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ABSTRACT
◥

Purpose: The efficacy, safety, and tolerability of cediranib plus
olaparib (cedi/ola) were investigated in patients with nongermline–
BRCA-mutated (non-gBRCAm)platinum-resistant recurrent ovar-
ian cancer.

Patients and Methods: PARP inhibitor–na€�ve women aged
≥18 years with platinum-resistant non-gBRCAm ovarian cancer,
ECOG performance status of 0–2, and ≥3 prior lines of therapy
received cediranib 30mg once daily plus olaparib 200mg twice daily
in this single-arm, multicenter, phase IIb trial. The primary end-
point was objective response rate (ORR) by independent central
review (ICR) using RECIST 1.1. Progression-free survival (PFS),
overall survival (OS), and safety and tolerability were also examined.

Results: Sixty patients received cedi/ola, all of whom had con-
firmed non-gBRCAm status. Patients had received amedian of four

lines of chemotherapy; most (88.3%) had received prior bevacizu-
mab. ORR by ICR was 15.3%, median PFS was 5.1 months, and
medianOSwas 13.2months. Forty-four (73.3%) patients reported a
grade≥3 adverse event (AE), with one patient experiencing a grade 5
AE (sepsis), considered unrelated to the study treatment. Dose
interruptions, reductions, and discontinuations due to AEs
occurred in 55.0%, 18.3%, and 18.3% of patients, respectively.
Patients with high global loss of heterozygosity (gLOH) had ORR
of 26.7% [4/15; 95% confidence interval (CI), 7.8–55.1], while ORR
was 12.5% (4/32; 95% CI, 3.5–29.0) in the low gLOH group.

Conclusions: Clinical activity was shown for the cedi/ola com-
bination in heavily pretreated, non-gBRCAm, platinum-resistant
patients with ovarian cancer despite failing to meet the target ORR
of 20%, highlighting a need for further biomarker studies.

Introduction
Ovarian cancer is the fifth leading cause of cancer-related death

among women, with 5-year survival of less than 50% (1). Cyto-

reductive surgery and chemotherapy are the mainstay of first-line
therapy, but approximately 80% of women with advanced ovarian
cancer experience a recurrence within 3 years of diagnosis (2) and
almost all patients with recurrent disease ultimately develop platinum
resistance (3). In this setting, approved treatment options include
non–platinum-based chemotherapy, the vascular endothelial growth
factor (VEGF) inhibitor bevacizumab in combination with chemo-
therapy, and poly(ADP-ribose) polymerase (PARP) inhibitors in
tumors with a BRCA mutation (4). Outcomes are poor for patients
who subsequently relapse, with a response rate of less than 10% to
late-line chemotherapy or small-molecule targeted therapy after
progression on bevacizumab plus chemotherapy (5–9). Single-digit
response rates to PARP inhibitor monotherapy have been observed
in relapsed platinum-resistant patients with non–BRCA-mutated
tumors (10). Therefore, an unmet need remains for more effective
therapies in platinum-resistant patients who have received ≥3 lines
of prior chemotherapy and who do not carry a deleterious germline
BRCA1/2 mutation (gBRCAm).

Cediranib is a potent, oral, once-daily, small-molecule tyrosine
kinase VEGF inhibitor that targets all three VEGF receptors
(VEGFR-1, -2, -3) and stem cell factor receptor tyrosine kinase (c-kit;
refs. 11, 12). Olaparib, an inhibitor of PARP 1 and PARP 2, is approved
for several ovarian cancer indications: as monotherapy for the treat-
ment of gBRCAm ovarian cancer patients who have received ≥3 prior
lines of treatment (U.S. Food and Drug Administration only); as first-
linemaintenance therapy in newly diagnosed BRCA-mutated patients;
as maintenance therapy in platinum-sensitive relapsed patients
regardless of BRCAm status; and in combination with bevacizumab
as first-line maintenance therapy for patients with advanced ovarian
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cancer whose cancer is associated with homologous recombination
deficiency (HRD)-positive status (13).

