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Abstract

Purposeof Review Poly (ADP-ribose) polymerases (PARPs) are enzymes essential for detecting and repairing DNA damage
through poly-ADP-ribosylation. In cancer, cells with deficiencies in homologous recombination repair mechanisms often
become more dependent on PARP-mediated repair mechanisms to effectively repair dSDNA breaks. As such, PARP inhibi-
tors (PARPis) were introduced into clinical practice, serving as a key targeted therapy option through synthetic lethality in
the treatment of cancers with homologous recombination repair deficiency (HRD). Though PARPis are currently approved
in the adjuvant setting for several cancer types such as ovarian, breast, prostate and pancreatic cancer, their potential role in
the neoadjuvant setting remains under investigation. This review outlines the rationale for using PARPIi in the neoadjuvant
setting and evaluates findings from early and ongoing clinical trials.

Recent Findings Our analysis indicates that numerous studies have explored PARPi as a neoadjuvant treatment for HRD-
related cancers. The majority of neoadjuvant PARPI trials have been performed in breast and ovarian cancer, while phase
II/III evidence supporting efficacy in prostate and pancreatic cancers remains limited.

Summary Studies are investigating PARPi in the neoadjuvant setting of HRD-related cancers. Future research should prior-
itize combination strategies with immune checkpoint inhibitors and expand outcome measures to include patient satisfaction
and quality-of-life metrics.

Keywords Neoadjuvant therapy - PARP inhibitors - Synthetic lethality - HRR - HRD - BRCA1/2 - Breast cancer - Ovarian
cancer - Prostate cancer
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Introduction

Poly (ADP-ribose) polymerase (PARP) are a family of
enzymes that play an integral role in various cellular
processes, most notably in detecting and repairing DNA
damage [1]. Under genotoxic stress, single-stranded DNA
(ssDNA) breaks lead to depletion of nicotinamide adenine
dinucleotide (NAD) and subsequent activation of PARP
enzymes, particularly PARP1 [2]. Once activated, PARP1
is recruited to sites of DNA damage via its zinc-finger
domains (Znl and Zn2) [2]. The interaction between these
domains and the nucleotide bases induces a structural
rearrangement in Znl1/Zn2, resulting in allosteric activa-
tion [2, 3].This process involves cleaving NAD and cata-
lyzing the addition of poly(ADP-ribose) (PAR) groups to
both DNA and the enzyme itself, a modification known
as poly-ADP-ribosylation (PARylation) [2, 3]. This modi-
fied PARP1 subsequently coordinates with other enzymes
within the base excision repair (BER) complex to facili-
tate DNA repair [2]. PARP inhibitors (PARPis) can dis-
rupt this process by competitively binding to the catalytic
domain of PARP, thereby preventing NAD interaction and
inhibiting PARylation [2]. In addition to PARPis compet-
ing for the catalytic domain, they also trap PARP enzymes
attached to DNA by binding to the PARP-DNA complex
[4]. By trapping the complex, the replication fork col-
lapses and ultimately blocks DNA repair mechanisms [4].
With both mechanisms, the accumulation of unrepaired
ssDNA results in double-stranded DNA (dsDNA) breaks,
which are repaired by homologous recombination repair
(HRR) [2].

In the context of cancer with homologous recombina-
tion repair deficiency (HRD), cells often have germline
or somatic mutations in genes that code for HRR proteins

required for the repair pathway [5, 6]. Cells with this defi-
ciency cannot effectively repair dsDNA breaks via HRR
and are more reliant on PARP-mediated repair mechanisms
[1, 5-7]. This dependency makes PARP a strategic target
for cancer therapies as inhibiting PARP can lead to the
accumulation of unrepaired DNA damage in cancer cells,
ultimately resulting in cell death [7]. This approach is
termed “synthetic lethality” and has underscored the effi-
cacy of PARPis as a well-established therapeutic strategy
in the adjuvant treatment of breast, prostate, pancreatic,
ovarian and other gynaecological malignancies (Fig. 1)
[6-8]. More recently, the potential role of PARPis in the
neoadjuvant setting is being explored. This review will
summarise; the rationale for using PARPis in the neoad-
juvant setting, ongoing clinical trials assessing the benefit
of neoadjuvant PARPi treatment, and the future directions
of the use of neoadjuvant PARPis.

