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Abstract

Background

Cediranib, an oral pan-vascular endothelial growth factor (VEGF) receptor tyrosine kinase
inhibitor, failed to show benefit over lomustine in relapsed glioblastoma. One resistance
mechanism for cediranib is up-regulation of epidermal growth factor receptor (EGFR). This
study aimed to determine if dual therapy with cediranib and the oral EGFR inhibitor gefitinib
improved outcome in recurrent glioblastoma.

Methods and Findings

This was a multi-center randomized, two-armed, double-blinded phase Il study comparing
cediranib plus gefitinib versus cediranib plus placebo in subjects with first relapse/first pro-
gression of glioblastoma following surgery and chemoradiotherapy. The primary outcome
measure was progression free survival (PFS). Secondary outcome measures included
overall survival (OS) and radiologic response rate. Recruitment was terminated early follow-
ing suspension of the cediranib program. 38 subjects (112 planned) were enrolled with 19
subjects in each treatment arm. Median PFS with cediranib plus gefitinib was 3.6 months
compared to 2.8 months for cediranib plus placebo (HR; 0.72, 90% ClI; 0.41 to 1.26). Median
OS was 7.2 months with cediranib plus gefitinib and 5.5 months with cediranib plus placebo
(HR; 0.68, 90% CI; 0.39 to 1.19). Eight subjects (42%) had a partial response in the cedira-
nib plus gefitinib arm versus five patients (26%) in the cediranib plus placebo arm.
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Conclusions

Cediranib and gefitinib in combination is tolerated in patients with glioblastoma. Incomplete
recruitment led to the study being underpowered. However, a trend towards improved sur-
vival and response rates with the addition of gefitinib to cediranib was observed. Further
studies of the combination incorporating EGFR and VEGF inhibition are warranted.

Trial Registration
ClinicalTrials.gov NCT01310855

Introduction

Glioblastoma (GBM) is the most common malignant primary brain tumor, with around 2,200
cases diagnosed each year in England, and over 11,500 cases diagnosed annually in the USA [1,
2]. The standard treatment of surgery followed by radiotherapy with concurrent and adjuvant
temozolomide chemotherapy results in median survival of only 14.6 months [3, 4]. No clinical
trials have demonstrated an improvement in survival with any second-line therapies. Improved
treatments are required both in the first-line setting and at relapse.

The epidermal growth factor receptor (EGFR) (ErbB-1) is a member of a family of 4 struc-
turally related membrane spanning receptor tyrosine kinases including ErbB-2 (HER-2) ErbB-
3 and ErbB-4. These receptors are activated with varying efficacy by epidermal growth factor
ligands. Receptor-ligand interaction leads to dimer formation and activation, which stimulates
the intrinsic intracellular protein tyrosine kinase activity. The downstream targets of EGFR
include signaling proteins with important roles in cell lineage determination and cell survival.
Mutations leading to the over-expression or amplification of EGFR contribute to oncogenesis
by inducing cells to proliferate and to resist apoptosis. A variety of mutations affecting the
expression and function of this family of receptors have been demonstrated in a variety of can-
cers [5]. In 40-50% of cases of glioblastoma, EGFR is over-expressed; co-expression of the con-
stitutively activated mutant variant of EGFR, the epidermal growth factor variant III
(EGFRVIII) is observed in nearly half of these cases [6-11]. The epidermal growth factor recep-
tor variant III (EGFRVIII) is the product of a common, tumor-specific mutation of EGFR con-
sisting of an in-frame deletion of exons 2-7 (801bp) from its extracellular ligand-binding
region.

Angiogenesis is the process through which new blood vessels are formed. Glioblastomas are
profusely vascular tumors featuring prolific levels of angiogenesis and this is in part attributable
to their high levels of vascular endothelial growth factor (VEGF) expression [12]. Patholog-
ically, glioblastomas are distinguished from low-grade gliomas by microvascular hyperplasia
and focal necrosis. The aberrant vasculature that characterizes high-grade gliomas is induced
by a hypoxic microenvironment which in turn drives the expression of hypoxia inducible factor
(HIF-1). This leads to the secretion of pro-angiogenesis factors (including VEGF and IL-8).
Hypoxia also drives the local expression of tissue factor that initiates pro-thrombotic condi-
tions and these in turn contribute to the anomalous processes of neo-vascularization that
define glioblastomas[13, 14]. Disrupting the processes involved in angiogenesis is part of the
management of many tumor types including glioblastoma [15-18].