Limited responses have been shownwith cediranibmonotherapy in
platinum-resistant ovarian cancer (11, 14). However, in combination
with olaparib, clinical activity has been shown in platinum-resistant,
non-gBRCAm ovarian cancer in previous phase II trials (15, 16),
including at the recommended phase II dose (17) of cediranib 30 mg
once daily plus olaparib 200 mg twice daily (16). Therefore, the
objective of this study was to further investigate the safety, tolerability
and efficacy of cediranib (30 mg once daily) plus olaparib (200 mg
twice daily) in heavily pretreated patients with recurrent, platinum-
resistant, non-gBRCAm ovarian cancer, who represent a particularly
difficult-to-treat population.

Patients and Methods
Study design and oversight

This was an open-label, phase IIb, single-arm, multicenter trial to
assess the efficacy and safety of cediranib plus olaparib in patients with
recurrent platinum-resistant (defined as disease progression within
6 months of the last receipt of platinum-based chemotherapy) ovarian
cancer in women without a gBRCAm. The study is registered with
ClinicalTrials.gov, NCT02889900.

The trial was conducted across 25 study centers in the United
States, with oversight provided by the steering committee; a data
monitoring committee was not considered necessary as this was an
open-label study and the safety profiles of olaparib and cediranib as
monotherapies and in combination have been previously estab-
lished. The Institutional Review Boards of all participating sites
approved the study, and patients were enrolled following written
informed consent.

The study was performed in accordance with the Declaration of
Helsinki, Good Clinical Practice (as defined by the International
Conference on Harmonisation), applicable regulatory requirements,
and the AstraZeneca policy on bioethics and human biological
samples.

Patients
Women aged ≥18 years with an Eastern Cooperative Oncology

Group (ECOG) performance status of 0 to 2 and histologically
proven high-grade ovarian/fallopian tube and primary peritoneal
cancer with no evidence of a deleterious or suspected deleterious
gBRCAm, as defined by a test conducted in an appropriately

accredited laboratory (e.g., Clinical Laboratory Improvement
Amendments certified), were eligible for inclusion. Patients were
included if their life expectancy was ≥12 weeks, they had recurrent
disease with evidence of progression after a platinum-free interval
(PFI) of ≤6 months after their most recent line of platinum therapy
prior to study enrollment (i.e., platinum resistant), and they had
received ≥3 prior lines of therapy as follows: platinum chemo-
therapy, ≥2 prior lines required, and non-platinum chemotherapy,
up to two prior lines allowed but not required. Prior antiangiogenic
treatment such as bevacizumab, in either a first-line or a recurrent
setting, was initially required for study entry, but the protocol was
subsequently amended to make this optional to allow for timelier
accrual. Hormonal therapy (e.g., tamoxifen, aromatase inhibitors),
bevacizumab (or other angiogenesis inhibitor), or other immuno-
therapy used as a single agent was not counted as a line of cytotoxic
therapy. CT/MRI evidence of measurable disease as per Response
Evaluation Criteria in Solid Tumors version 1.1 (RECIST 1.1) was
required for inclusion.

Patients who had a gBRCAm, were previously treated with a
PARP inhibitor, had disease progression during or within 6 months
of completing first-line platinum-based chemotherapy (i.e., pri-
mary platinum resistant/refractory), or were platinum refractory
(defined as disease progression during the last receipt of platinum-
based therapy) were ineligible.

Study procedures and assessments
Eligible patients received the recommended phase II dose (17) of

cediranib tablets (30 mg daily) plus olaparib tablets (200 mg twice
daily) until objective radiologic disease progression (defined by
RECIST 1.1), unacceptable toxicity, or withdrawal of consent for
treatment. Dose reductions for toxicity were permitted for either or
both therapies at the discretion of the investigator, although no dose
reescalation was allowed.

The primary outcome was objective response rate (ORR) in the
evaluable-for-response (EFR) analysis set [i.e., complete response (CR)
plus partial response (PR; ref. 18); confirmed responses only as
described below]. ORR was established by independent central review
(ICR) using RECIST 1.1. All patients had RECIST 1.1 tumor assess-
ments at screening (within 28 days prior to the start of study treatment)
and every 8 weeks (�1 week) after start of treatment until objective
radiologic disease progression or withdrawal of consent. Objective
responses had to be confirmed during the next RECIST 1.1 visit
assessment to ensure that identified responses were not a result of
measurement error.

