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abstract

PURPOSE Cediranib, a pan-vascular endothelial growth factor receptor inhibitor, suppresses expression of
homologous recombination repair (HRR) genes and increases sensitivity to poly-(ADP-ribose) polymerase
inhibition in preclinical models. We investigated whether cediranib combined with olaparib improves the clinical
outcomes of patients with prostate cancer.

METHODS Patients with progressive metastatic castration-resistant prostate cancer (mCRPC) were randomly
assigned 1:1 to arm A: cediranib 30 mg once daily plus olaparib 200 mg twice daily or arm B: olaparib 300 mg
twice daily alone. The primary end point was radiographic progression-free survival (rPFS) in the intention-to-
treat patients. The secondary end points were rPFS in patients with HRR-deficient and HRR-proficient mCRPC.

RESULTS In the intention-to-treat set of 90 patients, median rPFS was 8.5 (95% CI, 5.4 to 12.0) and 4.0 (95% CI,
3.2 to 8.5) months in arms A and B, respectively. Cediranib/olaparib significantly improved rPFS versus olaparib
alone (hazard ratio [HR], 0.617; 95% CI, 0.392 to 0.969; P 5 .0359). Descriptive analyses showed a median
rPFS of 10.6 (95% CI, 5.9 to not assessed [NA]) and 3.8 (95% CI, 2.33 to NA) months (HR, 0.64; 95% CI, 0.272
to 1.504) among patients with HRR-deficient mCRPC, and 13.8 (95% CI, 3.3 to NA) and 11.3 (95% CI, 3.8 to
NA) months (HR, 0.98; 95% CI, 0.321 to 2.988) among patients withBRCA2-mutated mCRPC in arms A and B,
respectively. The incidence of grades 3-4 adverse events was 61% and 18% in arms A and B, respectively.

CONCLUSION Cediranib combined with olaparib improved rPFS compared with olaparib alone in men with
mCRPC. This combination was associated with an increased incidence of grades 3-4 adverse events. BRCA2-
mutated subgroups treated with olaparib with or without cediranib were associated with a numerically longer
median rPFS.
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INTRODUCTION

Poly (ADP-ribose) polymerase (PARP) inhibition has
emerged as a standard treatment option for patients
with metastatic castration-resistant prostate cancer
(mCRPC) with deleterious homologous recombination
repair (HRR) gene mutations. A phase III study showed
that in patients with mCRPC harboring an HRR gene
mutation who progressed after a novel hormonal agent
(eg, enzalutamide or abiraterone), olaparib demon-
strated a statistically significant improvement in radio-
graphic progression-free survival (rPFS) and overall
survival (OS) compared with a physician’s choice of
treatment with either enzalutamide or abiraterone.1,2

Although variable response rates were reported with

different HRR gene mutations, the objective response
rate (ORR) to olaparib was highest among patients
with BRCA1- or BRCA2-mutated mCRPC. A single-
arm phase II study of rucaparib also showed an ORR
of 44% in patients with BRCA1- or BRCA2-mutated
mCRPC, who had been treated with a novel hormonal
agent and a taxane-based chemotherapy.3

Patients with mCRPC with either somatic or germline
HRR mutations comprise approximately 10%-20% of
the patient population.4,5 To broaden the patient
population eligible to receive a PARP inhibitor, strat-
egies that induce an HRR-deficient (HRD) phenotype
in tumor cells to enable the synthetic lethality of PARP
inhibitors are needed. Preclinical studies in lung,
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breast, and prostate cancer cell lines including DU145 and
PC36–8 demonstrate that a hypoxic tumor microenvironment
downregulates the expression of HRR genes, including
BRCA1,BRCA2, orRAD51, and thus increases sensitivity to
PARP inhibition.7,9,10 Kaplan et al11 reported that cediranib,
by inducing tumor hypoxia and by inhibiting platelet-derived
growth factor receptor-beta, suppresses the expression of
BRCA1, BRCA2, and RAD51 in preclinical models of both
BRCA-mutant and wild-type ovarian and breast cancer cell
lines. To test the hypothesis that cediranib sensitizes
prostate cancers to olaparib independent of deleterious
HRR gene mutation status, a randomized phase II trial was
designed to compare olaparib alone to olaparib combined
with cediranib in patients with mCRPC.

