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Background. Despite being a highly vascularized tumor, glioblastoma response to anti-vascular endothelial growth factor (VEGF)
therapy is transient, possibly because of tumor co-option of preexisting blood vessels and infiltration into surrounding brain. Integ-
rins, which are upregulated after VEGF inhibition, may play a critical role in this resistance mechanism. We designed a study of
cediranib, a vascular endothelial growth factor receptor (VEGFR) tyrosine kinase inhibitor, combined with cilengitide, an integrin
inhibitor.

Methods. This phase I study was conducted through the Adult Brain Tumor Consortium in patients with recurrent glioblastoma.
Once the maximum tolerated dose was determined, 40 patients enrolled in a dose expansion cohort with 20 being exposed to
anti-VEGF therapy and 20 being naive. The primary endpoint was safety. Secondary endpoints included overall survival, proportion
of participants alive and progression free at 6 months, radiographic response, and exploratory analyses of physiological imaging
and blood biomarkers.

Results. Forty-five patients enrolled, and no dose toxicities were observed at a dose of cediranib 30 mg daily and cilengitide
2000 mg twice weekly. Complete response was seen in 2 participants, partial response in 2, stable disease in 13, and progression
in 21; 7 participants were not evaluable. Median overall survival was 6.5 months, median progression-free survival was 1.9
months, and progression-free survival at 6 months was 4.4%. Plasma-soluble VEGFR2 decreased with treatment and placental
growth factor, carbonic anhydrase IX, and SDF1a, and cerebral blood flow increased.

Conclusions. The combination of cediranib with cilengitide was well tolerated and associated with changes in pharmacodynamic
blood and imaging biomarkers. However, the survival and response rates do not warrant further development of this combination.
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The anti-vascular endothelial growth factor (VEGF) monoclonal
antibody bevacizumab is the only US FDA-approved drug for
recurrent glioblastoma (GBM), but the duration of response is
short with most patients relapsing within 4–5 months.1 Two
of the proposed mechanisms of bevacizumab resistance,
based on preclinical studies, include upregulation of alternate
proangiogenic pathways and co-option of native brain blood
vessels in order to maintain adequate nutrient sources for the
growing tumor.2,3 It is unclear if one or both of these mecha-
nisms mediates resistance in recurrent GBM patients.

Preclinical data in orthotopic mouse models suggest that
treatment with an anti-VEGF agent blocks angiogenesis and/

or results in pruning of existing GBM vessels. In turn, this may
lead to a shift in the mode of growth characterized by tumor
cells tracking along or co-opting native brain blood vessels
and infiltrating into the surrounding brain.4,5 This allows
tumor cells to hide behind an intact blood-brain barrier, making
them less susceptible to chemotherapies that do not penetrate
the brain well. In support of this resistance mechanism in GBM
patients, clinical trials using antiangiogenic agents suggested
that there was a disproportionate increase in peritumoral fluid-
attenuated inversion recovery (FLAIR) hyperintensity compared
with contrast enhancement, which was thought to represent
infiltrative tumor growth.6 Given this heightened concern
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about infiltrative relapse, radiographic guidelines for measuring
brain tumor response were revised to include a significant in-
crease in FLAIR hyperintensity as a possible criterion to deter-
mine tumor progression.7

Integrins are cell surface receptors mediating cell-cell and
cell-extracellular matrix interactions and are key players in
allowing tumor cells to migrate in the brain. Blocking integrins
decreases tumor cell motility.8 – 10 Moreover, integrin inhibition
is known to upregulate VEGFR2 activity and paradoxically
stimulate tumor growth and angiogenesis when the alpha(v)-
beta(3) and alpha(v)beta(5) inhibitors reach low (nanomolar)
concentrations in preclinical models.11 This further supports
the rationale of combining anti-VEGFR2 therapy with cilengitide.

We designed a phase I trial of cediranib (an oral pan-VEGFR
tyrosine kinase inhibitor) and cilengitide (an integrin inhibitor
with anti-invasive and antiangiogenic properties) in patients
with recurrent GBM to determine if we could safely block infil-
trative tumor growth and enhance the efficacy of cediranib. The
trial included MRI and blood biomarker studies to evaluate
tumor infiltration and explore the association of biomarker
candidates with GBM response or resistance to this regimen.

