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Abstract

Poly (adenosine diphosphate-ribose) polymerase inhibitors (PARPi) have transformed
ovarian cancer treatment, particularly in patients with BRCA mutations, but are
associated with distinct cardiovascular complications. This review synthesizes
current evidence on PARPi-associated major adverse cardiovascular events (MACEs),
hypertension, and thromboembolic events. Among PARPi, niraparib demonstrates
the highest cardiovascular risk, with significant hypertension (any-grade: up to 17%;
high-grade: up to 5%) and MACEs incidence, attributed to its off-target inhibition
of neurotransmitter transporters. Olaparib exhibits a more variable safety profile,
with lower MACE risk as monotherapy but increased hypertension in combination
regimens. Rucaparib and veliparib show comparatively favorable cardiovascular
profiles. Hypertension is the most frequent event, managed conventionally with
angiotensin-converting enzyme inhibitors/angiotensin Il receptor blockers, calcium
channel blockers, or dose modification. Thromboembolic risks remain low overall but
may escalate with specific combinations. Proactive, agent-specific risk assessment
and management are essential to optimize the therapeutic index of PARP inhibitors,
and future research should focus on validating predictive biomarkers and exploring
cardioprotective strategies.

Keywords: Poly (adenosine diphosphate-ribose) polymerase inhibitors; Ovarian cancer;
Cardiovascular complications; Major adverse cardiovascular events; Thromboembolic
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1. Introduction

Ovarian cancer (OC) represents a major global health burden, consistently ranking
among the top 10 most frequently diagnosed cancers and the leading causes of cancer-
related mortality in women worldwide. OC accounts for approximately 2.1% of global
cancer mortality, with 324,398 new diagnoses and 206,839 recorded deaths in 2022
alone.! This substantial health impact is further magnified by the typically late stage
at diagnosis and the aggressive nature of the most common histological subtypes.?
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Epithelial OC (EOC) comprises over 90% of all malignant
ovarian tumors, with high-grade serous carcinoma
representing the most prevalent and aggressive subtype,
associated with the highest mortality.® The pathogenesis of
EOC involves complex molecular mechanisms, including
frequent mutations in TP53, BRCA1, and BRCA2 genes,
which contribute to its malignant behavior and therapeutic
challenges.’

Current standard therapeutic regimens for OC have
evolved significantly over the past decade but remain
centered on maximal cytoreductive surgery combined
with platinum-based chemotherapy. These approaches
are typically administered through one of two primary
pathways: primary debulking surgery followed by adjuvant
chemotherapy, or neoadjuvant chemotherapy followed
by interval debulking surgery with subsequent platinum-
based chemotherapy.* The choice between these strategies
depends on several factors, including disease burden,
surgical feasibility, and patient performance status.’
Despite these advancements, the five-year survival rate
for advanced-stage OC remains disappointingly low at
approximately 30%, highlighting the urgent need for more
effective therapeutic approaches.®

The landscape of OC treatment underwent a
transformative change with the introduction of
poly(adenosine diphosphate [ADP]-ribose) polymerase
(PARP) inhibitors (PARPis), which have emerged as a
novel class of targeted therapeutics for EOC and have
demonstrated remarkable clinical efficacy in contemporary
treatment paradigms.” Although this review focuses on
OC, PARPi are also approved for use in breast, pancreatic,
and prostate cancers, highlighting the broad relevance
of understanding their class-wide and agent-specific
cardiovascular safety profiles. These agents represent a
paradigm shift in precision medicine for OC, particularly
for patients with specific molecular signatures. Among
advanced OC patients treated with first-line PARPi
maintenance therapy, real-world data show a median
progression-free survival of 39 months (95% confidence
interval [CI]: 27.5-50.5 months), which compares
favorably with the outcomes typically associated with
conventional chemotherapy regimens.® This therapeutic
approach fundamentally disrupts the self-replication
mechanisms of cancer cells through synthetic lethality,
offering a promising strategy for maintenance therapy that
has revolutionized the management of this challenging
disease.>!

As PARPi assumes an increasingly prominent role in
OC treatment regimens, concerns regarding potential
cardiovascular risks have garnered substantial attention
from both clinicians and researchers. PARPi selectively

induces cell death in cells with homologous recombination
(HR) repair deficiency (HRD), marking a significant
advancement in targeted cancer therapy.!' Although the
efficacy of PARPI in inducing synthetic lethality has led
to remarkable improvements in patient outcomes, its
association with cardiovascular adverse events raises
important clinical concerns that warrant thorough
investigation.””'* The cardiovascular safety profile of
these agents has become particularly relevant as they are
increasingly used in maintenance settings, where patients
may receive treatment for extended periods, potentially
amplifying both therapeutic benefits and adverse effects.”®

The regulatory landscape for PARPi in OC continues
to evolve rapidly. To date, three PARPi—namely olaparib,
rucaparib, and niraparib—have received approval from the
Food and Drug Administration (FDA) for the treatment
of recurrent EOC, each with distinct characteristics and
indications. Among these, olaparib has the most robust
overall survival data, providing strong evidence of its
long-term benefits.'® Both niraparib and rucaparib have
received broader approvals, including for use in non-
BRCA-mutated and HR-proficient settings, significantly
expanding the patient population that may benefit from
PARPi therapy.'”"® This expansion of indications has made
a comprehensive understanding of their safety profiles
increasingly important for clinical decision-making.

Cardiovascular  toxicity ~associated with PARPi
presents a distinct clinical challenge that requires careful
consideration in the management of OC patients. These
adverse effects may significantly impact patients’ quality
of life and treatment adherence, particularly in individuals
already burdened by the physical and psychological
challenges of cancer diagnosis and treatment.'*'** The
underlying mechanisms of cardiovascular effects are
complex and multifaceted, potentially involving off-target
actions that influence cardiac function.””?' Paradoxically,
while clinical evidence demonstrates concerning
cardiovascular toxicity, certain preclinical models have
suggested potentially beneficial cardiac effects, creating a
complex landscape that requires careful interpretation.'*!
This apparent contradiction highlights the need for more
sophisticated research approaches to fully understand the
cardiovascular impact of these agents.

The growing recognition of the intricate interplay
between cancer therapies and cardiovascular health has
accelerated the development of specialized monitoring,
management, and mitigation strategies throughout
the cancer treatment continuum. This evolving clinical
approach has fueled advancements in the emerging field of
cardio-oncology, which seeks to optimize both oncological
outcomes and cardiovascular health in cancer patients.
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Ongoing researches aim to elucidate the critical balance
between the therapeutic benefits and cardiovascular risks
of PARPi, with the ultimate goal of informing improved
safety protocols and personalized treatment strategies
for OC patients.'>" These studies are particularly
important as PARPi move into earlier lines of treatment
and are combined with other therapeutic modalities,
potentially creating new cardiovascular challenges that
must be proactively addressed through rigorous scientific
investigation and thoughtful clinical management.

2. PARP inhibitors: Mechanism and clinical
applications

The PARP family comprises 17 proteins that play crucial
roles in regulating critical cellular processes. Among the
best-understood functions is the synthesis of poly(ADP-
ribose), which mediates key physiological processes such
as cell division, transcriptional regulation, and protein
degradation, in addition to its central roles in DNA damage
repair, chromatin remodeling, stress response signaling,
and programmed cell death.”>?® The PARP superfamily
can be divided into several subgroups based on their
structure and function, with PARP1, PARP2, and PARP3
constituting the DNA-dependent PARPs that are activated
by strand breaks and involved in the DNA damage
response.” PARPI, the most extensively characterized
member of this family, mediates over 90% of total PARP
activity in response to DNA damage, making it the primary
therapeutic target for PARPi.* Initially identified for
its crucial role in detecting and repairing single-strand
DNA breaks through the base excision repair pathway,
it is now recognized as a key regulator of multiple DNA
repair mechanisms, including base excision repair, DNA
single-strand break (SSB) and double-strand break (DSB)
repair, and replication fork stabilization.?*° The protein
structure of PARPI includes three main domains: an
N-terminal DNA-binding domain containing zinc fingers
that recognize DNA damage, a central automodification
domain, and a C-terminal catalytic domain that transfers
ADP-ribose units from nicotinamide adenine dinucleotide
(NAD") to target proteins.*® This sophisticated structure
allows PARP1 to rapidly detect DNA damage and initiate
appropriate repair responses.*!

Emerging evidence also implicates PARP1 in alternative
DNA repair pathways, including nucleotide excision repair,
classical and alternative non-homologous end joining,
HR, and DNA mismatch repair.***-° This functional
versatility enables PARP1 to coordinate complex DNA
damage responses and maintain genomic stability under
various stress conditions.*” Beyond its role in DNA repair,
PARPI participates in numerous other cellular processes,

including transcription regulation, chromatin structure
maintenance, and cell death pathways, highlighting its
fundamental importance in cellular physiology.*® The
multifaceted nature of PARP1 function explains both the
therapeutic efficacy and some of the toxicities associated
with PARP inhibition, as disrupting these diverse
functions can have wide-ranging cellular consequences.
For instance, the distinct cardiovascular toxicity profile
of niraparib, characterized by significant hypertension, is
attributed to its off-target inhibitory effects on dopamine,
norepinephrine, and serotonin transporters, leading to
increased sympathetic tone. Preclinical models support
this pharmacological link between transporter inhibition
and elevated blood pressure.

The molecular mechanism of PARP activation involves
a sophisticated response to DNA damage. Upon detection
of DNA damage, PARP1 and PARP2 are rapidly activated as
molecular sensors that initiate the DNA damage response
cascade.”>** PARP1 binds to DNA lesions—especially
SSBs—via its N-terminal zinc finger domains and catalyzes
poly(ADP-ribosyl)ation using nicotinamide adenine
dinucleotide (NAD*) as a substrate, creating branched
ADP-ribose polymers on target proteins.**** This results
in the formation of poly(ADP-ribose) chains, a process
known as PARylation, which promotes PARP1 dissociation
from DNA and recruits essential repair factors, including
XRCC1,DNA ligaseIII, and other components of the repair
machinery.**** The auto-modification of PARP1 signals to
other DNA repair proteins to accumulate at the damage site,
creating a repair focus that efficiently coordinates the DNA
repair process. This highly coordinated process ensures
rapid and efficient repair of DNA damage, maintaining
genomic integrity under constant challenge from both
endogenous and exogenous DNA-damaging agents.

