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Abstract
OBJECTIVE: Pediatric supratentorial glioblastoma (psGBM) is rare tumor of the central nervous system,
the prognosis of it remains controversial due to their rarity. The aim of this study was to evaluate
characteristics of pediatric supratentorial glioblastoma, effectiveness of modern treatment modalities,
and detect factors related to prognosis

METHODS: Twenty-eight children under 18 years old were pathologically diagnosed with supratentorial
glioblastoma at The First Affiliated Hospital of Zhengzhou University between 2014 and
2020.Epidemiological characteristics, clinical features, imaging features, functional outcomes, overall
survival, progression-free survival according to multimodal treatments were reviewed retrospectively.

RESULTS: Median survival time of children with supratentorial glioblastoma was 11 months and median
progression-free survival was 7 months. Half-, one-year and two-year overall survival probabilities were
64.3%,42.9% and 14.3%, respectively. Half-, one-year and two-year progression-free survival probabilities
were 53.6%,21.4% and 9.5%, respectively. Extent of resection(p=0.011) and postoperative concurrent
chemoradiotherapy (p=0.032) are independent factors of prognosis while gender, age, initial symptom,
tumor side, enhancement character, preoperative KPS and with or without cystoid variation and necrosis
are not. Three patients lived longer than 2 years, one patient was alive at 46 months after diagnosis and
no evidence of recurrence was found.

CONCLUSION: Prognosis of pediatric supratentorial glioblastoma remains poor, and its prognosis may
not be better than adult’s. Preoperative KPS score is a risk factor, but isn’t an independent risk factor.
Concurrent chemoradiotherapy and gross total resection are the main methods to prolong life span.

Highlights
1. Pediatric supratentorial glioblastoma (psGBM) is rare tumor of the central nervous system

2. Complete resection of the psGBM with maximal safety remains the primary treatment to minimize
the local progression.

3. Concurrent chemoradiotherapy does signi�cantly prolong the overall survival and progression-free
survival

4. Preoperative KPS score may predicts prognosis of patients.

5. the long-term clinical outcomes of psGBM after multimodal treatment remain

Introduction
Glioblastoma is one of the most malignant tumors in the central nervous system, which 5-year survival
rate was less than 5% [18], and it often happens to adults. Pediatric glioblastoma(pGBM) is not so
common like adults, it constitutes around 3–7% of all children primary brain tumors[7,15,22].In resent
reports, there is many evidences found that pGBM may holds a different prognosis from adult part, and
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many indicators prove that pGBM is distinct from adult glioblastoma[5,15,22,25]. However, while the best
therapy of pGBM is still on dispute, maximal surgical resection of tumor combined with concurrent
chemoradiotherapy is considered to be the basic treatment which can provides a better prognosis and
overall survival in many medical center. Due to the low incidence of pGBM, there is still a lack of large
scale retrospective analysis of prognostic factors at present. In our study, we aim to analyzed the
possible prognostic factors of pediatric supratentorial glioblastoma(psGBM) from the aspects of imaging
features, treatment methods, tumor characteristics and effectiveness of modern therapy.

Materials And Methods
Patient selection

Twenty-eight consecutive patients were diagnosed with supratentorial glioblastoma at The First Affiliated
Hospital of Zhengzhou University between 2014 and 2020 all patients were under 18 years old when
�rstly diagnosed . The clinical data of these patients were reviewed retrospectively after obtaining
approval from the institutional review board of The First Affiliated Hospital of Zhengzhou University.

Data collection

The recorded information included patient age, sex, clinical manifestations, tumor side, tumor location,
extent of resection (EOR), postoperative concurrent chemoradiotherapy (CCRT), preoperative KPS,
enhancement character, cystoid variation and necrosis and relation with dura mater. We decided whether
the relationship was close according to the location of the tumor and dura on MRI. The enhancement
character was divided into annular enhancement and inhomogeneous enhancement (Typical pictures are
shown in Fig.1). Long-term outcomes including progression free survival (PFS) and overall survival (OS).
The period of overall survival was defined as the time interval between the initial treatment and the data
of death or the last follow-up. The period of progression free survival was defined as the time between
the initial treatment and the data of tumor recurrence based on imaging findings.

