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A B S T R A C T

Purpose
To evaluate the safety, maximum-tolerated dose, pharmacokinetics, and pharmacodynamics of
vandetanib, an oral vascular endothelial growth factor receptor 2 (VEGFR2) and epidermal growth
factor receptor inhibitor, administered once daily during and after radiotherapy in children with
newly diagnosed diffuse intrinsic pontine glioma.

Patients and Methods
Radiotherapy was administered as 1.8-Gy fractions (total cumulative dose of 54 Gy). Vandetanib
was administered concurrently with radiotherapy for a maximum of 2 years. Dose-limiting
toxicities (DLTs) were evaluated during the first 6 weeks of therapy. Pharmacokinetic studies were
obtained for all patients. Plasma angiogenic factors and VEGFR2 phosphorylation in mononuclear
cells were analyzed before and during therapy.

Results
Twenty-one patients were administered 50 (n � 3), 65 (n � 3), 85 (n � 3), 110 (n � 6), and 145
mg/m2 (n � 6) of vandetanib. Only one patient developed DLT (grade 3 diarrhea) at dosage level
5. An expanded cohort of patients were treated at dosage levels 4 (n � 10) and 5 (n � 4); two
patients developed grade 4 hypertension and posterior reversible encephalopathy syndrome while
also receiving high-dose dexamethasone. Despite significant interpatient variability, exposure to
vandetanib increased with higher dosage levels. The bivariable analysis of vascular endothelial
growth factor (VEGF) before and during therapy showed that patients with higher levels of VEGF
before therapy had a longer progression-free survival (PFS; P � .022), whereas patients with
increases in VEGF during treatment had a shorter PFS (P � .0015). VEGFR2 phosphorylation was
inhibited on day 8 or 29 of therapy compared with baseline (P � .039).

Conclusion
The recommended phase II dose of vandetanib in children is 145 mg/m2 per day. Close monitoring
and management of hypertension is required, particularly for patients receiving corticosteroids.

J Clin Oncol 28:4762-4768. © 2010 by American Society of Clinical Oncology

INTRODUCTION

The prognosis of children with diffuse intrinsic pon-
tine glioma (DIPG) remains grim, with long-term
survival of less than 10%.1 Radiotherapy (RT), the
mainstay of therapy, generally provides only tempo-
rary improvement.1 Conventional chemotherapy
has not demonstrated benefit in the treatment of
children with DIPG.1

Little is known about the biology of DIPG,
given that tumor samples are rarely available for
analysis.2 Only one study reported genome-wide ab-
normalities in 11 children with DIPG.3 Although a
few clinical trials have used small-molecule inhib-
itors to treat children with DIPG,4,5 it is unclear
which molecules or cellular pathways are the best

candidates for targeted inhibition in these tu-
mors. Epidermal growth factor receptor (EGFR)
overexpression and gene amplification have
been demonstrated in a subset of DIPGs.6

When tumor samples are obtained at diagnosis
or at autopsy, the histologic diagnosis is usually
glioblastoma.2,7 Glioblastoma is one of the most
vascularized human tumors, and angiogenesis
plays a critical role in tumorigenesis.8 The pres-
ence of vascular endothelial growth factor
(VEGF) and signaling through its receptor
(VEGFR2) represent one of the main proangio-
genic pathways in glioblastoma.9,10

Vandetanib (AstraZeneca, Macclesfield, United
Kingdom), a small-molecule inhibitor of VEGFR2,
EGFR, and rearranged during transfection, has been
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used in the treatment of adults with cancer, including high-grade
gliomas.11-15 Vandetanib is active against high-grade glioma cell lines
and orthotopic xenografts, including those derived from pediatric
patients.16 EGFR and VEGFR2 also play important roles in the mech-
anism of resistance to RT in high-grade gliomas.17,18 Furthermore,
preclinical studies of high-grade gliomas have demonstrated benefit
when combining RT with EGFR and/or VEGFR2 inhibitors, includ-
ing vandetanib.19-21

Therefore, we conducted this study to determine the maximum-
tolerated dose (MTD) and to evaluate the safety, pharmacokinetics,
and pharmacodynamics of vandetanib administered during and after
RT in children with newly diagnosed DIPG.

