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Abstract
SU5416 is a novel small molecule tyrosine kinase inhibitor of the VEGF receptors 1 and 2. A
phase I dose escalation study stratified by concurrent use (stratum II) or absence (Stratum I) of
enzyme-inducing anticonvulsant drugs was undertaken to estimate the maximum-tolerated dose
(MTD) and to describe the toxicity profile of SU5416 in pediatric patients with refractory brain
tumors. Dose escalations were conducted independently for stratum I starting at 110mg/m2 while
stratum II started at 48mg/m2. Thirty-three eligible patients were treated on stratum I (n=23) and
stratum II (n=10). Tumor types included 23 glial tumors, 4 neural tumors, 4 ependymomas and 2
choroid plexus carcinomas. The MTD in Stratum I was initially estimated to be 110mg/m2. The
protocol was amended to determine the MTD after excluding transient AST elevation. Re-
estimation of the MTD began at the 145mg/m2 dose level but due to development of SU5416
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being stopped by the sponsor, the trial was closed before completion. The most serious drug-
related toxicities were grade 3 liver enzyme abnormalities, arthralgia and hallucinations. The
plasma pharmacokinetics of SU5416 was not significantly affected by the concurrent
administration of enzyme-inducing anticonvulsant drugs. Mean values of the total body clearance,
apparent volume of distribution, and terminal phase half-life of SU5416 for the 19 patients in
Stratum I were 26.1 ± 12.5 liter/h/m2, 41.9 ± 21.4 liter/m2, and 1.11 ± 0.41 h, respectively. The
plasma pharmacokinetics of SU5416 in children was similar to previously reported findings in
adult cancer patients. Prolonged disease stabilization was observed in 4 of 16 stratum 1 patients.
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Introduction
In order to expand their mass, tumors must up-regulate the angiogenic cascade so that
sufficient nutrients and oxygen are available to sustain tumor growth [1]. While many
angiogenic cytokines have been identified in brain tumors [2], VEGF appears to play a
dominant role, especially in malignant gliomas [3]. The degree of neovascularization is in
fact one of the pathologic criteria on which tumor grade is assigned for astrocytic tumors
and for which there is prognostic correlation [4]. In animal models, inhibition of VEGF or
its receptors (VEGFR-1, 2) have resulted in decreased growth of CNS tumors [5,6].

SU5416 (semaxanib) is a small organic molecule that exerts a biologic effect by inhibiting
VEGF mediated VEGFR receptor auto-phosphorylation which is necessary for receptor
signaling [7,8]. This agent interferes with endothelial cell proliferation thus preventing both
neovascularization and endothelial turnover. SU5416 mediated inhibition of proliferation
has been observed for endothelial cells and for cell lines transduced for VEGF activated
VEGFR-2 receptor signaling; SU5416 may function through the PI3/AKT kinase pathway
[9]. The potent in vivo activity of SU5416 has been demonstrated in murine and human
tumor cell line implant studies [10]. It does not penetrate the CSF, which is not required
given its target within the vasculature [11]. SU5416 has demonstrated activity in
orthotopicaly implanted CNS tumor models, supporting the notion that CNS penetration
through the intact blood brain barrier (BBB) is not required [6,12]. It has demonstrated
synergistic activity when combined with traditional therapeutic modalities including
irradiation [12] and cytotoxic chemotherapy [13,14] as well as other angiogenic pathway
inhibitors [15].

Adult clinical trials of SU5416 have provided important information regarding the toxicity,
delivery methods and activity of this agent both alone and in combination with
chemotherapy [16–23]. Some studies have failed to demonstrate activity for this agent,
which may relate to the different angiogenic cascades in addition to VEGF available to
tumors [24–26]. By contrast, tumors that are highly dependent on the VEGF pathway, such
as those in patients with Von Hippel-Lindau, have demonstrated responses [27–29] while
others have identified alterations in VEGF expression [30–32]. The MTD for SU5416 in
adults with solid tumors was 145mg/m2 when given intravenously twice weekly. Dose-
limiting toxicities included headache, nausea, and vomiting [16,18,23–25,30]. Episodes of
tumor associated bleeding or thrombosis have also been reported [26].