Materials and Methods

Study Design

This was an open-label phase I study conducted through the
Adult Brain Tumor Consortium (ABTC) in patients with recur-
rent GBM (NCT00979862). The trial was approved by the insti-
tutional review boards at all participating sites. Prior to
enrollment, all patients signed an informed consent docu-
ment. The first part of the study consisted of a dose-finding
phase to determine the maximal tolerated dose (MTD) of
cediranib in combination with cilengitide. The starting dose
for cediranib was 30 mg by mouth daily, and cilengitide was
2000 mg intravenously twice weekly. Based on prior studies
with these drugs, either alone or in combination, this dosing
schedule was anticipated to be the MTD; thus, dose
de-escalation seemed reasonable.12,13 Once the MTD was de-
termined, a dose cohort expansion group was enrolled in
which there were 2 arms. Arm 1 included participants who
had received prior anti-VEGF therapy, and arm 2 included par-
ticipants who had never received prior anti-VEGF therapy.
Treatment response was assessed every 8 weeks by the Re-
sponse Assessment in Neuro-Oncology (RANO) criteria.7

Patient Eligibility

Patients with recurrent GBM (WHO grade IV) who met the fol-
lowing criteria were eligible: age ≥18 years, Karnofsky perfor-
mance status score ≥60%, mini-mental score .15, at least
1 cm of residual enhancing disease, at least 3 months since
radiation, ≤2 prior tumor relapses, stable steroid dose for 5
days prior to baseline MRI, and adequate bone marrow/organ
function. Key exclusion criteria included concurrent therapeutic
anticoagulation, pregnancy/breast feeding, significant intercur-
rent illness, concurrent malignancy, concurrent enzyme-inducing
antiepileptic drug use, and significant intratumoral hemorrhage.

Correlative Imaging Studies

Fifteen of the participants enrolled on arm 2 (patients who
had not received prior anti-VEGF therapy) underwent advanced
MRI scans that included dynamic susceptibility contrast imag-
ing as well as routine sequences (eg, post contrast, diffusion
weighted, and FLAIR images). These MRIs were obtained at
the following time points: within 5 days before starting therapy,
24–72 hours after starting therapy, and 1 month and 2 months
after starting therapy. For these participants, tumor volumes
were outlined on postcontrast images, and surrounding areas
of abnormal hyperintensity were outlined on FLAIR images. Me-
dian apparent diffusion coefficient (ADC) and median cerebral
blood flow (CBF)/cerebral blood volume (CBV) were calculated
in these regions of interest. Both spin echo and gradient echo
dynamic susceptibility contrast images were obtained to look
at changes in small vessels (measured by spin echo sequences)
and larger vessels (measured by gradient echo sequences).

Correlative Blood Biomarker Studies

Blood was obtained all patients participating in the dose-cohort
expansion to assess circulating levels of plasma biomarkers of
angiogenesis and inflammation. The blood was processed as
previously described.14 In brief, blood samples were collected
in EDTA-containing tubes. Plasma samples were separated by
centrifugation and then aliquoted and stored at 2808C until
being used for ELISA measurements. Measurements were car-
ried out for circulating VEGF, placental growth factor (PlGF),
soluble (s)VEGFR1, and basic fibroblast growth factor using
the Human Angiogenesis Panel 1 Kit (K15190D). Interleukin
(IL)-1b, IL-6, IL-8, and tumor necrosis factor (TNF)-a were an-
alyzed using Human Proinflammatory-4 Kit (K15025A) from
Meso-Scale Discovery. Stromal cell-derived factor (SDF1a),
carbonic anhydrase IX (CAIX), sVEGFR2, sTie-2, and Ang-2
were measured using ELISA kits from R&D Systems. Collagen
IV was measured using ELISA kits from Exocell, Inc. Every
sample was run in duplicate.

