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Abstract: Poly (adenosine diphosphate-ribose) polymerase inhibitors (PARPi) have
significantly improved the treatment of advanced ovarian cancer, however, there are still
many aspects of their use that require further understanding. The optimal duration, timing
and dosage of these agents and how to manage (oligo) progression occurring both during and
following PARPI therapy are discussed. The evidence supporting their rechallenge, and how to
overcome resistance are addressed. The long-term impacts of PARPi and monitoring patients
during therapy are all important research themes to expand on.

Plain language summary
PARP inhibitors: challenges and uncertainties within ovarian cancer

PARP inhibitors are tablet medications used to treat ovarian cancer and have significantly
improved the survival prospects of women with the disease, especially if they have a
BRCA gene mutation. As their use has become more widespread, some challenges and
uncertainties have emerged. These include the optimum length of time that these drugs
should be used, both when used as treatment to prolong the response after first-line
chemotherapy or to treat disease that has later progressed (relapsed) after chemotherapy.
The degree of benefit of PARPI in patients without a BRCA mutation remains less clear.
It is also not known whether PARPi could be beneficial if used before ovarian cancer
surgery, and clinical studies are underway to assess this. While PARPi can be effective
initially, many patients will develop resistance to these drugs, leading to relapse of their
cancer. Proventing or overcoming this remains a key challenge. Re-use of the PARPI,
when the amount of the disease at relapse is small, or re-using PARPI after radiotherapy
or surgery, have been explored but the benefit is not yet clear. Similarly, combining the

PARPI and another drug to prevent resistance is currently under investigation. The best SWN:;POTTC:W
0 o 0 o . onathan A. Ledermann
way to monitor patients on PARPI for cancer relapse is also an area of uncertainty report. Department of Oncology,
2 _Eng 2 2 2.8 2 UCL Cancer Institute,
The full extent of long-term .toxmlt@s is becoming apparent as chmca} studies report long- University College London,
term data. Future research in ovarian cancer should focus on resolving ways to overcome Paul 0°Gorman Building,
o o o o o . 72 Huntley Street, London
the resistance associated with PARPI, developing more precise ways to select for those WCIE 6DD, UK
patients who would benefit most from their use. Addressing these challenges and J-ledermannfucl.ac.uk
g . oA 28 " Uma A. Mukherj
unknowns will be important for optimising the use of PARPI in ovarian cancer treatment  cooe peecr Uk and
and further improving survival rates. UCL Cancer Trials Centre,

UCL Cancer Institute,
University College London,
London, UK

University College London
Hospital, London, UK

Keywords: DNA repair mechanism mutations, homologous recombination deficiency (HRD], Rowan E. Miller
ovarian cancer, PARP inhibitor, translational research, tumour biology University College London
Hospital, London, UK

St Bartholomew's
Received: 13 January 2025; revised manuscript accepted: 6 May 2025. Hospital, London, UK

journals.sagepub.com/home/tam 1

@ Creative Commons CC BY: This article is distributed under the terms of the Creative Commons Attribution 4.0 License (https://creativecommons.org/licenses/by/4.0/)
which permits any use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the Sage and Open
BY

Access pages [https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://journals.sagepub.com/home/tam
https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
mailto:j.ledermann@ucl.ac.uk

THERAPEUTIC ADVANCES in

Volume 17

Introduction

Poly (adenosine diphosphate-ribose) polymerase
inhibitors (PARPi) have significantly improved
the outcome of women with ovarian, fallopian
tube or primary peritoneal cancer (subsequently
referred to as ovarian cancer, OC) in response to
platinum-based chemotherapy (PBC) and have
transformed the treatment landscape of this dis-
ease, particularly in the first-line maintenance set-
ting.1-3 Based on the results of many randomised
phase III studies,*°® several PARPi are now
licenced as maintenance therapy in both the first-
line and relapsed platinum-sensitive OC set-
tings.”® Despite their clinical benefit, questions
remain about the optimum treatment duration,
monitoring frequency with blood tests, biomark-
ers and imaging during treatment, and how to
manage patients who progress on or after treat-
ment. Furthermore, disease progression still
occurs in many patients and there is a need to
develop better treatments. Such strategies might
include PARPI rechallenge, or combination ther-
apies to prevent or overcome resistance. These
will be discussed further in this review.

Practicalities of PARPI therapy: When/how
long/what dose?

When to initiate PARPi. Randomised phase
III trials demonstrated a benefit from mainte-
nance therapy with PARPi in patients with
platinum-sensitive recurrence (SOLO2/NOVA/
ARIEL3).5:10:11 In some cases, long-term gains
were seen with patients remaining on PARPi with
continuing benefit for more than 5years. More
recently, trials have explored PARPi therapy in
the front-line setting, with significant improve-
ments in Progression-Free Survival (PFS).12-14
This is particularly so for tumours with a Breast
Cancer Susceptibility Gene (BRCA) mutation
(BRCAm) or with homologous recombination
deficiency (HRD) in repair of DNA (HRD posi-
tive). Overall survival (OS) results are now
appearing although they less easy to interpret as
they are secondary endpoints and many patients
in the control arms subsequently received PARP;.
In patients with a BRCAm receiving olaparib
after front-line chemotherapy in the SOLO1 trial,
there was a survival benefit, with a sustained
improvement at 7years.!* A survival benefit was
also seen in the BRCAm exploratory subgroup in
PAOLA-1 combining olaparib and bevaci-
zumab.!'2 However, this was not the case in
patients with a BRCAm who received niraparib
in the PRIMA study.!> Similarly, there was an