Additional efficacy outcome measures, including duration of
response (DoR), progression-free survival (PFS), time to treatment
discontinuation or death (TDT), overall survival (OS), and disease
control rate (DCR), were assessed by ICR. Categorization of objec-
tive tumor response assessment was based on RECIST 1.1. Efficacy
was also evaluated according to the presence of predicted loss-of-
function tumor variants in BRCA1/2 or predefined homologous
recombination repair (HRR)-associated genes determined from
archival tissue samples by testing with the DX1 bait set, utilized
by the FoundationOne CDx assay (19). Planned post hoc subgroup
analyses included efficacy evaluation according to the presence of
high-percentage genome-wide loss of heterozygosity (gLOH). For
further details on the assay methodology, see the Supplementary
Methods. Adverse events (AE) and treatment-emergent changes in
vital signs and laboratory parameters were also evaluated through-
out the study. Details of permitted dose modifications to manage
toxicity are described in the Supplementary Methods.

Translational Relevance

This open-label, phase IIb, single-arm, multicenter trial inves-
tigated the safety and efficacy of cediranib in combination with
olaparib in heavily pretreated, platinum-resistant, nongermline–
BRCA-mutated (non-gBRCAm) ovarian cancer. The 60 patients
who received treatment had received a median of four previous
lines of chemotherapy, and most (88.3%) had received prior
bevacizumab before entering the study. The objective response
rate by independent radiological review was 15.3%. Median pro-
gression-free survival was 5.1 months, and overall survival was
13.2 months. Cediranib plus olaparib showed activity in subsets of
heavily pretreated, non-gBRCAm, platinum-resistant ovarian can-
cer, which is a difficult-to-treat population for which there is a
significant unmet need for new treatment options.
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Statistical analysis
Descriptive statistics were used for all variables, as appropriate.

Continuous variables were summarized by the number of observa-
tions, mean, standard deviation, median, minimum, and maximum.
Categorical variables were summarized by frequency counts and
percentages for each category. Unless otherwise stated, percentages
were calculated out of the full analysis set (FAS; i.e., all patients who
received ≥1 dose of either therapy). Secondary efficacy and safety
outcome measures were also assessed in the FAS.

Posterior distribution [modeled with binomial distribution and
neutral beta (1/3, 1/3) prior distribution on the rate] of ORR was
calculated. A futility analysis of ORR took place after 20 evaluable
patients (i.e., with measurable disease at baseline and ≥1 dose of study
drugs) had received theirfirst dose of studydrugs and hadbeen observed
for at least 4 months. Evaluation was based on investigator assessment.
The criterion for declaring futility was based on predictive probability
within a Bayesian design framework. As four or more patients had an
objective response, the study continued to the final analysis.

Originally, 100 patients were planned to be recruited over approxi-
mately 12 months. The study design was formulated within a Bayesian
framework basedondual criteria to show improvement over the expected
response rate under current standard treatments (20% response rate
targeted as an improvement versus an expected<15% response rate based
on chemotherapy; ref. 20), and to have a response rate of a relevant size
(approximately 30%). The latter was defined as having >90% confidence
that the true ORR is at least 20% or probability (ORR ≥20%) >0.9 and an
observed rate of 30/100 is seen at the final analysis. Assuming a median
PFS of 6months andOS of 12months, 73% of PFS events and 59% ofOS
events were expected to occur at the time of the analysis.

However, slower-than-projected recruitment as a result of the emerg-
ingavailability anduptakeofPARP inhibitors in earlier lines of treatment,
as well as the requirement of prior antiangiogenics, that is, bevacizumab,
restricted thepopulation available for this study. Therefore, the studyplan
was amended to recruit approximately 60 treated patients, with final
analysis of OS at 8months after the last patient had received her first dose
of the study drugs. For 60 treated patients, a response rate of 30% would
also give >90% confidence that the true ORR is ≥20%. Based on the
duration of recruitment and assuming a median PFS of 6 months as
originally planned and amedianOSof 12months, 80% ofPFS events and
57% of OS events were expected to occur at the time of the analysis.

Data availability
Data underlying the findings described in this manuscript may

be obtained in accordance with AstraZeneca’s data-sharing policy
described at https://astrazenecagrouptrials.pharmacm.com/ST/
Submission/Disclosure.

