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To determine whether temozolomide is an active agent
in the treatment of children with high-grade astrocyto-
mas and whether survival is influenced by the expression
of the O6-methylguanine-methyltransferase gene
(MGMT) in these patients. In the Children’s Oncology
Group study ACNS0126, 107 patients with a diagnosis
of anaplastic astrocytoma (AA), glioblastoma multi-
forme (GBM), or gliosarcoma were enrolled. All patients
underwent concomitant chemoradiotherapy with temo-
zolomide, followed by adjuvant chemotherapy with
temozolomide. The outcomes were compared with
those of children treated in Children’s Cancer Group
(CCG) study CCG-945. Formalin-fixed, paraffin-
embedded tumor tissue was available in 71 cases for
immunohistochemical analysis of MGMT expression.
Ninety patients were deemed eligible, 31 with AA, 55
with GBM, and 4 with other eligible diagnoses. The 3-
year event-free survival (EFS) and overall survival (OS)
rates were 11 + 3% and 22 + 5%, respectively. There
was no evidence that temozolomide given during radi-
ation therapy and as adjuvant therapy resulted in
improved EFS compared with that found in CCG-945
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(p = 0.98). The 3-year EFS rate for AA was 13 + 6%
in ACNS0126 compared with 22 + 5.5% in CCG-945
(p = 0.95). The 3-year EFS rate for GBM was 7 +
4% in ACNS0126 compared with 15 + 5% in CCG-
945 (p = 0.77). The 2-year EFS rate was 17 + 5%
among patients without MGMT overexpression and
5+ 4% among those with MGMT overexpression
(p = 0.045). Temozolomide failed to improve
outcome in children with high-grade astrocytomas.
MGMT overexpression was adversely associated with
survival.
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(HGG) remains challenging. Similar to that in

adults, the outcome in children with anaplastic
astrocytoma (AA) or glioblastoma multiforme (GBM)
is generally poor. Results from the Children’s Cancer
Study Group (CCG) study CCG-945' demonstrated a
5-year progression-free survival (PFS) rate of approxi-
mately 23% for children with centrally reviewed AA
and 16% for children with GBM.? Outcomes were
most favorable in children with near or gross total resec-
tion, followed by multimodality therapy with radiother-
apy (XRT) and chemotherapy.

Temozolomide (TMZ) is an alkylating agent whose
primary mechanism of cytotoxicity involves alkylation at
the O6 position of guanine, with additional contributions
atthe N3 and N7 positions of adenine. TMZ is now widely
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recommended for the treatment of adults with HGG, given
concomitantly with XRT and then in a series of adjuvant
courses. Numerous studies®~” have reported that TMZ/
XRT is beneficial in this population, with the seminal
report demonstrating a 2-year overall survival (OS) rate
of 26% in adults with GBM versus 10% for XRT
alone.® The survival benefit was most apparent in patients
whose tumors had methylation of the methylguanine
DNA methyltransferase (MGMT) promoter, which
likely results in diminished MGMT expression.’

The results of previous studies have indicated that
pediatric malignant gliomas are molecularly different
from adult lesions, demonstrating a substantially lower
frequency of EGFR amplification, PTEN mutations,
and IDH gene alterations.'®"" Accordingly, there is a
strong rationale to independently validate therapeutic
observations from the adult setting in the pediatric
setting. Therefore, to test the utility of TMZ in the treat-
ment of children with HGG and to determine the associ-
ation between MGMT expression and outcome,'? the
Children’s Oncology Group (COG) undertook a single-
arm phase II study of chemoradiotherapy with TMZ
followed by adjuvant TMZ in children with newly diag-
nosed AA, GBM, or gliosarcoma.

Patient and Methods

Eligibility

Children were registered on-study after informed
consent. All children were at least 3 and less than 22
years old at diagnosis. Patients were previously
untreated, with a Lansky or Karnofsky performance
status >50, adequate organ function, and no MRI evi-
dence of neuraxis dissemination. All centers were
required to have institutional review board approval
prior to enrolling children in the study.

Surgery

Maximal surgical resection was encouraged but was
limited in some cases based on tumor location or
patient comorbidities. Postoperative MRI was generally
obtained 24 to 48 hours after surgery. Extent of resec-
tion was coded as gross total resection, extensive subto-
tal resection (>90% resected), subtotal resection
(=50% but <90% resected), partial resection (>10%
but <50% resected), or biopsy (<10% resected).