OS benefit in the HRD-positive exploratory
subgroups in the PAOLA-1 study, again not
seen in the PRIMA trial. The reasons for these
differences present in similar biomarker sub-
groups that had a BRCAm, or with HRD-positive
tumours are unclear, suggesting that other factors
may have affected the results. These include dif-
ferences in prognostic characteristics of the
patients entered as well as confounding factors
such as the percentage of patients in the control
arms who crossed over to a PARPi at relapse.
PRIMA included patients with worse clinical
characteristics and who were therefore at the
highest risk of recurrence. In total, 35.1% of
patients had stage 4 disease (compared to 15% in
SOLOI1 and 30% in PAOLA-1). 66.7% of patients
received neoadjuvant chemotherapy (% unknown
in SOLO1 and PAOLA-1), indicating that pri-
mary debulking surgery was not feasible due to
the extent of their disease. Patients who had
FIGO stage 3 disease needed to have gross resid-
ual disease after primary debulking surgery and
there were fewer patients who had upfront sur-
gery. In contrast, most (44%) stage 3 patients in
SOLO-1 underwent upfront debulking surgery
and had no visible residual disease. Although for-
mal crossover between the treatment groups was
not permitted within SOLO1 or PRIMA, patients
could receive subsequent therapies at the investi-
gators’ discretion following study treatment dis-
continuation. 44.3% of patients in the placebo
group of SOLOI1 received a PARPi in a subse-
quent line of therapy with 24.4% receiving it as
the next subsequent therapy.'4 In PAOLA-1,55%
of BRCAm patients and 51% of HRD-positive
patients in the placebo arm received PARPi in
subsequent lines.!? Subsequent therapy with
PARPi occurred in 37.8% of patients in the pla-
cebo group overall, 57.7% of patients BRCAm
tumours and 48.8% of patients with HRD-posi-
tive tumours. PARPi was given to 46.5% of
BRCAm patients and 37.3% of HRD-positive
patients after their next subsequent therapy. The
effectiveness of subsequent PARPi therapy may
have diluted the treatment effect observed with
niraparib in the placebo arm. However, the simi-
lar values across the trials do not completely
account for the discrepancy between OS benefits
across the three studies. The extended duration of
maintenance PARPi therapy in PRIMA com-
pared to SOLO1 (3 vs 2years) may have lessened
the response to subsequent platinum retreatment,
possibly due to cross-resistance, as described in
SOLO2.1% The higher rates of dose interruption
in the niraparib group (80.8%), compared to
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23% in the placebo group, might have resulted in
greater censoring of the niraparib group, poten-
tially skewing the PFS curves in favour of PARPi.
This could also impact on full exposure to both
the PARPi and subsequent therapies and thereby
negatively impacting OS.17 It is worth noting, that
in the earlier studies with PARPI in recurrent OC,
where crossover was less due to a lower availabil-
ity of PARPI, there were larger differences in OS.
For example, in study 19, a randomised phase II
trial of olaparib maintenance in platinum-sensi-
tive recurrent ovarian cancer (PSROC), there was
a numerical benefit in OS in favour of olaparib
and crossover occurred in only 12% of patients.!8
In contrast, in the ARIEL3 trial with rucaparib in
recurrent OC where no benefit in OS was seen,
the crossover rate to a PARPI in the control arm
was 71%.1° Nevertheless, even in the absence of
an OS benefit, subgroups with a BRCAm or HRD
positivity in PRIMA or ATHENA-mono?2° (with
rucaparib) had a sustained and clinically signifi-
cant benefit in PFS, which was the primary end-
point of these trials. However, the OS results raise
the question of whether it is better to use a PARPi
in the front-line setting to prolong first-line remis-
sion with later relapse, or after a relapse. It is
worth noting that some patients remain free from
recurrence without a PARPi. In SOLO2, 27% of
participants in the placebo group were free of
PFES events at 3years,! and after a median follow-
up of 5years, the median PFS was 13.8 months in
the placebo group.?! Notwithstanding these
results, most clinicians favour the use of a PARPi
in the front-line setting in patients with a BRCAm
or HRD positive tumours.

The role of PARPI in tumours that are HRD neg-
ative (sometimes called homologous recombina-
tion proficient) is less clear. Both the PRIMA and
ATHENA-mono trials demonstrated small ben-
efits in PFS in the HRD-negative groups when
niraparib or rucaparib, respectively, were used
versus placebo.?3 No benefit was seen in this bio-
marker subgroup receiving the combination of
olaparib and bevacizumab in PAOLA-1.22 The
benefit in PFS is shorter than in HRD-positive
tumours, although there is a small cohort of
patients with a long duration of response. It
remains unclear whether PARPi should be used
in this subgroup, which comprises 50% of patients
with high-grade tumours, and if so, in whom.
One area being explored is whether the response
to PARPi in HRD-negative tumours can be
improved by adding an immune checkpoint
inhibitor (ICI). Results of the DUO-O study,

which investigated the combination of chemo-
therapy, bevacizumab and durvalumab followed
by the addition of olaparib as first-line mainte-
nance therapy in patients with newly diagnosed
advanced BRCAwt OC, showed an improved
PFS compared to the placebo group among the
patients in the wunstratified HRD-negative
tumours (hazard ratio (HR) 0.68 (0.54-0.85)).23
However, the lack of an olaparib/bevacizumab
only arm, limited the ability to determine any
additional benefit conferred by durvalumab. The
recent PFS results from the ATHENA-COMBO
(NCT03522246) study failed to demonstrate a
benefit from adding nivolumab to rucaparib as
maintenance therapy in newly diagnosed
advanced high-grade OC patients.2* PARPi and
bevacizumab monotherapy are approved for OC
maintenance in both first and second-line set-
tings, but selecting the optimal sequence is chal-
lenging due to reimbursement restrictions with
bevacizumab and the licencing restrictions with
repeat administration of either therapy following
progressive disease (PD).?> Tumour angiogenic
profiling and selecting appropriate biomarkers
could be a future step towards optimising patient
selection for bevacizumab therapy.2® Furthermore,
a positive or negative ‘cut-off’ in HRD tests, each
of which uses different techniques to determine
HRD, should not be considered as a categoric
variable. Rather, it is a probability that the tumour
displays a degree of HRD that might benefit from
a PARPi. It is known that sensitivity to PARPi
correlates with tumour response sensitivity to
platinum therapy.2” Thus, patients with a tumour
that responds well to PBC with a borderline posi-
tive HRD test may benefit from a PARPi.

The results of trials with PARPI in the first-line
setting and in platinum-sensitive recurrent dis-
ease are shown in Table 1. Current licensing by
the European Medicines Agency (EMA) and
Food and Drug Administration (FDA) differs, in
that approval for PARPi maintenance therapy fol-
lowing a response to PBC for recurrent non-
BRCAm tumours has been withdrawn by the
FDA due to concerns about the OS results.
However, the EMA continues to approve olapa-
rib, niraparib or rucaparib in patients responding
to PBC for recurrent OC, irrespective of the bio-
marker status of the tumour. Recommendations
for the time to start PARPi after chemotherapy
vary, largely because of differences in PARPI trial
design. It should be within 8weeks (olaparib,
rucaparib) or 12weeks (niraparib) after the last
dose of chemotherapy. In practice, PARPi should
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be started when haematological recovery has
occurred after chemotherapy, particularly anae-
mia, to avoid an early pause or dose reduction of
PARPiI due to their effect on red cell production.

