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a b s t r a c t

Introduction. – Pediatric high grade gliomas are rare tumors of the central nervous system. Treatment is
multidisciplinary, comprising surgical excision followed by radiotherapy and/or chemotherapy.
Objectives. – describe these tumors’ characteristics as seen in our institution, and identify factors associ-
ated with better overall survival.
Patients and methods. – We conducted a retrospective study of 30 cases of pediatric high grade glioma
treated consecutively in our institution over a 20-year period. Brainstem tumors and patients aged more
than 22 years were excluded. Univariate analysis was conducted to determine factors associated with
better overall survival.
Results. – The series comprised 30 pediatric high grade gliomas: 27 glioblastomas and 3 anaplastic astro-
cytomas. The sex ratio was 1.7. Mean age was 13 years. Tumors were mainly located in the cerebral
hemispheres (63.3%). Median tumor size was 5 cm. Glioblastomas were subdivided into 26 cases of classi-
cal subtype (96.3%) and 1 case of epithelioid subtype (3.7%). Surgical strategy consisted in tumor resection
in 24 cases (80%). Twenty-one patients (70%) received postoperative radiotherapy. Therapeutic response

at end of treatment was complete in 7 cases (23.3%). Postoperative radiation therapy and complete treat-
ment response were significantly associated with improved overall survival in all high grade gliomas and
also specifically in glioblastomas (P < 0.001 and P = 0.005, respectively).
Conclusion. – Our results suggest that postoperative radiotherapy and complete treatment response are
predictive factors for better overall survival in pediatric high grade glioma.

© 2019 Elsevier Masson SAS. All rights reserved.
. Introduction

Pediatric high grade gliomas (HGG) are relatively infrequent,
ccounting for 6.5% to 12% of all central nervous system tumors
n children [1–6]. Excluding brainstem HGGs, location is most
ommonly supratentorial, with 30–50% arising in the cerebral
emispheres [5,7]. HGG encompass World Health Organization
WHO) grade III tumor, comprising mainly anaplastic astrocy-
omas, and WHO grade IV tumors consisting in glioblastomas [5,7].
ue to the rarity of these childhood neoplasms, studies of prog-

ostic factors and optimal treatment strategies are limited, and
dult treatment paradigms are often extrapolated to children, even
hough there is data indicating that these diseases are biologically

∗ Corresponding author.
E-mail address: annoussa1988@hotmail.com (O. Boudaouara).

https://doi.org/10.1016/j.neuchi.2019.03.001
028-3770/© 2019 Elsevier Masson SAS. All rights reserved.
distinct [7,8]. The current standard of care is multimodal, combin-
ing maximal safe resection when technically feasible followed by
radiation therapy (RT) and chemotherapy [4,5,9]. In spite of aggres-
sive treatment, 5-year overall survival (OS) is poor, not exceeding
35% [4].

We conducted a single-center study to describe clinic-
pathological features, treatment patterns and outcomes in pediatric
HGG. We also explored prognostic factors affecting OS.

2. Patients and methods

2.1. Patients
A retrospective database search for the period 1997–2017 iden-
tified 30 pediatric patients with HGG consecutively treated at our
institution. We included histologically proven HGG in patients
aged 22 years old or younger. Brainstem gliomas were excluded.

https://doi.org/10.1016/j.neuchi.2019.03.001
http://www.sciencedirect.com/science/journal/00283770
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuchi.2019.03.001&domain=pdf
mailto:annoussa1988@hotmail.com
https://doi.org/10.1016/j.neuchi.2019.03.001
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Table 1
Patient characteristics.

n (%)

Mean age at diagnosis ± standard deviation 13 ± 6.3 years
Gender

Male 19 (63.3%)
Female 11 (36.6%)

Secondary high grade glioma
No 26 (86.7%)
Yes 4 (13.3%)

Symptoms
Focal neurological deficit 20 (66.7%)
Symptoms of raised intracranial pressure 20 (66.7%)
Seizures 10 (33.3%)
Cranial nerves paralysis 2 (6.7%)
Isolated headaches 2 (6.7%)
Cerebellar syndrome 2 (6.7%)

Tumor location
Cerebral hemispheres 19 (63.3%)
Diencephalon 9 (30%)
Cerebellar hemispheres 2 (6.7%)

Median tumor size (range) 5 cm (3–12 cm)
Annular ring-like enhancement on imaging 23 (76.7%)
WHO tumor grade