Homologous Recombination Repair Mechanisms

HRR is a high-fidelity mechanism that repairs dsDNA
breaks during the S to G2 phases of the cell cycle and is crit-
ical after exposure to cytotoxic agents or ionizing radiation
[9-11]. Initially, the MRN complex detects dsDNA breaks
and BLM and EXO1 for DNA resection [9, 11, 12]. The
resulting ssDNA overhangs are coated with RPA, which pre-
vents excessive resection [9, 11, 12]. ATR then binds to the
RPA-coated ssDNA, activating the ATR-Chk1 checkpoint to
halt the cell cycle and protect replication forks, with ATM
kinase activating downstream targets like BRCA1 protein [9,
11, 12]. Following cell cycle arrest, RADS1 replaces RPA
on the ssDNA, forming presynaptic filaments with the help
of BRCA2 and PALB2 [9, 12, 13]. The RAD51 nucleofila-
ment searches for and invades the homologous dsDNA on
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Fig. 1 Schematic representation showing a normal cell with a functional HRR pathway effectively repairing dsDNA breaks following PARP
inhibition of ssDNA breaks versus cells with HRD unable to repair dsDNA breaks, resulting in accumulation of DNA damage and cell death
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the sister chromatid, creating a displacement loop [11, 13].
DNA synthesis and ligation occur using the intact chromatid
as a template, and the process concludes with the resolu-
tion of Holliday junctions by the BTRR dissolvasome, thus
completing HRR [9, 10, 13]. 13-17% of breast, ovarian,
and pancreatic cancers with mutations in genes within the
HRR pathway present with an HRD phenotype [10]. Notable
genes associated with HRD include BRCAI, BRCA2, ATM,
BARDI, PALB2, RAD51C, RAD51D, with variable patterns
of gene-specific mutations observed across different cancer
types [10]. For example, mutations in BRCA1/2, ATM and
PALB?2 are most associated with breast cancer; mutations
in ATM and BRCA?2 are commonly associated with prostate
cancer; mutations in BRCA1/2 are commonly associated
with ovarian cancer [14]. Table 1 summarises genes defects
that are associated with HRD and their corresponding cancer
risk.

HRD detection has significant therapeutic implications,
specifically by increasing sensitivity to PARPis [15]. There-
fore, fast, accurate and cost-effective identification of HRD
is an area of increasing importance. Currently, genetic test-
ing, genomic assays and functional assays are methods that
can measure HR. Genomic scars HRD tumours are detect-
able abnormalities as a result of genomic instability [16, 17].
The primary method for detecting these scars is measuring
somatic copy number alterations (SCNAs) and additional
indicators of chromosomal rearrangement such as large-
scale transitions, telomeric allelic imbalance and loss of
heterozygosity [16, 18-22]. Mutational signatures of HRD
are characteristic patterns of DNA alterations resulting from
various processes that damage and repair a cell's genome
[16]. These signatures are typically measured using whole
genome sequencing (WGS) or whole exome sequencing
(WES) [16, 23, 24]. The Foundation Medicine CDxBRCA

LOH and Myriad Genetics myChoice are two FDA-approved
assays that detect gene mutations [16]. Alternatively, func-
tional assays aim to directly test HRR proficiency with one
method measuring the amount of nuclear RADS51, which is
DNA recombinase involved in the HRR pathway, as previ-
ously mentioned [16]. However, measurement of RADS1,
amongst other clinical assays have proved thus far limited
due to the time or expense associated with their performance
[16,25].

PARPis in the Adjuvant Setting for HRD-associated
Cancers

The FDA has approved the following PARPis in the adjuvant
setting for cancers with HRD: olaparib for ovarian, breast,
prostate and pancreatic cancers [26]; talazoparib for breast
and prostate cancer [27]; rucaparib for ovarian and prostate
cancer [28]; niraparib for ovarian cancer [26, 27, 29].
PARPis are well-established in the adjuvant treatment of
gBRCAm breast cancer in both high risk early and metastatic
settings [30]. Olaparib is indicated for patients with early
high-risk, or metastatic human epidermal growth receptor-2
(HER2)-negative, germline BRCA mutated (gBRCAm) dis-
ease [26]. In addition, it can be considered as a second or
third line agent after chemotherapy or endocrine therapy if
estrogen receptor (ER)-positive regardless of menopausal
status. Talazoparib is approved for single agent treatment
of gBRCAm HER2-negative locally advanced or metastatic
breast cancer [27]. Both drugs initially gained licensing in
the advanced setting following the OlympiAD and EMB-
RACA trials [31-33]. These phase III randomised control
trials (RCTs) reported significantly improved progression-
free survival (PFS) in the PARPi cohorts compared to treat-
ment of physician’s choice (TPC) respectively [31, 33]. The

Table 1 Common gene defects

Associated Cancer with Greatest Risk (Lifetime
Risk of HBOC Associated PV’s (%))

