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abstract

PURPOSE Platinum-based chemotherapy is the standard of care for platinum-sensitive ovarian cancer, but
complications from repeated platinum therapy occur. We assessed the activity of two all-oral nonplatinum
alternatives, olaparib or olaparib/cediranib, versus platinum-based chemotherapy.

PATIENTS AND METHODS NRG-GY004 is an open-label, randomized, phase III trial conducted in the United
States and Canada. Eligible patients had high-grade serous or endometrioid platinum-sensitive ovarian cancer.
Patients were randomly assigned 1:1:1 to platinum-based chemotherapy, olaparib, or olaparib/cediranib. The
primary end point was progression-free survival (PFS) in the intention-to-treat population. Secondary end points
included activity within germline BRCA-mutated or wild-type subgroups and patient-reported outcomes (PROs).

RESULTS Between February 04, 2016, and November 13, 2017, 565 eligible patients were randomly assigned.
Median PFS was 10.3 (95% CI, 8.7 to 11.2), 8.2 (95% CI, 6.6 to 8.7), and 10.4 (95% CI, 8.5 to 12.5) months
with chemotherapy, olaparib, and olaparib/cediranib, respectively. Olaparib/cediranib did not improve PFS
versus chemotherapy (hazard ratio [HR] 0.86; 95% CI, 0.66 to 1.10; P5 .077). In women with germline BRCA
mutation, the PFS HR versus chemotherapy was 0.55 (95% CI, 0.32 to 0.94) for olaparib/cediranib and 0.63
(95% CI, 0.37 to 1.07) for olaparib. In women without a germline BRCA mutation, the PFS HR versus che-
motherapy was 0.97 (95% CI, 0.73 to 1.30) for olaparib/cediranib and 1.41 (95% CI, 1.07 to 1.86) for olaparib.
Hematologic adverse events occurred more commonly with chemotherapy; however, nonhematologic adverse
events were higher with olaparib/cediranib. In 489 patients evaluable for PROs, patients receiving olaparib/
cediranib scored on average 1.1 points worse on the NFOSI-DRS-P subscale (97.5% CI, –2.0 to –0.2,
P 5 .0063) versus chemotherapy; no difference between olaparib and chemotherapy was observed.

CONCLUSION Combination olaparib/cediranib did not improve PFS compared with chemotherapy and resulted in
reduced PROs. Notably, in patients with a germline BRCA mutation, both olaparib and olaparib/cediranib had
significant clinical activity.

J Clin Oncol 40:2138-2147. © 2022 by American Society of Clinical Oncology

INTRODUCTION

Ovarian cancer remains a leading cause of death for
womenworldwide, with an estimated 313,959 cases and
207,252 deaths occurring in 2020.1 Although response
rates to initial treatment are high, most women experi-
ence disease recurrence. The cancer is considered
platinum-sensitive when recurrence occurs 6 months or
more after completing initial platinum-based therapy.
The current standard of care in this clinical setting is a
platinum-based doublet with or without bevacizumab. If
bevacizumab is not used, poly-ADP-ribose polymerase
(PARP) inhibitor switch maintenance therapy following
completion of chemotherapy may be considered.

Platinum-based therapy is highly active in women with
platinum-sensitive ovarian cancer. However, there are
complications that can occur with repeated platinum
therapy, including development of a platinum allergy,
cumulative hematologic toxicity, and exacerbation of
neuropathy.2 Because of these cumulative risks and
the difficulty of extending chemotherapy beyond six
cycles, a well-tolerated long-term nonplatinum alter-
native would be an attractive option in this population.

Studies have suggested that PARP inhibitors and
antiangiogenic agents may act synergistically in
platinum-sensitive ovarian cancer,3-6 potentially be-
cause of downregulation of genes associated with
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homologous recombination in the setting of hypoxic stress,
resulting in increased homologous recombination
deficiency.7,8 A preclinical study of cediranib, a small-
molecule tyrosine kinase inhibitor with anti–angiogenic
activity, together with olaparib suggested that the anti–
platelet-derived growth factor receptor activity of cediranib
could also lead to increased homologous recombination
deficiency independent of hypoxic stress, with resulting
increased sensitivity to PARP inhibition.9 A phase II study
comparing olaparib monotherapy to combination olaparib/
cediranib in platinum-sensitive relapsed ovarian cancer
demonstrated superiority of the olaparib/cediranib com-
bination, with a significantly increased progression-free
survival (PFS) from 9.0 to 17.7 months (hazard ratio
[HR] 0.42; 95% CI, 0.23 to 0.76).3,4 In the context of these
emerging data, this phase III study was conducted to
confirm whether combination olaparib/cediranib was su-
perior to olaparib alone, and to examine whether it yielded a
superior PFS compared with platinum-based chemother-
apy in platinum-sensitive relapsed ovarian cancer.

PATIENTS AND METHODS

Patient Selection

Eligible patients had platinum-sensitive relapsed high-grade
serous or high-grade endometrioid ovarian, primary perito-
neal, or fallopian tube cancer (collectively referred to as
ovarian cancer), who had received a first-line platinum-
based chemotherapy and had recurred . 6 months after
their most recent platinum-based chemotherapy. Key ex-
clusion criteria included prior receipt of PARP inhibitor
or receipt of antiangiogenic therapy in the recurrent
setting. Full eligibility criteria are available in the Appendix 1
(online only).

Study Design

This was a phase III, open-label, randomized study con-
ducted through the NRG Oncology research group at

participating sites in the United States and Canada. Par-
ticipants randomly assigned to receive platinum-doublet
chemotherapy received carboplatin and paclitaxel, car-
boplatin and gemcitabine, or carboplatin and pegylated
liposomal doxorubicin, per investigator choice. Chemo-
therapy could be continued for as long as deemed ap-
propriate. After completion of chemotherapy, all patients
were to be followed without further cancer-directed ther-
apy, thus specifically precluding bevacizumab or PARP
inhibitor switch maintenance therapy, until the time of
disease progression.

