
Rottenberg S. Selective Loss of PARG Restores
PARylation and Counteracts PARP Inhibitor-Mediated
Synthetic Lethality. Cancer Cell. 2018 Jun;33(6):1078-
1093.e12. doi: 10.1016/j.ccell.2018.05.008.

Barazas M, Annunziato S, Pettitt SJ, de Krijger I,
Ghezraoui H, Roobol SJ, Lutz C, Frankum J, Song FF,
Brough R, Evers B, Gogola E, Bhin J, van de Ven M, van
Gent DC, Jacobs JIL, Chapman R, Lord CJ, Jonkers J,
Rottenberg S. The CST Complex Mediates End Protection
at Double-Strand Breaks and Promotes PARP Inhibitor
Sensitivity in BRCA1-Deficient Cells. Cell Rep. 2018
May;23(7):2107-2118. doi: 10.1016/j.celrep.2018.04.046.
Johnson SF, Cruz C, Greifenberg AK, Dust S, Stover DG,
Chi D, Primack B, Cao S, Bernhardy AJ, Coulson R,
Lazaro JB, Kochupurakkal B, Sun H, Unitt C, Moreau LA,
Sarosiek KA, Scaltriti M, Juric D, Baselga J, Richardson
AL, Rodig SJ, D'Andrea AD, Balmana J, Johnson N,
Geyer M, Serra V, Lim E, Shapiro GI. CDK12 Inhibition
Reverses De Novo and Acquired PARP Inhibitor
Resistance in BRCA Wild-Type and Mutated Models of
Triple-Negative Breast Cancer. Cell Rep. 2016
Nov;17(9):2367-2381. doi: 10.1016/j.celrep.2016.10.077.
Meghani K, Fuchs W, Detappe A, Drané¢ P, Gogola E,
Rottenberg S, Jonkers J, Matulonis U, Swisher EM,
Konstantinopoulos PA, Chowdhury D. Multifaceted
Impact of MicroRNA 493-5p on Genome-Stabilizing
Pathways Induces Platinum and PARP Inhibitor
Resistance in BRCA2-Mutated Carcinomas. Cell Rep.
2018 Apr;23(1):100-111. doi:
10.1016/j.celrep.2018.03.038.

Sunada S, Nakanishi A, Miki Y. Crosstalk of DNA double-
strand break repair pathways in poly(ADP-ribose)
polymerase inhibitor treatment of breast cancer
susceptibility gene 1/2-mutated cancer. Cancer Sci. 2018
Apr;109(4):893-899. doi: 10.1111/cas.13530.

WWW.1Jirms.in

(78]

[79]

(80]

(81]

(82]

Jiang X, Li X, Li W, Bai H, Zhang Z. PARP inhibitors in
ovarian cancer: Sensitivity prediction and resistance
mechanisms. J Cell Mol Med. 2019 Apr;23(4):2303-2313.
doi: 10.1111/jemm.14133.

Sun C, Yin J, Fang Y, Chen J, Jeong KJ, Chen X, Vellano
CP, Ju Z, Zhao W, Zhang D, Lu Y, Meric-Bernstam F, Yap
TA, Hattersley M, O'Connor MJ, Chen H, Fawell S, Lin
SY, Peng G, Mills GB. BRD4 Inhibition Is Synthetic
Lethal with PARP Inhibitors through the Induction of
Homologous Recombination Deficiency. Cancer Cell.
2018 Mar;33(3):401-416.¢8. doi:
10.1016/j.ccell.2018.01.019.

Fuh K, Mullen M, Blachut B, Stover E,
Konstantinopoulos P, Liu J, Matulonis U, Khabele D,
Mosammaparast N, Vindigni A. Homologous
recombination deficiency real-time clinical assays, ready
or not? Gynecol Oncol. 2020 Dec;159(3):877-886. doi:
10.1016/j.ygyno0.2020.08.035.