Cediranib is a potent, orally available small molecule inhibitor of the vascular endothelial
growth factor receptor (VEGFR) tyrosine kinases [19]. Cediranib is active against each variant
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of VEGFR with particular potency against VEGFR-2, the main mediator in endothelial cell
proliferation, differentiation and vascular permeability. It also has activity against both platelet
derived growth factor receptor (PDGFR) and the c-Kit receptor, which are implicated in angio-
genesis and cell cycle regulation respectively. However, cediranib failed to improve outcome in
recurrent glioblastoma in a randomized phase III trial comparing cediranib versus cediranib
and lomustine versus lomustine alone [20].

Gefitinib is an orally administered, small molecule inhibitor of the EGFR tyrosine kinase. It
competes with adenosine triphosphate (ATP) for binding sites on the catalytic domain of the
receptor, inhibiting auto-phosphorylation and activation. Phase II studies using single agent
gefitinib in recurrent glioblastoma have demonstrated only modest activity in genetically unse-
lected populations [21, 22].

In this investigational study we propose the use of a combination of therapies targeting the
VEGEF (cediranib) and EGFR (gefitinib) pathways in patients with recurrent glioblastoma, a
group of patients with a clearly unmet clinical need. The combination of cediranib and gefitinib
has been explored in a phase I study in solid tumors which demonstrated that combination
treatment was generally well tolerated and showed encouraging antitumor activity. No patients
enrolled had glioblastoma. [23].

Patients and Methods
Ethics

This study was conducted in accordance with the Declaration of Helsinki, the principles of
Good Clinical Practice (GCP) and UK Clinical Trials Regulations. The study protocol was
approved by the London—Harrow Research Ethics Committee (10/H0715/77) and the Medi-
cines and Healthcare Regulatory Agency (MHRA). All participating sites had local approval to
carry out the trial. All participants provided written informed consent prior to participation in
the study. The trial protocol and supporting CONSORT checklist are available as supporting
information (S1 CONSORT Checklist and S1 Protocol). The trial was registered with Clinical-
trials.gov (NCT01310855).

Study design and patients

We conducted a phase II, randomized, parallel, double blind, placebo controlled, multi-center
trial in the UK. Patients were recruited from seven hospitals. To be eligible for recruitment,
patients were required to have measurable disease on MRI following standard first-line treat-
ment for histologically-confirmed glioblastoma: surgery (unless resection impossible due to
anatomical location based on neurosurgeon’s assessment), followed by cranial radiotherapy
(completed at least 3 months prior to enrolment) and chemotherapy with concurrent and adju-
vant temozolomide (last dose at least 28 days prior to enrolment). Any other prior treatment
(with the exception of steroids) made the patient ineligible for this trial.

Other eligibility criteria were age > 18 years; life expectancy > 12 weeks; Karnofsky Perfor-
mance Score > 70; mini-mental status examinations core > 15; presence of measurable tumor
seven days prior to enrolment (contrast enhancing tumor > 10mm by shortest distance on two
axial slices); stable dose of steroids (< 8mg/day) for at least five days prior to baseline MRI;
adequate bone marrow reserve (absolute neutrophil count > 1.5 x 10° /L); serum
bilirubin < 1.5 x ULRR; ALT and AST < 5 x ULRR.

Exclusion criteria included the use of enzyme-inducing anti-epileptic drugs within two weeks
prior to enrolment, pregnancy or breast-feeding, and infection with HIV or hepatitis B or C.

Randomization was performed in the ratio 1:1 using a minimization algorithm stratified by
the dichotomous factors of age (<65 / >65), Karnofsky Performance Status (<80 / >80), and
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previous resection (yes/no). The randomization system was managed independent of the trial
management team. Upon receipt of a registration fax from the recruiting site trial staff would
use an online randomization system to produce container numbers for the assigned treatment.
The site would then allocate the medication to the patient. The contents of the bottles were
concealed from site staff, patients, and trial management.

