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Abstract

Purpose—Vandetanib, a tyrosine kinase inhibitor of KDR (VEGFR2), EGFR, and RET, may 

enhance sensitivity to chemotherapy and radiation. We conducted a randomized, noncomparative, 

phase II study of radiation (RT) and temozolomide with or without vandetanib in patients with 

newly diagnosed glioblastoma (GBM).

Experimental Design—We planned to randomize a total of 114 newly diagnosed GBM 

patients in a ratio of 2:1 to standard RT and temozolomide with (76 patients) or without (38 

patients) vandetanib 100 mg daily. Patients with age ≥ 18 years, Karnofsky performance status 

(KPS) ≥ 60, and not on enzyme-inducing antiepileptics were eligible. Primary end-point was 

median overall survival (OS) from the date of randomization. Secondary endpoints included 

median progression-free survival (PFS), 12-month PFS, and safety. Correlative studies included 

pharmacokinetics as well as tissue and serum biomarker analysis.

Results—The study was terminated early for futility based on the results of an interim analysis. 

We enrolled 106 patients (36 in the RT/temozolomide arm and 70 in the vandetanib/RT/

temozolomide arm). Median OS was 15.9 months [95% confidence interval (CI), 11.0–22.5 

months] in the RT/temozolomide arm and 16.6 months (95% CI, 14.9–20.1 months) in the 

vandetanib/RT/temozolomide (log-rank P = 0.75).

Conclusions—The addition of vandetanib at a dose of 100 mg daily to standard chemoradiation 

in patients with newly diagnosed GBM or gliosarcoma was associated with potential 

pharmacodynamic biomarker changes and was reasonably well tolerated. However, the regimen 

did not significantly prolong OS compared with the parallel control arm, leading to early 

termination of the study.

Introduction

Despite standard therapy with surgery, radiation (RT), and temozolomide, the prognosis for 

newly diagnosed glioblastoma (GBM) remains poor with a median overall survival (OS) of 

approximately 15 months (1). The advent of molecularly targeted drugs for cancer has 

brought new promise that molecular pathways important for gliomagenesis and progression 

could be targeted to further increase survival. Aberrant EGF receptor (EGFR) signaling is 

common in GBM with EGFR amplification (reported up to 50% of tumors; ref. 2) and may 

potentially play a role in resistance to radiation (3, 4) and chemotherapy (4). In addition, 

GBMs are highly vascularized tumors, with the VEGF/VEGF receptor 2 (VEGFR-2) 

pathway acting as an important mediator of angiogenesis (5) and radio-resistance (6) in 

GBM. However, VEGF blockade with bevacizumab was not associated with added survival 
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benefit over chemoradiation alone in two recent phase III trials (7, 8). Moreover, the role of 

EGFR blockade in GBM remains unclear.

Vandetanib is an orally bioavailable 4-anilinoquinazoline which selectively inhibits KDR 

(VEGFR-2), EGFR, and RET. Vandetanib has shown efficacy in preclinical models of 

glioma (9, 10) and potentiated the effects of RT (9, 11–15). We previously demonstrated 

that vandetanib could be safely combined with RT and temozolomide in a phase I study of 

patients with newly diagnosed GBM (16). We designed a randomized, noncomparative, 

phase II trial of standard chemoradiation with or without vandetanib in patients with newly 

diagnosed GBM or gliosarcoma.

Materials and Methods

Patients

Patients age 18 years or older with histologically confirmed GBM or gliosarcoma who had 

received no prior chemotherapy or radiation were eligible. Other inclusion criteria included 

Karnofsky performance status (KPS) ≥ 60, life expectancy ≥ 12 weeks, adequate bone 

marrow function (WBC ≥ 3,000/µL, ANC ≥ 1,500/mm3, platelet count ≥ 100,000/mm3, and 

hemoglobin ≥ 10 gm/dL), adequate liver function [SGOT, SGPT ≤ 2.5 times upper limit of 

normal (ULN); bilirubin ≤ 1.5 times ULN], and adequate renal function (creatinine < 1.5 

mg/dL, and/or serum creatinine ≤ 1.5 × ULN, and/or creatinine clearance >30 mL/minute, 

calculated by Cockcroft-Gault formula). At least 10 unstained slides or 1 tissue block from a 

prior biopsy or surgery was required for correlative studies. Patients with clinically 

significant cardiovascular events, cardiac arrhythmias including QT prolongation or left 

bundle branch block, significant intratumoral or peritumoral hemorrhage, or those taking 

enzyme inducing antiepileptics or coumadin were excluded. Approval from institutional 

review boards and/or independent ethics committees was obtained at each site. All patients 

provided written, informed consent. This study was registered on clinicaltrials.gov 

(NCT00441142).

Treatment and study design

This was a randomized, noncomparative, open-label, multi-center phase II study that 

enrolled patients between February 2009 and June 2011 (CONSORT diagram; Fig. 1). 

Patients were randomly assigned 2:1 at registration to receive RT and temozolomide with or 

without vandetanib. Patients were required to begin treatment 21 to 35 days after surgical 

resection or 14 to 35 days after stereotactic biopsy. Patients underwent radiation with 

concurrent temozolomide 75 mg/m2 daily for 6 weeks (termed the “induction” phase), 

followed by 4 to 6 weeks of rest (termed the “rest” phase), and then temozolomide 

“maintenance” for 12 cycles dosed at 150mg/m2/dayondays 1 to 5 of the first 28-day cycle, 

and if well tolerated, dosed at 200 mg/m2/day on days 1 to 5 of each subsequent 28-day 

cycle. RT was administered via external beam to a partial brain field in daily fractions of 

180 to 200 centiGray (cGy), to a planned total dose to the tumor of approximately 6000 

cGy. For those randomized to the vandetanib arm, vandetanib 100 mg was taken once daily 

beginning 5 to 7 days before initiating radiation and continuing until removal from study 
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treatment. Vandetanib was supplied by AstraZeneca. Treatment continued until progressive 

disease or unacceptable toxicity.

