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ABSTRACT

Background: Childhood diffuse brainstem glioma (dBSG) is a rare tumor with a poor prognosis.
Any tumor-directed surgical intervention is difficult. Magnetic resonance imaging forms the main-
stay of diagnosis and radiation therapy has remained the backbone of therapy. In this study, we com-
pare the outcomes of conformal radiotherapy with conventional therapy in the context of resource-
constrained settings.

Methods: In this retrospective analysis, conducted between 2010 and 2019, all pediatric patients
with a diagnosis of dBSG were analyzed. The survival data were calculated in months from the date
of diagnosis. Survival differences between variables were compared using the Log-rank test and the
risk of death was calculated using Cox regression analysis.

Results: A total of 20 patients (11 males, 55%) with a diagnosis of dBSG were included. Median
age at diagnosis was 6.5 years. No surgical resection or biopsy was done in any patient. Fifteen
(75%) patients received radiotherapy and only 4 (20%) patients received additional chemotherapy.
Five (25%) patients did not receive any form of anti-cancer therapy. Median overall survival (OS)
was 8months (95% CI 5.2-10.8). Females were at a higher risk of death than males. Children
treated with radiotherapy had a longer OS than untreated children; however, the modality of radio-
therapy employed or the addition of chemotherapy did not affect the OS.

Conclusion: Radiotherapy, irrespective of the modality, increases the survival of children with
dBSG in resource-poor settings. Additionally, socioeconomic concerns need to be addressed in the
management of these tumors, especially in the case of female children.
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Modality of Radiotherapy and OS in Pediatric dBSG

LAY SUMMARY

Childhood diffuse brainstem glioma (dBSG) is a rare tumor with a poor prognosis. Any tumor-
directed surgical intervention is difficult. Magnetic resonance imaging forms the mainstay of diagno-
sis and radiation therapy has remained the backbone of therapy. In this 10-year retrospective study,
we compare the outcomes of conformal radiotherapy with conventional therapy in the context of re-
source-constrained settings. A total of 20 patients with a diagnosis of dBSG were included with a
median age at diagnosis of 6.5 years (5.25-8.75). No surgical resection or biopsy was done in any
patient. Fifteen (75%) patients received radiotherapy and only 4 (20%) patients received additional
chemotherapy. Five (25%) patients did not receive any form of anti-cancer therapy. Median overall
survival (OS) was 8 months (95% CI 5.2-10.8). Females were at a 3.4-fold (95% CI 1.0-12.1)
higher risk of death than males. Children treated with radiotherapy had a longer OS than untreated
children; however, the modality of radiotherapy employed or the addition of chemotherapy did not
affect the OS. Radiotherapy, irrespective of the modality, increases the survival of children with
dBSG in resource-poor settings. Additionally, socioeconomic concerns need to be addressed in the
management of these tumors, especially in the case of female children.

KEYWORDS: brainstem, chemotherapy, conformal radiotherapy, conventional radiotherapy, dif-

fuse, glioma

INTRODUCTION
Each year, nearly 300 000 cases of pediatric cancer
are diagnosed worldwide [1]. Central nervous sys-
tem (CNS) tumors are the second most common,
accounting for about one-fifth of all cancers in this
age group [1]. In the USA, they account for the
most common cancer-related death (~25%) in chil-
dren [2]. As per global data, brainstem gliomas
(BSGs) comprise about 10% of all primary CNS
tumors in children and adolescents (0-19 years) [3].
However, there is a higher proportion of BSG cases
(around one-fourth of all CNS tumors) reported
from India [4]. The precise etiopathogenesis of these
tumors remains largely elusive. In patients with
neurofibromatosis-1, BSGs are the second most fre-
quently encountered brain tumors [S]. The clinical
diagnosis of BSG is based on characteristic features
on magnetic resonance imaging (MRI) [6]. MRI has
become the imaging investigation of choice in the
characterization of BSG (hyp/iso-intense on TI;
hyperintense on T2-weighted images). Despite a
marked improvement in survival of children with
cancer for many decades [7], the prognosis of
patients with diffuse BSGs (dBSGs) remains bleak
[8]. Due to its structural complexity and integrated
brain functions, any surgical intervention involving
the brainstem (diagnostic or therapeutic) is difficult
and patients often receive a radiological diagnosis

only. Due to its rarity, there is a paucity of data on
comparative treatments, with conformal radiotherapy
(CRT) usually being the standard of care [9]. The
ability to employ CRT may be limited in developing
countries and access to high precision stereotactic
surgical interventions is often far-fetched due to
technical and logistic constraints. We, therefore, aim
to compare the influence of conventional radiother-
apy with non-conventional radiotherapy on the out-
come of dBSGs managed non-surgically. In the
context of resource-constrained settings, convention-
al radiotherapy may be more cost-effective and less
technically demanding.