Grade IV 27 (90%)
Grade III 3 (10%)

Extent of surgical resection
Gross total resection/complete resection 10 (33.3%)
Incomplete/subtotal resection 14 (46.7%)
Biopsy only 6 (20%)

Postoperative radiation therapy 21 (70%)
Postoperative chemotherapy 3 (10%)
Complete treatment response 7 (23.3%)
Progression 22 (73.3%)
Recurrence 3 (10%)
Secondary metastasis 7 (23.3%)
Death due to disease 18 (60%)

Fig. 1. a: epithelioid glioblastoma: area of discohesive epithelioid cells with abun-
dant eosinophilic cytoplasm. These cells sometimes have excentric nuclei mimicking
rhabdoid cells, hematoxylin eosin ×100; b: tumor necrosis area lined by a palisade
4 O. Boudaouara et al. / Ne

linico-pathological and treatment characteristics as well as sur-
ival outcomes were retrieved from review of medical records.
urgical intervention was classified as simple biopsy, subtotal
esection or gross total resection. Resection extent was assessed
n early postsurgical cerebral computed tomography (CT) and/or
urgical report. Gross total resection (GTR) was defined as a total
acroscopic removal of the mass, and subtotal or incomplete resec-

ion as a surgery which had leaved a tumor residue. Biopsies were
erformed without tumor debulking, and were either open or
tereotactic. Treatment response was evaluated on the basis of a
erebral CT or magnetic resonance imaging (MRI) within 2 months
f diagnosis. Complete response was defined as no radiological evi-
ence of the tumor, with disappearance of any tumor cells from the
erebrospinal fluid. Otherwise, response was classified as incom-
lete. In the absence of timely cerebral imaging, treatment response
as considered non-assessable.

.2. Statistical analysis

Descriptive analyses used percentages to describe categorical
ariables. For continuous variables, mean and standard deviation
SD) were calculated in normal distributions, and median and range
n non-normal distributions.

OS was defined as the time from initial surgery to date of death
r last follow-up. Kaplan–Meier curves were used to obtain median
S. Univariate analysis on log-rank test screened for prognostic fac-

ors associated with improved OS in the whole cohort and in each
istological grade subgroup. P-values < 0.05 were deemed statisti-
ally significant.

. Results

.1. Population

Mean age at diagnosis was 13 ± 6.3 years; 4 patients (13.3%)
ere 4 years old. The sex ratio was 1.7. HGG was de novo in 26

ases (86.7%) and derived from WHO grade II astrocytoma in 4
ases (13.3%). None of our patients presented an inherited HGG pre-
isposing syndrome. Clinical characteristics are shown in Table 1.
ineteen tumors (63.3%) were located in the cerebral hemispheres.

Histology showed that the majority of cases (27 cases, 90%) were
lioblastoma (WHO grade IV), comprising 26 classical subtypes
96.3%) and one epithelioid subtype (3.7%) (Fig. 1a). In the glioblas-
oma subgroup, histopathological evidence of necrosis (Fig. 1b) and

icrovascular proliferation (Fig. 1c) was found in 19 and 22 cases
espectively (70.4% and 81.5% of all glioblastomas). The case of
pithelioid glioblastoma showed strong immunoreactivity for INI-1
Fig. 1d).

Surgical management consisted in tumor resection in 24 cases
80%). GTR was achieved in 10 cases (33.3%), while resection was
ubtotal in 14 cases (46.7%). Three of the 9 patients with thala-
ic HGG underwent subtotal resection and GTR was feasible in

ne case. Stereotactic needle biopsy was the only surgical option
n the 5 remaining cases. In cerebral gliomas, tumor resection was
erformed in 18 cases and was complete in 9 cases among them.
he remaining patient with cerebral HGG was eligible only for
pen needle biopsy. Both patients with cerebellar HGG had subtotal
esection.

The supine position, a modification of dorsal decubitus, was used
o manage accessible supratentorial lesions involving the thalamus

4 cases) and cerebral hemispheres (18 cases). The park bench posi-
ion, an adjustment of the lateral position, was adopted for tumors
rising in the cerebellar hemispheres (2 cases). In both surgical
ositions, once the tumor was visualized, it was fragmented and
of glial tumor cells (arrows), hematoxylin eosin ×200; c: microvascular proliferation
with glomeruloid feature within a glioblastoma (star), hematoxylin eosin ×200; d:
immuno-staining of tumor cells with INI-1 in an epithelioid glioblastoma, ×200.

removed completely or partially, in a piecemeal fashion in all cases
(24 cases).

