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Abstract: The use of PARP inhibitors (PARPI) has transformed the care of advanced high-
grade serous/endometrioid ovarian cancer. PARPi are now available to patients in both the
first-line and recurrent platinum-sensitive disease settings; therefore, most patients will
receive PARPI at some point in their treatment pathway. The majority of this expanding
population of patients eventually acquire resistance to PARPI, in addition to those with primary
PARPi resistance. We discuss the rationale behind developing combination therapies, to work
synergistically with PARPi and overcome mechanisms of resistance to restore drug sensitivity,

and clinical evidence of their efficacy to date.
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Introduction

Ovarian cancer is the eighth most common cause
of cancer-related death amongst women, respon-
sible for over 200,000 deaths worldwide each
year.! Survival for advanced ovarian cancer (Stage
IIT and IV) is poor, with a 5-year overall survival
0of 26.9% and 13.4%, respectively (UK data from
2019).! Unfortunately, there are still no effective
tools for general population screening and more
than two-thirds of patients present with late-stage
disease.?* Therefore, the management of
advanced ovarian cancer poses a major clinical
challenge.

For many decades, the standard of care for first-
line treatment of advanced ovarian cancer con-
sisted of cytoreductive surgery with platinum- and
taxane-based chemotherapy.’ The introduction
of poly(ADP-ribose) polymerase inhibitors
(PARPi) has transformed the management of
patients with advanced high-grade serous and
high-grade endometrioid ovarian cancer, primary
peritoneal and fallopian tube cancers. (These
tumour types will subsequently be collectively
referred to as HGSOC.)

PARPi work via the principle of synthetic lethal-
ity, exhibiting selective toxicity in homologous

recombination repair deficient (HRD) cancer
cells (see Figure 1).% Inhibition of PARP activity
leads to an accumulation of unrepaired single
strand breaks that result in replication fork col-
lapse during DNA replication, thus leading to
double strand breaks (DSBs). In cells which are
HRD, these DSBs cannot be repaired, resulting
in cell death via apoptosis due to mitotic catastro-
phe.” Approximately 50% of HGSOC tumours
have defective homologous recombination, mak-
ing it an important therapeutic target.® This HRD
results in chromosomal instability, leading to
high levels of aneuploidy and copy number varia-
tion characteristic of HGSOC.%!1® Most com-
monly, this HRD phenotype is secondary to a
germline or somatic mutation in either BRCAI or
BRCAZ2 (20% HGSOC patients), but can also be
due to non-mutational changes (such as BRCA1
promoter methylation) and mutations in other
homologous recombination (HR) repair-associ-
ated genes (e.g. BRIPI and RADS51C/D, which
collectively account for 2% HGSOC cases).11-13

PARPi were first shown to display selective killing
in BRCA-deficient cell lines and mouse models,
hence they were first trialled in patients with ger-
mline BRCA1/2 mutations.!416 In platinum-sen-
sitive recurrent HGSOC, the response rate to
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Figure 1. Simplified schematic of homologous recombination (HR) repair
pathway.

MRE-11-RAD50-NBS1 (MRN) complex recognizes double strand breaks (DSBs).
ATM, ataxia telangiectasia and Rad3-related protein (ATR] and 53BP1 also sense
DSBs. The MRN complex activates ATM kinase, which in turns initiates the DNA
damage response pathway. BRCAT is attracted to the DNA ends, displaces 53BP1
and stimulates 5’ to 3’ end resection via exonucleases, creating single-strand DNA
(ssDNA) overhangs. The exposed ssDNA is coated with DNA replication protein A
(RPAJ, which activates the ATR response to initiate HR repair and the ATR-Chk1 DNA
damage checkpoint, which arrests the cell cycle and protects stalled replication
forks. Then RAD51, facilitated by BRCA2 and PALB2, replaces RPA and performs
homology sequence searching and strand invasion. DSBs are restored by DNA
synthesis, ligation and resolution of Holliday junctions.

PARPi monotherapy was approximately 30—45%
in BRCA1/2 mutation carriers.!?

The focus of clinical trials then shifted from
PARPi monotherapy to maintenance treatment
following response to platinum chemotherapy, to
extend the time to progression. Study 19 was a
key initial study, carried out in HGSOC patients
with platinum-sensitive relapse. As expected, the
improvement in progression-free survival (PFS)
with olaparib oversus placebo was more pro-
nounced in patients with germline/somatic

BRCAI1/2 mutations [11.2months  versus
4.3 months, hazard ratio (HR): 0.18] compared
to all comers (8.4months versus 4.8 months, HR:
0.35) and BRCA1/2 wild-type patients
(7.4months versus 5.5 months, HR: 0.54).18

Results from the NOVA study (niraparib, plati-
num-sensitive recurrent disease) showed that
patients with no detectable mutations in the HR
pathway still derived significant clinical benefit
from PARPI.!° The largest PFS benefit was seen
in the cohort with germline BRCA1/2 (gBRCA1/2)
mutations [21.0months versus 5.5 months in the
placebo group, HR: 0.27; 95% confidence inter-
val (CI): 0.17-0.41], but unexpectedly there was
also an increase in PFS seen in the HRD test neg-
ative subgroup (6.9 months wversus 3.8 months,
hazard ratio, 0.58; 95% CI 0.36-0.92). On the
basis of this study, all patients with platinum-sen-
sitive recurrent HGSOC are eligible to receive
maintenance treatment with niraparib following a
response to platinum chemotherapy, regardless of
their HRD status. Similar results were observed
with rucaparib as maintenance in platinum-sensi-
tive relapsed-disease setting in the ARIEL3 trial.20

