
Efficacy of bevacizumab plus irinotecan in children with recurrent
low-grade gliomas—a Pediatric Brain Tumor Consortium study

Sridharan Gururangan, Jason Fangusaro, Tina Young Poussaint, Roger E. McLendon, Arzu Onar-Thomas,
Shengjie Wu, Roger J. Packer, Anu Banerjee, Richard J. Gilbertson, Frederic Fahey, Sridhar Vajapeyam,
Regina Jakacki, Amar Gajjar, Stewart Goldman, Ian F. Pollack, Henry S. Friedman, James M. Boyett,
Maryam Fouladi, and Larry E. Kun

Preston Robert Tisch Brain Tumor Center, Duke University Medical Center, Durham, North Carolina (S.G*., H.S.F.); Department of Pathology,
Duke University Medical Center, Durham, North Carolina (R.E.M.); Ann and Robert H. Lurie Children’s Hospital of Chicago, Chicago, Illinois
(J.F., S.G.); Department of Radiology, Boston Children’s Hospital, Boston, Massachusetts (T.Y.P., F.F., S.V.); Department of Oncology, St. Jude
Children’s Research Hospital, Memphis, Tennessee (A.G.); Cancer Center Administration, St. Jude Children’s Research Hospital, Memphis,
Tennessee (R.J.G.); Department of Radiological Sciences, St. Jude Children’s Research Hospital, Memphis, Tennessee (L.E.K.); Department of
Neurology, Children’s National Medical Center, Washington, DC (R.J.P.); Department of Neurosurgery, Universityof California at San Francisco,
San Francisco, California (A.B.); Department of Hematology/Oncology, Children’s Hospital of Pittsburgh, Pittsburgh, Pennsylvania (R.J.);
Department of Neurological Surgery, Children’s Hospital of Pittsburgh, Children’s Hospital Drive, Pittsburgh, Pennsylvania (I.F.P.); Department
of Hematology/Oncology, Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio (M.F.); Department of Biostatistics, Operations and
Biostatistics Center, for the Pediatric Brain Tumor Consortium, Memphis, Tennessee (A.O.-T., S.W., J.M.B.)

Presented in part to the Society for Neuro-Oncology, Los Angeles, CA, November 2011.
Corresponding author: Sri Gururangan, MRCP, Preston Robert Tisch Brain Tumor Center, Duke University Medical Center, Hanes House, Room 307,
330 Trent Drive, Box 102382, Durham, NC 27710 (sridharan.gururangan@dm.duke.edu).

Background. A phase II study of bevacizumab (BVZ) plus irinotecan (CPT-11) was conducted in children with recurrent low-grade glioma
to measure sustained response and/or stable disease lasting ≥6 months and progression-free survival.

Methods. Thirty-five evaluable patients received 2 doses (10 mg/kg each) of single-agent BVZ intravenously 2 weeks apart and then
BVZ + CPT-11 every 2 weeks until progressive disease, unacceptable toxicity, or a maximum of 2 years of therapy. Correlative studies
included neuroimaging and expression of tumor angiogenic markers (vascular endothelial growth factor [VEGF], VEGF receptor 2,
hypoxia-inducible factor 2a, and carbonic anhydrase 9).

Results. Thirty-five evaluable patients (median age 8.4 y [range, 0.6–17.6]) received a median of 12 courses of BVZ + CPT-11 (range,
2–26). Twenty-nine of 35 patients (83%) received treatment for at least 6 months. Eight patients progressed on treatment at a
median time of 5.4 months (range, 1–17.8). Six patients (17.7%) still in follow-up have had stable disease without receiving additional
treatment for a median of 40.1 months (range, 30.6–49.3) from initiating therapy. The 6-month and 2-year progression-free survivals
were 85.4% (SE+5.96%) and 47.8% (SE+9.27%), respectively. The commonest toxicities related to BVZ included grades 1–2 hyperten-
sion in 24, grades 1–2 fatigue in 23, grades 1–2 epistaxis in 18, and grades 1–4 proteinuria in 15. The median volume of enhancement
decreased significantly between baseline and day 15 (P , .0001) and over the duration of treatment (P , .037).

