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ABSTRACT

Objective: Management of heavily pre-treated platinum-resistant ovarian cancer remains a
therapeutic challenge. Outcomes are poor with non-platinum, single-agent chemotherapy
(CT); however, molecularly targeted anticancer therapies provide new options.

Methods: This open-label, investigator-initiated, phase 2 umbrella trial (NCT03699449)
enrolled patients with platinum-resistant ovarian cancer (at least 2 prior lines of CT

and Eastern Cooperative Oncology Group 0/1) to receive combination therapy based on
homologous recombination deficiency (HRD) and programmed death ligand 1 (PD-L1) status
determined by archival tumour sample assessment. HRD-positive patients were randomised
to either olaparib 200mg bid tablet + cediranib 30mg qd (arm 1) or olaparib 300mg bid
tablet + durvalumab 1,500mg q4w (arm 2). HRD-negative patients were allocated to either
durvalumab 1,500 mg q4w + pegylated liposomal doxorubicin (PLD) or topotecan or weekly
paclitaxel (6 cycles; arm 3, those with PD-L1 expression) or durvalumab 1,500 mg q4w +
tremelimumab 75mg q4w (4 doses) + PLD or topotecan or weekly paclitaxel (4 cycles; arm 4,
those without PD-L1 expression). Arm 5 (durvalumab 1,500 mg q4w + tremelimumab 300mg
[1 dose] + weekly paclitaxel [60 mg/m? D1,8,15 q4w for 4 cycles] was initiated after arm 4
completed. The primary endpoint was objective response rate (ORR; Response Evaluation
Criteria in Solid Tumours 1.1).

Results: Between Dec 2018 and Oct 2020, 70 patients (median 57 years; median 3 prior
treatment lines [range 2-10]) were treated (n=16, 14, 5, 18, and 17, respectively). Overall ORR
was 37.1% (26/70, 95% confidence interval=25.9, 49.5); 2 achieved complete response. ORR was
50%, 42.9%, 20%, 33.3%, and 29.4%, respectively. Grade 3/4 treatment-related adverse events
(TRAEs) were reported in 37.5%, 35.7%, 20%, 66.7%, and 35.3% of patients, respectively. No
TRAE:s leading to treatment discontinuation and no grade 5 TRAEs were observed.
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Conclusion: This study, the first biomarker-driven umbrella trial in platinum-resistant
recurrent ovarian cancer, suggests clinical utility with biomarker-driven targeted therapy. All
treatment combinations were manageable, and without unexpected toxicities.

Trial Registration: ClinicalTrials.gov Identifier: NCT030699449

Keywords: Ovarian Cancer; Platinum Resistant; Biomarker; Molecular Targeted Therapy;
Immunotherapy

Synopsis

The results of this study support further investigation of durvalumab, tremelimumab,
and chemotherapy in a phase 3 trial (Data S1). Furthermore, we support the investigation
of the combination therapy of olaparib with an anti-angiogenic agent or immune
checkpoint inhibitor.

INTRODUCTION

Ovarian cancer is the most fatal gynaecologic cancer [1]. Most patients present with advanced
disease at diagnosis, and despite high responses to initial treatment, the majority will
eventually relapse [2]. As platinum resistance continues to be the primary contributor to
mortality in ovarian cancer patients, effective treatments for platinum-resistant or platinum-
refractory ovarian cancer remain an important unmet need. Standard therapy includes
non-platinum single agent chemotherapy (CT) such as pegylated liposomal doxorubicin
(PLD), gemcitabine, docetaxel, and paclitaxel, and prognoses are very poor [3,4], with an
approximately 10% objective response rate (ORR) and median progression-free survival (PFS)
of 3 months with second- or third-line therapy.