Patients were evaluated every 2 weeks during the “induction” and “rest” phases and then 

every 4 weeks during the maintenance phase. Imaging (brain MRI with gadolinium 

preferred) was obtained before initiation of study treatment, before cycle 1 of adjuvant 

temozolomide, and then every 8 weeks thereafter.

The primary endpoint was median OS. Secondary objectives included median progression-

free survival (PFS), 12-month PFS (PFS12), and safety. Toxic effects were graded according 

to the National Cancer Institute Common Toxicity Criteria (NCI CTC), version 3.0. 

Radiographic assessments were based on modified Macdonald Criteria (17) as this study 

was initiated before the development of Response Assessment in Neuro-Oncology (RANO) 

criteria (18). Macdonald Criteria for partial response (PR) and stable disease (SD) was 

modified to require that the steroid dose at the time of the scan evaluation should be no 

greater than the maximum dose used in the first 8 weeks from initiation of therapy. Survival 

analysis was based on Kaplan-Meier estimates and was based on treated patients (as survival 

information was not collected on patients who were randomized but withdrew from the 

study before initiating treatment). In exploratory studies, we planned to evaluate the changes 

in plasma angiogenic biomarkers and their associations with outcomes in a patient receiving 

vande-tanib/RT/temozolomide.

Pharmacokinetics

Blood collection for limited pharmacokinetics was mandatory for all patients randomized to 

the vandetanib arm. Pharmacokinetic samples were collected at baseline (before starting 

therapy on day 1), on day 22 (±1 day) of “induction” treatment with chemoradiation, on day 

8 (±1 day) of the rest phase between concurrent temozolomide and adjuvant temozolomide, 

and on day 1 (±2 days) of the first cycle of temozolomide “maintenance” therapy.

Human plasma concentrations of vandetanib using lithium heparin as anticoagulant were 

determined by high-performance liquid chromatography and tandem mass spectrometry 

(HPLC/ MS-MS). The bioanalytical method for vandetanib has been reported previously 

(19). The analysis was performed by Bio-Analytical Systems (BASi). The standard curves 

of vandetanib in plasma ranged from 5 to 1000 ng/mL. Samples were stored at −80°Cuntil 

analysis. The precision (%CV) and accuracy (% bias) for the quality control (QC) samples 

were ≤9.9%CV and within −1.0% to 1.9%bias. However, the results for a number of 

samples were generated outside of demonstrated long-term stability window, and these 

results should be used for informational purposes only. With these exceptions, the results of 

analysis of vandetanib in lithium heparinized human plasma are valid.

Plasma and tissue biomarkers

Blood collection for plasma angiogenic biomarkers was mandatory for all patients 

randomized to the vandetanib arm. Samples were collected at various time points: baseline 

(before starting therapy on day 1), at 4 and 24 hours after first dose of vandetanib, on days 8 

and 22 during chemoradiation, and on day 1 of every odd numbered cycle of maintenance 
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therapy. Plasma protein measurements were performed using multiplex array (Meso Scale 

Discovery) or standard ELISA kits (R&D Systems) as previously described (20).

Submission of tissue from their original surgery demonstrating GBM was mandatory for all 

patients. Diaminobenzidine, bright-field staining was performed according to standard 

protocols on 5 mm thick paraffin sections (21) using the following primary antibodies: 

PTEN (Cell Signaling Technology, #9559), activated NOTCH1-specific antibody (Cell 

Signaling Technology, #4147), VEGFR2 (Cell Signaling Technology, #2479), and IDH1 

(R132H) (Dianova, DIA-H05). EGFR amplification status was determined by silver in situ 

hybridization (Ventana 760–1216), while EGFRvIII RNA was detected by the previously 

described Nanostring assay (22) MGMT methylation was performed according to standard 

pyrosequencing protocols (23). FISH for 1p/19q utilized Vysis LSI1p36/LSI1q25 Dual 

Color Probe Set 1 and LSI19p13/ LSI19q13 Dual Color Probe Set 2 (Abbott Molecular).

Statistical analysis

We planned to enroll a total of 114 eligible patients randomized in a ratio of 1:2 to standard 

therapy with RT/temozolomide (38 patients) versus vandetanib/RT/temozolomide (76 

patients). Patients were randomized at time of registration, before the start of RT. Assuming 

an exponential distribution and testing for a decreased hazard compared with historical 

controls, the study was powered to detect an increase of 15% in OS rates at the 15 months 

evaluation time point attributed to the addition of vandetanib. With 76 patients in the 

vandetanib arm, the study had 88% power to detect such an increase, using a one-sided 

binomial hypothesis test with significance level of 0.1. A null of no difference would be 

rejected if at least 46 patients are alive by 15 months. The study was not powered or 

designed to be comparative. While a concurrent control group has been included to validate 

that the outcome for this patient group does not differ substantially from what would be 

expected historically, the numbers are too small to make a decision on the success of this 

combined therapy based on a statistical hypothesis test comparing the two treatment groups.

Plasma biomarker changes were expressed as ratios, reported as median with interquartile 

intervals, and tested using exact paired Wilcoxon test. Correlations of biomarkers with 

response rate (RR) and OS were quantified as Kendall correlation coefficients. P values 

were obtained from the Jonckheere–Terpstra test. All P values < 0.05 were considered 

statistically significant.

For tissue biomarkers, the Kaplan–Meier method was used to calculate the PFS and OS 

point and quartile estimates and the log-rank test was used to determine the P value for the 

comparison between the respective biomarker levels.

