Neuro-Oncology 13(4):410-416, 2011.
doi:10.1093 /neuonc/noq205
Advance Access publication February 22, 2011

Temozolomide in the treatment of children
with newly diagnosed diffuse intrinsic
pontine gliomas: a report from the Children’s

Oncology Group

Kenneth J. Cohen, Richard L. Heideman, Tianni Zhou, Emiko J. Holmes,
Robert S. Lavey, Eric Bouffet, and lan F. Pollack

The Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, Baltimore, Maryland (K.J.C.);
Department of Pediatrics, University of New Mexico School of Medicine, Albuquerque, New Mexico (R.L.H.);
Department of Preventive Medicine, University of Southern California, Los Angeles, California (T.Z.);
Operation Office, Children’s Oncology Group, Arcadia, California (T.Z., E.J.H.); Department of Radiation
Oncology, H. Lee Moffitt Cancer Center, Tampa, Florida (R.S.L.); Hospital for Sick Children, Toronto,
Ontario (E.B.); Department of Neurological Surgery, University of Pittsburgh, Pittsburgh, Pennsylvania (I.F.P.)

An open-label phase II study (ACNS0126) testing the
efficacy of chemoradiotherapy with temozolomide
(TMZ) followed by adjuvant TMZ was conducted by
the Children’s Oncology Group. During the period
from July 6, 2004 through September 6, 2005, 63 chil-
dren with newly diagnosed diffuse intrinsic pontine
glioma (DIPG) were enrolled in the study. All patients
received TMZ at a dosage of 90 mg/m?/day for 42
days to a dose of 59.4 Gy. Four weeks following
irradiation, TMZ was given at a dosage of 200 mg/
m?/day for 5 days every 28 days, for a total of 10
cycles. The primary objective of the statistical analysis
was to determine whether the current treatment pro-
duced a 1-year event-free survival (EFS) rate higher
than the historical baseline of 21.9% observed in
CCG-9941. The mean 1-year EFS (4 standard devi-
ation) was 14% + 4.5%, compared with 21.9% + 5%
for CCG-9941. The P value of the test of comparison
of 1-year EFS, based on a 1-sided, 1-sample test of
proportions, was .96. There was no evidence that temo-
zolomide produced a 1-year EFS rate higher than
21.9%. The mean 1-year OS (+ standard deviation)
was 40% + 6.5%, compared with 32% + 6% for
CCG-9941. The median time to death was 9.6
months. Chemoradiotherapy with TMZ followed by
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adjuvant TMZ is not more effective than previously
reported regimens for the treatment of children with
DIPG.
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diffuse intrinsic pontine glioma (DIPG) remains

one of the great challenges within pediatric oncol-
ogy. Children often present with relatively modest
neurologic findings only to have MRI reveal classic
imaging features of an enlarged pons, with minimal con-
trast enhancement after gadolinium administration,
diffuse T2 /FLAIR signal, and engulfment of the basilar
artery." Biopsy of this lesion, although rarely obtained,
demonstrates a diffuse, infiltrating astrocytoma World
Health Organization (WHO) grades 2, 3, or 4.7
Regardless of histologic grade, with classic imaging
features, death is anticipated with most children dying
of their disease within 6 months to 2 years from the
time of initial diagnosis.>*

The mainstay of treatment for DIPG remains radi-
ation therapy (XRT), which is essentially palliative,
delaying the inevitable progression of disease for a
period of some months.” In an effort to alter the
dismal prognosis anticipated for most children, numer-
ous studies have been undertaken in the hopes of
improving the outcome for these children.® Recent strat-
egies have included neoadjuvant chemotherapy prior
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to XRT,”™” chemoradiotherapy (often followed by
adjuvant therapy),'®~'” adjuvant therapy alone,'® high-
dose chemotherapy with stem cell rescue,'”*? hyperfrac-
tionated radiation therapy,”*' anti-hypoxic treatment
during radiation therapy,”>>* and salvage therapy at
the time of tumor progression.”** The previous
Children’s Cancer Group treatment protocol for DIPG
(CCG 9941) that serves as the historical control for
the present study consisted of 3 cycles of induction
multiple-agent chemotherapy followed by radiation
therapy given twice daily to a total dose of 7200 cGy.’
None of these approaches has proven satisfactory,
leaving once-daily XRT alone as the only routinely
recommended “standard of-care.”