Clinical trials then shifted into the first-line main-
tenance treatment setting. First-line management
with cytoreductive surgery and platinum-contain-
ing chemotherapy had remained unchanged for
several decades, but following the results of the
SOLO-1, PRIMA and PAOLA-1 studies, all
patients that have had a response to first-line
chemotherapy have been shown to benefit from
maintenance PARPi.21-23 For example, in the
SOLO-1 study, patients with BRCA1/2 muta-
tions receiving first-line maintenance olaparib
demonstrated an unprecedented improvement in
the median PFS to 56.0months (95% CI: 41.9—
not reached) versus 13.0months in those receiv-
ing placebo (95% CI: 11.1-18.2, HR: 0.30).2¢
Similar to the NOVA study, in the PRIMA study
an incremental benefit of niraparib versus placebo
first-line maintenance treatment was seen based
on HRD status; PFS: 22.1months wversus
10.9months in patients with BRCAI/2 muta-
tions, 19.6 months wversus 8.2months in patients
with BRCA1/2 wild-type HRD tumours, and
8.1months versus 5.4months in patients with
HRD test negative tumours.?? The PAOLA-1
study showed a benefit with the addition of olapa-
rib to bevacizumab maintenance in patients with
HRD tumours.23 This study is discussed in more
detail below. Based on these studies, optimal
first-line maintenance strategies are determined
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Table 1. Important clinical studies leading to the use of PARPi as monotherapy in the clinical setting.

Study name (NCT number)  Treatment setting Patient population Drug name PFS PARPI versus placebo HR (95% CI)
(months)
SOLO-1 (NCT01844986)! First-line BRCA1/2 mut Olaparib BRCA1/2 mut: 56.0 versus 13.8 0.33(0.25-0.43)
maintenance
PRIMA (NCT02655016)2 First-line All comers Niraparib Overall: 13.8 versus 8.2 0.62 (0.50-0.76)
maintenance HRD: 21.9 versus 10.4 0.43(0.31-0.59)
HRD test neg: 8.1 versus 5.4 0.68 (0.49-0.94)
VELIA (NCT0247058)3 In combo with All comers Veliparib Overall: 23.5 versus 17.3 0.68 (0.56-0.83)
first-line chemo BRCAT1/2 mut: 34.7 versus 22 0.44 (0.28-0.68)
then maintenance HRD: 31.9 versus 20.5 0.57 (0.43-0.76)
Study 19 (NCT00753545)4 PSR maintenance  All comers Olaparib Overall: 10.8 versus 5.4 0.35(0.25-0.49)
BRCA1/2 mut: 11.2 versus 4.3 0.18 (0.34-0.85)
BRCA1/2wt: 7.4 versus 5.5 0.54 (0.34-0.85)
SOLO-2 (NCT01874353)5 PSR maintenance  BRCAT/2 mut Olaparib BRCAT1/2 mut: 19.1 versus 5.5 0.33(0.24-0.44)
NOVA (NCT01847274)6 PSR maintenance  All comers Niraparib gBRCAT1/2 mut: 21.0 versus 5.5 0.27 (0.17-0.41)
HRD & gBRCA1/2wt: 12.9 versus 3.8  0.38 (0.24-0.59)
HRD test neg: 6.9 versus 3.8 0.58 (0.36-0.92)
ARIEL3 (NCT01968213)7 PSR maintenance  All comers Rucaparib Overall: 10.8 versus 5.4 0.36 (0.30-0.45)
BRCA1/2 mut: 16.6 versus 5.4 0.23(0.16-0.34)
HRD: 13.6 versus 5.4 0.32(0.24-0.42)

BRCA1/2 mut, BRCA1/2 mutation carriers; Cl, confidence interval; g, germline; HR, hazard ratio; HRD, homologous recombination deficient; PARPI,
PARP inhibitors; PFS, progression-free survival; PSR, platinum-sensitive relapse; wt, wild-type.

by BRCA1/2 mutation and HRD status. Patients
with a BRCA1/2 mutation (whether germline or
somatic) can receive olaparib, whereas any patient
may receive niraparib, regardless of their BRCA1/2
mutation status. Patients with an HRD tumour,
defined as having a positive genomic instability
score (GIS) and/or a BRCAI1/2 mutation, may
receive olaparib plus bevacizumab.12

Multiple trials (see Table 1) have shown increased
PFS with the use of PARPI in both the first-line
maintenance and recurrent platinum-sensitive
ovarian cancer settings. This review will discuss
the rationale behind developing combination
therapies, to work synergistically with PARPi and
overcome mechanisms of resistance to restore
drug sensitivity, and the clinical evidence of their
efficacy to date.

Rationale for combination therapy

In most fields of oncology, combination therapies
are trialled to prolong PFS and overall survival
(OS). The main rationale behind these combination
strategies are (i) the additive effect of drugs with dif-
ferent mechanisms of action, (ii) the synergistic
effect of drugs that potentiate each other’s effects
and (iii) the reversal of resistance mechanisms.

Increased DNA damage

The mainstay of treatment in HGSOC remains
platinum-based chemotherapy.+ Platinum-
induced DNA adducts lead to DSBs. Therefore, in
HRD tumours that rely on PARP to repair such
breaks, PARPi should potentiate the cytotoxic
effect of platinum chemotherapy. Unfortunately,
despite the appealing rationale behind this combi-
nation, the use of PARPi and chemotherapy has
not been taken beyond Phase II clinical studies,
with increased toxicity (particularly myelosup-
pression) being a limiting factor (discussed
below).25-27

By the same basis, combining PARPi with other
drugs that cause DNA damage (e.g. MEK inhibi-
tors) or prevent DNA damage repair (DDR, e.g.
Chk1/ATR inhibitors) should lead to the accu-
mulation of DNA damage and subsequent cell
death.28:29 Hypoxia induced by inhibiting hypoxia
inducible factor (HIF-1) and vascular endothelial
growth factor (VEGF) also leads to increased
DNA damage and, thereby, increases susceptibil-
ity to the effects of PARP inhibition.3° In hypoxic
conditions, hydroxylation of the HIF-1a subunit
is restricted, enabling it to combine with the HIF-
1f subunit and transcribe hypoxia-survival genes
such as VEGF and erythropoietin (EPO).3!
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Modulation of homologous recombination

HR is modulated by other cellular pathways,
including the MET/PI3K/AKT pathway and
VEGF pathways.3? For example, VEGF recep-
tor-3 (VEGFR-3) inhibition leads to downregula-
tion of BRCA1 and BRCA?2 gene expression, and
restores chemosensitivity in chemo-resistant can-
cer cell lines.?®> Hypoxia induced by angiogenesis
inhibitors also downregulates RADS51 expression,
another key factor in homologous recombination
repair (HRR).3* Angiogenesis inhibitors could
therefore induce an HRD state, and sensitize
tumours that are usually HR-proficient or have
undergone a mutation which has restored HR
proficiency to the effects of PARPI.