Treatment

Patients were randomized to receive cediranib plus gefitinib or cediranib plus placebo. All
patients received 30mg cediranib (AZD2171) orally every day along with a daily oral dose of
either 500mg gefitinib or a matched placebo. Dose selection was based on reported toxicity and
the maximum tolerated dose in the phase 1 study of cediranib in combination with gefitinib
[23]. Treatment continued until unacceptable toxicity, patient decision, or progression
(although treatment could continue if the investigator was of the opinion that the patient was
benefitting). If cediranib or gefitinib was not tolerated it was permitted to reduce the dose by
one or more levels: cediranib to 20mg or 15mg, and gefitinib to 250mg.

Endpoints

The primary endpoint was progression free survival (PFS) which was defined as the time from
randomisation to first progression or death from any cause, whichever came first. Response
and progression were assessed by clinical assessment and MRI scans every six weeks, using the
modified RANO criteria [24]. A secondary analysis was performed on overall survival (OS),
PES at six months, and OS at 12 months.

Quality of Life was assessed using the EORTC QLQ-C30 and the EORTC brain tumor mod-
ule BN-20. Patients were invited to complete forms at baseline, at six-weekly intervals, and at
discontinuation of treatment.

All Adverse Events and Serious Adverse Events were recorded using the CTCAE v4.03.

Statistical Analysis

Recruitment of 112 patients was planned to achieve 80% power to detect a hazard ratio of 0.67
with a one-sided type I error of 10%. This assumed a median PFS of 4 months in the cediranib
plus placebo arm and 6 months in the combination arm with an accrual period of 18 months
and a maximum follow-up time of 36 months. The hazard in the cediranib plus placebo group
was assumed to be 0.115. Sample size calculations were performed using nQuery version 7.0.

Progression free and overall survival were assessed via Kaplan-Meier plots and Cox propor-
tional hazard models adjusted for the randomization strata of age, previous resection and Kar-
nofsky Performance Status.

All statistical results report 90% confidence intervals for point estimates and one-sided p-
values with a threshold of 0.1 used to assess statistical significance. Analyses were conducted
on the Intention to Treat (ITT) population defined as all patients randomized to treatment.
For toxicity, all SAEs of grade 3 or higher were summarized by treatment group in the Safety
population only, defined as all patients who took at least one dose of randomized treatment.

Quality of life was assessed on all EORTC QLQ-C30 and the EORTC BN-20 subscales. Data
for the later time points was sparse so the decision was taken to analyze only the change in
scores from baseline to week 6. The treatment effect was estimated using a regression model
adjusting for baseline score. Results are presented with 99% confidence intervals to account for
multiple comparisons.

All statistical analyses were performed using Stata version 12.1.
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ITT population

Safety population

Fig 1. CONSORT diagram.
doi:10.1371/journal.pone.0156369.g001

Results
Patients

A total of 97 patients were screened at eight study sites. Of these, 38 patients from seven hospi-
tals were enrolled between May 2011 and August 2012 and randomized to receive cediranib
plus gefitinib (n = 19) or cediranib plus placebo (n = 19) (Fig 1). AstraZenica discontinued
development of cediranib during recruitment to the trial. Recruitment to the trial was thus ter-
minated prematurely in August 2012. This reduced the effective statistical power to 47% (using
the assumptions above) and so the results can be considered as exploratory only. Patients who
were enrolled prior to termination of recruitment received treatment as per protocol.

Table 1 shows the baseline characteristics, which were well balanced between the two arms.
In the cediranib plus gefitinib arm the median age was younger and a higher proportion of
patients had had surgery for recurrent disease. At the time of this analysis, all patients have
died, with a maximum follow-up time of 16.7 months. One patient on the cediranib plus gefiti-
nib arm did not complete their medication diary and thus we are not able to confirm that they
took any of the randomized medication. This patient was excluded from the Safety population
analysis as per the protocol. There was no other missing patient information. EGFR analysis
was planned but not performed after premature termination of the trial, as inadequate results
were anticipated due to the limited number of patients.

Assessed
(n=97)
Excluded (n=59)
»| Ineligible (n=37)
Declined (n=12)
v Screening failure (n=9)
Randomised Clinician decision (n=1)
(n=38)

It
| |

Cediranib + placebo Cediranib + gefitinib
(n=19) (n=19)
Excluded (n=1)
—> | No record of treatment
taken (n=1)
Y Y
Cediranib + placebo Cediranib + gefitinib
(n=19) (n=18)
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Table 1. Patient characteristics at baseline for the ITT population.

