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Abstract
Purpose Pediatric glioblastoma (pGBM) tumors have been identified as an entity distinct and different from the adult variety of
GBM not only with respect to pathogenesis, genetics, and molecular alterations but also in clinical outcomes and overall survival.
This study aims to evaluate the immunohistochemical profile of molecular markers in pediatric GBM and correlate them with
clinical features and prognosis.
Materials and methods We retrospectively analyzed 29 pGBMs (age range 3 to 18 years), operated at our institute between 2009
and 2014, and evaluated their clinical and histopathological features alongwith the immunohistochemical expression of clinically
relevant molecular markers: H3K27M, p53, ATRX, and IDH1 (R132H), and correlated their expression with clinical features.
We further assessed the prognostic value of these markers in our cohort of patients.
Results The median overall survival (OS) of the cohort was 6.00 ± 0.882 months. The mean overall survival was 7.571 ±
1.118 months which was lower than in most studies. Preoperative Karnofsky Performance Score (KPS), extent of surgical
resection, and adjuvant radiotherapy were found to be the clinical factors strongly influencing median survival (p < 0.05).
Loss of ATRX expression was predominantly noted in hemispheric tumors (84%), while p53 staining was maximum in thalamic
tumors (8 out of 9 cases). H3K27Mmutant protein expression was noted in 8/9 thalamic tumors and 5/7 tumors in the brain stem-
cerebellar-peduncular region. Patients with tumors showing H3K27M immunopositivity had the worst prognosis with a meanOS
of 5 months ± 0.832 months, as against patients with H3K27M-immunonegative tumors, which was 10.143 ± 1.866 months(p =
0.006). Other markers like p53, ATRX, and IDH1 did not influence the prognosis in this patient cohort. ATRX loss of expression
was associated with a better OS, with a trend to significance, and such an association has not been reported earlier.
Conclusions Ours is one among the few studies from India describing the clinical parameters and evaluating the key immuno-
histochemical markers in pGBM and deriving their prognostic significance. The study reiterates the poor prognostic significance
of H3K27M immunopositivity.
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Introduction

There is a paucity of literature with respect to pediatric glio-
blastoma (pGBM) when compared with the abundance of
information available describing the adult counterpart.

Studies on pGBM have reported the incidence to be around
3% of all pediatric central nervous system (CNS) tumors [1,
2]. The Central Brain Tumor Registry (CBTRUS) data in
2013 showed that among children and adolescents aged 0–
19, malignant glioma accounted for 11.5% of all tumors and
pGBM constituted 2.9% of these tumors. The incidence of
pediatric GBM in India can be understood from the various
hospital-based published studies. Das et al. noted that pediat-
ric GBM constituted nearly 5.5% of all GBMs in their series
[3]. Another Indian series reported the percentage of pediatric
cases among all GBMs to be around 8.5% [4]. A previous
study from our institute had shown that out of a total of 694
pediatric intracranial tumors diagnosed over a period of
5 years, pGBM accounted for 5.8% of cases [5].
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In the last few years, studies on the molecular signatures
specific to pGBMhave revealed that these tumors are different
from their adult counterparts in terms of their genomic land-
scape. The histone H3mutations have been recently identified
to play a significant role in pGBM pathogenesis [6]. However,
clinical and histomolecular studies that delineate their patho-
biology are few in number.

With this background, we evaluated the clinical and histo-
pathological features of pGBM along with the immunohisto-
chemical expression of clinically relevant molecular markers:
H3K27M, p53, ATRX, and IDH1 (R132H), and correlated
their expression with clinical features. We further assessed
the prognostic value of these markers in our cohort of patients.

Materials and methods

This retrospective study was carried out on pGBM cases (aged
18 years or less) managed at our institute during the period of
5 years (2009–2014). The relevant clinical data were obtained
from the case records. Patients were followed up as part of the
standard treatment and the status of the patient at last follow-
up was documented. The study has been approved by our
BInstitute Ethics committee.^

Pathology review

Hematoxylin and eosin (H&E)–stained slides and formalin-
fixed paraffin-embedded (FFPE) tissue blocks were retrieved
from the Department of Neuropathology. The H&E-stained
slides were reviewed by the neuropathologist (VS) for confir-
mation of diagnosis. Tissue microarrays (TMAs) were con-
structed for immunohistochemistry.

