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Abstract

Introduction Diffuse intrinsic pontine glioma (DIPG) is the most common form of brainstem glioma. The present study was
performed to assess if hypofractionated radiotherapy completed in <3 weeks with temozolomide improves survival in DIPG.
Material and methods The present study is a phase II open label randomized trial. The study included newly diagnosed
patients with DIPG. Patients in arm A received conventional fractionated RT of 60 Gy in 30 fractions over 6 weeks while
patients in arm B received hypo-fractionated radiotherapy of 39 Gy in 13 fractions over 2.6 weeks along with concurrent
Temozolomide (TMZ) 75 mg/m? from day 1 to day 17 followed by adjuvant TMZ for six cycles. The survival analysis was
performed with modified intention to treat analysis.

Results A total of 35 patients were randomized. 33 patients were evaluable. 93% (n= 14) of patients in the conventional arm
completed treatment while only 17% (n=3) of the children could complete planned course of treatment in the experimental
arm. The median overall survival (OS) was 11 months (95% CI — 7.5 to 14.5 months) in the conventional arm and 12 months
(95% CI — 10.5 to 13.5 months) in the experimental arm (p=0.208). 28% (n=5) patients in the experimental arm developed
grade 3 or 4 hematological toxicity.

Conclusion The above study shows that hypofractionated radiotherapy with concurrent and adjuvant temozolomide does not
improve OS and has higher hematological toxicity. Conventional radiotherapy remains the standard of care.
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Introduction

Diffuse intrinsic pontine glioma (DIPG) is the most common
form of brainstem glioma and accounts for 70% to 80% of all
brainstem tumors [1]. Definitive radiotherapy to a dose of 54
to 60 Gy delivered in 30 daily fractions over 6 weeks is the
current standard of care [2]. Even after definitive radiation
most patients progress within 6 months and have a median
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survival of < 1 year [3, 4]. Due to this poor outcome, mul-
tiple trials have been conducted over the years by changing
the fractionation of radiation therapy and by using certain
chemotherapeutic agents [3—10]. Most of the trials have
failed to improve survival in DIPG. The present study was
performed to assess if hypofractionated radiotherapy com-
pleted in <3 weeks with temozolomide improves survival
in DIPG. The effect of treatment on toxicity and quality of
life was also documented. We report the survival and toxic-
ity analysis in this paper and plan to present our quality of
life data later.

Patients and methods
The present study is a phase II open label randomized trial.
Randomization was done by a simple computer-generated

randomization chart into Arm A (Conventional radiother-
apy) and Arm B (Experimental Arm). The study included
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newly diagnosed patients with DIPG. Patients of either sex
from the age of 3 years to 40 years with no prior history
of chemoradiotherapy, Karnofsky performance score of
greater than 50, normal complete blood count, liver and
kidney function tests and a signed informed consent from
the patient guardian or the patient itself were included. The
patients were included if they had a contrast enhanced MRI
(CEMRI) showing features suggestive of diffuse intrinsic
pontine glioma with involvement of more than half of pons
and encasement of basilar artery. All patients underwent a
comprehensive clinical examination including complete neu-
rological examinations. Baseline quality of life assessment
was done as per PedsQLTM (Version 4). Blood investiga-
tions including complete blood counts, liver function test,
and kidney function test were done.

Radiation therapy

For radiotherapy planning, gross tumor volume (GTV) was
delineated as the T1 post-contrast abnormality visible in
the CEMRI. The Clinical Target Volume (CTV) included
T2 FLAIR abnormality with 2 cm isotropic, anatomically
constrained expansion. An isotropic expansion of 5 mm
was added on CTV to generate the Planning target volume
(PTV). Patients in arm A received conventional fractionated
RT of 60 Gy in 30 fractions over 6 weeks while patients in
arm B received hypo-fractionated radiotherapy of 39 Gy in
13 fractions over 2.6 weeks along with concurrent Temozo-
lomide (TMZ) 75 mg/m? from day 1 to day 17.

Concurrent and adjuvant TMZ

Concurrent TMZ was given to patients in Arm B at 75 mg/
m? from day 1 to day 17. Four weeks after completion of
radiotherapy these patients were started on adjuvant TMZ.
The First cycle was prescribed at 150 mg/m?* D1 through D5
and then the dose was increased to 200 mg/m? D1 through
D5 repeated every 4 weeks for a total of 6 cycles based on
tolerance.

Dose modification protocol

Toxicity was monitored using CTCAE version 4.03. Tox-
icity was monitored weekly during chemoradiotherapy
and monthly during adjuvant chemotherapy. Any decrease
in absolute neutrophil count (ANC) to less than 1000 and
platelets to less than 100,000 would result in discontinua-
tion of TMZ with the remaining fractions of radiotherapy.
During adjuvant TMZ, a dose reduction by 50 mg/m* was
done when ANC was reduced to less than 1000 or platelet
less than 75,000. If toxicity persisted, a further reduction of
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50 mg/m?* was done till a minimum of 100 mg/m>. TMZ was
discontinued if toxicity beyond this.