Other Associated Cancer(s) (Lifetime
Risk of HBOC- Associated PV’s (%))

in HRR pathway and associated Mutation
cancer risk according to the
ESMO Clinical Practice ATM Breast (25-30)
Guideline [14] Prostate (30)
BARDI1 Breast (20)
BRCAI Breast (> 60)
Ovarian (40-60)
BRCA2 Breast (> 60)
BRIPI Ovarian (5-10)
PALB2 Breast (40-60)
RADSIC Breast (20)
RADS5I1D Breast (10)
Ovarian (10)

Ovarian (<5)
Pancreatic (<5)

Pancreatic (<5)

Ovarian Cancer (15-30)
Pancreatic Cancer (5)
Prostate Cancer (33)

Ovarian (3-5)
Pancreatic (2-3)
Ovarian (10)

Abbreviations: HBOC = Hereditary breast and ovarian cancer, PV = pathogenic variant
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licensing of olaparib was extended to gBRCA1/2 m, high-
risk, HER2-negative early breast cancer following the results
of the phase III OlympiA trial which observed a 4-year OS
benefit in patients treated with olaparib versus placebo [34].
In the treatment of different forms of ovarian cancer,
olaparib, rucaparib, and niraparib are currently approved
as adjuvant therapies [35, 36]. All three of these PARPis
are approved for maintenance treatment in patients with
advanced or recurrent epithelial ovarian, fallopian tube, or
primary peritoneal cancer, who are in complete or partial
response to platinum-based chemotherapy [26]. Addition-
ally, olaparib is also indicated for patients with gBRCAm or
hormone receptor-positive (HR +) disease, in the first-line
setting and recurrent disease, including patients with com-
plete or partial response to platinum-based chemotherapy
[26]. The benefit of PARPI treatment in this cohort was high-
lighted by several clinical trials including the SOLO1 study,
which reported olaparib to be associated with a significantly
improved PFS of 56.0 months versus 13.8 months with pla-
cebo [37, 38]. Similarly, the phase IIl PAOLA-1/ENGOT-
ov25 trial demonstrated a 5-year PFS of 46.1% with a com-
bination of olaparib and bevacizumab versus 19.2% with
placebo [39]. Additionally, olaparib significantly increased
time to requirement of subsequent therapy compared to
control (hazard ratio, 0.59; 95% CI, 0.49 to 0.71) [40]. The
ARIELS3 trial, a phase III trial, investigated the use of ruca-
parib in platinum-sensitive ovarian cancer and found a PFS
of 16.6 months in the gBRCAm group receiving rucaparib
and 13.6 months in the gBRCA wildtype, HRD group, com-
pared to 5.4 months in the placebo group [41]. The PRIME
phase III trial demonstrated the benefit of niraparib patients
with a broad range of mutational statuses [42]. Median PFS
was 24.8 months with niraparib versus 8.3 months with pla-
cebo in the overall population with a follow-up period of
27.5 months [42]. For patients with gBRCAm, PFS was not
reached with niraparib compared to 10.8 months with pla-
cebo [42]. In non-BRCAm patients, PFS was 19.3 months
with niraparib versus 8.3 months with placebo [42]. Among
patients with HRD (including non-BRCAm), PFS was not
reached with niraparib versus 11.0 months with placebo. In
patients with proficient HRR, PFS was 16.6 months with
niraparib versus 5.5 months with placebo [42]. The PRIMA
phase III study compared niraparib as maintenance therapy
to placebo in HRD ovarian cancer following platinum chem-
otherapy [43]. PFS was longer in the niraparib group, with
13.8 months versus 8.2 months in the placebo group [43].
Prostate cancer is typically treated with surgery, radio-
therapy, and androgen deprivation therapy (ADT), with
chemotherapy reserved for advanced or metastatic cases
[44]. Neoadjuvant chemotherapy and the use of PARPis
is investigated to treat aggressive cancers and those with
HRD. In metastatic castration-resistant prostate cancer
(mCRPC), the FDA has approved four PARPis: olaparib,