PATIENTS AND METHODS

Patients between 2 and 20 years of age with newly diagnosed, nonmetastatic
DIPG were eligible for this study. Other eligibility criteria are provided in the
Appendix (online only).

The institutional review boards of St Jude Children’s Research Hospital
approved this protocol before initial patient enrollment, and continuing ap-
proval was maintained throughout the study. Written informed consent for
participation was obtained from the parents or legal guardians of the patients,
and assents were obtained when appropriate.

Study Design and Treatment Plan

This single-institution clinical trial followed a traditional phase I design.
The starting dosage level corresponded to 80% of the lower dose of vandetanib
used in adults (100 mg per day). Five dosage levels were planned (50, 65, 85,
110, and 145 mg/m2 per day). MTD was defined as the highest dosage level at
which no more than one of six assessable patients experienced DLT(s). The
DLT-evaluation period comprised the first 6 weeks of therapy. DLTs consisted
of the following toxicities attributable to vandetanib: grade 4 neutropenia;
grade 3 and 4 thrombocytopenia; any grade 3 and 4 nonhematologic toxicity
other than grade 3 weight change, grade 3 hypertension, grade 3 elevation in
aminotransferases that returned to baseline or grade 1 or less within 7 days, and
grade 3 or 4 electrolyte abnormalities that returned to grade 2 or less within 7
days; grade 1 QTc interval prolongation associated with ventricular tachycar-
dia or torsade de pointes, or grade 1 and 2 QTc interval prolongation associ-
ated with rhythm abnormalities in a 24-hour Holter monitor test; and any
grade 2 nonhematologic toxicity lasting more than 7 days and causing signif-
icant clinical repercussion. Toxicities were graded according to the National
Cancer Institute Common Terminology Criteria for Adverse Events, ver-
sion 3.0.

Administration of RT and vandetanib were commenced on the same
day. Three-dimensional conformal RT was delivered as 1.8-Gy fractions once
daily, 5 days per week, for a cumulative target dose of 54 Gy. The treatment
volume encompassed the entire tumor as it was defined by the combination of
T1-weighted, T2-weighted, and fluid attenuated inversion recovery magnetic
resonance imaging (MRI) sequences, a 1-cm margin to account for micro-
scopic disease, and a 0.3- to 0.5-cm margin to account for uncertainty in
immobilization and the patient’s positioning. Whole-brain RT was adminis-
tered at a dose of 54 Gy for patients with more than 70% of the brain volume
involved by the tumor. Vandetanib was administered once daily with or
without food as 50-mg tablets or as a solution (10 mg/mL). The dose was
calculated on the basis of the patient’s body-surface area at the time of diagno-
sis. The choice of drug formulation for each patient was determined by the
ability to provide actual doses rounded to the nearest 10 mg. Treatment was
divided into 28-day courses. Maximum treatment duration with vandetanib
was 2 years. Once the phase II recommended dose was determined, we
planned to treat 14 additional patients to expand the results of our correlative
studies. Details about evaluations required before and during therapy are
provided in the Appendix (online only).