Olaparib monotherapy included olaparib 300 mg tablets
twice daily and olaparib/cediranib included olaparib
200 mg tablets twice daily with cediranib 30 mg tablet once
daily; both regimens were continuously dosed. Participants
continued treatment until disease progression, discontin-
uation because of adverse events (AEs), or withdrawal;
participants could continue on just one study drug in select
circumstances after discussion with the study chair.

Radiographic tumor assessments were performed every
9 weeks for the first year and then every 12 weeks until
disease progression, independent of delays and/or changes
in the treatment schedule.

Patient-reported outcomes (PRO) were captured through
three instruments: NCCN/FACT-Ovarian Cancer Symptom
Index-18 (NFOSI-18), FACT/GOG-Ntx-4 measure of sen-
sory neuropathy, and the five-item EQ-5D measure of
patient preference.10-12 PROs were collected every
12 weeks for 3 years including after stopping study treat-
ment, unless the participant died or declined PRO
completion.

The study was conducted in accordance with the Decla-
ration of Helsinki and Good Clinical Practice Guidelines,
and was approved by the appropriate institutional review
board for each participating site. All participants provided
written informed consent. The study was sponsored by the

CONTEXT

Key Objective
This phase III trial examined whether all-oral nonplatinum regimens of combination olaparib and cediranib or olaparib

monotherapy could improve progression-free survival compared with standard-of-care platinum-based chemotherapy in
patients with relapsed platinum-sensitive ovarian cancer.

Knowledge Generated
Neither combination olaparib and cediranib nor olaparib monotherapy improved progression-free survival compared with

standard-of-care chemotherapy. However, both olaparib/cediranib and olaparib monotherapy had evidence of clinical
activity, most substantially in women with a germline BRCA mutation.

Relevance
Platinum-based chemotherapy remains the standard of care for women with relapsed platinum-sensitive ovarian cancer.

The observed activity of olaparib/cediranib and olaparib, particularly in patients with BRCA-mutated tumors, warrants
further exploration and development of non–platinum-based alternatives, especially in selected patient populations with
platinum-sensitive ovarian cancer.
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US National Cancer Institute (NCI) and registered on
ClinicalTrials.gov identifier: NCT02446600.

Statistical Procedures and Analyses

The original design had power 5 0.85 to detect an
HR 5 0.65 using a one-sided alpha level .025 test. Ran-
domized treatment comparisons of the PFS and overall
survival (OS) end points were grouped separately, with the
PFS family tested first. Within each family, the order of
testing was as follows: (1) olaparib/cediranib versus che-
motherapy; (2) olaparib versus chemotherapy; and (3)
olaparib/cediranib versus olaparib. Type I error was strongly
controlled by a hierarchical gatekeeping procedure. The
alpha was forwarded to each test in the sequence, stopping
with the first null hypothesis that failed to reject. There was
an interim PFS futility analysis at 50% information time; the
protocol also allowed for an OS analysis when the PFS end
point matured if the PFS null hypothesis for chemotherapy
versus olaparib/cediranib was rejected. The original design
included 450 participants, with PFS maturity when 204
events occurred for the first test in the PFS family. In July
2017, the sample size was increased to 549 patients to
accommodate increased participation without changes to
the statistical analysis plan. The protocol was amended in
August 2018 to adjust for potential biases from participants
initiating nonprotocol maintenance therapy, with the
number of events for PFS maturity increased to 265 and
power reduced to 80% for a diluted HR 5 0.70. In August
2019, the protocol was amended to limit follow-up time to
24 months after last patient enrollment. Simulations sug-
gested approximately 236 events would be available, with
90% power for an undiluted HR5 0.65 or 78% power for a
diluted HR 5 0.70. Additional details regarding the sta-
tistical design are provided in the Appendix 1.

Before random assignment, comprehensive analysis of
germline BRCA status (BRACANalysis, Myriad Genetics,
Salt Lake City, UT) was performed on patients without prior
germline BRCA1 and BRCA2 (BRCA1/2) testing or with
less than full sequencing of BRCA1/2 in a CLIA-certified
setting. Participants were enrolled via a web-based regis-
tration system. Three protocol treatment regimens were
assigned in a 1:1:1 fashion using random permuted blocks,
stratified by germline BRCA1/2 mutation (yes v no), prior
platinum-free interval (6-12 months v . 12 months), and
prior receipt of antiangiogenic treatment (yes v no).
Treatment assignment remained concealed until the reg-
istration process was completed.

The primary end point was investigator-assessed PFS by
RECIST 1.1 criteria. For an intention-to-treat analysis, pa-
tients were grouped according to randomized treatment,
regardless of compliance with the assigned treatment, and
included all patients who received maintenance therapy in
the control arm in violation of the protocol procedures. The
primary analysis was supported by the 565 patients en-
rolled onto the phase III component of the study. PFS was

defined as time in months from random assignment to
either death or disease progression, whichever occurred
first. Participants who were alive with no progression before
the cutoff date were censored on the date of last tumor
assessment, the date of the assessment before missing two
consecutive assessments, or the date of consent with-
drawal, whichever occurred first. Key secondary end points
included OS and response. Responses were defined as
best overall response per RECIST 1.1 of complete or partial
response. Assessment of activity within subgroups by
BRCA status was a key preplanned subanalysis.

The primary PRO end point was the NFOSI-DRS-P (a nine-
item targeted symptom index from the NFOSI-18 designed
for clinical research in advanced ovarian cancer).10-12 A
mixed-effects model was used to estimate and compare the
mean NFOSI-DRS-P scores during the 2 years following
enrollment. The model was adjusted for assigned study
treatment, age at enrollment, initial performance status,
pretreatment PRO score, and assessment time.