@ Springer

talazoparib, rucaparib, and niraparib [45, 46]. Olaparib is
indicated in gBRCAm and HRD mCRPC previously treated
with androgen receptor and biosynthesis inhibitors; enzalu-
tamide or abiraterone [26]. This treatment strategy gained
favour following the PROfound trial which assessed olapa-
rib compared to the physician's choice of enzalutamide or
abiraterone and reported PFS of 7.4 months with olaparib
versus 3.6 months with placebo [47]. Furthermore, in the
phase III PROpel study, combination olaparib and abira-
terone increased PFS to 24.8 months compared to placebo
and abiraterone with a PFS of 16.6 months, in mCRPC
[48]. Additionally, talazoparib is used with enzalutamide in
mCRPC with gene defects in the HRR pathway [27]. The
TALAPRO-1 phase II study investigated talazoparib which
showed radiographic PFS (rPFS) of 8.2 months for patients
with gBRCAm and 3.5 months for patients with ATM muta-
tion [49]. Lastly, the Phase II TRITON?2 study led to the
approval of rucaparib for mCRPC previously treated with
androgen receptor-directed therapy and taxane-based chem-
otherapy [28]. This clinical trial identified higher efficacy
of rucaparib based on the PSA50 response rates (defined as
a>50% decrease in prostate-specific antigen (PSA) from
baseline) as follows: 53% in the BRCA subgroup, 55% in
the PALB2 subgroup, 3.4% in the ATM subgroup, 6.7% in
the CDK12 subgroup, 14% in the CHEK2 subgroup, and
23% in other subgroups [50]. In the phase IIl MAGNITUDE
trial, niraparib combined with abiraterone acetate and pred-
nisone demonstrated a PES of 19.5 months compared to 10.9
months in the control group receiving abiraterone acetate
and prednisone [51].

In pancreatic cancer, olaparib is approved for the treat-
ment of gBRCAm metastatic pancreatic adenocarcinoma
that has not progressed after at least 16 weeks of a first-
line platinum-based chemotherapy [26]. This licensing was
approved following the phase III POLO trial that assessed
olaparib in patients with gBRCAm and metastatic pancreatic
cancer and disease that had not progressed during platinum-
based chemotherapy. POLO reported a PFS of 7.4 months
with olaparib vs. 3.8 months with placebo [52].

Overview of PARPis in Neoadjuvant Setting

Neoadjuvant therapy refers to chemotherapy, radiotherapy or
endocrine therapy that is administered prior to local resec-
tion, primarily serving the purpose of downstaging tumours
for manageable surgical resection and providing informa-
tion on treatment response as well as prognosis [53]. This
approach is commonly used in clinical practice across many
cancer types such as breast, prostate, ovarian, pancreatic,
lung and colorectal cancer [54]. Most prominently, the ben-
efits of neoadjuvant chemotherapy (NAC) in breast cancer,
regardless of hormone-receptor status, have been well-
established in the literature [55, 56]. In advanced ovarian
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cancer, NAC followed by interval debulking surgery (IDS)
and adjuvant chemotherapy showed slightly improved sur-
vival outcomes, reducing the risk of serious surgery-related
adverse events, postoperative mortality and the need for
stoma formation [57-59]. In contrast to chemotherapy alone,
the addition of neoadjuvant immunotherapy to surgery and
adjuvant immunotherapy has shown promising efficacy by
enhancing immune responses such as presentation of neo-
antigens, enhanced cell death, and inflammatory responses
[57]. PARPis offer a personalized targeted approach in the
treatment of HRD-positive breast, ovarian and prostate can-
cer, and their potential benefit in the neoadjuvant setting is
currently being elucidated in a number of ongoing clinical
trials. The neoadjuvant treatment strategy using PARPis is
summarised in Fig. 2.

Past Clinical Trials on Neoadjuvant PARPis in Breast
Cancer

Several clinical trials have explored the safety and efficacy
of PARPis in the neoadjuvant setting for breast cancer with
variances in results across each study in terms of results
(Table 2). I-SPY2, a phase II study, investigated olaparib
in combination with durvalumab in patients with stage II/
IIT hormone receptor-positive/HER2-negative breast cancer
[19]. The trial demonstrated a significant increase in patho-
logical complete response (pCR) rates compared to standard

S
ww
L JL

Patient Diagnosed with
Ovarian/Breast/Prostate
Cancer

HRD+ Patient receiving
Neoadjuvant PARPi prior to
Resection

Fig.2 Overview of neoadjuvant therapy prior to surgical resection

Genetic testing for germline
mutations in HRR genes
(e.g. BRCA1/2, ATM)

paclitaxel treatment (64% vs. 22%, p<0.001) [19]. However,
the study also reported higher rates of grade 3 or higher
adverse events (AEs) in the intervention group compared to
the control (56% vs. 34%), with immune-related AEs occur-
ring in 27.4% of the intervention group versus 2% in the
control group [19]. However, similar to the adjuvant setting,
neoadjuvant PARPI treatment was associated with equivocal
or reduced AEs than chemotherapy in the GeparOla trial
which evaluated the addition of olaparib to paclitaxel com-
pared to the combination of paclitaxel and carboplatin. Here,
whilst the PARPi cohort had a significantly higher pCR rate
(55.1% vs. 48.6%, p=0.04), only 46.4% of patients in the
intervention arm experienced grade 3 or higher hematologic
toxicities compared to 78.4% in the control group, with 13%
of the intervention group experiencing other AEs compared
to 54.1% in the control [18]. These findings suggested that
the addition of targeted PARPi therapy was less toxic than
dual chemotherapy in this cohort [18].