METHODS

Study Design and Oversight

This randomized, open-label, phase II trial was conducted
at nine US institutions in the Experimental Therapeutic
Clinical Trials Network of the National Cancer Institute
(NCI). Oversight of the study was provided by the Clinical
Trials Monitoring Service of Theradex twice yearly. Pa-
tients were registered and randomly assigned in a 1:1 ratio
to arm A: cediranib plus olaparib, or arm B: olaparib alone.
Patients continued study treatment until they met any of
the following discontinuation criteria: (1) radiographic
disease progression as defined by the Prostate Cancer
Working Group 3 (PCWG3), (2) grade 3-4 treatment-
related events that did not resolve to grade 1 or less
within 14 days, according to the NCI’s Common Termi-
nology Criteria for Adverse Events version 5.0, or (3)
withdrawal of consent. The dosing could be interrupted for
up to 14 days for treatment-related toxicities. For patients
in the cediranib and olaparib combination arm, the
starting doses and dose modification schema were based

on the results of a phase I study in patients with ovarian
and breast cancer.12 The starting dose of cediranib was
30 mg orally once daily, and dose reductions to 20 mg and
15 mg once daily were allowed. The starting dose of
olaparib was 200 mg orally twice daily (tablet formulation)
and olaparib dose reductions to 150 mg twice daily and
100 mg twice daily were allowed. For patients on olaparib
monotherapy, a starting dose of 300 mg twice daily was
chosen because it was considered a maximally effective
dose with acceptable tolerability, and it was the dose
chosen for other trials including the phase III PROFOUND
trial in mCRPC.1 Two dose reductions of olaparib were
allowed, to 250 mg twice daily and 200 mg twice daily.
Patients in the olaparib monotherapy arm had an option to
cross over to receive cediranib/olaparib after radiographic
progression.

Eligibility

Eligible participants were men age $ 18 years with his-
tologically confirmed prostate adenocarcinoma that is
progressive, metastatic, and castration-resistant by
PCWG3 criteria.13 Participants were required to have re-
ceived at least one prior therapy for mCRPC, an Eastern
Cooperative Oncology Group performance status of# 1 or
Karnofsky score $ 70%, and adequate organ function
including hemoglobin$ 10 g/dL without packed red blood
cell transfusion for 28 days before enrollment, aspartate
transferase and alanine transferase , 3 3 upper limit of
normal unless liver metastases present, and creatinine
clearance . 50 mL/min, calculated using the Cockcroft-
Gault formula.14 Prior PARP inhibitor was not allowed.
Prior platinum-based chemotherapy was allowed. The
study was performed after obtaining approval from the
appropriate institutional review board for each partici-
pating site and in accordance with the Declaration of
Helsinki and Good Clinical Practice Guidelines. The study

CONTEXT

Key Objective
Olaparib, an inhibitor of poly (ADP-ribose) polymerase, demonstrated clinical efficacy in patients with metastatic castration-

resistant prostate cancer (mCRPC) with altered DNA repair genes, who represent about 10%-20% of our patients in our
clinic. Our randomized study evaluated whether combining an antiangiogenic agent, cediranib, to olaparib can improve
the outcomes of patients with mCRPC.

Knowledge Generated
Combination of cediranib and olaparib demonstrated an improved radiographic progression-free survival compared with

olaparib alone in patients with mCRPC. However, this combination was associated with an increased rate of significant
adverse effects.

Relevance
To our knowledge, this is the first study to demonstrate the potential efficacy of combining an antiangiogenic agent with a

poly (ADP-ribose) polymerase inhibitor for patients with mCRPC. Further correlative studies are needed to elucidate the
mechanism of synergy between these two agents in prostate cancer and to provide a clearer direction for the clinical
development.
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was sponsored by the US NCI and registered on Clin-
icalTrials.gov (identifier: NCT02893917). All patients
provided written informed consent before enrollment. The
full Protocol (online only) is included in the Data Sup-
plement (online only).