The RAS/RAF/MEK/ERK and MET/PI3K/AKT
pathways are frequently dysregulated in malig-
nancies. Pre-clinical data suggest that PI3K,
mTOR and MEK inhibitors can all also down-
regulate  HRR gene expression and induce
HRD_35—37

Increased neoantigen production and PD-L1
expression

Conversely, the combination of PARPi with
checkpoint inhibitors should potentiate the effect
of immunotherapy. Defects in DDR induce
increased genomic instability, leading to an
increased burden of mutations. These are subse-
quently presented by major histocompatibility
complex proteins as neoantigens and trigger T cell
activation. It is known that ovarian carcinomas
with HR deficiency exhibit a higher mutational
load, and therefore produce more neoantigens in
comparison to those that are HR proficient.?8 In
this same study by Strickland ez al. it was shown
that BRCA1/2-mutated tumours had increased
numbers of CD3+ and CD8+ tumour infiltrating
lymphocytes, and amplified expression of pro-
grammed death-1 (PD-1) and programmed
death-ligand 1 (PD-L1) in tumour-associated
immune cells compared to HR-proficient tumours.
Similarly, PARPi have been shown to upregulate
PDL-1 expression, via inactivation of GSK3p, a
known mediator in cellular processes including
inflammation.?® In addition, BRCA deficiency
triggers a STING-dependent innate immune
response, by inducing type I interferon and pro-
inflammatory cytokine production, which is
increased by treatment with PARPi.4%4! Therefore,
HRD tumours may be more sensitive to immune
checkpoint blockade, and PARPi may act syner-
gistically with immune checkpoint inhibitors.

Furthermore, in pre-clinical studies PARPi have
been shown to upregulate PD-L1 expression in
cell lines and ex-vivo tumour cells, thus making
those tumours more sensitive to PD-L1 block-
ade.?%*2 The combination of PARPi and anti-PD-
L1 therapy significantly increased anti-tumour
activity in murine models compared with each
agent alone.?9

Reversal of PARP inhibitor resistance

Despite being a success story, particularly in cer-
tain patient groups, innate and acquired resist-
ance to PARPi is observed. Understanding the
mechanisms of resistance, facilitated by dissect-
ing molecular signalling pathways and analysing
adaptive responses to therapy in pre-clinical stud-
ies, has enabled the development of strategies for
combination therapies.

An incremental benefit with PARPi therapy is
seen: patients with germline or somatic mutations
in BRCAI or BRCAZ2 gain most benefit, followed
by patients with non-BRCA-related HR defi-
ciency, and then patients with HR-proficient
tumours.!® Those patients with HR-proficient
tumours that see minimal benefit with PARPi
monotherapy have an innate resistance to PARP1,
and agents that induce an HRD phenotype may
induce sensitivity to PARPi. Furthermore, not all
patients with HRD tumours respond to PARPi,
and these strategies may also be relevant for them.

PARPi have two main effects: (i) catalytic inhibi-
tion of PARPI1 [preventing the formation of
poly(ADP)-ribose] chains (PARylation), which
recruit further DNA repair proteins and (ii)
PARP1 trapping (preventing its release from
damaged DNA, thus stalling the progression of
replication forks).43> Multiple mechanisms of
acquired resistance have been described in pre-
clinical and clinical studies.** These can be cate-
gorized into two main groups: those that restore
HRR, and those that work by other mechanisms,
including replication fork stabilization, decreased
PARP trapping and increased drug -efflux.43
Platinum-resistant tumours are seen to have
increased capability of DNA repair capacity.%
Therefore, in tumours previously exposed to plat-
inum agents, one can expect some Cross-resist-
ance with PARPI.

Reversion mutations which restore the function
of HRR genes such as BRCA1/2 and RAD51C/D
are linked with resistance to PARP inhibition.46:47
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For example, the PEO1 and PEO4 ovarian can-
cer cell lines were derived from a BRCA2 muta-
tion carrierwhen the patientwas platinum-sensitive
and platinum-resistant, respectively. PEO4 cells
have a secondary mutation in the BRCAZ2 gene,
restoring BRCA proficiency.*® Similarly, rever-
sion of epigenetic silencing via loss of BRCAI and
RAD51C promoter methylation and mRNA re-
expression is associated with the development of
resistance to PARPi.4°

When a DSB initially occurs, 53BP1 localizes to
the area of DNA damage and blocks the initiation
of DNA end resection. In normal cells, BRCA1
subsequently displaces 53BP1 and activates DNA
end resection. When 53BP1 is depleted, however,
DNA end resection can occur in the absence of
functional BRCAI1, thus leading to PARPi
resistance.>?

An alternative mechanism for PARPI resistance is
the protection of stalled replication forks, a func-
tion usually performed by BRCA1, BRCA2 and
PARPI1. In the absence of these proteins, replica-
tion forks are degraded, leading to cell death.
Several pre-clinical studies have reported
increased stability of replication forks in BRCA-
mutant cell lines via loss of MLL3/4 and CHD4
proteins.>! It has been demonstrated that replica-
tion fork stabilization can be disrupted by both
Chkl1 inhibitors and ATR inhibitors.>%>3

To allow time for repair of accumulated DNA
damage, cells must pause the cell cycle. This gen-
otoxic stress-induced cell cycle arrest is imple-
mented by checkpoint kinases Chkl and Chk2,
which are activated by short-term and chronic
replication stress, respectively. DNA lesions such
as stalled replication forks activate ATR, which
phosphorylates Chkl. This in turn phosphoryl-
ates Cdc25 A phosphatase, targeting it for protea-
somal degradation. The subsequent reduction in
Cdk2/Cyclin A complex activity leads to G2
checkpoint arrest.>* Chkl also phosphorylates
BRCA2 and RAD51, thus recruiting the recom-
binase RAD51 to DSBs and facilitating HR.