Despite the promising findings of I-SPY2 and Gepa-
rOla, other trials have provided contrasting results. The
BRIGHTNESS trial assessed the combination of veliparib
with paclitaxel and carboplatin; reporting pCR rates of 53%
with veliparib-carboplatin combination compared to 58%
with paclitaxel-carboplatin combination therapy, and 31%
with paclitaxel alone (p <0.05 for both comparisons) [60].
As commonly observed in previous trials, neutropenia was
the most common grade 3 or higher adverse event (AE),

HRD+

Further testing for HRD and
degree of genomic
instability

Patient undergoing Surgical
Resection
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affecting 57% of the intervention group, 53% of the pacli-
taxel and carboplatin group, and 3% of the paclitaxel group
[60]. Furthermore, on median follow-up of 4.5 years, the
addition of veliparib to carboplatin and paclitaxel added no
significant benefit to event-free survival in this study [61].
Importantly, BRIGHTNESS included patients with TNBC
irrespective of HRR status. These results underscore the
importance of patient selection and the identification of
HRD positivity prior to administration of PARPis [61]. This
tailored approach avoids unnecessarily exposing patients
to drug toxicity in cases where PARPi treatment will not
improve disease outcomes.

The PARTNER trial, which evaluated olaparib with pacli-
taxel and carboplatin, demonstrated comparable pCR rates to
the control group receiving paclitaxel and carboplatin alone
(51% vs 52%, HR 1.02, 95% CI 0.75-1.39) [62]. Notably,
16.6% of patients in the intervention arm discontinued treat-
ment due to toxicity, compared to 14.1% in the control arm,
with grade 3 or higher AEs occurring in 64.2% of the inter-
vention group versus 58.7% in the control (62). Additionally,
in the NEOTALA trial, neoadjuvant talazoparib monother-
apy achieved a pCR rate of 45.8% (95% CI, 32.0%—60.6%)
and 49.2% (95% CI, 36.7%—61.6%) in the evaluable and
intention-to-treat [63] population, respectively [33]. AEs
associated with talazoparib included fatigue (77%), nausea
(63.9%), and alopecia (57.4%), with grade 3 or higher anae-
mia occurring in 39.3% and neutropenia in 9.8% of patients
[32]. In the phase I study of niraparib (NCT03329937) in
neoadjuvant therapy of localized BC, the trial reported a
pPCR rate of 38.10% (95% CI: 18.1) [64]. Regarding safety,
notable grade 3 or higher AEs included anaemia in 23.81%
of participants, neutropenia in 9.52%, and thrombocytopenia
in 4.76% [64].

These trials suggest promising efficacy in the utility of
PARPis for breast cancer treatment. However, the most com-
mon adverse events are seemingly related to pancytopenia
and associated symptoms which could potentially hinder
patient preference and adherence. As such, whilst these tri-
als provide valuable insights into the potential therapeutic
benefits of neoadjuvant PARPis, they collectively highlight
the need for further research to optimize and enhance treat-
ment strategies.

Ongoing Clinical Trials Evaluating Neoadjuvant
PARPis in HRD Cancers

Breast Cancer

Trials investigating the use of PARPis in the neoadjuvant
setting for breast cancer are aiming to optimize patient selec-
tion and combination treatments while minimising toxicity
(Table 3). Many current clinical trials are being conducted
based on the promising findings from initial pilot studies.