We here report the first experience of a small molecule inhibitor of the VEGF pathway in
pediatric patients with central nervous system tumors.
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Patients and Methods
Patient eligibility

Patients had to be < 22 years of age with a brain tumor refractory to standard therapy.
Karnofsky or Lansky performance of at least 60%, a life expectancy of greater than 8 weeks
and neurological deficits that were stable for a minimum of 1 week prior to study entry were
required. Recovery from prior irradiation (3 months for craniospinal or 2 weeks from focal
therapy) and chemotherapy (a minimum of 3 weeks; 6 weeks for nitrosourea) and off growth
factors for 1 week was also required. Patients taking dexamethasone had to be on a stable
dose for at least one week. Hematopoeitic function required ANC > 1,000/μl and platelets >
75,000/μl (transfusion independent); hemoglobin >9g/dl. In addition, creatinine ≤ 1.5 times
normal or GFR > 70 ml/min/1.73m2, bilirubin within normal range; SGPT (ALT) and
SGOT (AST) < 2.5X normal range for age were required. PT/PTT had to be ≤ 120% upper
limit of normal and there could be no overt renal, hepatic, cardiac or pulmonary disease.
Patients needed weight for height greater than the 3rd percentile and an albumin of greater
than 3g/dl. Patients had to initiate therapy within fourteen (14) days of registration.
Exclusion criteria included the concurrent use of any other anticancer or experimental drug
therapy, the presence of uncontrolled infection, pregnancy or breast-feeding, a deep venous
or arterial thrombosis (including pulmonary embolism) within the last three months prior to
study entry, a history of myocardial infarction, severe or unstable angina, or severe
peripheral vascular disease. Patients with known allergies to paclitaxel or any other agent
that uses cremophor as the excipient found in SU5416 were excluded. Patients could not
have any prior cerebral bleeds or prior use of stereotactic radiosurgery.

The institutional review board (IRBs) of each respective PBTC institution approved the
protocol before patient enrollment and continuing approval was maintained throughout the
study. Patients or their legal guardians gave written informed consent, and assent was
obtained as appropriate at the time of enrollment.

Treatment plan
Patients were stratified according to those not receiving enzyme inducing anticonvulsant
drugs (EIACD) (Stratum I) or those receiving EIACD (Stratum II). The dose of SU5416 was
escalated independently in the two groups using a traditional 3+3 phase I design. SU5416
was given by IV infusion through a central venous catheter. Dose escalations were
performed in approximately 33% increments. The observation time for determining dose-
limiting toxicity (DLT) was one course (6 weeks). Patients who came off therapy for reasons
other than toxicity before the DLT observation period was complete were replaced for
purposes of determining the MTD. Patients missing more than 4 doses for reasons other than
toxicity were also replaced. Planned dose levels were 110 (dose level 1 in stratum I), 145,
190, 250 and 330mg/m2/dose given by intravenous infusion twice weekly. Patients in
stratum II started at dose level –3 (48mg/m2/dose) with planned escalations at 65 and 85mg/
m2/dose before escalating at the same levels as in stratum I. Patients with a body surface
area (BSA) less than 0.6m2 were dosed per kilogram by dividing the dose above by a factor
of 30. As a result of the known toxicities of cremophor, a component of the vehicle used to
solubilize SU5416 for parenteral administration, all patients also received diphenhydramine
(or equivalent) and ranitidine (or equivalent) as well as an initial dose of 0.5mg/kg (max
10mg) dexamethasone for the first three infusions. This was weaned in patients tolerating
the infusion. Dexamethasone was given orally 12 and 6 hours prior to the infusion of
SU5416.

SU5416 was supplied by Sugen, Inc. (South San Francisco, CA), through the Cancer
Therapy Evaluation Program of the National Cancer Institute Bethesda, MD. SU5416 was
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given at a concentration of 1.5mg/cc by intravenous administration at 100cc/hr twice weekly
with at least 3 days between doses without breaks. A course was defined as 6 weeks of
therapy, and the maximum duration of planned therapy was two years.