Additionally, PARP2 shares significant functional
overlap with PARPI and contributes critically to SSB
repair, albeit with distinct substrate specificity and cellular
functions.”*> While PARP1 is considered the major
responder to DNA damage, PARP2 provides a backup
function and specializes in specific types of DNA lesions,
particularly those occurring in nucleosomal DNA or
during DNA replication. The complementary functions of
these two enzymes ensure a robust DNA damage response
across various cellular contexts and lesion types.”*
Through their integral roles in the DNA damage response,
PARP proteins facilitate the repair of platinum-induced
DNA lesions, such as those caused by cisplatin, thereby
mediating its therapeutic effects in OC by inducing DNA
damage and disrupting mitosis.***” The ability of PARPi to
interfere with this repair process explains their particular
effectiveness in tumors already deficient in DNA repair
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mechanisms, creating the synthetic lethality that underpins
their therapeutic efficacy.

The therapeutic mechanism of PARPi fundamentally
disrupts the delicate balance of DNA repair in cancer cells.
PARP inhibition impairs the repair of SSBs, resulting in
the accumulation of unrepaired DNA lesions that would
normally be quickly resolved."*** During DNA replication,
these lesions can stall or collapse the replication fork,
leading to DSBs that require repair via alternative
pathways, such as high-fidelity HR or error-prone non-
homologous end joining (NHE])."*** Cells with deleterious
mutations in BRCAI or BRCA2—genes essential for HR—
exhibit heightened sensitivity to PARP inhibition due to an
inability to effectively resolve DSBs, resulting in synthetic
lethality that selectively targets cancer cells while sparing
normal cells with intact DNA repair mechanisms." This
therapeutic strategy represents a landmark achievement
in precision medicine, effectively exploiting the specific
molecular vulnerabilities of cancer cells to achieve targeted
cell death.

Moreover, PARPi acts as a competitive inhibitor of
the PARP catalytic site, preventing NAD* binding and
subsequent PARylation, thereby disrupting the entire
DNA damage response cascade.® By exploiting synthetic
lethality—a phenomenon in which simultaneous disruption
of two genes leads to cell death, whereas alteration of either
alone does not—PARPi effectively targets HR-deficient
tumors while minimizing toxicity to normal tissues.*
The degree of PARP inhibition required for therapeutic
effect varies among different inhibitors, with some
agents demonstrating more complete trapping of PARP-
DNA complexes than others, potentially contributing to
differences in both efficacy and toxicity profiles among the
various PARPi currently in clinical use.*

Beyond their direct effects on DNA repair, PARPi
influences multiple aspects of tumor biology, including
tumor angiogenic processes, and may enhance the efficacy
ofantiangiogenic therapy.*** By exacerbating intra-tumoral
hypoxia through effects on hypoxia-inducible factors,
these agents downregulate critical DNA repair factors
such as RAD5I, thereby inducing synergistic cytotoxicity
that enhances their antitumor effects.”** This multimodal
mechanism of action may provide substantial clinical
benefit in OC, particularly in HR-deficient populations,
and explains the growing interest in combining PARPi
with other targeted agents to achieve enhanced therapeutic
effects.”

The clinical development and regulatory approval
of PARPi have progressed rapidly over the past decade.
Olaparib (Lynparza) attained landmark approval in 2014
as the first PARPi authorized by the FDA and the European

Medicines Agency for advanced OC in patients with
germline BRCA mutations, representing a breakthrough in
targeted therapy for OC.*! Its indications were expanded
in 2017 to include maintenance therapy for recurrent
OC, regardless of BRCA status, significantly broadening
its potential application.'®*> The expansion was based
on numerous clinical trials demonstrating significant
improvements in progression-free survival across various
patient subgroups, establishing olaparib as a fundamental
component of modern OC treatment.'>'**!

Rucaparib received accelerated FDA approval in 2016
for advanced OC in patients with germline or somatic
BRCAI1/2 mutations who had received multiple prior
chemotherapies, providing an important new option for
heavily pretreated patients.”® In 2018, it was approved as
maintenance therapy for recurrent OC independent of
BRCA status, further expanding the therapeutic arsenal
available to clinicians.”” The development of rucaparib
was notable for its inclusion of both germline and somatic
BRCA testing, reflecting the growing understanding of
the importance of both inherited and acquired genetic
alterations in treatment selection.

Niraparib was initially approved in 2017 as
maintenance therapy for recurrent OC in patients who
had demonstrated a complete or partial response to
platinum-based chemotherapy, regardless of BRCA
status, making it the first PARPi approved without a
BRCA mutation requirement.'® In 2019, its indication was
broadened to include late-line treatment of HRD-positive
OC irrespective of prior chemosensitivity,* and in 2020,
it was further approved for recurrent OC in patients with
a complete or partial response to platinum chemotherapy,
independent of biomarker status.”® This progressive
expansion of indications reflects the accumulating evidence
supporting the efficacy of PARPI across increasingly broad
patient populations.

Beyond these three approved agents, other PARPi such
as veliparib (ABT-888) and fluzoparib (HS10160) remain
under clinical investigation and have not yet received
regulatory approval for routine clinical use.*** As these
and other novel agents are developed, understanding
their potential class-wide adverse effects—particularly on
the cardiovascular system—becomes crucial. Emerging
evidence from clinical trials and pharmacovigilance
databases has established that PARPis are associated
with an increased risk of hypertension, major adverse
cardiovascular events, and thromboembolic events, with
significant variability among agents.'**”° The mechanisms
underlying these toxicities are not fully elucidated but
are believed to involve both on-target effects (disruption
of PARP-1-mediated cardiovascular homeostasis,

Volume 8 Issue 3 (2026)

doi: 10.36922/CP025350053


https://doi.org/10.36922/CP025350053

Cancer Plus

PARPI cardiovascular toxicity in ovarian cancer

including endothelial function and myocardial stress
responses) and off-target effects (e.g., niraparib’s inhibition
of neurotransmitter transporters).®*>”" The distinct
cardiovascular risk profile of each PARPi (Table 1) thus
arises from the interplay between these shared class-
wide mechanisms and agent-specific pharmacological
properties. Continued development of new PARPis and
rational combinations must therefore carefully consider
these safety dimensions to optimize the therapeutic index
for OC patients.

3. Cardiovascular complications of PARP
inhibitors in ovarian cancer treatments

Despite their therapeutic benefits, PARPi are associated
with a range of adverse events, most commonly fatigue,
hematologic toxicity, and gastrointestinal disturbances,
which typically occur within the first three months of
treatment." In rare instances, more serious complications
such as myelodysplastic syndrome and acute myeloid
leukemia have been reported.'** PARPi has become a
cornerstone in the treatment of OC, yet its use is associated
with several cardiovascular toxicities. This review
synthesizes the literature on the incidence and relative risk
of major adverse cardiovascular events (MACE:s) as well as
of hypertension and thromboembolic events.

Cardiovascular events are generally less frequent than
the most common class-wide adverse events like fatigue,
nausea, and hematological toxicities. However, they are
among the most clinically significant non-hematological

toxicities due to their potential for serious long-term
consequences and impact on treatment adherence. MACEs
were defined as a composite endpoint encompassing
the following: acute coronary syndrome, myocardial
infarction, cardiac arrest, heart failure, clinically significant
arrhythmias (including, but not limited to, atrial
fibrillation, ventricular tachycardia, and bradycardia), and
stress cardiomyopathy.

Thromboembolic events encompass both arterial
and venous events, including, but not limited to: venous
thrombosis, pulmonary embolism, acute ischemic stroke,
transient cerebral ischemia, other cerebrovascular events,
peripheral vascular thrombosis, and thrombophlebitis.
Given the rarity of individual cardiac event types across
trials, all reported events were aggregated into a composite
endpoint of MACEs. Odds ratios (OR) and 95% CI were
calculated using the chi-square test.

It is important to note that the lack of statistical
significance (p > 0.05) for many individual comparisons in
this review is likely due to low event rates and the limited
statistical power of the included trials to detect small
but clinically relevant differences, a common scenario in
oncology trials with oncology-specific primary endpoints.
Therefore, the observed trends and point estimates (OR)
should also be considered when evaluating the potential
cardiovascular risks associated with PARPi therapy.
The incidence of major adverse cardiovascular events,
hypertension, and thromboembolic events from pivotal
clinical trials across different PARPis is comprehensively
detailed in Table 2.

Table 1. Mechanisms of action and cardiovascular toxicity profiles of PARP inhibitors

Pri lecul
PARP inhibitor rlmagrg:t)secu a Proposed mechanisms of cardiovascular effects ~ Summary of clinical cardiovascular risk profile
High risk. Characterized by significant, dose-
Oft-target effects: Potent inhibition of igh risk. Charac erizec by signtiicant, dose o
norepinephrine, dopamine, and serotonin dependent hypertension (any-grade: up to 19%;
Niraparib PARP1 and PARP2 S . . grade 23: up to 8%). Incidence is markedly higher
transporters, leading to increased sympathetic tone, . .
. - than placebo. Requires baseline assessment and
tachycardia, and vasoconstriction . a0
continuous monitoring
Complex and context-dependent. May involve . . . .
Olaparib PARP1, PARP2,and  mild effects on endothelial function and cellular X)ar;all)lle(; I)Skh Loz:ti\flﬁgf rrfsslf lvsviﬁl }Ilrll o?izthei;[e) r);t
P PARP3 metabolism. Effects are significantly potentiated in 70 YPe . sy dep
. . . L . on the combination regimen
combination with certain antiangiogenics
Mechanisms are presumed similar to olaparib but Low risk. Incidence of cardiovascular endpoints
. PARP1, PARP2, and . . S 1 .
Rucaparib PARP3 potentially milder. No strong off-target inhibitory in trials is comparable to control groups, showing
activity has been prominently reported no significant increase in risk
Demonstrates weaker trapping of PARP-DNA Low risk. Clinical trial data show cardiovascular
Veliparib PARP1 and PARP2 complexes in preclinical models compared to other ~ adverse event rates indistinguishable from control

PARPj, and lower observed toxicities

groups

Abbreviations: MACE: Major adverse cardiovascular event; PARP: Poly (adenosine diphosphate-ribose) polymerase.
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3.1. Major adverse cardiovascular events

Poly(ADP-ribose) polymerase inhibitors exhibit distinct
cardiovascular safety profiles, with significant variations
in the incidence and severity of MACEs across different

agents.

While some demonstrate relatively favorable

cardiovascular safety, others show substantially increased
risks, reflecting their specific pharmacological properties
and the combination regimens they are used in.