Safety and Toxicity Assessment

Serum chemistry and hematologic assessments were
performed every 2 weeks for the first 8 weeks and every
4 weeks thereafter. All patients receiving cediranib were
provided with a blood pressure cuff and were required to
record their blood pressure twice daily. Patients were
instructed to contact the study staff immediately for any
blood pressure reading $ 140 mm Hg/90 mm Hg.

Biomarker Assessment

All study participants were required to undergo tumor
biopsies at baseline and during week 4 of treatment
and to provide a whole-blood sample for germline
DNA. Extracted nucleic acids were analyzed using the
BROCA homologous recombination sequencing assay, a
targeted-capture, massively parallel sequencing test
developed at the University of Washington.15 Tumors
were classified as HRD if a deleterious mutation or
biallelic loss was present in any of the following genes:
ATM, BARD1, BRCA1, BRCA2, BRIP1, CDK12 (somatic
mutations only), NBN, PALB2, RAD51C, and RAD51D.
Otherwise, the tumors were classified as HRR-proficient
(HRP).

End Point Assessment

The primary end point of the study was the investigator-
assessed rPFS. The rPFS was defined as the time interval
from random assignment to the first occurrence of any of the
following: (1) bone scan progression defined by PCWG3
criteria: (a) the first bone scan with $ 2 new lesions
compared with baseline observed in , 12 weeks from
random assignment and confirmed by a second bone scan
taken$ 6 weeks later showing$ 2 additional new lesions (a
total of$ 4 new lesions comparedwith baseline); (b) the first
bone scan with $ 2 new lesions compared with baseline
observed in $ 12 weeks from random assignment and
verified on the next bone scan$ 6 weeks later (a total of$ 2
new lesions compared with baseline); (2) soft tissue pro-
gression defined bymodified RECIST version 1.1 (v1.1)16; or
(3) death from any cause. Participants who were alive
without disease progression were censored on the date of
the last imaging evaluation. Tumor assessments were
conducted every 8 weeks by computed tomography or
magnetic resonance imaging and technetium-99 whole-
body bone scan for the first 24 weeks of the study, then
every 12 weeks thereafter.

Secondary end points included rPFS analyses among
subgroups by HRR gene mutation status, OS, ORR in
patients with measurable disease by RECIST v1.1,
prostate-specific antigen (PSA)50 response rate, defined
as $ 50% PSA decline from baseline confirmed by a
second value obtained at least three weeks later, and
toxicity as graded by Common Terminology Criteria for
Adverse Events version 5.0.

Randomly assigned patients (N = 90)

Allocated to cediranib/ olaparib
   Received intervention 
   Did not receive intervention

(n = 45)
(n = 44)
(n = 1)

Allocated to olaparib
   Received intervention
   Did not receive intervention

(n = 45)
(n = 45)
(n = 0)

Discontinued intervention because of
   Radiographic PD
   Clinical PD
   Toxicity/intercurrent illness
   Withdrew consent
   Death while on treatment

(n = 25)
(n = 6)
(n = 7)
(n = 4)
(n = 2)

Discontinued intervention because of
   Radiographic PD
   Clinical PD
   Toxicity/intercurrent illness
   Withdrew consent
   Death while on treatment

(n = 35)
(n = 5)
(n = 4)
(n = 0)
(n = 0)

At the data cutoff on October 1, 2020
  Patient on treatment                (n = 0)
  Patients died                           (n = 23)
  Withdrew consent                    (n = 2)
  In survival follow-up              (n = 20)

At the data cutoff on October 1, 2020
  Patient on treatment                 (n = 1)
  Patients died                           (n = 19)
  In survival follow-up               (n = 26)

Included in the ITT analysis set      (n = 45)
Included in the safety analysis set (n = 44)

Included in the ITT analysis set      (n = 45)
Included in the safety analysis set (n = 45)

FIG 1. CONSORT diagram. ITT, intention-to-treat; PD, progression of disease.
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Statistical Analysis

The target accrual was 90 patients for an expected 84
evaluable patients (42 per arm). This provided at least 90%
power with a two-sided type I error rate of 5% to detect a
hazard ratio (HR) of 0.55, which corresponds to a 4-month
improvement in rPFS for the combination arm. An interim
futility analysis was performed at 37 progressions/deaths
(half of the total required events). The safety analyses in-
cluded all patients who received at least one dose of the
study medication.