Immunohistochemistry

Immunohistochemistry (IHC) was performed on 4-μm TMA
sections using antibody against the following: H3K27M
[1:300, Millipore, USA], H3K27me3 [1:100, Millipore,
USA], IDH1-R132H [1:50, Dianova, Germany], ATRX
[1:50, Sigma-Aldrich, USA], and p53 [1:100, Dako].
Briefly, following the initial processing steps, the slides were
incubated overnight with the primary antibody. This was
followed by incubation with a secondary antibody
(MACH1, Biocare Medical), and 3,3′-diaminobenzidine
(Sigma-Aldrich, USA) was used as chromogenic substrate..
A positive control slide was incorporated with each batch of
staining. Cytoplasmic staining of IDH1 (R132H) and nuclear
staining of ATRX, p53, and H3K27M were assessed in the
tumor cells. Loss of ATRX nuclear immunopositivity was
considered surrogate for ATRX mutant status. Strong P53
and H3K27M nuclear staining was considered positive.

Statistical analysis

Statistical analysis was carried out using SPSS (IBM SPSS
Statistics for Windows, Version 20.0. Armonk, NY; IBM
Corp). The data was analyzed for distribution pattern and
our data followed a non-parametric distribution. Descriptive
analysis was done for all the parameters. Chi-square test was
performed for the categorical values of the biomarkers. One-
way ANOVAwas done to compare continuous variables ver-
sus categorical variables. Overall survival with respect to the
various variables was assessed using log-rank tests for pooled
data, and the Kaplan-Meier curves were generated.

Results

The study included 29 children with 13 boys and 16 girls. The
median age of the cohort was 10.00 ± 3.91 years (range 3–
18 years). The median duration of symptoms was 1 ±
1.76months (range 1–6months). The clinical and radiological
features are summarized in Table 1.

Surgical management

Out of the 29 tumors, 13 were hemispheric, 9 (31%) were
noted in the thalamic region, 5 (12%) in the brain stem, and
two tumors were noted in the cerebellar peduncles. Among the
hemispheric tumors, 9 (31%) were located in the frontal and 4
(13.8%) in the temporal region. Surgical decompression was

Table 1 Clinical and radiological features

Variable N (total 29) Percent

Symptom

Headache 26 89.7

Vomiting 23 79.3

Visual disturbances 16 55.2

Hydrocephalus 10 34.5

Altered sensorium 10 34.5

Papilloedema 11 37.9

Sixth CN palsy 6 20.7

Seventh CN palsy 12 41.4

Limb weakness 16 55.2

Seizures 3 10.3

Cerebellar signs 5 17.2

MRI features

T1 hypointense 21 91.3

Isointense 2 6.9

T2 hyperintense 18 78.3

Isointense 4 17.4

Contrast enhancement 22 95.7

CN cranial nerve
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performed for tumors, which were accessible. For deep-seated
lesions, histological diagnosis was obtained on a stereotactic
biopsy. Total or near-total resection could be achieved in 14
patients (48.3%). Twelve patients (41.3%) underwent subtotal
resection and three (10.3%) underwent stereotactic biopsy
(Fig. 1). Of the thalamic tumors, three underwent near-total
resection, five underwent subtotal resection, and one case was
biopsied. Most of the thalamic tumors presented with large
lesions, with raised intracranial pressure, and therefore, pa-
tients underwent craniotomy and decompression of the tumor.

Most of the patients with posterior fossa tumors involved
the brain stem and had an exophytic component which was
amenable for resection. These patients underwent midline
suboccipital craniectomy. Near-total excision was possible in
one case while five cases underwent subtotal decompression
and one underwent stereotactic biopsy (STB). It was noted
that total or near-total resections were more feasible among
hemispheric lesions and the same was difficult to achieve with
lesions in the thalamus or brain stem. The extent of resection
with respect to location of the tumor is depicted in Table 2.