Niraparib is associated with the most concerning
cardiovascular safety profile among PARPI, consistently

Table 2. Incidence of cardiovascular adverse events from pivotal PARP inhibitor clinical trials in ovarian cancer

Trial . . PARPi group Control group Odds ratio (95%
(PARPi) Comparison group Endpoint incidence incidence CI) p-value
Any-grade hypertension 11.3% (20/177) 1.1% (1/88) 10.36 (1.37-78.42) 0.001
NORA
. . _ . o o B
(Niraparib) Niraparib vs. placebo ~ High-grade hypertension 1.1% (2/177) 0% (0/88) 2.52 (0.12-53.47) 0.50
Any—grade MACE 11.3% (20/177) 0% (0/88) 11.30 (1.50-85.20) 0.002
Any-grade hypertension 19.3% (71/367) 4.5% (8/179) 4.33 (2.13-8.79) <0.001
?II\IOi:a/?arib) Niraparib vs. placebo ~ High-grade hypertension 8.2% (30/367) 2.2% (4/179) 3.66 (1.31-10.22) 0.007
High-grade thromboembolism  1.1% (4/367) 0% (0/179) 5.93(0.31-112.10) 0.31
Any-grade hypertension 16.9% (82/484) 7.0% (17/244) 2.43 (1.48-4.01) <0.001
PRIMA ) ) High-grade hypertension 6.0% (29/484) 1.2% (3/244) 4.87 (1.50-15.84) 0.002
. . Niraparib vs. placebo
(Niraparib) Any-grade thromboembolism  0.83% (4/484) 0.41% (1/244) 2.02 (0.23-17.97) 0.53
High-grade thromboembolism  0.21% (1/484) 0% (0/244) 1.51 (0.06-37.65) 0.80
Any-grade hypertension 45.8% (245/535) 59.9% (160/267)  0.76 (0.67-0.87) <0.001
High-grade hypertension 18.7% (100/535) 30.3% (81/267) 0.62 (0.48-0.79) <0.001
Olaparib +
PAOLA-1 bevacizumab Any-grade thromboembolism  6.2% (33/535) 3.7% (10/267) 1.73 (0.85-3.52) 0.13
(Olaparib)  vs. placebo + High-grade thromboembolism  2.2% (12/535) 1.5% (4/267) 1.50 (0.48-4.66) 0.49
bevacizumab
Any-grade MACE 1.1% (6/535) 2.6% (7/267) 0.39 (0.12-1.25) 0.11
High-grade MACE 0.56% (3/535) 2.2% (6/267) 0.22 (0.05-0.88) 0.03
Any-grade hypertension 3.5% (9/260) 9.2% (12/130) 0.38 (0.16-0.87) 0.021
High-grade hypertension 0.4% (1/260) 1.5% (2/130) 0.25 (0.02-2.73) 0.25
SOLO-1 Olaparib vs. placebo A de thromboemboli 9 9
(Olaparib) D . p ny-grade thromboembolism 1.5% (4/260) 0.8% (1/130) 1.98 (0.22-17.92) 0.54
High-grade thromboembolism  0.8% (2/260) 0% (0/130) 2.52(0.12-52.88) 0.50
Any-grade MACE 0% (0/260) 0.8% (1/130) 0.33(0.01-8.14) 0.36
Any-grade hypertension 2.6% (5/195) 1.0% (1/99) 2.54 (0.30-21.43) 0.38
SOLO2 Any-grade thromboembolism 2.1% (4/195) 1.0% (1/99) 2.05 (0.23-18.52) 0.52
. Olaparib vs. placebo
(Olaparib) High-grade thromboembolism  1.5% (3/195) 1.0% (1/99) 1.52 (0.16-14.76) 0.72
Any-grade MACE 0.5% (1/195) 1.0% (1/99) 0.48 (0.03-7.66) 0.60
Olaparib vs. Any-grade hypertension 12.8% (24/187) 9.0% (15/167) 1.43 (0.78-2.63) 0.25
NRG-GY004 Chemotherapy High-grade hypertension 5.3% (10/187) 1.8% (3/167) 299 (0.82-10.87)  0.10
(Olaparib) (5} barib + cediranib ~ Any-grade hypertension 69.9% (128/183)  9.0% (15/167)  7.79 (4.76-12.74) <0.001
vs. chemotherapy High-grade hypertension 31.7% (58/183) 1.8% (3/167) 17.64 (5.63-55.24)  <0.001
Any-grade hypertension 9.7% (36/372) 8.5% (16/189) 1.14 (0.65-2.01) 0.65
ARIEL3 High-grade hypertension 2.4% (9/372) 2.1% (4/189) 1.14 (0.36-3.66) 0.82
. Rucaparib vs. placebo
(Rucaparib) High-grade MACE 0.3% (1/372) 0.5% (1/189) 0.48 (0.03-7.66) 0.60
High-grade thromboembolism  0.81% (3/372) 0.53% (1/189) 1.52 (0.16-14.73) 0.70
(Contd...)
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Table 2. Continued

Trial . . PARPi group Control group Odds ratio (95%
(PARPi) Comparison group Endpoint incidence incidence CI) p-value
High-grade hypertension 0.86% (2/232) 0.88% (1/113) 0.97 (0.09-10.63) 0.98
ARIEL4 Rucaparib vs. . .
High- h 1 2.599 232 2.65% 11 A .24-3.91 .
(Rucaparib)  chemotherapy igh-grade thromboembolism 59% (6/232) 65% (3/113) 0.97 (0 3.91) 0.97
High-grade MACE 0.9% (2/232) 0% (0/113) 2.55 (0.12-53.71) 0.50
ATHENA- Any-grade hypertension 6.1% (26/425) 8.1% (9/110) 0.75 (0.35-1.59) 0.45
MONO Rucaparib vs. placebo  High-grade thromboembolism  0.94% (4/425) 0% (0/110) 2.59 (0.29-23.42) 0.59
(Rucaparib) High-grade MACE 0.9% (4/425) 0% (0/110) 259 (0.14-48.42)  0.50
_ i 9 9 _
VELA Veliparib + Any-grade hypertension 9.2% (69/753) 10.2% (38/371) 0.89 (0.61-1.30) 0.55
(Veliparib) chemotherapy vs. High-grade thromboembolism  4.8% (36/753) 5.7% (21/371) 0.84 (0.48-1.46) 0.53
chemo High-grade MACE 1.1% (8/753) 1.9% (7/371) 0.58 (0.21-1.60) 0.30

Abbreviations: CI: Confidence interval; MACE: Major adverse cardiovascular event; PARPi: Poly (adenosine diphosphate-ribose) polymerase inhibitor.

showing elevated MACE risks across clinical trials. This
pattern is partly attributed to its off-target inhibitory
effects on dopamine, norepinephrine, and serotonin
transporters.® % In the NORA trial involving Chinese
patients with platinum-resistant recurrent OC receiving
individualized niraparib dosing, any-grade MACE
occurred in 11.3% (20/177) of patients receiving niraparib,
compared with 0% (0/88) in controls (OR = 11.30, 95%
CI = 1.50-85.20; p = 0.002).*** The Phase II ANNIE
trial further demonstrated that niraparib + anlotinib
combination therapy resulted in sinus tachycardia in
62.5% (25/40) of patients, though all cases were grade 1-2
and did not require urgent medical intervention.”

Olaparib, one of the most extensively studied
PARPi, generally demonstrates a relatively favorable
cardiovascular safety profile compared to some other
PARPi, although the risk of cardiovascular toxicity
remains a concern, particularly in combination therapies.
In the Phase III PAOLA-1 trial evaluating maintenance
olaparib versus placebo in patients with newly diagnosed
advanced OC receiving bevacizumab-containing therapy,
the incidence of any-grade MACEs was 1.1% (6/535) in
the olaparib group compared with 2.6% (7/267) in the
control group (OR = 0.39, 95% CI = 0.12-1.25; p = 0.11),
while high-grade MACE incidence was 0.56% (3/535)
versus 2.2% (6/267) in the control group (OR = 0.22, 95%
CI = 0.05-0.88; p = 0.03).%4 The SOLO-1 trial, which
evaluated first-line maintenance olaparib in patients with
newly diagnosed advanced OC and a BRCAI or BRCA2
mutation, reported no MACEs (0/260) in the olaparib
group compared to one event (0.8%, 1/130, any-grade and
high-grade) in the placebo group (OR = 0.33, 95% CI =
0.01-8.14; p = 0.36)." Similarly, the SOLO2 trial evaluating
maintenance olaparib in patients with BRCA-mutated,
platinum-sensitive relapsed OC showed comparable any-

grade MACEs incidence between olaparib (0.5%, 1/195)
and control groups (1.0%, 1/99) (OR = 0.48, 95% CI =
0.03-7.66; p = 0.60).'65

Rucaparib, primarily studied in OC, has also shown
a small but detectable risk of cardiovascular events in
clinical trials. In the ARIELS3 trial, which investigated the
efficacy of rucaparib as maintenance therapy in platinum-
sensitive recurrent OC, high-grade MACE incidence was
comparable between rucaparib (0.3%, 1/372) and control
groups (0.5%, 1/189) (OR = 0.48, 95% CI = 0.03-7.66; p
= 0.60)."7%* The ARIEL4 trial, which evaluated rucaparib
versus standard-of-care chemotherapy in patients with
BRCA-mutated platinum-sensitive or platinum-resistant
relapsed OC, showed no significant difference in high-
grade MACE incidence between rucaparib (0.9%, 2/232)
and control groups (0%, 0/113) (OR =2.55,95% CI =0.12—
53.71; p = 0.50).6*% The ATHENA-MONO trial evaluating
rucaparib monotherapy as maintenance treatment in
patients with newly diagnosed OC similarly demonstrated
a lower incidence of high-grade MACE with rucaparib
(0.9%, 4/425) than with controls (0%, 0/110) (OR = 2.59,
95% CI = 0.14-48.42; p = 0.50).

Current evidence regarding veliparib-associated
MACESs remains limited but suggests cardiovascular safety
comparable to that of control treatments. In the VELIA
trial involving previously untreated high-grade serous
ovarian carcinoma, high-grade MACE incidence was 1.1%
(8/753) in the veliparib-chemotherapy group versus 1.9%
(7/371) in the chemotherapy-alone group (OR = 0.58, 95%
CI =0.21-1.60; p = 0.30).

3.2. Hypertension

Hypertension represents one of the most clinically
significant cardiovascular adverse events associated with
PARPi therapy, with considerable variation in incidence
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and severity across different agents. This risk profile
appears intrinsically linked to each drug’s specific off-target
pharmacological properties, particularly those affecting
sympathetic regulatory systems.