Treatment and follow-up

All patients received surgical treatment, the postoperative treatment including CCRT as per the Stupp
protocol, chemotherapy only, radiotherapy only or untreated. Tumor tissue samples were collected during
the operation for subsequent pathological examination. EOR were divided into total resection and sub-
total resection. All patients were followed up by telephone consultation once every two months or
outpatient review.

Statistical analysis

Age, PFS, and OS were analyzed as continuous variables. Age (>14 or<=14years), sex (male or female),
tumor side (left or right), EOR (GTR or STR), postoperative CCRT (yes or no), preoperative KPS (>70 or
<=70), enhancement character (annular enhancing or heterogeneous enhancing), cystoid variation and
necrosis (yes or no). were analyzed as categorical variables. Kaplan–Meier method was used to estimate
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progression-free survival (PFS) and overall survival (OS). Differences between survival curves were
assessed using log-rank test. Univariate Cox proportional hazard analysis was used to evaluate variables
as prognostic factors for PFS and OS. Multivariate analysis was completed and included age, sex, tumor
side, EOR, postoperative CCRT, preoperative KPS (>70 or <=70), enhancement character, cystoid variation
and necrosis. Statistical significance was determined by ANOVA for continuous variables. The Pearson
chi-square test was used for categorical variables. Statistical significance was defined as a p value <
0.05. All statistical analyses were completed using IBM SPSS 22.0 software.

Result
A summary of clinical and demographic characteristics of 28 patients is presented in Table 1. The
median age of the patients was 14 years, range 3 to 18. The sex ratio of male to female is about 1.5
1.The median OS is 11 months and median FPS is 7months.The most common �rst symptom was
headache, followed by nausea and vomiting. In 13 cases (46%), tumors were found in the left
hemisphere, while 15 cases (54%) were found in the right hemisphere. The most common tumor location
was the frontal lobe(n= 8;29%) followed by thalamus(n=5;18% temporal lobe(n=4;14% parietal
lobe(n=3;11% occipital lobe(n=2;7% basal ganglia(n=1;4%). Five tumors (18%) involved more than one
lobe, included frontoparietal, frontotemporal, parietooccipital and temporo-occipital. Cystoid variation and
necrosis were found in 24(85.7%) patients.16 cases were found to have a annular enhancement of tumor
in MRI while the other 12 cases enhanced heterogeneously. We found a close relationship between the
tumor and dura in 4 patients, however, none of them represent dura tail sign. After our evaluation, there is
10 cases that KPS≤70 the other 18 cases have a KPS higher than 70.

Treatment and clinical outcomes

In this group of 28 patients, fourteen patients (50%) got gross total resection (GTR) and the rest of them
got sub-total resection (STR). Fifteen(53.6%) patients received concurrent chemoradiotherapy with
temozolomide the dose of radiotherapy ranged from 54Gy to 60Gy,four patients only received
chemotherapy, nine patients got no treatment after operation . At the last follow-up, 25 died of tumor
progression and 3 survived. Two patients underwent reoperation after recurrence and they got an overall
survival of 24 months and 25 months respectively. There is a special recurrent case, the tumor showed
multifocal growth when we �rstly found it recurred after operation. Preoperative, postoperative and
recurrent imaging data are shown in Fig.2 The tumors of other recurrent cases recurred in situ or adjacent
areas. The volume is larger and the course of disease is shorter than that of the �rst diagnosis.