All the patients were followed up as part of the standard
care, and their latest status and time of expiry were document-
ed. One patient was lost to follow-up. The remaining patients
(n = 28) in the cohort had expired at the time of the last follow-
up, out of which two patients expired in the hospital after
prolonged stay. All patients were advised of adjuvant therapy.

However, only 16 (57.1%) had taken adjuvant radiotherapy
(RT). The patients underwent the prescribed adjuvant therapy
from different oncology centers close to their residential loca-
tions. Out of 16 patients who completed RT, only 13 (44.8%)
patients took concomitant temozolomide-based chemothera-
py. Unfortunately, 10 (35.7%) patients did not receive any
adjuvant therapy in our cohort. Fifteen (53.6%) patients had
documented recurrence and all the recurrences occurred at the
primary site itself. Only one patient underwent re-exploration
and subtotal decompression of recurrent tumor. Others did not
undergo re-surgery because of either poor Karnofsky
Performance Score (KPS) or parents not willing for any fur-
ther surgical intervention.

IHC features in pGBM

Out of the 29 cases in our cohort, p53 immunopositivity was
noted in 20 (69%) cases. ATRX loss of expression was noted
in 9 (31%) cases. IDH1 (R132H) immunopositivity was seen
in two (6.9%) cases only. H3K27M nuclear staining was ev-
ident in 14 (48.3%) cases. We noted that H3K27M
immunopositivity was predominantly found in the tumors in
the midline region (13/15; 86.6%), namely the thalamic and
brain stem location. Interestingly, one hemispheric tumor was
positive for H3K27M. Other markers such as P53, ATRX, and
IDH1 (R132H) did not correlate with the location of tumors

Fig. 1 T1-weighted post-contrast MRI axial image (a) in a 12-year-old
child presenting with raised ICP headache and vomiting, showing a right
frontal GBMwith peripheral enhancement. Post-op CT head (b) showing
a gross total resection. Axial T1-weighted post-contrast MRI image (c) in
a 10-year-old child who presented with right upper and lower limb weak-
ness showing a peripherally enhancing lesion in the left thalamus with

perilesional edema. Post-op CT scan (d) showing a subtotal resection.
Sagittal (e) and axial (f) post-contrast MRI images in a 13-year-old child
who presented with lower cranial nerve palsy, showing a non-enhancing
dorsal exophytic lesion in the medulla and right cerebellar peduncle
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(Fig. 2, and 3). The location-wise distribution of IHC markers
is shown in Table 3.

Summary of survival analysis

Survival analysis was performed using log-rank tests for
pooled data and the Kaplan-Meier curves were generated.
When median survival was not reached, mean survival value
was mentioned. The mean overall survival (OS) for the whole
cohort was 7.57 ± 1.12 months. The median OS was 6.00 ±
0.88 months. Various clinical factors like age group, tumor
location, extent of resection, adjuvant therapy, and preopera-
tive KPS were analyzed with survival (Table 4). We noted that
hemispheric location, total/near-total resection, KPS of 70 and
above, and adjuvant therapy were favorable prognostic factors
in univariate analysis.

Among the IHC markers, we noted that H3K27M
immunopositivity was associated with a worse prognosis
(mean OS 5 ± 0.83 months), as against H3K27M-
immunonegative tumors (mean OS 10.14 ± 1.87 months)
(p = 0.006). Other markers like P53, ATRX, and IDH1
(R132H) did not influence the prognosis in this patient cohort.

