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A phase II study of bevacizumab (BVZ) plus irinotecan
(CPT-11) was conducted in cases of pediatric recurrent
ependymoma (EPN) to estimate sustained objective re-
sponse rate and progression-free survival (PFS).
Eligible patients received 2 doses of single-agent BVZ in-
travenously (10 mg/kg) 2 weeks apart and then BVZ 1
CPT-11 every 2 weeks until progressive disease, unac-
ceptable toxicity, or a maximum of 2 years of therapy.
Correlative studies included diffusion-weighted and T1
dynamic contrast enhanced permeability imaging and
tumor immunohistochemistry for vascular endothelial
growth factor (VEGF)–A and –B, hypoxia inducible
factor–2a, VEGF receptor (R)–2, and carbonic anhy-
drase (CA)–9. Thirteen evaluable patients received a
median of 3 courses (range, 2–12) of BVZ 1 CPT-11.
No sustained response was observed in any patient.
Median time to progression in 10 patients was 2.2
months (range, 1.9–6.3). Two patients had stable
disease for 10 months and 12 months, respectively.
Six-month PFS was 25.7% (SE 5 11.1%). Grades I–III
toxicities related to BVZ treatment included fatigue in
4 patients, systemic hypertension in 2, epistaxis in 1,
headache in 1, and avascular necrosis of bone in
1. Although there was a decrease in the mean diffusion
ratio following 2 doses of BVZ, it did not correlate
with PFS. BVZ 1 CPT-11 was well tolerated but had
minimal efficacy in cases of recurrent EPN.
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E
pendymomas (EPNs) are glial-based tumors
that arise from the lining of the ventricles of the
entire CNS.1 These tumors constitute approxi-

mately 8%–10% of all primary CNS tumors in
children.2 Complete surgical resection followed by
radiotherapy remains the best therapeutic option in
cases of newly diagnosed disease.1,3 However, cases of
recurrent disease continue to have poor outcomes
despite available salvage therapies.4,5 It is possible that
targeting key molecular signaling pathways that drive
tumor progression in cases of recurrent disease might
allow disease stabilization and prolong survival.6

Tumor angiogenesis is one likely target owing to its
role in tumor growth, infiltration, and metastasis.7

Vascular endothelial growth factor (VEGF) is a powerful
endothelial mitogen and one of the most potent stimula-
tors of angiogenesis.8 Owing to its central role in tumor
angiogenesis, especially in brain tumors,9,10 VEGF inhi-
bition has been utilized in multiple recent clinical trials,
with or without chemotherapy.11,12 Like other primary
brain tumors, EPN overexpress VEGF, which has
been correlated with poor survival.13 VEGF inhibition
might therefore provide tumor control in cases of recur-
rent EPNs. In a single-arm phase II study from Duke
University Medical Center in cases of recurrent malig-
nant glioma, the use of the humanized monoclonal
anti-VEGF antibody bevacizumab (BVZ; Avastin,
GenenTech) concomitantly with irinotecan (CPT-11;
Camptosar, Pfizer) resulted in an objective response
rate of 63% and 6-month progression-free survival
(PFS) of 38%.14 Based on these encouraging results,
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the Pediatric Brain Tumor Consortium (PBTC) initiated
a phase II study of this combination in cases of pediatric
recurrent brain tumors (including malignant glioma,
brain stem glioma, EPN, medulloblastoma, and low-
grade glioma) to assess the efficacy and toxicity of this
regimen in this patient population.15 We now report
on our findings of efficacy in patients with recurrent
EPN.

