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Clinical Features and Prognostic Factors of Pediatric Glioblastoma: Report of 38 Cases
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-OBJECTIVE: To better characterize children with glio-
blastoma, assess outcomes, and identify prognostic factors
associated with overall survival and progression-free sur-
vival in a relatively large cohort from a single institution.

-METHODS: For this retrospective review, 38 pediatric
patients with a diagnosis of glioblastoma who were
treated at The First Affiliated Hospital of Zhengzhou Uni-
versity between January 2015 and January 2020 were
selected. Clinical and pathological characteristics, imag-
ing, treatment, and survival variables were compared.

-RESULTS: There were 24 boys and 14 girls with a median
age of 11.5 years (range, 3e18 years). All patients underwent
surgery, with gross total resection in 16 and subtotal resec-
tion in 22. Of patients, 18 received radiation combined with
chemotherapy, 6 received radiation or chemotherapy alone,
and 14 did not receive any adjuvant therapy. Contrast-
enhanced magnetic resonance imaging of 21 patients
showed rim enhancement, while heterogeneous enhance-
ment was shown on imaging of the other 17 patients. Tumors
were observed in hemispheric locations in 19 cases and in
central locations in the others. Median overall survival was
10.5 months with a median progression-free survival of 6
months. Extent of resection, adjuvant therapy, and original
site of tumor were identified as independent predictors for
progression-free survival and overall survival on multivariate
analysis. There were significant differences in prognosis
among different enhancement characteristics; patients with
rim-enhancing tumors had a better prognosis.
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EOR: Extent of resection
GBM: Glioblastoma
GTR: Gross total resection
MRI: Magnetic resonance imaging
OS: Overall survival
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-CONCLUSIONS: Pediatric glioblastoma carries a dismal
prognosis. Maximum safe resection followed by adjuvant ra-
diation with chemotherapy is considered standard treatment.
Better outcomes are associated with hemispheric tumor lo-
cations and rimenhancementonmagnetic resonance imaging.
INTRODUCTION
lioblastoma (GBM) is one of the most malignant tumors
of the central nervous system with a 5-year survival rate of
Gonly 5%.1 GBM is known to affect adults and is uncommon

in children. Pediatric GBM accounts for 3%e7% of all primary brain
tumors in children.2-4 Pediatric GBM differs in many aspects,
including clinical features, imaging, pathology, treatment, and
prognosis, from adult GBM and has drawn wide attention of
researchers in recent years.3-6 However, because of the rarity of
pediatric GBM, the number of cases as presented by previous studies,
especially diagnosed and treated by a single institution,was inevitably
limited, which required further research to develop on a broader data
basis. We retrospectively analyzed 38 patients with pediatric GBM
diagnosed and treated at our hospital between 2015 and 2020 to
assess outcomes and identify prognostic factors associated with
overall survival (OS) and progression-free survival (PFS).

MATERIALS AND METHODS

Patient Selection
Using an institutional database, 38 patients with histopathologi-
cally confirmed diagnosis of GBM at our hospital between 2015
PFS: Progression-free survival
STR: Subtotal total resection
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and 2020 were selected for review. Primary GBM was newly
diagnosed in all patients, and all patients were <18 years of age at
the time of diagnosis. Cases of secondary GBM and spinal GBM
were excluded. The clinical data of these patients were available
for investigators by the approval of the institutional review board.