Temozolomide (TMZ) is an orally bioavailable
prodrug that is metabolized at physiologic pH to its
active metabolite monomethyl 5-triazeno imidazole car-
boxamide. The primary mechanism of action is methyl-
ation at the O6 position of guanine with a minor
contribution at the N7 position. TMZ is lipophilic facil-
itating gastrointestinal absorption and CNS penetration.
TMZ is widely utilized in the treatment of high-grade
gliomas (HGGs), including anaplastic astrocytoma
(AA) and glioblastoma (GBM). In the United States,
TMZ is approved for the treatment of newly diagnosed
GBM in adults concomitantly with radiotherapy and
then as maintenance therapy. It is also approved for
the treatment of adults with refractory AA following
progression on a nitrosourea/procarbazine regimen.
Given its apparent activity in the treatment of patients
with infiltrating astrocytomas, the Children’s Oncology
Group (COG) undertook a study (ACNS0126) to deter-
mine the utility of TMZ in the treatment of children with
infiltrating astrocytomas. Stratum A was restricted to
children with a diagnosis of AA, GBM, or gliosarcoma;
stratum B was restricted to children with DIPG, the
results of which are reported here.

Patients and Methods

Eligibility

Children were eligible for the study provided they had
undergone gadolinium-enhanced MRI with imaging
features consistent with the diagnosis of DIPG. Biopsy
of the lesion was neither required nor recommended
unless the treating physician believed that imaging fea-
tures were not entirely consistent with the diagnosis of
DIPG. MRI had to demonstrate that at least two-thirds
of the tumor was situated in the pons and that the
origin of the tumor was clearly within the pons.
Eligibility criteria included that cases be newly diag-
nosed and that the patients were 3-21 years of age,
had received no prior therapy other than corticosteroids,
and had a Lansky/Karnofsky performance status >50,
life expectancy of > 2 months, and adequate hematolo-
gic, renal, and hepatic function. Exclusion criteria
included the inability to begin treatment within
42 days from the time of diagnosis, DIPG presenting as
a second malignancy, or metastatic spread of tumor.
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Subjects with other brain stem tumors, including exo-
phytic brain stem gliomas, cervicomedullary junction
tumors, and focal low-grade gliomas of the midbrain
or brain stem, were not eligible. Patients and/or their
parents or legal guardians were required to sign insti-
tutional review board approved consent prior to
enrollment.

Pathology

Pathology was not required for participation on the trial
if imaging features were consistent with a DIPG. In cases
in which pathologic tests were performed, the insti-
tutional pathologist had to confirm that the tumor was
an infiltrating astrocytoma of WHO grade 2-4.

Treatment

All subjects enrolled in the study received the same
planned therapy. Within 42 days after diagnosis, sub-
jects started radiation therapy with the dose to the plan-
ning target volume being 59.4 Gy given in 33 fractions of
1.8 Gy delivered once daily, 5 days per week. The plan-
ning target volume encompassed the gross tumor volume
on MRI scan with a 1.3-1.5-cm 3-dimensional margin.
TMZ was administered at a dosage of 90 mg/m”/day
beginning within 5 days after the start of radiation
therapy and continued uninterrupted for a total of
42 days. Four weeks after the completion of radiation
therapy, maintenance therapy was initiated (200 mg/
m*/day for 5 days every 28 days for a total of 10
cycles). Each cycle of TMZ commenced when there
had been adequate hematologic recovery from the
prior cycle of treatment. All children received
Pneumocystis jiroveci pneumomia prophylaxis through-
out treatment.