Materials and Methods

Study Objectives

The primary objective of the study was to estimate the
rate of sustained (≥8 wk) objective response to BVZ +
CPT-11 in cases of pediatric recurrent EPN over 4
courses of therapy. Secondary objectives included esti-
mation of treatment-related toxicities and PFS, changes
in perfusion/diffusion on MRI during treatment, and ex-
pression of (1) VEGF-A and -B, (2) hypoxia inducible
factor (HIF)–2a, (3) VEGF receptor (R)–2, and (4) car-
bonic anhydrase (CA)–9 by tumor immunohistochemis-
try (IHC) correlated with tumor response and PFS.16

Eligibility Criteria

Inclusion criteria.—Patients younger than 21 years of
age with recurrent or progressive histologically con-
firmed EPN and measurable disease were eligible
for this study. Subjects were required to have a
Karnofsky/Lansky score of ≥50, to have had ≤2 che-
motherapy regimens prior to enrollment, and to be ≥3
weeks post myelosuppressive chemo- or biologic
therapy, ≥6 weeks post major surgical resection, and
≥3 months post local radiotherapy. Required evidence
of adequate organ function included an absolute
neutrophil count of ≥1500/mL (unsupported), platelets
≥100 000/mL (unsupported), hemoglobin ≥8 g/dL,
serum creatinine no greater than the institutional upper
limit of normal (ULN), blood urea nitrogen (BUN)
≤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 neuro-
logic function and corticosteroid dose (if any), and an
agreement to use a medically acceptable form of birth
control (in those of child-bearing or fathering potential).

Exclusion criteria.—Patients were excluded from the
study if they had evidence of symptomatic intracerebral
hemorrhage (grade .II) on neuroimaging studies ob-
tained within 2 weeks prior to enrollment, had prior ex-
posure to BVZ or CPT-11, were on anticoagulation or
other investigational agents, or could not be available
for follow-up. Patients were also excluded if they had
uncontrolled hypertension, bleeding diathesis, severe
proteinuria, nonhealing wounds or bone fractures, or
history of stroke or had had major surgical procedures
within 6 weeks or gastrointestinal perforation within
6 months prior to registration. The institutional review

board of each PBTC institution approved the protocol
before initial patient enrollment; 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 and Dose Modifications

Patients first received 2 doses of BVZ at 10 mg/kg (i.v.)
2 weeks apart. Perfusion, permeability, and diffusion
imaging were done prior to and following administra-
tion of BVZ alone to assess the effects of this VEGF in-
hibitor on these parameters. The first dose of CPT-11
was given within 3 days after the second dose of
BVZ. The starting dose of CPT-11 was 125 mg/m2

(i.v.) for patients not on enzyme-inducing anticonvul-
sant drugs (EIACDs), which was increased in subse-
quent courses to 150 mg/m2 if tolerated; for patients
on EIACDs, a starting dose of 250 mg/m2 was in-
creased in 25-mg/m2 increments every 2 weeks to a
maximum of 350 mg/m2, as tolerated. The dose of
CPT-11 was adjusted as previously reported based
on hematologic and nonhematologic toxicities in subse-
quent courses.17 Patients who could not receive CPT-11
owing to toxicity could continue treatment with BVZ in
the absence of severe thrombocytopenia. BVZ was
withheld for related grade ≥III toxicities and restarted
when toxicity had resolved to grade ,II without dose
modification; CPT-11 was to be withheld in such in-
stances. Patients who went off treatment and could
not restart BVZ within 4 weeks were taken off the
study. Patients could receive therapy for a maximum
of 2 years in the absence of unacceptable toxicity or
progressive disease.

Required Observations Prior to, During, and Off Study

Clinical examination (including neurologic function and
blood pressure) was performed at baseline and every 2
weeks. Laboratory tests (complete blood count with dif-
ferential, BUN, creatinine, liver function, and urine for
protein) were obtained at baseline and every 2–4
weeks during therapy. An MRI brain scan (+spine)
was obtained every 8 weeks during the first 6 months
and every 12 weeks thereafter. MR perfusion and diffu-
sion scans were done at baseline, within 24–48 hours of
the second dose of BVZ (week 3, prior to the first dose of
CPT-11), then every 8 weeks for the first 6 months and
every 12 weeks through the first year of therapy, and
at disease progression or cessation of therapy. Owing
to concerns over the effects of BVZ on the epiphyseal
plate, growing children were required to have radiographs
of the knee at baseline and at periodic intervals thereafter.
Patients with any abnormality of the epiphyseal growth
plate were required to have MRI scans of the knee for
confirmation.
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Evaluation of Response