Twenty-one patients (70%) received postoperative RT, with a
median dose of 60 Gy.

Treatment response assessment found complete response in

7 cases (23.3%), 4 of which with GTR; complete response was
more frequent when GTR had been achieved, but the difference
was not statistically significant (P = 0.18). Treatment response was
incomplete in 18 cases (60%). In 5 patients (16.7%), response could
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Table 2
Prognostic factors: univariate analysis of overall survival for the whole cohort and grade IV gliomas.

Variable Whole cohort (n = 30) Grade IV gliomas (n = 27)

Median OS (%) 95% CI P-valuea Median OS (%) 95% CI P-valuea

Age 0.73 0.85
< 12 years (median) 20 0–47 20 0–44.9
≥ 12 years (median) 13 5–21 13 5.1–20.8

Gender 0.55 0.42
Male 17 8.1–25.8 17 0–35.5
Female 7 0–17.4 7 0–17.4

Symptoms
Seizures 0.55 0.75

Yes 12 2.4–21.5 12 0–24.8
No 17 2.9–31 17 2.8–31.1

Duration of symptoms before diagnosis 0.22 0.31
< 6 weeks (median) 7 4.6–9.3 7 4.4–9.5
≥ 6 weeks (median) 20 10.2–29.7 20 10.2–29.8

Tumor location 0.62 0.45
Diencephalon 20 0–48.1 20 0–47.4
Cerebral and cerebellar hemispheres 13 1.7–24.2 13 1.7–24.2

Tumor size 0.70 0.56
< 5 cm (median) 17 0–38 17
≥ 5 cm (median) 12 2.6–21.3 13 0–26

WHO tumor grade 0.39
Grade III 3
Grade IV 17 4.5–29.4 NA

Extent of surgical resection 0.70 0.95
Total or subtotal resection 13 0–28 13 0–28
Biopsy only 6 0–19.7 17 0–34.6

Postoperative treatment
Radiation therapy < 0.001 < 0.001

Yes 30 11.8–48.1 30 11.9–48
No 5 0–10.9 2 0.7–3.2

Radiation dose 0.63 0.75
< 60 Gy 7 0.6–13.4 7 13.7–46.2
≥ 60 Gy 30 13.7–46.2 30

Treatment response 0.005 0.005
Complete 49 49
Incomplete or non-assessable 8 5.8–10.1 8 5.8–10.1
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S: overall survival; 95% CI: 95% confidence interval; NA: non-applicable test.
a P-value calculated on log-rank test.

ot be evaluated due to early death (3 cases) or loss to follow-up
2 cases).

Median follow-up was 8 months (range: 0–144 months). Table 1
etails treatment outcomes during follow-up.

.2. Overall survival (OS) and prognostic factors

Median OS was 13 months, [95% CI (confidence interval): 0–26].
n univariate analysis, patients who had received postoperative RT
nd those who had complete treatment response showed longer OS
n both whole cohort and WHO grade IV astrocytomas (P < 0.001
nd P = 0.005 respectively) (Table 2; Figs. 2 and 3). Other factors
clinical features, treatment patterns and outcomes) did not result
n any significant impact on OS, whether in the whole cohort or in
he glioblastomas subgroup (Table 2).

. Discussion

.1. Pediatric HGG features

HGG are very infrequent tumors in pediatric populations,
elieved to constitute 6.5% to 12% of all childhood intracranial neo-
lasms [1–6]. Their Onset under the age of 4 years is even less
ommon, comprising 10–20% of all pediatric HGG [10,11]. In adults,

GG often arise from a low grade glioma that has progressed to
higher grade, but this phenomenon is extremely rare in chil-

ren; nearly all pediatric HGG are diagnosed in a primary setting
1,7]. Although rare, few inherited syndromes increasing patients’
risk of developing HGG have been reported These syndromes typ-
ically comprise cell proliferation and apoptosis disorders such as
Li-Fraumeni syndrome, neurofibromatosis type 1 or Turcot syn-
drome [1,7,12].

Symptoms and signs at presentation are non-specific and very
polymorphous, depending on tumor location. Excluding brain-
stem tumor, the cerebral hemispheres represent the main location
of pediatric HGG (35–69%) followed by the diencephalon (20%)
[4,5,13,14].