Response evaluation

Evaluation of response to chemoradiotherapy and adju-
vant chemotherapy was based on institutional assess-
ment of the change in size of the tumor using the
maximal 2-dimensional cross-sectional tumor measure-
ments on T2 or FLAIR sequences. Response was charac-
terized as a complete response (ie, disappearance of all
abnormal signal within the brain stem and return to
normal size of the brain stem), partial response (ie, >
50% decrease in the sum of the products of the 2 perpen-
dicular diameters of the target lesion), stable disease
(ie, neither sufficient decrease in the products of the 2
perpendicular diameters of the target lesion to qualify
for a partial response, nor sufficient increase in the
target lesion to quality as progressive disease), or pro-
gressive disease (ie, a >25% increase in the cross-
sectional area of the largest 2 diameters of the target
lesion). Patients were removed from protocol therapy
upon evidence of clinical and/or radiologic progressive
disease.
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Statistical methods

The primary study endpoint for treatment efficacy was
time to treatment failure, measured from the start of
treatment, from which event-free survival (EFS) percen-
tage was computed. Failure events included tumor pro-
gression, tumor recurrence, or death due to any cause.
The secondary efficacy endpoint was time to death due
to any cause, from which overall survival (OS) was com-
puted. The primary objective of the statistical analysis
was to determine whether the current treatment pro-
duced a 1-year EFS rate higher than the historical base-
line of 21.9%, which is the maximum likelihood
estimates derived from an exponential model during
the first year from study CCG-9941. Both ACNS0126
and CCG 9941 were assumed to have exponential distri-
bution. The test of comparison is based on a 1-sided,
1-sample test of proportions,

S_b=p
V(p)

where p is the estimated proportion of patients who are
event-free at 1 year, p = 0.219, and V() is the estimated
asymptotic variance of p. Because censoring in this
disease in the first year of follow-up is minimal, the
test statistic is based on the simple estimate of the pro-
portion of patients who are event free at 1 year. The esti-
mated variance in this case is p(1—p)/n, where 7 is the
total sample size. The test was performed after the last
enrolled patient has been followed for a minimum of 1
year. The criteria for significance was the upper 90th
percentile of the standard normal distribution, so that
the test was performed at a nominal 10% type I error
level.

Results

Patient characteristics

During the period from July 6, 2004 through September
6,2005, 63 children were registered on ACNS0126 BSG
stratum. Three children were ineligible because their
tumors were coded as being not centered in the pons
(did not have DIPG) and two children were ineligible
because they failed to meet other eligibility requirements
(one had RT at a non-COG institution and the other did
not begin treatment in the required time frame). Patient
characteristics for the 58 eligible patients are shown in
Table 1. The median age for the 58 patients is 7.7
years (range, 3.3-16.2 years). Forty-eight percent were
male; 57% were white and 29% were black. Three chil-
dren had biopsies of their tumor at presentation, with 1
tumor being AA and 2 being GBM.

Therapies administered, response, and toxicity

For the 58 eligible children, 49 (84%) completed the
prescribed chemoradiotherapy and went on to receive
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Table 1. Characteristics of patients with diffuse intrinsic pontine
glioma.

Characteristic Frequency Percentage
Sex Male 28 48.3
Female 30 51.7
Age <5 years 13 22.4
5-10 32 55.2
10-15 12 20.7
>15 years 1 1.7
Race White 33 56.9
Black 17 293
Other/unknown 8 13.8
Primary site Midbrain 3 5.2
Pons 55 94.8

adjuvant chemotherapy. Of the 9 patients who went
off protocol therapy before maintenance, 7 progressed,
1 was withdrawn by the parents who declined further
treatment secondary to significant changes in mental
and motor status, and 1 died. The responses of the
49 remaining patients at the end of chemoradiotherapy
included 18 with partial response, 20 with stable
disease, and 1 with progressive disease who did not
discontinue protocol therapy. Ten other patients were
not evaluated at that time but continued to undergo
treatment; their responses in the next course in
which they were evaluated included 2 with partial
responses, 5 with stable diseases, and 3 with progress-
ive disease. The median number of adjuvant mainten-
ance courses was 2 (range, 1-10). Only 2 patients
completed all 10 courses of maintenance, and 1 of
them progressed during the last course.

There was a break in the course of radiation therapy
ranging from 1 to 7 days in 9 patients due to unstable
medical condition precluding delivery of XRT.
Protocol-directed dose modification occurred during
the first course of chemotherapy due to toxicity for
7 patients (3 cases of thrombocytopenia and 1 each of
pneumonia, tachypnea, increased intracranial pressure/
unresponsiveness, and radiation-induced edema). Two
patients had an allergic reaction to TMZ during the
first course. Over all courses of treatment, there were
20 times (17 patients) when the drug was modified due
to toxicity; 11 modifications were due to low platelet
counts.