Ovarian cancer is a highly heterogeneous disease [5,6], which impacts treatment choice.
Anticancer therapy based on molecular biomarkers has enabled improvement in the
treatment of ovarian cancer. Applying poly(ADP-ribose) polymerase (PARP) inhibitors for
BRCA-mutated (BRCAm) or homologous recombination deficiency (HRD)-positive patients
is a prime example. In 2014, the US Food and Drug Administration (FDA) approved olaparib
for treatment of patients with germline BRCAm advanced ovarian cancer previously treated
with 3 or more lines of CT [7]. Olaparib monotherapy provided ORR 0f 36% in BRCAm
patients but 13% in BRCA wild type (BRCAwt) patients in platinum-resistant disease [8]. The
combination of olaparib with various targeted agents has been explored to improve outcomes
in the recurrent setting.

Genomic testing has yet to affect the standard treatment of BRCAwt or HRD-negative
patients. Several studies have shown moderate activity of immune checkpoint inhibitors in
ovarian cancer [9-12], with patients with high PD-L1 expression achieving greatest benefit
[11]. Given these results, attention has turned to the potential role of combination therapies
that can improve the efficacy of immune checkpoint inhibitors [13]. Chemoimmunotherapy
has been highlighted as some chemotherapeutic agents such as weekly paclitaxel or
liposomal doxorubicin induce immunogenic cell death and potentially improve the efficacy of
immune checkpoint inhibitors [14].
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As ovarian cancer is heterogeneous, it is useful to consider clinical trials using umbrella protocols
that test targeted therapies in molecularly defined subsets within a single type of cancer. The
present study evaluates biomarker-driven targeted therapies (olaparib; cediranib; durvalumab;
tremelimumab) in patients with heavily pre-treated platinum-resistant ovarian cancer.

MATERIALS AND METHODS

1. Study design and participants

A randomised, multicentre, open-label, investigator-initiated phase 2 study was performed
in patients with HRD-positive ovarian cancer; and a biomarker-driven, multiple-arm, phase
2 study was performed in HRD-negative patients (Fig. S1). Women >20 years of age with
Eastern Cooperative Oncology Group (ECOG) performance status of O or 1 and histologically
confirmed high-grade serous or endometrioid ovarian, primary peritoneal, or fallopian
tube cancers were enrolled from 3 cancer centres in Korea through the Korean Gynecologic
Oncology Group (KGOG). Patients had received at least 2 prior lines of anticancer therapy
and experienced disease progression within 6 months of completing platinum-based CT

or had primary platinum-refractory disease. Further details of inclusion/exclusion criteria,
randomisation, and study procedure have been published [15], and appear in the Data S2.

This trial was approved by the Institutional Review Board of Yonsei University (approval

No. 4-2018-0749). Informed consent was acquired from the participants and the study was
conducted in accordance with the principles of the Declaration of Helsinki. The full protocol
is available in the Fig. 2.

2. Treatment and randomisation

HRD-positive patients were randomised 1:1 in an open-label manner to either olaparib 200
mg tablet orally (po) twice daily (bid) + cediranib 30 mg po once daily (qd) until disease
progression (arm 1) or olaparib 300 mg tablet po bid until disease progression + durvalumab
1,500 mg intravenously (iv) every 4 weeks starting on week 5, day 1 up to 12 months (arm 2).
Block randomisation with block size 4 was applied after confirmation of patient eligibility
and registration with the KGOG data centre by telephone, fax, or a web-based system.

HRD-negative patients were allocated to a treatment arm based on PD-L1 expression. PD-L1
positivity was defined as PD-L1 expression of 25% or more of the tumour cells as determined
by a Ventana SP263 assay [16,17]. Slides were reviewed by a gynaecologic pathologist (EP)
blinded to the patient’s characteristics and outcomes. Arm 3 comprised durvalumab 1,500
mg iv every 4 weeks for up to 24 months + PLD or topotecan or weekly paclitaxel every 4
weeks up to 6 cycles in patients with PD-L1 expression (defined as tumour proportion score
[TPS] 25% or more). Arm 4 comprised durvalumab 1,500 mg iv every 4 weeks for up to 24
months + tremelimumab 75 mg iv every 4 weeks for up to 4 doses + PLD or topotecan or
weekly paclitaxel every 4 weeks up to 4 cycles in patients with low PD-L1 expression. Arm

