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Author Summary: Abstract and Brief 
Discussion 

Background 
Cediranib, a vascular endothelial growth factor receptor inhibitor, suppresses expression 
of  BRCA1/2 and RAD51 inducing homologous recombination DNA repair deficiency (HRD) in 
several cancer cell lines and xenograft models [1]. Olaparib provides a clinical benefit in patients 
with metastatic pancreatic adenocarcinoma (mPDAC) with germline BRCA mutation (gBRCAmt) 
[2]. We hypothesized that cediranib induces HRD in the absence of gBRCAmt and synergizes 
with olaparib resulting in an objective response in mPDAC patients. 

Methods 
Patients with mPDAC with at least one prior systemic chemotherapy were enrolled. Patients 
with known gBRCAmt were excluded. Patients took cediranib 30mg daily and olaparib 200mg 
twice daily, orally.  The primary endpoint was objective response (OR) rate. 

Results 
Nineteen patients received the study drugs. Seven patients came off treatment before the first 
restaging scan: six due to clinical progression and one due to an adverse event. No OR was 



observed.  Six patients had stable disease (SD) as a best overall response. The median 
duration of SD was 3.1 months.  The median overall survival was 3.4 months. Common 
treatment-related adverse events were fatigue, hypertension, and diarrhea. 

Conclusion 
Cediranib and olaparib combination did not result in clinically meaningful activity in patients with 
mPDAC without gBRCAmt. 

Discussion 
Clinical efficacy of a poly-(ADP-ribose) polymerase (PARP) inhibitor in patients with 
homologous recombination DNA repair deficiency (HRD) has been well-documented in 
pancreatic cancer and other solid tumors [2-4]. Hypoxia induces downregulation of homologous 
recombination DNA repair (HR) genes in several cancer cell lines and xenograft models 
including breast, lung, colon, and prostate cancers [5-7]. Cediranib, a vascular endothelial 
growth factor receptor (VEGFR) inhibitor, suppresses expression of  BRCA1/2 and RAD51 
inducing HR deficiency (HRD) in breast and ovarian cancer cell lines and their xenograft models 
[1]. The central hypothesis of this study is that cediranib induces tumor hypoxia leading to a 
HRD phenotype and sensitizes the tumors to a PARP inhibitor resulting in objective responses 
and disease control in the absence of a deleterious mutation in BRCA or other HR related 
genes. To that end, we accrued patients with metastatic solid tumors in 4 cohorts: pancreatic 
ductal adenocarcinoma (mPDAC), triple negative breast cancer, small cell lung cancer and non-
small cell lung cancer. Patients with known germline BRCA mutation were excluded. Patients 
were treated with cediranib 30mg orally once daily and olaparib 200mg orally twice daily. The 
primary objective was to determine the objective response rate in each of the disease cohorts.  

  

We found that the combination of cediranib plus olaparib did not result in any objective response 
in mPDAC patients. Six patients achieved stable disease as best overall response. The median 
duration of stable disease was only 3.1 months with the range of 1.2 to 6.8 months. This did not 
translate into durable disease control.  Given the lack of clinically meaningful activity of 
cediranib and olaparib combination in patients with mPDAC, the accrual to the PDAC cohort 
was terminated early due to futility.  

  

A potential explanation for the lack of activity is that cediranib did not induce HRD phenotype 
deleterious enough to result in synthetic lethality with olaparib as hypothesized. It should be 
noted that while the preclinical studies supporting our hypothesis-testing were done in several 
tumor cell lines and xenograft models including lung, colon, breast, prostate and cervical 
cancers[5-7], no preclinical studies were performed in pancreatic cancer models.   

  



This regimen is currently under clinical investigation in other solid tumors with tissue and blood-
based correlative studies and will be reported separately.  

Lessons Learned 
• Cediranib and olaparib combination did not result in clinically meaningful activity in patients 

with metastatic pancreatic ductal adenocarcinoma without known BRCA mutation. 

Trial Information 
Disease 
Pancreatic cancer 

Stage of disease / treatment 
Metastatic/Advanced 

Prior Therapy 
No designated number of regimens 

Type of study - 1 
Phase II 

Type of study - 2 
Single Arm 

Primary Endpoint 
Overall Response Rate 

Secondary Endpoint 
Toxicity 

Additional Details of Endpoints or Study Design 
The primary objective was to assess the objective response rate (ORR) of the combination of 
cediranib and olaparib in patients with metastatic pancreatic ductal adenocarcinoma.  Simon's 



two-stage design was used. The null hypothesis that the true ORR is 5% was tested against a 
one-sided alternative. In the first stage, 18 response-evaluable patients were accrued. At least 
one confirmed objective response was required in order to proceed to the second stage accrual 
for a total of 32 patients. The null hypothesis would be rejected if 4 or more responses are 
observed in 32 patients. This design yields a type I error rate of 10% and power of 90% when 
the true ORR is 20%. 