Duration

First-line maintenance. Defining the optimal
length of treatment with PARPi ensures that
patients are not over-treated and subjected to
unnecessary toxicity, both whilst on therapy and
in the longer term. Other considerations include
financial costs to health care systems and the risk
of driving resistance to future therapy.3® These
risks must be balanced with an increased poten-
tial of progression with undertreatment. Both
the FDA and EMA have approved niraparib in
all patients who display a response to PBC after
front-line treatment and olaparib (either alone
in BRCAm tumours, or in combination with
bevacizumab for BRCAm or HRD-positive tum
ours).7-9-3435

Patients in response to front-line treatment are
given PARPi maintenance (or placebo) for a set
length of time, or until disease progression: nira-
parib for 3years, olaparib, alone or in combina-
tion with bevacizumab for 2 years or rucaparib for
2years. Bevacizumab was given for 15months.
Treatment was allowed beyond the 2 or 3years if
there was evidence of ongoing benefit in patients
with residual disease. For example, at the time of
final data cut-off for the PRIMA trial, almost
6years after the last patient was randomised, 27
patients were still taking niraparib.!> The recom-
mendations for treatment duration are informed
by their respective clinical trial designs, without a
priori scientific data to support these specific
durations of treatment, other than noting that the
greatest risk period for recurrence is within
2—-3years after primary therapy.3%:37 In the SOLO1
trial, which has the longest follow-up, an explora-
tory analysis of the time to the first subsequent
treatment shows that in approximately half the
patients with a recurrence, relapse occurred after
2years with very few relapses occurring after
4years (2years post-PARPi completion).!4
Whether this can be reduced by extending dura-
tion of PARPI therapy is unclear. In the PRIMA
trial, where niraparib was given for 3years,
relapses were seen between 24 and 36 months,
albeit at a slow rate. Relapse continued beyond
36 months, but the rate of relapse remained low.15

Late toxicity following PARPi therapy needs to
be considered. The rate of myelodysplastic

syndrome (MDS)/acute myeloid leukaemia
(AML) was low (0.2%—1.1%) in all front-line tri-
als (Table 4) and as expected, slightly higher
among patients with a germline BRCA mutation
(gBRCAm). Longer follow-up at the time of OS
analysis does not demonstrate a significant
increase in the number of patients with MDS/
AML. Also, the rates of AML/MDS do not
appear to differ between studies with different
PARPiI duration in the first-line setting.

Thus, uncertainty remains about the optimum
length of treatment in the front-line setting. Any
benefit from prolonging therapy needs to be bal-
anced against the risk of inducing resistance to
subsequent platinum-based treatment. In the
front-line trials, it is difficult to know whether
PARPiI increased resistance to subsequent plati-
num therapy. The little available data related to
this come from the exploratory analysis in the
PAOLA-1 study, showing that patients relapsing
after the completion of olaparib have a similar
PFES to control arm patients when subsequently
re-treated with platinum-based therapy. Those
patients relapsing on olaparib have a short PFS.38
Nevertheless, the potential for PARPi to generate
platinum resistance remains an important area of
research (see Section “Treatment following
PARPY).

Recurrent setting. Whilst there has been a
significant shift towards PARPi use in the front-
line setting, there remain patients who have not
received PARPI as first-line treatment and are eli-
gible to receive PARPi following PBC for recur-
rent OC (Table 1). In addition to a documented
response to PBC, PARPi are now considered for
patients without residual disease after secondary
cytoreductive surgery and subsequent PBC. Data
on the role of PARPI in this setting are missing; for
example, the DESKTOP III study of secondary
cytoreductive surgery followed by chemotherapy
was completed before PARPi were widely used.?®
Using a PARPi following cytoreductive surgery
opens the possibility of reducing chemother-
apy post-surgery. In the NEO phase II window
of opportunity study (NCT02489006), olapa-
rib was given for 6 = 2weeks prior to secondary
cytoreductive surgery in PARPi-naive patients
with PSROC. Following surgery, patients were
randomised to either adjuvant olaparib = chemo-
therapy to assess the potential for de-escalation
therapy. Olaparib monotherapy was as effective
as chemotherapy followed by olaparib with no
difference in the 3-year PFS and OS rates, and
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was less toxic, demonstrating the feasibility for
a chemotherapy-free approach in this selected
population.#® The key difference between PARPi
use in recurrent disease and front-line therapy is
the duration of therapy. In the recurrent disease
setting, PARPI are indicated until progression or
toxicity. Patients may be in complete remission
following chemotherapy and free from progres-
sion for months or years. The duration of remis-
sion is generally longer in patients with a BRCAm,
but all studies have reported a group of long-term
responders remaining without disease for 4 or
more years.!419%41:42 Tt remains unclear how long
a patient should remain on a PARPi for recurrent
OC. Guidance on the appropriate length of treat-
ment is not available as there is a lack of evidence
surrounding treatment duration. Concern about
the risk of developing MDS/AML or future drug
resistance needs to be balanced against the risk
of recurrence on stopping treatment. Of note,
without any PARPi, the PFS with maintenance
placebo was around 5.5months in all trials. A
recent survey from 210 physicians in 26 countries
reports a diverse practice of continuing PARPi or
stopping after a finite period.43 There is now an
ongoing retrospective international audit for out-
come and toxicity of patients receiving a PARPi
for 5 or more years.