Conclusion. The combination of BVZ + CPT-11 appears to produce sustained disease control in some children with recurrent low-grade
gliomas.

Keywords: bevacizumab, CPT-11, children, gliomas, recurrent.

Pediatric low-grade glioma (LGG) is a heterogeneous group of
tumors constituting the most frequent CNS neoplasia encountered
in this population. Pilocytic astrocytoma (PA) is the commonest

LGG in children.1 Initial treatment of children with LGG (excluding
the optic pathway and intrinsic brainstem lesions) is surgical resec-
tion and is often curative.2 Patients with recurrent LGG usually
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receive chemotherapy and/or focal radiotherapy.3,4 Cytotoxic
treatment, especially radiotherapy, has the potential for causing
serious long-term toxicities, especially in young children with a
disease that can be chronic and compatible with prolonged sur-
vival.5,6Also, patients with recurrent LGG who fail standard chemo-
therapy regimens and/or radiotherapy have few available
treatment options, and novel therapies are urgently needed.

Tumor angiogenesis is a process that is essential for tumor
growth beyond a certain size and ultimately promotes tumor infil-
tration and metastasis.7 Vascular endothelial growth factor (VEGF)
is a keyangiogenesis mediator that is overexpressed in CNS tumors,
including LGG.8 – 10 Bevacizumab (BVZ; Avastin, Genentech) is a
humanized monoclonal antibody that is highly specific for all
VEGF isoforms.11 In 2006, based on promising results from the
use of BVZ + camptothecin (CPT)-11 in adults with recurrent malig-
nant glioma, the Pediatric Brain Tumor Consortium (PBTC) initiated
a phase II study in children with recurrent brain tumors, including
malignant glioma, brainstem glioma, ependymoma, and medullo-
blastoma.12,13 In 2008, following encouraging results from a
limited institution pilot study of the same combination in 10
patients with recurrent LGG, an additional stratum was added to
assess the efficacy and toxicity of this regimen in this patient popu-
lation.14,15We now report on the efficacyof this combination in this
stratum.

Patients and Methods

Study Objectives
The primary objective of the study was to estimate the rates of sustained
(≥8 wk) objective response (OR) (complete response [CR] + partial response
[PR]) to BVZ + CPT-11 in children with recurrent LGG over 4 courses of
therapy and stable disease (SD) over 6 courses (measured at courses 2, 4,
and 6). This endpoint will be denoted as OR/SD6 henceforth. Secondary
objectives included estimating (i) treatment-related toxicities and
progression-free survival (PFS), (ii) overall survival in patients who con-
sented to follow-up for 5 years after initiation of treatment, (iii) changes
in perfusion/diffusion on MRI and 18F-fluorodeoxyglucose (FDG) uptake
using PET during treatment, (iv) BVZ plasma pharmacokinetics (results to
be reported separately), and (v) expression of VEGF-A and -B, hypoxia-
inducible factor (HIF)–2a, VEGF receptor (VEGFR)–2, and carbonic anhy-
drase (CA)–9 by tumor immunohistochemistry correlated with tumor
response and PFS.16

Eligibility Criteria

Inclusion criteria

Patients ,21 years old with recurrent or progressive histologically con-
firmed LGG and measurable disease were eligible for this study (those
with visual pathway tumors or intrinsic brainstem tumors did not need
histologic confirmation). Subjects were required to have a Karnofsky/
Lansky score of at least 50, received at least standard chemotherapy
and/or radiotherapy, be ≥3 weeks from prior myelosuppressive chemo-
or biologic therapy, and be ≥6 weeks from prior major surgical resection
and ≥3 months from local radiotherapy. Required evidence of adequate
organ function included an absolute neutrophil count of ≥1500/mL (unsup-
ported), platelets ≥100,000/mL (unsupported), hemoglobin .8 g/dL,
serum creatinine less than or equal to the upper limit of institutional
normal (ULN), blood urea nitrogen ,25 mg/dL, bilirubin ≤1.5×ULN, and
serum glutamic oxaloacetic transaminase and serum glutamic pyruvic

transaminase ≤3×ULN. Eligibility also required absence of active systemic
illness, stable neurologic function and corticosteroid dose (if any), and an
agreement to use a medically acceptable form of birth control (in those of
childbearing or fathering potential).