RESULTS

Patients

Between February 4, 2016, and November 13, 2017, 565
eligible patients were enrolled and randomly assigned
(Fig 1). Twenty-eight patients (20 chemotherapy, six
olaparib/cediranib, and two olaparib) did not initiate their
assigned study treatment. Patient baseline characteristics
are shown in Table 1 and were balanced across the arms.
Most (. 90%) of participants had high-grade serous
cancer. Approximately 65% of patients had received only
one prior therapy; fewer than 10% had received a prior
antiangiogenic. Close to 25% of patients had a deleteri-
ous germline BRCA1/2 mutation. The distribution of che-
motherapy choice for patients randomly assigned to
platinum-based chemotherapy was carboplatin and pegy-
lated liposomal doxorubicin in 89 patients (47.6%), carbo-
platin and gemcitabine in 51 patients (27.2%), and
carboplatin and paclitaxel in 47 patients (25.1%).

Efficacy

Olaparib/cediranib did not improve PFS compared with
platinum-based chemotherapy, with an HR of 0.856 (95%
CI, 0.66 to 1.10; P value 0.077; Fig 2). The observed
median PFS was 10.4 (95% CI, 8.5 to 12.5) months for
olaparib/cediranib and 10.3 (95% CI, 8.7 to 11.2) months
for chemotherapy. Additional treatment comparisons were
not formally conducted because the null hypothesis was
not rejected for the comparison of olaparib/cediranib to
chemotherapy. However, the HR of olaparib compared with
chemotherapy was 1.2 (95%CI, 0.93 to 1.5), with amedian
PFS of 8.2 (95%CI, 6.6 to 8.7) months for olaparib. OS data
are not mature; with 251 total events, there was no dif-
ference in median OS between the three arms, with point
estimates of 31.3 (95% CI, 26.4 to 34.4) months for
chemotherapy, 30.5 (95% CI, 27.0 to 36.5) months for
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olaparib/cediranib, and 29.2 (95% CI, 23.9 to 32.7)
months for olaparib when the study data were frozen for
these analyses. The objective response rate was 71.3%
(95% CI, 63.4 to 78.1) to chemotherapy, 69.4% (95% CI,
61.8 to 76.1) to olaparib/cediranib, and 52.4% (95% CI,
44.8 to 60.1) to olaparib. There was no statistically sig-
nificant difference in response rates between olaparib/
cediranib and chemotherapy. However, the response
rate to olaparib was statistically lower than chemotherapy
(P , .001).

A prespecified subgroup analysis was performed based
upon germline BRCA1/2 status. The median PFS was 10.5
(95% CI, 9.0 to 12.8) months with chemotherapy, 18.0
(95% CI, 12.6 to 22.1) months with olaparib/cediranib, and
12.7 (95% CI, 9.3 to 17.7) months with olaparib in the
subgroup of women with deleterious germline BRCA1/2
mutation (Fig 3A). The PFS HR estimates compared with
chemotherapy were 0.55 (95% CI, 0.32 to 0.94) for
olaparib/cediranib and 0.63 (95% CI, 0.37 to 1.07) for
olaparib. Response rates were 70.6% (95% CI, 53.8 to
83.2) with chemotherapy, 88.9% (95% CI, 74.7 to 95.6)
with olaparib/cediranib, and 90.0% (95% CI, 76.9 to 96.0)
with olaparib. Women without a deleterious germline
BRCA1/2 mutation had a median PFS of 9.7 (95% CI, 8.4
to 11.2) months with chemotherapy, 8.9 (95% CI, 8.3 to
10.4) months with olaparib/cediranib, and 6.6 (95% CI, 6.2

to 8.1) months with olaparib (Fig 3B). The HR estimates
compared with chemotherapy were 0.97 (95% CI, 0.73 to
1.30) for olaparib/cediranib and 1.41 (95% CI, 1.07 to
1.86) for olaparib. Response rates were 71.6% (95% CI,
62.5 to 79.2) with chemotherapy, 63.6% (95% CI, 54.8 to
71.7) with olaparib/cediranib, and 40.0% (95% CI, 31.7 to
48.9) with olaparib.

Twenty-eight percent of patients in the chemotherapy arm
received non–protocol-directed therapy, predominantly
PARP inhibitor maintenance, in the setting of approval of
PARP inhibitors for maintenance therapy by the US Food
andDrug Administration during the course of the study. In a
prespecified sensitivity analysis added to censor patients at
the time of initiating PARP inhibitor maintenance, the re-
sults were consistent with the primary analysis (median PFS
10.4 [95% CI, 8.5 to 12.5] months for olaparib/cediranib
and 10.2 [95% CI, 8.6 to 11.2] months for chemotherapy,
with an HR of 0.90 [95% CI, 0.69 to 1.18]; Appendix
Fig A1, online only).

Safety

Treatment-emergent AEs occurring in at least 20% of
patients in any of the three study arms are listed in Table 2.
In general, patients receiving chemotherapy had more
frequent total and grade 3 or higher hematologic AEs, al-
though anemia was similar in occurrence and severity with

Assessed for eligibility (N = 579)

Excluded                                (n = 14)

Japan phase I             (n = 13)

Duplicate enrollment  (n = 1)

Randomly assigned (n = 565)

Randomly assigned to chemotherapy (n = 187) Randomly assigned to olaparib alone (n = 189) Randomly assigned to olaparib + cediranib (n = 189)

Received assigned treatment               (n = 167) Received assigned treatment               (n = 187) Received assigned treatment                         (n = 183)

Withdrew without study treatment      (n = 20) Withdrew without study treatment      (n = 2) Withdrew without study treatment                (n = 6)

On randomized treatment                         (n = 0) On randomized treatment                      (n = 15) On randomized treatment                               (n = 10)

Included in ITT analysis                         (n = 187) Included in ITT Analysis                        (n = 189) Included in ITT Analysis                                  (n = 189)

Off randomized treatment                    (n = 167) Off randomized treatment                    (n = 172) Off randomized treatment                              (n = 173)

Completed planned treatment          (n = 78) Completed planned treatment            (n = 0) Completed planned treatment                     (n = 0)

Disease progression                          (n = 26) Disease progression                        (n = 141) Disease progression                                    (n = 97)

AE                                                        (n = 28) AE                                                        (n = 16) AE                                                                 (n = 40)

Death                                                     (n = 3) Death                                                     (n = 2) Death                                                              (n = 1)

Patient withdrew                                (n = 19) Patient withdrew                                  (n = 5) Patient withdrew                                         (n = 17)