Investigator's Analysis 
Inactive because results did not meet primary endpoint 

Drug Information for Phase Phase II 
Cediranib/Olaparib 

cediranib 
Generic/Working name 

cediranib 

Company Name 

AstraZeneca 

Drug Type 

Small molecule 

Drug Class 

VEGFR 

Dose 

30 milligrams (mg) per flat dose 

Route 

oral (po) 

Schedule of Administration 

once daily 



olaparib 
Generic/Working name 

olaparib 

Trade Name 

Lynparza 

Company Name 

AstraZeneca 

Drug Type 

Small molecule 

Drug Class 

PARP 

Dose 

200 milligrams (mg) per flat dose 

Route 

oral (po) 

Schedule of Administration 

twice daily  

Drug Information for Phase Phase II Control 
New drug 
Generic/Working name 

New drug 



Patient Characteristics for Phase Phase II 
Cediranib/Olaparib 

Number of patients, male 11 
Number of patients, male 8 
Stage 

IV  

Age Median (range):68 (45-85) 
Number of prior systemic therapies Median (range):3 (1-5) 
Performance Status: ECOG 

• 0 — 7 

• 1 — 12 

• 2 — 0 

• 3 — 0 

• Unknown — 0 

Other 
Number of Patients 

N = 19 

Race 

     White 

16 (84%) 

     Black or African American 

1 (5%) 

     Asian 

2 (11%) 

Prior lines of therapy 

Median 

3 



1 

3 (16%) 

2 

6 (32%) 

     ≥ 3 

10 (53%) 

Prior Therapies 

FOLFIRINOX 

14 (74%) 

Gemcitabine-based regimen 

18 (95%) 

  

  

BRCA 1/2 mutation status  

  

known or suspected germline BRCA mutation  

0 

unknown 

19 

Cancer Types or Histologic Subtypes 
 

Patient Characteristics for Phase Phase II 
Control 

Number of patients, male 0 
Number of patients, male 0 



Stage 
 

Age 
 

Number of prior systemic therapies 
 

Performance Status: ECOG 
• 0 — 0 

• 1 — 0 

• 2 — 0 

• 3 — 0 

• Unknown — 0 

Other 
 

Cancer Types or Histologic Subtypes 
 

Primary Assessment Method for Phase 
Phase II Cediranib/Olaparib 

Title Clinical Activity Summary 
Number of patients screened 24 
Number of patients enrolled 24 
Number of patients evaluable for toxicity 19 
Number of patients evaluated for efficacy 18 
Evaluation Method RECIST 1.1 
Response assessment CR N = 0 

0 
Response assessment PR N = 0 

0 
Response assessment SD N = 33 

6 
Response assessment PD N = 67 

12 



Response assessment OTHER 
 

(Median) duration assessments PFS 
 

(Median) duration assessments TTP 
 

(Median) duration assessments OS 3.4 months , CI: 
(Median) duration assessments response duration 

 

(Median) duration assessments duration of treatment 47 Days 
Waterfall plot legend 

 

Outcome Notes 

Primary Assessment Method for Phase 
Phase II Control 

Phase Phase II Cediranib/Olaparib Adverse 
Events 

All Cycles 
Name *NC/NA 1 2 3 4 5 All Grades 
Fatigue 26% 37% 37% 0% 0% 0% 74 % 
Hypertension 53% 0% 32% 16% 0% 0% 47 % 
Diarrhea 68% 26% 5% 0% 0% 0% 32 % 
Platelet count decreased 68% 26% 5% 0% 0% 0% 32 % 
Nausea 79% 11% 11% 0% 0% 0% 21 % 
Anorexia 79% 21% 0% 0% 0% 0% 21 % 
Aspartate aminotransferase increased 79% 11% 11% 0% 0% 0% 21 % 
Alkaline phosphatase increased 79% 11% 11% 0% 0% 0% 21 % 
Vomiting 84% 11% 5% 0% 0% 0% 16 % 
White blood cell decreased 84% 11% 5% 0% 0% 0% 16 % 
Lymphocyte count decreased 84% 0% 11% 5% 0% 0% 16 % 