Pathological Analysis

Patients were eligible if the institutional pathologist
diagnosed an AA, GBM, or gliosarcoma and if the diag-
nosis was validated upon central review. Because of the
high incidence of reclassification from HGG to low-
grade glioma (LGG) in CCG-945 upon central neuro-
pathologic review,>!? an early review of all specimens
was undertaken to be certain that the institutional diag-
nosis was consistent with the centrally reviewed
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diagnosis. All evaluable patients underwent central neu-
ropathologic review (P.C.B., M.K.R., or D.].B.). If there
was a discordant diagnosis between 2 central reviewers,
the third pathologist served as the tie-breaker for deter-
mination of the final central review diagnosis.

Treatment

Chemoradiotherapy began within 42 days of surgery.
XRT for intracranial tumors consisted of 54.0 Gy to
the preoperative tumor volume plus a 2-cm margin in
1.8 Gy fractions delivered once daily, with an additional
5.4-Gy boost in 3 fractions to any residual disease on
postoperative MRI scan plus a 1-cm margin. If a gross
total resection was achieved, no boost dose was given.
For patients with a primary tumor within the spinal
cord, an XRT dose of 45-54 Gy in 1.8-Gy daily frac-
tions was delivered in consultation with the study radi-
ation oncologist.

Chemoradiotherapy consisted of 90 mg/m*/day of
oral TMZ for 42 days."* Four weeks after the com-
pletion of chemoradiotherapy, adjuvant TMZ was
given at a dosage of 200 mg/m?/day orally for 5 days,
administered for up to 10 cycles. Cycles were repeated
every 28 days upon bone marrow recovery.
Pneumocystis jiroveci pneumonia prophylaxis was man-
datory, with pentamidine as the recommended agent.
Trimethoprim-sulfamethoxazole prophylaxis could be
substituted during adjuvant therapy.

Evaluation of Toxicity

Patients were assessed by medical history, physical
examination (including performance status), and labora-
tory evaluations at least monthly, with certain labora-
tory parameters assessed weekly during XRT. Targeted
toxicities included all hematologic parameters, nausea,
vomiting, liver dysfunction, infection, and selected
neurologic findings. All remaining toxicities were ana-
lyzed as “other” toxicities.

Evaluation of Response and Off-Protocol
and Off-Study Criteria

MRI was used to assess response, with the largest mea-
surable lesion considered the target lesion.
Post-contrast T1 imaging or T2 imaging was used for
longitudinal assessment of response, with the same
sequence being used throughout treatment for each
subject. Postoperative MRI prior to chemoradiotherapy
was required, with subsequent MRI evaluations prior to
each odd-numbered cycle of adjuvant therapy. Patients
were removed from therapy for progressive disease,
defined as a 25% or more increase in the cross-sectional
area of the largest 2 diameters of the target lesion, taking
as the reference the smallest product observed since the
start of treatment or the appearance of 1 or more new
lesions. Additional criteria for removal included parent
or patient request, completion of chemoradiotherapy
and maintenance therapy, hypersensitivity to TMZ,



noncompliance, and physician’s choice. Off-study cri-
teria included death, loss to follow-up, entry into
another therapeutic study, and failure to submit pathol-
ogy specimens.

Expression of MGMT

Paraffin-embedded specimens were available for 71 eli-
gible patients. Adjacent sections were subjected to
immunohistochemical analysis of MGMT expression.
Tumor-containing sections were baked at 60°C for 30
minutes, deparaffinized in xylene, and rehydrated in
graded concentrations of ethanol. Endogenous peroxi-
dase activity was quenched by incubation in 0.3%
hydrogen peroxide/methanol solution. Antigen retrie-
val'’ was performed by heating the slides in 10 mmol
citrate buffer (pH 6.0) for 20 minutes. Nonspecific anti-
body binding was blocked by incubation for 20 minutes
in protein-blocking reagent (Thermo Corp). Sections
were incubated with mouse anti-MGMT antibody
(mT23.2, Zymed Laboratories, 1:100)'®'” in common
antibody diluent (BioGenex) at ambient temperature
for 2 hours.'® Antibody binding was localized using a
universal labeled streptavidin-biotin 2 system (LSAB
2-HRP, Dako) and visualized using
3,3'-diaminobenzidine.!” Slides were counterstained
with Mayer’s hematoxylin, dehydrated through graded
concentrations of ethanol, and cleared in xylene.
Specimens were examined independently for immuno-
reactivity using an antibody against a histologically ver-
ifiable internal positive control antigen (i.e., MIB1 stain-
ing of the KI67 antigen in tumor mitotic figures) to
eliminate cases in which lack of immunoreactivity for
MGMT might indicate problems in tissue preservation
rather than lack of protein expression.