Niraparib demonstrates the most pronounced
hypertensive effect among PARPi, consistent across
multiple trials. Building on its off-target pharmacological
profile, which inhibits dopamine, norepinephrine, and
serotonin transporters, niraparib significantly increases
sympathetic tone, leading to elevated blood pressure.**-** In
the NORA study, the incidence of any-grade hypertension
was 11.3% (20/177) in the niraparib group versus 1.1%
(1/88) in the control group (OR = 10.36, 95% CI = 1.37-
78.42; p = 0.001), while high-grade hypertension occurred
in 1.1% (2/177) compared with 0% (0/88) in the control
group (OR = 2.52,95% CI = 0.12-53.47; p = 0.50).*%* The
phase ITII NOVA trial confirmed this association, showing
significantly higher incidence of any-grade hypertension
(19.3% [71/367] vs. 4.5% [8/179]; OR = 4.33, 95% CI =
2.13-8.79; p < 0.001) and high-grade hypertension (8.2%
[30/367] vs. 2.2% [4/179]; OR = 3.66, 95% CI = 1.31-10.22;
p = 0.007) with niraparib versus placebo.”® Similarly, the
PRIMA trial demonstrated increased incidence of both
any-grade (16.9% [82/484] vs. 7.0% [17/244]; OR = 2.43,
95% CI: 1.48-4.01; p < 0.001) and high-grade hypertension
(6.0% [29/484] vs. 1.2% [3/244]; OR = 4.87, 95% CI =
1.50-15.84; p = 0.002) with niraparib maintenance therapy
compared to placebo in patients with newly diagnosed
advanced OC who responded to platinum-based
chemotherapy.>>*

Olaparib exhibits variable hypertensive effects that
appear context-dependent, particularly influenced by
combination therapies. Available evidence indicates
substantial variation in hypertension incidence across
clinical studies.” In the SOLO-1 trial, the incidence of
any-grade hypertension was 3.5% (9/260) in the olaparib
group compared to 9.2% (12/130) in the placebo group
(OR =0.38,95% CI = 0.16-0.87; p = 0.021); for high-grade
hypertension, the incidence was 0.4% (1/260) versus 1.5%
(2/130) with placebo (OR = 0.25, 95% CI = 0.02-2.73; p
= 0.25).1*%* The SOLO-2 trial reported a low incidence of
any-grade hypertension in both the olaparib (2.6%, 5/195)
and placebo (1.0%, 1/99) groups (OR = 2.54, 95% CI =
0.30-21.43; p = 0.38).'%* Conversely, the PAOLA-1 trial
evaluating olaparib + bevacizumab showed significantly
lower incidence of any-grade hypertension in the olaparib
group (45.8% [245/535]) than in the placebo group (59.9%
[160/267]; OR = 0.76, 95% CI = 0.67-0.87; p < 0.001),
and similarly reduced high-grade hypertension (18.7%
[100/535] vs 30.3% [81/267]; OR = 0.62, 95% CI: 0.48—
0.79; p < 0.001).5463

In the NRG-GY004 trial comparing olaparib
monotherapy or olaparib-cediranib combination versus
platinum-based chemotherapy, any-grade hypertension
incidence was 12.8% (24/187) with olaparib monotherapy
versus 9.0% (15/167) with chemotherapy (OR = 1.43, 95%
CI = 0.78-2.63; p = 0.25), while the olaparib-cediranib
combination showed markedly higher incidence at 69.9%
(128/183; OR = 7.79, 95% CI = 4.76-12.74; p < 0.001).547
For high-grade events, incidence was 5.3% (10/187) with
olaparib versus 1.8% (3/167) with chemotherapy (OR =
2.99, 95% CI = 0.82-10.87; p = 0.10), compared to 31.7%
(58/183) with the combination therapy (OR = 17.64,
95% CI = 5.63-55.24; p < 0.001), demonstrating a PARPi
intensity-dependent effect on hypertension risk.®”

Rucaparib demonstrates a favorable safety profile for
hypertension, with risk comparable to that of control
groups across trials. Clinical evidence consistently shows
no significant increase in hypertension risk. In the
ARIELS3 trial, the incidence of any-grade hypertension was
9.7% (36/372) in the rucaparib group compared to 8.5%
(16/189) in the placebo group (OR = 1.14, 95% CI = 0.65-
2.01; p = 0.65), with high-grade hypertension occurring
in 2.4% (9/372) versus 2.1% (4/189) with placebo (OR =
1.14, 95% CI = 0.36-3.66; p = 0.82)."7%* The ARIEL4 trial
confirmed this pattern, showing comparable incidence
of high-grade hypertension between rucaparib (0.86%,
2/232) and control groups (0.88%, 1/113) (OR = 0.97, 95%
CI = 0.09-10.63; p = 0.98).#4%¢ Similarly, the ATHENA-
MONO trial evaluating rucaparib monotherapy as
maintenance treatment in patients with newly diagnosed
OC demonstrated equivalent any-grade hypertension
incidence (6.1% [26/425] vs. 8.1% [9/110]; OR = 0.75, 95%
CI=0.35-1.59; p = 0.45).

Veliparib exhibits a hypertension risk profile comparable
to control treatments.  Current evidence indicates
comparable hypertension risk between the veliparib and
control groups.® In the VELIA trial, the incidence of any-
grade hypertension was 9.2% (69/753) in the veliparib
group compared to 10.2% (38/371) in the control group
(OR =0.89,95% CI = 0.61-1.30; p = 0.55).%°

3.3.Thromboembolic events

Collective evidence from pivotal clinical trials indicates
that PARPis are associated with a low but potentially
increased risk of thromboembolic events, although most
comparisons with control groups did not reach statistical
significance due to limited event rates and sample sizes.

Niraparib demonstrates a trend toward increased
thromboembolic risk across trials, although estimates were
imprecise. In the NOVA trial, treatment with niraparib
was associated with a numerically higher but statistically
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non-significant incidence of high-grade thromboembolic
events (1.1% [4/367] vs. 0% [0/179] with placebo; OR =
5.93, 95% CI = 0.31-112.10; p = 0.31)." In the PRIMA
trial, niraparib maintenance therapy was associated with
a non-statistically significant increase in the incidence
of any-grade thromboembolic events (0.83% [4/484] vs.
0.41% [1/244]; OR = 2.02, 95% CI = 0.23-17.97; p = 0.53)
and high-grade thromboembolic events (0.21% [1/484]
vs. 0% [0/244]; OR = 1.51, 95% CI = 0.06-37.65; p = 0.80)
compared to placebo.>*

Olaparib treatment was consistently associated with a
modest elevation in thromboembolic event rates, which
was not statistically significant in any individual trial. In the
SOLO-1 trial, any-grade thromboembolic events occurred
in 1.5% (4/260) of olaparib recipients versus 0.8% (1/130)
in the placebo group (OR =1.98,95% CI = 0.22-17.92; p =
0.54). High-grade events were observed in 0.8% (2/260) of
olaparib-treated patients and 0% (0/130) of controls (OR =
2.52,95% CI = 0.12-52.88; p = 0.50).>¢* The SOLO-2 trial
reported any-grade thromboembolic eventsin 2.1% (4/195)
of olaparib-treated patients compared to 1.0% (1/99) in the
placebo group (OR = 2.05, 95% CI = 0.23-18.52; p = 0.52).
High-grade events occurred in 1.5% (3/195) of olaparib
recipients versus 1% (1/99) in controls (OR = 1.52, 95% CI
=0.16-14.76; p = 0.72).2¢%* In the PAOLA-1 trial, any-grade
thromboembolic events were reported in 6.2% (33/535) of
olaparib-treated patients versus 3.7% (10/267) of placebo
recipients (OR = 1.73, 95% CI = 0.85-3.52; p = 0.13), while
high-grade events occurred in 2.2% (12/535) versus 1.5%
(4/267), respectively (OR = 1.50, 95% CI = 0.48-4.66; p =
0.49) 6465

Rucaparib appeared to confer a comparable risk
of thromboembolic events to control groups, with no
significant differences observed. In the ARIEL3 trial,
high-grade thromboembolic events occurred in 0.81%
(3/372) of rucaparib-treated patients compared with 0.53%
(1/189) in the placebo group (OR = 1.52, 95% CI = 0.16-
14.73; p = 0.70)."7%* The ARIEL4 trial showed comparable
incidence of high-grade thromboembolic events between
groups: 2.59% (6/232) with rucaparib versus 2.65% (3/113)
with chemotherapy (OR = 0.97, 95% CI = 0.24-3.91; p
= 0.97).5% In the ATHENA-MONO trial, high-grade
thromboembolic events were reported in 0.94% (4/425) of
rucaparib recipients versus 0% (0/110) in controls (OR =
2.59,95% CI = 0.29-23.42; p = 0.59).57

Data for veliparib suggest a thromboembolic risk
profile similar to that of active control treatments. In the
VELIA trial, the incidence of high-grade thromboembolic
events was 4.8% (36/753) in the veliparib group compared
with 5.7% (21/371) in the control group (OR = 0.84, 95%
CI=0.48-1.46; p = 0.53).%®

4. Discussion

The comprehensive analysis of cardiovascular toxicities
associated with PARPi therapy in OC reveals a complex
landscape of class-wide and agent-specific risks that
necessitate careful clinical management. Our synthesis
of evidence demonstrates that while PARPis represent
a breakthrough in targeted cancer therapy, their
cardiovascular safety profiles differ substantially, thereby
requiring personalized risk assessment and monitoring
strategies.

4.1. Spectrum and incidence of cardiovascular
toxicities

Hypertension has emerged as the most prevalent
cardiovascular adverse event across PARPi regimens, with
significant variation among specific agents. Systematic
reviews indicate an overall incidence of 12% (95%
CL: 8-17%) for any-grade hypertension and 4% (95%
CIL: 2-7%) for grade 3-4 events among PARPi-treated
patients.” Notably, the hypertensive risk profile of
olaparib demonstrates remarkable context-dependency,
particularly influenced by combination partners. While
olaparib monotherapy exhibits a relatively favorable
cardiovascular safety profile with minimal hypertension
risk, its combination with bevacizumab in the PAOLA-1
trial demonstrated a statistically significant reduction in
hypertension risk compared with placebo + bevacizumab,
suggesting potential moderating effects of this specific
combination on blood pressure regulation.®® Conversely,
combination with cediranib markedly amplifies this
toxicity.”® This pattern underscores the critical importance
of considering drug interactions and synergistic toxicities
in clinical decision-making, suggesting that hypertension
risk with olaparib is not intrinsic but rather modulated by
therapeutic context and inhibition intensity.