Sex

Male; N (%)

Female; N (%)

Age at entry

Under 65 at entry; N (%)

65 or over at entry; N (%)

Age at entry; median (range)
Resection for the recurrent disease
No resection; N (%)

Previous resection; N (%)

Karnofsky Performance Status
Median (range)

KPS < =80; N (%)

KPS > 80; N (%)

Time from diagnosis to randomisation (months); median (range)

doi:10.1371/journal.pone.0156369.1001

Efficacy

CED only (N =19)

14 (73.7%)
5 (26.3%)

15 (78.9%)
4 (21.1%)
61.0 (40-69)

15 (78.9%)
4 (21.1%)

90 (70-100)

6 (31.6%)

13 (68.4%)
10.2 (6.0-27.4)

CED+GEF (N = 19)

13 (68.4%)
6 (31.6%)

15 (78.9%)
4 (21.1%)
55.0 (30-71)

17 (89.5%)
2 (10.5%)

90 (80-100)

6 (31.6%)

13 (68.4%)
12.7 (6.7-29.4)

All patients (N = 38)

27 (71.1%)
11 (28.9%)

30 (78.9%)
8 (21.1%)
57.0 (30-71)

32 (84.2%)
6 (15.8%)

90 (70-100)

12 (31.6%)

26 (68.4%)
12.1 (6.0-29.4)

All patients had died within 24 months of randomization; all but one with confirmed progres-
sion. This patient suffered a fatal pulmonary embolism. The median PFS for patients on the
cediranib plus gefitinib arm was 3.6 months compared to 2.8 months for patients in the cedira-
nib plus placebo group (HR; 0.72, 90% CI; 0.41 to 1.26) (Fig 2). Excluding the one patient who
did not take the randomized treatment had no material effect on the hazard ratio (0.67, 90% CI
0.38 to 1.18), nor did using age and KPS as continuous measures (0.76, 90% CI 0.43 to 1.34).
The progression-free proportions at six months were identical in the two arms (15.8%). Full
results from the Cox proportional hazard model are in Table 2.

The median survival times were 7.2 months in the cediranib plus gefitinib arm and 5.5
months in the cediranib plus placebo arm. The adjusted hazard ratio for overall survival was
0.68 (90% CI; 0.39 to 1.19) in favor of the cediranib plus gefitinib arm (Fig 3). The 12-month
survival proportions were 15.8% in the cediranib plus gefitinib arm versus 10.5% in the control
arm. The median PFS and OS of the whole population were 3.1 and 5.8 months. There were no
clinical complete responses among the 38 patients. In the cediranib plus gefitinib arm there
were eight patients (42%) with a partial response versus five patients (26%) in the cediranib
plus placebo arm.

Quality of life

Quality of life analysis was performed on the 26 patients who completed forms at both baseline
and at week 6. In some cases patients did not complete all questions and so could not be
included in all subscales. All results are based on data from at least 23 patients and are summa-
rized in Table 3. None of the results provide evidence that the addition of gefitinib resulted in a
deterioration of quality of life.

Compliance and safety

Treatment duration was greater on the cediranib plus gefitinib arm (median 148 days) com-
pared to the cediranib plus placebo arm (84 days). 10 patients reduced their dose of cediranib,
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Fig 2. Kaplan-Meier plot for PFS in the ITT population.
doi:10.1371/journal.pone.0156369.g002

7 (39%) on the cediranib plus gefitinib arm versus 3 (16%) on the cediranib plus placebo arm.

Four patients (22%) on the cediranib plus gefitinib arm reduced their dose of gefitinib. There
were no dose reductions of the placebo. Adverse event data for all patients in the safety popula-
tion is summarized in Table 4. 16 patients (89%) in the cediranib plus gefitinib arm reported a
Grade 3 or 4 adverse event, compared to 13 patients (68%) in the cediranib plus placebo arm.