The primary end point of rPFS was assessed in the
intention-to-treat (ITT) analysis set of all randomly assigned
patients between cediranib plus olaparib versus olaparib
alone arms. The survival curve was calculated using the
Kaplan-Meier method and evaluated using a log-rank test.
Statistical significance set at P , .05 was considered
statistically significant. HR and its 95% CIs between two
groups were estimated using the Cox proportional hazards

regression model for rPFS. The study was not powered for
secondary end points including OS in the ITT, rPFS in
biomarker subgroups, ORR, PSA50 response rate, and
safety and toxicity. Descriptive statistics were used to an-
alyze these secondary end points, where P value was not
calculated. Descriptive statistics for the patients’ baseline
clinical characteristics, including the median and range for
continuous variables, as well as percentages and fre-
quencies for categorical variables, are presented. Statistical
data analysis was performed using R Statistical Software
version 4.0.0.17

RESULTS

Patient Characteristics

Overall, 90 patients were enrolled in the study between
August 2017 and February 2019: 45 were randomly
assigned to cediranib/olaparib and 45 to olaparib (Fig 1).
Table 1 presents the baseline patient characteristics. The
treatment groups were generally balanced across the
baseline characteristics. Ten patients (22%) in each arm
had liver metastasis. Twenty (44%) and 12 (26%)
received $ 2 prior cytotoxic chemotherapies in the
cediranib/olaparib and olaparib arms, respectively.

HRR Gene Status

Of the 90 patients who underwent biopsies, 84 (93%) had
tumor samples sufficient for the sequencing of HRR genes
using the BROCA homologous recombination assay. Se-
quencing revealed that 26 (29%) patients had tumors
harboring at least one deleterious HRR gene mutation and
were categorized as HRD mCRPC: 12 of 45 (26%) and 14
of 45 (31%) patients in the cediranib/olaparib and olaparib
monotherapy arms, respectively. As shown in the Data
Supplement, the most common HRR gene mutations were
in BRCA2 (n 5 16; 18%), CDK12 (n 5 8; 9%), and ATM
(n5 3; 3%). Of the 16 patients withBRCA2mutations, nine
were in the cediranib/olaparib combination and seven in
the olaparib monotherapy arms. Four (4%) patients had
germlineBRCA2mutations with two patients in each arm. A
case of BRCA2 reversion mutation was detected in a
4 week on-treatment biopsy in a patient whose best overall
response was a progressive disease. Descriptions of the
HRR mutations and treatment responses in evaluable
patients are provided in the Data Supplement.

Clinical Outcomes

rPFS in the ITT analysis set. The final analysis was con-
ducted in October 2020. The data cutoff was October 1,
2020. With a median follow-up of 26.1 months, 79 primary
events occurred. Median (95% CI) rPFS was 8.5 (5.4 to
12.0) and 4.0 (3.2 to 8.5) months for the cediranib/olaparib
and olaparib arms, respectively (HR, 0.617; 95% CI, 0.392
to 0.969; P 5 .0359; Fig 2A).

rPFS in HRD, HRP, and BRCA2 mutation subgroups. In pa-
tients with HRD mCRPC (n 5 26), median rPFS was

TABLE 1. Demographics and Baseline Patient Characteristics

Characteristic
Arm A: C 1 O
(n 5 45)

Arm B: O
(n 5 45)

Age, years, median (range) 66 (48-81) 70 (51-82)

Race—White 37 (84) 38 (84)

ECOG PS of 0 22 (49) 23 (51)

PSA, ng/mL, median (range) 62 (0.30-3,145) 51 (0.02-1,453)

Measurable disease 31 (69) 33 (73)

Liver metastases 10 (22) 10 (22)

Any novel hormonal agenta 45 (100) 43 (96)

Prior cytotoxic chemotherapya 37 (82) 32 (71)

1 cytotoxic chemotherapy 17 (38) 20 (44)

2 or more cytotoxic chemotherapies 20 (44) 12 (26)

Prior abiraterone 40 (89) 34 (76)

Prior enzalutamide 25 (46) 29 (64)

Prior docetaxel 34 (76) 29 (64)