Pharmacokinetic analysis
The pharmacokinetic analysis evaluated the plasma concentration-time profile of SU5416 in
pediatric brain tumor patients on day 1 and day 42 in consenting patients. Determination of
changes in pharmacokinetic behavior with increasing and repeated dosing of SU5416 was
also studied. We also sought to determine the interpatient variability in pharmacokinetic
variables in patients treated at the MTD. Since many brain tumor patients require concurrent
anti-seizure medication, we sought to evaluate whether the concurrent use of enzyme
inducing anticonvulsant drugs alters the elimination of SU5416. Finally, we sought to
establish the existence of correlations between pharmacokinetic variables and pretreatment
laboratory values, toxicity, and indications of biological response.

The concentrations of SU5416 and its two major oxidative metabolites, the 5′-
hydroxymethyl (SU9838) and 5′-carboxylic acid (SU6595) derivatives [33], were measured
in plasma by high performance liquid chromatography with ultraviolet detection, as
previously described, with minor modifications [34]. The lower range of the calibration
curves was 5ng/mL (0.021 μM) for the parent drug, 5ng/mL (0.020 μM) for SU9838 and
10ng/mL (0.037 μM) for SU6595. Between-day accuracy and precision of the assay were
calculated using data from a series of 12 independent calibration curves used for the analysis
of study samples over a period of 3 months. At the lower range of the standard curves,
accuracy expressed as the percentage of the difference between the mean calculated and
nominal concentration was 8.6% for SU5416, 14.1% for SU9838, and 5.8% for SU6595.
Corresponding values of the precision were 5.4% for SU5416, 9.5% for SU9838, and 10.3%
for SU6595.

Actual sample times were calculated from the beginning of the drug infusion to the sample
collection time. Plasma concentration-time profiles of SU5416 and its metabolites were
analyzed individually for each patient by non-compartmental methods using the WinNonlin
Version 4.0.1 software package (Pharsight Corp., Cary, NC). Area under the curve from
time zero to the last sample with a measurable concentration AUC(0-t) was estimated using
the linear/log trapezoidal method. Area under the curve from time zero to infinity (AUC) for
SU5416 was calculated by adding the extrapolated area, given as the quotient of the
observed plasma concentration at the last sample time to the estimated value of the slope of
the log-linear terminal phase, to AUC(0-t). The relative extent of metabolism was calculated
as the ratio of the AUC(0-t) for each metabolite to the parent drug expressed as a percentage
[14,35]. Values of the pharmacokinetic parameters at each dose level are reported as the
geometric mean ± SD of the values for the individual patients [36]. Standard deviations for
the geometric mean values were estimated by the jackknife method [37]. Parametric
statistical tests of pharmacokinetic variables were performed after logarithmic
transformation of the data [36,38].

Response and Toxicity
Neuro-imaging evaluation included 3-dimensional MRI, single voxel MRS, and echoplanar
perfusion/diffusion MRI, and FDG-PET. The imaging studies were analyzed by exploratory
methods. Studies were conducted pre-therapy (within 2 weeks prior to the initiation of
therapy), and at the end of course 1, 2, 4, 6 and 8 (at 6, 12, 24, 36 and 48 weeks of therapy)
and were centrally reviewed through the PBTC Neuroimaging Center (NIC). MRI response
criteria were defined as:
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Complete Response (CR)—Complete disappearance on MR/CT of all enhancing tumor
and mass effect, and off all corticosteroids (or receiving only adrenal replacement doses),
accompanied by a stable or improving neurologic examination, and maintained for at least 6
weeks. If CSF was positive it must become negative.

Partial Response (PR)—Greater than or equal to 50% reduction in tumor size by bi-
dimensional measurement or volumetric MR/CT, on a stable or decreasing dose of
corticosteroids, accompanied by a stable or improving neurologic examination, and
maintained for at least 6 weeks.