As both the tissue and plasma markers were exploratory analyses, there were no prespecified 

hypotheses associated with these correlative studies.
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Results

Patient characteristics

We enrolled 106 patients (36 in the RT/temozolomide arm and 70 in the vandetanib/RT/

temozolomide arm) before early termination of the trial. Median ages were 55 (range 23–73) 

and 59 (range 23–83), respectively (Table 1). Median KPS was 90 (range: 60–100) in both 

arms. All patients had a diagnosis of GBM or gliosarcoma. There was no imbalance in 

baseline characteristics between the two groups.

Eight patients randomized to a treatment arm did not start treatment on study (Fig. 1). Seven 

patients in the standard therapy arm withdrew consent upon learning they were randomized 

to the RT/temozolomide arm. One patient on the vandetanib arm did not start treatment due 

to a dramatic clinical decline before initiating treatment. There were no apparent differences 

in baseline characteristics between those patients who did not start treatment on trial and 

those who did start treatment on trial (results not shown).

Efficacy and safety

Because of slow accrual and concern for futility, an unplanned interim analysis was 

performed. This study was terminated early for futility based on the results of the interim 

analysis.

Median OS and PFS as well as radiographic RRs were similar between the two arms (Table 

2). Median OS was 15.9 months (95% CI, 11.0–22.5 months) in the RT/temozolomide arm 

and 16.6 months (95% CI, 14.9–20.1 months) in the vandetanib/RT/ temozolomide (log-

rank P = 0.75; Fig. 2). Median PFS was 6.2 months (95% CI, 3.9–10.4 months) and 7.7 

months (95% CI, 5.5 months–10.1 months), respectively, in each arm (log-rank P = 0.61). 

The overall response rate (CR + PR) was 17.9% in the RT/temozolomide arm and 25.4% in 

the vandetanib/RT/ temozolomide arm.

As of June 2013, 2 patients (2.9%) on the vandetanib arm remain on vandetanib 

monotherapy after completing the 12 adjuvant cycles of vandetanib/temozolomide. One 

patient (1.4%) on the vandetanib arm completed the minimum 12 adjuvant cycles and 

decided not to receive further vandetanib monotherapy. Seven patients (24%) on standard 

therapy completed 12 adjuvant cycles of temozolomide and remain on observation. Thirty-

two patients (46%) on the vandetanib arm and 17 patients (59%) on the standard therapy 

arm have developed progressive disease on study.

In the vandetanib arm, the most frequent grade 3 or higher adverse events (AEs) at least 

possibly related to study treatment were lymphopenia (43.5%), leukopenia (11.6%), 

neutropenia (11.6%), ALT/SGPT elevation (8.7%), and thrombocytopenia (7.2%) (Table 3). 

In the standard therapy arm, lymphopenia (27.6%), thrombocytopenia (17.2%), neutropenia 

(10.3%), and ALT/SGPT elevation (10.3%) were the most common AEs at least possibly 

related to study treatment. Twenty-three patients (33%) on the vandetanib arm were taken 

off study due to unacceptable toxicity, compared with 3 patients (10%)on the standard 

therapy arm. Rash was more often seen in the vandetanib arm. Three different patients on 

the vandetanib arm experienced grade 3 or 4 rashes with desquamation. Two patients were 
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also characterized as developing grade 3 or 4 erythema multiforme at least possibly related 

to study treatment. There were no grade 3 or 4 rashes at least possibly related to study 

treatment seen in the standard therapy arm. There was one patient with colonic fistula 

(1.4%), one patient with colonic perforation (1.4%), 3 patients with thrombosis/thrombus/

embolism (4.3%), and one patient with a cerebrovascular ischemic event (1.4%) at least 

possibly related to study treatment in the vandetanib arm; none of these toxicities were 

reported as grade 3 or higher and at least possibly related to study treatment in the standard 

therapy arm. There was one grade 5 pneumonia at least possibly related to study treatment 

seen in the vandetanib arm. There were no grade 5 toxicities at least possibly related to study 

treatment in the standard arm.

Plasma biomarkers

The concentration of several plasma biomarkers of angiogenesis changed significantly after 

vandetanib/RT/temozolomide. PlGF dropped at 4 hours but was moderately increased by 

6% to 40% on day 2, day 8, and day 22 (P < 0.05) and sVEGFR2 moderately decreased at 

all time points by 4% to 8% (P < 0.05, Table 4). In addition, plasma SDF1α and sTie2 

dropped at 4 hours and plasma VEGF and SDF1α increased at day 22. Plasma Ang2, 

sVEGFR1, CAIX, bFGF, and collagen IV showed no significant change over time. 

Exploratory studies showed a direct correlation between more favorable radiographic 

responses with (i) low plasma bFGF at baseline; (ii) decreases in CAIX at 4 hours; and (iii) 

decreases in sVEGFR2 and increases in collagen IV at day 2 (Supplementary Table S1). In 

addition, OS was directly associated with plasma sVEGFR1 at baseline and inversely with 

the change in plasma sVEGFR2 and PlGF at day 2 (Supplementary Table S2). No other 

association was seen for the other biomarkers and time points.

Pharmacokinetics

Limited pharmacokinetic analysis was performed in patients randomized to the vandetanib 

arm. Mean concentrations of 231 (SD ± 79), 292 (SD ±135), and 295 (SD ±125) ng/mL 

were achieved at nominal days 22, 55, and 80 (Supplementary Fig. 1). Mean concentrations 

increased between days 22 and 55 and were stable between days 55 and 80 indicating that 

steady state was reached by day 55. This is consistent with the long half life of vandetanib 

and the time to reach steady state in other trials. The steady-state mean concentration of 

approximately 300 ng/mL is in good agreement with steady state achieved in other trials 

employing 100 mg once daily dosing (24).