@ Springer

The OlympiaN trial is evaluating pCR and event-free sur-
vival post neoadjuvant olaparib monotherapy versus in com-
bination with durvalumab for high and low-risk patients with
ER-negative/ER-low/HER2-negative breast cancer [65, 66].
This trial also seeks to refine treatment strategies by tailor-
ing therapy based on risk stratification, with the potential
to de-escalate traditional chemotherapy in favour of tar-
geted and immune-based approaches [65]. The PARTNER
trial investigates if the addition of olaparib to combina-
tion paclitaxel and carboplatin neoadjuvant chemotherapy
enhances the likelihood of achieving pCR in invasive TNBC
or gBRCAm, HER2-negative with any progesterone/estro-
gen receptor (PgR/ER) status following neoadjuvant treat-
ment and following breast +axillary surgery [62, 67]. This
study seeks to refine treatment strategies by investigating
molecular markers and offer novel insights into optimizing
neoadjuvant approaches for this high-risk population [67].
The PHOENIX trial has combined olaparib, AZD6738, and
durvalumab for treatment of post-NACT high residual stage
II-IIT TNBC [68]. The end goal of this trial is analysing
changes in gene proliferation measured by tumour cell Ki67
immunohistochemistry to generate insights into the tumor
microenvironment and identify biomarkers that may guide
future therapeutic strategies for chemotherapy-resistant
disease [68]. The COGNITION-GUIDE trial investigates
a combination of treatments—including atezolizumab, ina-
volisib, ipatasertib, olaparib, sacituzumab govitecan, tras-
tuzumab, and pertuzumab—for early-stage (I-III) high risk
TNBC or HER2-positive breast cancer [69]. The trial's pri-
mary goal is to evaluate invasive disease-free survival [69,
70]. It also aims to tailor treatment based on the molecular
characterization of tumors, with olaparib specifically desig-
nated for patients with somatic or germline BRCA mutations
or inactivating germline PALB2 mutations [69].

A newer PARPi currently being utilized within these
ongoing trials for breast cancer is fluzoparib. The IMPARP
trial investigates the combination of fluzoparib, camreli-
zumab and nanoparticle albumin-bound (nab) paclitaxel
in HER2-negative HRD BC, with pCR as the measured
endpoint [71]. Fluzoparib is also being investigated in trial
NCT05834582, exploring its implementation and combina-
tion of with paclitaxel following 2—4 cycles of epirubicin/
cyclophosphamide in advanced breast cancer in stages II-111
with pCR being the main endpoint and the secondary end
point of EFS [72]. Finally, an NCT04481113 is examining
the combination of the treatments abemaciclib, niraparib
tosylate monohydrate with the primary end goal of focus-
ing on incidence of dose limiting toxicities (DLTs) and AEs
[73]. The results of these ongoing trials may increase clini-
cians’ understanding of the impacts of diverse implementa-
tions of PARP inhibitors in the neoadjuvant setting for breast
cancer, allowing for increased ability to tailor medication
regiments in the future and best select patients for their use.
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Ovarian Cancer

Although most research efforts have been focused on uti-
lizing PARPis in a neoadjuvant setting for breast cancer,
emerging studies are investigating PARPis in the setting of
ovarian cancer (Table 4). Currently, the phase I NOW trial is
assessing neoadjuvant olaparib in advanced ovarian, perito-
neal, or fallopian tube carcinoma [74]. Pilot results report a
100% tumour resection success (TRS), 86% complete gross
resection, and 8% pCR, justifying further investigations into
the efficacy of olaparib neoadjuvant monotherapy [74]. Pre-
vious trials have highlighted the efficacy of PARPis, such as
niraparib, in managing recurrent ovarian cancer, and ongo-
ing research continues to investigate the potential of other
PARPiI treatments in this setting [75].

The AMBITION trial, phase II, targets platinum-resist-
ant ovarian cancer, evaluating olaparib combined with
cediranib or durvalumab, yielding ORR of 50% and 42.9%,
respectively [76, 77]. The NUVOLA trial assesses a regi-
men of carboplatin, paclitaxel, with intermittent olaparib
in advanced OC, with pCR as the primary endpoint [76].
The OPAL compares niraparib to platinum-taxane doublet
chemotherapy, focusing on pre-interval debulking surgery
ORR as the primary endpoint [78]. Lastly, the NANT trial
studies neoadjuvant niraparib in stage III-IV advanced ovar-
ian, peritoneal, or fallopian tube cancers, with ORR as the
endpoint [76]. Results from the ongoing trials will inform us
of the efficacy of PARPis for the neoadjuvant treatment of
ovarian cancer. The BrUOG 390 trial, a phase I trial, initi-
ated in 2023 and then terminated due to financial termina-
tion of research grant agreement, with no additional details
provided regarding recruitment, safety, or efficacy concerns,
investigated talazoparib, evaluating safety and preliminary
effectiveness [76]. In this trial, talazoparib was administered
as a neoadjuvant treatment at a dose of 1 mg orally once
daily (QD) for 21 days [79]. These findings highlight the
potential toxicity associated with talazoparib, which may
require further testing with different combination therapies
or dose-adjustments. As preliminary effectiveness was not
reported in this study, future prospects with this PARPi
remain unclear.