Stable Disease (SD)—Neurologic exam is at least stable and maintenance corticosteroid
dose not increased, and MR/CT imaging meets neither the criteria for PR nor the criteria for
Progressive Disease. For “Stable Disease” to be reported as a possible clinical benefit, it
must have been maintained for a clinically appropriate interval (e.g. 12 weeks for recurrent
high-grade gliomas).

Progressive Disease (PD)—Progressive neurologic abnormalities or worsening
neurologic status not explained by causes unrelated to tumor progression (e.g.,
anticonvulsant or corticosteroid toxicity, electrolyte disturbances, sepsis, hyperglycemia,
etc.), OR a greater than 25% increase in the bi-dimensional measurement or volumetric
measurement on MR/CT, OR increasing doses of corticosteroids required to maintain stable
neurologic status or imaging. Note: patients who met the above classic criteria for
progressive disease were coded as having progressed but could remain on therapy unless the
tumor size increased by > 50% if they had not previously responded (CR or PR) to this
therapy. Since the biologic effect of anti-angiogenic agents may not occur immediately, and
tumors will continue to grow until enough vascular supply is damaged to limit further
growth, this approach allowed for a more appropriate evaluation of response.

Dose-limiting toxicity was based on the Common Toxicity Criteria (CTC), version 2.0 and
included any grade 3 or 4 non-myelotoxicity, grade 4 neutropenia of any duration, grade 3
thrombocytopenia of any duration, or any grade 3 hepatic toxicity except liver transaminase
elevation < 10x upper limit of normal for one week or less. One dose of SU5416 could be
held while waiting for liver transaminase levels to return to ≤ grade 1. If the level did not
return to ≤ grade 1 before two scheduled doses, the event was considered a DLT. All grade 3
hypersensitivity reactions occurring with maximal pre-medication and all grade 4 reactions
resulted in discontinuation of therapy. These were not included in the definition of MTD and
these patients were replaced on the study. The MTD was defined at the dose at which one or
none of six patients experienced a DLT and the next highest dose level was too toxic (two or
more of three or six patients experienced a DLT).

Statistical Considerations
Progression-free survival (PFS) in this phase I trial could only be measured from the date of
treatment initiation to the off treatment date or last disease assessment if within 30 days of
the last treatment. A failure in the Kaplan-Meier estimate of PFS was either classical disease
progression or death. Patients not failing in the time interval for measuring PFS were
censored as of their last date of contact in this interval. All eligible patients who received
any SU5416 are included in the estimates of PFS. Cox proportional hazards models were
used to investigate possible associations between biology and imaging covariates and PFS;
provided at least 10 failures were available per covariate being explored. This restriction
was imposed due to the well known spurious results when fewer events are analyzed with
Cox models. Due to distributions of the variables being skewed, log transformations of the
variables were analyzed in the models.
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Results
A total of 33 eligible patients were enrolled on this phase I dose escalation study; 23 in
stratum I and 10 in stratum II (see Table I). Three patients in stratum I were not evaluable
for dose finding: one patient died prior to receiving therapy, one patient withdrew from the
study before completing the toxicity observation period and one patient experienced
hypersensitivity reaction to the drug. Two patients in stratum II were not evaluable for dose
finding: one patient died (unrelated to treatment) on day four of treatment and one patient
experienced hypersensitivity reaction on initial treatment.

The dose levels studied and the numbers of patients treated at each dose level for each
stratum are shown in Table II. Two of five patients treated at 145mg/m2 experienced DLTs
(one patient experienced grade 3 transaminase elevations (SGOT & SGPT) and one patient
experienced grade 3 hallucinations) thus establishing the MTD at 110mg/m2 in stratum I As
planned in the study design, six additional patients were treated at 110mg/m2 to better
describe the toxicity profile of SU5416.

Based on the reversible nature of the transaminase elevations in the patients treated with
SU5416, the protocol was amended to allow transient elevation of AST or ALT to <10 times
normal for ≤ 1 week duration. Furthermore, the patient who experienced grade 3
hallucinations at 145mg/m2 was also receiving dexamethasone and morphine that have been
associated with hallucinations. Thus, given the unclear role of SU5416 in what had been
called a DLT for grade 3 hallucinations and the reversible nature of elevated transaminases,
the protocol was amended in October 2001 and accrual reopened. Three of four additional
patients treated in stratum I at 145mg/m2 were evaluable and none experienced DLTs. Three
of four patients were treated in stratum II at 65mg/m2 and one developed a DLT (grade 3
headache).