Anonymized datasets may be available on request. Requests for
access to data may be submitted at https://vivli.org/. The request will
undergo an internal review process and, if approved, data will be
prepared and shared with specified accessors named on the request
form for 12 months via SAS Multi-Sponsor Environment.

Results
Patient disposition

In total, 95 patients were screened, of whom 62 were enrolled in the
study and 60 received cediranib plus olaparib (Fig. 1). Median total
treatment duration was 15.4 weeks for cediranib and 15.3 weeks for

 

Assessed for eligibility (n = 95)

Enrolled (n = 62)

Allocation

Follow-up

Analysis

Excluded (n = 33)
• Not meeting inclusion criteria (n = 33)
• Declined to participate (n = 0)
• Other reasons (n = 0)

Allocated to cediranib + olaparib (n = 62)
• Received cediranib + olaparib (n = 60)
• Did not receive cediranib + olaparib   
 (did not meet eligibility criteria) (n = 2)

Lost to follow-up (n = 0)
Discontinued cediranib or olaparib (n = 56):a 

• AEs (n = 14)b

• Condition under investigation worsened 
 (n = 32)
• Withdrawal of informed consent (n = 7)
• Other (n = 5)

Analyzed (n = 59)
• Excluded from analysis (did not meet  
 the eligibility criterion of measurable 
 disease at baseline by ICR) (n = 1)

Figure 1.

Patient disposition. aThe reasons for
withdrawal are not mutually exclu-
sive as some patients have specified
different reasons for withdrawal;
bIncludes 3 patients who discontin-
ued cediranib but not olaparib and
1 patient who discontinued olaparib
but not cediranib.
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olaparib. At the time of data cutoff (August 27, 2019), 5 (8.3%) patients
were still receiving study treatment [4 (6.7%) receiving cediranib
plus olaparib, 1 (1.7%) receiving olaparib only].

Baseline characteristics
Patient baseline characteristics are presented inTable 1. All patients

had epithelial ovarian carcinoma, including high-grade serous
(HGSOC; 54/60, 90.0%), high-grade endometrioid (2/60, 3.3%), clear
cell (2/60, 3.3%), and other histologies (2/60, 3.3%; including adeno-
carcinoma and mixed serous þ clear cell histology). Non-gBRCAm
status was documented for all patients at study entry.

Based on tumor testing: 4 of 60 (6.7%) patients had a tumor BRCAm
(all concluded to be somatic in origin based on a negative germline
BRCA result at screening), 5 of 60 (8.3%) carried a tumor non-BRCAm
HRR mutation (HRRm; 2 CDK12m, 1 CHEK2m, 1 PPP2R2Am, 1
BRIP1m), 43 of 60 (71.7%)were non-BRCAm/non-HRRm, and 8 of 60
(13.4%) had unknown tumor BRCA/HRR status (because of failed or
canceled tests/missing results). Further details regarding the 9 patients

with a somatic BRCA2m or non-BRCA HRR mutations are provided
in Supplementary Table S1.

Patients had received a median of four previous lines of chemo-
therapy (range 3–10), and most (88.3%) had received prior bev-
acizumab, including 41.7% who received prior bevacizumab in
combination with chemotherapy, in either the upfront or the
recurrent setting. A total of 52 (86.7%) patients had a PFI of
≤6 months after their most recent line of platinum therapy prior
to study enrollment. Eight (13.3%) patients with initial platinum-
resistant/refractory disease deviated from the eligibility require-
ments. In addition, 2 (3.3%) patients entered the study as platinum
sensitive (i.e., PFI >6 months after completion of the last platinum
chemotherapy) and 3 (5.0%) patients had disease progression during
their last platinum treatment, both deviations from eligibility
criteria.

Median time from diagnosis to entering the study was 49.5 months.
Median time from completion of last previous anticancer therapy to
start of study treatment was 1.9 months.