MGMT labeling was assessed semiquantitatively by
examining stained and unstained cells in 5 to 10 high-
power fields that incorporated the most anaplastic
regions of the specimen; this assessment was performed
by an observer (R.L.H.) who was masked to diagnoses
and outcomes. Only cells with dense nuclear staining
were graded positive. Tumors were categorized as exhi-
biting little or no expression (0/1) or scattered positive
cells (2), similar to that found in normal brain tissue,
versus overexpression, in which staining was observed
in most or nearly all cells (3/4), as previously
described.'® This approach was used for MGMT assess-
ment because it allows a direct measurement of protein
expression, in contrast to methylation-specific PCR, an
indirect analysis approach, and because it demonstrated
robust correlations with alkylator response in previous

COG HGG studies.'®

Statistical Considerations

The primary objective was to determine whether TMZ
chemoradiotherapy and adjuvant therapy resulted in
an improvement in EFS compared with that in historical
controls. EFS was defined as the time from enrollment to
disease progression, relapse, second malignant neoplasm

Cohen et al.: Temozolomide in the treatment of pediatric high-grade glioma

(SMN), or death from any cause. The nonmixture para-
metric cure model of the form S(¢) = #*), where S(¢) is
the EFS function, 7 is the long-term EFS (cure) rate, and
F(t) is a log-normal distribution function, was used to
describe outcome in a series of eligible randomized
HGG patients aged 3 years and older who were treated
in CCG-945. Maximum likelihood estimates of the par-
ameters are = 0.11 (95% CI: 0.05, 0.17), A=0.61/
year (0.44, 0.88), y=0.84 (0.71, 1.0). This parametric
cure model served as an historical comparison with
ACNS0126. The observed and expected numbers of
events were compared using a chi-square test.”’ The
number of events expected was obtained as the sum of
the null cumulative hazard to time #;, where ¢; is the
follow-up for patient 7. Patients in CCG-945 with
follow-up longer than 4.9 years were censored at 4.9
years (the maximum follow-up among nonfailures in
ACNSO0126).

The comparison of outcome by MGMT and extent of
resection was based on the cure model method.*' A non-
parametric OS curve was computed using the
product-limit (Kaplan—Meier) estimate, with standard
error via the Greenwood formula. OS was defined as
the time from enrollment to death from any cause.
p-Values were based on a 1-sided test. Analyses were
based on data available as of July 2009.

Results

Between December 2002 and October 2004, 107 sub-
jects were enrolled. Seventeen children were ineligible
because of ineligible diagnosis (7; see below), inability
to confirm diagnosis (5), pathologic findings not sub-
mitted (1), inadequate informed consent (1), and not
meeting other eligibility criteria (3). The clinical charac-
teristics of the 90 eligible patients are listed in Table 1.
Thirty-one had AA, 55 had GBM, and 4 had other eli-
gible diagnoses.

Pathologic Concordance

In contrast to CCG-945, in which almost 30% of
samples were reclassified as LGG, only 7 of 107 patients
(6.5%) in the current study had an ineligible diagnosis
(low-grade astrocytoma [4], oligoastrocytoma [1], oligo-
dendroglioma [1], and malignant neuronal tumor [1]). A
subset of samples diagnosed as AA by the institutional
pathologist were reclassified as GBM (17%), and a
subset diagnosed as GBM were reclassified as AA (9%).