Similarly to their adult counterparts, necrosis and/or microvas-
cular proliferation are histologic features of glioblastomas in
children [7]. Epithelioid glioblastoma is a new entity, described
recently in the fourth edition of the WHO classification [7]. This
variant of HGG presents distinctive histological features; it com-
prises a dominant population of closely packed epithelioid cells
showing focal discohesion and sometimes displaying a rhabdoid
phenotype. These cells do constitutively express INI-1; this funda-
mental immunohistochemical feature allows the crucial distinction
between epithelioid glioblastoma and atypical teratoid/rhabdoid
tumor which demonstrates a universal lack of INI-1 expression.

The current treatment regimen consists in surgical resection
as the cornerstone of management of HGG in both children and
adults [1,5]. The purpose of resection is to remove as much tumor
as possible to alleviate the mass effect, obtain tissue for pathological

analysis and cytoreduce the tumor [1].

Nevertheless, true complete resection can be rarely achieved in
pediatric HGG, since the tumor is frequently deep-seated in the
neuraxis and local recurrence is the dominant pattern of failure
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Fig. 2. Overall survival curve according to postoperative radiotherapy administration (a) for the whole cohort, (b) for glioblastomas.
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Fig. 3. Overall survival curve according to treatmen

4,15–17]. Postoperative RT is the second standard of care for chil-
ren aged more than 3 years old. The usefulness of chemotherapy

n conjunction with RT in pediatric HGG is controversial.
Due to its retrospective design, there are inherent limitations

o the present study. In fact, We collected from our database HGG
ases treated over a 20-year period; meanwhile several attempts
o perfect oncologic protocols have been undertaken, although
reatment guidelines have generally remained unchanged over the
ears.

Kramm et al. [15] and Karremann et al. [3] reported complete
reatment response in 7–40% of cases, compared to 23.3% in the
urrent series. Thus, our findings agree with those of the literature
ffirming that response is often incomplete at the end of treatment.

Frequent leptomeningeal and cerebral spread via cerebrospinal
uid is a feature of HGG in children compared to adults: 30% in the
resent series, versus 15% in the literature [7,18].

.2. Overall survival (OS) and prognostic factors

Median OS was estimated to 13 months, in line with previous
eports of median OS ranging from 13 to 27.6 months [4,16,19–24].
In the current series, HGG patients had clinical and patholog-
cal distributions comparable to those in previous pediatric HGG
tudies. Likewise, treatment strategies and outcomes agree with
revious reports.
onse (a) for the whole cohort, (b) for glioblastomas.

While prognostic factors have been widely investigated in the
adult HGG population, studies in pediatrics are scarce.

Our analysis revealed that postoperative RT and complete treat-
ment response were prognostic factors for OS in pediatric HGG. The
other factors (clinico-pathological features and treatment patterns)
showed no significant association with outcomes.

4.2.1. Radiation therapy (RT)
While the role of postoperative RT in the treatment of adult HGG

is well-established [25], benefit in pediatric HGG and glioblastomas
remains uncertain and has been rarely explored in the literature
[19]. In the present study, patients who received postoperative RT
showed a significantly better OS than those who did not, in both
the overall HGG group and the glioblastomas subgroup.

However, several previous studies [4,19,23] reported no dif-
ference in survival between pediatric HGG or glioblastomas
undergoing RT or not. Lam et al. [19] (n = 302 pediatric glioblas-
tomas) found the same median OS of 20 months with or without
RT. Additionally, type of RT does not seem to be a relevant factor
for OS in children with glioblastoma, as shown by Perkins et al.
[23] (n = 24 pediatric glioblastomas) and Nikitović et al. [24] (n = 15

glioblastomas). Walston at al. [4] (n = 51 HGGs), demonstrated that
receiving a dose at or above the median dose of 59.4 Gy was not
associated with improved OS in their overall HGG cohort or in
WHO grade IV tumors (n = 28). However, for the subgroup with
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ncompletely resected HGG radiation dose at or above 59.4 Gy
rovided significant improvement in OS in both HGG and glioblas-
omas.

Further randomized trials are urgently required to establish the
eal impact of postoperative RT on survival in pediatric HGG and
lioblastoma.

.2.2. Treatment response
In the current study, complete response at the end of treatment

as associated with improved OS in pediatric HGG and in glioblas-
omas subgroup. These findings are consistent with those of Kramm
t al. [15] in their cohort of 99 thalamic HGG.