Discussion

Glioblastoma in the pediatric age group is known as a cause of
significant morbidity and mortality with poor survival rates in
general. The present study included 29 pGBM cases managed
surgically over a period of 5 years at our institute.Most studies
report a definite male preponderance [1, 3, 4] while some
showed a female preponderance like ours [2]. The median

Table 2 Showing an extent of resection with location

Location Total number of cases

Extent of resection Lobar Thalamic Brain stem

STB 1 1 1 3

Subtotal 2 5 5 12

Near-total/total excision 10 3 1 14

Total 13 9 7 29

Fig. 2 Histology and immunohistochemical profile from a case of
pediatric glioblastoma in an 18-year-old patient, located in the left frontal
region of the brain. The tumor is composed of undifferentiated and mul-
tinucleated astrocytic cells and shows a large area of necrosis (a); tumor

cells are strongly GFAP positive (b), show IDH1 (R132H) positivity (c),
ATRX loss of expression (d), and P53 positivity (e). The tumor is nega-
tive for H3K27M (f) and shows a retained expression of H3Me3 (g). All
microphotographs are magnified with × 180
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duration of symptoms of our cohort was 1 ± 1.76 months
(range 1–6 months). Other studies have shown a range vary-
ing from 1 day to 12 months with a median duration of
2.5 months [7]. In general, pGBM seems to be a rapidly pro-
gressive disease with a short duration of symptoms.

In our study, the majority of tumors were located in the
cerebral hemispheric region, followed by the thalamus and
brain stem. This is in line with previous reported studies that
have shown similar localization, with a predominance of
hemispheric lesions, frontal being more common than other

Table 3 Individual markers with
location-wise distribution
(N = 29 cases)

IHC marker expression Number of marker positive cases Lobar Thalamic Brain stem

P53 immunopositive 20 9 (45%) 8 (40%) 3 (15%)

ATRX(loss of expression) 20 11 (55%) 6 (30%) 3 (15%)

IDH1 (R132H) immunopositive 2 2 (100%) 0 (00%) 0 (00%)

H3K27M immunopositive 14 1 (7%) 8 (57%) 5 (35%)

Fig. 3 Histology and
immunohistochemical profile
from a 15-year-old pediatric glio-
blastoma patient with tumor in the
left thalamus (midline) of the
brain. The tumor is cellular with
an area of necrosis (a) and com-
posed of pleomorphic tumor cells
(b). The tumor cells show a dif-
fuse GFAP positivity (c), are
negative for IDH1 (R132H) (d),
show an ATRX loss of expression
(e), and are positive for P53 (f).
The tumor cells are positive for
H3K27M (g) and show a con-
comitant reduced H3Me3 expres-
sion (h). All microphotographs
are magnified with × 180
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lobes, along with a lower incidence of tumors in the posterior
fossa [3, 7]. Thalamic lesions comprised 30% of the cohort in
our study, which is slightly more than the other reported
studies.

Our management included surgical decompression for
large and accessible tumors, while STB was preferred in
deep-seated small lesions. STB would be the preferred
procedure in thalamic lesions; however, if the lesions
are large, causing midline shift, they can be decom-
pressed through various transventricular approaches, as
noted in some other studies [1, 8]. Similarly, for brain
stem lesions with exophytic component, surgical decom-
pression was preferred. However, in intrinsic brain stem
gliomas, STB for diagnosis or direct radiotherapy would
be the option of management. A previous study of STB
of brain stem lesions from our institute has shown that
GBM/high-grade glioma constituted 29.3% of all the
brain stem lesions in children [9].

CCG-943, a randomized study in children, has clearly dem-
onstrated a definite survival advantage associated with adju-
vant chemotherapy in GBM. The 5-year event-free survival
was 36–56% for RT and chemotherapy compared with 11–
25% for RTalone (p < 0.026). Also, children with GBM treat-
edwith combination therapy had significantly better outcomes
than those treated with RT alone [10].

As mentioned earlier, the number of patients who took RT
in our series was only nearly half of the total (16/29). Ten
patients out of 29 did not undergo any form of adjuvant ther-
apy despite advising to do so. The lack of adjuvant therapy in

a significant part of the cohort will have implications in terms
of prognosis and overall survival. Therefore, the survival data
from the present study may not represent the optimal/best
outcomes that can be achieved in this disease. We do not have
information from other series regarding the dropout numbers
for adjuvant therapy. Though the present study did not specif-
ically address the various reasons for not undergoing adjuvant
therapy, diverse factors could have probably influenced the
decision.