Table 2. Cox regression model for PFS.

n Hazard ratio (90% CI) P-value

Treatment
Cediranib only 19 1 (reference) 0.17
Cediranib + gefitinib 19 0.72 (0.41, 1.26)
Age at entry over 65
Under 65 at entry 30 1 (reference) 0.02
65 or over at entry 8 2.52 (1.19, 5.33)
Resection for the recurrent disease
No resection 32 1 (reference) 0.04
Previous resection 6 2.54 (1.08, 5.98)
Karnofsky performance status
<=80 12 1 (reference) 0.50
>80 26 1.00 (0.52, 1.90)
doi:10.1371/journal.pone.0156369.t002
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Fig 3. Kaplan-Meier plot for OS in the ITT population
doi:10.1371/journal.pone.0156369.9003

All patients reported at least one adverse event of grade 1 or 2. The most frequent side effects
were fatigue, hypertension and lymphopenia.

Discussion

In this randomized phase II trial we aimed to evaluate the rational combination of dual inhibi-
tion of VEGFR and EGFR in patients with recurrent glioblastoma. While our trial was ongoing,
clinical development of cediranib was discontinued when the results of a phase III trial failed to
demonstrate a survival benefit of cediranib over lomustine in recurrent glioblastoma. Recruit-
ment thus prematurely stopped after only 38 patients were randomized (instead of the planned
112). The statistical plan has thus been adapted and we report the results in a descriptive, non-
comparative manner. Nevertheless, our results consistently demonstrate that PFS, OS and
response rates favor the combination of cediranib and gefitinib, without statistical significance.
Increasing age and resection for recurrent disease were associated with significantly lower PFS.
Advanced age is well recognised as a negative prognostic marker [25-27]. Surgical resection for
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Table 3. Comparison of quality of life changes between baseline and week six.

Scale Mean in control arm at  Mean in treatment arm Mean in control arm Mean in control arm Treatment effect
baseline (SD) at baseline (SD) at Week 6 (SD) at Week 6 (SD) (99% CI)?

Global health status 66.0 (15.7) 67.3 (16.5) 62.5 (21.5) 61.3 (23.9) -2.3 (-22.8, 18.2)
(N =26)
C30 Functional (higher score indicates increased functioning)
scales®
Physical functioning 71.7 (25.1) 83.8 (18.8) 72.8 (19.2) 75.7 (22.3) -4.0 (-23.7, 15.7)
(N =26)
Role functioning 61.1 (33.6) 78.6 (22.1) 55.6 (27.8) 69.0 (23.4) 8.3 (-20.3, 36.9)
(N =26)
Emotional functioning 72.2 (20.2) 73.8 (20.6) 71.5(19.3) 78.0 (22.3) 6.1 (-16.9, 29.1)
(N =26)
Cognitive functioning 63.9 (23.4) 69.0 (26.0) 63.9 (27.4) 67.9 (31.0) -0.4 (-23.4, 22.6)
(N =26)
Social functioning 63.9 (30.8) 72.6 (21.3) 69.4 (23.4) 73.8 (32.5) -0.6 (-28.7, 27.5)
(N =26)
C30 Symptom scale®  (higher score indicates worsening symptoms)
Fatigue (N = 25) 38.4 (26.9) 27.8 (11.3) 41.4 (22.8) 39.7 (27.8) 4.0 (-24.2,32.2)
Nausea and vomiting 1.4 (4.8) 1.2 (4.5) 2.8 (6.5) 6.0 (8.3) 3.2 (-5.2, 11.6)
(N =26)
Pain (N = 26) 18.1 (26.1) 13.1 (16.2) 13.9 (27.4) 17.9 (24.0) 6.7 (-19.1, 32.5)
Dyspnoea (N = 25) 24.2 (26.2) 9.5 (15.6) 15.2 (22.9) 19.0 (25.2) 15.4 (-6.6, 37.4)
Insomnia (N = 26) 36.1 (43.7) 26.2 (29.8) 36.1 (36.1) 21.4 (28.1) -10.7 (-43.0, 21.6)
Appetite loss (N = 26) 11.1 (21.7) 2.4 (8.9 22.2 (25.9) 19.0 (25.2) -5.1 (-34.9, 24.7)
Constipation (N = 25) 12.1 (22.5) 9.5 (15.6) 9.1 (21.6) 14.3 (21.5) 6.0 (-18.2, 30.2)
Diarrhoea (N = 26) 11.1 (21.7) 2.4 (8.9) 44.4 (32.8) 40.5 (26.7) -6.4 (-40.6, 27.8)
Financial difficulties 22.2 (32.8) 23.8 (30.5) 25.0 (35.2) 11.9 (21.1) -14.1 (-37.1, 8.9)
(N =26)
B20 Symptom scales  (higher score indicates worsening symptoms)
(c)
Future uncertainty 39.6 (22.8) 37.2 (20.9) 33.6 (17.5) 35.3 (31.6) 2.8 (-24.8, 30.4)
(N =25)
Visual disorder (N = 25) 19.4 (22.3) 17.1 (21.6) 14.8 (24.3) 14.5 (19.4) 1.7 (-12.7,16.1)
Motor dysfunction 25.0 (22.3) 26.9 (24.0) 20.4 (17.5) 25.6 (33.1) 3.7 (-18.0, 25.4)
(N=25)
Communication deficit 23.1 (19.2) 25.6 (21.9) 25.0 (19.0) 18.8 (25.8) -7.8 (-28.9, 13.3)
(N =25)
Headaches (N = 25) 25.0 (25.1) 28.2 (26.7) 8.3 (15.1) 10.3 (21.0) 0.9 (-18.3, 20.1)
Seizures (N = 23) 12.1 (16.8) 5.6 (13.0) 9.1 (21.6) 2.8 (9.6) -3.6 (-22.7, 15.5)
Drowsiness (N = 25) 30.6 (22.3) 38.5 (18.5) 33.3 (0.0) 41.0 (30.9) 4.4 (-19.8, 28.6)
Itchy skin (N = 23) 3.3 (10.5) 17.9 (22.0) 10.0 (16.1) 25.6 (38.9) 7.7 (-31.9, 47.3)
Hair loss (N = 25) 8.3 (15.1) 17.9 (32.2) 5.6 (13.0) 10.3 (25.0) 3.0 (-20.1, 26.1)
Weakness of legs 21.2 (27.0) 20.5 (29.0) 9.1 (15.6) 28.2 (38.1) 19.5 (-10.2, 49.2)
(N=24)
Bladder control 11.1 (21.7) 0.0 (0.0) 8.3 (15.1) 5.1 (12.5) 1.6 (-13.6, 16.8)
(N =25)