In June 2002, the PBTC was notified by the National Cancer Institute Division of Cancer
Treatment and Diagnosis that based on results characterized by a relative lack of clinical
activity in several single agent phase I/II studies sponsored by SUGEN, INC/Pharmacia
Corporation discontinued the development of the agent. Thus this trial was closed.

Significant adverse events experienced during the dose-finding period (first course) for all
eligible patients are reported in Table II. Significant adverse events observed during
subsequent cycles are also included and are similar to those observed in adults (Table III).

Tumor Response
Radiographic response was evaluated after course 1 in patients who completed the first
course and were evaluated for response are reported in Table IV. No objectives responses
were observed in either stratum. However, 4 of 16 [25% (95% CI: 9%–50%)] patients
evaluable for response in stratum I (three at completion of the first on therapy scan, and 1 on
the 2nd scan) had sustained stable disease for a sufficient period to be considered of possible
clinical benefit of treatment (Table V). The stable disease durations were 16.9 weeks (GBM
treated at 110 mg/m2); 63.1 weeks (GBM treated at 110 mg/m2); 40.4 weeks (AA treated at
110 mg/m2); 14.4 weeks (Astrocytoma, NOS treated at 110 mg/m2). Of the 6 evaluable
patients in stratum II, a single patient [17% (95% CI: 1%–60%)] experienced stable disease
at a sufficient duration to be considered to represent a possible clinical benefit (Table V).
This patient had a choriod plexus carcinoma; stable disease was maintained for 56.1 weeks.

Pharmacokinetics
Pharmacokinetic data for the first dose of SU5416 was available for 19 patients in the non-
EIACD arm (stratum I) treated with doses of 110mg/m2 (13 patients) and145 mg/m2 (6
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patients). Mean plasma concentration-time profiles of SU5416 and its two major phase I
metabolites, SU9838 and SU6595, for the group of patients receiving the initial weekly dose
of 110mg/m2 are shown in Figure 1. The concentration of SU6595, the carboxylic acid
metabolite, became similar to the parent drug shortly after the end of the infusion and
remained as such throughout the sampling interval, which concluded at 7 hours relative to
the starting time of the infusion. Plasma levels of SU9838, the hydroxymethyl metabolite
that is a precursor to SU6595, were more than 10-times lower than SU6595 at all sample
times. Mean pharmacokinetic parameters of SU5416 and the relative extent of its
metabolism to SU9838 and SU6595, calculated as the ratio of the AUC of the metabolite to
parent drug expressed as a percentage, are presented in Table VI. Results of the statistical
comparisons that were performed to assess the effect of dose, duration of treatment, and use
of EIACDs on the pharmacokinetics and metabolism of SU5416 are summarized in
Supplemental Table SI. Analysis of the data for the first weekly dose of SU5416 identified
no significant differences between the mean values of the pharmacokinetic parameters or the
relative extent of metabolism to SU9838 and SU6595 at the two dose levels evaluated in the
non-EIACD stratum. Pharmacokinetic data for the first dose of SU5416 was obtained from
only 9 patients in the EIACD stratum at doses of 35 (1 patient), 45 (2 patients) and 65 mg/
m2 (6 patients). The anticonvuslants used in these patients were carbamazepine (4 patients),
phenytoin (2 patients), carbamazepine and phenytoin (1 patient), oxcarbazepine (2 patients),
and phenobarbital (1 patient). Pharmacokinetic data was available from an insufficient
number of patients at the two lower doses to permit statistical comparisons between the
three dose levels. Nevertheless, in consideration of the relatively small number of patients in
the EIACD stratum, mean values of the pharmacokinetic data from all 9 patients were
calculated to enhance the power of statistical comparisons to assess the influence of
concurrently administered EIACDs on the disposition and metabolism of SU5416. Mean
values of the pharmacokinetic parameters and relative extent of metabolism for patients in
the EIACD stratum were very similar to those for the non-EIACD stratum, with no
statistically significant differences between the two treatment groups. Finally, for patients in
the non-EIACD stratum, differences between the mean data for the sixth weekly dose (13
patients) and the first dose of SU5416 did not achieve statistical significance.