Dosing. Treatment interruption and dose reduc-
tions were a feature of all PARPi studies. For
example, in the phase III trials of olaparib, nirapa-
rib or rucaparib in recurrent disease, dose reduc-
tion occurred in 25%—-66%.%%!1 The greatest
reduction due to early myelotoxicity was seen in
the NOVA trial and a subsequent analysis
(RADAR trial) identified patients with a baseline
body weight of <77kg or baseline platelets of
<150 X 10%L as being at greater risk of haemato-
logical toxicity. In an analysis of patients treated
with 300 or 200 mg niraparib/day, patients on the
lower dose of niraparib did not have a worse out-
come.** Dose-adjusted treatment was introduced
in subsequent niraparib trials (PRIMA,2 NORA,**
and PRIME?°). Flexibility in relation to dose is
important. There are fewer dosing options with
niraparib where the starting dose is 200 mg, with
only one dose reduction to 100mg daily. This
contrasts with rucaparib where 600 mg bid is the
starting dose with a possible three-step dose
reduction to 300mg bid. For olaparib tablets,
300 mg is the starting dose with options to reduce
in increments of 50mg, usually stopping at
200mg bid. It is unusual to reduce the dose of
olaparib to 100mg bid. Tolerance of treatment

at lower dose needs be weighed up against discon-
tinuation of treatment due to toxicity. However,
little information exists about the effect of dose
reduction on disease control in either recurrent
OC or in front-line maintenance treatment.

Intermittent dosing. Currently, all PARPi are
licenced for continuous, daily dosing and this
schedule has been informed by clinical studies.45-40
Pre-clinical work demonstrated some delay in
tumour progression with intermittent scheduling
of PARPi in BRCA-1 deficient mice.4” An adap-
tive dosing approach, which adjusts PARPi dosing
based on tumour dynamics, has been examined in
OC cell populations using mathematical model-
ling and in vitro experiments. This showed that
adaptive dosing strategies could optimise PARPi
maintenance therapy, offering a more personal-
ised and potentially less toxic treatment option
for patients.#® Clinical studies have explored
intermittent dosing of PARPi as monotherapy*°
and in combination with other agents.>%51 It is
unclear how these could affect development of
PARPI resistance or subsequent platinum resist-
ance following PARPi therapy. How best to select
the patient population who may benefit from
these approaches also remains unclear.

PARPi as chemotherapy sparing neoadjuvant
agent. It is unknown whether there is a role for
PARPI in the neoadjuvant setting to enhance sur-
gical outcomes and/or reduce chemotherapy
requirements.’2 For neoadjuvant PARPi to be
beneficial, it would need to increase the rates of
complete surgical cytoreduction. There are sev-
eral ongoing trials, exploring the feasibility and
efficacy of using neoadjuvant PARPi summarised
in Table 2. In the neoadjuvant NANT study with
niraparib, 30 out of 48 patients achieved a partial
response (PR) and 12 had stable disease (SD),
which resulted in an overall response rate (ORR)
of 62.5% and a disease control rate (DCR) of
87.5%. The BRCAm cohort did better (ORR
(77.3%) and DCR (100.0%)). Forty patients
underwent interval cytoreductive surgery, 80%
achieved complete macroscopic resection (no
residual disease) and 95.0% optimal cytoreduc-
tion.>3 The NOW study evaluated the feasibility
of two cycles of neoadjuvant olaparib in 15
patients; 13 patients (87%) underwent cytoreduc-
tive surgery immediately after olaparib and 2
(13%) received chemotherapy prior to surgery, of
whom 1 was not fit for subsequent surgery. Four-
teen (100%) patients had optimal cytoreductive
surgery: 12 (86%) had a complete gross resection,
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Table 2. Studies evaluating neoadjuvant PARPI.
Study (NCT Type of trial Treatment Population BRCA status Primary
trial identifier) endpoint
NOW Single-arm, open =<2 cycles olaparib, then Advanced high- Germline Feasibility
[NCTU3943173] label, phase | tumour reductive surgery [|f no grade epithelial mutation
PDJ, or chemotherapy (if PDor ~ OC in BRCA,
surgery unsuitable) RAD51C/D or
PALB2
NUVOLA Multi-centre, 3 cycles neoadjuvant Advanced BRCAm/ Pathological
(NCT04261465)  single arm, chemotherapy with primary OC pathogenic complete
phase Il weekly olaparib (days not suitable variants response rate
1-3) and subsequent interval for primary
cytoreductive surgery and cytoreductive
adjuvant chemotherapy surgery
IMPACT Single centre, Olaparib for 10-14 days before Advanced high- Regardless Change in
(NCT03378297)  single arm, surgery grade serous OC  of mutational biomarker
window-of- status expression
opportunity
phase |
OLAPem Multi-centre, Ol_aparib i pembro[izumab for Advanced high- HRD positive ORR
(NCT04417192)  single-arm, open-  two cycles before surgery grade serous
label, phase Il or grade 3
endometrioid,
epithelial 0C
NANT Multi-centre Two cycles niraparib High-grade HRD positive ORR; complete
(NCT04507841)  single-arm, open before surgery, followed serous or macroscopic
label, phase |l by carboplatin/paclitaxel in endometrioid OC clearance rate
patients with CR/PR or SD
OPAL-C Multi-centre, Three cycles niraparib or Newly diagnosed  HRD positive Pre-interval
(NCT03574779)  randomised, open-  carboplatin/paclitaxel before advanced OC cytoreductive

label, phase Il

interval cytoreductive surgery.
Followed by three cycles of
carboplatin and paclitaxel

(+ bevacizumab) and
maintenance niraparib

surgery ORR

BRCAm, Breast Cancer Susceptibility Gene mutation; CR, complete response; HRD, homologous recombination deficient; OC, ovarian cancer;
ORR, overall response rate; PALB2, partner and localiser of BRCA2; PARPI, poly (adenosine diphosphate-ribose) polymerase inhibitors; PD,

progressive disease; PR, partial response; SD, stable disease.

and 1 patient (8%) had a pathologic complete
response.’* The OLAPem study evaluated neoad-
juvant olaparib as monotherapy®® and in combi-
nation with pembrolizumab.>¢ Twenty patients
were enrolled in the immunotherapy combination
cohort, 17 of whom underwent tumour cytore-
ductive surgery (2 immediately, while 15 received
preoperative chemotherapy), which suggests
cytoreductive surgery was not feasible following
the study treatment in the majority of patients.>®
The NUVOLA study evaluated the addition of
olaparib to neoadjuvant chemotherapy and
enrolled 35 patients. Grade 3 or higher

haematological treatment-related adverse events
were very common (83.3%) and only 11.4% of
cases achieved a pathological complete response,
meaning the trial did not meet its primary end-
point.57 These results, together with those awaited
from other studies (Table 2), will inform whether
there is a role for PARPI in this context as a che-
motherapy sparing agent in selected patient
groups. A high tumour response rate is seen with
drugs such as carboplatin, which is well-tolerated.
PARPI are unlikely to replace platinum, and com-
pounding of myelotoxicity with PARPi and carbo-
platin is a potential issue. For this combination to
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be worthwhile response rates would need to be
considerably greater, or lead to a sparing of other
toxic drugs, such as paclitaxel in patients
with large volume disease, who need a rapid
reduction in tumour burden for symptomatic
improvement.