& Treatment effect is from a regression model of the change at six weeks (compared to baseline), adjusting for baseline score. It represents the difference
in increase in the cediranib + gefitinib arm compared to the cediranib + placebo arm.

b A higher score indicates increased functioning, so a difference in means greater than zero indicates a beneficial effect of gefitinib.

° A higher score indicates worsening symptoms, so a difference in means of less than zero indicates a beneficial effect of gefitinib.

doi:10.1371/journal.pone.0156369.t003
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Table 4. Grade 3 & 4 toxicities in the safety population (CTCAE version 4.03).

Adverse event

Fatigue

Hypertension

Lymphopenia

Anorexia

Ataxia

Dysphasia

Headache

Rash Pustular

Alanine aminotransferase increased
Pain

Fall

Thromboembolic event

Eye disorder

Hyperglycemia

Cognitive Disturbance

Muscle weakness right-sided
Sepsis

Aspartate aminotransferase increased
Blurred vision

Diarrhoea

Generalised muscle weakness
Haemorrhage

Infection

Mucositis Oral

Seizure

Stomatitis

Confusion

Skin ulceration

Musculoskeletal and connective tissue
disorder

Cholesterol High

Nervous system disorders
Hypertrigylceridomia
Movements involuntary
Paresthesia

GGT increased
Cushingoid

doi:10.1371/journal.pone.0156369.t004

CED-only (N = 19) No.

(%)
4 (21)
1(5)
2(11)
1(5)
2 (11)
1(5)
1(5)
2 (11)
1(5)
2 (11)
1(5)

CED+GEF (N = 18) No.

(%)
6 (33)
5 (28)
3(17)
3(17)
4(22)

1(6)
2 (11)
2(11)

- a4
P N
2B )
NN N

- a a
P N
D O O
NN

recurrent disease has not been evaluated in a prospective clinical trial, and is considered stan-

dard practice only in patients with mass effect, thus patients requiring surgery may represent a

patient group with more aggressive tumours [28]. However, patient numbers are small and the
median progression-free and overall survival of the whole population were in the lower range
of what has been reported in other negative clinical trials [20]. The trial establishes that the
combination of drugs is tolerated in patients with glioblastoma. Whilst 89% of patients receiv-
ing cediranib plus gefitinib experienced serious toxicities (Grade 3 or 4) compared to 68% of
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those receiving cediranib plus placebo, no significant differences were observed in quality of
life analyses.