The various factors that could influence the default in treat-
ment could be poor educational and socioeconomic back-
grounds, prevalent stigma against the ill-effects of radiation
therapy, and the exceedingly long waiting periods at centers
for adjuvant therapy. Patients who receive delayed appoint-
ments for adjuvant treatment may not come back for the same
at all, owing to a multitude of problems like financial con-
cerns, lack of understanding of the disease itself, and loss of
motivation to continue treatment once the diagnosis of cancer
with a poor prognosis has been communicated. The need of
the hour in a growing economy like ours is to cater these
issues which include improving facilities at centers for adju-
vant therapy and decreasing the waiting periods. Education of
the parents and care givers and counseling them thoroughly
regarding the disease process and the emphasis on the need for
complete therapy would help in eradicating the stigma sur-
rounding adjuvant therapy which in turn may decrease drop-
out rates. The present study highlights this important area
where more work is required for optimal management of brain
tumors.

Table 4 Univariate analysis of factors influencing survival in pGBM

Variable Cohort n Median OS (months ± SD) p value

Age < 10 years—A 16 6 ± 0.927 0.186
> 10 years—B 12 9 ± 1.247

Location Lobar 12 9 ± 1.299 < 0.01
Thalamic 09 6 ± 1.247

Brain stem 07 Not possible

Preop KPS 70 and more 13 9.00 ± 2.69 0.004
Less than 70 15 4 ± 2.576

Resection type Total or Near-total resection 13 10 ± 1.797 < 0.001
Subtotal resection/STB 15 3.00

Adjuvant therapy RT taken 16 9 ± 1.291 0.002
RT not taken 12 2.00

Marker TP53 absent 09 6 ± 1.414 0.255
TP53 present 19 7 ± 0.717

ATRX absent 19 7 ± 0.538 0.093
ATRX present 09 3 ± 1.491

IDH-1 absent 27 7 ± 0.941 0.572
IDH-1 present 01 6.000

H3K27M absent 14 9 ± 1.852 0.006
H3K27M present 14 4 ± 1.403

The values differentiated by italics are the ones which are statistically significant
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Most studies have reported amedian OS ranging between 12
and 20 months [3, 8, 11]. Various factors namely good preop-
erative performance status, complete surgical excision, adju-
vant chemotherapy, female sex, location of tumors, and longer
duration of symptoms are all known to influence the factors and
offer favorable prognosis [1, 2, 12, 13]. The median OS report-
ed in our study is less compared with that in other series, which
can be due to various factors like lack of adjuvant therapy in a
significant proportion and more incidence of deep-seated le-
sions, which precludes the extent of resection and a higher
proportion of patients with poor preop KPS.

In literature, TP53 mutations have ranged from 25 to 36%
in pGBM [14–16]. In our study, we performed IHC as surro-
gate for molecular markers. We noted p53 immunopositivity
in 69% of all cases. In a previous report from our group on
pediatric GBM, P53 was found to be immunopositive in
53.7% of the tumors, which was predominantly found in tha-
lamic (75%) and cerebral hemispheric tumors (62.2%) [7].
Zhang et al. and Louis et al. reported Tp53 mutations in
61.5% and 71% of their cases, respectively [17, 18].