Niraparib demonstrates the highest risk profile among
PARPi, with reported incidence rates of 17% for any-grade
and 5% for grade 3-4 hypertension, substantially higher
than those observed with rucaparib (6% any-grade, 2%
grade 3-4) and veliparib (8% any-grade, 1% grade 3-4).¢
This pattern was consistently observed across multiple trials,
including the NORA, NOVA, and PRIMA studies, where
niraparib showed significantly elevated hypertension risk
compared to control groups (OR = 2.43-10.36; p < 0.001
to p = 0.002).'8556 The heterogeneity in hypertension risk
among PARPi appears intrinsically linked to their specific
off-target pharmacological properties.®-** As summarized
in Table 1, niraparibs potent inhibition of dopamine,
norepinephrine, and serotonin transporters results in
increased sympathetic tone and subsequent blood pressure
elevation, providing a mechanistic explanation for its
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distinct toxicity profile.®-627!

For olaparib and rucaparib monotherapy, the incidence
of severe (high-grade) cardiovascular events is generally
low (often <1%). While this incidence is not alarming
given their significant anti-tumor efficacy, it remains
clinically relevant and warrants baseline risk assessment
and routine monitoring, as these are potentially serious
events. However, for olaparib specifically, even when trial
data show event rates similar to or lower than control
groups, concerns persist. The observed trends (e.g., ORs
< 1.0) lack statistical power due to low event rates and
should be interpreted cautiously. Moreover, risk is highly
context-dependent—olaparib’s  cardiovascular  profile
varies markedly with combination partners, as evidenced
by significantly increased hypertension when combined
with agents such as cediranib. Finally, the chronic nature
of PARPi maintenance therapy in an older population with
pre-existing cardiovascular risk factors warrants long-
term vigilance. In contrast, the risk profile for niraparib is
substantially higher, with reported incidence rates of up to
19% for any-grade and 8% for high-grade hypertension,
warranting proactive management.

The clinical trial data compiled in Table 2 clearly
demonstrate these agent-specific differences: niraparib
is associated with the highest incidence of hypertension
(any-grade: 11.3-19.3%) and MACEs (any-grade: 11.3%),
whereas rucaparib and veliparib show cardiovascular event
rates comparable to those of controls. MACEs demonstrate
a similarly variable pattern across PARPi. Niraparib shows
the most concerning profile, with the NORA trial reporting
an 11.3% incidence of any-grade MACEs compared to 0%
in controls (OR = 11.30, 95% CI = 1.50-85.20; p = 0.002).
In contrast, olaparib demonstrates a more favorable
cardiovascular safety profile across multiple trials. The
PAOLA-1 trial reported comparable MACE incidence
between olaparib (1.1%) and control groups (2.6%) (OR =
0.39,95% CI = 0.12-1.25; p = 0.11), while the SOLO-1 and
SOLO?2 trials showed minimal MACE risk with olaparib
monotherapy.'>'¢¢* Rucaparib and veliparib appear to have
the most favorable cardiovascular safety profiles, with
clinical trial data showing no significant increase in MACE
risk compared to control groups.'”¢

Thromboembolic events, while less frequently
reported, represent another important cardiovascular
toxicity consideration. The incidence of these events
appears generally low across PARPi regimens, though
certain patterns merit attention. In the NOVA trial,
niraparib was associated with a non-significant increase
in high-grade thromboembolic events (1.1% vs 0%; OR =
5.93, 95% CI = 0.31-112.10; p = 0.31), whereas olaparib-
containing regimens showed variable risk depending on

the combination partner.'®

4.2, Risk modulation by combination therapies and
patient factors

The observed variation in olaparibs hypertensive effects
based on combination partners highlights a crucial aspect
of PARPi cardiovascular safety, namely the profound
influence of drug interactions on toxicity profiles. Evidence
from systematic reviews indicates that combining PARPi
with other agents, particularly antiangiogenics, can
significantly alter cardiovascular risk profiles.”” Such
combinations generally enhance antitumor efficacy but are
associated with a higher incidence of adverse events than
PARPi monotherapy.”” The contrasting effects observed
with different olaparib combinations—risk reduction with
bevacizumab versus risk amplification with cediranib—
provide important insights into the complex pharmacology
of these combinations and underscore the need for
mechanistic studies to understand these differential effects.

Patient-specific factors also significantly influence
cardiovascular risk during PARPi therapy. Patients with
pre-existing cardiovascular conditions, such as a history of
myocardial infarction or heart failure, may require tailored
treatment approaches to reduce cardiovascular events.
The substantial heterogeneity observed in subgroup
analyses suggests that individual patient characteristics
play a crucial role in determining susceptibility to PARPi-
associated cardiovascular toxicities.”

4.3. Management strategies and risk mitigation

The context-dependent nature of PARPi cardiovascular
toxicity, particularly exemplified by olaparibs variable
hypertensive effects, underscores the need for personalized
management approaches. Effective management of PARPi-
associated cardiovascular toxicities requires a multifaceted
approach incorporating baseline risk assessment, ongoing
monitoring, and prompt intervention. A personalized
approach to PARPi selection is recommended, considering
the agent-specific risk profile (e.g., avoiding niraparib in
patients with uncontrolled hypertension) and the impact
of combination therapies (e.g., heightened vigilance with
olaparib-cediranib). Monitoring protocols should be
tailored accordingly, such as more frequent blood pressure
monitoring during the first few months of niraparib
therapy. Current evidence supports the use of standard
antihypertensive agents for managing PARPi-induced
hypertension.” Per established hypertension guidelines,”*”*
first-line antihypertensive agents—including angiotensin-
converting enzyme inhibitors, angiotensin receptor
blockers, beta-blockers, diuretics, and calcium channel
blockers—may be considered for the management of
PARPi-associated hypertension in cancer patients, with
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agent selection tailored to individual clinical profiles.

The differential effects of various PARPi combinations
on hypertension risk have important implications for
clinical management. The protective effect observed with
the olaparib-bevacizumab combination may allow for
less intensive blood pressure monitoring in these patients,
while the markedly increased risk with the olaparib-
cediranib combination necessitates vigilant monitoring
and proactive management.

Non-pharmacological approaches also play an
important role in comprehensive management. Dietary
modifications, including sodium restriction to less than
5 g/day, and regular aerobic and resistance exercise,
have been recommended as foundational strategies for
blood pressure management in patients receiving PARPi
therapy.”® These interventions may be particularly valuable
for patients requiring long-term maintenance therapy,
where chronic toxicity management becomes increasingly
important.

The observed variation in cardiovascular toxicity
incidence among PARPi underscores the importance of
agent-specific risk assessment and proactive management
strategies. Baseline cardiovascular evaluation and ongoing
monitoring are essential components of care to mitigate
potential toxicities and ensure patient safety. This is
particularly crucial as PARPi are increasingly used as
maintenance therapy over extended periods, necessitating
long-term cardiovascular surveillance.

4.4. Future directions and research implications

The intriguing finding that the olaparib-bevacizumab
combination may actually reduce hypertension risk
compared to bevacizumab alone opens new avenues for
research into the cardiovascular effects of PARPi. Several
important research directions emerge from our analysis.
First, the dual role of PARPi in potentially both harming
and protecting cardiovascular function warrants further
investigation.'*”*” Some preclinical models suggest that
PARPi might enhance cardiac function, raising intriguing
questions about their context-dependent effects.'*!
Future studies should focus on identifying specific patient
populations that are most likely to benefit from therapy
while mitigating potential side effects.

Second, integrating biomarkers for risk stratification
represents a promising avenue for personalized
management. However, this remains a critical research
gap. Future studies should explore the utility of baseline
cardiovascular biomarkers (e.g., NT-proBNP, troponin),
genomic markers (e.g., BRCA/HRD status), and polygenic
risk scores in predicting which patients are at greatest risk
for PARPi-associated cardiovascular toxicity. BRCA and

HRD status may play pivotal roles in patient selection
and risk stratification, though their utility for predicting
cardiovascular outcomes remains to be validated.** Such
integrative approaches could enhance personalized
medicine, enabling clinicians to tailor therapies to
individual patient profiles.

Longitudinal studies tracking patient outcomes over
extended periods are essential to better understand
the long-term impact of PARPis on cardiovascular
health. Current evidence regarding overall survival and
cardiovascular morbidity remains inconclusive, and long-
term data will help clarify the balance between oncological
benefits and cardiovascular risks.

Finally, the differential effects of various PARPi
combinations on cardiovascular risk highlight the need
for more sophisticated predictive models that can account
for drug interactions and synergistic effects. Exploring
combination therapies that integrate PARPis with existing
cardiovascular protective agents, such as angiotensin-
converting enzyme inhibitors, may prove beneficial.
Emerging evidence suggests that PARPi not only enhances
treatment efficacy but also demonstrates cardioprotective
effects when combined with some conventional
anticancer agents, potentially mitigating their associated
cardiotoxicities.” Future clinical trials should evaluate the
safety and efficacy of these combined approaches, aiming
to optimize therapeutic strategies for OC patients while
preserving cardiovascular health.

5. Conclusion

Poly(ADP-ribose) polymerase  inhibitors  have
fundamentally improved outcomes for patients with
OC, yet their cardiovascular safety profiles are neither
uniform nor negligible. This review demonstrates
that the cardiovascular risk associated with PARPi is
agent-specific and highly context-dependent. Niraparib
confers the highest risk of hypertension and major adverse
cardiovascular events, driven by off-target inhibition
of neurotransmitter transporters, thereby necessitating
proactive blood pressure monitoring and management.
Olaparib exhibits a generally favorable profile in
monotherapy, but its cardiovascular risk is markedly
amplified when combined with certain antiangiogenic
agents such as cediranib, underscoring the critical role of
drug interactions. Rucaparib and veliparib show the most
favorable cardiovascular safety profile, with event rates
comparable to those in control groups across trials.

These agent-specific and combination-dependent
differences mandate a personalized approach to PARPi
selection and cardiovascular surveillance. Baseline risk
assessment, regular monitoring (particularly during the
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first months of therapy), and timely intervention using
standard antihypertensive agents are essential to maintain
the therapeutic index. Important knowledge gaps remain,
including the absence of validated predictive biomarkers
for cardiovascular toxicity, the long-term cardiovascular
consequences of extended maintenance therapy, and the
paradoxical cardioprotective signals observed in preclinical
models. Future research should prioritize mechanistic
studies to clarify the dual cardiovascular effects of PARPis,
the prospective validation of risk-stratification tools, and
clinical trials evaluating cardioprotective co-therapies.