Response to treatment
ORR by ICR was 15.3% [95% confidence interval (CI), 7.2–27.0],

based on 9 patients with a response (1 CR, 8 PR; Table 2). When
assessed by posterior distribution, mean ORR by ICRwas 15.6% (95%
CI, 7.0–24.9; Supplementary Table S2), with 52.2% confidence that
the true response rate was >15% by posterior distribution. ORR by
investigator assessment was 16.7% (95% CI, 8.3–28.5). Median PFS
was 5.1months (95%CI, 3.5–5.5;Fig. 2).MedianDoRwas 8.3months
(95% CI, 5.6–10.3), and 4 of 9 (44.4%) responders had a measurable
response for >9 months. The time course of response in the 9
responding patients is provided in Supplementary Fig. S1. Onset of
response was observed within 18 weeks in 8 of 9 (88.9%) responding
patients. Fourteen of 59 (23.7%) patients evaluable for DCR remained
in disease control at 6 months. Median OS was 13.2 months (95% CI,
9.4–16.4), and median TDT was 3.5 months (95% CI, 2.7–5.1).

Tumor BRCA and HRR mutations
Nine (15.3%) patients were classified as BRCAm or non-BRCAm

HRRm based on tumor testing: 4 harbored a somatic BRCA2m and 5
were non-BRCAm HRRm (Supplementary Table S1). ORR in the
BRCAm/HRRm subgroup was 2/9 (22.2%). Both patients had a
somatic BRCA2m and a PR. In the non-BRCAm/non-HRRm sub-
group, ORR was 6/42 (14.3%).

Table 1. Demographics and baseline characteristics.

Demographic characteristics

Cediranib þ
olaparib
(N ¼ 60)

Median age, years (range) 64.5 (42–80)
ECOG performance status, n (%)

0 41 (68.3)
1 18 (30.0)
2 1 (1.7)

Primary tumor location, n (%)
Ovary 49 (81.7)
Peritoneum 4 (6.7)
Fallopian tube 7 (11.7)

Tumor grade, n (%)
High 60 (100.0)

Histology type, n (%)
High-grade serous 54 (90.0)
Clear cell 2 (3.3)
High-grade endometrioid 2 (3.3)
Other 2 (3.3)

All regimens of previous chemotherapy, n (%)
3 28 (46.7)
4 16 (26.7)
5 10 (16.7)
6 4 (6.7)
>6 2 (3.3)
Median 4.0
Minimum 3
Maximum 10

Number of regimens of previous platinum
chemotherapy, n (%)
1 4 (6.7)
2 34 (56.7)
3 13 (21.7)
4 6 (10.0)
5 3 (5.0)
Median 2.0
Minimum 1
Maximum 5

Platinum sensitivity
Platinum-free interval of ≤6 months after completion
of last line of platinum treatment

52 (86.7)

Table 2. Response to treatment.

Cediranibþ olaparib
Analysis
set

Number
of patients Result 95% CI

ORR, n (%) EFR 59 9 (15.3) 7.2–27.0
FAS 60 9 (15.0) 7.1–26.6

CR, n (%) EFR 59 1 (1.7) NC
PR, n (%) EFR 59 8 (13.6) NC
Median DoR,monthsa EFR 59 8.3 5.6–10.3
DCR, n (%) EFR 59 14 (23.7) 13.6–36.6
Median PFS, months FAS 60 5.1 3.5–5.5
Median OS, months FAS 60 13.2 9.4–16.4
Median TDT, monthsb FAS 60 3.5 2.7–5.1

Abbreviation: NC, not calculated.
aCalculated using the Kaplan–Meier technique.
bDefined as the time from the date of first doses of cediranib and olaparib to the
earlier of the date of discontinuation of both drugs, or death date.
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The PFS and OS results were generally similar regardless of muta-
tion status. Percentage gLOH was available for 47 HGSOC patients in
the EFR analysis set. Of these, 15 had a tumor BRCAm and/or gLOH
score of ≥16% (gLOHhigh), and 32 had a gLOH score of <16%
(gLOHlow). ORR was 26.7% (4/15; 95% CI, 7.8–55.1) in the gLOHhigh

group and 12.5% (4/32; 95% CI, 3.5–29.0) in the gLOHlow group.