Treatment following PARPI

PARPI resistance with disease progression is com-
mon in both front-line and recurrent therapy.
Resistance may be primary, with drug-resistant
clones present at the outset of treatment or
acquired, driven by use of the PARPi.>® The
mechanisms underlying resistance are complex
and not fully understood.>®:5° Those that restore
homologous recombination repair (HRR),
include reversion mutations, which can reinstate
the function of BRCA1/2 or other HRR genes,®°
and epigenetic changes, which can lead to re-
expression of previously silenced HRR genes.%°
Other mechanisms work by decreasing PARP
trapping, via mutations in PARP1 (e.g. R591C),
which reduce PARPI1 trapping on DNA and loss
of PAR glycohydrolase, leading to PAR accumu-
lation.%! Drug efflux can be mediated by upregu-
lation of ABCB 1a/lb genes and enhanced
expression of P-glycoprotein efflux pumps.62
Replication fork stabilisation enhances protection
against replication fork degradation through vari-
ous mechanisms, including activation of Ataxia
telangiectasia and Rad3-related protein serine/
threonine kinase (ATR)/CHKI1/WEEI signal-
ling.%3 It is important to understand how the dif-
ferent mechanisms of resistance to PARPi affect
subsequent chemotherapy treatments.38

Data on chemotherapy use post PARPi have not
clarified the optimum chemotherapy
sequence.%4+% PBC is often used, if the platinum-
free interval (PFI) is at least 6 months, but as
PARPi and platinum agents are both dependent
on the DNA damage response (DDR) pathway it
is not surprising that in some cases, Cross-resist-
ance mechanisms occur.>? A post hoc analysis of
the SOLO2 trial showed that among BRCAm
patients who received PBC as their first subse-
quent treatment after progression, the time to
second progression was longer in the placebo arm
compared with the olaparib arm (14.3 vs
7.0months),!® suggesting that PARPI affect sub-
sequent benefit from PBC.1¢ In the ARIEL4 trial,
where rucaparib was compared to investigator-
choice chemotherapy in patients with recurrent
BRCAm OC, patients receiving chemotherapy

were allowed to cross over to rucaparib at the
point of progression®’ and the updated OS results
did not show an improvement with rucaparib;
median OS was 19.4months in the rucaparib
group compared to 25.4months in the chemo-
therapy group (HR=1.31, 95% confidence inter-
val (CI)=1.00-1.73, p=0.0507). Patients
experienced longer PFS with rucaparib if they
received paclitaxel first followed by rucaparib,
rather than the converse. However, it should be
noted that fewer patients on the rucaparib arm
received any additional systemic treatment, and
this could have contributed to the lower OS seen
with rucaparib in this trial. Similarly in the
SOLO3 study comparing olaparib with non-PBC
in patients with gBRCA PSROC, there was a
numerical detriment in the median OS in the
olaparib arm compared to chemotherapy (34.9 vs
32.9months; HR 1.07, p=0.714, respectively).3°
Although both trials met their primary endpoint
with an improvement in PFS, the unfavourable
results in the underpowered secondary endpoint
of OS led to questions about the use of PARPi as
monotherapy in patients with recurrent BRCAm
OC, leading to a withdrawal in the use of these
drugs as monotherapy in this setting.68-69

Whilst most of the information on subsequent
chemotherapy use after PARPi has come from
trials in recurrent OC, data are now emerging
on subsequent treatment after front-line use of
PARPi. In an exploratory post hoc analysis of
PAOLA-1, the outcome of patients who received
PBC following progression on or after first-line
maintenance with olaparib was different.?® The
time from first to second subsequent treatment
was similar in the control and olaparib arms
among patients relapsing after the completion of
olaparib therapy. However, those relapsing dur-
ing olaparib had a shorter interval between treat-
ments.?® As data continue to emerge about
treatment post-PARPI, it becomes increasingly
important to understand the mechanism under-
lying progression and why some patients respond,
while others are resistant to subsequent thera-
pies. This is best achieved through translation
studies.”®

PARPI re-challenge

There is relatively little information about
PARPiI rechallenge, regardless of whether disease
relapse occurs whilst on therapy or following
treatment. There are many ongoing studies
(Table 3) to explore this, using PARPI alone or in
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Table 3. Studies evaluating PARPi rechallenge.

Name of trial

Phase Population

Treatment

Results

OReO/ENGOT-0v38
(NCT03106987)"

DUETTE
(NCT04239014)

MOLTO
(NCT02855697)7

QUADRA
(NCT02354586)7

DDRiver EOC 302
(NCT06433219)

EVOLVE
(NCT02681237)7°

NIRVANA-R
(NCT04734665)80

CAPRI
(NCT03462342)8"

I PSROC, 1 prior line PARPI

Il PSROC, 1 prior line PARPI

Olaparib or placebo

Ceralasertib (VEGFi] =

Median PFS (months);
olaparib vs placebo.
BRCAm: 4.3 vs 2.8; (HR 0.57,
95% Cl 0.37-0.87; p=0.022).
BRCAwt: 5.3 vs 2.8; (HR 0.43,
95% CI 0.26-0.71; p=0.002).