Patients were evaluable for response assessment if they
had received the first course of treatment, unless there
was clear evidence of progression during the first course.
Evaluative categories were complete response (CR),
partial response (PR), stable disease (SD), and progressive
disease (PD) using Macdonald criteria.18 Patients with PD
≤50% were allowed to remain on study as long as there
were no clinical symptoms or signs or evidence of new
site of disease.

Evaluation of Permeability, Perfusion, and Diffusion
Parameters

An MR perfusion region of interest (ROI) was placed in
the solid part of the target tumor lesion with the highest
cerebral blood volume (CBV) and divided by an ROI
from the frontal white matter and the ratio value re-
corded. Regarding diffusion images, a ROI (3 mm in
diameter) within the solid part of the tumor (deter-
mined from the T1, T2 fluid attenuated inversion recov-
ery (FLAIR), T2, and postgadolinium T1 sequences)
from the apparent coefficient diffusion map was divi-
ded by the value from an ROI obtained in the frontal
lobe white matter. Of note, the tumor ROI determined
in diffusion analysis corresponded to the ROI generated
in perfusion analysis. MR permeability imaging was
performed with 3D axial T1 dynamic contrast en-
hanced sequences with kinetic modeling to yield perme-
ability (Kps) and CBV measurements. ROIs were placed
within the areas of highest permeability on the Kps

maps, and Kps values and fractional CBV values were
recorded. While ROI measurements may be difficult
for small lesions (1–2 mm in diameter), the reproduc-
ibility of these measurements for larger tumors is
robust owing to the same operator performing all
ROI measurements.

Immunohistochemistry

In consenting patients, paraffin-embedded tumor sec-
tions were obtained from already available tumor
tissue and underwent IHC staining for 4 protein
markers (VEGF, VEGFR-2, HIF-2, and CA-9) scored
by a neuropathologist (R.E.M.), who was unaware of
clinical and image analysis.16

Study Design and Statistical Analysis

The primary objective of the study was to determine the
true objective response (CR + PR) to BVZ + CPT-11 in
cases of pediatric recurrent EPN as observed during the
first 4 courses of treatment. Simon’s minimax 2-stage
design with 10% type I and II error rates was used to
assess a ≤5% objective response rate, which was
deemed unacceptable vs a ≥25% objective response
rate, which was considered desirable. Thirteen patients
were enrolled during the first stage, and ≥1 objective
response was required to enroll an additional 7 patients

in the second stage. The treatment regimen would be
deemed ineffective if ,2 responses were observed in
20 patients. The study plan also specified models for ex-
ploring correlations between MR perfusion/diffusion
imaging and fluorodeoxyglucose-PET uptake and re-
sponses in the same tumor site. In the absence of any ob-
jective response, Cox proportional hazards models were
used to explore relationships between PFS and functional
changes in tumor as measured by MR perfusion/diffu-
sion imaging (diffusion ratio, CBV-maximum [3Dmax],
Kps-3Dmax) and between PFS and IHC scores.
Kaplan–Meier estimates of distributions of PFS were ob-
tained based on all eligible patients who received ≥1
dose of BVZ. PFS was measured from the date of
initial treatment to the earliest date of disease progres-
sion, second malignancy, or death for patients who
failed and to the date of last contact for patients who re-
mained at risk for failure.

Results

Between February 2008 and December 2009, 15 pa-
tients were enrolled on this stratum. One patient was
found to be ineligible owing to invalid informed
consent. One patient (#11, Table 2) was inevaluable
owing to receiving more than the protocol-specified
dose of the study drug.