It is known that ovarian tumours are more reliant
on the G2 checkpoint for DDR, as the ubiquitous
loss of p53 in HGSOC renders the S phase check-
point ineffective.?® Inhibition of ATR, Chkl and
Weel proteins annuls G2 arrest, preventing DNA
repair via HRR from occurring.5> The importance
of ATR in PARPI resistance was demonstrated by
a study that showed that PARPi-resistant BRCA-1

deficient cells were dependent on ATR for
survival.>?

Innate PARPI resistance may be overcome by
inducing HRD. In pre-clinical studies, the Chkl
inhibitor prexasertib downregulated BRCAI and
RADS1 expression, which led to a 55% reduction
in HR proficiency.5¢ BET inhibitors have also
been shown to suppress DDR genes and induce
an HRD phenotype in HR-proficient cell lines.57
Furthermore, the combination of BET inhibitors
and PARP inhibitors showed increased anti-
tumour activity compared to either monotherapy
in cell lines with different mechanisms of PARPi
resistance, including those that were BRCAI/2
wild-type, or deficient in 53BP1 or PARP1.57

Thus, by multiple mechanisms, inhibition of the
ATR/Chkl/Weel axis can re-sensitize tumours
to PARPI. Pre-clinical studies, both in cell lines
and patient-derived xenograft models, have dem-
onstrated a synergistic effect of Chkl inhibition
and PARPi.5%58 Furthermore, prexasertib sensi-
tized previously resistant cell lines to PARP
inhibition.>8

Mechanisms of resistance that are not associated
with HR or replication stress include increased
expression of drug efflux pumps and decreased
PARPI1 trapping. The MDRI1 (multi-drug resist-
ance 1) efflux pump, whose substrates include
olaparib, has been seen to be upregulated in
PARPi-resistant ovarian cancer cell lines and
recurrent disease primary samples.4’59 In pre-
clinical models, the addition of verapamil (a sub-
strate of the MDRI1 drug transporter pump) has
been employed to increase intracellular concen-
trations of chemotherapy drugs (e.g. doxorubicin)
that are usually removed by the same pump.%®
This approach has not been used with PARPI to
date. Below we will discuss the most relevant clin-
ical studies exploring the use of combination ther-
apies with PARPi in HGSOC.

PARP inhibitors in combination with
anti-angiogenic agents

Both PARPi and anti-angiogenic agents have
shown promising efficacy as monotherapies, and
their combination is of particular interest given
that they have minimal overlapping toxici-
ties.19:21,22,61,62 The results of the practice-chang-
ing PAOLA-1/ENGOT-ov25 study were released
in 2019. In this study, 806 patients were rand-
omized in a 2:1 ratio to receive bevacizumab
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(a monoclonal antibody that binds circulating
VEGF) plus olaparib or placebo as first-line
maintenance treatment following a response to
chemotherapy plus bevacizumab. The addition of
maintenance olaparib resulted in a significant
PFS benefit (22.1 months versus 16.6 months,
HR: 0.59, 95% CI: 0.49-0.72). Subgroup analy-
sis demonstrated that the PFS benefit was incre-
mental based upon HRD and BRCA 1/2 mutation
status. The largest benefit was seen in patients
with a germline or somatic BRCAI1/2 mutation
(37.2months versus 17.7months, HR: 0.33, 95%
CI: 0.25-0.45). This was followed by patients
with HRD-positive tumours that did not have
BRCA1/2 mutations (28.1months  wversus
16.6 months, HR: 0.43, 95% CI: 0.28-0.66).
HRD test negative patients were found to have no
benefit from the addition of a PARP inhibitor
(median PFS: 16.9 months versus 16.0 months).23
An increase in grades 3 and 4 adverse effects
(AEs) such as fatigue, diarrhoea and cytopaenias
was seen in the combination arm of this study.?3

Unfortunately, there was no olaparib-only arm of
this study, as bevacizumab maintenance therapy
was standard of care (SOC) throughout much of
Europe. Therefore, it is unclear what the addi-
tional benefit of bevacizumab to olaparib is in this
setting, particularly in patients with BRCAI1/2
mutations who are known to gain large benefit for
PARPi monotherapy.

The AVANOVA2 study was a small randomized
Phase II study of 97 patients, comparing nira-
parib and bevacizumab wversus niraparib alone as
definitive treatment for platinum-sensitive recur-
rent ovarian cancer.®®> The combination arm
showed a significantly improved PFS compared
with niraparib alone (median PFS: 11-9 months
versus 5-5months, HR: 035, 95% CI:
0-21-0-57).

This combination has subsequently been taken
forward into the first-line maintenance setting in
the single-arm Phase II OVARIO study.®* The
median PFS was 19.6 months (95% CI: 16.5—
25.1) in the overall population, with 28.3 months
(95% CI: 19.9-NE) and 14.2months (95% CI:
8.6-16.8) for the HRD and HR test-negative sub-
groups, respectively. With no comparator arm, it
is difficult to interpret this study, but the PFS val-
ues for niraparib monotherapy in the PRIMA
study were 13.8, 21.9 and 8.1 months for overall
population, HRD tumours and HR test-negative

tumours, respectively, suggesting minimal benefit
from the addition of bevacizumab to niraparib.22

PARPi have also been trialled in combination
with the oral tyrosine kinase inhibitor cediranib, a
potent inhibitor of all 3 VEGF receptors (VEGFR-
1, -2 and -3). This is following the results of the
ICONG6 study, which showed an effect of cediranib
in recurrent ovarian cancer.%®> A Phase II study of
90 patients (NCT01116648) showed a PFS
advantage with the addition of cediranib to olapa-
rib for the treatment of platinum-sensitive
relapsed HGSOC (16.5 months versus 8.2 months,
HR: 0.50, 95% CI: 0.30-0.83, compared to
olaparib alone).% Strikingly, those with gBRCA1/2
mutations gained no benefit with the addition of
cediranib to olaparib (16.4months versus
16.5months, HR: 0.76, 95% CI: 0.38-1.49).
The significant prolongation of PFS was there-
fore driven by those patients without gBRCAI1/2
mutation (median PFS: 23.7months wversus
5.7months, HR: 0.31, 95% CI: 0.15-0.66). This
suggests that inhibition of angiogenesis may be
promoting a HRD phenotype, increasing the ben-
efit derived from PARPI in this cohort.