Study terminated

olaparib or placebo

1l PSROC; PARPi-naive and prior
olaparib cohorts

Il PSROC, =3 prior lines of
chemotherapy

Il PSROC, PD during PARPI

Maintenance
olaparib =+ cediranib
(VEGFi)

Niraparib 300 mg

Duration of first and second
olaparib maintenance: (12.1
vs 4.4 months; p<0.001)

ORR in prior niraparib
subgroup: 6%

Tuvusertib (ATRI) + Recruiting
lartesertib (ATMi) or
Tuvusertib + niraparib

(a) ORR (%)

Il Platinum sensitive/resistant/
PD on chemo and post PARPI
progression

Il PSROC, =2 prior lines
chemotherapy, with CR/PR to
last platinum regimen

[l PARPI after 1st line chemo for
=12months OR after >1 line
for =6 months

Cediranib + olaparib

Niraparib and bevacizumab
maintenance

Olaparib and ceralasertib

(b) 16-Week PFS rate (%)
platinum-sensitive:

(a) 0 (b) 55
platinum-resistant:

(a) 20 (b) 50

PD on chemo:

(al 8 (b) 39

Met efficacy to proceed to the
second stage

ORR: 50% (95% Cl, 0.15-
0.72). Median treatment: 8
cycles (range 4-23+)

ATMi, Ataxia telangiectasia mutated inhibitor; ATRi, Ataxia telangiectasia and Rad3-related inhibitor; BRCAm, BRCA mutated; BRCAwt, BRCA
wild-type; Cl, confidence interval; CR, complete response; HR, hazard ratio; OR, odds ratio; ORR, objective response rate; PARPI, poly (adenosine
diphosphate-ribose) polymerase inhibitors; PD, progressive disease; PFS, progression-free survival; PR, partial response; PSROC, platinum-

sensitive recurrent ovarian cancer; VEGFi, vascular endothelial growth factor inhibitor.

combination with other drugs (see Section
‘Combination approaches towards tackling resist-
ance’). Establishing whether there is a role for
PARPiI rechallenge is important, since other than
bevacizumab, there are no currently available
options for maintenance therapy after chemother-
apy for relapsed disease. The phase IIIb OReO/
ENGOT-0v38 NCT03106987 trial was the first
randomised trial to formally investigate whether
retreatment with PARPi after chemotherapy for
PSROC was beneficial. Most patients previously
received a prior PARPi in the recurrent setting
(i.e. second or third line) and therefore

had progressed while on the drug. There was a
modest, yet statistically significant improvement
in PFS irrespective of BRCA status, however, the
results were not deemed to be clinically meaning-
ful. The results are summarised in
Table 3. The Kaplan—Meier curves showed that
40%-50% of patients might display olaparib
resistance, whereas 10%—-15% of patients might
achieve prolonged tumour control (>18 months),”!
suggesting that prior PARPi exposure does not
indicate complete resistance to therapy. As stated
above, an exploratory post hoc analysis of the
PAOLA-1 study reported the outcome of patients
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relapsing after completion of olaparib who were
treated with chemotherapy and subsequently a
PARPi. These patients had a longer median time
from first to second subsequent therapy than those
who received platinum alone.”?

The phase II QUADRA (NCTO02354586) trial
evaluated niraparib monotherapy in patients with
PSROC who had received at least three lines of
therapy. A subgroup analysis was performed on 37
patients who received niraparib following prior
PARPi; the ORR was 6%, one patient had a
confirmed PR and the clinical benefit rate at
16 weeks was 20%, indicating some disease con-
trol.”? The randomised phase II Duette study
(NCT04239014) assessed the efficacy of the ATR
inhibitor, ceralasertib with olaparib, and olaparib
monotherapy, compared with placebo, as second
maintenance therapy in patients with PSROC,
who had received previous maintenance PARPi.74
However, the trial was terminated following clo-
sure of the VIOLETTE study (NCT03330847),
investigating the combination of ceralasertib and
olaparib in triple-negative breast cancer, due to
poor efficacy (NCT04239014). The single-arm
phase II MOLTO trial explored the feasibility of a
second maintenance course of olaparib in partici-
pants diagnosed with gBRCAm, PSROC with
either olaparib alone if they had a PFI of at least
6months or with maintenance olaparib and
cediranib if they achieved a PFI of less than
6 months duration. A second course of olaparib
was safe and generally well tolerated but was only
modestly effective.”> Other information emerging
is derived from small-scale single-centre?6-77 and
multicentre”® institutional retrospective reviews.
The indications are that re-treatment with a
PARPiI is feasible and may be beneficial in some
patients. It is an area that needs formal investiga-
tion, particularly as there are very few options for
maintenance therapy in patients previously treated
with a PARPI.

Management of low-volume recurrence or
oligometastatic disease

Recurrence during PARPi therapy may be low
volume, or oligometastatic (<5 metastases).
Whether this is due to a more intensive image-
guided follow-up of patients on PARPi or the
emergence of sub-clonal resistance mutations is
unclear.82 Strategies to manage these types of
progression are evolving although they are not
evidence-based. The aim is to delay the time
before there is a need for further chemotherapy.

An ongoing phase III trial (NCT05607329) is
investigating whether careful selection of patients
who progress on PARPi maintenance benefit
from cytoreductive surgery; 400 patients with
platinum-sensitive OC who have recurred follow-
ing at least 6 months of PARPi maintenance are
randomised between secondary cytoreductive
surgery followed by PBC or chemotherapy
alone.®3 An additional consideration for patients
with oligometastatic recurrence on PARPi, who
undergo locoregional treatment (surgery, abla-
tion or radiotherapy) is whether patients should
continue PARPi. Small retrospective cohort data
suggest that patients with oligometastatic pro-
gression on PARPi may continue to benefit from
PARPi maintenance following locoregional treat-
ment.8%85 For example, one study reported the
outcome of 186 patients who continued with
PARPi maintenance until further progression,
after surgery or stereotactic body radiotherapy
(SBRT). The median treatment-free interval was
6 months for those treated with surgery and
10months with SBRT.8 Another retrospective
study evaluated the efficacy of PARPi continua-
tion in 74 patients after local treatment for oligo-
metastatic progression; median PFS following
local therapy was 11.5months (95% CI 7.4; 17.2)
and the 1-year OS rate was 90.7% (95% CI 79.1;
96.0).85 Prospective randomised trials are needed,
as the reported studies were retrospective, making
it difficult to ascertain the contribution of the
PARPi and local treatment. One such study is the
phase II SOPRANO trial (NCT05990192)
exploring the use of SBRT in two cohorts of
patients with oligometastatic progression on
PARPi; one receiving SBRT alone and the other
treated with SBRT followed by niraparib
(NCT05990192).