Kaplan-Meier survival analysis for study population

The average follow-up time was 13 months (range 2 to 43 months). Kaplan-Meier plots of PFS and OS
for 28 patients are presented in Fig. 3. Half-year, one-year and two-year survival rates were 64.3%, 42.9%
and 14.3%, respectively. The rate of progress-free was 53.6% in half a year, 21.4% in one year and 9.5% in
two years.
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Kaplan-Meier survival analysis based on prognostic factors

Kaplan-Meier Survival Analysis identified the EOR (p=0.008) ,postoperative CCRT (p=0.009)and
preoperative KPS p=0.017 were significant prognostic factors of OS(Fig4). It reveals that patients who
receive GTR, postoperative CCRT and KPS>70 will have a better prognosis .EOR (p=0.022) and
postoperative CCRT) (p=0.010)and preoperative KPS 0.040 were significant prognostic factors of
PFS(Fig4). GTR, postoperative CCRT and preoperative KPS predicted better PFS. The half-year, one-year
and two-year survival and progression free survival rates based on EOR and postoperative CCRT are
shown in the Table 2. Age, sex, tumor side, enhancement character, cystoid variation and necrosis, were
not prognostic factors for PFS and OS

Univariate and multivariate hazard ratio analysis of prognostic factors

Univariate and multivariate results are presented in Table3.Univariate analysis identified GTR,
postoperative CCRT and preoperative KPS were prognostic factors for better OS, with hazard ratios of
0.393,0.406 and 0.476, respectively. Univariate analysis identified GTR, postoperative CCRT and
preoperative KPS were also prognostic factors for better PFS, with hazard ratios of 0.444,0.403 and
0.476, respectively. Multivariate analysis for prognostic factors was completed and included age, sex,
tumor side, EOR, tumor grad, postoperative CCRT, preoperative KPS, enhancement character and cystoid
variation and necrosis. Multivariate analysis identified EOR and postoperative CCRT were both prognostic
factors for PFS and OS.

Discussion
The incidence of psGBM is very low, many related topics have been hotly discussed. We present a
relatively large series of this disease from a single to explore further about its clinical, imaging features,
long-term outcome, and prognostic factors. In our study, mean age of diagnosis is 12.8(14 in median). In
previous studies, mean age of pediatric GBM patients ranges from 8.8 to 13.3 years, our result support
the view that mean age at the time of diagnosis is around the beginning of the second decade of life
[5,15,22,25,29].In our series, male to female ratio was 3:2 , this proportion is in line with previous
studies[17], it is also in concordance with the majority of other studies reporting male predominance in
both the pediatric and adult population [7,15,20,22].We found no evidence of longer survival based on the
patient’s age or gender ,which is comparable to data on pGBM available in literature [5,20,32]. The tumors
were commonly located in the frontal, accounting for 29%. Unfortunately, there are 10 people that their
tumor involved multi-lobe or thalamus, this makes the operation more di�cult and result in the low rate of
gross total resection in this series. The primary symptoms of the patients were mainly related to
increased intracranial pressure, about half of the patients had headache, nausea and vomiting, followed
by limb dysfunction, and epilepsy, similar results can also be found in other literatures [17]. We believe
that symptoms of intracranial hypertension may relate to the high degree of malignancy and rapid
progress of the tumor. Epilepsy, as a symptom of cortical stimulation by tumor, usually occurs in patients
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with slow-growing brain tumors, such as oligodendroglioma. In general, the clinical manifestations of
psGBM are generally nonspeci�c and depend on the tumor location and size.

Imaging �ndings in glioblastoma can often have prognostic signi�cance as well, imaging differences
between children and adults are still ambiguous. We divide our patients into two categories according to
the enhancement characteristics: annular and inhomogeneous enhancement. In our study, the ratio of
annular and inhomogeneous enhancement is 4:3(16:12). Median survival was 12 months and 9 months,
respectively. It indicates psGBM with annular enhancement may have a better prognosis. Seung won Choi
et al. have done in-depth research on the enhancement characteristic of glioblastoma, their study showed
a better prognosis of annular enhancement [4]. GBM with annular enhancement implies a less
heterogeneity in tumor. Genomic signatures associated with lysosomal activity and autophagy were
enriched in inhomogeneous enhancement tumor, lysosome is considered as an important recycling
organelle associated with autophagy, and also functions as a relay hub for signaling pathways driven by
the mechanistic target of rapamycin complex 1 (mTORC1) [6,21]. Autophagy is known to have dual
functions in respect to tumorigenesis [30], and its pro-tumorigenic role inducing the treatment resistance
against temozolomide (TMZ) is often emphasized in GBM studies [2,16,26]. Nevertheless, in our study,
enhancement character isn’t a statistically signi�cant prognostic factor, it may explain by the fact that our
subjects are all children while their study population covers all ages and 144 patients were included. After
all, many differences among patients of different age group have been found, and if possible, we should
conduct a larger sample size study to evaluate the role of enhancement character in prognosis of psGBM.