Follow up protocol

First follow up was done after 4 weeks of completion of
treatment with subsequent follow up at 4 weekly intervals for
6 months. CEMRI Brain was done at first follow up followed
by 3 monthly MRI or when patient became symptomatic.
Progression was defined as per the RANO criteria and was
taken from date of MRI showing unequivocal progression.

Statistical analysis

For sample size calculation, the 1 year OS for the control
arm was defined as 35%. The assumption for experimental
arm was improvement of 1 year OS to 60%. For a power of
80% with alpha error of 0.05, the sample size was calculated
to 63 patients in each arm (126 patients in total). Keeping
in mind the rarity of tumour and logistics we decided on
an accrual goal of 35 patients over 2 years so as create data
to support or refute conduct of a bigger trial. All baseline
characteristics were tabulated in an excel sheet and chi
square test performed to identify any significant differences
between the arms. Categorical variables were summarized
by frequency and percentage and quantitative variables by
the median and range. The survival analysis was performed
with modified intention to treat analysis i.e. patients who
were randomized but did not start any form of treatment
were excluded but all patients who started treatment were
included. This was done as DIPG is highly aggressive and
some patients expire even before treatment is started. Inclu-
sion of such patients may skew the results away from an
effective treatment. Progression free survival (PFS) and
Overall survival (OS) were reported in months and were
compared using the log rank test. A p value <0.05 was con-
sidered significant.

Results
Patient characteristics

During the study period between July 2016 and May
2018, a total of 35 patients were recruited for this study;
17 patients were randomized to the conventional treat-
ment arm (Arm A) and 18 patients to the experimental arm
(Arm B) (Consort diagram). Of this, 20 were females and
15 were males. The median age of patients in this study
was 7 years (Range 4-35 years) with median age in Arm-A
being 7 years and that of Arm-B 9 years. Fifteen children
had presented for treatment within one month of onset of
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symptoms while twenty children presented with more than
one month of symptoms. The most common symptoms
were limb weakness followed by visual disturbance in the
form of diplopia or squint, ataxia and difficulty in swal-
lowing. All patients had cranial nerve deficits. 4 children
required a MPVP shunt (Midline Posterior Ventriculo-Per-
itoneal Shunt) before start of treatment for management of
raised intracranial tension. The patient characteristics are
summarized in Table 1.

Table 1 Baseline patient characteristics

Conventional ~ Experimental arm p value
arm n (%) (Chi
square)
Age
<7 years 9(52%) 9 (50%) 0.945
8-18 years 5(29%) 5(27%)
> 18 years 3(17%) 4 (22%)
Sex
Females 9 (52%) 11 (61%) 1.000
Males 8 (47%) 7 (38%)
Duration of symptoms
<1 month 7 (41%) 8 (44%) 1.000
> 1 month 10 (58%) 10 (55%)
ECOG performance status
<2 8 (47%) 16 (88%) 0.002
>2 9 (52%) 2 (11%)
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Treatment characteristics

A total of 33 children were evaluable of which 16 were from
conventional treatment arm and 17 from the experimental
arm. Two children, one in each arm developed features of
raised intracranial pressure and succumbed to the disease
even before the treatment could be started. Two children
were lost to follow up after the treatment started, one from
each arm. One patient in the conventional arm was not able
to afford accommodation near the hospital and went back to
their native place after 7 fractions of radiotherapy. The sec-
ond patient chose alternative medicine after 13 fractions of
radiotherapy with concurrent temozolomide. 93% (n=14) of
patients in the conventional arm completed treatment while
only 17% (n=3) of the children could complete the planned
course of treatment in the experimental arm although all
except one (n=17) completed the course of hypofraction-
ated radiotherapy. Other patients (n = 14) progressed during
adjuvant TMZ and therefore could not complete the planned
course of treatment. No patient had to discontinue treatment
due to toxicity of adjuvant TMZ.

Survival analysis

The median overall survival (OS) was 11 months (95% CI
— 7.5 to 14.5 months) in the conventional arm and 12 months
(95% CI — 10.5 to 13.5 months) in the experimental arm.
This was not statistically significant with a p value of 0.208
(Fig. 1). The median progression free survival (PFS) was
7 months (95% CI — 3.6 to 10.3 months) in the conven-
tional arm and 8 months (95% CI — 6.7 to 9.3 months) in the
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Fig. 1 a Kaplan Meier curve comparing cumulative overall survival between arms, b Kaplan Meier curve comparing cumulative progression

free survival between arms
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experimental arm. This was not statistically significant with
a p value of 0.198 (Fig. 1). The estimated 18 month OS in
arm A was 11% while for arm B it was 27%. At last follow
up, 3 (18.7%) patients in arm A and 8 (47.1%) patients in
arm B were alive.