Combination approaches towards tackling
resistance

Building on our understanding of the mode of
action of PARPi and potential resistance mecha-
nisms, other molecules which inhibit the DDR
pathway and DNA repair are under evaluation.
The main direction of this research is to develop
small molecules,8¢ such as cell-cycle checkpoint
kinase inhibitors, for example, ATR,81:87:88 Ataxia
telangiectasia mutated,®® that could be used to
overcome complete or partial resistance to
PARPi. Whilst these drugs may be given as mon-
otherapy, there is interest in combining them
with PARPi. Other combination strategies
include PARPi with Checkpoint kinase 1
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(CHK1)% and WEE1°! targeting drugs. Targeting
alternative repair pathways, such as repair of
DNA double-strand breaks through microho-
mology-mediated end joining, by POLO (poly-
merase theta), a DNA polymerase and DNA
helicase fusion protein, is also being evaluated.®?
This provides an alternative DDR pathway when
homologous recombination is compromised and
so POLO can help cancer cells survive despite
PARP1 inhibition, thus reducing the efficacy of
PARPI. Inhibiting POLO to force cancers to rely
on defective homologous recombination and
accumulate DNA damage, is an emerging thera-
peutic target either alone or in conjunction with
PARPi%3%¢ and some studies have reported spe-
cific PolO inhibitors with in vivo efficacy, which
may offer a promising therapy to bypass PARPi
resistance in HRD-positive tumours.95-9¢

The interaction between DDR and the immune
system provides the basis to combine PARPi with
ICIs in patients with HRD-positive tumours, to
transform ‘cold’ tumours into ‘hot’ tumours and
improve the response to immunotherapy. This
synergy may be mediated through several mecha-
nisms, including an increase in neoantigen bur-
den.%7%8 Conversely, ICIs can increase PARPi
sensitivity by priming and activating immune cells
to promote an immune cytotoxic effect.?® PARPi
can also modify the microenvironment, thereby
complementing the activity of PD-1/PD-L1
blockade.!? Cyclic guanosine monophosphate—
adenosine monophosphate synthase (cGAS)—
stimulator of interferon genes (STING)
pathway-mediated immune priming is another
mechanism underlying this synergy between
PARPi and ICI, via cGAS binding!®! and subse-
quent tumour infiltration by immune cells.101:102

Several studies exploring the combination of
PARPi and ICIs!03-106 gre in progress and will add
to the aforementioned DUO-O and ATHENA
COMBO data. For example, the phase II
MEDIOLA study demonstrated promising effi-
cacy results with olaparib, durvalumab and beva-
cizumab therapy in non-gBRCAm PSROC; the
DCR at 24weeks was 28.1% (90% CI, 15.5—
43.9) in the doublet cohort (olaparib and dur-
valumab) and 74.2% (90% CI, 58.2-86.5) in the
triplet cohort, and DCR at 56 weeks was 9.4%
(90% CI, 2.6-22.5) and 38.7% (90% CI, 24.1-
55.0), respectively.195 The results of two other
large-scale phase III trials are awaited. These are
the ENGOT-Ov44/FIRST NCT03602859 trial
combining dostarlimab and niraparib and the

MK-7339-001/KEYLYNK-001/ENGOT-ov43/
GOG-3036 study (NCT03740165) combining
olaparib and pembrolizumab.

Current PARPi block PARP1 and PARP2
enzymes!07:108 and whilst effective, the dose is
limited by toxicity, particularly haematological
side effects, which is enhanced by inhibition of
PARP2.19° Toss of PARP1 is a major driver of
synthetic lethality with HRD11%:111 and PARP1
selective agents are being developed as more
potent inhibitors with less toxicity, due to fewer
off-target effects.!!?2 The phase I/Ila PETRA trial
(NCT04644068) is evaluating the next-genera-
tion PARP1-selective inhibitor AZD5305 (saru-
parib) in patients with BRCAm, Partner and
localiser of BRCA2 (PALB2) or RAD51C/D
mutations across several tumour types, including
progressive advanced/metastatic OC. Initial
results show that AZD5305 achieved higher fold
coverage over the target effective concentration
compared to first-generation PARPi and has a
favourable safety profile.!13

Follow-up

Monitoring for progression. No consensus guide-
lines exist for how to follow up patients on PARPi,
particularly the frequency of CA-125 testing and
imaging. The Gynaecological Cancer InterGroup
definition of CA-125 progression!!4 is most com-
monly used in clinical practice, but it has recently
been shown that during PARPi maintenance,
there is discordance between CA-125 and
RECIST PD.!15 A post hoc analysis of the SOLO2
trial!l® and a recent meta-analysis of four PARPi
versus placebo trials!l? found that nearly half of
patients without CA-125-defined progression
had RECIST PD on surveillance CT imaging,
with mostly normal CA-125 values. The authors
concluded that regular CT imaging should be
considered as part of surveillance on PARPI,
especially for those with a normal CA-125 at the
start of maintenance therapy and during
treatment.!17?

Monitoring for myeloid toxicity. Secondary myeloid
neoplasms,!!® including AML and MDS, are
associated with PARPi treatment.!!® Whilst the
exact aetiology is unknown, it is possible that
PARPi and chemotherapy exert selective pressure
and cause expansion of DDR-altered clonal hae-
matopoiesis, which increases the risk of myeloid
neoplasms.120 Multiple risk factors appear to con-
tribute, including cumulative platinum exposure

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

UA Mukherjee, RE Miller et al.

Table 4. Rates of myeloid neoplasms as reported from pivotal randomised controlled trials of patients with

advanced ovarian cancer receiving PARPI.

Setting Trial [PARP inhibitor)

Primary analysis Long-term follow-up

SOLO1
(olaparib vs placebo)

First-line
maintenance

PRIMA
(niraparib vs placebo)

ATHENA-MONO
(rucaparib vs placebo)

PAOLA-1
(olaparib + bevacizumab vs
bevacizumab + placebo)

SO0L02
(olaparib vs placebo)

Recurrent
maintenance

NOVA 1.4% vs 1.1%5
(niraparib vs placebo)
1% vs 0%"! byears: 3.8% vs 3.2%"

1% vs 0% 7years: 1.5% vs 0.8%"4

0.2% vs 0%? 3.5years: 1.2% vs 1.2%"3

0.5% vs 0%20 No data

1.1% vs 0.4%?22 Syears: 1.7% vs 2.2%'?