Discussion
A number of studies of SU5416 utilized in adults, either alone or in combination with
traditional therapy, have been published [16–20,24,25,30,31]. We here report the results of
the first pediatric phase I study of a small molecule inhibitor of VEGF in patients with
central nervous system tumors. Due to the known pathways involved in the metabolism of
this compound, patients were stratified by the presence or absence of the use of enzyme
inducing anticonvulsant drugs (EIACDs).

Dose-limiting toxicities were observed at 145mg/m2/dose in stratum I, consisting
predominantly of grade 3 transaminase elevations, in addition to a single grade 3 episode of
hallucinations. These toxicities may have been related to cremophor rather than SU5416.
The starting dose of 110mg/m2/dose was based on initiating pediatric clinic trials at 80% of
the adult MTD, which has been identified at 145mg/m2/dose.

The pharmacokinetics of SU5416 in adult cancer patients has been characterized in several
phase I clinical trials [17,20,34]. These studies have shown that SU5416 is rapidly
eliminated from plasma and that pharmacokinetic parameters determined for the first
infusion of drug appear to be independent of the administered dose. At doses ranging from
20 to 145 mg/m2, mean values of the apparent terminal phase half-life ranged from 0.58 to
0.87 h and the total body clearance ranged from 25.8 to 44.8 liter/h/m2 in the studies that
have been reported. The clearance of SU5416 increased by more than 50% upon repeated
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administration when the interval between successive doses was less than 7 days [20].
Hepatic metabolism by cytochrome P450 (CYP) enzymes is an important route of
elimination for SU5416, with CYP3A4 being the major isozyme catalyzing the initial
oxidation of the compound [33,39]. The increased clearance observed with daily and twice
weekly dosing results from the induction of CYP3A4 and may be due to either the SU5416
itself or the co-administration of dexamethasone used to prevent hypersensitivity reactions
[20].

The pharmacokinetic behavior of SU5416 has not been previously studied in children or
patients with CNS malignancies. The total body clearance for the initial dose of SU5416 in
pediatric cancer patients who were not receiving EIACDs, 26.1 ± 12.5 liter/h/m2, was within
the range of reported values for adults. Similarly, as observed in the clinical studies of the
drug in adult patients, repeated administration at a dosing interval of 7 days did not result in
any significant changes in the pharmacokinetics of SU5416. Moreover, there was no
evidence to suggest that the pharmacokinetics of SU5416 was affected by the concomitant
use of EIACDs. The absence of a clinically significant pharmacokinetic interaction between
these anticonvulsants and SU5416 is indeed surprising in consideration of the presumably
prominent role of CYP3A4 in the elimination of SU5416, as evidenced by the autoinduction
of its clearance upon frequent repeated administration. Increased systemic clearance of other
chemotherapeutic agents that are metabolized by CYP3A4 in brain cancer patients receiving
these anticonvulsants includes the epipodophyllotoxins, vinca alkaloids, taxanes, and the
camptothecins [40].

The toxicity profile of SU5416 is similar to that reported in adult clinical trials with this
agent, as well as other trials with drugs that are dissolved in cremaphor. Severe grade 3
headache, which was prevalent in the adult protocols assessing SU5416, was less frequent in
the pediatric population, and was only reported in the first two cycles, especially in those not
receiving appropriate pre-medication. A number of toxicities were the result of the
cremophor used to solubilize SU5416, although only two significant allergic reactions were
reported, in contrast to what was observed in adults. The significant toxicity of cremophor
may have prevented a significant dose escalation of SU5416, thus limiting the latter’s
activity as evaluated in this phase I trial. In spite of this potential limitation, SU5416
demonstrated potentially interesting activity as measured by stable disease of sufficient
duration to suggest clinical benefit in several of the patients treated. Such findings may be
meaningful in a phase I dose escalation study of this nature with a heterogeneous population
of patients and tumor types. The clinical benefit observed in this protocol was related to
prolonged disease stabilization, which is an effect similar to that with SU5416 in pre-clinical
models.