Toxicity

Grades 3 and 4 toxicity data are presented in Table 2.
Hematologic toxicity was the most common, with
36% of patients experiencing grade 3 or 4 lymphopenia.
Grade 3 or 4 nontargeted toxicities were infrequent and
required transfusion of platelets (4) and peripheral red

blood cells (3).
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Table 1. Baseline Patient Characteristics

Patient Characteristic Frequency  Percent
Sex
Male 46 51.1
Female 44 48.9
Age
<5 years 3 3.3
5-10 28 31.1
10-15 32 35.6
>15 years 27 30.0
Race
White 64 711
Black 15 16.7
Other/unknown 1 12.2
Extent of resection
Biopsy 19 21.1%
Partial (10-50%) 11 12.2%
Subtotal (50-90%) 15 16.7%
Extensive subtotal (>90%) 12 13.3%
Gross total resection 27 30.0%
Unknown 6 6.7%
Pathologic diagnosis (composite)
Anaplastic astrocytoma 31 344
Glioblastoma multiforme 55 61.1
Other eligible diagnosis 4 4.4
Primary site
Cerebral hemisphere 49 54.4
Basal ganglia—thalamus 25 27.8
Midbrain, brainstem 2 2.2
Cerebellar hemisphere 5 5.6
Spinal cord 9 10.0

Duration of Therapy

Ninety children initially underwent chemoradiotherapy,
and 65 began maintenance chemotherapy. Of the 25
patients who did not start maintenance chemotherapy,
17 experienced disease recurrence or progression
during chemoradiotherapy; the remaining 8 patients
underwent off-protocol therapy due to withdrawal by
physician (1), withdrawal by parent or patient (1), with-
drawal of consent (1), hypersensitivity to TMZ (1), non-
compliance with medications (1), myelosuppression (1),
nonrecovery of cell counts (1), and death (1). Only 4 of
65 children received all scheduled maintenance courses.
Of the 61 who did not, 52 stopped secondary to relapse,
progression, or death. Nine stopped for reasons other
than progressive disease, including hypersensitivity to
TMZ manifested by hives during administration (4),
prolonged myelosuppression (2), noncompliance (1),
physician choice (1), and unknown (1).

Event-Free and Overall Survival

Of 90 initially eligible HGG patients, 76 experienced
disease relapse or progression, 66 of whom subsequently
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Table 2. Summary of Targeted Toxicities for HGG Stratum
Percent of Grade 3 or 4 Toxicities for Chemoradiotherapy and
Maintenance Courses

Toxicity Chemoradiotherapy Maintenance
(N = 90) (N = 65)

Hemoglobin 7% 2%

Leukocytes (total 13% 37%
WBC)

Lymphopenia 36% 44%

Neutrophils/ 1% 38%
granulocytes

Platelets 8% 15%

Nausea 3% 1%

Vomiting 10% 7%

Bilirubin 0% 2%

SGOT (AST) 2% 0%

SGPT (ALT) 4% 4%

Febrile neutropenia 1% 13%

Infection with grade 3 4% 2%
or 4 neutropenia

Infection with 0% 0%
unknown ANC

Infection without 6% 12%
neutropenia

Neuropathy—cranial 2% 12%

Neuropathy —motor 6% 24%

Neurology—sensory 4% 14%

Neurology—seizures 3% 5%

WBC, white blood cell; SGOT, serum glutamic-oxaloacetic
transaminase; AST, aspartate aminotransferase; SGPT, serum
glutamic-pyruvic transaminase; ALT, alanine aminotransferase;
ANC, absolute neutrophil count.

died of disease. Three deaths were reported as first events
(2 were due to tumor and 1 to acute respiratory distress
syndrome). Two patients developed SMNs—one patient
experienced disease progression 16 months after study
entry, developed an SMN (colon carcinoma) 10
months later, and died due to his brain tumor 2
months hence; and another patient developed an SMN
(kidney, not otherwise specified) 35 months after the
study and was still alive at last follow-up. The median
follow-up duration was 4.5 years (0 to 4.9) for the 10
patients who were alive with no events; 1 patient with-
drew after 1 dose of TMZ (0 years), another withdrew
consent for follow-up (0.3 years), and the remaining 8
have been followed up for 4.0 to 4.9 years.

Figure 1 shows the EFS and OS rates of the 90 eligible
patients. The 3-year EFS and OS rates were 11 + 3%
and 22 + 5%, respectively. Figure 2 compares the EFS
rates with those of a similar historical control cohort
of 122 patients (CCG-945). For EFS, 80 events were
observed in ACNS0126, and 62.8 events were expected
under the historical baseline (p = 0.98).” The failure rate

*Note that this p-value was associated with a 1-sided test. We were
interested in determining only whether the EFS rate improved with the
new treatment strategy compared with the baseline from CCG-945. If
we had used a 2-sided test, the result would suggest that the outcome in
ACNSO0126 was significantly poorer than the baseline established in
CCG-945 (2-sided p = 0.03).