Dizziness 84% 16% 0% 0% 0% 0% 16 % 
Alanine aminotransferase increased 84% 5% 11% 0% 0% 0% 16 % 
Voice alteration 89% 0% 11% 0% 0% 0% 11 % 
Anemia 89% 0% 11% 0% 0% 0% 11 % 
Constipation 89% 5% 5% 0% 0% 0% 11 % 
Hyponatremia 89% 5% 0% 5% 0% 0% 11 % 
Peripheral sensory neuropathy 89% 11% 0% 0% 0% 0% 11 % 

Adverse Events Legend 
Commonly reported treatment-related Adverse Events 

Phase Phase II Control Adverse Events 

Pharmacokinetics/Pharmacodynamics for 
Phase Phase II Cediranib/Olaparib 

N 

Dose of 
Drug: 
cediranib 

Dose of 
Drug: 
olaparib Cmax AUC 

Half-
Life 

Volume of 
distribution Clearance 

Results of 
Pharmacodynamic 
analysis 

         

Pharmacokinetics/Pharmacodynamics for 
Phase Phase II Control 

N 

Dose of 
Drug: New 
drug Cmax AUC 

Half-
Life 

Volume of 
distribution Clearance 

Results of 
Pharmacodynamic 
analysis 

Assessment, Analysis, and Discussion 
Completion 
Study completed 



Investigator's Assessment 
Inactive because results did not meet primary endpoint 

Discussion 
Maintenance olaparib prolongs progression-free survival (PFS) in patients with a germline 
BRCA mutation (gBRCAmt) and metastatic pancreatic ductal adenocarcinoma (mPDAC)[2] and 
has become a standard of care. While there is no question that the approval of olaparib has 
provided a hope for patients with metastatic PDAC, the scope of the benefit is limited to the 4% 
to 7% of the pancreatic cancer patients who carry gBRCAmt [8, 9]. Preclinical studies showed 
that hypoxia and cediranib downregulates the expression of BRCA1, BRCA2, and RAD51, the 
key factors of homologous recombination DNA repair (HR), resulting in HR deficiency (HRD) 
and sensitivity to a PARP inhibitor in several tumor cell lines [1, 5-7, 10].  Consistent with these 
preclinical data, cediranib and olaparib has demonstrated superior progression-free survival and 
overall survival in women with platinum-sensitive ovarian cancer compared with olaparib 
monotherapy regardless of germline BRCA mutation status [11, 12]. The question we asked in 
this study was if homologous recombination DNA repair deficient (HRD) phenotype could be 
induced in patients without germline BRCA mutation with an hypoxia-inducing, vascular 
endothelial growth factor receptor inhibitor (VEGFRi), cediranib [13], resulting in a synthetic 
lethality with a poly-(ADP-ribose) polymerase inhibitor (PARPi), olaparib.  

  

We accrued patients without known mutations in BRCA genes in 4 disease-specific cohorts: 
pancreatic ductal adenocarcinoma (PDAC), non-small cell lung cancer, small cell lung cancer 
and triple-negative breast cancer. Herein, we report the results from the safety and clinical 
activity analyses of PDAC cohort.  

  

We found that the combination of cediranib 30mg once daily plus olaparib 200mg twice daily did 
not result in any objective response in patients with metastatic PDAC. While six (32%) of 
patients achieved stable disease as best overall response including 4 patients with regression in 
the tumor burden, the median duration of disease control was only 3.1 months. This did not 
translate into durable disease control.  Given the lack of clinically meaningful activity of 
cediranib and olaparib combination in patients with mPDAC without gBRCAmt, the accrual to 
the PDAC cohort was terminated early due to futility.  

  

There are a few things to comment about the study populations.  First, during enrollment of 
PDAC cohort, the study intentionally excluded those with known germline BRCA mutation to test 
our hypothesis of cediranib-induced HRD phenotype. While the testing was not required to 
prove, none of the study patients had known deleterious mutations in BRCA genes prior to 
enrollment. Secondly, the study population was heavily pre-treated. Eighty-five percent of the 



patients had two or more lines of prior systemic therapies. Five (32%) patients had clinical 
progression prior to the first restaging scan in 2 months. The median overall survival of 3.4 
months suggested that the patients were indeed in terminal stage of their disease. Plus, the 
median duration of drug exposure was less than 2 months, which undermines our confidence in 
sufficiency of treatment exposure to test the clinical activity of the regimen.  While the AE profile 
was consistent with prior reports, [11, 12, 14] adverse events such as fatigue, anorexia, and 
diarrhea requiring dose-interruption, and hypertension requiring close blood pressure monitoring 
and adjustment of antihypertensives made this regimen not so easily tolerated and made it 
challenging for some patients.  

