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Introduction
In	 developing	 countries	 like	 India,	
childhood	 mortality	 is	 still	 largely	 due	
to	 malnutrition	 and	 infections;	 however,	
pediatric	 tumors	 are	 rising	 in	 the	 country	
and	 constitute	 an	 important	 cause	 of	
mortality	 in	 children.[1]	 Brain	 tumors	 are	
the	 most	 common	 type	 of	 pediatric	 solid	
tumors	 and	 are	 the	 most	 common	 tumors	
after	 leukemia.	 They	 represent	 about	
20%	 of	 all	 childhood	 cancers	 in	 patients	
under	 15	 years	 of	 age.[2]	 Pediatric	 central	
nervous	 system	 (CNS)	 (brain	 and	 spinal	
cord)	 tumors	 are	 different	 from	 their	 adult	
counterparts	 in	 many	 ways.	 These	 tumors	
are	 often	 misdiagnosed	 or	 diagnosed	
late	 because	 of	 their	 rarity.	 Moreover,	
treatment	 options	 available	 may	 damage	
the	 developing	 brain	 resulting	 in	 moderate	
to	 severe	 neurocognitive,	 psychological,	
and	 endocrine	 dysfunction.	 Extensive	
tumor	 resection	 and	 role	 of	 chemotherapy	
above	 radiation	 are	 suggested	 for	 pediatric	
tumors.[3]	 However,	 these	 tumors	 carry	
a	 better	 prognosis	 as	 compared	 to	 adults	
with	 a	 similar	 condition.[4]	 Prognosis	 and	
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Abstract
Background	and	Objective:	The	study	was	carried	out	to	find	the	profile	of	pediatric	brain	and	spinal	
cord	tumors	during	2006–2015	in	a	tertiary	referral	center	of	North	India.	Materials and Methods:	It	
was	 a	 retrospective	 medical	 record‑based	 observational	 study.	All	 children	 <18	 years	 of	 age	 with	
confirmed	histopathological	diagnosis	of	cancer	were	included	in	the	study.	Results:	Central	nervous	
system	(CNS)	 tumors	constituted	5.6%	of	all	pediatric	solid	malignancies	 in	our	hospital.	A	 total	of	
54	 brain	 tumors	 and	 13	 spinal	 cord	 tumors	were	 studied.	Medulloblastoma	was	 the	most	 common	
brain	tumor	(20.3%)	followed	by	pilocytic	astrocytoma	(16.6%)	and	glioblastoma	multiforme	(9.2%).	
The	most	common	spinal	cord	tumor	was	Ewing’s	sarcoma/primitive	neuroectodermal	tumor	(30.7%)	
followed	 by	 ependymoma	 (23%).	 Mean	 age	 was	 10.5	 years	 and	 12.1	 years	 for	 brain	 and	 spinal	
cord	 tumors,	 respectively.	 There	 was	 male	 predominance	 in	 brain	 tumors	 while	 the	 sex	 ratio	 was	
almost	equal	in	spinal	cord	tumors.	Histomorphologically,	necrosis	and	angiogenesis	were	associated	
with	 higher	 grades	 of	 tumor.	 Approximately	 35%	 children	 were	 alive	 after	 a	 mean	 follow‑up	 of	
36	±	6	months.	Conclusion:	Compared	with	most	international	studies,	we	found	a	higher	percentage	
of	 medulloblastoma	 in	 the	 brain,	 thus	 stressing	 the	 role	 of	 regional	 and	 ethnic	 influences	 in	 the	
pathogenesis	of	CNS	tumors.
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5‑year	 survival	 depend	 on	 the	 type	 of	
tumor,	 location,	 Grades	 (I–IV),	 duration	 of	
symptoms,	speed	of	growth,	and	infiltration	
into	normal	brain	tissue.[5,6]