Patient Characteristics

The median age at enrollment for eligible patients
was 9.7 years (range, 3–19.5) (Table 1). Four of
14 patients (28%) had grade III EPN. The median
number of prior recurrences was 2.5 (range, 0–5)
(Table 2); all patients had received radiation
therapy+ chemotherapy prior to entry. The median
time from prior radiotherapy to protocol enrollment
was 2.3 years (range, 0.8–8.1). The median perfor-
mance status was 90 (range, 70–100). The median

Table 1. Clinical characteristics of patients with recurrent
ependymoma

Patient Characteristics

N 15

n eligible 14

n evaluable 13

Median age at enrollment, y (range) 9.7 (3–19.5)

Histology Grade II ¼ 10,
grade III ¼ 4

n on EIACD 2

Median no. of courses (range) 3 (2–12)

Objective responses (CR + PR) 0

n cases stable disease for .12 weeks 2

n cases progressive disease 10

Median time to progression (range) 2.2 mo (1.9–6.3)

6-mo PFS (+SE) 25.7% (+11.1%)

Gururangan et al.: Bevacizumab + irinotecan in pediatric ependymoma

1406 NEURO-ONCOLOGY † N O V E M B E R 2 0 1 2



number of courses of BVZ + CPT-11 received was 3
(range, 2–12) (Table 2).

Toxicity

The common grades I–III toxicities related to BVZ
and CPT-11 are listed in Table 3. The most common

toxicity related to BVZ treatment was grades I–III
fatigue in 4 patients. One patient had moderate hyper-
tension. One patient (#10, Table 2) had grade I avascu-
lar necrosis of bilateral distal femoral shafts and
proximal tibiae. This patient had previously had a
prolonged course of steroids to control neurologic
symptoms from his brain tumor, but an x-ray of the
left knee obtained (but not required per protocol)
prior to starting protocol therapy was normal.
After 12 courses of treatment, an x-ray of the left
knee showed increased sclerosis of the lateral femoral
condyle. MRI scan of both knees showed changes con-
sistent with medullary infarcts (avascular necrosis) of
the distal metadiaphysis. This patient was taken off
protocol therapy for this toxicity. Another patient
(#13, Table 2), with an EPN of the fourth ventricle
and a preexisting arachnoid cyst of the craniocervical
junction, developed severe headaches (grade III) after
10 courses of treatment in the presence of stable
tumor but worsening arachnoid cyst. He was taken
off the study because he required surgery for the arach-
noid cyst, and the BVZ was possibly contributing to his
headaches. Grades II–III neutropenia (n ¼ 5) and
elevated transaminases were associated with CPT-11
(Table 3).

Table 3. Adverse events from toxicities related to bevacizumab
or irinotecan

Toxicity Grade Bevacizumab, n Irinotecan, n

Fatigue I–III 4

Epistaxis I 1

Hypertension I–III 1

Avascular necrosis of
bilateral distal femurs
and proximal tibiae

IV 1

Neutropenia II–III 5

Thrombocytopenia I–II 0

Diarrhea I–III 12

Elevated transaminases I–III 3

Table 2. Clinical characteristics and outcome of 14 eligible patients with recurrent ependymoma treated with BVZ + CPT-11

Patient
No.

Age/
Sex

Tumor
Grade

No. of Prior Recurrences/
Site of Recurrence/Size

(cm)

Prior Therapy (interval post-XRT, y)/
interval from last therapy to

enrollment (mo)

No. of
Courses

Outcome

1 4.2/F III 1/lateral ventricle
(1.2 × 0.8)

Surgery/focal XRT (2.4)/29 2 Local PD

2 5.3/M II 3/Infrantentorial (NOS)
(2.3 × 3.2)

Surgery, CTX, CDDP, VCR, VP-16,
CSI + focal XRT, oral VP-16 (1.1)/1

2 Local PD

3 9.7/M II 1/IV ventricle (3.7 × 1.5) Surgery/focal XRT (1.6)/19 2 Local PD

4 9.5/M II 3/Infratentorial (NOS) Surgery, CTX, VCR, focal XRT (8.1)/1 3 Local PD