In the ICON 9 Phase III study, which is currently
in the recruitment phase, patients with recurrent
platinum-sensitive ovarian cancer are randomized
to receive maintenance therapy with olaparib
monotherapy or olaparib in combination with
cediranib, following a response to platinum-based
chemotherapy.®” It is hoped that the first results
from this study will be presented in 2025.

Table 2 summarizes the trials of combinations of
PARPiI and anti-angiogenic agents to date.

PARP inhibitors in combination with

checkpoint blockade

Immunotherapy is a rapidly expanding area
within cancer treatment and has transformed
patient outcomes in multiple tumour types,
including melanoma and non-small cell lung can-
cer.®8-70 Programmed death-1 (PD-1), a co-
inhibitory signal receptor expressed on T cells,
and its ligand (PD-L1) regulate anti-tumour
immunity. Multiple monoclonal antibodies
(checkpoint inhibitors) have been developed to
target these molecules and reduce the cancer’s
ability to evade host immune recognition.
HGSOC is known to have an intermediate muta-
tional load (approximately two mutations per
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Table 2. Trials using a combination of PARPi and anti-angiogenic agents.

Study name (NCT Treatment Patient Drug name PFS PARPiI versus placebo (months) HR (95% Cl)
number) setting population
PAOLA-1 First-line All comers Olaparib plus Overall: 22.1 versus 16.6 0.59 (0.49-0.72)
(NCT02477644)8 maintenance bevacizumab gBRCA1/2 mut: 37.2 versus 17.7 0.33 (0.25-0.45)
HRD & BRCA1/2wt: 28.1 versus 16.6  0.43 (0.28-0.66)
HRD test neg: 16.9 versus 16.0 0.92(0.72-1.17)
AVANOVA-2 PSR All comers Niraparib plus 11.9 versus 5.5 0.35(0.21-0.57)
(NCT02354131)7 maintenance bevacizumab
OVARIO First-line All comers Niraparib plus ~ Overall: 19.6 (no placebo arm) n/a
(NCT03326193]10 maintenance bevacizumab HRD: 28.3
HRD test neg: 14.2
NCT01116648" PSR All comers Olaparib plus Overall: 16.5 versus 8.2 0.50 (0.30-0.83)
maintenance cedirinib gBRCAT1/2 mut: 16.4 versus 16.5 0.76 (0.38-1.49)
gBRCAT1/2wt: 23.7 versus 5.7 0.31(0.15-0.66)
ICON? PSR All comers Olaparib plus Trial ongoing n/a

(NCT03278717)'2 maintenance

cedirinib

BRCA1/2 mut, BRCA1/2 mutation carriers; Cl, confidence interval; g, germline; HR, hazard ratio; HRD, homologous recombination deficient; PARPI,
PARP inhibitors; PFS, progression-free survival; PSR, platinum-sensitive relapse; wt, wild-type.

megabase), which usually correlates with response
to checkpoint inhibitor therapy.”’! Clinical data
from the use of immunotherapy in HGSOC, both
as definitive and maintenance treatment, have not
been convincing to date.

Early Phase I and II data showed minimal clinical
benefit of anti-PD-1 and anti-PDL-1 therapies in
HGSOC, with a response rate of approximately
10%.7>»73 The Phase III JAVELIN 100 and
JAVELIN 200 studies showed no benefit with
avelumab (an anti-PD-L1 monoclonal antibody)
as monotherapy or in combination with chemo-
therapy in the frontline and relapsed-disease
settings.”7>

Despite these disappointing results, the combina-
tion of PARPi with checkpoint blockade is consid-
ered a promising strategy, based on the rationale
described above. The approach has been tested
clinically in two Phase II studies. In the non-ran-
domized Phase I/Il MEDIOLA trial, patients
with recurrent platinum-sensitive ovarian cancer
were stratified depending on gBRCA 1/2 mutation
status. Those patients with gBRCA 1/2 mutations
were treated with olaparib plus the PD-L1 inhibi-
tor durvalumab (doublet cohort), whereas
patients with non-gBRCA1/2 mutated ovarian
cancer were given either doublet therapy or olapa-
rib plus durvalumab and bevacizumab (triplet

cohort).” In the gBRCA1/2-mutated cohort, the
overall response rate (ORR) was 71.9% (95% CI:
53.25-85.25%), with an unexpectedly high com-
plete response (CR) rate of 21.8% (7/32 patients)
using a chemotherapy-sparing regimen.”’” Grade
3 and above AEs included anaemia, neutropenia
and lymphopenia. In the gBRCA1/2 wild-type
patients, the triplet therapy cohort showed prom-
ising efficacy data, with an ORR of 77.4% (95%
CI: 58.9-90.4) in comparison to 31.3% in the
doublet cohort (95% CI: 16.1-50.0).78

In contrast, the single-arm Phase I/IIl TOPACIO/
Keynote-162 study investigated the safety and
efficacy of niraparib in combination with pem-
brolizumab in patients with recurrent platinum-
resistant HGSOC"9; 48% had platinum-resistant
disease, 27% had platinum-refractory disease and
24% were not eligible for further platinum treat-
ment. The majority of the patients (79%) were
BRCA1/2 wild-type. Interim analysis showed that
out of the 60 evaluable patients with HGSOC,
the ORR was 18% (5% complete response (CR)
and 13% partial response (PR)), with a disease
control rate of 65%, which are high given the
platinum-resistant status of the patients.80

Due to these promising results, the approach has
been taken forward into multiple ongoing Phase
IIT clinical trials, whose characteristics are

journals.sagepub.com/home/tam


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

THERAPEUTIC ADVANCES in

Volume 15

Table 3. Ongoing Phase Il clinical trials investigating the combination of PARPi and immune checkpoint inhibitors.