Ray-Coquard I, Vanacker H, Le Saux O, Tredan O.
Overcoming resistance to PARP inhibitor in epithelial
ovarian cancer, are we ready? EBioMedicine. 2020
Nov;61:103046. doi: 10.1016/j.ebiom.2020.103046.
Biegata 1, Gajek A, Marczak A, Rogalska A. PARP
inhibitor resistance in ovarian cancer: Underlying
mechanisms and therapeutic approaches targeting the
ATR/CHKI1 pathway. Biochim Biophys Acta Rev Cancer.
2021 Dec;1876(2):188633. doi:
10.1016/j.bbcan.2021.188633.

Parkes EE, Kennedy RD. Clinical Application of
Poly(ADP-Ribose) Polymerase Inhibitors in High-Grade
Serous Ovarian Cancer. Oncologist. 2016 May;21(5):586-
593. doi: 10.1634/theoncologist.2015-0438.

Taylor KN, Eskander RN. PARP Inhibitors in Epithelial
Ovarian Cancer. Recent Pat Anticancer Drug Discov.
2018;13(2):145-158. doi:
10.2174/1574892813666171204094822.

Swisher EM, Lin KK, Oza AM, Scott CL, Giordano H,
Sun J, Konecny GE, Coleman RL, Tinker AV, O'Malley
DM, Kiristeleit RS, Ma L, Bell-McGuinn KM, Brenton JD,
Cragun JM, Oaknin A, Ray-Coquard I, Harrell MI, Mann
E, Kaufmann SH, Floquet A, Leary A, Harding TC, Goble
S, Maloney L, Isaacson J, Allen AR, Rolfe L, Yelensky R,
Raponi M, McNeish IA. Rucaparib in relapsed, platinum-
sensitive high-grade ovarian carcinoma (ARIEL2 Part 1):
an international, multicentre, open-label, phase 2 trial.
Lancet Oncol. 2017 Jan;18(1):75-87. doi: 10.1016/S1470-
2045(16)30559-9.

Kubalanza K, Konecny GE. Mechanisms of PARP
inhibitor resistance in ovarian cancer. Curr Opin Obstet
Gynecol. 2020 Feb;32(1):36-41. doi:
10.1097/GC0.0000000000000600.

Walsh CS, Hodeib M. Leveraging DNA repair deficiency
in gynecologic oncology. Curr Opin Obstet Gynecol. 2016
Feb;28(1):24-31. doi: 10.1097/GC0O.0000000000000236.
McCann KE. Poly-ADP-ribosyl-polymerase inhibitor
resistance mechanisms and their therapeutic implications.
Curr Opin Obstet Gynecol. 2019 Feb;31(1):12-17. doi:
10.1097/GC0O.0000000000000517.

Ray Chaudhuri A, Callen E, Ding X, Gogola E, Duarte
AA, Lee JE, Wong N, Lafarga V, Calvo JA, Panzarino NJ,
John S, Day A, Crespo AV, Shen B, Starnes LM, de Ruiter
JR, Daniel JA, Konstantinopoulos PA, Cortez D, Cantor
SB, Fernandez-Capetillo O, Ge K, Jonkers J, Rottenberg

662


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

[90]

[91]

[92]

(93]

[100]

S, Sharan SK, Nussenzweig A. Replication fork stability
confers chemoresistance in BRCA-deficient cells. Nature.
2016 Jul;535(7612):382-387. doi: 10.1038/nature18325.
Liu L, Cai S, Han C, Banerjee A, Wu D, Cui T, Xie G,
Zhang J, Zhang X, McLaughlin E, Yin M, Backes FJ,
Chakravarti A, Zheng Y, Wang QE. ALDHIAIl
Contributes to PARP Inhibitor Resistance via Enhancing
DNA Repair in BRCA2-/- Ovarian Cancer Cells. Mol
Cancer Ther. 2020 Jan;19(1):199-210. doi: 10.1158/1535-
7163.MCT-19-0242.