Unlike	adults,	almost	half	of	all	the	pediatric	
brain	 tumors	 are	 in	 the	 infratentorial	
region.	 In	 the	 infratentorial	 region,	 the	
common	 tumors	 are	 medulloblastoma,	
low‑grade	 cerebellar	 astrocytoma,	 brain	
stem	 glioma,	 and	 ependymoma.	 In	 the	
supratentorial	 region,	 most	 of	 the	 pediatric	
tumors	 are	 in	 the	 supra‑	 or	 parasellar	
region	(craniopharyngioma,	optico‑chiasmal	
or	 hypothalamic	 gliomas),	 hemispheric	
gliomas/primitive	 neuroectodermal	 tumors	
(PNETs),	or	pineal	region	tumors.[7,8]

Population‑based	 studies	 are	 required	
to	 determine	 the	 cancer	 burden	 due	 to	
pediatric	 CNS	 malignancies	 and	 for	 the	
morphological	 categorization	 of	 brain	
tumors	 in	 India.	 There	 are	 very	 few	
studies	 published	 from	 India	 describing	
the	prevalence	of	pediatric	brain	and	spinal	
cord	 tumors	 and	 none	 from	 the	 hilly	 state	
of	 Uttarakhand	 in	 North	 India.	 This	 data	
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will	 greatly	 contribute	 to	 the	 Asian	 database	 of	 pediatric	
CNS	tumors.

Aims

•	 To	study	the	prevalence	of	brain	and	spinal	cord	tumors	
in	children	<18	years	of	age

•	 To	 study	 the	 clinical	 presentation,	 location,	
histopathological	diagnosis,	and	grade	of	pediatric	brain	
and	spinal	cord	tumors	operated	at	our	hospital.

Materials and Methods
This	 study	 was	 a	 retrospective	 medical	 record‑based	
observational	 study	 carried	 out	 in	 the	 department	 of	
pathology	 during	 July	 2006	 and	 June	 2015	 (10	 years)	 at	 a	
tertiary	 referral	 center	of	North	 India.	The	data	on	patients	
were	anonymized	before	inclusion	to	the	study	analysis.

Inclusion criteria

All	patients	of	brain	and	spinal	cord	tumors	under	18	years	
of	age	who	were	operated	and	treated	in	our	hospital	in	the	
study	duration	were	included	in	the	study.

Exclusion criteria

•	 Patients	who	had	received	chemotherapy	or	radiotherapy	
before	surgery

•	 Patients	 who	 had	 coexistent	 primary	 neoplasm	
elsewhere

•	 All	 cysts,	 hematomas,	 meningomyelocele,	 and	 other	
developmental	 malformations	 in	 CNS	 were	 excluded	
from	the	study.

The	 hospital	 records	 of	 all	 the	 patients	 fulfilling	 the	
inclusion	 criteria	 were	 analyzed,	 and	 descriptive	
epidemiological	 records	 were	 created	 for	 the	 patients	
by	 age,	 sex,	 and	 histological	 variables.	 The	 histological	
tumor	 types	 were	 grouped	 according	 to	 standard	 age	 at	
diagnosis	 (0–4,	 4–9,	 10–14,	 and	 15–18	 years	 age	 group).	
The	 histopathological	 variables	 tabulated	 were	 type	 and	
grade	 of	 tumor	 which	 were	 done	 according	 to	 the	 WHO	
grading	 of	 tumors.[5]	 Other	 histological	 variables	 such	 as	
invasion	 into	 the	 brain,	 necrosis,	 endothelial	 proliferation,	
and	 lymphomononuclear	 infiltrate	 were	 also	 taken	 into	
account.	 Immunohistochemistry	 glial	 fibrillary	 acidic	
protein,	 ki‑67	 (BioGenex	 antibodies)	 if	 already	 carried	 out	
on	paraffin	blocks	were	recorded	and	tabulated.

Results
Over	a	period	of	10	years,	a	total	of	1194	nonhematopoietic	
pediatric	 malignancies	 were	 reported	 out	 of	 which	
67	 (5.6%)	 were	 CNS	 tumors.	 These	 included	 54	 brain	
tumors	and	13	spinal	cord	 tumors.	The	mean	age	 for	brain	
tumors	 was	 10.5	 years	 with	 a	 male:female	 ratio	 of	 1.5:1	
while	 the	mean	 age	 for	 spinal	 cord	 tumors	was	 12.1	 years	
with	a	male:female	ratio	of	1.1:1.	Medulloblastoma	(n	=	11,	
20.3%)	was	 the	most	common	 tumor	 in	 the	brain	 followed	
by	 pilocytic	 astrocytoma	 (n	 =	 9,	 16.6%)	 and	 glioblastoma	