Pharmacokinetic and Pharmacodynamic Studies

Blood samples were collected from all patients before and 24 (� 6) hours
after the first dose of vandetanib, weekly before the dose for the first 6 weeks of
therapy, and before the dose approximately every 8 weeks starting at week 16 of
therapy. Optional pharmacokinetic studies were obtained at 2, 4, 6, 8, and 12
hours after the first dose of vandetanib for consenting patients. Samples were
collected in heparinized tubes and centrifuged, and the plasma was stored at
�80°C until analysis. Analysis of vandetanib levels was performed with a
validated high-performance liquid chromatography using the tandem mass
spectrometry method.12 The lower limit of quantitation of the vandetanib
assay was 5 ng/mL. The coefficients of variation at low (15 ng/mL), medium
(500 ng/mL), and high (800 ng/mL) concentrations were 10%, 5.1%, and
5.2%, respectively. Maximum plasma concentration (Cmax) and time to Cmax

(Tmax) after the first dose were determined. The area under the concentration-
time curve from 0 to 24 hours (AUC0-24) after the first dose was calculated by
the log-linear trapezoidal method. The mean steady-state trough concentra-
tion (Ctrough, SS) was calculated on the basis of all trough concentrations
obtained at steady-state for each patient. We also analyzed the accumulation
factor for each patient, which was defined as the ratio of mean Ctrough, SS/
Ctrough after the first dose. Details about pharmacodynamic studies are provided in
the Appendix (online only).

Statistical Analysis

Progression-free survival (PFS) was defined as the interval from the start
of therapy to disease progression or death. Overall survival (OS) was defined as
the interval from the start of therapy to death. Patients who did not experience
any events were censored at the date of the last follow-up. PFS and OS distri-
butions were estimated using the Kaplan-Meier method. Association of the
variables of interest with PFS and OS was investigated using Cox proportional
hazards models with time-dependent covariates as needed. Covariates were
transformed when necessary to comply with the proportional hazards as-
sumption. The Cox models had to be limited to the analysis of a maximum of
two independent variables (univariable and bivariable analysis) for PFS and
one independent variable (univariable analysis only) for OS because of the
small number of events that occurred in this study. Marker distributions across
two time points were compared using the Wilcoxon signed-rank test. Trends
in values of longitudinal markers were explored via mixed-effects models. No
adjustments for multiple comparisons were made because of the exploratory
nature of these analyses.

RESULTS

Thirty-five patients were enrolled onto the study from June 2007 until
August 2009. Table 1 lists the patient characteristics. Twenty-one
patients were administered doses of 50 (n � 3), 65 (n � 3), 85 (n � 3),
110 (n � 6), and 145 mg/m2 (n � 6), corresponding to dosage levels 1
to 5, to determine the MTD. Fourteen patients were treated at dosage
levels 4 (n � 10) and 5 (n � 4) in the expanded cohort.

Toxicities

No significant toxicities attributable to vandetanib were observed
among nine patients treated at the first three dosage levels. One of
three patients treated at dosage level 4 (110 mg/m2) experienced a
grade 3 skin rash and mucositis that were secondary to a cytomegalo-
virus infection; three additional patients treated at this dosage level
experienced no significant toxicities. One of three patients treated at
dosage level 5 (145 mg/m2) experienced grade 3 diarrhea and an
increase in aminotransferases associated with vandetanib; the increase
in aminotransferases was not considered a DLT because it returned to
grade 1 within 7 days. This patient experienced a recurrence of diar-
rhea during treatment with vandetanib at the next lower dosage level.
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None of the three additional patients treated at dosage level 5 experi-
enced significant toxicities. Therefore, the MTD of vandetanib was
not reached.

The first patient treated in the expanded cohort at dosage level 5
experienced grade 4 hypertension and posterior reversible encepha-
lopathy syndrome (PRES) on day 8 of therapy. This child experienced
significant clinical and neurologic problems that could only be fully
evaluated a few weeks after the onset of PRES. In the meantime, three
additional patients were enrolled onto the study at dosage level 5.
Although PRES was an expected toxicity, there was a concern that
dosage level 5 might be too toxic on the basis of the severity of its

sequelae. Therefore, the study was amended to treat future patients at
dosage level 4 in the expanded cohort. None of the three additional
patients treated at dosage level 5 experienced DLTs. One patient
treated at dosage level 4 experienced grade 4 hypertension and
PRES on day 3 of therapy. Another patient treated at dosage level 4
experienced grade 3 photosensitivity after 4 weeks of therapy; the
administration of vandetanib was temporarily discontinued, and
treatment was resumed at the same dose on recovery without
additional problems.