Toxicity

28% (n=15) of patients in the experimental arm developed
grade 3 or 4 hematological toxicity during adjuvant temo-
zolomide of whom all 5 developed grade 3 or 4 thrombocy-
topenia, 2 children developed grade 3 or 4 leukopenia and
neutropenia and one developed grade 3 anemia. None of the
children had any grade 3 or grade 4 toxicity associated with
concurrent temozolomide. In the conventional treatment
arm, 7% (n=1) developed grade3 or 4 toxicity, in the form
of a subdural hemorrhage while on radiation after a dose of
48 Gy (24 fractions). He was subsequently diagnosed to have
intra-tumoral bleeding and was admitted under the depart-
ment of neurosurgery and managed conservatively for the
same. The child was not given any further radiation and was
kept on monthly follow up. There was no documented radia-
tion necrosis on MRI in any of the patients in both arms.
There was also no documented grade 2 or higher fatigue
during course of radiation in both arms. The toxicities are
summarized in Table 2.

Discussion

The management of DIPG is one of the biggest challenges
in pediatric oncology. Andrea Chassot et al. [5] evaluated
the efficacy and toxicity of radiotherapy to a dose of 54 Gy
in 30 fractions along with concurrent TMZ (75 mg/m*/day)
followed by adjuvant TMZ (200 mg/m?/day, days 1-5) in
21 children with median age of 6.4 years with DIPG. Four
weeks after completing the initial RT-TMZ schedule, adju-
vant TMZ was given every 28 days up to six cycles. They
showed a median survival of 11.7 months. The 1-year PFS
and the 1-year OS were 33 and 50%, respectively. A similar
study was conducted by Jalali et al. [7] in 20 children with
DIPG who were treated with focal RT to a dose of 54 Gy

Table 2 Hematological toxicity in arm B

Patient Arm Anemia Thrombocyto- Leukopenia Neutropenia

penia
1 B Grade 2 Grade 4 Grade 4 Grade 4
2 B Grade 2 Grade 3
3 B Grade 3 Gradel Grade 1
4 B Grade 3 Grade 4 Grade 3 Grade 4
5 B Grade 3
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in 30 fractions along with concurrent daily TMZ (75 mg/
m?, Days 1-42). Four weeks after completing the initial
RT-TMZ schedule, adjuvant TMZ (200 mg/m?, Days 1-5)
was given every 28 days to a maximum of 12 cycles. They
showed a median overall survival and progression-free sur-
vival were 9.15 months and 6.9 months, respectively. Both
the above studies concluded that there was no improvement
in survival with the addition of Temozolomide to conven-
tional radiotherapy along with the added toxicity of Temo-
zolomide. The same was shown in a phase 2 trial by Cohen
et al. [3]. It should be noted that the above studies were a
single arm, non-randomized trial, and the conclusion of the
same should be taken with caution. A randomized controlled
trial by Zaghoul et al. [6] compared hypofractionated radio-
therapy with 39 Gy in 13 fractions over 2.6 weeks to con-
ventional radiotherapy of 54 Gy in 30 fractions over 6 weeks
in the treatment of 71 children with DIPG. The 18-month
OS difference was 2.2% in that study with the conventional
arm doing better. In view of single arm design of some of
the studies using TMZ and negative results by using only
hypofractionation we decided to test in a randomized man-
ner the effect of hypofractionation with TMZ in comparison
to standard of care. The present randomized trial reports a
slightly better OS in the experimental arm but at the cost of
increased incidence of hematologic toxicity. The median OS
was 11 months in the conventional arm and 12 months in
the experimental arm with a p value of 0.208. Jalali et al. [7]
reported Grade 3 or 4 toxicity during the concurrent TMZ
which included thrombocytopenia in 3 patients, leucopenia
in 2, and vomiting in 7. During the adjuvant TMZ phase,
they reported Grade 3 and 4 leucopenia, which developed
in 2 patients and Grade IV thrombocytopenia in 1 patient
which accounted for 35% of the patients in their cohort. This
was similar to the toxicity in our study with 7% and 28%
patients in the conventional and hypofractionated arm devel-
oping grade 3 or 4 toxicity respectively. Unlike described
in the above trial, our study did not show any toxicity dur-
ing the phase of concurrent temozolomide. This could be
because concurrent TMZ was given for a lesser duration
(3 weeks) in our study.

This study does come with the limitations of a small sam-
ple size and no blinding in the study. The strength of this
study is that this is the only randomized study comparing
conventional treatment with a new experimental treatment
which includes hypofractionated radiotherapy along with
concurrent and adjuvant temozolomide.

Conclusion

The above study shows that hypofractionated radiotherapy
with concurrent and adjuvant temozolomide shows no
significant improvement in OS as compared with present
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standard of care and has higher hematological toxicity. Con-
ventional radiotherapy remains the standard of care.
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