Cystic necrosis is one of the common imaging features of GBM. We found it always appears in tumor
with annular enhancement, however, some inhomogeneous enhanced tumor can also have cystic
necrosis in central. Ji-ping Zhao et al. found that cystic necrosis happened in 7/8 adults diagnosed with
epithelioid glioblastoma(eGBM) [33]. We found that children and adults had similar results in our study,
such imaging changes were observed in 6/7 of the children, however, we didn't �nd it a signi�cant factor
of prognosis, and there is less report about the relationship between cystic necrosis and prognosis .In
general, cystic necrosis is considered to be a common feature of intracranial malignant tumors.

Glioblastoma originates from the white matter of the brain, and it usually occurs in the deep brain.
However, it has been reported that glioblastoma can also be closely related to dura mater and even
showed dura tail sign [8,9,31], but pathological examination showed that the tumor only in�ltrated the pia
mater, no proliferative tumor cells were found in the adjacent dura. In our study, we found that there was a
close relationship between dura mater and tumor in 4 patients (Fig.5). Relationship between the tumor
and dura is so close that there is no obvious boundary on MRI, but none of them showed dura tail sign,
and there was no dura attachment or thickening at surgery. Since this is a retrospective study, there is a
lack of pathological evidence to �nd tumor cells in dura tissue. we didn’t �nd any evidence to prove that
close relationship between dura and tumor can affect prognosis, but the close relationship between the
tumor and dura means that the tumor is located in the super�cial part of the brain, which makes it easier
to remove the tumor completely by surgery, this subject can be studied in the future. Studying the
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behavior of tumor is very helpful to the treatment of disease. All in all, the imaging research needs a
further step.

As we all know, preoperative evaluation often plays an important role in clinical treatment, which
determines the main way of treatment. Karnofsky Performance Status (KPS) score is a widely accepted
method to evaluate the physical condition of patients. In our study, the mean preoperative KPS score was
71(range 30–90). 17 (60.1%) patients had KPS scores ≥70, and their survival was better than the
remaining patients on univariate analysis p=0.017). Many studies in adults have emphasized the
prognostic signi�cance of the preoperative performance status on survival [23, 24]. We found it was not
an independent risk factors on multivariate analysis, but in multivariate analysis, it can’t be considered as
a signi�cant factor [5]. The possible reason is that the KPS value of the patients was in�uenced by many
other prognostic factors, KPS value indirectly re�ects the degree of preoperative disease development,
meanwhile, KPS score is also a very important factor that determines the patient’s ability to withstand the
entire treatment. In our investigation, many parents give up active treatment for serious complications of
radiotherapy and chemotherapy.

Maximal surgical resection followed by adjuvant radiotherapy with concomitant chemotherapy has
become the current standard of care in glioblastoma [13,19, 20, 24,25,27]. Stupp et al. [28] demonstrated
the e�cacy of oral temozolomide in primary adult glioblastomas, chemotherapy has gradually become
the mainstream treatment of glioblastoma in children. As for radiotherapy, its toxicity and long term side
effects can never be ignored especially children are in an important stage of growth and development. In
our center, resect as much as possible in a safe range followed by concurrent chemoradiotherapy is
preferred. We found that postoperative CCRT is an effective way to prolong the survival time and delay
the recurrence for psGBM patients. Although current studies have found many differences between
childhood and adult GBM, but the effect of the same treatment in adults and children is not consistent,
however, many new treatment options are still in active investigation [3,11,14]. Nowadays, electric �eld
therapy is being hotly debated, it is an emerging treatment that can extend the life span of several
months, it is also noninvasive and has little effect on children's growth and development. In the future, it
may be an important way to prolong the life of psGBM patients.