Data Collection
Data collection included age at diagnosis, sex, clinical manifesta-
tions (intracranial hypertensionerelated symptoms, seizure, and
dyspraxia), original tumor sites (central locations including ventri-
cles, thalamus, basal ganglia, brainstem, and cerebellum and
hemispheric locations including brain lobes), extent of resection
(EOR) (gross total resection [GTR] and subtotal resection [STR]),
adjuvant therapy (radiotherapy combined with chemotherapy and
other therapies, including chemotherapy only, radiotherapy only,
and no therapy), imaging characteristics (rim enhancement and
heterogeneous enhancement) (Figure 1),7 postoperative
immunohistochemistry indexes (ATRX and p53), and genetic
testing (IDH1 and IDH2). Patients were divided by age into 2
groups (�10 years old and >10 years old); all underwent
resection surgery. EOR was verified by comparing preoperative
magnetic resonance imaging (MRI) with MRI performed within
72 hours after surgery. Postoperative radiotherapy was given, 2 Gy
per day, 5 days per week, for a total dosage of 56e60 Gy.
Temozolomide was prescribed for chemotherapy. Long-term out-
comes included PFS and OS. OS was defined as time between the
initial treatment and death or last follow-up. PFS was defined as
Figure 1. Typical magnetic resonance imaging showing
rim enhancement and heterogeneous enhancement.
(A) Rim enhancement is characterized by obvious
surrounding annular hyperintense signal and central
homogeneous hypointense signal. (B) Heterogeneous
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time between the initial treatment and diagnosis of tumor
recurrence. Follow-up was performed for all patients by telephone
call once every 3 months or outpatient review on a timely basis. Q

Statistical Analysis
Analysis was performed with PFS and OS as continuous variables,
whereas age (�10 years old vs. >10 years old), sex, original tumor
sites, EOR, adjuvant therapies, and imaging features were taken as
categorical variables. Kaplan-Meier method was used to estimate
PFS and OS. Log-rank test was employed to compare survival
distribution. Multivariate analysis was done using Cox propor-
tional hazards model to simultaneously access the impact of
multiple prognostic factors on survival. Differences were consid-
ered to be statistically significant when the P value was �0.05. All
statistical analyses were performed using IBM SPSS Version 22.0
software (IBM Corporation, Armonk, New York, USA).

RESULTS

Clinical, Demographic, Imaging, and Pathological Features
A summary of clinical, demographic, imaging, and pathological
features of 38 patients is presented in Table 1. There were 24 boys
and 14 girls for a male-to-female ratio of 12:7. Fifteen patients
were�10 years old and 23 patients were>10 years old, resulting in
a median age of 11.5 years (range, 3e18 years). The median age of
patients with hemispheric tumors was 12 years (range, 3e18
years), whereas the median age of patients with centrally located
enhancement is characterized by heterogeneous
hyperintense signal; there was no significant
correlation between hyperintense and hypointense
signal areas.

UROSURGERY, https://doi.org/10.1016/j.wneu.2021.06.033
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Table 1. Characteristics of 38 Patients with Pediatric
Glioblastoma and Log-Rank Test for Kaplan-Meier Analysis

Characteristic Number (%)

P Value

PFS OS

Age, years 0.787 0.989

�10 15 (39.5)

>10 23 (60.5)

Sex 0.851 0.677

Male 24 (63.2)

Female 14 (36.8)

EOR 0.001 0.001

GTR 16 (42.1)

STR 22 (57.9)

Adjuvant therapy 0.000 0.000

Chemoradiotherapy 18 (47.4)

Other 20 (52.6)

Chemotherapy alone 5

Radiotherapy alone 1

No adjuvant treatment 14

Enhancement characteristics 0.012 0.012

Rim enhancing 21 (55.3)

Heterogeneous enhancing 17 (44.7)

Original site 0.000 0.011

Hemispheric location 19 (50)

Central location 19 (50)

Initial symptom

Intracranial hypertensionerelated
symptoms

23 (60.5)

Dyspraxia 13 (34.2)

Seizure 7 (18.4)

ATRX

Positive 14 (36.8)

Negative 4 (10.5)

Unknown 20 (52.6)

p53

Positive 17 (44.7)

Negative 2 (5.3)

Unknown 9 (23.9)

IDH1

Mutant 2 (5.3)

Wild type 36 (94.7)

Continues

Table 1. Continued

Characteristic Number (%)

P Value

PFS OS

IDH2

Mutant 0 (0)

Wild type 38 (100)