Tissue biomarkers

By log-rank testing, there was a statistically significant increase in PFS (not reached vs. 0.65 

years; P = 0.03) and OS (not reached vs. 1.38 years; P = 0.03) in the vandetanib arm by 

IDH1 (R132) mutation status (Supplementary Table S3). In the standard therapy arm, there 

was a trend towards increased PFS (1.90 vs. 0.63 years; P = 0.3) and OS (3.18 vs. 1.32 

years; P = 0.09) in patients with IDH1 (R132H) mutations, but the difference was not 

statistically significant. Similarly, there was a nonsignificant trend towards improved OS in 

patients with methylated MGMT promoter in both treatment arms. There were no 
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statistically significant differences in PFS or OS based on EGFRvIII mutation, EGFR 

amplification, PTEN staining pattern, or activated NOTCH staining pattern in tumor cells.

Discussion

This randomized, noncomparative study evaluated the VEGFR2/EGFR inhibitor vandetanib 

in combination with standard therapy for patients with GBM or gliosarcoma, but did not 

meet its primary endpoint of statistically significant prolongation of OS compared with 

historical controls or the parallel control arm. Treatment with vandetanib 100 mg daily in 

combination with RT and temozolomide was generally well tolerated with expected 

toxicities from EGFR and VEGFR-2 inhibition. Although lymphopenia and leukopenia 

occurred in slightly higher frequency in the vandetanib arm compared with the standard 

therapy arm, such hematologic toxicities were not seen in studies of vandetanib 

monotherapy (25–28).

The changes in plasma biomarkers over time were consistent with previous studies of 

vandetanib and other anti-VEGFR tyrosine kinase inhibitors (TKI). For example, we 

observed significant increases in plasma PlGF and decreases in plasma sVEGFR2, potential 

pharmacodynamic biomarkers for anti-VEGF therapy. However, the magnitude of these 

changes was modest for vandetanib (6%–40% for PlGF and 4%–8% for sVEGFR2) 

compared with more potent anti-VEGFR TKIs such as cediranib in newly diagnosed GBM 

patients (31%–263% for PlGF and 7%–24% for sVEGFR2; ref. 29). Moreover, plasma 

Ang2 levels were not significantly changed after vandetanib/RT/temozolomide treatment in 

contrast to the decrease seen after cediranib with RT/ temozolomide (29). These biomarker 

studies strongly suggest a weak VEGF pathway inhibition of 100 mg/day of vandetanib.

Exploratory correlative studies were also generally consistent with previous reports. As 

previously seen with cediranib (30) and vatalanib (31) in GBM, a rapid increase in 

circulating collagen IV, a biomarker of vascular normalization after VEGF inhibition, was 

associated with a better response to vandetanib/RT/temozolomide treatment. Along the same 

lines, a decrease in the circulating levels of the hypoxia biomarker CAIX at 4 hours was also 

associated with a better response. Finally, better treatment responses were also associated 

with lower levels of bFGF (a pro-angiogenic marker) at baseline as well as greater decreases 

in sVEGFR2 (consistent with its potential pharmacodynamic marker for VEGFR2 TKIs; ref. 

32). The extent of sVEGFR2 decrease was also associated with OS in these patients. OS was 

also associated with baseline plasma sVEGFR1 levels. sVEGFR1 is anendogenous inhibitor 

of the VEGF and PlGF, previously found to inversely correlate with the response to anti-

VEGF agents, including vandetanib with cetuximab and chemotherapy in colorectal cancer 

(33). This discrepancy may be due to vandetanib’s ability to efficiently block the VEGF 

pathway, particularly in the face of rising concentrations of circulating PlGF and VEGF. 

Indeed, an early increase in plasma PlGF was associated with poor survival. Of note, an 

increase in sVEGFR1 over time tended to associate with worse outcome (Supplementary 

Table S2 and data not shown) as previously seen with cediranib in GBM patients (20, 29). 

Taken together, these exploratory studies are largely supportive of previous biomarker 

studies of anti-VEGFR agents and suggest that one reason for the lack of benefit from 

vande-tanib in GBM is the weak anti-VEGFR2 activity (32).
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With regard to tissue biomarkers, none of the biomarkers tested was associated with 

improved PFS or OS except for IDH1 (R132H) mutation. The improvement in PFS in the 

vandetanib arm likely reflects the prognostic value of IDH1 mutations, and it is unlikely that 

IDH1 status predicts response to treatment. There was a trend towards improved OS in the 

standard therapy arm as well but the difference was not statistically significant, likely due to 

the small numbers of patients with IDH1 (R132H) mutation (n = 4).

Possible explanations for the lack of efficacy from adding vandetanib to standard therapy is 

inadequate blood–brain barrier (BBB) penetration and the limited benefit of VEGFR2 and/or 

EGFR inhibition in newly diagnosed GBM. Surrogate blood/ serum biomarkers may not 

represent relevant intratumoral actions of vandetanib. In vivo brain distribution studies in 

mice indicated that vandetanib penetration into the brain is restricted by both P-glycoprotein 

(P-gp) and breast cancer resistance protein (Bcrp1) mediated active efflux at the BBB (34). 

Preclinical data suggest that combining vandetanib with elacridar, a dual P-gp/ BCRP 

inhibitor, or with everolimus may help increase the BBB of vandetanib (34).

In addition, although preclinical studies suggest a beneficial role for EGFR and VEGFR2 

blockade, clinical trials of EGFR or VEGF inhibitors have not demonstrated a definitive 

survival advantage in GBM. Phase II studies of standard chemoradiation with the EGFR 

inhibitor erlotinib (35–37) or with erlotinib and bevacizumab (38) did not include a 

comparison arm of standard chemoradiation. Two recent randomized phase III trials of 

standard chemoradiation with or without bevacizumab in newly diagnosed GBM [AVAglio 

and Radiation Therapy Oncology Group (RTOG) 0825] did not demonstrate an OS benefit 

with the addition of bevacizumab (7, 8). In post hoc molecular analysis of the AVAglio 

study, the addition of bevacizumab conferred a significant OS benefit in patients with IDH1 

wild-type proneural tumors (39). Because of limited tissue availability in our study, we did 

not perform testing for the proneural subtype.