Targeted toxicities are shown in Table 2 for the
chemoradiotherapy course and the cumulative rates
over all the maintenance courses (with number of
patients ranging from 49 in course 1 to only 2 after
course 7). Hematologic toxicities predominated. One
child was removed from study therapy because of
prolonged thrombocytopenia. Nontargeted toxicities
were rare, with the majority being neurologic
toxicities with unlikely attribution to TMZ; during che-
moradiotherapy, the nontargeted toxicities included
ataxia (n=3), depressed level of consciousness
(n = 3), and speech impairment (7 = 3).



Table 2. Summary of targeted toxicities for diffuse intrinsic
pontine glioma stratum

Toxicity Chemoradiotherapy = Maintenance
(n=58) (n=49)
Allergic reaction/ 0 8
hypersensitivity
Anemia 5 13
Leukocytes (total white 10 35
blood cell count)
Lymphopenia 38 39
Neutrophils/granulocytes 10 47
Thrombocytopenia 9 34
Nausea 3 8
Vomiting 3 7
Alanine aminotransferase 0
level
Febrile neutropenia (fever 0 4
of unknown origin)
Infection with grade 3 or 2 5
4 neutropenia
Infection with unknown 5 0
ANC
Infection without 9 8
neutropenia
Neuropathy
Cranial 12 35
Motor 17 46
Neurology
Sensory 5 7
Seizures 0 3

Data are percentage of grade 3 or 4 toxicities for chemoradiotherapy
and maintenance courses.

Qutcome

Figure 1 demonstrates the EFS and OS for all eligible
patients with DIPG. Figure 2 presents an event-free
survival plot for the 58 eligible DIPG patients on
ACNS0126 and compares them with a similar cohort
of 63 patients from the historical control study
CCG-9941. The primary objective of the statistical
analysis was to determine whether the current treatment
produced a 1-year EFS rate higher than the historical
baseline of 21.9%. On ACNSO0126, 46 patients pro-
gressed and an additional 4 patients died with presump-
tive progression in the absence of an MRI within 1 year.
Fourteen percent (8 of 58) of patients were event-free at
1 year. The 1-sided P value of the test of comparison
based on a 1-sided, 1-sample test of proportions was
.96. Therefore, we failed to collect evidence to show
that the 1-year EFS rate on the current treatment is
higher than the historical baseline of 21.9% at the .1
significance level.

The mean Kaplan-Meier estimate ( 4 standard devi-
ation) of 1-year EFS was 14% + 4.5% for ACNS0126,
compared with 21.9% + 5% for CCG-9941; the mean
1-year OS (4 standard deviation) was 40% =+ 6.5%
for ACNS0126, compared with 32% 4+ 6% for
CCG-9941. The median times to progression and
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Fig. 2. Event-Free Survival Comparison of ACNSO126 and
CCG-9941.

death were 6.1 and 9.6 months, respectively, for patients
with DIPG in ACNS0126. The mean 2-year EFS and OS
( + standard deviation) were 1.7% + 1.7% and 3.6% +
2.5%, respectively. The only patient not known to have
died was lost to follow-up after 25 months.

Discussion

Results of this study demonstrated no apparent survival
benefit associated with the addition of TMZ to conven-
tional radiation therapy among children with DIPG. In
this study and in CCG-9941, the majority of children
died with disease progression within 1 year of diagnosis.
This finding is particularly disappointing given the
encouraging results seen with a similar chemoradiother-
apy and maintenance regimen using TMZ in adult
patients with supratentorial HGG.?® Two smaller pedi-
atric trials>”*® recently reported similarly poor out-
comes, albeit with slightly reduced doses of TMZ. The
addition of chemoradiotherapy in the current study
appeared to offer no therapeutic advantage, with a
dismal outcome similar to that seen using maintenance
TMZ following radiation therapy alone.”” Seven chil-
dren progressed following chemoradiotherapy prior to
any courses of maintenance therapy. One explanation
could have been pseudoprogression, although all 7
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children were dead of disease wtihin 1 year after diagno-
sis, suggesting that this phenomenon, if present, did not
alter the natural history of this tumor.