In the evolving landscape of cardio-oncology,
integrating cardiovascular risk management into routine
oncologic care is no longer optional—it is a prerequisite
for optimizing both the quantity and quality of life in OC
survivors.

Acknowledgments
None.

Funding

This study was supported by the Guangzhou Municipal
Science and Technology Program (Grant no.
2023A04]1261).

Conflict of interest

The authors declare they have no competing interests.

Author contributions

Conceptualization: All authors

Investigation: All authors

Writing-original draft: Chang Liu

Writing-review & editing: Senwei Jiang

Ethics approval and consent to participate

Not applicable.

Consent for publication
Not applicable.

Availability of data
Not applicable.

References

1. BrayE Laversanne M, Sung H, et al. Global cancer statistics
2022: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer ] Clin.
2024;74(3):229-263.

d0i:10.3322/caac.21834
2. Lheureux S, Gourley C, Vergote I, Oza AM. Epithelial

10.

—

1.

ovarian cancer. Lancet. 2019;393(10177):1240-1253.
d0i:10.1016/S0140-6736(18)32552-2

Colombo N, Sessa C, Bois A du, et al. ESMO-ESGO
consensus conference recommendations on ovarian cancer:
Pathology and molecular biology, early and advanced stages,
borderline tumours and recurrent diseaset. Ann Oncol.
2019;30(5):672-705.

d0i:10.1093/annonc/mdz062

Wang L, Zhang Q, Wang X, et al. Therapeutic landscape of
ovarian cancer: Recent advances and emerging therapies.
Biomark Res. 2025;13:103.

doi:10.1186/540364-025-00818-7

Vergote I, Tropé CG, Amant F et al Neoadjuvant
chemotherapy or primary surgery in stage IIIC or IV ovarian
cancer. New Engl ] Med. 2010;363(10):943-953.

doi:10.1056/NEJM0a0908806

Alizadeh H, Akbarabadi P, Dadfar A, Tareh MR, Soltani
B. A comprehensive overview of ovarian cancer stem
cells: Correlation with high recurrence rate, underlying
mechanisms, and therapeutic opportunities. Mol Cancer.
2025;24:135.

doi:10.1186/s12943-025-02345-3

Gadducci A, Guerrieri ME. PARP inhibitors alone and in
combination with other biological agents in homologous
recombination deficient epithelial ovarian cancer: From
the basic research to the clinic. Crit Rev Oncol Hematol.
2017;114:153-165.

doi:10.1016/j.critrevonc.2017.04.006

Loverro M, Marchetti C, Salutari V, et al. Real-world
outcomes of PARP inhibitor maintenance in advanced
ovarian cancer: A focus on disease patterns and treatment
modalities at recurrence. ESMO Open. 2025;10(2):104119.

doi:10.1016/j.esmo0p.2024.104119

Mirza MR, Avall Lundgqvist E, Birrer MJ, et al. Niraparib
plus bevacizumab versus niraparib alone for platinum-
sensitive recurrent ovarian cancer (NSGO-AVANOVA2/
ENGOT-0v24): A randomised, phase 2, superiority trial.
Lancet Oncol. 2019;20(10):1409-1419.

doi:10.1016/51470-2045(19)30515-7

Vanacker H, Harter P, Labidi-Galy SI, et al. PARP-inhibitors
in epithelial ovarian cancer: Actual positioning and future
expectations. Cancer Treat Rev. 2021;99:102255.

doi:10.1016/j.ctrv.2021.102255

LaFargue CJ, Dal Molin GZ, Sood AK, Coleman RL.
Exploring and comparing adverse events between PARP
inhibitors. Lancet Oncol. 2019;20(1):e15-€28.

d0i:10.1016/S1470-2045(18)30786-1
Wu Y, Xu S, Cheng S, Yang J, Wang Y. Clinical application

Volume 8 Issue 3 (2026)

doi: 10.36922/CP025350053


https://doi.org/10.36922/CP025350053
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.1016/S0140-6736(18)32552-2
https://doi.org/10.1016/S0140-6736(18)32552-2
https://doi.org/10.1093/annonc/mdz062
https://doi.org/10.1093/annonc/mdz062
https://doi.org/10.1186/s40364-025-00818-7
https://doi.org/10.1186/s40364-025-00818-7
https://doi.org/10.1056/NEJMoa0908806
https://doi.org/10.1056/NEJMoa0908806
https://doi.org/10.1186/s12943-025-02345-3
https://doi.org/10.1186/s12943-025-02345-3
https://doi.org/10.1016/j.critrevonc.2017.04.006
https://doi.org/10.1016/j.critrevonc.2017.04.006
https://doi.org/10.1016/j.esmoop.2024.104119
https://doi.org/10.1016/j.esmoop.2024.104119
https://doi.org/10.1016/S1470-2045(19)30515-7
https://doi.org/10.1016/S1470-2045(19)30515-7
https://doi.org/10.1016/j.ctrv.2021.102255
https://doi.org/10.1016/j.ctrv.2021.102255
https://doi.org/10.1016/S1470-2045(18)30786-1
https://doi.org/10.1016/S1470-2045(18)30786-1

Cancer Plus

PARPI cardiovascular toxicity in ovarian cancer

13.

14.

15.

16.

17.

18.

19.

20.

21.

of PARP inhibitors in ovarian cancer: From molecular
mechanisms to the current status. J Owvarian Res.
2023;16(1):6.

doi:10.1186/s13048-023-01094-5

Loizzi V, Ranieri G, Laforgia M, et al. PARP inhibitors and
epithelial ovarian cancer: Molecular mechanisms, clinical
development and future prospective (review). Oncol Lett.
2020;20(4):1-1.

doi:10.3892/01.2020.11951

Rose M, Burgess JT, O’Byrne K, Richard DJ, Bolderson E.
PARP inhibitors: Clinical relevance, mechanisms of action
and tumor resistance. Front Cell Dev Biol. 2020;8:564601.

doi:10.3389/fcell.2020.564601

Moore K, Colombo N, Scambia G, et al. Maintenance
olaparib in patients with newly diagnosed advanced ovarian
cancer. N Engl ] Med. 2018;379(26):2495-2505.

doi:10.1056/NEJMoal810858

Pujade-Lauraine E, Ledermann JA, Selle E et al. Olaparib
tablets as maintenance therapy 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.
2017;18(9):1274-1284.

doi:10.1016/S1470-2045(17)30469-2

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):1949-1961.

doi:10.1016/S0140-6736(17)32440-6

Mirza MR, Monk BJ, Herrstedt ], et al. Niraparib maintenance
therapy in platinum-sensitive, recurrent ovarian cancer. N
Engl ] Med. 2016;375(22):2154-2164.

doi:10.1056/NEJMoal611310

Wei Y, He L, Liu T, et al. Efficacy and safety of PARP
inhibitors combined with antiangiogenic agents in the
maintenance treatment of ovarian cancer: A systematic
review and meta-analysis with trial sequential analysis of
randomized controlled trials. Front Pharmacol. 2024;15.

doi:10.3389/fphar.2024.1372077

Nair M, Samidurai A, Das A, Kakar SS, Kukreja RC. Ovarian
cancer and the heart: Pathophysiology, chemotherapy-
induced cardiotoxicity, and new therapeutic strategies. |
Ovarian Res. 2025;18(1):72.

doi:10.1186/s13048-025-01636-2

Hu ZL, Yuan YX, Xia MY, et al. Cardiovascular mortality
risk in patients with ovarian cancer: A population-based
study. ] Ovarian Res. 2024;17(1):88.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

doi:10.1186/s13048-024-01413-4

Krishnakumar R, Kraus WL. The PARP side of the nucleus:
Molecular actions, physiological outcomes, and clinical
targets. Mol Cell. 2010;39(1):8-24.

doi:10.1016/j.molcel.2010.06.017

Pines A, Vrouwe MG, Marteijn JA, et al. PARP1 promotes
nucleotide excision repair through DDB2 stabilization and
recruitment of ALC1. J Cell Biol. 2012;199(2):235-249.

doi:10.1083/jcb.201112132

Hu Y, Petit SA, Ficarro SB, et al. PARP1-driven poly-ADP-
ribosylation regulates BRCA1 function in homologous
recombination mediated DNA repair. Cancer Discov.
2014;4(12):1430-1447.

doi:10.1158/2159-8290.CD-13-0891

Zhao Q, Lan T, Su S, Rao Y. Induction of apoptosis in
MDA-MB-231 breast cancer cells by a PARPI-targeting
PROTAC small molecule. Chem Commun. 2019;55(3):369-
372.

d0i:10.1039/c8cc07813k

Vyas S, Matic I, Uchima L, et al. Family-wide analysis
of poly(ADP-ribose) polymerase activity. Nat Commun.
2014;5:4426.

d0i:10.1038/ncomms5426

Langelier MF, Riccio AA, Pascal JM. PARP-2 and PARP-3
are selectively activated by 5" phosphorylated DNA breaks
through an allosteric regulatory mechanism shared with
PARP-1. Nucleic Acids Res. 2014;42(12):7762-7775.

doi:10.1093/nar/gku474

Durkacz BW, Omidiji O, Gray DA, Shall S. (ADP-
ribose)n participates in DNA excision repair. Nature.
1980;283(5747):593-596.

doi:10.1038/283593a0

Haince JE, McDonald D, Rodrigue A, et al. PARP1-dependent
kinetics of recruitment of MRE11 and NBSI proteins to
multiple DNA damage sites. ] Biol Chem. 2008;283(2):1197-
1208.

doi:10.1074/jbc.M706734200

Hanzlikova H, Gittens W, Krejcikova K, Zeng Z, Caldecott
KW. Overlapping roles for PARP1 and PARP2 in the
recruitment of endogenous XRCC1 and PNKP into oxidized
chromatin. Nucleic Acids Res. 2017;45(5):2546-2557.

doi:10.1093/nar/gkw1246

Langelier ME, Planck JL, Roy S, Pascal JM. Structural basis
for DNA damage-dependent poly(ADP-ribosyl)ation by
human PARP-1. Science. 2012;336(6082):728-732.

doi:10.1126/science. 1216338

Wang M, Wu W, Wu W, et al. PARP-1 and ku compete
for repair of DNA double strand breaks by distinct NHE]