Although the study was not designed to be comparative, the concurrent standard therapy arm 

was included to validate that the outcome for this patient group does not differ substantially 

from what would be expected historically. The median OS of the standard therapy arm was 

15.9 months, which is slightly improved compared with the median OS of 14.9 months in 

Stupp and colleagues study that established radiation and temozolomide as standard of care 

for newly diagnosed GBM (1). Without the comparative arm, one might be misled into 

thinking that a median OS of 16.6 months in the vandetanib arm represents an improvement 

over standard therapy. Indeed, these results are comparable to the standard therapy arms in 

AVAglio, RTOG 0825, and RTOG 0525 (40). This argues in favor of randomized phase II 

clinical trial designs. However, the obvious disadvantage of noncomparative trial designs is 

the limited power to formally compare the two arms. Some, including the RANO group, 

have argued against the use of noncomparative randomized studies for this reason, except in 

limited circumstances (41).

This study also highlights the challenges of combining targeted molecular agents with 

radiation and temozolomide in patients with newly diagnosed GBM. In the preliminary 

phase I study, the maximum tolerated dose of vandetanib with chemoradiation was 100 mg 

daily, rather than the 300 mg daily that has been used in many single-agent trials with 
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vandetanib (42–44). The low dose of vandetanib used in this trial likely contributed to the 

weak VEGFR2 inhibition and lack of efficacy. Given the marginal benefit of temozolomide 

in GBM patients with unmethylated MGMT promoter status (45), there is increasing interest 

in neuro-oncology in conducting trials in this patient population with the targeted agent and 

radiation alone, without temozolomide, potentially allowing higher doses of the targeted 

agent to be used.

Another limitation of our study is that we did not collect information on the impact of 

vandetanib on cerebral edema or contrast enhancement. Pseudoresponses and improvement 

in cerebral edema partly related to normalization of abnormally permeable tumor vessels as 

opposed to true antiglioma effect has been reported with other VEGF and VEGFR inhibitors 

such as bevacizumab (18). However, since plasma angiogenic biomarker changes in this 

study suggest very weak VEGFR2 inhibition, we suspect that vandetanib at the doses used 

in this study may be a weak angiogenesis inhibitor and therefore less likely to produce 

pseudoresponses or affect cerebral edema.

Although reasonably well tolerated, the addition of vandetanib to standard chemoradiation 

in patients with newly diagnosed GBM may not significantly prolong OS compared with the 

parallel control arm. Plasma angiogenic biomarker changes suggest very weak VEGFR2 

inhibition at a vandetanib dose of 100 mg/day. From the limited pharmacokinetic analysis, 

the exposure and attainment of steady-state approximate experiences from prior studies of 

vandetanib at 100 mg/day dosing in other solid tumors. Further testing of vandetanib in 

GBM is not recommended.
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Acknowledgments

Grant Support

This research was conducted with support from the Investigator-Sponsored Study Program of AstraZeneca.

References

1. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, et al. Radiotherapy plus 
concomitant and adjuvant temozolomide for glioblastoma. N Engl J Med. 2005; 352:987–996. 
[PubMed: 15758009] 

2. Nicholas MK, Lukas RV, Jafri NF, Faoro L, Salgia R. Epidermal growth factor receptor - mediated 
signal transduction in the development and therapy of gliomas. Clin Cancer Res. 2006; 12:7261–
7270. [PubMed: 17189397] 

3. Li B, Yuan M, Kim IA, Chang CM, Bernhard EJ, Shu HK. Mutant epidermal growth factor receptor 
displays increased signaling through the phospha-tidylinositol-3 kinase/AKT pathway and promotes 
radioresistance in cells of astrocytic origin. Oncogene. 2004; 23:4594–4602. [PubMed: 15077177] 

4. Chakravarti A, Chakladar A, Delaney MA, Latham DE, Loeffler JS. The epidermal growth factor 
receptor pathway mediates resistance to sequential administration of radiation and chemotherapy in 
primary human glioblastoma cells in a RAS-dependent manner. Cancer Res. 2002; 62:4307–4315. 
[PubMed: 12154034] 

Lee et al. Page 10

Clin Cancer Res. Author manuscript; available in PMC 2016 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



5. Lu-Emerson C, Duda DG, Emblem KE, Taylor JW, Gerstner ER, Loeffler JS, et al. Lessons from 
anti-vascular endothelial growth factor and anti-vascular endothelial growth factor receptor trials in 
patients with glioblastoma. J Clin Oncol. 2015; 33:1197–1213. [PubMed: 25713439] 

6. Steiner HH, Karcher S, Mueller MM, Nalbantis E, Kunze S, Herold-Mende C. Autocrine pathways 
of the vascular endothelial growth factor (VEGF) in glioblastoma multiforme: clinical relevance of 
radiation-induced increase of VEGF levels. J Neurooncol. 2004; 66:129–138. [PubMed: 15015778] 

7. Chinot OL, Wick W, Cloughesy T. Bevacizumab for newly diagnosed glioblastoma. N Engl J Med. 
2014; 370:2049. [PubMed: 24860870] 

8. Gilbert MR, Sulman EP, Mehta MP. Bevacizumab for newly diagnosed glioblastoma. N Engl J 
Med. 2014; 370:2048–2049. [PubMed: 24849088] 

9. Rich JN, Sathornsumetee S, Keir ST, Kieran MW, Laforme A, Kaipainen A, et al. ZD6474, a novel 
tyrosine kinase inhibitor of vascular endothelial growth factor receptor and epidermal growth factor 
receptor, inhibits tumor growth of multiple nervous system tumors. Clin Cancer Res. 2005; 
11:8145–8157. [PubMed: 16299247] 