PFS, progression-free survival; OS, overall survival; GTR, gross total resection; STR,
subtotal resection; EOR, extent of resection; GTR, gross total resection; STR, subtotal
resection.
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tumors was 11 years (range, 5e17 years). The difference between
the 2 groups was not statistically significant (P ¼ 0.075, Mann-
Whitney U test). Tumors were observed in hemispheric locations
in 19 cases (50%) and in central locations in 19 cases (50%). The
median PFS and OS for the hemispheric tumor group were 10 and
15 months, respectively, compared with 3 and 6 months, respec-
tively, for the centrally located tumor group. All patients presented
with clinical symptoms in various degrees. Of patients, 23 (60.5%)
had symptoms related to intracranial hypertension (headache,
syncope, nausea, or vomiting), 7 (18.4%) had epilepsy, and 13
(34.2%) had dyspraxia. Contrast-enhanced MRI exhibited rim
enhancement in 21 (55.3%) cases and heterogeneous enhancement
in 17 (44.7%) cases. The median PFS and OS for the rim
enhancement group were 7 and 15 months, respectively, compared
with 4 and 6 months, respectively, for the heterogeneous
enhancing group. Genetic testing showed IDH1 mutation in 2
cases (5.3%); no IDH2 mutation was identified. Immunohisto-
chemistry results showed 14 cases positive for ARTX versus 4
negative cases and 17 cases positive for p53 versus 2 negative cases.

Treatment
Of 38 patients, 16 (42.1%) underwent GTR, and 22 (57.9%) un-
derwent STR. Preoperative and postoperative T1-enhanced mag-
netic resonance images of a patient showing the same section
exhibit surgical treatment (Figure 2). The median PFS and OS in
patients who underwent GTR were 9.5 and 17 months,
respectively, compared with 3 and 5.5 months, respectively, in
patients who underwent STR. Regarding adjuvant therapy,
18 patients (47.4%) received radiotherapy with chemotherapy as
postoperative regimen, 5 (13.2%) received temozolomide
chemotherapy alone, 1 (2.63%) received radiotherapy alone, and
14 (36.9%) were not given any adjuvant therapy. The median PFS
and OS in patients receiving chemoradiotherapy were 9.5 and
17 months, respectively, whereas median PFS and OS were 3 and
5.5 months, respectively, in patients receiving a single adjuvant
therapy alone or not receiving any postoperative treatment. By the
time of last follow-up, 4 patients (10.5%) were still alive, and
3 (7.9%) of these patients had no evidence of recurrence.

Kaplan-Meier Analysis of Survival
Kaplan-Meier survival estimates are presented in Figure 3. The
average follow-up was 12.7 months (range, 2e48 months). The
www.journals.elsevier.com/world-neurosurgery e3
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Figure 2. Magnetic resonance imaging exhibiting surgical treatment. (A)
Preoperative T1-enhanced image of a patient shows that the tumor was
characterized by heterogeneous enhancement. (B) Postoperative
T1-enhanced image shows that gross total resection was achieved.
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median PFS and OS were 6 and 10.5 months, respectively. OS rates
at 6 months, 1 year, and 2 years were 65.8%, 38.4%, and 11%,
respectively, whereas corresponding PFS rates were 47.4%, 16.7%,
and 5.6%, respectively.

Kaplan-Meier Survival Analysis of Prognostic Factors
The original site of tumor (P ¼ 0.011), enhancement characteris-
tics (P ¼ 0.012), EOR (P ¼ 0.001), and adjuvant therapy
(P ¼ 0.000) were identified as significant prognostic factors of OS
(Figure 4). Similarly, the original site of tumor (P ¼ 0.000),
enhancement characteristics (P ¼ 0.012), EOR (P ¼ 0.001), and
adjuvant therapy (P ¼ 0.000) were also identified as significant
prognostic factors of PFS (Figure 5). GTR, adjuvant chemo
radiotherapy, hemispheric location, and MRI rim enhancement
predicted a better survival. Age and sex were not associated with
outcomes.
Figure 3. Kaplan-Meier curves for survival of 38 patients with pediatric
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Cox Proportional Hazards Model for Independent Risk Factors
A number of variables were involved in the multivariate analysis,
including age, sex, EOR, MRI enhancement characteristics,
original tumor location, and adjuvant therapy (Table 2). As a
result, the original tumor location, EOR, and adjuvant therapy
were identified as independent predictors of PFS and OS of
patients with pediatric GBM.
DISCUSSION