Volume 8 Issue 3 (2026)

doi: 10.36922/CP025350053


https://doi.org/10.36922/CP025350053
https://doi.org/10.1186/s13048-023-01094-5
https://doi.org/10.1186/s13048-023-01094-5
https://doi.org/10.3892/ol.2020.11951
https://doi.org/10.3892/ol.2020.11951
https://doi.org/10.3389/fcell.2020.564601
https://doi.org/10.3389/fcell.2020.564601
https://doi.org/10.1056/NEJMoa1810858
https://doi.org/10.1056/NEJMoa1810858
https://doi.org/10.1016/S1470-2045(17)30469-2
https://doi.org/10.1016/S1470-2045(17)30469-2
https://doi.org/10.1016/S0140-6736(17)32440-6
https://doi.org/10.1016/S0140-6736(17)32440-6
https://doi.org/10.1056/NEJMoa1611310
https://doi.org/10.1056/NEJMoa1611310
https://doi.org/10.3389/fphar.2024.1372077
https://doi.org/10.3389/fphar.2024.1372077
https://doi.org/10.1186/s13048-025-01636-z
https://doi.org/10.1186/s13048-025-01636-z
https://doi.org/10.1186/s13048-024-01413-4
https://doi.org/10.1186/s13048-024-01413-4
https://doi.org/10.1016/j.molcel.2010.06.017
https://doi.org/10.1016/j.molcel.2010.06.017
https://doi.org/10.1083/jcb.201112132
https://doi.org/10.1083/jcb.201112132
https://doi.org/10.1158/2159-8290.CD-13-0891
https://doi.org/10.1158/2159-8290.CD-13-0891
https://doi.org/10.1039/c8cc07813k
https://doi.org/10.1039/c8cc07813k
https://doi.org/10.1038/ncomms5426
https://doi.org/10.1038/ncomms5426
https://doi.org/10.1093/nar/gku474
https://doi.org/10.1093/nar/gku474
https://doi.org/10.1038/283593a0
https://doi.org/10.1038/283593a0
https://doi.org/10.1074/jbc.M706734200
https://doi.org/10.1074/jbc.M706734200
https://doi.org/10.1093/nar/gkw1246
https://doi.org/10.1093/nar/gkw1246
https://doi.org/10.1126/science.1216338
https://doi.org/10.1126/science.1216338

Cancer Plus

PARPI cardiovascular toxicity in ovarian cancer

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

pathways. Nucleic Acids Res. 2006;34(21):6170-6182.
doi:10.1093/nar/gkl840

Sugimura K, Takebayashi SI, Taguchi H, Takeda S, Okumura
K. PARP-1 ensures regulation of replication fork progression
by homologous recombination on damaged DNA. ] Cell
Biol. 2008;183(7):1203-1212.

doi:10.1083/jcb.200806068

Bryant HE, Petermann E, Schultz N, et al. PARP is activated
at stalled forks to mediate Mrell-dependent replication
restart and recombination. EMBO J. 2009;28(17):2601-2615.

doi:10.1038/emb0j.2009.206

Boehler C, Gauthier LR, Mortusewicz O, et al. Poly(ADP-
ribose) polymerase 3 (PARP3), a newcomer in cellular
response to DNA damage and mitotic progression. Proc Natl
Acad Sci USA. 2011;108(7):2783-2788.

doi:10.1073/pnas.1016574108

Rulten SL, Fisher AEO, Robert I, et al. PARP-3 and APLF
function together to accelerate nonhomologous end-joining.
Mol Cell. 2011;41(1):33-45.

doi:10.1016/j.molcel.2010.12.006

Fenton AL, Shirodkar P, Macrae CJ, Meng L, Koch CA. The
PARP3- and ATM-dependent phosphorylation of APLF
facilitates DNA double-strand break repair. Nucleic Acids
Res. 2013;41(7):4080-4092.

doi:10.1093/nar/gkt134

Min W, Bruhn C, Grigaravicius P, et al. Poly(ADP-ribose)
binding to Chkl at stalled replication forks is required for
S-phase checkpoint activation. Nat Commun. 2013;4:2993.

d0i:10.1038/ncomms3993

Beck C, Boehler C, Guirouilh Barbat J, et al. PARP3 affects
the relative contribution of homologous recombination and
nonhomologous end-joining pathways. Nucleic Acids Res.
2014;42(9):5616-5632.

doi:10.1093/nar/gkul74

Ray Chaudhuri A, Nussenzweig A. The multifaceted roles of
PARP1 in DNA repair and chromatin remodelling. Nat Rev
Mol Cell Biol. 2017;18(10):610-621.

doi:10.1038/nrm.2017.53

Biirkle A. Physiology and pathophysiology of poly(ADP-
ribosyl)ation. Bioessays. 2001;23(9):795-806.

d0i:10.1002/bies.1115

Lord CJ, Ashworth A. PARP inhibitors: Synthetic lethality in
the clinic. Science. 2017;355(6330):1152-1158.

doi:10.1126/science.aam7344

Dziadkowiec KN, Ggsiorowska E, Nowak-Markwitz E,
Jankowska A. PARP inhibitors: Review of mechanisms of
action and BRCA1/2 mutation targeting. Prz Menopauzalny.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

2016;15(4):215-219.
doi:10.5114/pm.2016.65667

Hirschl N, Leveque W, Granitto J, Sammarco V, Fontillas
M, Penson RT. PARP inhibitors: Strategic use and optimal
management in ovarian cancer. Cancers. 2024;16(5):932.

d0i:10.3390/cancers16050932

Kutuzov MM, Belousova EA, Ilina ES, Lavrik Ol Impact
of PARP1, PARP2 & PARP3 on the base excision repair of
nucleosomal DNA. Adv Exp Med Biol. 2020;1241:47-57.

doi:10.1007/978-3-030-41283-8_4

Hoeijmakers JH. Genome maintenance mechanisms for
preventing cancer. Nature. 2001;411(6835):366-374.

doi:10.1038/35077232

Damia G, Broggini M. Platinum resistance in ovarian
cancer: Role of DNA repair. Cancers. 2019;11(1):119.

d0i:10.3390/cancers11010119

Geenen JJJ, Linn SC, Beijnen JH, Schellens JHM. PARP
inhibitors in the treatment of triple-negative breast cancer.
Clin Pharmacokinet. 2018;57(4):427-437.

doi:10.1007/s40262-017-0587-4

Murai ], Huang S yin N, Das BB, et al. Trapping of PARP1
and PARP2 by clinical PARP inhibitors. Cancer Res.
2012;72(21):5588-5599.

doi:10.1158/0008-5472.CAN-12-2753

Clemente MB, Cutillas MM, Diaz YG, et al. 749P
cardiotoxicity in patients treated with PARP-inhibitors. Ann
Oncol. 2021;32:S743.

doi:10.1016/j.annonc.2021.08.1191

Kaufman B, Shapira-Frommer R, Schmutzler RK, et al.
Olaparib monotherapy in patients with advanced cancer and
a germline BRCA1/2 mutation. Ann Oncol. 2015;33(3):244-
250.

doi:10.1200/JC0.2014.56.2728

Friedlander M, Matulonis U, Gourley C, et al. Long-term
efficacy, tolerability and overall survival in patients with
platinum-sensitive, recurrent high-grade serous ovarian
cancer treated with maintenance olaparib capsules following
response to chemotherapy. Br J Cancer. 2018;119(9):1075-
1085.

doi:10.1038/s41416-018-0271-y

Oza AM, Tinker AV, Oaknin A, et al. Antitumor activity and
safety of the PARP inhibitor rucaparib in patients with high-
grade ovarian carcinoma and a germline or somatic BRCA1
or BRCA2 mutation: Integrated analysis of data from study
10 and ARIEL2. Gynecol Oncol. 2017;147(2):267-275.

doi:10.1016/j.ygyno.2017.08.022
Moore KN, Secord AA, Geller MA, et al. Niraparib

Volume 8 Issue 3 (2026)

doi: 10.36922/CP025350053


https://doi.org/10.36922/CP025350053
https://doi.org/10.1093/nar/gkl840
https://doi.org/10.1093/nar/gkl840
https://doi.org/10.1083/jcb.200806068
https://doi.org/10.1083/jcb.200806068
https://doi.org/10.1038/emboj.2009.206
https://doi.org/10.1038/emboj.2009.206
https://doi.org/10.1073/pnas.1016574108
https://doi.org/10.1073/pnas.1016574108
https://doi.org/10.1016/j.molcel.2010.12.006
https://doi.org/10.1016/j.molcel.2010.12.006
https://doi.org/10.1093/nar/gkt134
https://doi.org/10.1093/nar/gkt134
https://doi.org/10.1038/ncomms3993
https://doi.org/10.1038/ncomms3993
https://doi.org/10.1093/nar/gku174
https://doi.org/10.1093/nar/gku174
https://doi.org/10.1038/nrm.2017.53
https://doi.org/10.1038/nrm.2017.53
https://doi.org/10.1002/bies.1115
https://doi.org/10.1002/bies.1115
https://doi.org/10.1126/science.aam7344
https://doi.org/10.1126/science.aam7344
https://doi.org/10.5114/pm.2016.65667
https://doi.org/10.5114/pm.2016.65667
https://doi.org/10.3390/cancers16050932
https://doi.org/10.3390/cancers16050932
https://doi.org/10.1007/978-3-030-41283-8_4
https://doi.org/10.1007/978-3-030-41283-8_4
https://doi.org/10.1038/35077232
https://doi.org/10.1038/35077232
https://doi.org/10.3390/cancers11010119
https://doi.org/10.3390/cancers11010119
https://doi.org/10.1007/s40262-017-0587-4
https://doi.org/10.1007/s40262-017-0587-4
https://doi.org/10.1158/0008-5472.CAN-12-2753
https://doi.org/10.1158/0008-5472.CAN-12-2753
https://doi.org/10.1016/j.annonc.2021.08.1191
https://doi.org/10.1016/j.annonc.2021.08.1191
https://doi.org/10.1200/JCO.2014.56.2728
https://doi.org/10.1200/JCO.2014.56.2728
https://doi.org/10.1038/s41416-018-0271-y
https://doi.org/10.1038/s41416-018-0271-y
https://doi.org/10.1016/j.ygyno.2017.08.022
https://doi.org/10.1016/j.ygyno.2017.08.022

Cancer Plus

PARPI cardiovascular toxicity in ovarian cancer

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

monotherapy for late-line treatment of ovarian cancer
(QUADRA): A multicentre, open-label, single-arm, phase 2
trial. Lancet Oncol. 2019;20(5):636-648.

doi:10.1016/S1470-2045(19)30029-4

Gonzalez-Martin A, Pothuri B, Vergote I, et al. Niraparib in
patients with newly diagnosed advanced ovarian cancer. N
Engl ] Med. 2019;381(25):2391-2402.

doi:10.1056/NEJMo0al910962

Kummar S, Kinders R, Gutierrez ME, et al. Phase 0 clinical
trial of the poly (ADP-ribose) polymerase inhibitor ABT-
888 in patients with advanced malignancies. J Clin Oncol.
2009;27(16):2705-2711.

doi:10.1200/JC0O.2008.19.7681

Baxter PA, Su JM, Onar-Thomas A, et al. A phase I/II study
of veliparib (ABT-888) with radiation and temozolomide in
newly diagnosed diffuse pontine glioma: A pediatric brain
tumor consortium study. Neuro Oncol. 2020;22(6):875-885.

d0i:10.1093/neuonc/noaa016

Han Y, Chen MK, Wang HL, et al. Synergism of PARP
inhibitor fluzoparib (HS10160) and MET inhibitor H510241
in breast and ovarian cancer cells. Am ] Cancer Res.
2019;9(3):608-618.