Four patients experienced significant toxicities after the first 6
weeks of therapy consisting of grade 3 photosensitivity (n � 1) at
dosage level 4, and grade 2 prolonged QTc interval (n � 2) and grade
3 diarrhea (n � 1) at dosage level 5. Only one of 30 patients who
underwent follow-up studies during therapy had a small area of pre-
mature fusion of the cartilaginous growth plate (approximately 2% of
total area) demonstrated by an MRI of the knee. Dental evaluation
demonstrated no significant changes attributable to vandetanib. A
summary of toxicity data for all patients during and after the first 6
weeks of therapy is provided in Tables 2 and 3, respectively.

Pharmacokinetic Studies

Optional studies after the first dose of vandetanib were obtained
for 27 patients, but data from all planned time points were obtained
for only 22 patients. Thirty-three patients had steady-state trough
levels. Concentration-time plots after the first dose at different dosage
levels are shown in Appendix Figure A1. Pharmacokinetic variables
are listed in Table 4. Steady-state was reached by day 28 of therapy.
Despite significant interpatient variability, the AUC0-24 after the first
dose and the mean steady-state trough concentrations increased with
higher dosages of vandetanib (Figs 1A and 1B).

Table 1. Patient Characteristics

Characteristic No. of Patients (n � 35) %

Age, years
Median 6.4
Range 2.8-16.4

Sex
Male 15 43
Female 20 57

Race or ethnicity
White 25 71.5
African American 6 17
Other 4 11.5

Histologic diagnosis
Biopsy Glioblastoma (n � 1) 3
Autopsy� Glioblastoma (n � 9) 26

�Twenty-six patients had no histologic confirmation. One patient had histo-
logic confirmation at diagnosis and at autopsy.

Table 2. Summary of the Toxicities Associated With Vandetanib During the First 6 Weeks of Therapy

Toxicity

Dosage Level

1: 50 mg/m2

(n � 3)
2: 65 mg/m2

(n � 3)
3: 85 mg/m2

(n � 3)
4: 110 mg/m2

(n � 16)
5: 145 mg/m2

(n � 10)

Grades
1 and 2 Grade 3

Grades
1 and 2 Grade 3 Grade 4

Grades
1 and 2 Grade 3

Grades
1 and 2 Grade 3 Grade 4

Grades
1 and 2 Grade 3 Grade 4

Lymphopenia 2 1 1 1 1 0 3 5 4 7 3 5 2
Neutropenia 1 1 0 0 0 0 0 1 1 0 1 1 0
Thrombocytopenia 0 0 1 0 0 0 0 2 0 0 2 0 0
Proteinuria 0 0 2 0 0 1 0 4 0 0 3 0 0
Hypertension� 0 0 0 0 0 1 0 8 0 1† 2 1 1†
Hypokalemia 1 0 1 0 0 1 0 3 0 1 2 2 0
Hypophosphatemia 1 1 1 0 0 0 0 4 0 0 4 0 1
Prolonged QTc interval 1 0 1 0 0 1 0 2 0 0 4 0 0
Increase in aminotransferases 1 0 1 0 0 3 0 13 0 0 7 1 0
Fatigue 2 0 1 0 0 1 0 3 0 0 5 0 0
Skin rash 1 0 3 0 0 2 0 7 0 0 6 0 0
Photosensitivity 0 0 0 0 0 0 0 1 1† 0 0 0 0
Vomiting 0 0 1 0 0 1 0 4 0 0 5 0 0
Diarrhea 0 0 0 0 0 0 0 3 0 0 3 1 0
Mucositis 0 0 2 0 0 1 0 1 0 0 4 0 0
Anorexia 0 0 2 0 0 0 0 5 0 0 3 0 0
PRES 0 0 0 0 0 0 0 0 0 1† 0 0 1†