Pediatric GBM has been a topic of discussion in recent years
despite the extremely low incidence rate. This study was devel-
oped to better characterize children with GBM by evaluating
clinical and pathological features, imaging characteristics, survival
patterns, and prognostic factors. It featured a relatively larger size
of samples provided by a single institution.
There is a general consensus that pediatric GBM has a poor prog-

nosis. The median OS in our analysis for pediatric GBM was 10.5
months, much lower than 1e2 years reported by most previous pub-
lications.8-10 Demographically, the median age of all patients in this
study was 11.5 years, which is basically consistent with studies in other
centers.3-6,11 It was believed that pediatricGBMhad a higher frequency
in children >10 years of age. In most studies that were based on a
database of a single hospital, the impact of age on the prognosis of
pediatric GBM was not confirmed owing to limited samples.
However, one exceptional study that included 1173 subjects revealed
that younger age was associated with better survival.12 In our study,
there was no statistical difference in survival patterns between the 2
age groups (�10 years and >10 years), suggesting that age was not
a prognostic factor of pediatric GBM. The male-to-female ratio in
our cohorts was 12:7, indicating a similar demographic pattern to that
of adult GBM with males representing the majority of cases.2-4,8,9 In
addition, better survival was not associated with sex, which is
consistent with other reports.2,9,13

We classified the primary site of tumors as hemispheric and
central for children with GBM. Previous analyses tended to
glioblastoma. (A) Overall survival. (B) Progression-free survival.

UROSURGERY, https://doi.org/10.1016/j.wneu.2021.06.033
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Figure 4. Kaplan-Meier curves for overall survival (OS). (A) OS based on
adjuvant therapy (P ¼ 0.000). (B) OS based on extent of resection (P ¼ 0.
001). (C) OS based on different enhancement characteristics (P ¼ 0.012).

(D) OS based on original site of tumors (P ¼ 0.011). GTR, gross total
resection; STR, subtotal resection.

Figure 5. Kaplan-Meier curves for progression-free survival (PFS). (A) PFS
based on adjuvant therapy (P ¼ 0.000). (B) PFS based on extent of
resection (P ¼ 0.001). (C) PFS based on different enhancement

characteristics (P ¼ 0.012). (D) PFS based on original site of tumors
(P ¼ 0.000). GTR, gross total resection; STR, subtotal resection.
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Table 2. Cox Proportional Hazards Model for Independent Risk
Factors of Progression-Free Survival and Overall Survival

Prognostic Factors PFS OS

Age

HR 0.937 0.960

95% CI 0.847e1.036 0.883e1.043

P value 0.205 0.335

Sex

HR 1.314 1.126

95% CI 0.594e2.905 0.480e2.641

P value 0.500 0.785

EOR

HR 3.103 2.769

95% CI 1.202e8.008 1.077e6.585

P value 0.019 0.034

Adjunctive therapy

HR 6.556 5.748

95% CI 2.557e16.807 2.399e13.772

P value 0.000 0.000

Enhancement characteristics

HR 1.129 1.521

95% CI 0.456e2.795 0.667e3.468

P value 0.793 0.318

Original site

HR 5.464 2.584

95% CI 1.866e16.129 1.010e6.623

P value 0.002 0.048

PFS, progression-free survival; OS, overall survival; HR, hazard ratio; CI, confidence in-
terval; EOR, extent of resection.
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suggest that centrally located tumors had higher mortality
compared with tumors with hemispheric locations.12 This view
was also confirmed by our study as expected. Centrally located
tumors are very aggressive and associated with H3K27M
mutations and were classified as H3 mutant diffuse midline
glioma by the World Health Organization central nervous system
tumor classification in 2016.
Most patients in our study exhibited initial symptoms of