MATERIALS AND METHODS

A hospital-based retrospective observational study
was conducted at the Sher-i-Kashmir Institute of
Medical Sciences (SKIMS), Srinagar, India, which is
the largest tertiary care cancer center in the region. It
cares for ~5000 cancer patients annually, and is the
only referral center treating pediatric cancers in the
region.

Between 2010 and 2019, all patients 0 to 19 years
old with clinical and radiological diagnosis of dBSG
were recruited from our Hospital-Based Cancer
Registry. The diagnosis was based on MRI docu-
mented tumor epicenter within the brainstem, and
not merely involvement of brainstem. All cases were
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reviewed jointly by a team comprising of a radiolo-
gist, neurosurgeon, medical and radiation oncolo-
gists. Data recorded included age, gender, patient’s
presenting illness (symptoms/signs), radiological
findings, surgical details (if any), radiation therapy
and chemotherapy. Quantitative data were expressed
using median (25th and 75th percentile); while
qualitative data were expressed as number (percent).
Overall survival (OS) was the time in months from
diagnosis to death or last follow-up. Survival differen-
ces between variables were compared using the Log-
rank test (p-value < 0.05 was considered significant).
The risk of death was calculated using stepwise Cox
regression analysis. The variables included in model
building were age at diagnosis, gender, clinical pres-
entation, tumor size, location of the tumor, pres-
ence/absence of necrosis or edema on imaging,
placement of a ventriculoperitoneal shunt, and
whether chemotherapy was employed. All statistical
analysis was performed using Statistical Package for
the Social Sciences software (SPSS, version 23, IBM
corporation). We did not analyze treatment toxicity
in these patients and long-term adverse effects of ra-
diation were not assessed due to short survival.
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RESULTS

A total of 20 patients with a diagnosis of dBSG were
included in our study. The median age of presenta-
tion was 6.5 years (5.25-8.75) with a slight male pre-
ponderance (n=11, 55%). Diplopia was the
commonest presenting symptom (n=9, 45%), fol-
lowed by vertigo and headache (15% each). At pres-
entation, half of the patients had altered sensorium
on examination. In 16 (80%) patients, pons was the
epicenter of the tumor. The median lesion size on
MRI was 4 cm X 3.5 cm. No surgical resection or bi-
opsy was done in any patient, a ventriculoperitoneal
shunt was put in 3 (15%) patients (Supplementary
Table S1).

In our cohort, 5 (25%) patients did not receive
any form of anti-cancer treatment. Radiotherapy was
given to the rest, while 4 (20%) patients received
additional chemotherapy. Conventional radiotherapy
was employed in 6 (40% of radiotherapy group)
patients, intensity-modulated radiotherapy (IMRT)
in 8 (53% of radiotherapy group) and 3D-CRT in 1
(7% of radiotherapy group).

All patients who did not receive any anti-tumor
therapy succumbed to the disease within the first
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Fig. 1. Comparative Kaplan-Meier survival curves of patients in our cohort. (A) Survival benefit of radiotherapy with/
without chemotherapy over untreated patients. (B) Comparison of OS in patients treated with different modalities of
radiotherapy. p values have been calculated using the Log-rank test.
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Fig. 2. Comparative Kaplan—Meier survival curves of patients stratified by gender. (A) All patients included (treated and
untreated). (B) Patients treated with radiotherapy (irrespective of the modality) with/without chemotherapy. p values

have been calculated using the Log-rank test.

month of presentation; whereas, in the rest, median
survival was 9 months [95% confidence interval (CI)
1.1-16.9 months] (Fig. 1A). The addition of chemo-
therapy did not result in any difference in the OS of
the patients.

In the conventional radiotherapy cohort, five out
of six patients (83%) succumbed to the illness,
whereas, in the non-conventional radiotherapy group
4 out of 9 (44%) patients had died at last follow-up;
however, there was no difference in the OS as the
conventional radiotherapy group has a higher me-
dian duration of follow-up (Fig. 1B).

In the entire cohort, males had a higher median
OS [14months (95% CI 0-28.7)] than females
[8 months (95% CI 3.6-12.4)] (Fig. 2A) which
translated to a 3.4-fold (95% CI 1.0-12.1) higher
risk of death in females (stepwise Cox regression
analysis). On subgroup analysis, in the treated group
(radiotherapy with/without chemotherapy) the me-
dian OS in males was 21 months (95% CI 6.2-35.8)
and in females, it was 8months (95% CI 5.5-
10.5 months). The risk of death was 5.6-fold (95%
CI 1.0-31.3) higher in females on stepwise Cox re-
gression analysis (Fig. 2B). Employing radiotherapy

(irrespective of the type) and male gender were the
independent predictors of outcome in our cohort.
Other variables including the clinical features, size,
MRI features, the dose of radiotherapy and location
of the tumor did not influence the OS.