Schwartzentruber et al. have reported mutations and loss of
ATRX expression in one-third (33%) of pediatric GBM. The
location-wise distribution was not elaborated; however, most
of the tumors in this series were either hemispheric or thalamic
in location [19]. Our series showed much higher (69%) inci-
dence of loss of ATRX expression in pGBM. Khuong-Quang
et al. reported that ATRX mutation was common in diffuse
intrinsic pontine glioma (DIPG) and in older children [20].
Our series demonstrated ATRX loss in 84% of hemispheric
tumors, 66% of thalamic tumors, and 42.8% of brain stem
tumors. Data regarding the incidence of IDH mutations in
pediatric GBM is sparse. We noted IDH1 (R132H)
immunopositivity in 6.9% of cases, and this was found only
in hemispheric tumors. In concurrence with the existing liter-
ature, we identified that 14 out of 29 tumors showed H3K27M
immunopositivity and these were mostly of midline location
(13/14; 92.8%). Khuong-Quang et al. also reported that
H3K27M-mutated pGBM usually are associated with deep-
seated lesions, close to midline (thalamus and brain stem)
location, and carry a poorer prognosis [20]. Similar results
were shown by Bjerke et al. [21].

The CCG-945 trial demonstrated that mutations in the TP53
gene had low progression-free survival (PFS). Similarly,
Pollack et al. have reported a 5-year PFS of patients with low
levels of p53 expression was significantly higher than that in
children with an overexpression of p53 [22]. In our study, the
P53-negative tumors had a better survival when compared with
the P53-positive tumors, though not statistically significant.

We noted that tumors which showed loss of ATRX expres-
sion had longer overall survival compared with those with
retained expression (p = 0.093; trend to significance). It is
likely that ATRX mutation may be associated with a better
prognosis in pGBM. However, the survival analysis for

ATRX expression in pGBMs has not been outlined by any
study previously, to the best of our knowledge. We also noted
that tumors with H3K27M mutations had significantly worse
prognosis, in concordance with the data reported by other
authors [19, 20]. Khuong et al., in their series on pGBM,
reported that the mean overall survival for patients with
K27M-H3.3-mutated tumors was 0.73 years (± 0.48) versus
4.59 years (± 5.55) (p = 0.0008) for patients with wild-type
tumors. Korshunov et al., in their series on pediatric GBM,
have reported that any oncogene amplification and/or K27M
mutation (n = 124) represents a particularly unfavorable
group, with a 3-year overall survival (OS) of 5%, whereas
tumors without these markers (n = 38) define a more favorable
group (3-year OS ~ 70%) [23].

While H3K27M mutations are found exclusively in the
diffuse midline gliomas and are associated with a worse clin-
ical outcome, the cerebral hemispheric GBMs often harbor
H3.3G34R (or rarely G34V) mutations and this is associated
with a favorable outcome compared with tumors carrying the
K27Mmutation [19, 24, 25]. However, in this study, we were
not able to assess the latter. Other mutations such as Tp53 and
ATRX have been described in both cerebral hemispheric and
brain stem GBMs.

In a meta-analysis of 1067 cases of pediatric high-grade glio-
ma andDIPG,Mackay et al. reported themedian overall survival
for midline HGG to be 13 months and DIPG to be 10.8 months.
Out of 903 cases for which hotspot mutation data for genes
encoding histone H3 were available, 316 cases were found to
be positive for H3.3K27M mutation. These H3.3K27M muta-
tions were spread throughout the midline and pons, where they
accounted for 63.0% DIPG and 59.7% non-brain stem midline
tumors. On multivariate analysis, including the histone muta-
tions, age, WHO grade, and gender, they noted that K27M mu-
tations in both H3.3 and H3.1 were independently associated
with a shorter survival (p< 0.0001) [26].

Korshunov et al. using integrated genomic and epigenomic
platform have identified four molecular subgroups of pGBM
with each of these subgroups differing in their clinical out-
come [23]. In the present study, by IHC technique, we were
able to reiterate the fact that the molecular mechanisms in-
volved in the development of hemispheric and midline tumors
appear to be different in pediatric GBM and also play an
important role on outcome of patients.

Conclusions

Our study is one among the few studies from India evaluating
the clinical and immunohistochemical profile in pGBM and
their prognostic significance. Preoperative KPS, extent of sur-
gical resection, adjuvant radiotherapy, location of tumors, and
H3K27M immunopositivity were found to be the factors
influencing median survival on univariate analysis.
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