Exclusion criteria

The general and BVZ-relatedexclusion criteria have been reported previous-
ly.12,13 The institutional review boards of each PBTC institution approved the
protocol before initial patient enrollment; continuing approval was main-
tained 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, dose modifications, required observations prior to,
during, and off study, and evaluation of response are available in the Appen-
dix online.

Evaluation of permeability, perfusion, diffusion, and FDG-PET para-
meters was performed as described previously.12,13 In consenting patients,
paraffin-embedded tumor sections were obtained from already available
tumor tissue, stained for 4 protein markers (VEGF, VEGFR-2, HIF-2a, and
CA-9), and scored by a neuropathologist (R.E.M.) who was unaware of the
results of clinical and image analyses.16

Study Design and Statistical Analysis

The primary objective of the study was to determine the true sustained OR
(CR + PR) or SD6 to BVZ + CPT-11 in children with recurrent LGG. In order to
count as successes, the ORs had to occur within the first 4 courses of treat-
ment and had to be sustained for 8 weeks. Using Simon’s minimax 2-stage
design with a ≤45% OR/SD6 rate as unacceptable versus a ≥75% OR/SD6

rate as desirable and 5% type I error and 10% type II error rates, 15 patients
were enrolled during the first stage and at least 8 sustained ORs and/or SD6

were required to enroll an additional 20 patients in the second stage. The
treatment regimen would be deemed ineffective if ,21 responses and/or
SD6 were observed in 35 patients. The analysis plan also specified models
for exploring correlations between MR perfusion/diffusion imaging and
FDG-PET uptake and responses (if any) in the same tumor site and with
PFS. Wilcoxon signed-rank tests were used to explore changes in the MRI
values from baseline to day 15. Linear mixed effects models were used to
investigate trends in MRI values over time. To limit undue influence from
patients who were able to stay on treatment longer, the longitudinal
imaging data included in these models were restricted to those obtained
within 1 year of the on-treatment date. To adjust for multiplicity, a Bonfer-
roni adjusted P value threshold of .0017 was used. Results from this
analysis were then classified into 3 categories: statistically significant
(P ≤ .0017), suggestive (0.0017,P ≤ .05), and no evidence of association
(P . .05). Kaplan–Meier estimates of the PFS distribution were obtained
based on all eligible patients who received at least 1 dose of BVZ. PFS was
measured from the date of initial treatment to the earliest date of
disease progression, second malignancy, or death for patients who failed,
and to the date of last contact or the date of initiation of alternative
therapy, whichever was earlier, for patients who remained at risk for
failure. Patients who initiated alternative therapies prior to progressive
disease (PD) were censored at that time for the purposes of estimating
PFS even if they experienced PD post-initiation of other therapies.

Results
Thirty-seven patients were enrolled on this stratum between No-
vember 2008 and June 2010. Two patients were inevaluable due
to withdrawal from study before beginning protocol therapy.
Hence, all results reported here are based on 35 patients who
were eligible and received at least 1 dose of treatment.
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Patient Characteristics

Patient characteristics are listed in Table 1. The median age at en-
rollment for eligible patients was 8.4 years (range, 0.6–17.6).
Sixteen patients (46%) had PA. Five patients (14.2%) had neuro-
fibromatosis type 1. The median number of prior recurrences was
1 (0–8; Table 1). Eight patients had at least 3 prior recurrences;
all patients had received surgery and/or chemotherapy+radio-
therapy prior to entry (Table 1). The median performance status
was 90 (range, 70–100). The median number of courses of
BVZ + CPT-11 received was 12 (range, 2–26; Table 2).