Safety
Median treatment duration (excluding dose interruptions and

planned “no-dose” periods for intermittent dosing) was 3.5 months
for cediranib and 3.4 months for olaparib. Forty-four (73.3%) patients
reported a grade ≥3 AE [patient-reported outcomes version of the
Common Terminology Criteria for Adverse Events (PRO-CTCAE)
definition]; the most common (in >10% of patients) were hyperten-
sion (30.0%), fatigue (21.7%), diarrhea (13.3%), and nausea (11.7%;
Table 3). Twenty-four (40.0%) patients reported a grade ≥3 AE that
was considered related to cediranib and olaparib by the investigator.
Twenty-two (36.7%) patients reported a serious AE, the most com-
mon of which were nausea in 4 (6.7%) and vomiting in 2 (3.3%)
patients. Three (5.0%) patients reported a serious AE causally related
to cediranib and olaparib (anemia, ataxia, and decreased appetite,
respectively), and 3 (5.0%) patients met predefined criteria for poten-
tial Hy’s law, of whom 1 (1.7%) was reported to be a case of drug-
induced liver injury. All 3 patients had confounding factors associated
with the elevation in liver enzymes.

The most common AEs of special interest considered related to
cediranib and olaparib were fatigue [31 (51.7%) patients], nausea [20
(33.3%) patients], diarrhea [17 (28.3%) patients], and hypertension [6
(10.0%) patients]. Although not a predefined AE of special interest,
one serious AE of enterocutaneous fistula was observed that was
considered related to cediranib.

Deathswere reported in 36 (60.0%)patients;most reporteddeaths (33
patients, 91.7% of deaths) were a result of disease progression. One
(1.7%) patient experienced an AE of sepsis with an outcome of death,
which was considered unrelated to study treatment; 2 (3.3%) patients
died several months after discontinuing from the study, with cause of
death reported as “other”. There were no events of myelodysplastic
syndrome/acute myeloid leukemia reported during the course of the
study.

Tolerability
Overall, 47 (78.3%) patients experienced dose interruption,

including 33 (55.0%) with interruption to both drugs. The most
common AEs leading to dose interruption of cediranib or olaparib
were fatigue [12 (20.0%) patients], diarrhea [11 (18.3%) patients],
and hypertension [9 (15.0%) patients]. In addition, 29 (48.3%)
patients had dose reduction, including 11 (18.3%) with reduction
in dose of both drugs. The most common AEs leading to dose
reduction in cediranib or olaparib were fatigue [9 (15.0%) patients],
diarrhea [8 (13.3%) patients], anemia [3 (5.0%) patients], dyspnea
[3 (5.0%) patients], and nausea [3 (5.0%) patients].

Fourteen (23.3%) patients discontinued cediranib or olaparib due to
AEs, including 11 (18.3%) patients who discontinued both cediranib

Table 3. Most common AEs (overall frequency of 15%) and
corresponding grade ≥3 incidence (safety analysis set).

Cediranib þ olaparib
(N ¼ 60)

Any grade,
n (%)

PRO-CTCAE
grade ≥3,
n (%)

Fatigue 41 (68.3) 13 (21.7)
Nausea 41 (68.3) 7 (11.7)
Diarrhea 40 (66.7) 8 (13.3)
Hypertension 40 (66.7) 18 (30.0)
Vomiting 25 (41.7) 4 (6.7)
Decreased appetite 22 (36.7) 1 (1.7)
Abdominal pain 21 (35.0) 3 (5.0)
Headache 21 (35.0) 1 (1.7)
Constipation 18 (30.0) 1 (1.7)
Hypomagnesemia 15 (25.0) 3 (5.0)
Dyspnea 14 (23.3) 1 (1.7)
Anemia 12 (20.0) 4 (6.7)
Hyponatremia 12 (20.0) 2 (3.3)
Dehydration 11 (18.3) 2 (3.3)
Dysgeusia 11 (18.3) 0
Urinary tract infection 11 (18.3) 1 (1.7)
Cough 10 (16.7) 0
Dysphonia 10 (16.7) 0
Hypokalemia 10 (16.7) 0
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Figure 2.

Kaplan–Meier plot of PFS.

Lee et al.

Clin Cancer Res; 28(19) October 1, 2022 CLINICAL CANCER RESEARCH4190



and olaparib. The most common AEs leading to dose discontinuation
of cediranib or olaparib were fatigue [3 (5.0%) patients], nausea
[3 (5.0%) patients], vomiting [2 (3.3%) patients], and thrombocyto-
penia [2 (3.3%) patients].