The concept of utilizing rationally designed small molecule inhibitor targeted therapies in
glioblastoma has largely not been successful and this raises key questions as to why this might be
the case [29]. Are the drugs getting to the target? There is evidence that gefitinib crosses the
blood brain barrier in brain metastases but there is also the question of drug concentration in the
tumor [30]. Is the target present throughout the tumor [31]? The genetic heterogeneity observed
in glioblastomas renders their growth less reliant on a solitary oncogene and hence there is an
increasing acceptance of the need to appropriately combine targeted therapies [32]. Further to
this, within an individual cancer cell, does resistance develop? A network of interconnected signal
transduction pathways is responsible for the development and maintenance of many solid
tumors. Indeed, parallel and reciprocal pathways exist between the VEGFR and EGFR signaling
cascades, clearly linking these pathways within tumors [33]. Consequently, blockade of a single
pathway may be ineffective in the long term because activation of other pathways can serve as
escape mechanisms for the tumor [34]. Therefore, dual inhibition of VEGFR and EGFR signaling
cascades are important for optimal suppression of tumor growth, as supported in this study, and
have been shown to have synergistic effects in preclinical models [35].

EGEFR, as well as being involved in controlling cell proliferation and apoptosis, has also been
shown to play a role in tumor angiogenesis [36]. Activation of the EGFR pathway by either EGF
or TGF increases the production of angiogenic factors (VEGF and VEGFR) in a variety of
tumor cells including gastric, bladder, and pancreatic cell lines [37-39]. Preclinical studies using
high grade glioma cell lines have similarly demonstrated that EGFR expression up-regulates the
production of VEGF through mechanisms distinct from those under hypoxic regulation [40-
42]. Conversely, inhibition of the EGFR pathway has been shown to reduce the production of
angiogenic molecules in gastric, colonic, pancreatic and breast cancer cell lines [35]. Of particu-
lar relevance to this study, gefitinib treatment has been shown to cause a dose- and time-depen-
dent decrease in VEGF production in in-vitro studies of various cancer cell lines [43].

Additional evidence that the EGFR and VEGFR pathways are linked has come from a study
demonstrating that inhibition of the downstream EGFR-mediated effector, mammalian target
of rapamycin (mTOR), reduces VEGF expression and capillary tube formation by endothelial
cells [44]. Further support justifying the strategy of dual inhibition came from the discovery
that combined inhibition of multiple targets has the potential to overcome resistance to mono-
therapies [45]. Van Cruijsen et al. demonstrated that resistance to anti-EGFR therapy could be
overcome by adding antiangiogenic therapy to an anti-EGFR regimen [35]. Although some
patients initially respond to EGFR TKIs, nearly all eventually acquire resistance to therapy fol-
lowing multiple or prolonged treatment [46]. Resistance can be acquired via several mecha-
nisms. Mutation or over-activity of EGFR-independent signaling pathways, such as the
acquisition of K-ras mutation, or loss of PTEN expression are often responsible. Conforma-
tional changes in the TKI binding domain, and ligand-independent activation may also occur.
The induction of higher angiogenic potential via up-regulation of VEGF and other pro-angio-
genic molecules by tumor cells has also been shown to be play a role [20, 47-49]. If this is the
case, then dual inhibition of both pathways may act to prevent resistance to EGFR inhibition
through VEGFR.

One resistance mechanism for cediranib is through up-regulation of epidermal growth fac-
tor receptor (EGFR). It is plausible that dual inhibition of VEGFR2 and EGFR, with cediranib
and gefitinib respectively, may overcome this resistance and improve outcome [33, 50]. This
study supports this approach, suggesting a trend towards an improved outcome with the com-
bination of cediranib and gefitinib, and warrants further studies of dual EGFR and VEGF
inhibition.
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Conclusion

Cediranib and gefitinib in combination is tolerated in patients with glioblastoma. Incomplete
recruitment led to the study being underpowered. However, a trend towards improved survival
and response rates with the addition of gefitinib to cediranib was observed. Further studies of
the combination incorporating EGFR and VEGF inhibition are warranted.
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