It is unclear why TMZ was ineffective in this patient
population. One possible explanation is that DIPG
contains an active, presumably unmethylated,
0O6-methylguanine DNA methyltransferase (MGMT)
promoter, as is often seen in supratentorial HGGs.
MGMT activity would be anticipated to rapidly remove
methyl and alkyl groups from the O6 position of
guanine abrogating the cytotoxic impact of TMZ. This
hypothesis is speculative, because a biopsy of the pons
was not required for enrollment on this stratum. A
small number of children underwent biopy, presumably
when the treating physician felt that the imaging features
at the time of presentation were not classic for a diagnosis
of DIPG. However, these specimens were not tested for
MGMT expression. Agents that inhibit MGMT activity,
such as O6-benzylguanine,*® are being studied as poten-
tial therapeutic strategies to enhance the sensitivity of
tumor cells to TMZ exposure.®’ A major concern with
this approach has been marked bone marrow suppression
caused by the alkylating agent.*

A second possible explanation is that, despite the
central nervous system penetration of TMZ, it fails to
adequately reach the target tissue. At presentation,
most DIPGs show limited or no contrast enhancement
after the administration of gadolinium, raising the possi-
bility that the blood-brain barrier is relatively intact in
that region. Whether TMZ effectively penetrates the
pons is unknown.

Many practitioners have suggested that improve-
ments in the outcome for children diagnosed with a
DIPG will require tissue acquisition so that appropriate
molecular analyses can be undertaken in an effort to
better understand the biology of this tumor. Central to
this perspective is the presumption that the biology of
DIPG is fundamentally different from that of other infil-
trating astrocytomas, such as supratentorial AA and
GBM, for which numerous specimens are available for
analysis. Small series have recently suggested that there
are fundamental biological differences in DIPG versus
HGG.?* ** However, biopsy of the brain stem is a con-
tentious issue because such a procedure poses some sur-
gical risk to the child, although in capable hands, this
appears to be a relatively low-risk procedure®> *¢ with
limited, or no likelihood of direct benefit.>” In selected
cases, an upfront biopsy is justified for clinical purposes
when imaging features are not typical for the diagnosis.
One recent study reported that, if biopsies are obtained
from newly diagnosed children with presumed DIPG,
an alternate histology will occasionally be identified.
Whether this finding justifies the routine use of biopsies
in all children is doubtful. Currently, if a biopsy is clini-
cally indicated, every effort should be made by the
practitioner to bank such specimens after histologic
confirmation of the diagnosis, provided appropriate
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regulatory requirements are met for such banking.
Alternatively, if the specimen were used to influence
the plan of care for the child undergoing a biopsy, then
the prospect of direct benefit could be argued, allowing
for classification of the research as more than minimal
risk but with the prospect of direct benefit.
Alternatives have been recently reported, including the
use of so-called “warm autopsy” specimens, in which
pontine tissue is acquired as soon after the death of the
child as possible. Whether such tissue reflects the pre-
treatment biology of a DIPG is unclear, but potential
molecular targets are being identified by these
methods. Another possibility would be to use specimens
obtained from children who present with a classic bitha-
lamic infiltrating astrocytoma, a lesion type that is com-
monly biopsied. These lesions tend to image in a manner
quite similar to that of a DIPG, and their natural history
is equally unfavorable.*®

Numerous strategies for the treatment of DIPG are
being studied in both the preclinical and early clinical
setting. Chemotherapeutics that show promise against
supratentorial AA and GBM are often proposed as
rational candidates for study in children with DIPG.
Exploiting this approach has been ineffective in the
past, but perhaps newer agents will provide greater
benefit. Molecularly targeted therapies hold some con-
ceptual promise, but the utility of these agents is, as
yet, unproven in the setting of a DIPG, in part because
of the lack of available tissue to analyze. Local delivery
strategies (eg, convection-enhanced delivery) are being
explored on the presumption that the current failure of
systemic therapy is related to inefficient delivery of
drug to the target tissue.

Despite anecdotal reports of efficacy, the data are suf-
ficiently poor that there appears to be little justification
for the continued use of TMZ in this patient population,
even in combination therapy. Currently, the only
therapy remains palliative up-front XRT. Other treat-
ments are best explored in the setting of early phase
clinical trials.
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