Statistical Analysis

The primary endpoint of the study was to determine the safe
dose of cediranib in combination with cilengitide in patients
with recurrent GBM. Secondary endpoints included assessment
of median overall survival (OS), 6-month progression-free sur-
vival (PFS-6), and radiographic response using RANO criteria
as measured from treatment start date. Survival probability
was estimated using the Kaplan-Meier method. The proportion
of PFS-6 was estimated using binomial distribution along with
95% confidence interval. Exploratory analyses using Cox pro-
portional hazard models were performed to explore potential
associations of the impact imaging and blood biomarkers had
on OS and PFS. Changes in blood biomarkers during treatment
were expressed as median and interquartile range and were
compared with baseline levels. Changes in imaging parameters
were expressed as absolute difference from baseline. Given the
exploratory nature of these analyses, no adjustment was made
for multiple testing. All participants were included in the anal-
yses for response since the dose of both drugs was the same.
All P values were reported as 2 sided, and all analyses were con-
ducted using SAS software (version 9.2, SAS Institute).
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Results

Patient Characteristics

Forty-five patients with recurrent GBM were enrolled between
March 2010 and December 2011. Five participants were en-
rolled in the dose-finding cohort, and 20 participants were en-
rolled in each of the 2 arms of the dose cohort expansion.
Participant characteristics are outlined in Table 1.

Toxicity

No dose-limiting toxicities were observed, so dose reductions
were not required; the combined dose of cediranib 30 mg p.o.
daily and cilengitide 2000 mg i.v. twice weekly was used for the
dose cohort expansion phase of the study. All grade 3/4 toxicities
possibly or likely related to treatment were expected (Table 2).
Seven participants (16%) stopped treatment because of toxicity.

Response

The best response was 2 participants with complete response
(5%). Two participants achieved partial response (5%), 13 par-
ticipants showed stable disease (30%), and 21 participants
demonstrated progression (49%) (Table 3). The total response
rate was 8.9% (95%CI, 2.5%–21.2%). Seven participants were
not evaluable because they failed to undergo repeat imaging to
assess response. Median OS for all participants was 6.5 months
(95% CI, 5.2–7.6 mo), and median PFS was 1.9 months (95%
CI, 1.5–2.8 mo) (Fig. 1). The PFS-6 was 4.4% (95%CI, 0.5%–
15.2%). Although not designed as a 2-arm comparator study,
there was no difference in PFS or OS between the anti-VEGF
naı̈ve and prior anti-VEGF therapy arms (Supplementary.
Fig. 1). Median duration of response was 2 cycles. Thirty-one
participants (69%) stopped the trial because of disease pro-
gression, and 6 (13%) participants elected to withdraw. As of
October 2013, 42 participants had died, and 3 were alive. Ten
participants progressed both clinically and radiographically,
22 progressed radiographically only, and 2 progressed clinically.
Of the radiographic progressions, 5 were new distant lesions
(.2 cm away from the original disease site), and 28 were
local recurrences.

Imaging

Fifteen participants underwent additional imaging to study the
impact of these drugs on tumor biology. Baseline values of en-
hancing tumor volume, FLAIR volume, median tumor ADC, and
median tumor CBF/CBV did not correlate with either OS or PFS;
neither did they change over time. However, the volume of en-
hancement, the volume of FLAIR hyperintensity, and the median
ADC within FLAIR hyperintensity decreased significantly from
baseline to each time point. (Table 4). In this subset, no partici-
pants progressed based on enlarging FLAIR hyperintensity prior
to progression on contrast imaging. Perfusion imaging revealed a
statistically significant increase in median tumor CBF prior to
cycle 2 of treatment in both large and small tumor vessels.

Blood Biomarkers

Thirty-eight participants had blood biomarkers assessed but
given the high dropout rate, we report only the data from the

baseline visit, day 1–3 of cycle 1, day 15 of cycle 1, and prior to
cycle 2 (4 time points). Baseline values of any biomarkers did
not correlate with either OS or PFS (Supplementary Table S1).
Change in biomarkers during treatment is shown in Table 5,
and fold change from baseline is shown in Supplementary
Table S2. CAIX increased significantly from baseline to day 15
of cycle 1. Prior to cycle 2, PlGF and SDF1 a increased signifi-
cantly from baseline to each time point, and Tie-2 decreased
significantly from baseline to each time point. VEGFR2 de-
creased over time, but the change was statistically significant
only at day 1–3 of cycle 1.