multiforme	 (GBM)	 (n	=	5,	9.25%)	 [Table	1	and	Figure	1].	
Ewing’s	 sarcoma/PNET	 (n	 =	 4,	 30.7%)	 was	 the	 most	
common	 tumor	 in	 the	 spinal	 cord	 closely	 followed	 by	
ependymoma	 (n	 =	 3,	 23.07%)	 [Table	 2	 and	 Figure	 2].	
Ki‑67	 index	 >5%	 was	 seen	 in	 almost	 all	 the	 high‑grade	
astrocytomas.	 Overall	 the	 highest	 incidence	 (46.2%)	 was	
found	in	the	5–9	years	age	group	[Figure	3].

The	 children	 presented	 with	 headache,	 vomiting,	 seizures,	
and	ataxia	with	duration	ranging	from	10	days	to	1	year.	One	
patient	 of	 GBM	 had	 coexistent	 neurofibromatosis	 while	 one	
patient	 of	GBM	had	 a	 history	 of	 being	 treated	 for	 low‑grade	
glioma.	Right	 temporoparietal	region	was	the	most	frequently	
affected	 site	 after	 cerebellum	 for	 brain	 tumors	 on	 magnetic	
resonance	imaging	which	revealed	a	contrast‑enhancing	lesion	
[Figure	 4].	 The	 dorsolumbar	 spine	 (D12‑L2)	 was	 the	 most	
common	site	of	involvement	in	the	spinal	cord.	All	the	patients	
were	 treated	 by	 complete	 or	 near	 total	 surgical	 removal	
with	 irradiation	 of	 tumor	 bed.	Among	 a	 total	 of	 67	 pediatric	
CNS	 tumors,	 only	 42	 children	 were	 available	 for	 long‑term	
evaluation.	Out	of	these	42,	27	died	(19	treatment‑related	and	
8	from	relapse).	Overall	15	(35.71%)	were	alive	after	a	mean	
follow‑up	of	36	±	6	months.

Discussion
Children	 constitute	 a	 large	 part	 of	 population	 in	 a	
developing	 country	where	 life	 expectancy	 is	 lower	 than	 in	
the	developed	world.[9,10]	One	of	the	earliest	studies	on	brain	
tumors	 is	 by	 Cushing	 in	 1927.[11]	 In	 our	 study,	 pediatric	
CNS	 tumors	 constituted	 5.6%	of	 all	 pediatric	 solid	 tumors	
which	 is	 much	 lower	 as	 compared	 to	 a	 study	 by	 Rathi	
et	al.	 in	 2007	where	 the	 incidence	was	 18.2%;[1]	 however,	
it	 is	 comparable	 to	 a	 study	 conducted	 by	 Bhalodia	 and	
Patel	 in	Southern	Gujarat	 in	2011	where	 the	 incidence	was	
6.9%.[9]	The	male:female	 ratio	 in	 our	 study	 is	 1.5:1	which	
is	 almost	 comparable	 to	 the	 study	 by	 Yeole	 et	 al.[12]	 and	
Nasir et	 al.[13]	 Male	 preponderance	 in	 India	 may	 also	
be	 the	 result	 of	 cultural	 factors	 wherein	 boys	 get	 more	

Figure 1: Glioblastoma multiforme in the temporoparietal lobe of the brain, 
H and E: ×200
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attention	 and	 are	 brought	 to	 the	 hospital	 more	 often	 for	
management.[12]	 Few	 ongoing	 investigations	 are	 underway	
which	 suggest	 that	 sexual	 dimorphism	 in	 tumor	 biology	
could	 account	 for	 this	 gender	 disparity,	 thereby	warranting	
further	 studies	 elaborating	 the	 role	 of	 sex	 hormones	 on	
brain	tumorigenesis.[14]

The	 mean	 age	 of	 pediatric	 brain	 tumors	 in	 our	 study	
is	 higher	 than	 that	 observed	 in	 the	 study	 by	 Nasir	