Toxicity

The common grades 1–4 toxicities related to BVZ and CPT-11 are
listed in Table 3. The most common toxicities related to BVZ were
fatigue and grades 1–2 hypertension in 23 and 24 patients, re-
spectively. One patient came off treatment for hypertension asso-
ciated with proteinuria and another due to persistent fatigue.
Eighteen patients had grades 1–2 epistaxis. Two patients came
off treatment for persistent grade 2 epistaxis. Fifteen patients
had grades 1–4 proteinuria. Three patients came off treatment
for this toxicity. Proteinuria resolved over a period of weeks to
months following cessation of BVZand was not associated with de-
terioration of renal function. Two patients with grade 1 CNS hemor-
rhage (following courses 6 and 9, respectively) and 1 patient with
CNS ischemia (after the second course) were taken off therapy. One
patient had avascular necrosis of the lunate bone after 18 cycles of
treatment. One patient came off study for hip pain after 18 cycles,
which recurred predictably following BVZ administration without
any changes on radiologic examination. Another patient was
found to have metaphyseal sclerotic bands on routine X-ray of
the knee following 7 cycles of BVZ + CPT-11 and was taken off
treatment (Table 2). Neither of these 2 patients had an MRI scan
of the affected bone to confirm findings. Bone marrowsuppression,
diarrhea, and mild transaminase elevation were found in associ-
ation with the concomitant use of CPT-11 (Table 3). Fifteen patients

stopped therapy due to toxicity related to BVZ (n¼ 13) or because
they needed major surgery (n¼ 2), and continuing to give BVZ
would have caused delayed wound healing (Table 2). There were
no toxicity-related deaths.

Responses and Progression-free Survival

Twenty-nine patients (83%) received protocol therapy for at least 6
months (Table 2). Sustained PR was observed in only 2 patients
(5.7%) at days 60 and 174 of treatment, respectively. One
patient with a recurrent thalamic PA had sustained this response

Table 2. Treatment and outcome in 35 evaluable patients with recurrent
LGG treated with BVZ + CPT-11

Treatment and Outcome

Median no. of courses received (range) 12 (2–26)
Sustained responses PR, 2 (at days

60 and 174)
n patients who stayed on treatment for at least

6 mo
29/35 (82.86%)

n patients off treatment for toxicity or BVZ-related
concerns

15/35 (42.86%)

n patients who withdrew after beginning protocol
therapy

8/35 (22.86%)

Median time, mo, to PD on treatment (range)
(n¼ 8)

5.4 (1.6–17.8)

Median time, mo, to PD off treatment (range)
(n¼ 12/27a)

5.1 (2.9–16.6)

Median duration of sustained SD (range) for
patients who remained progression free
without alternative treatment at the time of
this report (n¼ 6/27a)

40.1 (30.6–49.3)

aThese statistics are available in only 27 patients who consented to
long-term follow-up.

Table 1. Clinical characteristics in 35 evaluable patients with recurrent
LGG treated with BVZ + CPT-11

Clinical Characteristics

Total N of evaluable patients 35
Median age, y, at enrollment

(range)
8.4 (0.6–17.6)

Histology PA, 16 (46%)
Astrocytoma NOS, 5 (14%)
Grade II astrocytoma, 1 (3%)
Ganglioglioma, 1 (3%)
OPG (not biopsied), 12 (34%)

No. of patients with NF-1 5 (14.2%)
Median no. of prior recurrences 1 (0–8)
Prior therapy Chemotherapy+biologic therapy only,

33
Radiotherapy + chemotherapy, 2

Abbreviations: NOS, not otherwise specified; OPG, optic pathway glioma;
NF-1, neurofibromatosis type 1.

Table 3. Toxicity due to BVZ and CPT-11 in 35 children with recurrent LGG

Toxicity Grade BVZ Irinotecan

n¼ 35 n¼ 35
Hypertension 1–2 24
Fatigue 1–2 23
Epistaxis 1–2 18
Proteinuria 1–2/3–4 12/3
CNS hemorrhage 1 2
Rectal bleeding 1 2
Metaphyseal bands on knee X-ray 2 1
Avascular necrosis of lunate bone 3 1
Hip pain 2 1
CNS ischemia 2 1
Neutropenia 1–2/3–4 11/4
Thrombocytopenia 1 4
Diarrhea 1–2/3 23/2
Elevated transaminases 1 16
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for 17 months before stopping therapy for toxicity. He then suffered
PD after coming off therapy. Another with a recurrent optic
pathway glioma had sustained response for 7 courses, decided
to stop protocol therapy, but remained on study for long-term
follow-up. She subsequently had PD off treatment. One additional
patient had a PR at 2 months following starting treatment but suf-
fered PD at 4 months. Eight patients withdrew from study mostly
due to the hardship of having to travel to a PBTC center to receive
study drug (Table 2).