Bowel obstruction                                (n = 0) Bowel obstruction                                (n = 0) Bowel obstruction                                         (n = 3)

Other reasons                                     (n = 13) Other reasons                                       (n = 8) Other reasons                                              (n = 15)

FIG 1. CONSORT diagram. Only patients in the chemotherapy arm completed planned treatment (completed chemotherapy course, followed by
surveillance), as olaparib and olaparib1 cediranib were continued until the time of disease progression. As of the data cutoff date (November 13, 2019).
AE, adverse event; ITT, intention-to-treat.
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olaparib. However, nonhematologic AEs weremore common
among patients receiving olaparib/cediranib, with the ex-
ception of peripheral sensory neuropathy, which occurred
more frequently with chemotherapy. The most frequently
observed nonhematologic AEs with olaparib/cediranib in-
cluded diarrhea (82.6% of patients; 13.7% grade 31), fa-
tigue (80.9%; 17.5% grade 31), nausea (73.8%; 4.4%
grade 31), and hypertension (69.9%; 31.7% grade 31).
Four patient deaths on study were deemed possibly related
to study treatment: two patients were on chemotherapy (one
sepsis and one aspiration), one on olaparib/cediranib
(sepsis), and one on olaparib (worsening hydronephrosis).
Four events of myelodysplastic syndrome or leukemia were

reported: one on chemotherapy, two on olaparib/cediranib,
and one on olaparib.

PROs

Quality-of-life data were evaluable for 489 participants; 76
participants were unevaluable because of lack of baseline
PROs (22 chemotherapy, nine olaparib/cediranib, and five
olaparib) or lack of follow-up PROs (14 chemotherapy, 13
olaparib/cediranib, and 13 olaparib). No statistically sig-
nificant differences between the arms with regards to pa-
tient or disease characteristics were observed among
patients evaluable for PROs. Patient-reported NFOSI-DRS-
P scores over time are presented in Figure 4. The fitted

TABLE 1. Baseline Patient Characteristics

Patient Characteristic

Chemotherapy (n 5 187) Olaparib (n 5 189)
Olaparib 1 Cediranib

(n 5 189)

No. % No. % No. %

Age group, years

, 40 4 2.1 3 1.6 1 0.5

40-70 137 73.3 122 64.6 136 72.0

$ 70 46 24.6 64 33.9 52 27.5

Performance status

0 146 78.1 144 76.2 139 73.5

1 37 19.8 44 23.3 48 25.4

2 4 2.1 1 0.5 2 1.1

Race

White 164 87.7 161 85.2 163 86.2

Black or African American 6 3.2 7 3.7 8 4.2

Other/not specified 17 9.1 21 11.1 18 9.5

No. of prior lines

1 125 66.8 122 64.6 122 64.6

2 46 24.6 53 28.0 54 28.6

3 or more 16 8.6 14 7.4 13 6.9

Histology

Serous 175 93.6 184 97.4 175 92.6

Endometrioid 6 3.2 1 0.5 7 3.7

Mixed 1 0.5 2 1.1 1 0.5

Other 5 2.7 2 1.1 6 3.2

Germline BRCA1/2 status

No deleterious mutation 143 76.5 144 76.2 144 76.2

Deleterious mutation 44 23.5 45 23.8 45 23.8

PFI, months

. 12 92 49.2 94 49.7 95 50.3

6-12 95 50.8 95 50.3 94 49.7

Prior antiangiogenic

Yes 15 8.0 16 8.5 17 9.0

No 172 92.0 173 91.5 172 91.0

Abbreviation: PFI, platinum-free interval.
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linear mixed model showed no significant interaction effect
between treatment groups and assessment time after ad-
justment for baseline age, performance status, and score.
On average, patients on olaparib/cediranib scored 1.1
points worse on the NFOSI-DRS-P subscale score (97.5%
CI, –2.0 to –0.2; P 5 .0063) than those on chemotherapy.
The strongest decrement in the NFOSI-DRS-P subscale
score was observed 12 weeks after starting treatment,
when patients on olaparib/cediranib reported scores 1.9
points worse than those on chemotherapy (97.5% CI, –3.2
to –0.7; P 5 .0007). No significant difference between
olaparib and chemotherapy in terms of the NFOSI-DRS-P
subscale score was observed (estimated difference 0.2;
95% CI, –0.7 to 1.0; P 5 .7).

DISCUSSION

This is the first phase III trial to compare an all-oral non-
platinum regimen to platinum-based chemotherapy in

women with platinum-sensitive recurrent ovarian cancer.
Combination olaparib/cediranib did not meet the primary
end point of improving PFS compared with platinum-based
chemotherapy, but significant clinical activity in terms of
both PFS and objective response rates was observed. In a
prespecified subgroup analysis within patients with a
known germline BRCA1/2 mutation, significant clinical
activity was observed for both olaparib/cediranib and ola-
parib monotherapy.

An ongoing question in the ovarian cancer space has been
whether PARP inhibitors could provide a nonplatinum al-
ternative with comparable or superior activity to platinum-
based therapy in women with BRCA1/2-mutated platinum-
sensitive ovarian cancer. The SOLO3 study of olaparib
monotherapy in recurrent platinum-sensitive ovarian cancer
reported superior olaparib activity compared with non–plat-
inum-based chemotherapy, but does not include the use of
platinum-based chemotherapy.13 In NRG-GY004, neither
olaparib/cediranib nor olaparib demonstrated superiority to
platinum chemotherapy in this patient population; addition-
ally, this trial was not powered for an analysis of noninferiority.
However, the observed significant activity of both olaparib/
cediranib and olaparib monotherapy in women with germline
BRCA1/2 mutation supports further direct exploration of this
question in this patient population. The results reported from
the ARIEL4 study of rucaparib compared with chemotherapy
in recurrent BRCA1/2-mutated ovarian cancer support the
observations from NRG-GY004, although this study included
women with both platinum-resistant and platinum-sensitive
ovarian cancer, and women with platinum-sensitive disease
whose recurrence was within 6-12 months of their last
platinum-based chemotherapy were treated with weekly
paclitaxel and not platinum-based chemotherapy.14