  

A potential explanation for lack of activity is that cediranib does not induce HRD phenotype in 
heavily pre-treated pancreatic cancer patients or does not sensitize the tumors to a PARP 
inhibitor.  It should be noted that while the preclinical studies supporting our hypothesis testing 
were done in several tumor cell lines and xenograft models including lung, colon, breast, 
prostate and cervical cancers [5-7, 10], it was not tested in pancreatic cancer models.   

  

Olaparib remains a treatment option for metastatic PDAC patients with gBRCAmt as a 
maintenance therapy after a course of platinum-based chemotherapy without disease 
progression.  We did not find any sign of clinically meaningful activity with the cediranib and 
olaparib combination in patients with heavily pre-treated mPDAC and without gBRCAmt.  

  

Future studies should focus on the patient population with a limit on prior lines of therapy where 
patients can receive sufficient treatment exposure. The hypothesis of cediranib-induced HRD 
phenotype remains to be tested in other tumors. The analyses of clinical activities in other tumor 
cohorts are ongoing. Biomarkers analyses including circulating tumor DNA and angiogenesis 
markers in mPDAC patients are underway.  

  

In conclusion, cediranib and olaparib did not result in any clinically meaningful activity in patients 
with heavily pre-treated metastatic pancreatic ductal adenocarcinoma without BRCA mutation. 

References 
1              Kaplan AR, Gueble SE, Liu Y, et al. Cediranib suppresses homology-directed DNA 
repair through down-regulation of brca1/2 and rad51. Sci Transl Med 2019;11 

2              Golan T, Hammel P, Reni M, et al. Maintenance olaparib for germline brca-mutated 
metastatic pancreatic cancer. N Engl J Med 2019;381:317-327. 



3              Fong PC, Boss DS, Yap TA, et al. Inhibition of poly(adp-ribose) polymerase in tumors 
from brca mutation carriers. N Engl J Med 2009;361:123-134. 

4              Kaufman B, Shapira-Frommer R, Schmutzler RK, et al. Olaparib monotherapy in 
patients with advanced cancer and a germline brca1/2 mutation. J Clin Oncol 2015;33:244-250. 

5              Bindra RS, Schaffer PJ, Meng A, et al. Down-regulation of rad51 and decreased 
homologous recombination in hypoxic cancer cells. Mol Cell Biol 2004;24:8504-8518. 

6              Bindra RS, Gibson SL, Meng A, et al. Hypoxia-induced down-regulation of brca1 
expression by e2fs. Cancer Res 2005;65:11597-11604. 

7              Meng AX, Jalali F, Cuddihy A, et al. Hypoxia down-regulates DNA double strand 
break repair gene expression in prostate cancer cells. Radiother Oncol 2005;76:168-176. 

8              Holter S, Borgida A, Dodd A, et al. Germline brca mutations in a large clinic-based 
cohort of patients with pancreatic adenocarcinoma. J Clin Oncol 2015;33:3124-3129. 

9              Ferrone CR, Levine DA, Tang LH, et al. Brca germline mutations in jewish patients 
with pancreatic adenocarcinoma. J Clin Oncol 2009;27:433-438. 

10           Hegan DC, Lu Y, Stachelek GC, et al. Inhibition of poly(adp-ribose) polymerase down-
regulates brca1 and rad51 in a pathway mediated by e2f4 and p130. Proceedings of the 
National Academy of Sciences of the United States of America 2010;107:2201-2206. 

11           Liu JF, Barry WT, Birrer M, et al. Combination cediranib and olaparib versus olaparib 
alone for women with recurrent platinum-sensitive ovarian cancer: A randomised phase 2 study. 
Lancet Oncol 2014;15:1207-1214. 

12           Liu JF, Barry WT, Birrer M, et al. Overall survival and updated progression-free 
survival outcomes in a randomized phase ii study of combination cediranib and olaparib versus 
olaparib in relapsed platinum-sensitive ovarian cancer. Ann Oncol 2019;30:551-557. 

13           Burrell JS, Walker-Samuel S, Baker LC, et al. Evaluation of novel combined carbogen 
uspio (cuspio) imaging biomarkers in assessing the antiangiogenic effects of cediranib 
(azd2171) in rat c6 gliomas. Int J Cancer 2012;131:1854-1862. 