5, initiated after completion in arm 4, comprised durvalumab 1,500 mg iv every 4 weeks for
up to 24 months + tremelimumab 300 mg iv for one dose + weekly paclitaxel 60 mg/m? iv on
days (D) 1, 8, and 15 every 4 weeks for 4 cycles) in patients with low PD-L1 expression. CT
regimens were one of the following: weekly paclitaxel 80 mg/m?* (D1, 8, 15, and 22 every 4
weeks), liposomal doxorubicin (40 mg/m? on D1 every 4 weeks), and topotecan (4 mg/m? on
D1, 8, and 15 every 4 weeks).
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3. Homologous recombination repair (HRR) assessment

During screening archival tumour samples were tested for HRR status and PD-L1 status. The
HRR gene panel was based on a laboratory-based panel (cancerSCAN version 3.1) including
HRR genes [18]. Mutations in 15 HRR genes (BRCAI, BRCA2, ATM, BRIPI, PALB2, RAD5IC,
BARDI, CDK12, CHEK1, CHEK2, FANCL, PPP2R2A, RAD51B, RADSID, and RAD54L) were selected
based on a biological role in HRR and sensitivity to PARP inhibitors. See more information in
the Data S2.

4. Outcomes

Tumour assessment was through computed tomography or magnetic resonance imaging of
the chest, abdomen, and pelvis every 12 weeks after initial treatment. Assessments could be
done up to 7 days before or after the designated timepoint, and were done by the investigator
using Response Evaluation Criteria in Solid Tumours (RECIST) version 1.1.

Safety and adverse events were assessed on day of each cycle and were graded according to
the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.
Laboratory assessments and CA-125 was tested on day 1 of each cycle. Patients were followed
up for at least 2 years after treatment was completed.

The primary endpoint was ORR according to RECIST version 1.1, which included the best
overall response of patients with measurable disease who had a complete or partial response.
Secondary endpoints were PFS, overall survival (OS), duration of response, time to response,
disease control rate, and safety. PFS was defined as the time from the start of treatment to
disease progression or death for any cause (whichever occurred first) or last PFS assessment
for patients alive without progression. OS was defined as the time from first treatment until
death from any cause. Duration of response was assessed in patients who achieved a response
and was defined as the time from the date of the first documented response until the date of
documented progression or death from any cause.

5. Statistical analysis
All analyses were based on a modified intent-to-treat (mITT) approach. We analysed efficacy and
safety in patients who received at least one treatment dose. No interim analyses were planned.

An exact single-stage phase 2 design was used to calculate sample size. For each arm, an
ORR 0f 5% from conventional monotherapy was assumed (i.e., H, was 5% of ORR with
conventional monotherapy) [8,19,20].Further details of sample size justification have been
previously published [15], and appear in the Data S2.

The proportions of patients achieving responses, and 95% confidence intervals [CIs] were
assessed using the Clopper-Pearson exact method. Median duration of response and PFS and
associated 95% CIs were calculated with the Kaplan-Meier method. A log-rank test compared
the PFS between treatment arms. A cut-off date of July 12, 2021 was applied. Statistical
analyses were performed in SAS® (version 9.4; SAS Institute, Cary, NC, USA).

An independent data monitoring committee oversaw the study. This study is registered with

ClinicalTrials.gov, NCT03699449. The key raw data have been deposited at Yonsei College of
Medicine for future reference.
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6. Role of funding source

Yonsei College of Medicine and AstraZeneca funded this study. AstraZeneca has no role in
study design, data collection, data interpretation, writing of the paper, or the decision to
submit for publication, but representatives from the company were given the opportunity to
review the manuscript before submission.

All authors participated in critical review and revision of the manuscript and approved
the final version for submission. All authors had full access to all of the data and had final
responsibility for the decision to submit for publication.

Medical writing support was provided by Helene Wellington, AMICULUM, funded by the
corresponding author.