The median PFS observed with olaparib/cediranib in the
prior phase II trial was 17.7 months. This compares fa-
vorably to historical activity reported for PFS to platinum-
based chemotherapy in randomized phase III trials in this
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germline BRCA1/2 mutation and (B) participants without a deleterious germline BRCA1/2 mutation.
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population, which ranges from 8.4 to 13.8 months.15-21 By
contrast, in this trial, the observed median PFS with
olaparib/cediranib was less at 10.4 months. This decreased
PFS may be due to study population differences between

trials; however, the median PFS for olaparib monotherapy
between the two trials was similar (8.2 months in this
trial and 9.0 months in the phase II trial), suggesting that
the two study populations may not have been that dis-
similar in terms of expected clinical outcome. It is possible
that the decreased dosing intensity and increased rate of
discontinuation also contributed to the decreased clinical
activity of olaparib/cediranib observed in this trial. Nu-
merous strategies were provided to participants to guide
amelioration of cediranib-associated symptoms. Further
strategies can include using a different dosing regimen
such as olaparib tablets 300 mg twice daily with cediranib
20 mg once daily on a continuous basis, a regimen being
examined in the ongoing ICON9 study. A bridging study
examining use of olaparib tablets in combination with
cediranib demonstrated similarity between the two regi-
mens across activity and tolerance.22 Further strategies
directed toward maximizing exposure while managing
AEs and limiting detrimental effects on quality of life re-
main important in the further development of this
combination.

TABLE 2. Treatment-Emergent Adverse Events

Adverse Event

Chemotherapy (n 5 167) Olaparib (n 5 187) Olaparib 1 Cediranib (n 5 183)

No. (%) of Patients by Grade No. (%) of Patients by Grade No. (%) of Patients by Grade

Organ system/term 1 1 2 3 4 1 1 2 3 4 1 1 2 3 4

Nausea 102 (61.1) 6 (3.6) — 111 (59.4) 9 (4.8) — 127 (69.4) 8 (4.4) —

Neutrophil count decreased 52 (31.1) 40 (24.0) 13 (7.8) 21 (11.2) 3 (1.6) — 25 (13.7) 4 (2.2) 3 (1.6)

Fatigue 101 (60.5) 3 (1.8) — 112 (59.9) 13 (7.0) — 116 (63.4) 32 (17.5) —

Anemia 73 (43.7) 23 (13.8) — 66 (35.3) 25 (13.4) 3 (1.6) 27 (14.8) 10 (5.5) —

Constipation 68 (40.7) 3 (1.8) — 70 (37.4) — — 61 (33.3) — —

Platelet count decreased 42 (25.1) 10 (6.0) 15 (9.0) 19 (10.2) 1 (0.5) 1 (0.5) 37 (20.2) 2 (1.1) 1 (0.5)

WBC decreased 43 (25.7) 19 (11.4) 5 (3.0) 37 (19.8) 2 (1.1) — 31 (16.9) 2 (1.1) —

Peripheral sensory neuropathy 54 (32.3) 2 (1.2) — 30 (16.0) — — 26 (14.2) — —

Mucositis oral 43 (25.7) — — 19 (10.2) 1 (0.5) — 57 (31.1) 7 (3.8) —

Diarrhea 37 (22.2) 3 (1.8) — 49 (26.2) 1 (0.5) 1 (0.5) 126 (68.9) 25 (13.7) —

Vomiting 33 (19.8) 4 (2.4) 2 (1.2) 59 (31.6) 6 (3.2) — 76 (41.5) 8 (4.4) —

Abdominal pain 34 (20.4) 4 (2.4) — 53 (28.3) 7 (3.7) — 67 (36.6) 11 (6.0) —

Anorexia 36 (21.6) 1 (0.6) — 50 (26.7) 1 (0.5) 1 (0.5) 69 (37.7) 9 (4.9) —

Headache 33 (19.8) 1 (0.6) — 33 (17.6) — — 57 (31.1) 6 (3.3) —

Dyspnea 30 (18.0) 2 (1.2) 2 (1.2) 41 (21.9) 4 (2.1) — 50 (27.3) 2 (1.1) —

Hyperglycemia 18 (10.8) 4 (2.4) — 39 (20.9) 1 (0.5) — 24 (13.1) 1 (0.5) —

Dizziness 22 (13.2) — — 31 (16.6) — — 39 (21.3) 1 (0.5) —

Urinary tract infection 9 (5.4) 10 (6.0) — 13 (7.0) 12 (6.4) — 22 (12.0) 16 (8.7) —

Hypertension 12 (7.2) 3 (1.8) — 14 (7.5) 10 (5.3) — 70 (38.3) 49 (16.8) 9 (4.9)

Creatinine increased 12 (7.2) — — 41 (21.9) — — 32 (17.5) — 1 (0.5)

Weight loss 9 (5.4) — — 13 (7.0) — — 53 (29.0) 5 (2.7) —

Hypothyroidism 3 (1.8) — — 4 (2.1) — — 59 (32.2) 1 (0.5) —

NOTE. Adverse events occurring in at least 20% of patients in any treatment arm are displayed. Events are ordered in descending order of frequency (all
grades) in the chemotherapy arm.
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The AE profile for olaparib/cediranib was as expected and
reported in prior trials.3,4,23 The most common AEs included
diarrhea, fatigue, nausea, and hypertension. However, in this
trial, 21.2% of participants withdrew from the olaparib/
cediranib arm because of an AE, compared with 9.1% in
a prior phase II trial.3 Additionally, dose modifications were
common on olaparib/cediranib, with 71.6% of participants
having at least one dose modification because of an AE
within the first 12 cycles of therapy (Appendix Table A1,
online only). The primary PRO outcome reported statistically
worse disease-related physical symptoms, as measured with
NFOSI-DRS-P, a finding in concordance with the observed
AEs. As some measures included in the NFOSI-DRS-P (lack
of energy, fatigue, cramps in the stomach area, and control
of bowels) may overlap with common AEs reported with
cediranib, the decrease in NFOSI-DRS-P observed in pa-
tients receiving olaparib/cediranib may reflect side effects of
treatment instead of differences in disease-related symp-
toms. The difference in NFOSI-DRS-P scores was most
pronounced at the 12-week assessment but subsequently
decreased (Appendix Table A2, online only), which could
reflect adjustments to the dosing regimen in response to AEs.