D'Andrea AD. Mechanisms of PARP inhibitor sensitivity
and resistance. DNA Repair (Amst). 2018 Nov;71:172-
176. doi: 10.1016/j.dnarep.2018.08.021.

Oda K, Tanikawa M, Sone K, Mori-Uchino M, Osuga Y,
Fujii T. Recent advances in targeting DNA repair
pathways for the treatment of ovarian cancer and their
clinical relevance. Int J Clin Oncol. 2017 Aug;22(4):611-
618. doi: 10.1007/s10147-017-1137-7.

Wang L, Wang Q, Xu Y, Cui M, Han L. Advances in the
Treatment of Ovarian Cancer Using PARP Inhibitors and
the Underlying Mechanism of Resistance. Curr Drug
Targets. 2020;21(2):167-178. doi:
10.2174/1389450120666190925123507.

Haynes B, Murai J, Lee JM. Restored replication fork
stabilization, a mechanism of PARP inhibitor resistance,
can be overcome by cell cycle checkpoint inhibition.
Cancer Treat Rev. 2018 Dec;71:1-7. doi:
10.1016/j.ctrv.2018.09.003.

Yazinski SA, Comaills V, Buisson R, Genois MM, Nguyen
HD, Ho CK, Todorova Kwan T, Morris R, Lauffer S,
Nussenzweig A, Ramaswamy S, Benes CH, Haber DA,
Maheswaran S, Birrer MJ, Zou L. ATR inhibition disrupts
rewired homologous recombination and fork protection
pathways in PARP inhibitor-resistant BRCA-deficient
cancer cells. Genes Dev. 2017 Feb;31(3):318-332. doi:
10.1101/gad.290957.116.

Talens F, Jalving M, Gietema JA, Van Vugt MA.
Therapeutic targeting and patient selection for cancers
with homologous recombination defects. Expert Opin
Drug  Discov. 2017  Jun;12(6):565-581.  doi:
10.1080/17460441.2017.1322061.

Huang TT, Burkett SS, Tandon M, Yamamoto TM, Gupta
N, Bitler BG, Lee JM, Nair JR. Distinct roles of treatment
schemes and BRCA2 on the restoration of homologous
recombination DNA repair and PARP inhibitor resistance
in ovarian cancer. Oncogene. 2022 Nov;41(46):5020-
5031. doi: 10.1038/341388-022-02491-8.

Klotz DM, Wimberger P. Overcoming PARP inhibitor
resistance in ovarian cancer: what are the most promising
strategies? Arch Gynecol Obstet. 2020 Nov;302(5):1087-
1102. doi: 10.1007/s00404-020-05677-1.

Ledermann JA, Drew Y, Kristeleit RS. Homologous
recombination deficiency and ovarian cancer. Eur J
Cancer. 2016 Jun;60:49-58. doi:
10.1016/j.ejca.2016.03.005.

Karakashev S, Fukumoto T, Zhao B, Lin J, Wu S,
Fatkhutdinov N, Park PH, Semenova G, Jean S, Cadungog
MG, Borowsky ME, Kossenkov AV, Liu Q, Zhang R.
EZH2 Inhibition Sensitizes CARM1-High, Homologous
Recombination Proficient Ovarian Cancers to PARP
Inhibition. Cancer Cell. 2020 Feb;37(2):157-167.¢6. doi:
10.1016/j.ccell.2019.12.015.