Table 2: Age and sex distribution of pediatric spinal cord tumors (n=13)
Histopathological diagnosis Number of cases (%) Mean age (years) Male:female
Ewing’s	sarcoma/primitive	neuroectodermal	tumor 4	(30.76) 12.2 1:3
Ependymoma 3	(23.07) 8.4 2:1
Glioblastoma	multiforme 1	(7.69) 12 Female
Non‑Hodgkin’s	lymphoma 2	(15.38) 7.4 1:1
Malignant	peripheral	nerve	sheath	tumor 1	(7.69) 17 Male
Schwannoma 1	(7.69) 15.7 Male
Pilocytic	astrocytoma 1	(7.69) 12 Female

Figure 2: Ependymoma in the spinal cord, H and E: ×200

Table 1: Age and sex distribution of pediatric brain tumors (n=54)
Histopathological diagnosis Number of cases (%) Age range (mean age in years) Male:female ratio
Medulloblastoma 11	(20.37) 2‑11	(6.5) 2.75:1
Pilocytic	astrocytoma 9	(16.66) 6‑17	(11.5) 2.25:1
Glioblastoma	multiforme 5	(9.25) 4‑15	(9.5) 3:2
Ependymoma 4	(7.40) 2‑13	(7.5) 1:1
Oligoastrocytoma 2	(3.70) 15‑17	(16) Male
Oligodendroglioma 2	(3.70) 14‑17	(15.5) 1:1
Anaplastic	astrocytoma 2	(3.70) 11‑14	(12.5) Male
Atypical	teratoid	rhabdoid	tumor 2	(3.70) 2‑3	(2.5) 1:1
Ganglioglioma 2	(3.70) 3‑5	(4) Male
Craniopharyngioma 2	(3.70) 9‑11	(10) 1:1
Dysembryoplastic	neuroepithelial	tumor 2	(3.70) 7‑8	(7.5) Male
Undifferentiated	round	cell	tumor 3	(5.55) 4‑6	(5) 2:1
Pineocytoma 1	(1.85) 8 Female
Neurocytoma 1	(1.85) 13 Male
Meningioma 2	(3.70) 16‑17	(16.5) 1:1
Schwannoma 4	(7.40) 9‑16	(12.5) 1:1
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et	al.	(6.7	years)[13]	and	Mehrazin	and	Yavari	(8.7	years).[15]	
Even	though	certain	tumors	occur	more	frequently	at	certain	
specific	ages,	it	is	of	no	particular	importance	in	diagnosing	
tumor	 type	preoperatively.	All	 the	 tumors	can	occur	at	any	
age	 throughout	 childhood.	 Our	 series	 had	 more	 children	
in	 the	 second	 hemidecade	 of	 life	 (5–10	 years)	 similar	 to	
earlier	 studies	 by	 Cushing,[11]	 Koos	 and	 Miller,[16]	 and	
Ahmed	et	al.[17]	The	peak	age	of	brain	 tumors	was	6	years	
in	 our	 study	 while	 Matson	 reported	 a	 high	 peak	 at	 age	
4	 years	 and	 a	 second	 peak	 at	 age	 7	 years	 followed	 by	 a	
steady	decline.[18]

Symptoms	 and	 signs	 depend	 on	 the	 growth	 rate	 of	
the	 tumor,	 its	 location	 in	 the	 CNS,	 and	 age	 of	 the	
child.[19]	 Neurological	 symptoms	 produced	 by	 brain	
tumors	are	general	or	 local.	General	 symptoms	 result	 from	
increased	 intracranial	 pressure,	which	 results	 directly	 from	
progressive	 enlargement	 of	 the	 tumor	 within	 the	 limited	
volume	 of	 the	 cranial	 vault;	 local	 symptoms	 are	 due	 to	
the	 effects	 of	 the	 tumor	 on	 contiguous	 areas	 of	 the	 brain.	
The	 most	 common	 presenting	 complaint	 for	 brain	 tumors	
in	 our	 study	 was	 headache	 (79.6%),	 seizures	 (56.2%),	
and	 vomiting	 (37.8%)	 while	 ataxia	 (45.5%)	 was	 the	 most	
common	clinical	feature	in	spinal	cord	tumors.