Discussion
Cediranib plus olaparib showed evidence of antitumor activity, with

an ORR by ICR of 15.3% and ORR by posterior distribution of 15.6%,
in this heavily pretreated population with non-gBRCAm, platinum-
resistant ovarian cancer. This is indicative of limited efficacy based on
the posterior probability calculations that did not meet the target of
20%. Importantly, clinicallymeaningfulOS andPFSwas observedwith
the combination in a disease setting in which patients have few
treatment options available and most are expected to have disease
progression or succumb to the disease within 12 months (2, 20–22).

These findings add to the existing evidence base for the activity of
this combination in ovarian cancer. The combination was well toler-
ated in a previous phase I study (NCT01116648), with an ORR of 44%
and evidence of activity regardless of platinum sensitivity or BRCAm
status (23). In a parallel phase II study (NCT01116648), PFS was
significantly extended versus olaparib alone (17.7 vs. 9.0 months) in
relapsed platinum-sensitive patients (17); prominent improvements
were observed in women with wild-type/unknown gBRCAm (16.5
vs. 5.7 months with olaparib alone; ref. 17). In a recent phase III trial
(NRG GY004), the combination did not significantly improve
median PFS (10.4 vs. 10.3 months) or ORR (69.4% vs. 71.3%) relative
to platinum-based chemotherapy in recurrent platinum-sensitive
patients, although substantial activity was observed in the subgroup
of patients with gBRCAm (PFS 18.0 vs. 10.5 months, ORR 89% vs.
71%; ref. 24).

CONCERTO was the first trial to specifically examine cediranib
in combination with olaparib in women with platinum-resistant
ovarian cancer who had received ≥3 lines of therapy. In the
randomized BAROCCO study, which allowed a mixed population
of platinum-resistant cancer patients of whom 11% had a known
BRCA mutation and 41% had received ≤2 prior lines of therapy,
median PFS for the continuous (olaparib 300mg twice daily plus
cediranib 20 mg daily) and the intermittent (olaparib 300mg twice
daily plus cediranib 20 mg 5 days/week) schedules were 5.7 and
3.8 months, respectively (15). In a separate platinum-resistant
cohort in a biomarker-driven study sponsored by the National
Cancer Institute (NCT02345265), which included 14% of patients
with a known BRCA mutation, with only 23% of patients having
received ≤3 lines of therapy, ORR was 20%, median duration of
response was 6 months, and DCR was 43% (16).

Most patients in CONCERTO (88.3%) had prior exposure to
bevacizumab at baseline. Bevacizumab is known to modulate the
baseline tumor microenvironment in other cancers (25); however,
this has been understudied in ovarian cancer, so it is unclear how
previous bevacizumab usemay have affected response to therapy in the
present study. To date, targeted therapy as either monotherapy or in
combination has shown only modest clinical activity in a bevacizu-
mab-exposed population (5, 6). Moreover, PARP inhibitor mono-
therapy has previously shown activity mainly in patients with BRCA-
mutated, recurrent, platinum-sensitive disease and has extremely
limited activity in the setting of platinum-resistant ovarian cancer in
non-BRCAm tumors (10, 24, 26).

To date, standard-of-care therapies have shown only limited
activity in the platinum-resistant setting, with an ORR of 7% to
28%, median OS of 12.2 to 16.6 months, and median PFS of 3.4 to

6.8 months (27–35). Most recent trials in this setting have shown low
ORRs and failed to achieve their primary endpoints. In the CLIO trial,
olaparib monotherapy showed an ORR (unconfirmed) of 18% in
patients with platinum-resistant recurrent ovarian cancer who had
received ≥1 prior line of chemotherapy (36). In the QUADRA trial,
ORR was 27% with the PARP inhibitor niraparib in patients with
relapsed platinum-resistant/refractory ovarian cancer and BRCAm
tumors, 10% in those with HRD-positive tumors, and 3% in those
with HRD-negative/unknown tumors (10). In the JAVELIN ovarian
200 trial, avelumab in combination with pegylated liposomal doxo-
rubicin (PLD) showed an ORR of 13.3% in patients with platinum-
resistant refractory ovarian cancer; the combination failed to meet
the PFS and OS endpoints and was not beneficial compared with
PLD alone (37). In FORWARD I, ORR was 24% with mirvetuximab
soravtansine versus 10% with chemotherapy in patients with folate
receptor alpha–positive advanced ovarian cancer who had received
2 to 4 lines of prior therapy; the trial failed to meet its PFS and OS
endpoints (18).