Abbreviation: PRES, posterior reversible encephalopathy syndrome.
�Grade 1 hypertension was excluded.
†These grade 3 and 4 adverse effects were considered dose-limiting toxicities but did not influence the determination of the maximum-tolerated dose because

they occurred in the expanded cohort.
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Pharmacodynamic Studies

Angiogenic factors were available for 31 patients before the
start of therapy and for 29 patients before the start and at least one
time during therapy. Whereas plasma levels of VEGF and platelet-
derived growth factor BB (PDGF-BB) did not display a clear pat-
tern of change during therapy, stromal cell– derived factor-1 alpha
(SDF1�) levels increased during the first four courses of therapy
(P � .001 for both linear and quadratic coefficients). The levels of
basic fibroblast growth factor were mostly undetectable before and
during therapy. Univariable analyses of each angiogenic factor
before the start of therapy demonstrated that higher PDGF-BB
levels were associated with longer PFS (P � .006) and OS
(P � .029). Univariable analysis of each angiogenic factor during
therapy showed that increases in VEGF were associated with

shorter OS (P � .016). The simultaneous analysis of the levels of
each angiogenic factor before and during therapy was conducted
(bivariable analysis). Patients with higher VEGF levels before the
start of therapy had longer PFS periods (P � .022), whereas those
who experienced an increase in VEGF levels during therapy had
shorter PFS periods (P � .0015).

Sufficient peripheral blood mononuclear cell pellets for analysis
of phosphorylated VEGFR2-tyrosine 1175 (pVEGFR2-Tyr1175) were
obtained before and at least one other time during therapy for 25
patients. Samples suitable for analysis were collected at all three time
points for 19 patients. Nineteen patients (76%) had inhibition of
pVEGFR2-Tyr1175 relative to VEGFR2 expression on at least one oc-
casion during therapy (day 8 and/or 29) compared with baseline
(P � .039). Patients treated at the 145 mg/m2 dosage level experienced

Table 3. Summary of the Toxicities Associated With Vandetanib After the First 6 Weeks of Therapy

Toxicity

Dosage Level

1: 50 mg/m2

(n � 3)
Grades 1 and 2

2: 65 mg/m2

(n � 3)
3: 85 mg/m2

(n � 2)�

Grades 1 and 2

4: 110 mg/m2

(n � 14)�
5: 145 mg/m2

(n � 8)�

Grades
1 and 2 Grade 3

Grades
1 and 2 Grade 3

Grades
1 and 2 Grade 3 Grade 4

Lymphopenia 2 2 1 2 9 1 3 0 1
Neutropenia 0 0 0 0 3 0 1 0 0
Proteinuria 2 2 0 2 10 0 6 0 0
Hypertension† 0 0 0 1 6 0 2 1 0
Hypokalemia 1 1 0 0 0 0 3 1 0
Hypophosphatemia 0 1 0 0 1 0 2 0 0
Prolonged QTc interval 1 1 0 1 6 0 4 0 0
Increase in aminotransferases 0 1 0 1 6 0 3 0 0
Fatigue 0 1 0 0 6 0 2 0 0
Skin rash 2 2 0 1 5 0 2 0 0
Photosensitivity 0 0 0 0 0 1 0 0 0
Vomiting 2 2 0 1 6 0 3 0 0
Diarrhea 0 2 0 0 5 0 2 1 0
Mucositis 0 0 0 0 1 0 0 0 0
Anorexia 0 1 0 0 6 0 3 0 0

�Five patients (one at dosage level 3, and two each at dosage levels 4 and 5) did not receive vandetanib after the dose-limiting toxicity evaluation period because
of toxicity (n � 3), leptomeningeal disease progression (n � 1), and withdrawal of consent (n � 1).

†Grade 1 hypertension was excluded.