Cohen et al.: Temozolomide in the treatment of pediatric high-grade glioma

1.00

0.754

Probability

0.25

0.00~
0 1 2 3 4 5

Years from study entry

Fig. 1. EFS and OS rates of HGG patients enrolled in ACNS0126.
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Fig. 2. EFS comparison of ACNS0126 and CCG-945. PCM,
parametric cure model.

for AA and GBM in ACNS0126 was not significantly
lower than that in CCG-945. The 3-year EFS rate for
AA was 13 + 6% for ACNS0126 compared with 22 +
5.5% in CCG-945 (p = 0.95). The 3-year EFS rate for
GBM was 7+ 4% for ACNS0126 compared with
15 4+ 5% in CCG-945 (p = 0.77). As expected, patients
with gross total resection (p = 27) had a significantly
better outcome than those (n = 57) without gross total
resection (3-year EFS rates, 30 + 9% vs. 4 + 3%,
respectively; p < 0.01).

Tumor tissue for MGMT analysis was available for
71 patients, 22 of whom had MGMT overexpression.
In 19 cases, despite access to hematoxylin and eosin—
stained slides for central review, unstained slides were
not available for MGMT analysis. The distribution of
MGMT staining in relation to other clinical and molecu-
lar features is shown in Table 3; no significant differ-
ences were found based on Fisher’s exact test.
However, the cure model analysis shows that the
failure rate for patients with MGMT overexpression
was significantly higher than that for those without over-
expression (p = 0.045). The 2-year EFS rate was 17 +
5% among patients without MGMT overexpression
and 5+4% among those with overexpression

Table 3. Relationship of MGMT to Other Variables: Frequency
of Patients and Results of Fisher's Exact Test

Variable MGMT =0-2 MGMT =3,4 p-Value

Age <10 yr 16 10 0.42
>10 yr 33 12

Gender Male 28 11 0.61
Female 21 11

Histology AA 15 10 0.30
GBM 32 12

p53 0,1 22 6 0.20
234 27 16

MIB <18 20 9 0.75
18-36 12 6
>36 10 7

MIB, Molecular Immunology Borstel. Note: Missing values were
excluded.

1.00
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= .50

Probability

Years from study entry

Fig. 3. EFS comparison as a function of MGMT expression (no
overexpression: O, 1, and 2; overexpression: 3 and 4).

(Figure 3). Among AAs, the 2-year EFS rate was 10 +
10% in tumors without MGMT overexpression versus
7+ 6% in tumors with MGMT overexpression (p =
0.35). However, among GBMs, the 2-year EFS was
22 + 7% in tumors without MGMT overexpression
versus 0% in those with overexpression (p = 0.04).

Discussion

TMZ did not seem to result in an improved outcome in
children with HGG compared with the therapy provided
in CCG-945. This observation may lead some to ques-
tion TMZ’s role in the treatment of these patients**
and is in stark contrast to the consensus opinion in
adults. However, it is important to put the results into
a larger context before indiscriminately abandoning
TMZ in childhood HGG.

First, major differences exist between the Stupp TMZ
trial® and this study. This study was a comparison with a
historical control cohort and lacks the rigor of a ran-
domized controlled comparison, making definitive con-
clusions about efficacy more challenging. The Stupp
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trial was a randomized trial between XRT alone versus
XRT plus TMZ and is fundamentally different in
design than this single-arm phase II trial. The last coop-
erative group study in the United States that randomly
assigned children to XRT 4 chemotherapy was
CCG-943, which used adjuvant prednisone/
lomustine-CCNU /vincristine (pCV).>* The S-year EFS
for children receiving XRT alone was 18% compared
with 46% for those receiving combination therapy.
Subsequently, adjuvant chemotherapy became the stan-
dard of practice for children with HGG, and all future
trials have included XRT and chemotherapy in every
study arm.

Second, prior to the Stupp trial, the benefits of che-
moradiotherapy and adjuvant chemotherapy had not
been well established in adults with newly diagnosed
HGG. Some have suggested that this was partly
because of the difficulty adults have in tolerating pro-
tracted exposure to nitrosoureas. TMZ appears to be
the first alkylating agent that is well tolerated in
adults, allowing for the completion of protocol-
prescribed therapy. Of note, the 1-year progression-free
survival rate for adults receiving TMZ chemoradiother-
apy in the Stupp trial was 26.9%; the rate was 38% in
children in our study. A direct statistical comparison
between these results is not possible, but they suggest
that the initial response and outcome of children with
HGG treated with TMZ chemoradiotherapy are not
inferior to those in adults.