.2.3. Tumor location
The impact of tumor site on outcomes seems equivocal. In the

ediatric HGG and glioblastoma literature, several authors reported
eep tumor location to be associated with worse OS in comparison
ith superficial locations, perhaps due to decreased accessibility

nd hence extent of resection [6,15,21,22]. Patients with cerebellar
GG or glioblastoma exhibited a poorer OS compared with loca-

ions in the cerebral hemispheres [3,19]. In the present study, the
wo subgroups (HGG and glioblastomas) did not differ significantly
ith respect to tumor site.

.2.4. WHO tumor grade
According to the literature, patients with WHO grade III HGG

how a significantly longer OS than those with WHO grade IV
umors [3,4,15]. Unfortunately, tumor grade did not emerge as
rognostic of OS in the present study, perhaps due to the small
umber of WHO grade III tumors (n = 3).

.2.5. Extent of surgical resection
An attempt at a primary GTR is the typical standard of care in

GG. It was clearly established in previous studies that extent of
esection is highly predictive of improved OS in pediatric HGG,
egardless of histological grade [3,4,6,15,16,19,21–23]. In their
tudies of 302 and 15 pediatric glioblastomas respectively, Lam
t al. [19] and Nikitović et al. [24] found that OS was significantly
onger in children with GTR than in case of subtotal resection.
ikewise, McCrea et al. [6] and Adams et al. [8] showed, in their
espective cohorts of 97 pediatric HGG and 342 pediatric glioblas-
omas, that extent of resection was predictive of outcome, with a
rend for longer OS following GTR than subtotal resection or simple
iopsy.

In the present study, median OS in HGG with tumor resection
as better than in those with simple biopsy (13 months versus
months), but extent of resection did not have a significant impact
n OS, perhaps due to the small size of our cohort (n = 30).

.2.6. Molecular landscapes
Although childhood and adult HGG share similar histopatho-

ogical appearances and comparable clinical features, it is now
elieved that these tumors are molecularly distinct entities
26–28]. Almost half of pediatric HGG have recurrent hotspot

utations in histone H3-encoding genes (H3.3K27 mutation and,
ess frequently, H3.3G34 mutation), confirming their prominent
iological significance in the genesis of pediatric glioblastomas
7,27,28]. While H3.3K27M mutations have been reported in

idline HGG, H3.3G34R mutations have been found in gliomas
rising from the cerebral hemispheres. This molecular subset
f tumors harbors the most unfavorable outcomes in terms of

S and post-treatment craniospinal spread. Moreover, given the

ack of MGMT-promoter methylation in this category, H3.3 K27
utant HGG exhibits a poor responsiveness to temozolomide-

ased chemotherapy [7,8,26–28].
irurgie 65 (2019) 63–68 67

IDH1 and IDH2 mutations are rare in pediatric tumors, at less
than 10% of pediatric glioblastomas [26–28]. Unlike in adults, where
IDH mutations are a signature of secondary glioblastomas, pediatric
glioblastomas harboring these aberrations arises de novo without
evidence of a precursor lesion [7,27]. This subset of tumors shows
the most favorable outcomes and the longest OS. MGMT-promoter
methylation is an epigenetic phenomenon that occurs frequently
in IDH1 or H3.3 G34 mutant HGG, entailing a potentially better
response to temozolomide in these molecular subgroups [27].

The last genetic subgroup comprises approximately 40% of pedi-
atric HGG and includes tumors heralding neither histone H3 nor
IDH mutations. H3/IDH wild type HGG shows intermediate prog-
nosis, while several oncogene amplifications may delineate poorer
outcomes [26,27].

Identification of combined histo-molecular HGG subgroups has
enhanced understanding of this devastating disease. Integrating
molecular sub-classifications in routine HGG neuropathological
diagnosis is a crucial step to improve patient management and
conduct future clinical trials.

5. Conclusion

HGG in children comprise a wide group of WHO grade III or IV
astrocytic tumors exhibiting unfavorable outcomes. Although bet-
ter than in adults, OS in pediatric HGG remains poor, at a median of
13 months in the present study. Our analysis identified postopera-
tive RT and complete treatment response as prognostic factors for
OS in pediatric HGG and glioblastomas. Given that pediatric HGG
are clinically and biologically heterogeneous, improvements in
therapy and consequently in outcomes may require patients strat-
ification on the basis of molecular hallmarks. Historical treatment
algorithms derived from adult HGG studies seem to be inappro-
priate for what appears to be a distinct disease on the basis of its
molecular signature and clinical course.
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