Discussion
In participants with recurrent GBM, the combination of cedira-
nib and cilengitide was well tolerated with no unexpected tox-
icities. However, the combination showed disappointing PFS-6,
median PFS, and median OS rates when compared with data
from prior studies using either drug as monotherapy where

Table 2. Grade III or IV toxicities possibly or likely related to treatment
(N¼ 45)

Toxicity Cediranib Cilengitide

Elevated ALT/AST 5 (11%) 2 (4%)
Cognitive disturbance/confusion 1 (2%) 1 (2%)
Diarrhea 2 (4%) 1 (2%)
Duodenal hemorrhage 1 (2%) 1 (2%)
Headache 2 (4%) 2 (4%)
Hypertension 13 (29%) 4 (9%)
Decreased lymphocyte 1 (2%) 1 (2%)
Hypophosphatemia 1 (2%) 1 (2%)
Thrombocytopenia 0 3 (7%)
Seizure 1 (2%) 1 (2%)
Abdominal cramping 1 (2%) 0
Fatigue 1 (2%) 1 (2%)

Table 1. Baseline participant characteristics

Prior, Anti-VEGF
(N¼ 20)

Anti-VEGF, Naı̈ve
(N¼ 20)

Total
(N¼ 45)

Age, y
Median 54.18 54.35 54
Range 22.5–69.41 25.9–72.7 22.5–80.4

Sex, n (%)
Male 14 (70) 14 (70) 33 (73)
Female 6 (30) 6 (30) 12 (27)

Karnofsky performance status
Median 80% 80% 80%
Range 60%–100% 60%–100% 60%–100%

Mini-mental score
Median 27 29 29
Range 17–30 22–30 17–30

Anticonvulsant, n (%)
Yes 15 (75) 13 (65) 33 (73)
No 5 (25) 7 (35) 12 (27)
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Table 4. Average change in imaging parameters during treatment in the 15 participants who underwent additional imaging. In bold are the significant changes (*P , .05)

Imaging Parameter Baseline (Mean) Day 12Baseline (95% CI) Pre-Cycle 22Baseline (95% CI) Pre-Cycle 32Baseline (95% CI)

T1 CE Volume 25.07 29.3 (218.62 to 0.01) 26.75 (215.8 to 2.29) 215.35 (238.77 to 8.07)
FLAIR Volume 104.08 211.47 (220.74 to 22.21)* 219.96 (237.39 to 22.54)* 234.99 (264.63 to 25.34)*
T1 CE Median ADC 1.21E-03 29.71 E-05 (217.16E-05 to 22.26E-05)* 225.48E-05 (234.68E-05 to 216.29E-05)* 211.81E-05 (244.12E-05 to 20.51E-05)
FLAIR Median ADC 1.25E-03 22.9E-05 (25.37E-05 to 20.44E-05)* 211.07E-05 (221.38E-05 to 20.76E-05)* 26.89E-05 (218.25E-05 to 4.46E-05)
CBF GE FLAIR 0.86 0.05 (20.24 to 0.33) 0.35 (20.08 to 0.79) 20.01 (20.24,0.22)
CBF GE T1 CE 1.36 20.04 (20.54 to 0.45) 0.51 (0.03–1)* 0.3 (21.1 to 1.69)
CBF SE FLAIR 0.63 20.02 (20.08 to 0.03) 0.12 (20.01 to 0.24) 0.05 (20.003 to 0.11)
CBF SE T1 CE 1.07 20.15 (20.31 to 0.01) 0.19 (0.01–0.37)* 20.03 (20.32 to 0.25)
CBV GE FLAIR 0.9 0.06 (20.24 to 0.36) 0.38 (20.07 to 0.83) 0.03 (20.19 to 0.25)
CBV GE T1 CE 1.64 20.004 (20.54 to 0.53) 0.45 (20.05 to 0.95) 0.09 (22.16 to 2.35)
CBV SE FLAIR 0.68 20.03 (20.09 to 0.03) 0.1 (20.03 to 0.23) 0.05 (0.005–0.1)*
CBV SE T1 CE 1.15 20.15 (20.35 to 0.04) 0.18 (20.09 to 0.44) 20.04 (20.32 to 0.25)