DISCUSSION
Initially considered a single group, BSGs are current-
ly subtyped into two broad categories: dBSGs
(>80% of all cases) and non-diffuse brainstem
tumors, which have a more favorable prognosis [10].
About three-fourths of all BSGs occur in the first
decade of life, peaking around 6-7 years. There is no
recognized gender or racial predilection for dBSGs
[11]. Our study also showed a similar profile at diag-
nosis. In about one-third, patients present with a
triad of cranial nerve dysfunction, upper motor neu-
ron signs and ataxia. However, the majority of
patients present with only one of these signs, and
only about 10% of patients present with hydroceph-
alus [12]. Symptom onset is usually brief (1-
2months) at diagnosis [13]. We observed cranial
nerve palsy as the commonest presentation in our
patients but had a relatively higher percentage of
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Fig. 3. Axial T1-weighted (A) and T2-weighted (B) images demonstrate a T1 hypointense and T2 heterogeneously
hyperintense expansile mass lesion in pons in a 6-year-old female child. There is partial encasement of the basilar artery
with effacement of the fourth ventricle. Also noted is the medial deviation of the right eyeball due to cranial nerve palsy.

patients having features of raised intracranial pres-
sure as compared to what has been reported in the
literature. This is possibly due to a more posterior
extension of disease towards the fourth ventricle in
our patients.

Astrocytoma and ependymoma are the most com-
mon histological subtypes of brainstem tumors [14];
however, we included patients with classical radio-
logical features of dBSG only (Fig. 3). Our results
are, therefore, based on a broad anatomical depiction
of the tumors, a scenario often encountered in
resource-poor settings that lack the ability to per-
form stereotactic surgeries or biopsies. The role of
guided biopsies in dBSGs is debatable, as additional
information obtained from histopathological examin-
ation of the tumor may not lead to change in therapy
or prognosis [15]. However, targeted therapy based
on molecular details of the dBSGs may expand the
significance of performing a biopsy [16]. Only a few
centers in our subcontinent have the requisite

logistic and technical expertise to employ stereotactic
surgical interventions in pediatric dBSGs. Although
there is no conclusive evidence of any survival bene-
fit by subjecting patients with dBSGs to any surgical
procedure [17, 18]; at times, surgery is performed as
an ancillary procedure in patients with hydroceph-
alus that require cerebrospinal fluid diversion for re-
lief of symptoms.

Radiotherapy remains the conventional modality
of treatment and may lead to a neurological recovery
in up to 85% of patients. A radiological response is
often an accompaniment that permits the tapering of
steroids [8, 19, 20]. Radiotherapy with or without
chemotherapy was the only modality of treatment
given to our patients which resulted in a higher me-
dian OS (8 months) as compared with untreated
patients (none surviving >1month) similar to that
reported previously [19, 20]. The decision of not
treating was based on caregivers’ preferences or the
Glasgow coma scale. However, in our patients, there
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was no significant difference in the OS on comparing
various doses of radiotherapy or the modality (con-
ventional vs. conformal) employed. All patients
received conventionally fractionated radiotherapy,
and no hypo- or hyper-fractionation was employed
in any patient in our cohort. Nonetheless, for
patients with newly diagnosed diffuse gliomas in the
brainstem, hypofractionated radiotherapy may offer
non-inferior survival with shortening of treatment
time compared with a conventional regimen [21].
This also reduces the number of anesthesia/deep-
sedation sessions, which are often required in
younger patients. For survival outcome, hyperfractio-
nated radiotherapy was not superior to conventional-
ly fractionated radiotherapy in a Pediatric Oncology
Group trial in patients with diffuse intrinsic glioma
[22]. Advanced radiation therapy procedures have
improved treatment precision in pediatric CNS
tumors. Even when CRT techniques are compared,
patients who receive IMRT seem to have a longer
OS than those who receive 3D-CRT [23]. However,
in many developing regions, CRT has both availabil-
ity and affordability constraints [24].

As in our cohort, the addition of chemotherapy to
radiotherapy has not resulted in improved outcomes
in dBSGs. When added to radiotherapy, temozolo-
mide has not resulted in an improved survival rate
and the median OS has ranged from 9 to 10 months
[25, 26]. Only four patients received chemotherapy
(one received concurrent and three patients received
adjuvant temozolomide) in addition to radiotherapy
in our patient population.