WWW.1Jirms.in

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

Wilson AJ, Stubbs M, Liu P, Ruggeri B, Khabele D. The
BET inhibitor INCBO054329 reduces homologous
recombination efficiency and augments PARP inhibitor
activity in ovarian cancer. Gynecol Oncol. 2018
Jun;149(3):575-584. doi: 10.1016/j.ygyno.2018.03.049.
Cruz C, Castroviejo-Bermejo M, Gutiérrez-Enriquez S,
Llop-Guevara A, Ibrahim YH, Gris-Oliver A, Bonache S,
Morancho B, Bruna A, Rueda OM, Lai Z, Polanska UM,
Jones GN, Kristel P, de Bustos L, Guzman M, Rodriguez
O, Grueso J, Montalban G, Caratu G, Mancuso F, Fasani
R, Jiménez J, Howat WJ, Dougherty B, Vivancos A,
Nuciforo P, Serres-Créixams X, Rubio IT, Oaknin A,
Cadogan E, Barrett JC, Caldas C, Baselga J, Saura C,
Cortés J, Arribas J, Jonkers J, Diez O, O'Connor MJ,
Balmafia J, Serra V. RADS51 foci as a functional biomarker
of homologous recombination repair and PARP inhibitor
resistance in germline BRCA-mutated breast cancer. Ann
Oncol. 2018 May;29(5):1203-1210. doi:
10.1093/annonc/mdy099.

Sunada S, Nakanishi A, Miki Y. Crosstalk of DNA double-
strand break repair pathways in poly(ADP-ribose)
polymerase inhibitor treatment of breast cancer
susceptibility gene 1/2-mutated cancer. Cancer Sci. 2018
Apr;109(4):893-899. doi: 10.1111/cas.13530.

Hurley RM, Wahner Hendrickson AE, Visscher DW,
Ansell P, Harrell M1, Wagner JM, Negron V, Goergen KM,
Maurer MJ, Oberg AL, Meng XW, Flatten KS, De Jonge
MJA, Van Herpen CD, Gietema JA, Koornstra RHT, Jager
A, den Hollander MW, Dudley M, Shepherd SP, Swisher
EM, Kaufmann SH. 53BP1 as a potential predictor of
response in PARP inhibitor-treated homologous
recombination-deficient ovarian cancer. Gynecol Oncol.
2019 Apr;153(1):127-134. doi:
10.1016/j.ygyno.2019.01.015.

Noordermeer SM, van Attikum H. PARP Inhibitor
Resistance: A Tug-of-War in BRCA-Mutated Cells.
Trends Cell Biol. 2019 Oct;29(10):820-834. doi:
10.1016/j.tcb.2019.07.008.

Nacson J, Krais JJ, Bernhardy AJ, Clausen E, Feng W,
Wang Y, Nicolas E, Cai KQ, Tricarico R, Hua X,
DiMarcantonio D, Martinez E, Zong D, Handorf EA,
Bellacosa A, Testa JR, Nussenzweig A, Gupta GP, Sykes
SM, Johnson N. BRCA1 Mutation-Specific Responses to
53BP1 Loss-Induced Homologous Recombination and
PARP Inhibitor Resistance. Cell Rep. 2018
Sep;24(13):3513-3527.¢7. doi:
10.1016/j.celrep.2018.08.086.

Talens F, Jalving M, Gietema JA, Van Vugt MA.
Therapeutic targeting and patient selection for cancers
with homologous recombination defects. Expert Opin
Drug  Discov. 2017  Jun;12(6):565-581.  doi:
10.1080/17460441.2017.1322061.

Konecny GE, Kiristeleit RS. PARP inhibitors for
BRCA1/2-mutated and sporadic ovarian cancer: current
practice and future directions. Br J Cancer. 2016
Nov;115(10):1157-1173. doi: 10.1038/bjc.2016.311.
Talens F, Jalving M, Gietema JA, Van Vugt MA.
Therapeutic targeting and patient selection for cancers
with homologous recombination defects. Expert Opin
Drug  Discov. 2017  Jun;12(6):565-581.  doi:
10.1080/17460441.2017.1322061.

663


http://www.ijirms.in/

International Journal of Innovative Research in Medical Science (IJIRMS)

Open Access This article is licensed under a

i Creative Commons Attribution 4.0 International
License, which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made. The images or other third-party material in this article are
included in the article’s Creative Commons license, unless indicated

WWW.1Jirms.in

otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons license and your intended use is
not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit
https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

664


http://www.ijirms.in/
https://creativecommons.org/licenses/by/4.0/