Although we have collected patient data since 2014, the prognosis of psGBM has not been improved by
modern treatment. In our study, the median OS was 11 months, and the half year survival rate was 64.3%,
one-year survival rate was 42.9%, and two-year survival rate was 14.3%.PFS of half-year, one-year and
two-year are 53.6%,21.4%and9.5%, respectively. Perkins et al. and Marina et al. reported median OS is
13.5 months in their study [17,20]. Karremann et al. performed a retrospective analysis on a relatively
large group, nearly 200 children with GBM enrolled in their trials, the median OS was still about one year,
just like in adults [12]. Some authors reported longer median OS time even reach 20 months and 43
months [10,25]. Deference of prognosis between children and adults is still a hot topic under discussion.
We hold the belief that children have better prognosis and should be treated actively, however, our results
show that there is no difference between the survival of our patients and that of adults. This may be
attributed to the low gross-total resection rate in our group and some realistic factors, because of the high
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malignancy of this disease, many children didn’t receive active treated. Studies have shown that gross
total tumor resection can signi�cantly delay the disease progression as well [1,10,32,33]. With the
improvement of conventional microsurgical techniques and the application of advanced supplementary
techniques such as diffusion tensor tractography (DTI), intraoperative MRI, and navigational guidance,
the surgically related morbidity in critical locations has remarkably declined. Thus, we should take
necessary measures to try our best to achieve gross total tumor resection.

At the last follow-up, three patients are still alive, one patient remained for 43 months without any
evidence of recurrence, the other 2 patients accepted reoperation after the �rst recurrence and are in
stable condition now. Although the current data is not enough for statistical analysis, it seems necessary
to give active reoperation after recurrence. We will continue to follow up, looking for more related factors
to prolong the survival period from the process of diagnosis and treatment.

Conclusion
Gross total resection combined with postoperative concurrent chemoradiotherapy is still a key factor for
long-term survival. At the same time, preoperative functional status score also plays an important role,
which indicates whether patients can survive the whole treatment process and obtain long-term survival.

Abbreviation List
psGBM: Pediatric Supratentorial Glioblastoma,

pGBM: Pediatric Glioblastoma,

eGBM: Epithelioid glioblastoma

CCRT: Concurrent Chemoradiotherapy,

GTR: Gross Total Resection,

STR: Subtotal Total Resection,

MRI: Magnetic Resonance Imaging,

OS: Overall Survival,

PFS: Progression-free Survival,

KPS: Karnofsky Performance Status
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characteristic     Value(%)

Age    

Median   14

Range   3-18

Sex    

Male   17(60.7)

Female   11(39.3)

Initial symptom    

Headache   16(57.1)

Nausea and vomiting   14(50)

Dyspraxia   9(32.1)

Seizure   6(21.4)

Tumor side    

Left   13(46.4)

Right   15(53.6)

EOR    

GTR   14(50)

STR   14(50)

Postoperative CCRT    

Yes   15(53.6)

No   13(46.4)

Preoperative KPS    

≤70   11(39.3)

>70   17(60.7)

Enhancement character    

Annular enhancing   16(57.1)

Heterogeneous enhancing   12(42.9)

Relation of tumor and dura    

Close   4(14.3)
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Not close   24(85.7)

Cystoid variation and necrosis    

Yes   24(85.7)

No   4(14.3)

Tumor location    

Frontal   8(28.6)

Parietal   3(10.7)

Temporal   4(14.3)

Occipital   2(7.1)

Thalamus   5(17.9)

Other   6(21.4)

 

Table 2.Subgroup PFS and OS rates based on EOR and postoperative CCRT.

survival GTR STR

  PFS(%)         OS(%) PFS(%)          OS(%)

6 months 64.3        71.4 42.9         71.4

1 year 35.7        64.3 7.1          21.4

2 years 19          28.6 0            0

survival CCRT Non-CCRT

  PFS(%)         OS(%) PFS(%)          OS(%)

6 months 64.3        71.4 42.9         71.4

1 year 35.7        64.3 7.1          21.4

2 years 19          28.6 0            0

 