Abbreviations: ADC, apparent diffusion coefficient; CB volume SE T1 CE, cerebral blood volume within all vessels with in contrast enhancement; CBF GE FLAIR, cerebral blood flow within all
vessels within FLAIR hyperintensity; CBF GE T1 CE, cerebral blood flow within all vessels within contrast enhancement; CBF SE FLAIR, cerebral blood flow within small vessels within FLAIR
hyperintensity; CBF SE T1 CE, cerebral blood flow within all vessels within contrast enhancement; CBV GE FLAIR, cerebral blood volume within all vessels within FLAIR hyperintensity; CBV
GE T1 CE, cerebral blood volume within all vessels within contrast enhancement; CBV SE FLAIR, cerebral blood volume within small vessels within FLAIR hyperintensity; T1CE, contrast
enhanced T1 weighted image.
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have quantified the percentage based on MRI studies of chang-
es in FLAIR hyperintensity suggest that only 10%–20% of par-
ticipants fail with this pattern and that the majority of patients
who progress do so first on postcontrast imaging, suggesting
different relapse mechanism(s) that remain unclear.3,15 – 18

There are also conflicting reports about the impact of a shift
towards infiltrative tumor growth on survival, with some stud-
ies reporting no impact on survival and others suggesting that
the pattern of change on FLAIR sequences is more important
than the magnitude of change.15 – 17 Thus, it remains unclear
if targeting infiltrative tumor growth will have a substantial
beneficial impact on outcome since a shift to infiltrative growth
may reflect a slowing of tumor growth rather than a complete
halt of tumor growth.

With only 40 participants, our ability to detect a meaningful
impact on blocking infiltration was limited because the number
who relapsed via infiltration in our study was likely to be small.
Part of the challenge in identifying this relapse pattern is the
lack of a radiographic gold standard to correctly identify infil-
trating tumor cells. Peritumoral T2/FLAIR changes on MRI rep-
resent a combination of edema, tumor cells, and gliosis from
prior radiation as well as possible ischemia or a seizure-related

phenomenon. Current imaging techniques preclude distin-
guishing these conclusively. We examined diffusion imaging
as a tool to measure tumor cell density and physiological MRI
parameters including tumor perfusion, but we were unable to
find a consistent predictor of response that was in part due
to the small number of individuals who participated in the im-
aging substudy. Moreover, there are likely to be regional re-
sponses within a tumor, so looking at median tumor values
on MRI may be too blunt a tool in some cases. Most participants
who underwent the advanced imaging experienced stable or
decreased volume of FLAIR hyperintensity and decreased me-
dian ADC values within the FLAIR hyperintensity, likely reflecting
the antipermeability effects of cediranib. A decrease in perme-
ability may have also influenced the penetration of cilengitide
and its potential impact on infiltrating tumor cells. Thus, we
were unable to identify any participants who clearly relapsed
via increased tumor infiltration.

Blood biomarker data indicated a pronounced antivascular
effect of combination cediranib and cilengitide with increases
in hypoxia-inducible (VEGF, SDF1a, and CAIX) and proinflam-
matory molecules (IL-6 and IL-8). If these effects were due
to excessive pruning because of strong antivascular effects of