Study name (NCT number)

Treatment setting

Patient population

Arms of study

ANITA (NCT03598270]'3

Keylynk-001
(NCT03740165)1

FIRST (NCT03602859])'

ATHENA (NCT03522246)

DUO-0 (NCT03737643)17

Platinum-sensitive All comers

relapse
First-line maintenance BRCA1/2wt
All comers

First-line maintenance

First-line maintenance All comers

First-line maintenance All comers

(A) Atezolizumab + chemo, followed by
maintenance niraparib + placebo

(B) Atezolizumab + chemo, followed by
maintenance niraparib + atezolizumab

(A) Bevacizumab + placebo + placebo
(B) Bevacizumab + pembrolizumab + placebo
C)Bevacizumab + pembrolizumab + olaparib

(A) Bevacizumab + placebo + placebo
(B) Bevacizumab + niraparib + placebo
(C) Bevacizumab + niraparib + dostarlimab

(A) Placebo + placebo

(B) Nivolumab + placebo
(C) Placebo + rucaparib
(D) Nivolumab + rucaparib

(A) Bevacizumab + placebo + placebo
(B) Bevacizumab + durvalumab + placebo
(C)Bevacizumab + durvalumab + olaparib

BRCA1/2 wt, BRCA1/2 wild-type; PARPi, PARP inhibitors.

summarized in Table 3. The ANITA/
ENGO-0V41 study is exploring whether the
addition of the PD-L1 inhibitor atezolizumab to
carboplatin-based chemotherapy followed by
maintenance niraparib will improve PFS in
patients with  platinum-sensitive  recurrent
HGSOC.8! A further four Phase III studies are
for the first-line treatment of Stage III/IV
HGSOC. Three out of these four studies are for
all patients, with planned subgroup analysis of
response to treatment based on HRD status,
whereas the Keylynk-001 study is specifically for
non-BRCA1/2 mutated tumours.

The Keylynk-001/Engot-ov43 trial is evaluating
the use of chemotherapy with or without concur-
rent and maintenance pembrolizumab, followed
by maintenance treatment with olaparib or pla-
cebo.82 Patients may receive bevacizumab with
each cycle of chemotherapy/pembrolizumab at the
investigator’s discretion. In the FIRST/Engot-ov44
study, patients are randomized to receive either
chemotherapy plus concurrent and maintenance
bevacizumab (SOC), SOC plus niraparib mainte-
nance or SOC plus niraparib and the PD-1 inhibi-
tor dostarlimab (commenced with cycle 2
chemotherapy and continued up to 3 years mainte-
nance treatment).83 Similarly, in the DUO-O/
Engot-ov46 study, patients may receive SOC

(chemotherapy plus bevacizumab), SOC plus con-
current and maintenance durvalumab or SOC
plus durvalumab and maintenance olaparib.84

ATHENA-COMBO/Engot-ov45 is a study eval-
uating whether the addition of nivolumab (a
PD-1 inhibitor) to rucaparib maintenance ther-
apy, following a response to first-line platinum-
based chemotherapy, increases its clinical
benefit.8> The results of these trials are awaited
with interest.

PARP inhibitors in combination with
chemotherapy

Although the synergistic effect of giving PARPi
and chemotherapy together is appealing, bringing
this combination to clinical practice has proven
challenging due to overlapping toxicities, princi-
pally myelosuppression. A study of olaparib com-
bined with carboplatin and paclitaxel in advanced
ovarian cancer determined that continuous olapa-
rib led to excessive treatment delays secondary to
neutropenia or thrombocytopenia (myelosup-
pression seen in 71% of patients).?® In another
study of olaparib combined with pegylated lipo-
somal doxorubicin in recurrent HGSOC, 61% of
patients had grade 3 or above toxicities, including
stomatitis, nausea and neutropenia.??
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In a further Phase II trial, patients with platinum-
sensitive recurrent HGSOC were randomized to
receive either olaparib combined with platinum-
based chemotherapy followed by maintenance
olaparib until disease progression or chemotherapy
alone. Despite a reduction in carboplatin dose
(from AUC 6 to AUC 4) to avoid myelotoxicity,
there was a 10% increase in neutropenia in the
combination therapy arm (8% increase in grade 3
or 4 neutropenia).?> Furthermore, there was no
change in OS, and the late separation in PFS
curves implied that most benefit was derived from
the maintenance rather than the combination ther-
apy stage. Therefore, the combined PARPi and
chemotherapy approach has been abandoned.

PARP inhibitors in combination with other
small molecule inhibitors

Inhibitors of DNA damage response

Several ongoing early phase trials are investigat-
ing the use of inhibitors of DNA damage response
in ovarian cancer (see Table 4). The EFFORT
study (INCT03579316) has shown an increase in
ORR in PARPi-resistant HGSOC with the addi-
tion of olaparib to the Weel inhibitor adavosertib
(29% combination versus 23% adavosertib mono-
therapy).8¢ This combination was associated with
high levels (76%) of grade 3 or 4 toxicity (mostly
haematological and diarrhoea), however, with
88% patients requiring at least one dose interrup-
tion and 10% patients not being able to restart
due to toxicity. Animal studies have suggested
that sequential rather than concurrent adminis-
tration of the two drugs has a similar efficacy, and
the STAR trial is testing this approach.87:88

The Chkl inhibitor prexasertib has shown evi-
dence of clinical activity when trialled in combina-
tion with olaparib, including in patients with
PARPi-resistant HGSOC.? Prexasertib has also
been used as a monotherapy in platinum- and
PARPi-resistant patients in a recent Phase II study
(NCTO03414047), with some durable activity seen
in a subset of patients, although there was no clear
clinical parameter that predicted response.®0:%1
The most common AEs included thrombocytope-
nia, neutropenia, anaemia, fatigue and nausea.