RESULTS

Between Dec 2018 and Oct 2020, 72 patients were enrolled. Two patients were excluded
from the mITT analysis because they did not receive study medication based on ineligibility
identified after enrolment (n=1 bowel obstruction; n=1 rapid progression). Analyses of
efficacy and safety were completed in 70 patients who received at least one dose of study
medication. The number of patients in each treatment arm was as follows: 16 patients in
arm 1 (olaparib + cediranib), 14 patients in arm 2 (olaparib + durvalumab), 5 patients in arm
3 (durvalumab + CT), 18 patients in arm 4 (durvalumab + tremelimumab 75 mg+ CT), and

17 patients in arm 5 (durvalumab + tremelimumab 300 mg + CT) (Fig. 1). Our previous study
shows that PD-L1-positive patient groups defined by on TPS 225 with sp263 assay were 10.6%
[17], but we found a lower than expected number of patients who were PD-L1-positive during
screening. Therefore, due to the difficulty of enrolling patients to arm 3, the data safety
monitoring board recommended early closure of arm 3 without completion of preplanned
patient recruitment (Nov 11, 2021).

The median duration of follow-up at the time of data analysis (data cut-off July 12, 2021)

was 8.3 months (interquartile range [IQR]=4.6-17.3). At data cut-off, 65 of 70 patients had
discontinued the study, 2 had completed treatment cycles, and 3 remained on treatment.
The most common primary reason for treatment discontinuation was progressive disease
(n=43; 61.4%). Other reasons included adverse events, investigator discretion, withdrawal of
consent, death, and receiving other anticancer therapy. The median treatment duration was
4.7 months (IQR=2.8-8.3) and the median number of cycles was 4.5 (IQR=3.0-8.0).

Patient demographics and baseline characteristics were generally balanced across groups
(Table 1). Of 70 patients included in the mITT analysis, 31 (44.3%) had received more than
3 prior lines of treatment. Most had high-grade serous carcinoma (HGSC) (90%) and more
than half of the patients (54.3%) had progressed on bevacizumab.

Overall, the confirmed ORR was 37.1% (26/70, 95% CI=25.9, 49.5); complete response was
observed in 2 patients (Table 2). The ORRs (95% CI) for each treatment arm were 50% (24.7-
75.4), 42.9% (17.7-71.1), 20% (0.5-71.6), 33.3% (13.3-59.0), and 29.4% (10.3-56.0) for arms
1-5, respectively. Median time to response, median duration of response, time to response,
and disease control rate are shown in Table 2. Of the 70 patients treated, 61 were evaluable for
objective response by RECIST based on imaging availability. Target lesions were reduced in

https://doi.org/10.3802/jg0.2022.33.e45 5/16
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discretion

discretion

progression

progression

Screened
n=79
Screening failure
n=7
Reasons
Protocol entry criteria not met (not eligible), n=3
Withdrawal of informed consent form, n=2
Arm 4 had already completed at screening, n=2
PD-L1+ PD-L1-
Arm 1 Arm 2 Arm 3 Arm 4 Arm 5
(0+C) (0+D) (D+CT) (D+T75+CT) (D+T300+w-P)
Enrolled
n=72
Arm 1 Arm 2 Arm 3 Arm 4 Arm 5
n=16 n=16 n=5 n=18 n=17
Not treated Treatment
n=2 n=70
I I I I I
Arm 1 Arm 2 Arm 3 Arm 4 Arm 5 Completed Completed Completed Completed Completed
n=0 n=2 n=0 n=0 n=0 treatment treatment treatment treatment treatment
n=0 n=0 n=1 n=1 n=0
1 in_vestigator I I I I I
e 16 13 4 17 15
sublect decision discontinued discontinued discontinued discontinued discontinued
treatment treatment treatment treatment treatment
1 investigator 3 investigator 3 disease 12 disease 1 adverse event

4 investigator

10 disease 8 disease 1 subject decision 4 subject decision discretion
progression progression 1 death 10 disease
4 subject decision 1 death progression
1 death 1 other
(radiotherapy and
other planned
chemotherapy)

[ [ [ [ [
Continued Continued Continued Continued Continued
treatment treatment treatment treatment treatment

n=0 n=1 n=0 n=0 n=2
Included from the efficacy set
n=70
Arm 1 Arm 2 Arm 3 Arm 4 Arm 5
n=16 n=14 n=5 n=18 n=17