10. Sandstrom M, Johansson M, Bergstrom P, Bergenheim AT, Henriksson R. Effects of the VEGFR 
inhibitor ZD6474 in combination with radiotherapy and temozolomide in an orthotopic glioma 
model. J Neurooncol. 2008; 88:1–9. [PubMed: 18228115] 

11. Damiano V, Melisi D, Bianco C, Raben D, Caputo R, Fontanini G, et al. Cooperative antitumor 
effect of multitargeted kinase inhibitor ZD6474 and ionizing radiation in glioblastoma. Clin 
Cancer Res. 2005; 11:5639–5644. [PubMed: 16061883] 

12. Sandstrom M, Johansson M, Andersson U, Bergh A, Bergenheim AT, Henriksson R. The tyrosine 
kinase inhibitor ZD6474 inhibits tumour growth inanintracerebral rat glioma model. Br J Cancer. 
2004; 91:1174–1180. [PubMed: 15305185] 

13. Williams KJ, Telfer BA, Brave S, Kendrew J, Whittaker L, Stratford IJ, et al. ZD6474, a potent 
inhibitor of vascular endothelial growth factor signaling, combined with radiotherapy: schedule-
dependent enhancement of anti-tumor activity. Clin Cancer Res. 2004; 10:8587–8593. [PubMed: 
15623642] 

14. Frederick B, Gustafson D, Bianco C, Ciardiello F, Dimery I, Raben D. ZD6474, an inhibitor of 
VEGFR and EGFR tyrosine kinase activity in combination with radiotherapy. Int J Radiat Oncol 
Biol Phys. 2006; 64:33–37. [PubMed: 16377413] 

15. Brazelle WD, Shi W, Siemann DW. VEGF-associated tyrosine kinase inhibition increases the 
tumor response to single and fractionated dose radiotherapy. Int J Radiat Oncol Biol Phys. 2006; 
65:836–841. [PubMed: 16751064] 

16. Drappatz J, Norden AD, Wong ET, Doherty LM, Lafrankie DC, Ciampa A, et al. Phase I study of 
vandetanib with radiotherapy and temozolomide for newly diagnosed glioblastoma. Int J Radiat 
Oncol Biol Phys. 2010; 78:85–90. [PubMed: 20137866] 

17. Macdonald DR, Cascino TL, Schold SC Jr, Cairncross JG. Response criteria for phase II studies of 
supratentorial malignant glioma. J Clin Oncol. 1990; 8:1277–1280. [PubMed: 2358840] 

18. Wen PY, Macdonald DR, Reardon DA, Cloughesy TF, Sorensen AG, Galanis E, et al. Updated 
response assessment criteria for high-grade gliomas: response assessment in neuro-oncology 
working group. J Clin Oncol. 2010; 28:1963–1972. [PubMed: 20231676] 

19. Martin P, Oliver S, Kennedy SJ, Partridge E, Hutchison M, Clarke D, et al. Pharmacokinetics of 
vandetanib: three phase I studies in healthy subjects. Clin Ther. 2012; 34:221–237. [PubMed: 
22206795] 

20. Batchelor TT, Duda DG, di Tomaso E, Ancukiewicz M, Plotkin SR, Gerstner E, et al. Phase II 
study of cediranib, an oral pan-vascular endothelial growth factor receptor tyrosine kinase 
inhibitor, in patients with recurrent glio-blastoma. J Clin Oncol. 2010; 28:2817–2823. [PubMed: 
20458050] 

21. Ligon KL, Alberta JA, Kho AT, Weiss J, Kwaan MR, Nutt CL, et al. The oligodendroglial lineage 
marker OLIG2 is universally expressed in diffuse gliomas. J Neuropathol Exp Neurol. 2004; 
63:499–509. [PubMed: 15198128] 

22. Gorovets D, Kannan K, Shen R, Kastenhuber ER, Islamdoust N, Campos C, et al. IDH mutation 
and neuroglial developmental features define clinically distinct subclasses of lower grade diffuse 
astrocytic glioma. Clin Cancer Res. 2012; 18:2490–2501. [PubMed: 22415316] 

Lee et al. Page 11

Clin Cancer Res. Author manuscript; available in PMC 2016 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



23. Esteller M, Hamilton SR, Burger PC, Baylin SB, Herman JG. Inactivation of the DNA repair gene 
O6-methylguanine-DNA methyltransferase by promoter hypermethylation is a common event in 
primary human neoplasia. Cancer Res. 1999; 59:793–797. [PubMed: 10029064] 

24. Morabito A, Piccirillo MC, Falasconi F, De Feo G, Del Giudice A, Bryce J, et al. Vandetanib 
(ZD6474), a dual inhibitor of vascular endothelial growth factor receptor (VEGFR) and epidermal 
growth factor receptor (EGFR) tyrosine kinases: current status and future directions. Oncologist. 
2009; 14:378–390. [PubMed: 19349511] 

25. Holden SN, Eckhardt SG, Basser R, de Boer R, Rischin D, Green M, et al. Clinical evaluation of 
ZD6474, an orally active inhibitor of VEGF and EGF receptor signaling, in patients with solid, 
malignant tumors. Ann Oncol. 2005; 16:1391–1397. [PubMed: 15905307] 

26. Natale RB, Bodkin D, Govindan R, Sleckman BG, Rizvi NA, Capo A, et al. Vandetanib versus 
gefitinib in patients with advanced non-small-cell lung cancer: results from a two-part, double-
blind, randomized phase ii study. J Clin Oncol. 2009; 27:2523–2529. [PubMed: 19332730] 