Table 4. Pharmacokinetic Parameters of Vandetanib After a Single Dose and at Steady-State

Parameter

Dosage Level

1: 50 mg/m2

(n � 3)
2: 65 mg/m2

(n � 2)
3: 85 mg/m2

(n � 2)
4: 110 mg/m2

(n � 8)
5: 145 mg/m2

(n � 7)

Median Range Median Range Median Range Median Range Median Range

After single dose
Cmax (ng/mL) 84.4 84-87.7 149.5 106-193 158 156-160 264 189-342 368 174-636
Tmax (h) 8.3 7.9-12 8.1 8-8.1 12.2 12.1-12.4 7.6 2.1-12.4 8.5 6.3-12.2
AUC0-24 (ng/mL�h) 1,276 1,193-1,310 2,320 1,638-3,002 2,740 2,530-2,950 4,192 3,179-5,234 6,468 3,060-8,297

Parameter n � 3 n � 3 n � 3 n � 15 n � 9

Steady-state
Ctrough,SS (ng/mL) 413 334-609 579 567-690 857 442-872 748 418-996 888 433-2,367
Accumulation factor� 9.6 8.5-20 9 7.6-16.6 8.3 4.8-10 6.5 4.1-10.2 5.5 2.2-13.8

Abbreviations: Cmax, maximum concentration; Tmax, time to maximum concentration; AUC0-24, area under concentration-time curve from 0 to 24 hours after a single
dose; Ctrough, SS, mean trough concentration at steady-state; h, hour.

�Accumulation factor stands for the ratio of mean Ctrough, SS/Ctrough after the first dose.
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a greater decrease in median VEGFR2 phosphorylation compared
with patients at the other dosage levels (P � .034).

There was an increase in the proportion of circulating endothelial
cells (CECs; CD45–, CD31bright, CD34�, CD131–; P � .019) and
circulating endothelial progenitors (CEPs; CD45�, CD31�, CD133�;
P � .038) at the completion of RT compared with the proportion
before therapy. The proportion of CD34� CEPs increased at the time
of disease progression compared with values obtained at the comple-
tion of RT (P � .035). No other analyses disclosed associations be-
tween CECs and CEPs and response to treatment.

Outcome

The median treatment duration with vandetanib was 212 days
(range, 3 to 674� days). Thirty patients experienced disease progres-
sion and 24 have died. The 1- and 2-year OS outcomes for all patients
were 37.5% � 10.5% and 21.4% � 11%, respectively. Three patients
remained alive and free of disease progression for more than 2 years
(Fig 2).

DISCUSSION

To our knowledge, we are reporting the first phase I study to use
vandetanib in the treatment of children. Vandetanib therapy was well
tolerated by the majority of our patients. The MTD of vandetanib, as
defined by a traditional phase I study design, was not reached. Diar-
rhea represented the only DLT observed in the first 21 patients.12,13

However, two patients treated at the two highest dosage levels of
vandetanib in our expanded cohort experienced grade 4 hypertension
and PRES during the first 10 days of treatment. Both patients had
been receiving high-dose dexamethasone at the onset of PRES be-
cause of significant neurologic deficits. Although the mechanisms of
PRES remain unknown,22 multiple medications have been associ-
ated with its onset, including VEGF-targeting medications and

dexamethasone.23-25 We postulate that the combination of high-dose
corticosteroids and vandetanib generated sufficient changes in blood
pressure to cause PRES. Therefore, strict monitoring of blood pressure
and prompt management of hypertension is recommended for all
patients receiving vandetanib concurrently with corticosteroids. PRES
was initially described as a reversible condition.26 Several reports de-
scribed children with cancer who experienced mild to moderate se-
quelae after PRES.27,28 Unfortunately, our patients remained quite
compromised neurologically. Although they were able to complete
RT, they did not receive any additional chemotherapy.