5 9.4/M II 2/Spinal cord (2.8 × 2.2) Surgery, Focal XRT (6.9)/83 4 Local PD

6 4.8/F II 1/Cerebellum (2.1 × 1.4) Surgery, focal XRT (2.3)/27 2 Local PD

7 12.4/M II 4/Infratentorial (NOS)
(1.4 × 1.0)

Surgery, focal XRT x4 (6.0)/72 2 Local PD

8 8.9/M III 3/IV ventricle (0.5 × 0.5) Surgery, focal XRT, CTX, VCR, CDDP,
VP-16; oral VP-16, 13- CR,
celocoxib, TMZ (1.6)/6

2 Local PD

9 7.1/F III 1/IV ventricle (0.9 × 0.9) Surgery, focal XRT (1.4)/17 4 Local PD

10 16.7/M II 2/Cerebellum (2.2 × 2.0) Surgery, focal XRT (1.5)/18 12 SD/off Rx for
toxicity

11 14.7/F* III 5/Parietal Lobe (1.3 × .1.2) Surgery, focal XRT, enzastaurin,
pannitumab (NA)/0.6

2 PD/spinal cord

12 7.7/F II 5/Cerebellum (3.2 × 3) Surgery, HDC, VCR, carboplatin,
VP-16, TMZ, celocoxib, focal XRT
(3.2)/0.3

7 Local PD

13 13/M II 3/Infratentorial (NOS)
(2.9 × 2.2)

Surgery, VCR, carboplatin, CTX, focal
XRT, AZD2171 (3.1)/0.8

10 SD/off Rx for
toxicity

14 3/F II 0/Frontal lobe (1.9 × 0.8) Surgery, focal XRT (0.8)/10 4 SD/off Rx for
refusal to
follow-up

Abbreviations: XRT, radiotherapy; CR, cis–retinoic acid CTX, chemotherapy; CDDP, cisplatin; VCR, vincristine; VP-16, etoposide; CSI,
craniospinal irradiation; TMZ, temozolomide; HDC, high-dose chemotherapy; NOS, not otherwise specified.
* The patient was not evaluable owing to receiving incorrect doses of the study drug.
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Responses and PFS

No sustained objective responses were observed in 13
evaluable patients (Tables 1 and 2). One patient who
had SD at 4 months (#14, Table 2) came off the study
at parental request. Two patients had SD lasting 12
months (#10 in Table 2 was taken off treatment owing
to avascular necrosis) and 10 months (#13 in Table 2
was taken off treatment owing to persistent headaches),
respectively. Ten patients suffered PD at the primary site
at a median time of 2.2 months (range, 1.9–6.3) from
beginning protocol therapy. The 6-month PFS for the
entire cohort was 25.7% (SE ¼ 11.1%) (Fig. 1).

Changes in Diffusion Ratio, CBV-3Dmax, Kps-3Dmax,
and Volume FLAIR Following 2 Doses of BVZ and
During Treatment with BVZ+CPT-11 and Correlation
with PFS

Perfusion- and diffusion-weighted images were obtained
at baseline and following 2 doses of BVZ in 4 and 12
patients, respectively. There was a decrease in median
diffusion ratio between pretreatment and day 15 scans
(P ¼ .054) (Fig. 2). However, there was no correlation
between this change and PFS. Nine patients had
diffusion-weighted imaging available at baseline and at
the end of course 2. No significant change was observed
in the median diffusion ratio between these 2 time points
(P ¼ .164). Similar analyses were not possible using per-
fusion parameters (owing to the small number of pa-
tients with paired scans) but are represented graphically
in Fig. 2. An example of changes in neuroimaging in 1
patient is represented in Fig. 3 (#13, Table 2).