Eight patients suffered PD on treatment at a median of 5.4
months from beginning therapy (range, 1.6–17.8; Table 2), 5 of
whom did so within 6 months. In 27 patients who consented to
long-term follow-up, 12 additional patients have had PD off
therapyat a median of 5.1 months (range, 2.9–20.5) from stopping
BVZ + CPT-11. Two additional patients experienced PD after initiat-
ing alternative therapy in the absence of progression. Six patients
(17.1%) are still in follow-up and currently have had SD without re-
ceiving additional therapy for a median of 40.1 months (range,
30.6–49.3) since starting treatment (Table 2). The 6-month and
2-year PFS rates are 85.4% (SE +5.96) and 47.8% (SE+9.34),
respectively.

Changes in Volume Enhancement, Cerebral Blood Volume 3D
Max, Volume Fluid Attenuated Inversion Recovery, Kps 3D
Max, and Diffusion Ratio Following 2 Doses of BVZ and During
Treatment With BVZ + CPT-11

The numbers of patients with baseline, day 15, and at least 1
on-treatment MRI scan available for measurement of MRI para-
meters are listed in Table 4. The median fold change in volume en-
hancement showed a significant decrease from baseline to the day
15 scans (P , .0001; Table 4, Fig. 1). In a longitudinal model, there
was suggestive evidence that the fold change in volume enhance-
ment decreased on average over the course of treatment (P¼
.037; Table 4, Fig. 2). There was suggestive evidence that the
median maximum permeability (Kps 3D Max) values decreased
between baseline and day 15 (P¼ .016), but no such change was
detected over time (P¼ .903). Similarly there was suggestive
evidence that the median fold change in volume fluid attenuated
inversion recovery (FLAIR) values decreased between baseline
and day 15 (P¼ .015), but no significant changes were observed
over time (Table 4). The median fold change values for diffusion
ratio or perfusion ratio of maximum cerebral blood volume (CBV

3D Max) did not significantly change either at day 15 or over
time. Figure 2 shows changes in enhancement, diffusion, and per-
fusion following treatment in 1 patient who demonstrated PR to
treatment.

Changes in FDG-PET Parameters During Treatment With
BVZ + CPT-11 Compared With Baseline

A baseline FDG-PET scan of brain was obtained in 21 patients.
Fifteen patients had both a baseline and an on-treatment FDG-
PET scan that were analyzable for FDG uptake. Mean tumor to
gray matter (T/GM) and tumor to white matter (T/WM) ratios
were available at baseline for 19 patients and paired scans for 9
patients. The baseline median values for mean T/GM and mean
T/WM ratios were 0.58 (range, 0.35–1.31) and 1.79 (range,
0.87–2.87), respectively. Based on the subjective grading, 5 of 9
patients with increased FDG uptake (uptake more than WM) at
baseline demonstrated decreased uptake following treatment. In
2 cases, uptake stayed the same, and in an additional 2 there
was an increase in uptake upon treatment. The objective analysis
yielded similar results, with uptake decreasing in 6 of 9 cases and
increasing in 3 cases. However, there was no statisticallysignificant
change in FDG uptake or mean T/GM or T/WM ratios from baseline
to those measured on treatment (Table 4).

Expression of VEGF, HIF-2a, VEGFR-2, and CA-9 by Tumor
Immunohistochemistry

Immunohistochemistry was performed in available tumor
samples from 8 patients (PA¼ 7, well-differentiated
astrocytoma¼ 1). Median expressions for VEGF, HIF-2a, VEGFR-2,
and CA-9 were 30% (range, 2%–80%), 1.5% (0%–5%), 35%
(2%–70%), and 0% (0%–1%), respectively. Due to the very
limited number of patients with immunohistochemical expression
data, no analysis was attempted to explore associations with PFS.