The clinical development of SU5416 has been halted, in part due to the limited single agent
activity of this highly specific VEGFR inhibitor, as well as the significant toxicity related to
the SU5416 dependant co-administration in cremaphor. The results reported herein represent
the first demonstration of a small molecule inhibitor of angiogenesis used in pediatric
patients. We were able to demonstrate that pediatric patients tolerate dose levels of this drug
in a range that is similar to that observed in adults. Furthermore, there was significant
overlap in the pharmacokinetic and toxicity profiles between the two populations. As new
VEGF signal inhibitory molecules become available, these results will be used to guide
these newer trials in terms of identifying activity.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean plasma concentration-time profiles of SU5416 (●) and its two major metabolites,
SU9838 (■) and SU6595 (□), for the initial weekly dose of 110 mg/m2 SU5416 in the group
of 13 patients who were not taking enzyme inducing anticonvulsant drugs. Error bars depict
the SD of the mean concentrations.
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Table I

Patient Characteristics

Stratum I (N=23) Stratum II (N=10)

Age at Study Entry (Years)

 Median (Minimum, Maximum) 8.5 (2.2, 21.0) 10.6 (1.5,16.4)

Number % Number %

SEX

 Males 15 65.2 5 50.0

 Females 8 34.8 5 50.0

RACIAL CATEGORY

 Asian 0 0.0 1 10.0

 Black 4 17.4 3 30.0

 Unknown 0 0.0 1 10.0

 White, Hispanic 2 8.7 0 0.0

 White, Non-Hispanic 17 73.9 5 50.0

DIAGNOSIS

 Astrocytoma, Anaplastic 3 13.0 2 20.0

 Astrocytoma, Nos 1 4.3 0 0.0

 Brain Stem Glioma 3 13.0 0 0.0

 Choroid Plexus Carcinoma 1 4.3 1 10.0

 Ependymoma, Nos 4 17.4 0 0.0

 Ganglioglioma 1 4.3 1 10.0

 Glioblastoma Multiforme 4 17.4 2 20.0

 Glioma, Malignant 2 8.7 0 0.0

 Pilocytic Astrocytoma 3 13.0 1 10.0

 Pineoblastoma 0 0.0 2 20.0

 Primitive Neuroectodermal Tumor 1 4.3 0 0.0

 Rhabdoid Sarcoma 0 0.0 1 10.0
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Table III

Frequency of Grade 3 or 4 Adverse Events (Number of Patients) Attributed to SU5416 Observed in All
Eligible Patients (n=33).

Stratum I Stratum II

Course 1 Course 2–10 Course 1 Course 2–10

Lymphopenia 1 (1) 7 (1)

Allergic reaction/Hypersensitivity 1 (1)

SGOT (AST) 2 (2)

SGPT (ALT) 1 (1) 1 (1)

Hypophosphatemia 3 (2)

Hallucinations 1 (1)

Arthralgia (joint pain) 1 (1) 1 (1)

Headache 1 (1) 3 (2)

Rash 1 (1)
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Table IV

Radiographic response after course 1

Stratum I Stratum II

CR or PR 0 0

SD 6 (38%) 1 (17%)

PD 10 (63%) 5 (83%)

Total Evaluable 16 6

Total Not Included in Response Assessment 7 4

Six patients in stratum I were not evaluable for response because of absence of measurable tumor at baseline (n=1), withdrawal prior to initiation of
therapy (n=1), off therapy for DLT before the first radiographic assessment (n=2), off therapy for allergic reaction to the drug (n=1), development
of a secondary cancer – lung tumor (n=1) and inability to perform the disease assessment (n=1). Four stratum II patients were inevaluable for
response for off therapy for DLT prior to the first radiographic assessment (n=2), off therapy for allergic reaction to drug (n=1) and death unrelated
to treatment or primary cancer (n=1).
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