Medulloblastomas	 typically	 arise	 from	 the	 4th	 ventricle	
and	 often	 invade	 the	 cerebellar	 vermis.	 It	 comprises	
poorly	 differentiated	 epithelial	 cells.	 The	 Chang	 staging	
system	 is	 often	 used	 for	 treatment	 and	 prognostic	
purposes.[15]	 This	 system	 classifies	 tumors	 by	 size	
and	 local	 infiltration	 (T1–T4)	 as	 well	 as	 degree	 of	
cerebrospinal	 fluid	 dissemination	 (M0–M4).	 M‑stage	
is	 found	 to	 be	 predictive	 of	 outcome	 while	 T‑stage	
has	 no	 significant	 role.	 Age	 is	 related	 to	 survival	 with	
younger	 age	 being	 associated	 with	 poor	 prognosis.[20]	
Medulloblastoma	 was	 the	 most	 common	 neoplasm	 in	 our	
series	 similar	 to	 study	 by	 Smoll	 and	 Drummond[21]	 and	
Nasir	 et	al.[13]	 and	 in	 contrast	 to	Western	 studies	 by	Koos	
and	 Miller[16]	 and	 Matson[18]	 and	 Keith	 et	 al.,[22]	 where	

they	 found	 astrocytomas	 to	 be	 the	 predominant	 pediatric	
brain	 tumor.	 Dominance	 of	 astrocytoma	 has	 also	 been	
reported	 from	 other	 Middle	 Eastern	 countries	 including	
Iran	 and	 Kuwait.[15,23,24]	 The	 incidence	 of	 pilocytic	
astrocytoma	 was	 16.6%	 which	 is	 much	 lower	 than	 a	
study	 by	 Katchy et	 al.	 where	 these	 tumors	 constituted	
29%	 of	 all	 pediatric	 brain	 tumors.[24]	 Resection	 is	 usually	
incomplete	 in	 diffuse	 astrocytomas	 due	 to	 permeative	
margins.	 Limited	 field	 external	 beam	 irradiation	 or	
stereotactic	 irradiation	 is	 the	 treatment	 of	 choice.	 We	
found	 a	 lesser	 incidence	 of	 craniopharyngiomas	 (3.7%)	
in	 contrast	 to	 a	 study	 by	 Aghayan	 Golkashani	 et	 al.	
where	 craniopharyngiomas	 (14%)	were	 the	most	 common	
tumors	 after	 medulloblastomas	 and	 astrocytomas.[25]	 Most	
common	 spinal	 cord	 tumor	 in	 our	 study	 was	 Ewing’s	
sarcoma/PNET	 (n	 =	 4,	 30.7%)	 in	 contrast	 to	 a	 study	
by	 Wilson	 et	 al.	 where	 they	 found	 a	 high	 incidence	 of	
teratomas	 (31%)	 followed	 by	 astrocytomas.[26]	 Zhou	 et	al.	
in	China	found	that	the	most	common	pediatric	spinal	cord	
tumors	 in	 their	 center	 were	 ependymomas	 followed	 by	
astrocytic	tumors.[27]

We	 can	 say	 that	 the	 comparison	 of	 cancer	 frequency	 and	
incidence	 is	 dependent	 to	 a	 large	 extent	 on	 variability	 in	
diagnosis	 and	 classification,	 differential	 access	 to	 medical	
care,	and	incomplete	registration.

Conclusion
Pediatric	 brain	 and	 spinal	 cord	 tumors	 vary	 considerably	
in	 their	 histological,	 topographical,	 and	gender	 distribution	
throughout	 childhood	 and	 adolescence.	 The	 results	 of	 this	
study	highlight	the	high	incidence	of	pediatric	CNS	tumors	
in	North	India.	Compared	with	published	Western	data,	we	
found	 a	 higher	 incidence	 of	 medulloblastomas.	Analyzing	
differences	 in	molecular	and	genetic	pathways	could	aid	 in	
the	 development	 of	 targeted,	 individualized	 therapies	 and	
for	 planning	 treatment	 protocols	 and	 strategies.	 This	 may	
also	 result	 in	 adjustment	 of	 health	 programs	 according	 to	
statistics.
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