Prior cabazitaxel 17 (38) 10 (22)

Prior sipuleucel T 6 (13) 6 (13)

Hemoglobin, g/dL, median (range) 12.3 (9.5-15.5) 12.7 (10-14.4)

Alkaline phosphatase, U/L, median (range) 96 (37-377) 92 (28-676)

HRD (deleterious mutations in HRR genes) 12 (27) 14 (31)

BRCA2 9 (20) 7 (16)

CKD12 4 (9) 4 (9)

ATM 1 (2) 2 (4)

Other HRR gene mutations 1 (2) 2 (4)

Germline BRCA2 mutation 2 (7) 2 (7)

NOTE. Data are in No. (%) or median (range).
Abbreviations: C 1 O, cediranib plus olaparib; ECOG PS, Eastern Cooperative

Oncology Group performance status; HRD, HRR-deficient; HRR, homologous
recombination repair; O, olaparib; PSA, prostate-specific antigen.

aEither in metastatic castration-sensitive prostate cancer or metastatic castration-
resistant prostate cancer setting.
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10.6 (5.9 to not assessed [NA]) and 3.8 (2.33 to NA)
months for the cediranib/olaparib and olaparib arms, re-
spectively (Fig 2C). The HR was 0.64 (0.272 to 1.504). The
duration is shown in a swimmer plot in Figure 3 for patients
with HRDmCRPC. In both arms, the patients with a BRCA2
mutation remained on treatment longer than the others. In
patients with HRP mCRPC, median rPFS was 5.5 (3.73 to
11.77) and 4.0 (3.73 to 8.47) months for the cediranib/
olaparib and olaparib arms, respectively (Fig 2D). The HR
was 0.75 (0.448 to 1.348). An exploratory analysis of rPFS
in patients with somatic or germline BRCA2-mutated
mCRPC (n 5 16) was performed. The median rPFS in
BRCA2 mutation subgroup was 13.83 (3.30 to NA) and
11.33 (3.83 to NA) months for the cediranib/olaparib and
olaparib arms, respectively (Fig 2E; insufficient samples to
estimate the upper bound of 95% CI for median survival).
The HR was 0.98 (0.321 to 2.988).

Overall survival. At a median follow up of 26.1 months, 42
deaths were reported. Median (95% CI) OS was 11.8
(10.33 to NA) and 17.3 (15.5 to NA) months for the
cediranib/olaparib and olaparib arms, respectively (Fig 2B).
The HR was 1.30 (0.705 to 2.399). Given 38% (n 5 17)
patients in the olaparib arm crossed over to the combi-
nation arm upon radiographic progression, a sensitivity
analysis of the OS was performed by excluding these pa-
tients. The result is provided in the Data Supplement.

ORR and duration of response. Of the 90 patients randomly
assigned, 64 (71%) patients were evaluable for objective
response by RECIST v1.1 criteria. The ORRs were 19% and
12% in the cediranib/olaparib and olaparib arms, respec-
tively. The median durations of response were 4.3 months
and 5.8months in the cediranib/olaparib and olaparib arms,
respectively. The ORR according to HRR gene mutation
status is summarized in Table 2. The change in the tumor
burden (waterfall plot) is shown in Figure 4A.
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FIG 2. Kaplan-Meier curves in the ITT analysis set and biomarker subgroups: (A) rPFS in the ITT, (B) OS in the ITT, (C) rPFS in the homologous
recombination repair-deficient subgroup, and (D) rPFS in the homologous recombination repair-proficient subgroup. (E) An exploratory analysis of
rPFS in BRCA2 mutation subgroup. Data cutoff date, October 1, 2020. The number in parentheses refers to the cumulative number censored
associated with number at risk. C 1 O, cediranib plus olaparib; HR, hazard ratio; ITT, intention-to-treat; NA, not assessed; O, olaparib; OS, overall
survival; rPFS, radiographic progression free-survival; Total, total analytic unit.
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PSA50 response. The PSA50 response rates were 20%
and 13% in the cediranib/olaparib and olaparib arms,
respectively. The PSA50 response rates according to the
HRR gene mutation status are summarized in Table 2. The
best PSA changes are shown in Figure 4B.