Inhibitors of the PI3K/AKT/mTOR

signalling pathway

The PI3Kalpha inhibitor alpelisib was combined
with olaparib in patients with recurrent, mostly

platinum-resistant/refractory HGSOC (92.8%
patients) in a Phase I study (NCT01623349).92
Thirty-six percent patients achieved a PR and 50%
had stable disease. The ORR was similar for
gBRCAI1/2-mutant and gBRCAI1/2 wild-type
patients, suggesting that PI3K inhibition may
induce HRD and sensitize HR-proficient tumours
to PARPi. The most common toxicities included
hyperglycaemia and nausea. Alpelisib plus olaparib
is also being studied in comparison to single-agent
chemotherapy in patients with platinum-resistant/
refractory HGSOC in an ongoing Phase III trial
(EPIK-O/ENGOT-0V61).93

A further study INCT02208375) evaluated olapa-
rib with either the mTOR inhibitor vistusertib
(AZD2014) or the AKT inhibitor capivasertib
(AZD 5363) in various solid tumours, including
recurrent ovarian cancer.’* The combination with
vistusertib was well tolerated and showed an ORR
of 20%, with 37% achieving a clinical benefit (com-
plete/partial response or stable disease for over
4months).% In the capivasertib arm, out of the 16
patients with ovarian cancer, 87% were platinum-
resistant/refractory, and 43% derived a clinical ben-
efit from the combination therapy.®® Interestingly,
analysis of tumour samples from this study revealed
that tumours that derived a benefit had decreased
levels of mTOR activity, whereas those that were
resistant had high levels of mTOR activation. In the
ComPAKT study (NCT02338622), a comparable
44.6% patients achieved a clinical benefit, with anti-
tumour activity observed in both BRCA 1/2-mutant
and wild-type tumours.®’

Inhibitors of the RAS/RAF/MEK pathway

The combination of the MEK inhibitor selu-
metinib and olaparib in solid tumours is currently
under investigation in the ongoing Phase I/II
NCTO03162627 study, which has a cohort for
PARPi-resistant ovarian cancer.%8

BET inhibitors

Early phase clinical trials combining PARPi and
BET inhibitors are currently underway. For
example, the NCT03205176 study is combining
olaparib and AZD5153 in advanced solid
tumours, including HGSOC.%®

Discussion
Until recently, treatment for patients with advanced
ovarian cancer was restricted to a combination of
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Table 4. Trials using a combination of PARPi and other small molecule inhibitors.

Study name (NCT number) Phase PARPi Combination Treatment setting Arms of study
drug

EFFORT (NCT03579316) I Olaparib Adavosertib PARPi-resistant (A) Adavosertib

18 (Wee1 inhibitor]  recurrent HGSOC (B) Adavosertib + olaparib

STAR (NCT04197713)" Olaparib Adavosertib PARPi-resistant Sequential olaparib and
(Wee1 inhibitor) recurrent HGSOC adavosertib (alternate weeks)

NCT0305714520 Olaparib Prexasertib gBRCA 1/2 mutant O[aparib + prexasertib
(Chk1 inhibitor)  recurrent HGSOC

CAPRI (NCT03462342)21 [l Olaparib Ceralasertib Platinum-sensitive Olaparib + ceralasertib
(ATR inhibitor)  recurrent/platinum-

resistant/PARPI-
resistant cohorts

NCT0426793922 Ib Niraparib Elimusertib HRD solid tumours Niraparib + elimusertib
(ATR inhibitor)  (PARPi-naive/ PARPI-

resistant cohorts)

NCT016233492 Ib Olaparib Alpelisib gBRCA1/2 mutant Olaparib + alpelisib
(PI3Kalpha recurrent HGSOC
inhibitor)

EPIK-0 (NCT04729387)2 1 Olaparib Alpelisib Platinum-resistant/ (A) Alpelisib + Olaparib
(PI3Kalpha refractory HGSOC (B) SOC chemotherapy
inhibitor)

NCT0220837525 |b/|| Olaparib Vistusertib Recurrent HGSOC [A] O[aparib + continuous
_[m'I_'O_R vistusertib
inhibitor) or (B) Olaparib + intermittent
Caplv.asetrt.lb vistusertib
(AKT inhibitor) (C) Olaparib + intermittent

capivasertib

ComPAKT (NCT02338622)2¢ | Olaparib Capivasertib Recurrent HGSOC Olaparib + capivasertib
(AKT inhibitor] with somatic DDR or

PI3K-AKT pathway
alterations

NCT03162627?7 /1 Olaparib Selumetinib PARPi-resistant Olaparib + selumetinib
(MEK inhibitor)  recurrent HGSOC

NCT0320517628 Olaparib AZD5153 (BET  Platinum-resistant/  (A] AZD51513
inhibitor) refractory HGSOC (B) AZD5153 + olaparib

DDR, DNA damage response; gBRCA1/2, germline BRCA1/2; HGSOC, high-grade serous ovarian cancer; HRD, homologous recombination deficient;

PARPI, PARP inhibitors.

cytoreductive surgery and platinum-containing
chemotherapy. Optimal timing of surgical cytore-
duction and chemotherapy has been extensively
investigated. Two international Phase III trials
found that survival with neoadjuvant chemother-
apy and interval debulking surgery was non-inferior
to primary surgery for women with stage III or IV
ovarian cancer, whilst surgical morbidity was lower

in the neoadjuvant arms.!%%101 More recent studies
have demonstrated that amongst women with no
residual disease, survival was improved in those
that underwent primary debulking surgery rather
thanneoadjuvant chemotherapy.!9%103 Neoadjuvant
chemotherapy should therefore be reserved for
those patients that will not achieve complete cytore-
duction at upfront surgery.

journals.sagepub.com/home/tam


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

H Hockings and RE Miller

The introduction of PARPI has transformed out-
comes in many patients with HGSOC, but bene-
fit is mostly confined to patients with HRD
tumours, and the majority of patients relapse with
PARPi-resistant disease. Upon relapse, treatment
options remain limited. In clinical trials to date,
there has been promising efficacy data that sug-
gest combining PARPi with other therapies can
enhance their efficacy, with improved ORR and
PFS. Furthermore, combination therapy offers
the potential to overcome both innate and
acquired PARPI resistance.