Expression of VEGF, HIF-2a, VEGFR-2, and CA-9 by
Tumor IHC Correlated with PFS

IHC analysis was performed in available tumor samples
from 7 of 13 patients (grade II, n ¼ 3; grade III, n ¼ 4).

All these samples were from tissue obtained from either
diagnosis or prior recurrences. Median expressions for
VEGF, HIF-2a, VEGFR-2, and CA-9 were 40% (range,
5%–70%), 0.01% (0–10%), 15% (5%–80%), and
20% (0%–60%), respectively. There was no correlation
between level of IHC expression and PFS.

Discussion

BVZ, 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 glioblasto-
ma multiforme (GBM).19–21 Inhibition of VEGF results
in a decrease in vascular permeability and interstitial
fluid pressure, a more orderly blood flow owing to
pruning of unnecessary blood vessels, a decrease in the
number of tumor-initiating cells owing to disruption of
their perivascular niche, and an increase in chemothera-
py drug delivery into the tumor.22,23 The clinical trial re-
ported here is the first efficacy study in pediatric cases of
recurrent EPN. Our results indicate that this combina-
tion was not effective in producing objective responses.
Also, the observed rate of disease stabilization
(6-month PFS ¼ 27.7%) does not appreciably improve
upon the suboptimal responses and outcome observed
with standard salvage regimens used for recurrent
EPN.4,5 This outcome is similar to what we have previ-
ously reported in children with recurrent malignant
glioma and diffuse intrinsic brain stem glioma enrolled
in the same study.15 In striking contrast, cases of adult
recurrent or newly diagnosed malignant glioma (driven
predominantly by VEGF-mediated angiogenesis) treated
with single-agent BVZ or BVZ + CPT-11 have consis-
tently shown evidence of sustained tumor shrinkage and
improvement in overall survival.11,24

The reasons for treatment failure in our study are
unclear. The biologic heterogeneity of EPN is well

Fig. 1. Kaplan–Meier survival curve showing PFS in 14 eligible patients with recurrent ependymoma.
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known, and responses to various biologic agents might
be different according to recently described specific mo-
lecular categories.25 Although VEGF and VEGFR-2 ex-
pression were observed in a proportion of our patients,
especially those with anaplastic tumors, it is possible
that VEGF is not the sole mediator of angiogenesis in
these multiply relapsed tumors and that other angiogenic
pathways (eg, fibroblast growth factor or placenta
growth factor) sustain tumor growth in these cases, as
has been observed in other solid tumors.26 Such innate
refractoriness to anti-angiogenic therapy does not
require a genetic mutation to induce it and occurs
despite inhibition of the intended angiogenic target.27

In the face of angiogenic inhibition, the tumor derives
its blood supply through elaboration of additional
pro-angiogenic factors, increases pericyte coverage
of tumor endothelial cells, infiltrates deeper into the sur-
rounding tissue, and co-opts normal vasculature.27

While the latter phenomenon has been known to cause
diffuse, infiltrative, non-enhancing tumor spread that
has been noted in about 30% of adult GBM patients
who receive BVZ therapy,28 only 1 of our patients was
noted to have metastatic disease on treatment (Table 2).

Toxicity was fairly predictable and manageable in
this study. With half the patients receiving not more
than 3 cycles, it is likely that the majority were spared
from significant side effects of BVZ and/or CPT-11. In
particular, there were no patients with CNS ischemia

or hemorrhage. One patient went off the study owing
to avascular necrosis of the diametaphysis of the distal
femoral shafts and upper tibial metaphyses following a
year of treatment. Avascular necrosis of the mandible
has been associated with BVZ-containing regimens in
cases of adult cancers of the prostate and breast and oc-
casionally malignant glioma.29,30 It is likely that avascu-
lar necrosis of the weight-bearing bones developed from
microvessel injury following BVZ treatment in our
patient, in the context of previous prolonged steroid ex-
posure, and was aggravated by minor trauma and the
stress of weight bearing.