In this trial, of a nonchemotherapy containing combination
therapy in platinum-sensitive relapsed ovarian cancer,
olaparib/cediranib did not meet the primary end point of

increasing PFS compared with platinum-doublet chemo-
therapy. Nonetheless, olaparib/cediranib demonstrated
some evidence of clinical activity in patients with platinum-
sensitive ovarian cancer. This observed activity opens the
door for further investigation of nonchemotherapy approaches
that may spare patients from cumulative chemotherapy-
associated end-organ injuries. Nonchemotherapy alterna-
tives to standard chemotherapy options remain of interest,
and notably, 20 patients enrolled to this study withdrew
from participation after being randomly assigned to receive
chemotherapy, supporting the notion that patients are
invested in finding nonchemotherapy alternatives. A small
number of women remained on olaparib/cediranib (10
patients) or olaparib (15 patients) at the time of this
analysis; ongoing biomarker studies may help identify
patients most likely to benefit from these nonplatinum al-
ternatives. Further studies of olaparib/cediranib in ovarian
cancer are ongoing, including NRG-GY005 (Clinical-
Trials.gov identifier: NCT02502266), which compares
olaparib/cediranib to non–platinum-based chemotherapy
in platinum-resistant ovarian cancer and ICON9 (Clinical-
Trials.gov identifier: NCT03278717), which examines
olaparib/cediranib as a maintenance therapy following
platinum-based chemotherapy.
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APPENDIX 1. SUPPLEMENTAL METHODS

Full Inclusion and Exclusion Criteria

Eligibility criteria (November 7, 2016) (July 31, 2017). A
patient cannot be considered eligible for this study unless ALL of the
following conditions are met.

• Patients must have platinum-sensitive recurrent high-grade
serous or high-grade endometrioid ovarian, primary perito-
neal, or fallopian tube cancers.

Patients with other (clear cell, mixed epithelial, undifferentiated car-
cinoma, or transitional cell carcinoma) high-grade histologies are also
eligible, provided that the patient has a known deleterious germline
BRCA1 or BRCA2 mutation identified through testing at a clinical
laboratory.

Note: Because of the long acceptance of germline BRCA testing
through Myriad, Myriad testing will be accepted. If testing for germline
BRCA is done by other organizations, documentation from a qualified
medical professional (eg, ovarian cancer specialty physician involved
in the field, high-risk genetics physician, or genetics counselor) listing
the mutation and confirming that the laboratory results showed a
recognized germline deleterious BRCA1 or BRCA2 mutation or BRCA
rearrangement is required. Please collect a copy of Myriad or other
BRCA mutational analysis (positive or VUS or negative) reports.

s Platinum-sensitive disease defined as no clinical or radio-
graphic evidence of disease recurrence for . 6 months (or
182 days) after last receipt of platinum-based therapy.

s Patients must have had a complete clinical response to their
prior line of platinum therapy and cannot have had progression
through prior platinum-based therapy.

• Patients must have signed an approved informed consent and
authorization permitting release of personal health information.

• Patients must have evaluable disease—defined as one of the
following:

s RECIST 1.1 measurable disease OR
s Evaluable disease (defined as solid and/or cystic abnormalities
on radiographic imaging that do not meet RECIST 1.1 defi-
nitions for target lesions OR ascites and/or pleural effusion that
has been pathologically demonstrated to be disease-related)
AND a cancer antigen 125 (CA-125) that has doubled from the
post-treatment nadir and is also. 2 times upper limit of normal
(ULN).

• Prior therapy:
s Prior chemotherapy must have included a first-line platinum-
based regimen with or without intravenous consolidation
chemotherapy.

s Patients may have received an unlimited number of platinum-
based therapies in the recurrent setting.

s Patients may have received up to one non–platinum-based line
of therapy in the recurrent setting. Prior hormonal therapy will
not be considered to count as this non–platinum-based line.

s Patients may not have had a prior antiangiogenic agent in the
recurrent setting. Prior use of bevacizumab in the upfront or
upfront maintenance setting is allowed.

s Patients may not have previously received a poly (ADP-ribose)
polymerase (PARP) inhibitor.

s Prior hormonal-based therapy for ovarian, primary peritoneal,
or fallopian tube cancer is acceptable.

• Patients must have an Eastern Cooperative Oncology Group perfor-
mance status of 0, 1, or 2 (Karnofsky$ 60% [SeeAppendix I, Protocol])

• Patients must have adequate organ and marrow function, including
s Absolute neutrophil count $ 1,500/mcL
s Platelets . 100,000/mcL
s Hemoglobin $ 10 g/dL
s Creatinine # the institutional ULN OR creatinine clearance $
60 mL/min/1.73 m2 for patients with creatinine levels above
institutional normal.

sUrine protein: creatinine ratio (UPC) of# 1 or# 21 proteinuria
on two consecutive dipsticks taken no , 1 week apart. UPC is

the preferred test. Patients with $ 21 proteinuria on dipstick
must also have a 24-hour urine collection demonstrating #
500 mg over 24 hours.

s Total bilirubin # 1.53 the institutional ULN
s AST and ALT # 3 times institutional ULN.

• Toxicities of prior therapy (excepting alopecia) should be resolved to
less than or equal to grade 1 as per NCI-CTCAE (located on the CTEP
website at National Cancer Institute).24 Patients with long-standing
stable grade 2 neuropathy may be considered after discussion with
the overall PI, but may not receive carboplatin and paclitaxel as the
reference regimen, if randomly assigned to that arm.

• Patients must be able to swallow and retain oral medications and
without gastrointestinal illnesses that would preclude absorption of
cediranib or olaparib.