The most established combination therapy is that
of PARPi and anti-angiogenic agents. Following
the results of the PAOLA-1 study, in many coun-
tries the combination of olaparib and bevaci-
zumab in the first-line maintenance setting is now
SOC for patients with a positive GIS.23 The ben-
efit of adding bevacizumab to a PARPi in those
patients with HRD tumours (particularly
BRCAI1/2-mutated tumours) remains a contro-
versial question, however, given the significant
clinical benefit seen with olaparib maintenance in
the SOLO-1 study.2* The Phase II MITO-25
study aims to address this question, with patients
randomized 1:1:1 to three treatment arms: chem-
otherapy plus bevacizumab maintenance, chemo-
therapy plus rucaparib maintenance and
chemotherapy plus bevacizumab and rucaparib
maintenance. !0

In addition to the GIS score, loss of RAD51 foci
in response to DNA damage has been proposed
as a biomarker of HRD.!%:105 Both may be useful
in predicting those patients who derive the great-
est benefit form PARPi and highlighting those
patients that may require combination strategies.

Now that PARPi and bevacizumab are estab-
lished in the first-line maintenance setting, it is
unknown whether their repeated use is of clinical
benefit in the relapsed-disease setting. The Phase
IIT OreO study is examining the efficacy of olapa-
rib re-treatment in patients with relapsed HGSOC
who have had previous PARPi maintenance ther-
apy, and several ongoing early phase studies are
investigating the use of PARPi combination ther-
apy in PARPi-resistant disease.89-98:106 Ag nearly
all HGSOC patients will now receive PARPi in
the first-line maintenance setting, study popula-
tions for clinical trials evaluating PARPi combi-
nations in recurrent ovarian cancer will need to
include patients with prior PARPi exposure.

PARPI have also been shown to work synergisti-
cally with checkpoint inhibitors, with encourag-
ing ORR results in early phase studies.”7-78:80
Results from ongoing randomized Phase III stud-
ies are awaited with interest.81-85 Other classes of
drugs that, when combined with PARPi in pre-
clinical studies, have improved PARPi efficacy
and induced or restored sensitivity to PARPI,
include ATR inhibitors, Chkl inhibitors and
BET inhibitors.>>5657 These combinations are
still in early phase clinical studies and it remains
poorly understood which patients derive clinical
benefit. It is important that we utilize transla-
tional research to establish predictive biomarkers
that identify those patients that benefit from
monotherapy wversus combination treatment and
aid selection of which combination approach to
use. Candidate biomarkers could be screened for
using tumours specimens or cell free DNA
(cfDNA) samples from previous studies and sub-
sequently validated in future prospective clinical
trials.

A newly discovered repair pathway of microho-
mology-mediated end-joining utilizing DNA pol-
ymerase theta (POLO) has been identified as
being key to the survival of HRD cells.197 Studies
have shown that POLSO is upregulated in HRD
tumours, particularly in those with mutations in
other DNA repair genes such as BRCA1 and
BRCA2.197 This upregulation may represent a
compensatory mechanism to maintain DNA
repair in the absence of functional HR. POL6
depletion synergizes with PARPi in synthetic
lethality of HRD tumours.!%8 Furthermore, pre-
clinical studies have shown that in addition to
synergy with PARPi in HRD cells, POLS6 inhibi-
tors are cytotoxic in PARPi-resistant cells.19
Thus, POLS inhibitors are a promising new drug,
both used alone and in combination with PARP4,
and Phase 1 studies are eagerly awaited.

A consideration when utilizing combination ther-
apies is whether drugs should be combined from
the start of treatment or alternated/sequenced to
avoid overlapping toxicities. Similarly, it is
unknown whether it is equally effective to add in
drugs that target resistance mechanisms on devel-
opment of PARPI resistance rather than from the
beginning of that line of treatment. Furthermore,
it is concerning that if we combine all drugs within
the first-line maintenance setting, our options for
treatment within the relapsed-disease setting may
be limited. Findings from ongoing studies will
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help improve our understanding of how to sched-
ule treatments to optimize outcomes.

As with all combination therapies, one needs to
balance the improvement in outcomes versus the
potential increase in adverse events. Combination
treatment with PARPi and bevacizumab is well
tolerated, with similar discontinuation rates due
to treatment-related AEs in the olaparib plus bev-
acizumab and olaparib monotherapy arms of the
PAOLA-1 and SOLO-1 studies (25% and 28%,
respectively).21:23 Interestingly, in the PAOLA-1
study the rate of grade three-fourths hypertension
was reduced in the combination arm compared to
bevacizumab monotherapy. The early phase stud-
ies of other PARPi combinations show that their
combination is tolerable in terms of toxicities,
and results of larger studies are awaited to assess
the incidence of AEs.

It is important to note the increased cost associ-
ated with combination therapies. This is not only
due to the actual cost of the drugs themselves, but
the resources required to deliver treatment and
the cost of managing any treatment-related toxic-
ity. Who is responsible for this financial burden is
dependent on local health authorities/reimburse-
ment procedures in each county, but these esca-
lating costs may be prohibitive for many patients/
health authorities and should be factored into
decision making.

As the number of treatment options continues to
expand, it is increasingly important that we
develop predictive biomarkers to stratify patients
for combination therapy and define the optimal
sequencing of treatments. As data from ongoing
and future clinical studies mature, we hope to
answer these outstanding questions, thus ena-
bling PARPiI to further improve HGSOC patient
outcomes.
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