Table 3. Univariate and multivariate analysis of prognostic factors for PFS and OS
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Prognostic Univariate  analysis Multivariate  analysis

Factors PFS    OS PFS      OS

Age    

HR 1.330  1.058 0.998  0.630

95%CI 0.601-2.950  0.480-2.332 0.396-2.515  0.254-1.568

P Value 0.461  0.890 0.997  0.321

Sex    

HR 0.749  0.796 0.774  0.694

95%CI 0.333-1.684  0.354-1.788 0.292-2.052  0.247-1.954

P Value 0.485  0.796 0.607  0.489

Tumor side    

HR 0.939  0.880 0.748  0.443

95%CI 0.425-2.074  0.394-1.966 0.262-2.141  0.146-1.348

P Value 0.876  0.756 0.589  0.152

EOR    

HR 0.444  0.393 0.352  0.267

95%CI 0.197-1.005  0.171-0.902 0.141-0.881  0.096-0.741

P Value 0.022  0.008 0.026  0.011

Postoperative CCRT    

HR 0.430  0.406 0.363  0.299

95%CI 0.185-0.998  0.173-0.951 0.151-0.868  0.100-0.900

P Value 0.018  0.014 0.023  0.032

Preoperative KPS    

HR 0.476  0.419 0.607  0.411

95%CI 0.203-1.116  0.175-1.004 0.245-1.503  0.149-1.134

P Value 0.039  0.017 0.280  0.086

Enhancement  character    

HR 0.736  0.810 0.727  0.830

95%CI 0.345-1.686  0.366-1.790 0.308-1.715  0.331-2.079
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P Value 0.504  0.602 0.467  0.691

Cystoid variation and necrosis    

HR 0.711  0.708 0.695  0.384

95%CI 0.239-2.114  0.238-2.109 0.223-2.162  0.104-1.416

P Value 0.540  0.708 0.695  0.151

PFS, progression-free survival; OS, overall survival; EOR, extent of resection; CCRT, concurrent
chemoradiotherapy

Figures

Figure 1

Typical magnetic resonance imaging (MRI) of annular enhancement and inhomogeneous enhancement.
(A) Annular enhancement is characterized by obvious surrounding annular hyperintense signal and
central homogeneous hypointense signal. (B) Inhomogeneous enhancement is characterized by
inhomogeneous hyperintense signal and there was no signi�cant correlation between hyperintense and
hypointense signal areas.
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Figure 2

A special case of tumor recurrence in multiple sites. (A) Preoperative magnetic resonance imaging (MRI)
showed tremendous space-occupying lesions with annular enhancement. (B) Three months after the
operation, MRI showed that there was no obvious abnormal signal in the operation area, and the tumor
was completely removed. (C) Twenty-one months after operation, multiple hyperintense lesions were
found in the operation area and contralateral cerebral hemisphere.
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Figure 3

Kaplan-Meier curve. (A) OS Kaplan-Meier curve for 28 patients with psGBM. (B) PFS Kaplan-Meier curve
for 28 patients with psGBM.
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Figure 4

Kaplan-Meier curve (A) OS Kaplan-Meier curve for patients got postoperative CCRT or not (p=0.014). (B)
PFS Kaplan-Meier curves for patients got postoperative CCRT or not(p=0.018). (C) OS Kaplan-Meier
curve for patients got GTR and STR (p=0.008). (D) PFS Kaplan-Meier curves for  patients got GTR and
STR (p=0.022). (E) OS Kaplan-Meier curve for patients got preoperative KPS score  70 and ≤ 70
(p=0.017). (F) PFS Kaplan-Meier curve for patients got preoperative KPS score  70 and ≤ 70 (p=0.039).
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Figure 5

Imaging features of tumors closely related to dura mater. (A) The tumor was located in the super�cial
part of frontal lobe, and a small part of dura showed enhancement. (B) The tumor is closely related to the
dura mater of skull base, and there is no obvious boundary on MRI. (C) The tumor surrounds the
tentorium and appears to be connected to it.