Discussion
Bevacizumab, a humanized monoclonal antibody, was developed
as a specific inhibitor of all VEGF-A isoforms and has been FDA
approved in combination with chemotherapy for certain adult
cancers, including recurrent glioblastoma multiforme (GBM).17

VEGF inhibition results in decreased vascular permeability and

Table 4. Fold change in neuroimaging parameters between baseline, day 15, and over 1 y of treatment

Median Fold Change at Day 15 (range) P Median Maximum Fold Change Over 1
Year of Treatment (range)

P

Volume enhancement 0.69 (0.02, 1.88) (n¼ 28) ,.0001 0.73 (0.15, 1.88) (n¼ 33) .037
Volume FLAIR 0.92 (0.57, 1.23) (n¼ 27) .015 1.01 (0.57, 3.11) (n¼ 30) .426
Kps 3D Max 0.51 (0.00, 1.53) (n¼ 12) .016 0.78 (0.00, 10.28) (n¼ 14) .903
CBV 3D Max 0.86 (0.00, 3.27) (n¼ 12) .457 1.00 (0.00, 3.27) (n¼ 14) .761
Diffusion ratio 0.94 (0.58, 1.47) (n¼ 30) .156 1.06 (0.70, 2.22) (n¼ 33) .111
T/GM ratio* 0.83 (0.68, 2.00) (n¼ 9) .250 – –
T/WM ratio* 0.83 (0.56, 1.23) (n¼ 9) .164 – –

P values are based on Wilcoxon signed-rank tests.
*Based on baseline and one on treatment scan.
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Fig. 1. Fold change in volume enhancement, Kps 3D Max, and FLAIR following 2 doses of BVZ (upper panel) and over the entire course of treatment (lower panel).
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interstitial fluid pressure, more orderly blood flow due to pruning of
unnecessary blood vessels, decrease in the number of tumor-
initiating cells due to disruption of their perivascular niche, and

increase in chemotherapy drug delivery into the tumor.18,19 PA is
a vascular tumor that expresses VEGF predominantly in the neo-
plastic astrocytic foot processes at levels similar to that observed

Fig. 2. A 10-year-old girl (patient #30, Table 4) with primarily right optic pathway tumor extending into the right basal ganglia, with MRI at baseline (row 1),
at 15 days (row 2), at 3 months (row 3), and off therapy at 9 months (row 4). Axial MRI from FLAIR (column 1), T1 images with gadolinium (column 2),
apparent diffusion coefficient (ADC) maps (column 3), and T1 permeability maps (column 4). There is a decrease in FLAIR volume and enhancing
volume over time. Permeability maps demonstrate a reduction in Kps values between baseline and day 15 and continuing to be present at 9 months.
There is a transient increase in permeability at 3 months, without an increase in the volume of tumor. ADC maps demonstrate a reduction in the ADC
values within the tumor from day 0 to day 15, likely due to edema reduction in the tumor that continues until 3 months after therapy and gradually
increases at 9 months.
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in GBM.8 On the other hand, expression of the phosphorylated form
of VEGFR2 (kinase insert domain receptor) in PA, the cognate recep-
tor for all VEGF-mediated effects, seems to be restricted to tumor
endothelial cells.8 Similarly, VEGF expression has also been docu-
mented in grade II astrocytomas but at a lower level compared
with higher-grade tumors.10 Due to robust target expression, inhib-
ition of the VEGF-VEGFR2 angiogenic axis with BVZ is likely to be
beneficial in controlling recurrent LGG.

Our trial is the largest study of children with recurrent LGG
treated with BVZ + CPT-11. The combination was successful in pro-
ducing disease stabilization in over 80% of patients who had previ-
ously failed standard radiotherapy and/or chemotherapy. PFS with
this regimen is similar to what has been observed in comparable
studies of salvage chemotherapies in children with recurrent
LGG.6,20

Surprisingly, only 2 patients in our study had sustained PR with
an OR rate of ,6%. This is in contrast to the results published from a
limited institution pilot study of 14 patients with recurrent LGG, in
which 12 patients (86%) had centrally reviewed ORs at a median
of 9 weeks following treatment, 9 of whom also experienced im-
provement in neurologic symptoms.14 Despite the impressive
responses to BVZ in this report, all but 1 patient have suffered
disease progression at a median of 5 months following cessation
of therapy. Thus responses, although obviously desirable for
better symptom control in the short term, do not necessarily
predict for sustained disease stability. Interestingly, 4 patients in
the same study were retreated with single-agent BVZ following
initial PD and demonstrated both clinical and radiologic improve-
ment for a median duration of 12.5 months (range, 9–17), sug-
gesting that the tumor vasculature might still be responsive to
BVZ on repeat exposure. The clinical benefit observed was probably
due to an anti-edema effect resulting from a decrease in vascular
permeability consequent to VEGF inhibition. The reasons for differ-
ences in the rate of ORs in the 2 studies are unknown. In another
study of a putative anti-angiogenic approach using metronomic
chemotherapy with weekly vinblastine in 50 evaluable children
with recurrent LGG, Bouffet et al6 have similarly shown ORs in
36% of patients. However, the 5-year PFS in this study was only
38.5%, again demonstrating that ORs do not predict for improved
PFS.