2.1% vs 4%" byears: 8% vs 4%1°

ARIEL3

5.5years: 3.5% vs 1.7%32
(rucaparib vs placebo)

Source: Adapted from Carus et al.120

PARPI, poly (adenosine diphosphate-ribose) polymerase inhibitors.

and genetic predisposition.!?! More information
is emerging as long-term PARPi trial data are
published. These suggest that the myeloid neo-
plasm rates across some trials are higher than
reported in the original preliminary data (Table 4);
for example, after 6 years of follow-up in SOLO2,
there was a 4-fold increase in myeloid malig-
nancy rates from 2.1% to 8%1° and in the NOVA
trial, a preliminary analysis revealed a 1.3%
increased risk, which increased to 2.1% increase
at 5years.?2 The risk is higher in patients with
gBRCAm and seems also to be greater when
PARPI are used to treat recurrent OC. This may
be partly due to the duration of treatment,
although on average this is less than in the front-
line setting, or due to the compounding effect of
prior cytotoxic chemotherapy'?? (Table 4). A
meta-analysis demonstrated an increased risk of
MDS/AML across PARPi!'!® with one study sug-
gesting a greater level in patients receiving front-
line PARPi.?*> The rate of second primary
malignancies may also be increased by PARPi
therapy although the magnitude is unknown. A
meta-analysis of 23 placebo RCTs involving
nearly 9000 patients found nearly identical rates
of secondary primary malignancies in both the
PARPi and placebo arms.!22

Longer term follow-up of current phase III
trials and more real-world data are needed to

understand the interplay of PBC and genetic fac-
tors in driving the incidence of myeloid neoplasms
associated with PARP1,!23 particularly since phar-
macovigilance reporting data suggest a higher
rate of myeloid neoplasms post PARPi in the real-
world setting.!2° Predictive biomarkers to identify
patients at highest risk, tailoring surveillance
measures during and following treatment with
PARPi are needed. The contribution of BRCA/
HRD, the risk profiles of different PARPi together
with combination treatments, including the newer
selective PARPI1 inhibitors and PARPi rechal-
lenge towards the development of myeloid neo-
plasms also need clarifying.120

Epidemiological factors

Many of the key PARPi studies conducted to date
either did not report ethnicity!® or recruited a
majority Caucasian population,>11:124 which lim-
its applicability to real-world populations.!?> The
phase III NORA study was the first randomised
phase III trial of PARPi maintenance therapy
conducted in an exclusively Chinese patient pop-
ulation with PSROC. Niraparib maintenance was
effective and well tolerated in these patients,
regardless of BRCAm status, and prolonged PFS
compared with placebo, although no HRD test-
ing was performed.!?® The findings were in keep-
ing with the ENGOT-OV16/NOVA study with
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comparable HR for PFS among the BRCAm sub-
groups and reduction in risk of PD or death for
niraparib versus placebo. The NORA study pop-
ulation displayed a relatively high gBRCAm rate
(37.7%), which may reflect a higher prevalence
of gBRCAm in Chinese patients with OC (esti-
mated at 23.1%-28.5%) compared with 11.7%—
14.1% in women with OC from Australia and the
United States.!26-128 The PRIME study, a first-
line niraparib maintenance study, was also con-
ducted in Chinese patients. This study enrolled
patients with less advanced disease than partici-
pants in the PRIMA study and included patients
with stage 3 disease with complete surgical resec-
tion, a population that had been excluded from
PRIMA. It demonstrated a significant reduction
in the risk of disease progression and met its
safety endpoint.?® Recently, a phase III study
using senaparib versus placebo in Chinese
patients as first-line maintenance therapy after
PBC in advanced OC, reported significantly
improved PFS with senaparib, irrespective of
BRCAm status, displayed consistent benefits
between homologous recombination subgroups
and was well tolerated.!?® A recent retrospective
analysis that included 48 phase II and III trials,
found that non-Hispanic black and Hispanic OC
patients were significantly underrepresented
compared to non-Hispanic white patients (odds
ratio (OR) 0.23, 95% CI (0.18-0.29) and OR
0.3, 95% CI (0.25-0.38), respectively,
$»<<0.001).13° This is important since the phar-
macokinetics of some PARPI are affected by race;
for example, talazoparib clearance is 24.7%
higher and exposure approximately 20% lower in
Asian patients compared with non-Asian
patients.131 Differences in P-glycoprotein and
Breast Cancer Resistance Protein polymor-
phisms, may contribute to this, with a higher fre-
quency of single nucleotide polymorphisms
present in Asian individuals compared with white
individuals.!3! The effect of pharmacogenomic
variations on rucaparib pharmacokinetics is less
certain due to the unbalanced Asian and Black
proportion of patients included in studies,!32
whilst race does not significantly affect the phar-
macokinetics of niraparib.!33 Furthermore, the
frequency of pathogenic variants occurring
within OC varies with ethnicity, with BRCA1
reported to occur in 1% of individuals of African
descent, 7% in Whites and 16% in Hispanics.!3*
Due to the varying genetics in different racial
groups, the results of trials limited to specific
racial groups cannot be directly extrapolated to
other racial and ethnic populations and more

inclusive trial designs are warranted to better
represent real-world data.

The influence of age on the efficacy of PARPi is
not well described due to the limited inclusion of
older adults in clinical trials, leading to a lack of
robust data specifically addressing the efficacy of
PARPi in the elderly.!3> Age-related changes in
drug metabolism and elimination can affect the
pharmacokinetics of PARPi; older adults often
have reduced renal and hepatic function, which
can alter drug clearance and potentially impact
efficacy and toxicity.!3® The side effect profile in
older adults may vary, which can impact dosing
and continuity. A literature review found that
rates of grade 3 or more lymphopenias were
higher in studies including older patients.137
Furthermore, the biology of OC can change with
age and older patients may have different tumour
characteristics compared to younger patients,
which could impact efficacy.!?® Clinical trials
dedicated to older patients are needed to help
address some of these factors.

Conclusion

PARPi have led to a major change in the treat-
ment of high-grade OC. All trials have confirmed
significant improvements in PFS with mainte-
nance PARPi. However, there remain many
unknowns about the activity and use of these
drugs that require further study. Some of the key
debates about their use and incorporation into
different phases of treatment have been high-
lighted. More precise biomarkers that will predict
the outcome of PARPi therapy are needed. Above
all, resistance to PARPi is a major obstacle to
long-term benefit. DNA repair and the DDR
pathways are complex, and the mechanisms
underlying resistance, leading to successful repair
of DNA damage need to be better understood.
There is nevertheless a real benefit to many
patients. Longer follow-up of existing randomised
controlled trials, and ongoing real-world data
reporting will contribute further longer-term data
on survival and toxicity. DNA damage and repair
remain a key target for therapies in OC, and
directing further research to this area will add to
the success gained from PARPI therapy.
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