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ABSTRACT

AIM: To evaluate the clinical features, treatment approaches, and outcomes of glial tumors in children.

MATERIAL and METHODS: Files (2006 to 2020) of children diagnosed with glial tumors and followed-up were reviewed
retrospectively. Information regarding demographic and clinical characteristics, treatment approaches, and outcomes were retrieved
from the patients’ files.

RESULTS: Of the total of 180 pediatric patients diagnosed with brain tumors, 73 (40.6%) had glial tumors. The children with
astrocytoma were in the age range of 2-18 years (median age: 8.7 years), while the ages of children with ependymoma ranged
from three months to 10 years (median age: 3 years). This difference was statistically significant (p<0.0001). The male to female
ratio was 1.6. The most common symptoms or signs were headaches (n=34, 46.6%), abnormal gait or coordination (n=22, 30.2%),
vomiting (n=21, 28.8%), and cranial nerve palsies (n=20, 27.4%). The pathological diagnoses were astrocytomas (n=53, 72.6%),
oligodendroglial tumors (n=2, 2.7%), ependymoma (n=15, 20.7%), and other glial tumors (n=3, 4.1%). The most common tumor
location was supratentorial (n=42, 57.5%), while midline glioma was detected in seven patients. The 5-year overall survival (OS) rate
of all glial tumors, astrocytoma, and ependymoma was 42%, 40%, and 55%, respectively. The 5-year OS rate of the tumor Grade |,
I, lll, and IV was 77.2%, 45%, 32%, and 0%, respectively (p<0.0001). The 5-year OS rate of supratentorial, infratentorial, and spinal
tumors was 25.6%, 63.6%, and 50%, respectively (p=0.021). In Cox regression analysis, it was found that the tumor resection and
grade had an effect on the tumor prognosis.

CONCLUSION: Treatment results are not satisfactory in high-grade astrocytomas. There is a need for new treatment approaches
that would take cognizance of molecular features and adopt multidisciplinary approaches.
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B INTRODUCTION

Central nervous system (CNS) tumors are the second
most common malignancy in children (after leukemia)
in developed countries. In Turkey, they are the third
most common malignancy after leukemia and lymphoma,
accounting for 13.3% of all malignancy in children (9).
Childhood glial tumors can be classified as astrocytoma,
oligodendrogliomas, ependymomas, and other glial tumors
(5). In children, astrocytomas and ependymomas are
responsible for approximately 50% and 9% of all CNS tumors,
respectively (6). In Turkey, the prevalence of asyrocytoma and
ependymoma in childhood was found to be 19% and 7.6% by
Varan et al. (13), and Akyuz et al. (2), respectively.

The symptoms and signs of CNS tumors are related to their
location, growth rate, size, and age of patient at the time of
diagnosis. Headache, vomiting without nausea, disturbances
of gait and balance, cranial nerve palsies, impaired vision,
altered mental status, seizures, endocrine abnormalities, and
cranial enlargement in infancy are common symptoms or
signs in children with CNS tumor (6).

In contrast to the high-grade glial tumors, outcomes are very
promising in low-grade astrocytomas using multidisciplinary
approaches. In ependymomas, the main prognosis determi-
nant is complete removal of the tumor. While the 5-year over-
all survival (OS) rate is 64%-86% in patients with complete
resection, it is much lower in patients with subtotal resection
(1,6).

In this study, we aimed to evaluate the clinical features,
treatment approaches, and outcomes in children with glial
tumors.

B MATERIAL and METHODS

Approval for the study was obtained from the local ethics
committee of Selcuk University (No: 2021/176, Date: Apr 07,
2021). Informed consent was not obtained from the patients
included in the study or their guardians, since it was a
retrospective study. In addition, this study was conducted in
accordance to the principles of the Declaration of Helsinki and
the Good Clinical Practice guidelines.