• Patients must have adequately controlled blood pressure (BP), with a
BP of. 140 mmHg (systolic) and 90 mmHg (diastolic) for eligibility.
Patients must have a BP of # 140/90 mmHg taken in the clinic
setting by a medical professional within 2 weeks before starting
study. Patients with hypertension may be managed with up to a
maximum of three antihypertensive medications. It is strongly rec-
ommended that patients who are on three antihypertensive medi-
cations be followed by a cardiologist or blood pressure specialist for
management of blood pressure while on protocol.

• Patients must be willing and able to check and record daily blood
pressure readings. Blood pressure cuffs will be provided to patients
randomly assigned to Arm III. Please refer to sections 9.7 and
Appendix IX (Protocol).

• Cediranib has been shown to terminate fetal development in the rat,
as expected for a process dependent on vascular endothelial growth
factor signaling. For this reason, women of child-bearing potential
must have a negative pregnancy test before study entry. Women of
child-bearing potential must agree to use two reliable forms of
contraception (hormonal or barrier method of birth control; absti-
nence) before study entry, for the duration of study participation, and
for 6 weeks after cediranib discontinuation. Should a woman be-
come pregnant or suspect she is pregnant while participating in this
study, she should inform her treating physician immediately.

• Adequately controlled thyroid function, with no symptoms of thyroid
dysfunction and thyroid stimulating hormone within normal limits.

• Age . 18 years.

Ineligibility criteria (November 7, 2016). Patients with one or
more of the following conditions are NOT eligible for this study.
• Patients who have had chemotherapy or radiotherapy within 4 weeks
(6 weeks for nitrosoureas or mitomycin C) of starting treatment or
those who have not recovered from adverse events (AEs) because of
agents administered more than 4 weeks earlier. Patients may not
have had hormonal therapy within 2 weeks before entering the study.
Patients receiving raloxifene for bone health as per US Food and
Drug Administration (FDA) indication may remain on raloxifene
absent other drug interactions.

• Patients may not be receiving any other investigational agents nor
have participated in an investigational trial within the past 4 weeks.

• Patients may not be receiving any medication that may markedly
affect renal function (eg, vancomycin, amphotericin, and pentam-
idine).

• Patients may not have received prior treatment affecting the vascular
endothelial growth factor pathway (including but not limited to
thalidomide, sunitinib, pazopanib, sorafenib, and nintedanib).
Bevacizumab used in the upfront setting in conjunction with che-
motherapy and/or as maintenance to treat newly diagnosed disease
will be allowed.

• Patients may not have previously received a PARP inhibitor.
• CA-125 only disease without RECIST 1.1 measurable or otherwise
evaluable disease as per section 3.1.3 (Protocol).

• Patients with untreated brain metastases, spinal cord compression,
or evidence of symptomatic brain metastases or leptomeningeal
disease as noted on computed tomography or magnetic resonance
imaging scans should not be included on this study, since neurologic
dysfunction may confound the evaluation of neurologic and other
AEs. Screening imaging to rule out brain metastases is not required
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for screening, but should be performed before study enrollment if
clinically indicated. Patients with treated brain metastases and
resolution of any associated symptoms must demonstrate stable
post-therapeutic imaging for at least 6 months following therapy
before starting study drug.

• History of allergic reactions attributed to compounds of similar
chemical or biologic composition to cediranib or olaparib.

• Participants receiving any medications or substances that are strong
inhibitors or inducers of CYP3A4 are ineligible. Refer to a frequently
updated drug information reference for a list of strong inducers and
inhibitors. See Appendix II (Protocol). Strong inhibitors and inducers
of UGT/PgP should be used with caution.

• History of gastrointestinal perforation. Patients with a history of
abdominal fistula will be considered eligible if the fistula was sur-
gically repaired or has healed, there has been no evidence of fistula
for at least 6 months, and the patient is deemed to be at low risk of
recurrent fistula.

• History of intraabdominal abscess within the past 3 months.
• Current signs and/or symptoms of bowel obstruction or signs and/or
symptoms of bowel obstruction within 3 months before starting
study drugs.

• Dependency on IV hydration or total parenteral nutrition.
• Any concomitant or prior invasive malignancies with the following
curatively treated exceptions:

s Treated limited-stage basal cell or squamous cell carcinoma of
the skin.

s Carcinoma in situ of the breast or cervix.
s Primary endometrial cancer meeting the following conditions:
Stage not greater than IA, grade 1 or 2, nomore than superficial
myometrial invasion, without vascular or lymphatic invasion; no
poorly differentiated subtypes, including papillary serous/
serous, clear cell, or other International Federation of Gyne-
cology and Obstetrics (FIGO) grade 3 lesions.

s Prior cancer treated with a curative intent with no evidence of
recurrent disease 3 years following diagnosis and judged by the
investigator to be at low risk of recurrence.

• Patients with any of the following:
s History of myocardial infarction within 6 months
s Unstable angina
s Resting ECG with clinically significant abnormal findings.
s NYHA classification of III or IV

• If cardiac function assessment is clinically indicated or performed:
left ventricular ejection fraction less than normal per institutional
guidelines, or, 55%, if threshold for normal not otherwise specified
by institutional guidelines.

Patients with the following risk factors should have a baseline cardiac
function assessment:

s Prior treatment with anthracyclines
s Prior treatment with trastuzumab
s Prior central thoracic radiation therapy (RT), including RT to
the heart

s History of myocardial infarction within 6-12 months (patients
with history of myocardial infarction within 6 months are ex-
cluded from the study)

s Prior history of impaired cardiac function
• History of stroke or transient ischemic attack within 6 months.
• Any prior history of hypertensive crisis or hypertensive encepha-
lopathy.

• Clinically significant peripheral vascular disease or vascular disease
(including aortic aneurysm or aortic dissection).

•Major surgical procedure, open biopsy, or significant traumatic injury
within 28 days before starting cediranib.

• Uncontrolled intercurrent illness including, but not limited to, on-
going or active infection, symptomatic congestive heart failure,

unstable angina pectoris, cardiac arrhythmia (other than atrial fi-
brillation with controlled ventricular rate), or psychiatric illness/social
situations that would limit compliance with study requirements.