27. Arnold AM, Seymour L, Smylie M, Ding K, Ung Y, Findlay B, et al. Phase II study of vandetanib 
or placebo in small-cell lung cancer patients after complete or partial response to induction 
chemotherapy with or without radiation therapy: National Cancer Institute of Canada Clinical 
Trials Group Study BR.20. J Clin Oncol. 2007; 25:4278–4284. [PubMed: 17878480] 

28. Wells SA Jr, Robinson BG, Gagel RF, Dralle H, Fagin JA, Santoro M, et al. Vandetanib in patients 
with locally advanced or metastatic medullary thyroid cancer: a randomized, double-blind phase 
III trial. J Clin Oncol. 2012; 30:134–141. [PubMed: 22025146] 

29. Batchelor TT, Gerstner ER, Emblem KE, Duda DG, Kalpathy-Cramer J, Snuderl M, et al. 
Improved tumor oxygenation and survival in glioblastoma patients who show increased blood 
perfusion after cediranib and chemoradiation. Proc Natl Acad Sci U S A. 2013; 110:19059–19064. 
[PubMed: 24190997] 

30. Sorensen AG, Batchelor TT, Zhang WT, Chen PJ, Yeo P, Wang M, et al. A “vascular 
normalization index” as potential mechanistic biomarker to predict survival after a single dose of 
cediranib in recurrent glioblastoma patients. Cancer Res. 2009; 69:5296–5300. [PubMed: 
19549889] 

31. Gerstner ER, Eichler AF, Plotkin SR, Drappatz J, Doyle CL, Xu L, et al. Phase I trial with 
biomarker studies of vatalanib (PTK787) in patients with newly diagnosed glioblastoma treated 
with enzyme inducing anti-epileptic drugs and standard radiation and temozolomide. J Neuroon-
col. 2011; 103:325–332.

32. Jain RK, Duda DG, Willett CG, Sahani DV, Zhu AX, Loeffler JS, et al. Biomarkers of response 
and resistance to antiangiogenic therapy. Nat Rev Clin Oncol. 2009; 6:327–338. [PubMed: 
19483739] 

33. Meyerhardt JA, Ancukiewicz M, Abrams TA, Schrag D, Enzinger PC, Chan JA, et al. Phase I 
study of cetuximab, irinotecan, and vandetanib (ZD6474) as therapy for patients with previously 
treated metastastic colorectal cancer. PLoS ONE. 2012; 7:e38231. [PubMed: 22701615] 

34. Minocha M, Khurana V, Qin B, Pal D, Mitra AK. Co-administration strategy to enhance brain 
accumulation of vandetanib by modulating P-glycoprotein (P-gp/Abcb1) and breast cancer 
resistance protein (Bcrp1/ Abcg2) mediated efflux with m-TOR inhibitors. Int J Pharm. 2012; 
434:306–314. [PubMed: 22633931] 

35. Brown PD, Krishnan S, Sarkaria JN, Wu W, Jaeckle KA, UHM JH, et al. Phase I/II trial of 
erlotinib and temozolomide with radiation therapy in the treatment of newly diagnosed 
glioblastoma multiforme: North Central Cancer Treatment Group Study N0177. J Clin Oncol. 
2008; 26:5603–5609. [PubMed: 18955445] 

36. Prados MD, Chang SM, Butowski N, DeBoer R, Parvataneni R, Carliner H, et al. Phase II study of 
erlotinib plus temozolomide during and after radiation therapy in patients with newly diagnosed 
glioblastoma multi-forme or gliosarcoma. J Clin Oncol. 2009; 27:579–584. [PubMed: 19075262] 

37. Peereboom DM, Shepard DR, Ahluwalia MS, Brewer CJ, Agarwal N, Stevens GH, et al. Phase II 
trial of erlotinib with temozolomide and radiation in patients with newly diagnosed glioblastoma 
multiforme. J Neurooncol. 2010; 98:93–99. [PubMed: 19960228] 

38. Clark JL, Molinaro AM, Phillips JJ, Butowski NA, Chang SM, Perry A, et al. A single-institution 
phase II trial of radiation, temozolomide, erlotinib, and bevacizumab for initial treatment of 
glioblastoma. Neuro Oncol. 2014; 16:984–990. [PubMed: 24637230] 

Lee et al. Page 12

Clin Cancer Res. Author manuscript; available in PMC 2016 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



39. Phillips H, Sandmann T, Li C, et al. Correlation of molecular subtypes with survival in AVAglio 
(bevacizumab [Bv] and radiotherapy [RT] and temozolomide [T] for newly diagnosed 
glioblastoma [GB]). J Clin Oncol. 2014; 32(5s) (suppl; abstr 2001). 

40. Gilbert MR, Wang M, Aldape KD, Stupp R, Hegi ME, Jaeckle KA, et al. Dose-dense 
temozolomide for newly diagnosed glioblastoma: a randomized phase III clinical trial. J Clin 
Oncol. 2013; 31:4085–4091. [PubMed: 24101040] 

41. Galanis E, Wu W, Cloughesy T, Lamborn K, Mann B, Wen PY, et al. Phase 2 trial design in 
neuro-oncology revisited: a report from the RANO group. Lancet Oncol. 2012; 13:e196–e204. 
[PubMed: 22554547] 

42. Kreisl TN, McNeill KA, Sul J, Iwamoto FM, Shih J, Fine HA. A phase I/II trial of vandetanib for 
patients with recurrent malignant glioma. Neuro Oncol. 2012; 14:1519–1526. [PubMed: 
23099652] 

43. Leboulleux S, Bastholt L, Krause T, de la Fouchardiere C, Tennvall J, Awada A, et al. Vandetanib 
in locally advanced or metastatic differentiated thyroid cancer: a randomised, double-blind, phase 
2 trial. Lancet Oncol. 2012; 13:897–905. [PubMed: 22898678] 