Safety

Of the 90 patients, 89 who received at least one dose of
study treatment were included in the safety analysis (Data
Supplement). Ninety-four percent (84/89) of patients ex-
perienced treatment-related adverse events. The frequency

of treatment-related adverse events was similar between
the arms: 95% and 93% in the cediranib/olaparib and
olaparib monotherapy arms, respectively. Grade 3-4 event
rates were higher in cediranib/olaparib arm with 61%
compared with 18% in olaparib monotherapy arm. Thirty-
seven (84%) and 16 (36%) patients required dose re-
duction because of an adverse event (AE) in the cediranib/
olaparib and olaparib monotherapy arms, respectively. No
acute myeloid leukemia or myelodysplastic syndrome was
reported in this study. One treatment-related fatal

BRCA2 ATM CDK12 Other

C + O 

O

*

PR

SD

POD

AE or intercurrent illness

Withdrawal of consent

Ongoing response

Germline mutation

    *: NBN
  **: BARD1 and PALB2
***: RAD51C

**

***

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

Treatment Length (months)

FIG 3. Swimmer plot of duration of treatment in patients with homologous recombination repair-deficient metastatic castration-resistant prostate
cancer subgroup. Each bar represents an individual patient with the length corresponding to length of time on study drug. The panel to the left of the
plot shows the homologous recombination deficiency subgroup of each patient and homologous recombination gene mutation type identified in tumor
or blood samples. Mutations are somatic in origin unless specified as germline. AE, adverse event; C 1 O, cediranib plus olaparib; O, olaparib; POD,
disease progression; PR, partial response; SD, stable disease.

TABLE 2. Clinical Antitumor Activity by Objective Response Rates and PSA50 Response Rate
Clinical Activity C 1 O O CO-HRD O-HRD CO-HRP O-HRP CO-UNK O-UNK

ORR 19% (6/31) 12% (4/33) 14% (1/7) 22% (2/9) 24% (5/21) 9% (2/23) 0% (0/3) 0% (0/1)

Duration of response, months, median (range) 4.3 (1.9-
17.7)

5.8 (2.8-
21.4)

NC NC NC NC NC NC

PSA50 response rate 20% (9/45) 13% (6/45) 42% (5/12) 36% (5/14) 10% (3/29) 3% (1/29) 25% (1/4) 0% (0/2)

NOTE. P values were not calculated because of small sample sizes.
Abbreviations: C 1 O, cediranib plus olaparib; HRD, homologous recombination repair-deficient; HRP, homologous recombination repair-proficient; NC,

not calculated because of small sample size; O, olaparib; ORR, objective response rate; PSA50, serum prostate-specific antigen value decline of . 50%
confirmed by a second value obtained at least 3 weeks later; UNK, homologous recombination repair mutation status unknown.
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intracranial hemorrhage occurred in a patient who received
cediranib/olaparib. This participant had a history of fall
before the enrollment, who later died due to a large sub-
dural hematoma on day 5 of the study.

DISCUSSION

This randomized phase II trial demonstrated that olaparib
combined with cediranib improved median rPFS by
4.5 months with a 38% reduction in the risk of radio-
graphic progression or death compared with olaparib
alone in 90 patients with mCRPC. To our knowledge, this
is the first trial of a PARP inhibitor combined with a
vascular endothelial growth factor receptor (VEGFR) in-
hibitor in mCRPC that demonstrated an improvement of
rPFS with the combination over a PARP inhibitor alone.
However, this was accompanied by increased rates of
grades 3 or 4 toxicities.

Our study found that 29% of the patients had HRR gene-
mutated mCRPC including 18% BRCA2 mutation. These
seemingly high percentages of the HRR gene mutation and
BRCA2mutation may have been enriched by investigators’
knowledge of patients’ mutation status whenever available
by other testing and preferential enrollment to our study.
Our report may not reflect the real-world prevalence of HRR
gene alteration.