Fig. 1. Study overview and trial profile. Arm 1, 0+C (0 200 mg bid + C 30 mg qd); arm 2, 0+D (0 300 mg bid + D 1,500 mg g4w); arm 3, D+CT (D 1,500 mg g4w + PLD
or topotecan or weekly paclitaxel [6 cycles]) in patients with high PD-L1 expression; arm 4, D+T75+CT (D 1,500 mg g4w + T 75 mg q4w [4 doses] + PLD or topotecan
or weekly paclitaxel [4 cycles]) ; arm 5, D+T300+CT (D 1,500 mg g4w + T 300 mg [1 dose] + weekly paclitaxel [60 mg/m? days 1, 8, and 15 gq4w for 4 cycles]).

bid, twice daily; C, cediranib; CT, chemotherapy; D, durvalumab; HRD, homologous recombination deficiency; O, olaparib; PD-L1, programmed death ligand 1;
PLD, pegylated liposomal doxorubicin; g4w, every 4 weeks; qd, once daily; T, tremelimumab; T300, tremelimumab 300 mg (1 dose); w-P, weekly paclitaxel.

https://ejgo.org

18 (72%) of 25 from HRD-positive patients and 24 (66.7%) of 36 from HRD-negative patients
with at least one post-baseline scan (Fig. 2A). The mean best percentage change of the target
lesion size from the baseline was -16.92% (SD=38.22). The durability and timing of objective

response are shown in Fig. 2B and Fig. S3.

At the data cut-off, 51 PFS events had occurred. Median PFS and the estimated 6-month PFS
rate are shown in Table 2 and Fig. 3. Median PFS was 4.76 months (95% CI=3.38, 8.08). 20
deaths had accrued at data cut-off. Median OS and the estimated 6-month OS rate are shown
in Table 2 and Fig. 3. No significant differences among the treatment arms were observed in

https://doi.org/10.3802/jg0.2022.33.e45
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Table 1. Baseline patient characteristics

Variables Arm 1 (n=16) Arm 2 (n=14) Arm 3 (n=5) Arm 4 (n=18) Arm 5 (n=17) Total (n=70)
Age (yr)

Median 58.00 52.50 54.00 58.00 57.00 57.00

Minimum 47.00 45.00 47.00 34.00 46.00 34.00

Maximum 76.00 72.00 58.00 70.00 77.00 77.00
Histology subtype

HGSC 14 (87.50) 13 (92.86) 5 (100.00) 16 (88.89) 15 (88.24) 63 (90.00)

Endometrioid 2 (12.50) 1(7.14) 0 (0.00) 2(11.11) 2 (11.76) 7 (10.00)
Prior treatment for bevacizumab

Yes 6 (37.50) 8 (57.14) 3 (60.00) 8 (44.44) 13 (76.47) 38 (54.29)

No 10 (62.50) 6 (42.86) 2 (40.00) 10 (55.56) 4(23.53) 392 (45.71)
CA-125 (U/mL)

Mean+SD 578.90+720.07 1,297.31+1,694.89 2,691.34+5,381.88 1,220.78+1,941.93 1,980.34+5,022.95 1,378.88+3,079.42

Minimum 37.60 10.00 179.10 14.00 29.10 10.00

Maximum 2,772.60 4,923.00 12,317.90 7,657.10 20,773.00 20,773.00
ECOG

0 2 (12.50) 2 (14.29) 2 (40.00) 2(11.11) 3(17.65) 11(15.71)

1 14 (87.50) 12 (85.71) 3 (60.00) 16 (88.89) 14 (82.35) 59 (84.29)
Prior lines of therapy

2-3 10 (62.50) 6 (42.86) 4 (80.00) 9 (50.00) 10 (58.89) 39 (55.71)

4-5 3(18.75) 5(35.71) 1(20.00) 7(38.89) 5(29.41) 21 (30.00)

26 3(18.75) 3(21.43) 0 (0.00) 2(11.11) 2 (11.76) 10 (14.29)
Regimen of last chemotherapy