Table 5. Change in blood biomarkers during therapy

Biomarker Baseline Cycle1_Day2 Cycle1_Day15 Cycle2_Day1

VEGF 212 [122–525] (N¼ 34) 314 [197–619] (N 5 30) 318 [227–535] (N 5 31) 297 [226–565] (N¼ 28)
P value NA .0006 .0005 .17
PlGF 31 [22–39] (N¼ 34) 61 [53–89] (N 5 30) 82 [49–102] (N 5 31) 81 [68–111] (N 5 28)
P value NA <.0001 <.0001 <.0001
bFGF 45 [19–63] (N¼ 34) 32 [21–66] (N¼ 30) 33 [19–77] (N¼ 31) 39 [20–62] (N¼ 28)
P value NA .33 .91 .35
sVEGFR1 116 [96–127] (N¼ 34) 103 [85–126] (N¼ 30) 114 [100–163] (N¼ 31) 126 [92–192] (N¼ 28)
P value NA .04 .89 .79
sVEGFR2 7946 [6873–9252] (N¼ 34) 7927 [6774–9100] (N¼ 30) 7001 [5916–7945] (N¼ 31) 6062 [5453–7303] (N¼ 28)
P value NA .49 ,.0001 ,.0001
Ang-2 2022 [1437–2631] (N¼ 34) 2131 [1468–2757] (N¼ 30) 2040 [1427–2672] (N¼ 31) 1838 [1475–2325] (N¼ 28)
P value NA .86 .12 .24
sTie-2 16.7 [14.9–19.2] (N¼ 34) 16.4 [13.2–19.1] (N¼ 29) 15.1 [13.7–18.4] (N¼ 31) 14.9 [13.6–17.6] (N¼ 28)
P value NA .03 .0002 .13
SDF1a 1655 [1333–2021] (N¼ 34) 1801 [1538–2119] (N 5 30) 2005 [1450–2335] (N 5 31) 1811 [1385–2295] (N 5 28)
P value NA .009 .0001 .008
CAIX 34 [19–54] (N¼ 34) 38 [25–67] (N¼ 30) 52 [31–87] (N 5 31) 55 [36–90] (N 5 28)
P value NA .44 .001 .002
Collagen IV 0.24 [0.19–0.35] (N¼ 34) 0.25 [0.20–0.30] (N¼ 30) 0.28 [0.21–0.37] (N¼ 31) 0.26 [0.19–0.33] (N¼ 28)
P value NA .84 .09 .94
IL-1b 0.66 [0.50–1.19] (N¼ 34) 0.81 [0.52–1.32] (N¼ 30) 0.75 [0.52–1.18] (N¼ 31) 0.67 [0.53–1.64] (N¼ 28)
P value NA 0.82 0.76 0.70
IL-6 2.25 [1.59–3.65] (N¼ 34) 2.69 [1.83–3.54] (N¼ 30) 2.83 [1.56–4.71] (N 5 31) 2.77 [1.73–4.24] (N¼ 28)
P value NA .75 .02 .09
IL-8 4.70 [3.21–5.62] (N¼ 34) 5.63 [3.63–6.93] (N¼ 30) 5.55 [3.79–7.6] (N 5 31) 5.95 [4.94–6.82] (N¼ 28)
P value NA .38 .005 .11
TNF-a 6.19 [5.07–6.77] (N¼ 34) 5.7 [4.85–7.51] (N¼ 30) 6.5 [5.11–7.635] (N¼ 31) 5.99 [4.82–7.24] (N¼ 28)
P value NA .67 .15 .99

Data are shown as medians and interquartile ranges (in square brackets) and are compared with baseline levels. Changes: increase highlighted in
bold with dark shading, decrease highlighted in italics with light shading. P values are from the paired Wilcoxon test.
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the combination, then the increased tumor hypoxia and lack of
cilengitide penetration may be another explanation for the lack
of efficacy. There was an increase in CBF, but this may have re-
flected improved blood flow from decreased interstitial fluid
pressure resulting from vessel pruning. These changes support
the notion that there may be an optimal biological dose of anti-
angiogenic agents that allows for vascular remodeling but not
excessive pruning of blood vessels.19

Similar to prior reports on the effects of anti-VEGF agents,
sVEGFR1, sVEGFR2, and sTie-2 decreased after treatment.14,20–22

Some of these biomarkers may have pharmacodynamic value in
tracking response to antiangiogenic therapy (especially sVEGFR2
and PlGF).20,23 Interestingly, while anti-VEGF therapy is known to
decrease circulating Ang2 levels (including cediranib in recurrent
and newly diagnosed GBM patients), this effect was not seen
after combining cilengitide with cediranib therapy.13,22 This
may indicate that cilengitide and cediranib together have an an-
tagonistic effect on Ang-2 expression, which is considered a po-
tential resistance mechanism for anti-VEGF therapies. While
none of the baseline biomarkers was associated with PFS or
OS, an early (day 2) increase in PlGF and a more delayed (cycle
2) decrease in sTie-2 were associated with longer PFS. Further
study is warranted since these biomarkers may shed light on
salvage therapies and what pathways need to be targeted at
relapse.

Both cediranib and cilengitide failed to show clinical benefit
in recent, randomized phase III clinical trials for GBM.24,25 Our
study further showed no clinical benefit for the combination of
cediranib and cilengitide therapy despite modulation of phar-
macodynamic biomarkers. These results provide strong moti-
vation for further trials, including correlative studies, to
improve our understanding of anti-VEGF/VEGFR2 treatment re-
sistance mechanisms in recurrent GBM, to tailor this salvage
therapy, and to identify new potential targets for more effica-
cious combination therapies.

Supplementary Material
Supplementary material is available online at Neuro-Oncology
(http://neuro-oncology.oxfordjournals.org/).
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