Descriptive rPFS analyses in the prespecified biomarker
subgroups indicated no significant difference between the
arms among the HRP subgroup. We, however, observed
a numerical difference among the HRD subgroup
(10.6 v 3.83 months in combination v monotherapy arms,
respectively, HR 0.64 [95% CI, 0.272 to 1.504]). To dissect
this further, we performed an exploratory analysis of rPFS by
BRCA2mutation. Other trials of a PARP inhibitor in patients
with mCRPC with BRCA1 or BRCA2 mutations reported
median rPFS ranging from 8.3 to 11.2 months.1,3,18–20 Our
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study showed amedian rPFS of 11.3 months in patients with
BRCA2 mutation treated with olaparib monotherapy and
13.8 months for those treated with olaparib with cediranib.
Our data are consistent with the observation that a delete-
riousBRCA2mutation is the strongest predictor of the benefit
of olaparib in mCRPC. Whether a VEGFR inhibitor provides
any added benefit for a BRCA2- or other HRR gene-mutated
mCRPC remains a question.

Furthermore, this exploratory rPFS analysis by BRCA2
mutation status provides a likely explanation for why the
HRD subgroup performed less well than expected with
olaparib monotherapy. Of the14 patients with HRDmCRPC
treated with olaparib monotherapy, seven (50%) had a
BRCA2 mutation and the remaining had CKD12 (n 5 4),
ATM (n 5 2), and RAD51C (n 5 1) without a co-occurring
BRCA2 mutation. None of the patients with non–BRCA2-
mutated HRD mCRPC (n 5 10) achieved an objective
response in either arm. Although the number was too small
to make inferences, the minimal clinical activity in the non-
BRCA2 mutation subgroups aligns with other studies.1,19,21

Safety analyses of the cediranib/olaparib combination were
consistent with previous reports in other tumors without any
unexpected serious AEs.12,22 Compared with olaparib
monotherapy, the combination was associated with in-
creased incidence of grade 3 or 4 AEs (61% v 18%), in-
cluding hypertension (23%), fatigue/asthenia (16%), and
diarrhea (9%) as well as an increased incidence of other
AEs of all grades including anorexia (48%) and weight loss
(25%). Although these AEs were manageable with support
care, these AEs were the common reason for dose inter-
ruption and explained the higher rates of dose reduction
(84%) and discontinuation (25%). The AE profile of ola-
parib monotherapy was also consistent with other studies
on prostate cancer.1,18,19

A key limitation of our study was that it was not powered for
subgroup analyses by biomarkers. The small sample sizes
in each biomarker subgroup and wide CIs limited our ability
to evaluate the observed clinical activity using the

biomarkers with statistical confidence. Thus, our biomarker
analyses are descriptive, and should only be interpreted as
hypothesis-generating.

Another weakness is that we did not have strong preclinical
data in prostate cancer models to support the hypothesis.
Preclinical data demonstrating the synergy between
cediranib and olaparib were primarily from ovarian and
breast cancer models. More robust preclinical and cor-
relative studies are needed to strengthen our hypothesis
and to provide a clearer direction for the next step in
clinical development. To this end, additional correlative
studies, including whole exome and transcriptome ana-
lyses from the baseline and on-treatment tumor biopsy
samples, are planned and will be reported separately.

In conclusion, our study is, to our knowledge, the first
randomized study to demonstrate the potential of clinical
efficacy of adding a VEGFR inhibitor to a PARP inhibitor in
90 patients with mCRPC. Unfortunately, the combination
of cediranib and olaparib is associated with increased
toxicity rates. Although they were manageable with sup-
portive care, treatment interruptions were frequent. De-
scriptive analyses of rPFS in biomarker subgroups
indicated that a deleterious BRCA2 mutation is the best
predictor of olaparib efficacy. Whether cediranib adds any
benefit to olaparib in BRCA2-mutated mCRPC remains
unclear.

For future direction of this combination, the following points
should be considered. One is that an antiangiogenic agent
with easier tolerability would enable better clinical testing.
Another is the need for more robust preclinical data in HRD
and HRP mCRPC models to show the mechanism of
synergy. The other is the identification of biomarkers to
select patients who derive benefit from the combination
versus PARP inhibitor monotherapy. We speculate that our
ongoing whole-exome and transcriptome analyses may
help identify a biomarker by examining the genetic land-
scape beyond HRR genes and evaluating the changes of
the gene expression profile with the treatment.
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