Platinum-based 8 (50.00) 6 (42.86) 3 (60.00) 9 (50.00) 8 (47.06) 34 (48.57)

Non-platinum based 8 (50.00) 8 (57.14) 2 (40.00) 9 (50.00) 9 (52.94) 36 (51.43)
Interval between last chemotherapy and date of enrolment

<1mo 2 (12.50) 2 (14.29) 1(20.00) 1(5.56) 2 (11.76) 8(11.43)

>1and <3 mo 7 (43.75) 7 (50.00) 2 (40.00) 6(33.33) 12 (70.59) 34 (48.57)

>3 mo 7 (43.75) 5(35.71) 2 (40.00) 11 (61.11) 3(17.65) 28 (40.00)

Data are shown as mean=SD or number (%).
The denominator of percentages is the number of patients in each treatment group.
The interval between last chemotherapy and disease progression was defined as the time from the stop date of last chemotherapy to the date of enrolment.
ECOG, Eastern Cooperative Oncology Group; HGSC, high-grade serous carcinoma.

https://ejgo.org

PFES and OS (Fig. S4), and comparison between arms was not intended. The median PFS was
5.62, 5.36, 3.68, 3.98, and 5.13 months in arms 1-5, respectively.

The safety analysis included 70 patients. Adverse events are summarised in Table $1. Among
all participants, treatment-related adverse events (TRAEs) occurred in 61 (87.1%) patients.
The incidence of adverse events varied between the treatment arms. Grade 3/4 TRAEs were
reported in 37.5%, 35.7%, 20%, 66.7%, and 47.1% of patients in arms 1-5, respectively.

No TRAEs leading to discontinuation of treatment and no grade 5 TRAEs were observed.
Among all participants, grade 3 or worse TRAEs were reported in 32 (45.7%) patients, the
most common being neutropenia (19 [27.1%] patients), anaemia (10 [14.3%] patients),
thrombocytopenia (3 [4.3%] patients), and febrile neutropenia (3 [4.3%] patients) (Table 3).
The incidence of TRAEs are described according to each arm and immune-related adverse
events (irAEs) are described in Tables $2 and 3. Additionally, the use of dose reduction

and investigational product delay is summarised in Tables S2 and S$3. The median cediranib
dose intensity (delivered divided by planned dose based on the dose at cycle 1 day 1) was
50% in the arm 1. The median olaparib dose intensity was 75% in arm 1 and 66.7% in arm

2, respectively. The median paclitaxel dose intensity was 62.5% in arm 3, 50% in arm 4, and
75% in arm 5, respectively.

PD-L1 immunohistochemistry was completed for the 70 enrolled patients. Of 54 patients
who were treated with durvalumab combination, 20 patients had PD-L1 TPS 0%. Survival

https://doi.org/10.3802/jg0.2022.33.e45 7/16
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Fig. 3. Kaplan-Meier plots of PFS (A) and OS (B) in patients with modified intent-to-treat population.
0S, overall survival; PFS, progression-free survival.

outcomes were analysed according to PD-L1 expression and the presence of irAE in patients
who were treated with durvalumab combination (except arm 1) (Figs. S5 and S6). In a post-
hoc exploratory analysis of toxicity and efficacy, we found that patients with irAE had better
OS than those without irAE (p=0.05) (Fig. S5).

DISCUSSION

To our knowledge, this is the first biomarker-driven umbrella study conducted in patients
with platinum-resistant recurrent ovarian cancer. We observed that 37.1% of patients with
platinum-resistant ovarian cancer who were treated with biomarker-driven targeted therapy
achieved an objective response. This is comparable with the AURELIA trial showing 30%

of ORR in a platinum-resistant setting.> However, unlike AURELIA, we enrolled a heavily
pretreated population with platinum-resistant disease (with no restriction on the number
of previous anticancer regimens) and included platinum-refractory cases. More than half of
patients in our study had previously received bevacizumab, representing a setting that could
be described as a post-AURELIA population.