Luo J, Dai X, Hu H, et al. Fluzoparib increases radiation
sensitivity of non-small cell lung cancer (NSCLC) cells
without BRCA1/2 mutation, a novel PARP1 inhibitor
undergoing clinical trials. J Cancer Res Clin Oncol.
2020;146(3):721-737.

doi:10.1007/s00432-019-03097-6

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.

doi:10.3389/fphar.2022.851246

Bruin MAC, Sonke GS, Beijnen JH, Huitema ADR.
Pharmacokinetics and pharmacodynamics of
PARP inhibitors in oncology. Clin Pharmacokinet.
2022;61(12):1649-1675.

doi:10.1007/s40262-022-01167-6

Heo YA, Duggan ST. Niraparib: A review in ovarian cancer.
Target Oncol. 2018;13(4):533-539.

doi:10.1007/s11523-018-0582-1

Wu XH, Zhu JQ, Yin RT, et al. Niraparib maintenance
therapy in patients with platinum-sensitive recurrent
ovarian cancer using an individualized starting dose
(NORA): A randomized, double-blind, placebo-controlled
phase III trial¥. Ann Oncol. 2021;32(4):512-521.

doi:10.1016/j.annonc.2020.12.018

Palazzo A, Ciccarese C,IacovelliR, et al. Major adverse cardiac
events and cardiovascular toxicity with PARP inhibitors-

65.

66.

67.

68.

69.

70.

71.

72.

73.

based therapy for solid tumors: A systematic review and
safety meta-analysis. ESMO Open. 2023;8(2):101154.

doi:10.1016/j.esmo0p.2023.101154

Ray-Coquard I, Pautier P, Pignata S, et al. Olaparib plus
bevacizumab as first-line maintenance in ovarian cancer. N
Engl]Med. 2019;381(25):2416-2428.

doi:10.1056/NEJMoal911361

Kristeleit R, Lisyanskaya A, Fedenko A, et al. Rucaparib
versus standard-of-care chemotherapy in patients with
relapsed ovarian cancer and a deleterious BRCAl or
BRCA2 mutation (ARIEL4): An international, open-label,
randomised, phase 3 trial. Lancet Oncol. 2022;23(4):465-
478.

doi:10.1016/S1470-2045(22)00122-X

Monk BJ, Parkinson C, Lim MC, et al. A randomized, phase
III trial to evaluate rucaparib monotherapy as maintenance
treatment in patients with newly diagnosed ovarian cancer
(ATHENA-MONO/GOG-3020/ENGOT-0v45). ] Clin
Oncol. 2022;40(34):3952-3964.

d0i:10.1200/JC0.22.01003

Coleman RL, Fleming GF, Brady MF, et al. Veliparib with
first-line chemotherapy and as maintenance therapy in
ovarian cancer. N Engl ] Med. 2019;381(25):2403-2415.

doi:10.1056/NEJMo0a1909707

Chen X, Wen Q, Kou L, Xie X, Li J, Li Y. Incidence and risk
of hypertension associated with PARP inhibitors in cancer
patients: A systematic review and meta-analysis. BMC
Cancer. 2023;23(1):107.

doi:10.1186/5s12885-023-10571-5

Liu JE Brady ME Matulonis UA, et al. Olaparib with or
without cediranib versus platinum-based chemotherapy in
recurrent platinum-sensitive ovarian cancer (NRG-GY004):
A randomized, open-label, phase III trial. J Clin Oncol.
2022;40(19):2138-2147.

doi:10.1200/JC0O.21.02011

Sandhu D, Antolin AA, Cox AR, Jones AM. Identification
of different side effects between PARP inhibitors and their
polypharmacological multi-target rationale. Br J Clin
Pharmacol. 2022;88(2):742-752.

doi:10.1111/bcp.15015

Deng T, Yan L, Li J, et al. Adverse event management in
patients with platinum-resistant ovarian cancer treated with
niraparib and anlotinib: Updates from the phase II, multi-
center ANNIE study. Ther Clin Risk Manag. 2025;21:1135-
1147.

doi:10.2147/TCRM.S526755

Jones NR, McCormack T, Constanti M, McManus R].
Diagnosis and management of hypertension in adults: NICE
guideline update 2019. Br ] Gen Pract. 2020;70(691):90-91.

Volume 8 Issue 3 (2026)

doi: 10.36922/CP025350053


https://doi.org/10.36922/CP025350053
https://doi.org/10.1016/S1470-2045(19)30029-4
https://doi.org/10.1016/S1470-2045(19)30029-4
https://doi.org/10.1056/NEJMoa1910962
https://doi.org/10.1056/NEJMoa1910962
https://doi.org/10.1200/JCO.2008.19.7681
https://doi.org/10.1200/JCO.2008.19.7681
https://doi.org/10.1093/neuonc/noaa016
https://doi.org/10.1093/neuonc/noaa016
https://doi.org/10.1007/s00432-019-03097-6
https://doi.org/10.1007/s00432-019-03097-6
https://doi.org/10.3389/fphar.2022.851246
https://doi.org/10.3389/fphar.2022.851246
https://doi.org/10.1007/s40262-022-01167-6
https://doi.org/10.1007/s40262-022-01167-6
https://doi.org/10.1007/s11523-018-0582-1
https://doi.org/10.1007/s11523-018-0582-1
https://doi.org/10.1016/j.annonc.2020.12.018
https://doi.org/10.1016/j.annonc.2020.12.018
https://doi.org/10.1016/j.esmoop.2023.101154
https://doi.org/10.1016/j.esmoop.2023.101154
https://doi.org/10.1056/NEJMoa1911361
https://doi.org/10.1056/NEJMoa1911361
https://doi.org/10.1016/S1470-2045(22)00122-X
https://doi.org/10.1016/S1470-2045(22)00122-X
https://doi.org/10.1200/JCO.22.01003
https://doi.org/10.1200/JCO.22.01003
https://doi.org/10.1056/NEJMoa1909707
https://doi.org/10.1056/NEJMoa1909707
https://doi.org/10.1186/s12885-023-10571-5
https://doi.org/10.1186/s12885-023-10571-5
https://doi.org/10.1200/JCO.21.02011
https://doi.org/10.1200/JCO.21.02011
https://doi.org/10.1111/bcp.15015
https://doi.org/10.1111/bcp.15015
https://doi.org/10.2147/TCRM.S526755
https://doi.org/10.2147/TCRM.S526755
https://doi.org/10.3399/bjgp20X708053

Cancer Plus

PARPI cardiovascular toxicity in ovarian cancer

74.

75.

76.

77.

doi:10.3399/bjgp20X708053

Unger T, Borghi C, Charchar F, et al. 2020 international
society of hypertension global hypertension practice
guidelines. Hypertension. 2020;75(6):1334-1357.

doi:10.1161/HYPERTENSIONAHA.120.15026

Guideline: Sodium Intake for Adults and Children. World
Health Organization; 2012. Available from: http://www.
ncbi.nlm.nih.gov/books/NBK133309/ [Last accessed on
2025 Aug 28].

Han]JY, Seo YE, Kwon JH, Kim JH, Kim MG. Cardioprotective
effects of PARP inhibitors: A re-analysis of a meta-analysis
and a real-word data analysis using the FAERS database. |
Clin Med. 2024;13(5):1218.

doi:10.3390/jcm13051218

Wang Y, Wang L, Zhang F, et al. Inhibition of PARP prevents
angiotensin II-induced aortic fibrosis in rats. Int J Cardiol.
2013;167(5):2285-2293.

doi:10.1016/j.ijcard.2012.06.050

78.

79.

80.

Korkmaz-Icéz S, Szczesny B, Marcatti M, et al. Olaparib
protects cardiomyocytes against oxidative stress and

improves graft contractility during the early phase after heart
transplantation in rats. Br ] Pharmacol. 2018;175(2):246-261.

doi:10.1111/bph.13983

Morrow DA, Brickman CM, Murphy SA, et al. A randomized,
placebo-controlled trial to evaluate the tolerability, safety,
pharmacokinetics, and pharmacodynamics of a potent
inhibitor of poly(ADP-ribose) polymerase (INO-1001) in
patients with ST-elevation myocardial infarction undergoing
primary percutaneous coronary intervention: Results of the
TIMI 37 trial. ] Thromb Thrombolysis. 2009;27(4):359-364.

doi:10.1007/s11239-008-0230-1

Baradécs I, Teutsch B, Varadi A, et al. PARP inhibitor era
in ovarian cancer treatment: A systematic review and meta-
analysis of randomized controlled trials. ] Ovarian Res.
2024;17(1):53.

doi:10.1186/513048-024-01362-y

Volume 8 Issue 3 (2026)

16

doi: 10.36922/CP025350053


https://doi.org/10.36922/CP025350053
https://doi.org/10.3399/bjgp20X708053
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
https://doi.org/10.1161/HYPERTENSIONAHA.120.15026
http://www.ncbi.nlm.nih.gov/books/NBK133309/
http://www.ncbi.nlm.nih.gov/books/NBK133309/
https://doi.org/10.3390/jcm13051218
https://doi.org/10.3390/jcm13051218
https://doi.org/10.1016/j.ijcard.2012.06.050
https://doi.org/10.1016/j.ijcard.2012.06.050
https://doi.org/10.1111/bph.13983
https://doi.org/10.1111/bph.13983
https://doi.org/10.1007/s11239-008-0230-1
https://doi.org/10.1007/s11239-008-0230-1
https://doi.org/10.1186/s13048-024-01362-y
https://doi.org/10.1186/s13048-024-01362-y

	_Hlk215508612