As always, the most common reason for stopping
therapy was for progressive disease. However, some
children may have been removed for presumed progres-
sive disease when the findings reflected pseudoprogres-
sion. However, time from progression to death was
relatively short, suggesting that even if pseudoprogres-
sion was incorrectly coded as progressive disease in
some cases, “true” progressive disease followed shortly
thereafter. The current study showed no improvement
in survival for children with newly diagnosed HGG
who were treated with TMZ, but it did demonstrate
similar survival, with less toxicity than in studies using
prior nitrosourea-based regimens.' The toxicity profile
for TMZ was relatively mild. Hematologic toxicity
was the most common adverse event and was generally
self-limited. No life-threatening acute toxic events
occurred. This has led many to argue that TMZ is a
good backbone agent to use in further combination
regimens.

An interesting finding in this trial is that the outcomes
in children diagnosed with AA and to a lesser extent
GBM were poorer than those in CCG-945. Similarly,
children treated with pCV in CCG-945 had an inferior
outcome to that of children treated with pCV in
CCG-943. One explanation for this observation is the
evolving rigor of histopathologic criteria. Nowhere is
this more evident than in the review of subjects in
CCG-945: among the 250 diagnoses of HGG, almost
30% were reclassified as low-grade tumors on central
neuropathology review.> While such a review was
never undertaken to confirm pathologic diagnoses in
CCG-943, one can reasonably presume that a similar,
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if not higher, number of misdiagnoses may have
occurred in the earlier era of the CCG-943 study.

The above findings suggest a change in the way astro-
cytic tumors are being diagnosed. If neuropathologists
use low thresholds for diagnosing borderline specimens
as AA versus LGG, therapeutic trials will be likely to
result in more AA survivors. Conversely, if more strin-
gency is used in borderline cases, fewer AAs will be
“contaminated” by LGGs and the result will be fewer
AA survivors than in earlier studies. Many have specu-
lated that this is the primary explanation for the
reduction in survival seen in each subsequent trial in
the COG since the results of CCG-943 were reported.
One mechanism to address this apparent change in strin-
gency is to use randomized phase II designs that would
allow contemporaneous comparisons of outcome as
opposed to using historic control cohorts. This strategy
is being proposed by the COG for future HGG trials.

A third observation is that MGMT expression data
support the finding that high levels of MGMT
expression are adversely associated with outcome,
which is analogous to the results of prior adult analyses
in methylguanine”™**° and pediatric series.'®*° A
strong association with outcome was particularly appar-
ent when attention was focused on 2-year EFS. This fits
with the fact that the effect of MGMT status on the
response to TMZ is most likely to manifest during and
several months after the time that this alkylating agent
is administered. The survival curves between the
MGMT-overexpressing and non-MGMT-overexpres-
sing subsets diverged the most between 18 and 24
months after diagnosis, which is consistent with the
observations of Hegi et al.” in a series of adult GBM
patients. In agreement with our previous observations,
the effect of MGMT status on outcome was more appar-
ent in tumors centrally classified as GBM, rather than
those classified as AA,'® despite the lack of an associ-
ation between MGMT status and histologic findings.
This observation supports the prospective evaluation
of MGMT expression status in future studies of child-
hood gliomas as a potential correlate of outcome. It
remains to be determined whether MGMT overexpres-
sion constitutes an adverse prognostic factor, indepen-
dent of alkylator usage; this will be addressed in
subsequent studies in which the effect of MGMT
expression is assessed in parallel in patients receiving
alkylator-based and non-alkylator-based treatment
regimens.

Where TMZ ultimately fits in the treatment of chil-
dren with HGG remains unclear. Those in favor of its
continued use cite the compelling adult data and the
potential for similar efficacy to prior regimens with
less toxicity, allowing for the development of further
combinatorial therapies. Those opposed cite the results
from this trial as evidence supporting the abandonment
of TMZ in future trials. Given the limitation of the his-
torical control cohort design of this trial, randomized
phase II trials are being designed that will compare
TMZ-based chemoradiotherapy with alternative regi-
mens in an effort to more definitively determine the
utility of TMZ in children with HGG.
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