More specifically, the combination of olaparib with cediranib or durvalumab showed
promising efficacy and a manageable toxicity profile to treat HRD-positive platinum-resistant
recurrent ovarian cancer. The addition of an immune checkpoint inhibitor to current
standard CT showed promising efficacy and a manageable toxicity profile to treat HRD-
negative platinum-resistant recurrent ovarian cancer regardless of PD-L1 status.

Recently, the consensus is that ovarian cancer is a highly heterogeneous disease, and this may
have implications for ovarian cancer treatment choice. The Cancer Genome Atlas Program
suggests 50% of HGSC with homologous recombination defects may benefit from treatment
with a PARP inhibitor [5]. A previous study from our group showed genomic profiling

https://ejgo.org https://doi.org/10.3802/jg0.2022.33.e45 9/16
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of residual tumours from 102 ovarian cancer patients with HGSC and most patients had
alterations in at least one targetable pathway [16].

Advancements in genomics has led efforts toward precision medicine targeting cancers

on the basis of genetic mutations. Recently, the FDA approved olaparib for first-line
maintenance treatment of BRCAm ovarian cancer patients and olaparib plus bevacizumab
for first-line maintenance treatment of HRD-positive ovarian cancer patients. However, there
is no strong biomarker for immune checkpoint inhibitors in ovarian cancer. KEYNOTE-100
suggested that patients with higher PD-L1 expression (combined positive score >10) had
increased ORR with pembrolizumab [11]. We hypothesised that PD-L1 inhibitors have a
greater likelihood of benefit when high PD-L1 is highly expressed.

Two important biomarkers for ovarian cancer are HRD and PD-L1 status to identify
candidates for PARP inhibitor and immune checkpoint inhibitors. Based on the
aforementioned biomarker-driven treatment strategy, we designed a molecular screening
study for an umbrella trial in patients with platinum-resistant ovarian cancer and allocated
patients to treatment arms based on predefined algorithms. For this study, we performed
targeted sequencing and immunohistochemistry and assessed HRR gene mutation and PD-
L1 status during the screening period.

Olaparib-based combination therapy has a role in patients with HRR gene mutations, in
particular BRCAm even in the platinum-resistant setting. Previously, olaparib monotherapy
showed an ORR 0f 30% in platinum-resistant patients with germline BRCAI and/or BRCA2
mutation (gBRCAm) who had received 3 or more lines of prior therapy [21]. In our study, the
combination strategy of olaparib plus cediranib from arm 1 and olaparib plus durvalumab from
arm 2 provided ORRs 0f 50% and 42.9%. These promising results have several implications.

First, it raises questions about whether the combination provides additive or synergistic
effects and which combination is best for olaparib in the platinum-resistant setting.
According to our study, an anti-angiogenic agent and/or immune checkpoint inhibitor may be
synergistic in HRD-positive platinum-resistant ovarian cancer compared with findings from
prior studies [21]. The strategy is also being evaluated in the randomised phase 3 trial (NRG-
GY005; NCT02502266) comparing olaparib plus cediranib versus cediranib versus standard-
of-care CT. Second, it is questionable whether this finding could be applicable in patients
with prior PARP inhibitor treatment. While our study was enrolling patients, the standard of
care for patients with ovarian cancer changed. With the recent broader FDA approval, more
patients have the opportunity to use a PARP inhibitor as maintenance therapy in the front-
line setting. In particular, most BRCAm patients are now exposed to PARP inhibitors before
platinum resistance occurs. Only a small number of BRCAm patients may not have received

a PARP inhibitor prior to the onset of platinum-resistant disease in the future. Lastly, the
relatively high proportion of patients requiring dose reduction of cediranib in arm 1 suggests
that the regimen could be further optimised.