headache, syncope, nausea, or vomiting which were caused by
increased intracranial pressure. In 2 cases, patients had facial
paralysis associated with cranial nerve lesions. Patients with
infratentorial tumors commonly had initial symptoms of somatic
ataxia, dystonia, or dyskinesia. Depending on the location and
growth rate of tumors, the initial symptom of pediatric GBM had
not been exactly defined.8

IDH mutation has been widely accepted as a predictor of long
survival for patients with GBM.14,15 In our cohort, however, IDH1
e6 www.SCIENCEDIRECT.com WORLD NE
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mutation occurred in 2 patients, aged 10 and 12 years,
respectively, which differed distinctly from other descriptions in
the literature that IDH1 had a higher frequency in children >14
years of age.15 The incidence of IDH1 mutation in primary GBM
is extremely low with an estimated rate of 5%, making it
impossible in this study to statistically analyze the correlation
between IDH1 mutation and survival patterns. However, the view
that IDH1 mutation offers better survival for children with GBM
is supported by our study. The 2 aforementioned patients with
IDH1 mutations had a prolonged survival. They were both alive
and showed no evidence of recurrence at the time of their last
follow-up, one of which was 31 months after diagnosis.
Imaging data provide important information for diagnosis. We

are the first to analyze the relationship between the enhancement
characteristics and prognosis of pediatric GBM in a relatively
larger cohort. According to Choi et al.,7 heterogeneous
enhancement on contrast-enhanced MRI indicated worse out-
comes for adult patients with GBM.7 In our study, the median PFS
and OS for patients with tumors with rim enhancement were 7 and
15 months, respectively. Median PFS and OS for patients with
tumors with heterogeneous enhancement were 4 and 6 months,
respectively. These differences were statistically significant, and
pediatric patients with GBM tumors with rim enhancement have
a better prognosis.
The importance of GTR in prolonged survival of patients with

pediatric GBM has been addressed in almost all previous
studies.13,16,17 In our cohort, patients who underwent GTR had
better PFS and OS compared with patients with STR. We
recommend full use of microsurgery and intraoperative
navigation as possible to improve the resection rate of tumors
for better outcomes.
As concluded by this study, resection surgery and adjuvant

chemoradiotherapy were independent predictors of OS and PFS
that could distinctly prolong the survival of patients with pediatric
GBM. Maximal safe resection of tumors followed by radiotherapy
with concurrent chemotherapy is currently considered the stan-
dard treatment regimen.6,9,18-20 The use of temozolomide as
postoperative treatment for patients with GBM was first addressed
by Stupp et al. in 2005.21 Subsequent reports proved that
temozolomide offered longer survival for children as it did for
adults.22 However, although we had actively recommended
postoperative chemoradiotherapy to every patient, there was still
a large number of patients who did not receive any
postoperative adjuvant therapy owing to the high cost of
treatment and the incurable status of GBM. If possible, we hope
such standard treatment can become affordable to most families
in the future.
CONCLUSIONS

This is a relatively large cohort of pediatric patients with GBM
diagnosed and treated at a single center between 2015 and 2020. In
general, pediatric GBM remains challenging to manage. No dif-
ferences of PFS and OS were found based on age or sex. Origin
site, EOR, and postoperative adjuvant treatment were independent
predictors of OS and PFS. We should emphasize maximum safe
resection combined with postoperative chemoradiotherapy as the
prime treatment strategy. A better prognosis is related to
UROSURGERY, https://doi.org/10.1016/j.wneu.2021.06.033
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hemispheric tumor location and rim enhancement on preoperative
enhanced MRI.
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