• Pregnant women are excluded from this study because cediranib
and olaparib are agents with the potential for teratogenic or abor-
tifacient effects. Because there is an unknown but potential risk of
AEs in nursing infants secondary to treatment of the mother with
cediranib and olaparib, breastfeeding should be discontinued if the
mother is treated with cediranib or olaparib. These potential risks
may also apply to other agents used in this study.

• KnownHIV-positive individuals are ineligible because of the potential
for pharmacokinetic interactions with cediranib or olaparib. In ad-
dition, these individuals are at increased risk of lethal infections when
treated with marrow-suppressive therapy.

• Patients may not use any complementary or alternative medicines
including natural herbal products or folk remedies as they may
interfere with the effectiveness of the study treatments.

• No features suggestive of myelodysplastic syndrome or acute my-
elogenous leukemia on peripheral blood smear or bone marrow
biopsy, if clinically indicated.

• No prior allogeneic bone marrow transplant or double umbilical cord
blood transplantation.

Additional Statistical Characteristics and Protocol History

Hypothesis within the testing hierarchy were assessed using a stratified
log-rank test. HRs and corresponding CIs were derived from pro-
portional hazards models with covariate adjustment for the stratifi-
cation factors reported at random assignment. A prespecified
sensitivity analysis was also conducted where chemotherapy patients
who switched to a nonprotocol anticancer treatment before disease
progression were censored on the date of the last tumor assessment
preceding the start of the nonprotocol therapy. Secondary end points
included OS, PFS within stratification subgroups by germlineBRCA1/2
status, and objective response rate.

In July 2017, the sample size was increased to 549 patients to in-
crease participation from international sites, provide more power for
translational studies, and shorten the study duration by about
5 months. No changes to the statistical design were required. Fol-
lowing FDA approval of niraparib (in March 2017) and later olaparib
(August 2017) and rucaparib (April 2018) for switch maintenance
therapy following platinum-based chemotherapy for platinum-
sensitive relapsed ovarian cancer, a number of patients receiving
the chemotherapy regimen were found to have received nonprotocol
maintenance therapy before documentation of disease progression.
Ultimately, a total of 53 (28%) of the 187 patients receiving the
chemotherapy regimen started nonprotocol anticancer therapy be-
fore documentation of disease progression. It was anticipated that in
the intention-to-treat analysis, the unplanned maintenance therapy
would reduce the observed risk for disease progression in the
standard chemotherapy arm, artificially understating the HR esti-
mate in the olaparib versus chemotherapy and olaparib/cediranib
versus chemotherapy comparisons.

The protocol was amended in August 2018 to adjust for these potential
biases. The number of events for progression-free survival maturity was
increased to 265 (from 204) in the olaparib/cediranib and chemo-
therapy arms, and the power was reduced to 80% (from 85%) for a
diluted hazard ratio (HR) of 0.70. In August 2019, the protocol was
amended again to limit follow-up time to 24 months after the last
patient enrolled. Simulations suggested approximately 236 events in
the olaparib/cediranib and chemotherapy arms would be available,
providing 90% power for an undiluted HR5 0.65, or 78% power for a
diluted HR 5 0.70. At the final data cutoff data, 249 progression-free
survival events supported the olaparib/cediranib versus chemotherapy
comparison.
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TABLE A1. Number of Patients With a Dose Modification Because of a Treatment-Emergent AE During the First 12 Cycles
First Cycle Dose Modified Chemotherapy Olaparib Olaparib 1 Cediranib Total

1-3, No. (%) 55 (32.9) 49 (26.2) 110 (60.1) 214

4-6, No. (%) 28 (16.8) 17 (9.1) 23(12.6) 68

7-9, No. (%) 7 (4.2) 11 (5.9) 13 (7.1) 31

10-12, No. (%) 5 (3.0) 3 (1.6) 1 (0.6) 9

No dose modification for an AE during the first 12 cycles, No. (%) 72 (43.1) 107 (57.2) 36 (19.7) 215

Total 167 187 183 537

NOTE. Dosemodifications are recorded based upon the cycle when the first dosemodification occurred. The table does not include 28 patients who did not
initiate their assigned study treatment. Modifications include dose reduction, interruption, or cessation. The cycle duration is 21 days for chemotherapy, but
28 days for olaparib and cediranib. Among those patients allocated to the olaparib 1 cediranib combination arm, the first cediranib dose modification
occurred in cycles 1-3, 4-6, 7-9, 10-12, and . 12 for 104, 25, 12, 2, and 40 patients, respectively, and olaparib for 85, 19, 12, 1, and 66 patients,
respectively. Among those treated with the combination regimen, there is a tendency for cediranib dose to be modified for AEs earlier than olaparib.
Abbreviation: AE, adverse event.

TABLE A2. The Estimated LSM Differences in NFOSI-DRS-P Between
Olaparib and Cediranib Versus Platinum-Based Chemotherapy at Each
Assessment Time Point
Assessment Time (weeks) LSM Difference (97.5% CI) P

12 –1.9 (–3.2 to –0.7) .0007

24 –1.4 (–2.7 to –0.004) .0245

36 –1.2 (–2.5 to 0.2) .0537

48 –0.5 (–2.1 to 1.1) .5

60 –0.6 (–2.3 to 1.2) .5

72 –0.9 (–2.7 to 0.9) .3

84 –0.2 (–1.9 to 1.5) .8

96 0.04 (–1.7 to 1.9) 1.0

108 0.3 (–1.5 to 2.1) .1
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FIG A1. Sensitivity analysis for PFS censoring patients in the che-
motherapy arm at the time of receipt of PARP inhibitor maintenance.
The results were consistent with the primary analysis, with a median
PFS on the chemotherapy arm of 10.2 months. The HR for PFS for
combination cediranib/olaparib compared with chemotherapy was
0.90 (95% CI, 0.69 to 1.18), with a P value of .124. HR, hazard ratio;
PARP, poly (ADP-ribose) polymerase; PFS, progression-free survival.
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