Although CPT-11 was utilized in our study due to the potential
benefits of combining chemotherapy with a VEGF inhibitor, its indi-
vidual role in contributing to either response or disease stabilization
is unclear, especially in the context of lack of available data on the
efficacy of single-agent CPT-11 in children with recurrent LGG. In
general, CPT-11 has only limited efficacy in both adult and pediatric
brain tumors.21,22 In a large phase II study of single-agent irinote-
can (CPT-11) in children with recurrent CNS tumors, no ORs were
observed in 12 patients with either astrocytoma (n¼ 8) or glioma
(n¼ 4) (grade unknown).22

We assessed several correlative functional neuroimaging
markers that were designed to measure changes in vasculature
and tumor interstitium induced by BVZ. Predictably, significant re-
duction occurred in volume enhancement, perfusion (CBV 3D Max),
Kps, and FLAIR that persisted over time. This confirms what has
been repeatedly observed with the use of BVZ and other VEGF
and VEGFR2 inhibitors, which rapidly reduce permeability/perfu-
sion of tumor vasculature and peritumoral edema (reflected by
FLAIR) that lasts for several weeks, even after discontinuation of
treatment.23 However, in our study there was lack of appreciable

decrease in apparent diffusion coefficient values (which reflect
cell necrosis and death) despite significant decrease in volume en-
hancement and FLAIR. Since there were very few patients with PD
on therapy, we could not perform meaningful correlations of these
parameters with PFS. However, in a larger studyof 84 adult patients
with recurrent GBM treated with BVZ + CPT-11 using conventional
MRI, Ellingson et al24 similarly demonstrated significant changes in
volume enhancement and FLAIR following therapy with this com-
bination that did not correlate with PFS or overall survival. There-
fore, acute changes in perfusion, permeability, and FLAIR reflect
just the effects of BVZ on the tumor vasculature and not cell
death and hence do not seem to impact patient survival.

VEGF inhibition has been shown to decrease tumor metabolic
activity, which can be measured by specific PET tracers (eg, FDG,
fluorothymidine) and used as a surrogate marker of treatment re-
sponse and survival.25 While LGGs are considered to be not as
metabolically active as their malignant counterparts, recent
studies have documented increased FDG uptake in a proportion
of pediatric LGGs (PAs or fibrillary astrocytomas) that also seems
to confer a worse prognosis.26 The decrease in glucose uptake fol-
lowing 2 courses of therapy in some patients in our study might in-
dicate the negative impact of VEGF inhibition on tumor proliferation
and metabolism.

Toxicity was fairly predictable and manageable in this study.
BVZ-related toxicities occurred as a direct consequence of VEGF in-
hibition.27,28 Despite half of our patients receiving over a year of
therapy, the commonest toxicities related to BVZ in our study were
mild and similar to what has been previously described in adult
and pediatric clinical trials of BVZ-containing regimens.29–31 More
importantly, severe toxicities related to BVZ were quite rare and
quickly reversible on drug withdrawal.

The results of this study indicate that BVZ + CPT-11 is a useful
therapeutic modality for children with recurrent LGG who have
failed standard chemotherapy regimens. It is also likely to
produce tumorcontrol fora reasonable period of time inyoung chil-
dren to help delay or avoid radiotherapy. The toxicity due to VEGF
inhibition seems to be tolerable, although based on an adverse
effect of VEGF inhibition on the epiphyseal plate3 and ovarian func-
tion,32 and long-term follow-up is necessary to determine its
impact on linear growth and fertility in children.
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