Another factor independently affecting survival in
our patients was gender, with females having a higher
risk of mortality. This is in contrast to what has been
reported in literature where gender is unrelated to
prognosis [14, 19, 27, 28]. The possible explanation
for survival difference as a result of gender may be
due to social factors which may affect parental
choices in seeking medical care for cancers with a
poor prognosis, especially in developing countries.
Overall, in the pediatric population, it has been
observed that the risk of death is higher in males in
various tumor types [29]. Yet, there is little evidence
on gender differences in survival by cancer type. Our
results need to be interpreted with caution because

of small sample size and single-center study design,
which are the important limitations of our study.

Management of pediatric dBSGs in developing
countries is challenging where socioeconomic factors
additionally affect survival. In such scenarios, com-
parative studies analyzing various treatment modal-
ities are scarce probably owing to the rarity of this
tumor. An important strength of our study is a retro-
spective comparison of treatment outcomes in pedi—
atric dBSG treated at our center over the past
decade.

CONCLUSIONS
Treating dBSG patients with radiotherapy even with
the conventional form should be encouraged which
is especially important in resource-constrained set-
tings. The impact of gender on the outcome is a
source of significant concern and needs to be under-
stood in a broader perspective, including the socio-
economic perspective, and preferably in a larger mul-
ticentric cohort

of patients from developing

countries.

SUPPLEMENTARY DATA
Supplementary data are available at Journal of Tropical
Pediatrics online.

ETHICS APPROVAL

This work has not been published or is being consid-
ered for publication elsewhere. The study design has
been approved by the SKIMS Ethics Committee (of
our institution) and the work conforms to the provi-
sions of the Declaration of Helsinki in 1995 (as
revised in Edinburgh 2000). All patients who partici-
pated in this study have given informed consent.

DATA AVAILABILITY
The data utilized for the preparation of our article
will be available on request.

ACKNOWLEDGMENT

The authors would like to thank Dr Anusheel Munshi for his
valuable suggestions for carrying out this work and article

writing.

020Z Jaqwieoa(] |z uo Jasn Aleiqi 1@1nsu| eysuljoley Aq $98%209/S0 L eewy/fedon/ce0 1 01 /10p/a0nie-aoueape/fados/wod dno-oiwspeoe//:sdiy Wwolj papeojumo(


https://academic.oup.com/tropej/article-lookup/doi/10.1093/tropej/fmaa105#supplementary-data

10.

11.

12.

13.

14.

1S.

REFERENCES
Steliarova-Foucher E, Colombet M, Ries LAG, et al
International incidence of childhood cancer, 2001-10: a
population-based registry study. Lancet Oncol 2017;18:
719-31.
Ostrom QT, de Blank PM, Kruchko C, et al. Alex’s
Lemonade Stand Foundation infant and childhood pri-
mary brain and central nervous system tumors diagnosed
in the United States in 2007-2011. Neuro Oncol 2015;16:
x1-x36.
Ostrom QT, Cioffi G, Gittleman H, et al. CBTRUS
Statistical Report: primary brain and other central nervous
system tumors diagnosed in the United States in 2012-
2016. Neuro Oncol 2019;21:v1-v100.
Madhavan R, Kannabiran BP, Nithya AM, et al
Pediatric brain tumors: an analysis of S years of data from
a tertiary cancer care center, India. Indian J Cancer 2016;
53:562-S.
Guillamo JS, Créange A, Kalifa C, et al.; for the Reseau NF
of CNS
Neurofibromatosis 1 (NF1): a retrospective study of 104
patients. Brain 2003;126:152-60.
Hoffman LM, Veldhuijzen van Zanten SEM, Colditz N, et
al. Clinical, radiologic, pathologic, and molecular charac-

France Prognostic factors tumours in

teristics of long-term survivors of diffuse intrinsic pontine
(DIPG):
International and European Society for Pediatric
Oncology DIPG Registries. J Clin Oncol 2018;36:
1963-72.

Smith MA, Altekruse SF, Adamson PC, et al. Declining
childhood and adolescent cancer mortality. Cancer 2014;
120:2497-506.

Hargrave D, Bartels U, Bouffet E. Diffuse brainstem gli-
oma in children: critical review of clinical trials. Lancet
Oncol 2006;7:241-8.

Sandri A, Sardi N, Genitori L, et al. Diffuse and focalbrain
stem tumors in childhood: prognostic factors and surgical

glioma a collaborative report from the

outcome. Experience in a single institution. Childs Nerv
Syst 2006;22:1127-35.