44. Lee, Js; Hirsh, V.; Park, K., et al. Vandetanib versus placebo in patients with advanced non-small-
cell lung cancer after prior therapy with an epidermal growth factor receptor tyrosine kinase 
inhibitor: a randomized, double-blind phase III trial (ZEPHYR). J Clin Oncol. 2012; 30:1114–
1121. [PubMed: 22370318] 

45. Hegi ME, Diserens AC, Gorlia T, Hamou MF, de Tribolet N, Weller M, et al. MGMT gene 
silecing and benefit from temozolomide in glioblastoma. N Engl J Med. 2005; 352:997–1003. 
[PubMed: 15758010] 

Lee et al. Page 13

Clin Cancer Res. Author manuscript; available in PMC 2016 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Translational Relevance

This randomized, noncomparative phase II trial examined the efficacy of adding 

vandetanib (an inhibitor of VEGFR2, EGFR, and RET) to radiation and temozolomide in 

patients with newly diagnosed glioblastoma. We performed exploratory correlative 

analyses of serum and tissue biomarkers to investigate whether these biomarkers could 

predict response to treatment. Serum angiogenesis studies were largely supportive of 

previous biomarker studies of anti-VEGFR agents and suggested that vandetanib is a 

weak inhibitor of VEGFR2. Archival tissue testing did not reveal statistically significant 

differences in progression-free survival or overall survival based on EGFRvIII mutation, 

EGFR amplification, or PTEN staining pattern. Limited pharmacokinetic testing was also 

consistent with prior studies of vandetanib at similar dosing. The addition of vandetanib 

to standard chemoradiation did not significantly prolong survival compared with 

historical controls.
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Figure 1. 
CONSORT flow diagram of patients enrolled on study. TMZ, temozolomide.

Lee et al. Page 15

Clin Cancer Res. Author manuscript; available in PMC 2016 August 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
OS by treatment arm, solid line (vandetanib/RT/temozolomide), dashed line (RT/

temozolomide).
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Table 1

Patient characteristics

RT/temozolomide
N = 36

Vandetanib/RT/
temozolomide
N = 70 P

Median age, y (range) 55 (23–73) 59 (23–83)

Median KPS (range) 90 (60–100) 90 (60–100)

Gender, Female 19 (52.8%) 26 (37.1%) 0.1

Race 0.7

    White 32/36 (88.9%) 64/70 (91.4%)

    African American 1/36 (2.8%) 2/70 (2.9%)

    Asian 2/36 (5.6%) 1/70 (1.4%)

    Other 1/36 (2.8%) 3/70 (4.3%)

Extent of Resection 0.4

    Gross total resection 10/29 (34.5%) 38/67 (56.7%)

    Subtotal resection 13/29 (44.8%) 16/67 (23.9%)

    Biopsy 6/29 (20.7%) 13/67 (19.4%)
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Table 2

Outcomes

RT/temozolomide (N = 29) Vandetanib/RT/temozolomide (N = 69) P

OS, months, median (95% CI) 15.9 months (11.0–22.5) 16.6 months (14.9–20.1) 0.8

PFS, months, median (95% CI) 6.2 months (3.9–10.4) 7.7 months (5.5–10.1) 0.6

OS12 rate (95% CI) 0.56 (0.40–0.80) 0.68 (0.56–0.81)

PFS12 rate (95% CI) 0.39 (0.20–0.57) 0.25 (0.15–0.37)

PFS6 rate (95% CI) 0.57 (0.37–0.73) 0.58 (0.44–0.68)

Best radiographic response

    CR 1/28 (3.6%) 4/51 (7.8%)

    PR 4/28 (14.3%) 9/51 (17.6%)

    SD 18/28 (64.3%) 27/51 (52.9%)

    Pseudoprogression 0 3/51 (5.9%)

    Progressive disease 5/28 (17.9%) 8/51 (1%)
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Table 3

Grade 3 or 4 or 5 AEs possibly, probably, or definitely related to treatments, according to arm

RT/temozolomide
(N = 29)

Vandetanib/RT/
temozolomide

(N = 69)

Hematologic

  Anemia 0   2 (2.9%)

  Leukopenia 2 (6.9%)   8 (11.6%)

  Lymphopenia 8 (27.6%) 30 (43.5%)

  Neutropenia 3 (10.3%)   8 (11.6%)

  Thrombocytopenia 5 (17.2%)   5 (7.2%)

Dermatology/skin

  Pruritis/itching 0   1 (1.4%)

  Rash–acneiform 0   1 (1.4%)

  Rash–desquamation 0   3 (4.3%)

  Rash–erythema multiforme 0   2 (2.9%)

Gastrointestinal

  Colonic fistula 0   1 (1.4%)

  Colonic perforation 0   1 (1.4%)

  Diarrhea 0   1 (1.4%)

Hepatobiliary/pancreas

  Cholecystitis 0   1 (1.4%)

  Infection 2 (6.9%)   2 (2.9%)

Metabolic/laboratory

  ALT/SGPT elevation 3 (10.3%)   6 (8.7%)

  AST/SGOT elevation 1 (3.4%)   3 (4.3%)

  Hyperbilirubinemia 0   2 (2.9%)

  Hyperglycemia 0   1 (1.4%)

  Hyponatremia 0   1 (1.4%)

  Hypophosphatemia 0   3 (4.3%)

Nervous system disorders

  CNS cerebrovascular ischemia 0   1 (1.4%)

  Dizziness 0   1 (1.4%)

  Headache 1 (3.4%)   0

  Imbalance/weakness 0   1 (1.4%)

Pulmonary/upper respiratory

  Dyspnea 0   3 (4.3%)

  Hypoxia 0   1 (1.4%)

Vascular disorders

  Hypertension 0   1 (1.4%)

  Thrombosis/thrombus/embolism 0   3 (4.3%)

  Fatigue 1 (3.4%)   4 (5.8%)
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