Because BVZ-induced VEGF inhibition is expected
to decrease blood flow, CBV and Kps were measured
before and after treatment. Also, diffusion imaging pa-
rameters were obtained as a measure of change in cel-
lular content of the tumor following anti-VEGF
treatment to be used as a predictor of tumor response
or PFS.31,32 Similar to what has been observed in adult
cases of solid tumors following anti-VEGF therapy,33,34

there was some evidence for decrease in the median
tumor diffusion ratio following 2 doses of single-agent
BVZ compared with baseline owing to reduction in
edema consequent to decrease in vascular permeability
(Fig. 2). However, diffusion or perfusion ratio values
did not change significantly during subsequent treatment
(Fig. 2), indicating that compensatory angiogenic factors
might have contributed to maintenance of tumor blood

Fig. 2. Change in perfusion ratio and diffusion ratio following 2 doses of BVZ (left panels upper and lower, respectively) and over the entire

course of treatment (right panels upper and lower, respectively).
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flow and interstitial edema that could not be further
overcome with continuing BVZ therapy. However, our
correlative neuroimaging data should be interpreted cau-
tiously owing to the small sample size. While interob-
server variability did not exist in our study owing to
measurements made by a single operator during central
review, the interpretation of perfusion changes following
anti-angiogenic therapy in small tumors can be difficult,
especially if the tumor contrast enhancement is heteroge-
neous. This study also sought to assess the prognostic
value of baseline IHC expression of certain angiogenic
markers in available paraffin-embedded tumor tissue.16

In a recent Duke study of adult cases of recurrent malig-
nant glioma treated with BVZ + CPT-11, higher VEGF
expression correlated well with responses to the drug
combination but was not associated with a survival
benefit, and overexpression of CA-9 predicted for a
worse outcome.16 In our current study, although both
VEGFR-2 and CA-9 expression appear higher in

anaplastic EPN compared with grade II tumors, the
small sample size, variable times of collection of these
tissue samples, and absence of objective responses to
BVZ + CPT-11 precluded meaningful evaluation of as-
sociations between these parameters. The prognostic
value of such markers needs to be further explored in
larger studies using anti-angiogenic therapy.

In summary, BVZ + CPT-11 did not demonstrate ef-
ficacy in cases of pediatric recurrent EPN. Direct anti-
angiogenic therapies like BVZ work best in the context
of early tumors that have a need for a high vascular
supply. Following multiple recurrences, tumors have
multiple oncogenic mutations and are resistant to hypo-
xia and less dependent on angiogenesis for survival.
Since anti-angiogenic therapy is likely to work better in
the setting of minimal tumor burden and earlier in the
disease course of such patients, it might be worthwhile
using this combination at the time of initial diagnosis.
Other strategies also need to be explored based on the

Fig. 3. Row A. Sagittal (first column) and axial T1 images (second column) with gadolinium at baseline demonstrate enhancing tumor at the

cervicomedullary junction involving the medulla and upper cervical spinal cord. There is increased T1 permeability value (third column,

arrow) within the tumor (Kps ¼ 10.11/100 cm3) and mild restricted tumor diffusion (fourth column, arrow) on the apparent diffusion

coefficient (ADC) map. Row B. At 2 months posttherapy, there is minimal decrease in the enhancing mass on sagittal and axial T1

images at the cervicomedullary junction. T1 permeability maps (third column, arrow) demonstrate decreased permeability within the

lesion (Kps ¼ 2.90 mL/100 cm3) and reduced diffusion values (fourth column, arrow) within the tumor. Row C. At 4 months after

therapy, there is stable enhancing tumor at the craniocervical junction on sagittal and axial T1 images (second column). There is an

increased permeability (third column, arrow) value within the tumor (Kps ¼ 11.91 mL/100 cm3) and increased tumor diffusion values

(fourth column, arrow).
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identification of unique signaling pathways that drive the
relentless progression of these tumors.35,36
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