Prostate Cancer

There are multiple clinical trials underway assessing neoad-
juvant PARPis in different prostate cancer cohorts (Table 5).
Currently, the NePtune trial involves treatment with olapa-
rib and LHRH, focusing on pCR as the primary endpoint
and MRD as a secondary endpoint [80]. The NCT04030559
trial examines the effects of niraparib in localized PCa, aim-
ing to assess pRR, PSA levels, and PFS [81, 82]. The out-
comes of these emerging trials will provide insight into the
effectiveness of PARP inhibitors in the neoadjuvant setting

for prostate cancer, potentially guiding future therapeutic
strategies. The BrUOG337 trial was a phase II trial study-
ing olaparib in patients with localized or advanced PCa,
with endpoints measuring prostate specific antigen (PSA)
response and progression free survival (PFS) [81, 83]. It
was terminated due to a lack of enrolment secondary to eli-
gibility criteria, but published results were based on one
participant [84]. Results showed no significant PSA response
and a PFS of 7 months [84]. No serious AEs were reported,
however the participant did experience systemic AEs such as
anaemia, oedema, and fatigue [84]. Additional results from a
larger cohort are essential to determine the true effectiveness
of olaparib in treating prostate cancer.

Pancreatic Cancer

Although pancreatic cancer is typically very aggressive and
often diagnosed in advanced stages, there remains a gap in
the literature on whether PARPis could be efficacious in a
neoadjuvant setting and therefore may be underrepresented
compared to other HRD-related cancers [85]. For instance,
a phase I study (NCT04425876) is currently investigating
fuzuloparib in addition to standard of care mFOLFIRINOX
as neoadjuvant treatment of pancreatic adenocarcinoma
[86]. Patients received up to 12 cycles of mFOLFIRINOX
[14 days each], with 4 to 6 cycles administered preopera-
tively, and escalating doses of fuzuloparib starting at 30 mg
twice daily, followed by maintenance fuzuloparib at 150 mg
BID [86]. As of October 2023, 3 patients were enrolled in
the 30 mg cohort and 12 in the 60 mg cohort [86]. 80.0%
of patients completed the neoadjuvant therapy as planned
[86]. 53.3% underwent surgical resection, and all achieved
RO resections (95% CI, 63.1-100.0) [86]. Grade >3 AEs
occurred in 80.0% of patients, with the most common being
neutropenia, leukopenia, hypokalaemia, and anaemia [86].

Future Outlooks

Future research in neoadjuvant PARPi therapy should
also address several areas to optimize efficacy and clini-
cal application. Identifying reliable biomarkers beyond
BRCA1/2 mutations, (e.g.ATM, PALB2, and RAD51 muta-
tions) may improve patient selection [87, 88]. In the neoad-
juvant setting, reliable biomarkers could predict response
to therapy, improving outcomes by patients who are likely
to achieve significant tumour shrinkage or pathologic
response before surgery to be selected [87, 88]. Tumours
with decreased expression of growth factor receptor-bound
protein 2 (GRB2) reflected the same response to PARPis as
BRCAm cancers [89]. GRB2 is responsible for stabilizing
RADSI filaments at replication forks, preventing MRE11-
mediated degradation, and modulating the cGAS/STING

@ Springer
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pathway, enhancing PARPi sensitivity and replication stress
response [89]. Tumour cells with increased expression of
gasdermin C (GSDMC) predicted better treatment response
to PARPi in TNBC through the activation of GSDMC/cas-
pase-8—mediated cancer cell pyroptosis (CCP) enhancing
tumour microenvironment cytotoxicity [90]. More clinical
trials should focus on increasing cohorts to demonstrate
meaningful outcomes with neoadjuvant PARPI in prostate
and pancreatic cancer.

Additional studies may also further assess combination
strategies to enhance therapeutic outcomes and provide
alternate treatment regimens. One of the current promising
combinations is PARPis with immune checkpoint inhibi-
tors (ICIs) [91, 92]. PARPi—ICI combinations may work by
increasing the tumour’s neoantigen load, thereby enhanc-
ing immune recognition and response [93]. The MEDIOLA
trial explored the combination of olaparib with durvalumab
in the treatment of gBRCAm mBC [94]. The trial showed
enhanced antitumor activity, with a PFS of 8.2 months com-
pared to olaparib alone (PFS 7.0 months) [94]. Beyond HRD
tumours, this process increases the presence of tumour neo-
antigens, upregulates interferons and PD-L1, and alters the
tumour microenvironment enhancing the immune system's
ability to attack the cancer [95, 96]. Several trials described
above are currently assessing this synergistic therapeutic
combination including; the I-SPY2, OlympiaN, PHOENIX,
and AMBITION trials [94].