The results from arms 3, 4, and 5 suggest that the activity of chemo-immunotherapy may be
more active than either agent alone, compared with historical trials in platinum-resistant
epithelial ovarian cancer. Single-agent PD-1/L1 inhibition had limited activity in platinum-
resistant recurrent ovarian cancer [10-12,22]. Combination strategies have been suggested to
enhance antitumour immune response in ovarian cancer.

https://doi.org/10.3802/jg0.2022.33.e45 11/16
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First, a combination of PD-1/L1 inhibitor with CT was investigated. Small single-arm phase

2 studies showed preliminary evidence of clinical benefit from PLD and pembrolizumab in

a recurrent setting [13]. However, the JAVELIN Ovarian-200 trial failed to show a survival
benefit with the addition of avelumab to PLD compared with PLD alone [19]. Although
previous studies used PLD as a backbone for combination with an immune checkpoint
inhibitor, recent data showed that doxorubicin decreased expression of PD-L1 in cancer cells
[23]. Weekly paclitaxel is also suggested as a backbone for an immune checkpoint inhibitor in
other ongoing studies as well as in ours. Notably, there were fewer TRAEs of severity grade 3
or higher in arm 5 than in arm 4, which suggests low-dose and -density weekly paclitaxel may
be optimal in chemo-immunotherapy.

Second, a signal of efficacy was shown using combination therapy of anti-PD-1 and anti-
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4) agents in platinum-resistant ovarian
cancer patients [24]. For biomarker-negative patients (HRD negative and PD-L1 negative),
we hypothesised that combination therapy with CT, a PD-L1 inhibitor, and a CTLA-4
inhibitor is synergistic even in patients with low PD-L1 expression. To date, there are no
clinical data regarding triplet therapy for the treatment of ovarian cancer. This is the first
report showing outcomes of durvalumab, tremelimumab, and CT in ovarian cancer. Some
studies (NCT03899610, NCT03249142, ACTRN12618000109202) are ongoing to evaluate
the efficacy of durvalumab, tremelimumab, paclitaxel, and carboplatin in front-line ovarian
cancer treatment [25]. Acknowledging the limitations of cross-arm comparisons, the results
ofarm 5 (durvalumab + tremelimumab 300 mg + CT) suggest that a single, priming dose of
tremelimumab combined with durvalumab may provide a similar ORR and higher PFS when
compared with other durvalumab combinations in this study. This finding is consistent
with a previous study, which showed that a single, priming dose of tremelimumab may be
sufficient to activate the tumour-fighting potential of the immune system [26].

Toxicities attributable to immune checkpoint inhibitors have been reported as predictive
biomarkers for treatment efficacy. In a post-hoc exploratory analysis of toxicity and efficacy,
we found that patients with irAEs had significantly longer PFS than patients without these
events. Our results are in line with previous evidence that treatment-induced toxicities can be
independent predictive biomarkers for the efficacy of immune checkpoint inhibitors in other
tumours [27].

Our study had several limitations. First, the study had no control group for comparison and
selection bias could not be excluded because of the non-randomised. Second, there was a
relatively small sample size in each cohort, which affected the statistical power and precluded
the ability to distinguish between treatment arms. Lastly, overall ORR is encouraging, and is
what would be expected for true synergy for triplet therapy for arms 4 and 5. At present, arm
6 is added to identify the role of tremelimumab in ovarian cancer after completion of arm 5
recruitment (Fig. $2).

Findings from this trial suggest that biomarker-driven targeted therapy may have greater
efficacy than other studies published recently in the platinum-resistant setting [19,20].
In conclusion, AMBITION suggests a new concept for platinum-resistant ovarian cancer,
demonstrating the clinical utility of molecular subtyping-based targeted therapy. All
combinations are worthy of further exploration and phase 3 trials are warranted in the
treatment of platinum-resistant ovarian cancer.
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Fig. S1

Revised study protocol. Adapted from Lee et al [1]. with permission of Oxford University
Press. Recruitment to arm 6 is initiated after completion in arm 5.
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Fig. S2

Study schema. Reproduced from Lee et al [1]. with permission of Oxford University Press.

Recruitment to arm 5 is initiated after completion in arm 4.
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Fig. S3
Spider plot showing the change in target lesion size at each time point for 61 patients over the
treatment cycle.
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Fig. S4
Kaplan-Meier plots of PFS (A) and OS (B) in patients with modified intent-to-treat population
from each arm.
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Fig. S5
OS by irAE (arms 2, 3, 4, and 5) (p=0.05).
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Fig. S6
OS by PD-L1 (arms 2, 3, 4, and 5).
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