Other significant adverse effects associated with vandetanib were
uncommon and were similar to those observed in adults, including
temporary electrolyte abnormalities, asymptomatic QTc interval pro-
longation, and photosensitivity.11-15,29 Hematologic toxicity was neg-
ligible, except for lymphopenia, which was mostly seen during and
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shortly after discontinuation of corticosteroids. We also examined our
patients periodically for abnormalities in the cartilaginous growth
plates and teeth on the basis of preclinical models that showed delete-
rious effects of VEGF-targeted therapies in growing bone and teeth of
animals.30,31 Although changes in growth plates were uncommon
after the use of vandetanib, we cannot determine with certainty the
lack of long-term toxicity because of the short follow-up of most of our
patients. Nevertheless, we believe that MRI is a superior tool com-
pared with plain-film radiographs to monitor the potential toxicity of
VEGF-targeting agents in children.

Although the MTD of vandetanib in children was not reached,
we did not further increase its dosage levels because of the pharmaceu-
tical company’s lack of interest in reaching doses in children beyond
the equivalent MTD in adults (300 mg per day). Despite our early
concerns about the toxicity of vandetanib at dosage level 5 (145 mg/m2

per day), only two of 10 patients treated at this level experienced DLTs.
Therefore, the recommended phase II dose of vandetanib in children
is 145 mg/m2 per day. Although a larger number of patients were
treated at dosage level 4 (110 mg/m2 per day) than at level 5, the total
number of patients in each dosage level exceeded that required for a
traditional phase I study.

Most of the pharmacokinetic parameters of our patients,
including Tmax, the time to reach steady-state, and the mean
Ctrough,SS, overlapped with those observed in adults receiving
equivalent doses of vandetanib.11,12 Our sampling strategy (ie,
samples up to 24 hours after the first dose) was not designed to
accurately evaluate medications with a long half-life (the half-life
of vandetanib was reported as � 4 days in adult studies).11,12 We
reported the AUC0-24 because we did not have the data to extrap-
olate the AUC to infinity. However, a strong correlation was found
between the AUC0-24 and the AUC0-infinity in adults.12 We also
observed a direct association between increasing dosage levels and
exposure to vandetanib after the first dose and at steady-state
(Table 4 and Figs 1A and 1B). Most of our patients (n � 31)
received vandetanib as a solution instead of tablets. The availability
of the liquid formulation allowed minimal variations between the
planned and actual doses of vandetanib, even among the youngest
patients. Because only four of our patients received vandetanib as
tablets, we cannot ascertain any pharmacokinetic differences be-
tween the two drug formulations in children.

We observed an increase in SDF1� after the initial 4 months of
therapy. A similar phenomenon was observed after RT of xenografts
derived from patients with glioblastoma.32 In that study, a number of
events led to the intratumoral formation of new blood vessels by
vasculogenesis to compensate for the inhibition of angiogenesis
caused by RT. Tumor hypoxia after RT caused an increase in SDF1�,
which was responsible for the recruitment of bone marrow–derived
cells into the tumor. Vasculogenesis resulted from the activity of those
cells. There was also an association between PDGF-BB levels before
therapy, VEGF levels before and during therapy, and the outcomes of
our patients. Although we observed statistically significant variations
of CECs and CEPs at different times before and during therapy, these

biomarkers did not disclose any association with treatment outcome.
As a proof of principle, vandetanib significantly inhibited the function
of its main target in peripheral blood mononuclear cells. The results of
our pharmacodynamic studies are particularly interesting because
they provide some clues about potential mechanisms of treatment
resistance (eg, induction of vasculogenesis) and may also allow the
selection of more appropriate therapies for individual patients.

Despite the addition of vandetanib to RT, the outcomes of our
patients remained dismal. However, we have been encouraged by the
lack of disease progression for three of our patients for at least 2 years.
Therefore, we continue to test vandetanib in combination with
other promising small-molecule inhibitors in children with DIPG.
We hope that the results of this and other well-designed therapeu-
tic clinical trials and biologic studies may enhance our understand-
ing of this lethal cancer and allow more rational applications of
promising therapies.
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