Further research into these combinations could help iden-
tify patient subgroups most likely to benefit and explore the
potential for combining PARPis with other novel agents,
such as anti-angiogenic drugs. By expanding the therapeu-
tic options available, these strategies could significantly
improve outcomes for a broader range of cancer patients,
particularly those with limited treatment options.

A common, well-reported challenge with PARPi therapy
in the adjuvant setting is treatment resistance [97]. While
yet to be explicitly reported in the neoadjuvant setting,
current AEs and lack of efficacy reported in ongoing tri-
als suggest that resistance mechanisms are likely similarly
influencing clinical outcomes. Drug resistance in the neoad-
juvant setting is well documented, notably in patients with
HER2-positive BC, treated with trastuzumab [98]. In the
adjuvant PARPI setting, reversing resistance has become a
focus of both in vitro and in vivo studies. Several mecha-
nisms can contribute to PARPi resistance. [99]. One well-
documented mechanism of resistance is the restoration
of HRR through secondary mutations in BRCA1/2 genes
[100]. Recent research suggests that DNA end resection,
tightly under the influence of cyclin-dependent kinases
(CDKs), contributes to PARPi resistance by inducing HRR
and evading synthetic lethality [101]. Additional mecha-
nisms include mutations in other HR-related genes, such
as RAD51C and RADS51D, and the upregulation of drug

@ Springer

efflux pumps (e.g., increased expression of the ABCBI
gene) [100, 102]. Additionally, alterations in PARP itself,
such as mutations that prevent PARP trapping or changes in
post-translational modifications, can also lead to resistance
[103]. These mutations can reduce the ability of PARPis
to effectively inhibit PARP, thereby allowing cancer cells
to survive despite treatment (103). Current evidence pro-
poses the combination of PARPis and CDKs inhibitors to
overcome CDK mediated resistance [101]. Future research
should explore other resistance mechanisms in the neoad-
juvant setting.

Furthermore, additional studies are needed to under-
stand long-term efficacy, overall survival, and quality of
life impacts of PARPis [104]. One effective way of measur-
ing quality of life impacts during clinical trials is through
patient reported outcomes, as it allows a holistic and varied
assessment of the treatment regimen [105]. This approach
can capture a wide range of effects, including physical,
emotional, and social well-being, that might not be fully
reflected through clinical or laboratory measures alone
[105]. In a study examining patient-reported outcomes
(PROs) in a real-world, multinational population of patients
with gBRCA1/2 m HER2-negative advanced breast cancer,
PARPis were associated with an improved quality of life
(QoL) across multiple dimensions compared to chemo-
therapy. Patients receiving PARPis reported better physical
and social functioning, as well as fewer systemic therapy
side effects, though nausea and vomiting were more com-
mon with PARPis than chemotherapy. Overall, PROs sug-
gest that PARPis are at least as satisfying as chemotherapy,
with patients experiencing better health-related QoL [106].
Similarly, adjuvant PARPI trials in ovarian cancer, namely
PAOLA-1 and SOLOI, reported no change or an increase
in QOL measures with PARPis compared to monotherapy
[107]. However, most studies have analysed the effect of
PARPis in the advanced setting with further evidence needed
to evaluate patients’ satisfaction in the neoadjuvant setting,
particularly if their use is to be expanded to those with
smaller HRD tumours.

Conclusion

PARPi show promise as neoadjuvant agents in HRD-positive
cancers. In breast cancer, improved pCR rates were observed
in some trials, though toxicity remains a concern. Early
ovarian cancer studies report encouraging resection rates
and ORRs, while prostate and pancreatic cancer data are
limited, and more research is needed before drawing strong
conclusions on the efficacy of neoadjuvant PARPis. Future
trials should focus on biomarker-driven patient selection,
combination strategies, and long-term outcomes to fully
define the role of neoadjuvant PARPi therapy.
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In tumour cells, administering PARPis prevents DNA
repair, and causes accumulation of the DNA damage,
resulting in cell death. This approach is termed “synthetic
lethality” and is utilised as an effective adjuvant treatment
for cancer cells with germline mutations in HRR pathway.
Abbreviations: HRR, Homologous Recombination Repair;
DNA, deoxyribonucleic acid. Created from https://www.
biorender.com/.

Patient diagnosed with cancer with high risk of ger-
mline mutation. Patient undergoes genetic counselling and
testing for germline mutations in HRR genes and further
assays to assess degree of genomic instability and con-
firm HRD. Once a patient is confirmed to have HRD, they
undergo PARPi therapy to provide prognostic information
and make surgical resection more manageable. Abbrevia-
tions: HRD =Homologous Repair Deficiency; BRCA1/2;
ATM. Created from https://www.biorender.com/.
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