It is therefore important to interpret the results of CONCERTO and
previous trials in the context of the challenges associated with treating
recurrent platinum-resistant ovarian cancer. Treatment responses in
this substantially pretreated and treatment-resistant population are
often variable, particularly with antiangiogenic therapy, and onset of
resistance to therapy can be rapid (38). Thus, any improvements in PFS
and survival are valuable, even in lieu of low response rates.

Future research efforts are likely to focus on identifying predictive
biomarkers for antiangiogenic therapy (38, 39). The small number of
patients with somatic BRCAm, tumor HRRm, or available gLOH data
precluded a firm conclusion on the utility of these biomarkers in
differentiating patient treatment response in the present study. How-
ever, there was a trend for better ORR in patients with gLOH ≥16%.
Not all observed responses could be explained by BRCA or HRR
mutation status; therefore, further research is needed to understand
why some patients respond while others do not.

The most common grade ≥3 AEs observed in the current study
(hypertension, fatigue, diarrhea, nausea) are consistent with those
observed in previous phase I/II trials (17, 23). The combination
has shown an increased incidence of grade ≥3 AEs compared with
olaparib alone, specifically nausea, fatigue, diarrhea, and hyperten-
sion (17, 23, 24), Although hypertension was the most common grade
≥3 AE in this study, blood pressure elevations were generally asymp-
tomatic for most patients, except for the 1 (2%) patient with grade 4
hypertension.Overlapping toxicity has not been explored for cediranib
plus olaparib versus cediranib alone; nevertheless, two cediranib
monotherapy studies previously reported high incidence of hyperten-
sion, fatigue, and diarrhea (11, 14). Although a significant percentage
of patients receiving cediranib plus olaparib experienced AEs in the
current trial, most were able to continue treatment with effective
management, including dose interruptions, dose reductions, and
supportive care.

This open-label, single-arm study has some clear limitations. The
lack of a comparator means that it is not possible to ascertain the
efficacy and safety of cediranib plus olaparib compared with the
monotherapies or the current standard of care in this heavily pre-
treated population. The 62 patients enrolled offered a limited sample
size, so ongoing larger studies will further determine whether the
findings of this trial are applicable to the overall population with
recurrent platinum-resistant ovarian cancer. The trial was originally
designed based on recruitment of 100 patients; however, slower-than-
projected recruitment due to the emerging availability and uptake of
PARP inhibitors led to an amended target of approximately 60
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patients. All patients in this study were PARP inhibitor na€�ve; the
results therefore offer no insight into the clinical activity of combi-
nation cediranib and olaparib in patients with prior exposure to
PARP inhibitors. In a previous proof-of-concept study in 34 heavily
pretreated patients with ovarian cancer who were PARP inhibitor
resistant, cediranib (20 mg once daily) plus olaparib (300 mg twice
daily) met the predefined bar for efficacy, although activity varied
according to genomic mechanism of PARP inhibitor resistance (40).
Further studies to characterize the utility of cediranib plus olaparib
in PARP inhibitor–resistant or –exposed tumors are warranted.

In conclusion, cediranib plus olaparib showed limited evidence
of clinical activity regardless of mutation status, as measured by
ORR, in recurrent, platinum-resistant, pretreated ovarian cancer.
Despite the study failing to meet its primary endpoint, clinically
meaningful OS and PFS were observed with this chemotherapy-
free regimen in the subsets of patients in whom current therapy
options offer little clinical benefit. These results support further
exploration of the combination in platinum-resistant ovarian
cancer, and an ongoing phase II/III study is examining cediranib
plus olaparib versus their respective monotherapies and versus
standard chemotherapy (NRG GY-005, NCT02502266) in the hope
of offering a nonchemotherapy, noninfusion-center–dependent
doublet treatment option.
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