14           Liu JF, Tolaney SM, Birrer M, et al. A phase 1 trial of the poly(adp-ribose) polymerase 
inhibitor olaparib (azd2281) in combination with the anti-angiogenic cediranib (azd2171) in 
recurrent epithelial ovarian or triple-negative breast cancer. Eur J Cancer 2013;49:2972-2978. 

  

  



Figures and Tables 
Print Figures 
 

Table 1. Common (>10%) Treatment Related Adverse Events  

 

 

Figure 1. Duration of Treatment  



 



ONCO_13758_Figure 1 Kim.png



PUBLICATION FEE FORM 

PLEASE READ THIS FORM CAREFULLY. PUBLICATION FEES DO NOT APPLY TO ALL ARTICLE TYPES. 

IF YOU HAVE QUESTIONS ABOUT THE PUBLICATION FEE POLICY, PLEASE CONTACT THE 
EDITORIAL OFFICE AT EditorialOffice@TheOncologist.com. 

COMPLETING THIS FORM INDICATES NO PROMISE OF ACCEPTANCE. 

PLEASE NOTE: THERE IS NO PUBLICATION FEE FOR INVITED PAPERS, LETTERS TO THE EDITOR, OR 
CLINICAL TRIAL RESULTS SUBMITTED THROUGH THE DEDICATED CTR SUBMISSION SITE.  

(Please refer to the Quick Reference Table on our Information for Authors page for more information.) 

Manuscripts that are selected for publication will be charged a publication fee (see the table below for 
exact amounts). The author agrees to pay this fee to the Publisher within 30 days of receiving the 
Publisher’s invoice. 

ARTICLE TYPE PUBLICATION FEE 
Editorial, Commentary, Brief Communications, 
Precision Medicine Clinic 

$1,500 

Review Articles, Original Articles $2,500 

IF A PUBLICATION FEE CHARGE APPLIES AS DESCRIBED ABOVE, PLEASE COMPLETE THE FIELDS BELOW. 

JOURNAL The Oncologist 
ARTICLE TITLE: 
AUTHORS: 
MS NUMBER: 
ARTICLE TYPE: 
PUBLICATION FEE: 

BILL TO THE ADDRESS BELOW 
NOTE: International orders must be paid in currency and drawn on a U.S. bank. 

BILL TO: 

NOTE: AT THE TIME OF ACCEPTANCE, AUTHORS MAY ELECT AN OPTIONAL OPEN ACCESS (OA) LICENSE FOR AN 
ADDITIONAL FEE OF $1,500. THE PUBLICATION FEE AND THE OPEN ACCESS FEE ARE BILLED SEPARATELY. 

NAME: 
INSTITUTION: 
MAILING ADDRESS 
PHONE: 
FAX: 
EMAIL: 

mailto:EditorialOffice@TheOncologist.com
https://theoncologist.onlinelibrary.wiley.com/page/journal/1549490x/homepage/for_authors#_Toc28867035


Table 1. Common  (>10%) treatment-related adverse events 
 
 

AE Terms Grade 1 
(n=15) 

Grade 2 
(n=13) 

Grade 3 
(n=8) 

Grade 
4 (n=0) 

Total 
(n=19) 

Fatigue 7 (37%) 7 (37%)     14 (74%) 
Hypertension   6 (32%) 3 (16%)   9 (47%) 
Diarrhea 5 (26%) 1 (5%)     6 (32%) 
Thrombocytopenia 5 (26%) 1 (5%)     6 (32%) 
Nausea 2 (11%) 2 (11%)     4 (21%) 
Anorexia 4 (21%)       4 (21%) 
AST increased 2 (11%) 2 (11%)     4 (21%) 
Alkaline phosphatase increased 2 (11%) 2 (11%)     4 (21%) 
Vomiting 2 (11%) 1 (5%)     3 (16%) 
Leukopenia 2 (11%) 1 (5%)     3 (16%) 
Lymphopenia   2 (11%) 1 (5%)   3 (16%) 
Dizziness 3 (16%)       3 (16%) 
ALT increased 1 (5%) 2 (11%)     3 (16%) 
Hoarseness   2 (11%)     2 (11%) 
Anemia   2 (11%)     2 (11%) 
Constipation 1 (5%) 1 (5%)     2 (11%) 
Hyponatremia 1 (5%)   1 (5%)   2 (11%) 
Peripheral sensory neuropathy 2 (11%)       2 (11%) 
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