Vanan MI, Eisenstat DD. DIPG in children - what can we
learn from the past? Front Oncol 2015;5:237.

Donaldson SS, Laningham F, Fisher PG. Advances toward
an understanding of brainstem gliomas. JCO 2006;24:
1266-72.

Farmer JP, Montes JL, Freeman CR, et al. A 10-year insti-
tutional review. Pediatr Neurosurg 2001;34:206-14.
Fangusaro J. Pediatric high-grade gliomas and diffuse in-
trinsic pontine gliomas. J Child Neurol 2009;24:1409-17.
Khalid SI, Kelly R, Adogwa O, et al. Pediatric brainstem
gliomas: a retrospective study of 180 patients from the
SEER Database. Pediatr Neurosurg 2019;54:151-64.
Albright AL, Packer RJ, Zimmerman R, et al. Magnetic res-
onance scans should replace biopsies for the diagnosis of

Modality of Radiotherapy and OS in Pediatric dBSG « 7

16.

17.

18.

19.

20.

21.

22.

23.

24.

2S.

26.

27.

28.

29.

diffuse brain stem gliomas: a report from the Children’s
Cancer Group. Neurosurgery 1993;33:1026-30.

Puget S, Beccaria K, Blauwblomme T, et al. Biopsy in a
series of 130 pediatric diffuse intrinsic pontine gliomas.
Childs Nerv Syst 2015;31:1773-80.

Cavalheiro S, Yagmurlu K, da Costa MD, et al. Surgical
approaches for brainstem tumors in pediatric patients.
Childs Nerv Syst 2015;31:1815-40.

Ratha V, Sundar IV, Sampath N, et al. Changing paradigms
in the surgical management of brainstem gliomas. Lessons
learnt from Prof Nagpal’s paper published in 1983. Neurol
India 2019;67:20-36.

Langmoen IA, Lundar T, Storm-Mathisen I, et al
Management of pediatric pontine gliomas. Child Nerv
Syst 1991;7:13-5.

Hu X, Fang Y, Hui X, et al. Radiotherapy for diffuse brain-
stem glioma in children and young adults. Cochrane
Database Syst Rev 2016;CD010439.

Janssens GO, Jansen MH, Lauwers SJ, et al
Hypofractionation vs conventional radiation therapy for
newly diagnosed diffuse intrinsic pontine glioma: a
matched-cohort analysis. Int J Radiat Oncol Biol Phys
2013;85:315-20.

Mandell LR, Kadota R, Freeman C, et al. There is no
role for hyperfractionated radiotherapy in the manage-
ment of children with newly diagnosed diffuse intrinsic
brainstem tumors: results of a Pediatric Oncology Group
phase III trial comparing conventional vs. hyperfractio-
nated radiotherapy. Int J Radiat Oncol Biol Phys 1999;43:
959-64.

Panoff JE, Koru-Sengul T, Khatib Z. The role of radiation
therapy technique and dose for pediatric patients with dif-
fuse intrinsic pontine glioma. Int ] Radiat Oncol Biol Phys
2013;87:8594-S595.

Chauhan AS, Prinja S, Ghoshal S, et al. Cost of treatment
for head and neck cancer in India. PLoS One 2018;13:
e0191132.

Cohen KJ, Heideman RL, Zhou T, et al. Temozolomide in
the treatment of children with newly diagnosed diffuse in-
trinsic pontine gliomas: a report from the Children’s
Oncology Group. Neuro Oncol 2011;13:410-6.

Jalali R, Raut N, Arora B, et al. Prospective evaluation
of radiotherapy with concurrent and adjuvant temozolomide
in children with newly diagnosed diffuse intrinsic pontine gli-
oma. Int J Radiat Oncol Biol Phys 2010;77:113-8.

Ueoka DI, Nogueira J, Campos JC, Maranhao Filho P, et
al. Brainstem gliomas-retrospective analysis of 86 patients.
J Neurol Sci 2009;281:20-3.

Lam S, Lin Y, Auffinger B, et al. Analysis of survival in
pediatric high-grade brainstem gliomas: a population-
based study. J Pediatr Neurosci 2015;10:199-206.
Williams LA, Spector LG. Survival differences between
males and females diagnosed with childhood cancer. JNCI
Cancer Spectr 2019;3:pkz032.

020Z Jaqwieoa(] |z uo Jasn Aleiqi 1@1nsu| eysuljoley Aq $98%209/S0 L eewy/fedon/ce0 1 01 /10p/a0nie-aoueape/fados/wod dno-oiwspeoe//:sdiy Wwolj papeojumo(