Patients

From 2006 to 2020, children diagnosed with glial tumor and
followed-up at our clinic were included in this study. Pontine
and optic gliomas, which are both diagnosed by clinical
and radiological findings, were excluded from the study.
The patients’ demographic and clinical features, surgery
notes, pathological features, treatment approaches, and
outcomes were retrieved from the patients’ files. The location,
diagnosis, and grade of the tumor were noted. In addition,
accompanying conditions, such as neurofibromatosis type 1
or constitutional mismatch repair deficiency, were noted. The
criteria of European consortium for constitutional mismatch
repair deficiency were used for constitutional mismatch repair
deficiency syndrome (15).

The patients were divided into two groups according to their
age: < 3 years old and = 3 years old.
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Pathological diagnoses were divided into astrocytoma,
oligodendroglioma, ependymoma, and other glial tumors. In
addition, they were divided according to their grades into low
(Grade | and Il) and high grade (Grade Il and V).

According to the localization of the tumors, they were divided
into supratentorial, infratentorial, spinal, and widespread.

Surgical resection was the first line therapy in patients with
glial tumors. If possible, the primary goal was complete
removal of the tumor. In patients with low-grade astrocytomas,
if total or gross total resection were performed, radiotherapy
and/or chemotherapy was generally preferred in order to
avoid relapse or progression. However, radiotherapy and
chemotherapy were routinely used in high-grade astrocytic
tumors. In children younger than three years of age, if possible,
radiotherapy was postponed until the age of three. Also, if
possible, radiotherapy was omitted.

Gross total resection was defined as the removal of all
tumors, as gauged by magnetic resonance imaging. Subtotal
resection was defined as the removal of less than 90% of the
tumor volume. Biopsy only was defined as the removal of less
than 25% of the tumor volume. Our patients were grouped
according to surgical findings as those who underwent gross
total resection, subtotal resection, and biopsy.

Generally, if necessary, the preferred chemotherapy in low-
grade astrocytic tumors comprised of carboplatin and
vincristine (6). Chemotherapy protocols containing cisplatin
and etoposide, or temozolomide were preferred in high-grade
glial tumors (6). For ependymomas, after surgery, generally
cranial radiotherapy and chemotherapy regimens containing
cisplatin and etoposide were preferred (6).

Statistical Analysis

SPSS software for Windows, Version 16.0 was used for the
statistical analysis. For categorical data, frequencies and
percentages were computed. The range value (minimum
and maximum values), together with the median value, was
given for numerical data, since their distribution was not
normal. Chi-square test or Fischer exact test was used for
comparison of categorical data and Mann Whitney U test
was used for comparison of numerical data. Kaplan-Meier
survival analysis was used for survival analysis. Log-rank test
and Cox regression analysis were used to investigate factors
affecting survival. Since the number of patients diagnosed
with oligodendroglial tumors and other glial tumors was low,
they were not included in the survival analysis. A statistically
significant difference was accepted if the alpha (p) value was
less than 0.05.

B RESULTS
Demographic Features

During the study period, 180 of 950 children (19%) with
malignant disease had CNS tumors, while 73 of 180 pediatric
patients with brain tumors had glial tumors (40.6%). The age
of all patients ranged from three months to 18 years. Of the 73
patients with glial tumor, 45 were male (61.6%), while 28 were
female (38.4%), with a male to female ratio of 1.6.



Table I: The Patients’ Clinical Manifestations
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Oligodendroglial tumors and other glial tumors were not
included in the age comparison analysis, since the number
of patients in these groups was low. The children with
astrocytomas were in the age range of 2-18 years (median
age: 8.7 years), while the ages of children with ependymoma
ranged from three months to 10 years (median age: 3 years).
Mann Whitney U test showed that there was a statistical
difference between the ages of children with astrocytic tumors
and those with ependymoma (U=86,000; p<0.0001, r=0.56).

The most common symptoms or signs were headaches (n=34,
46.6%), abnormal gait or coordination (n=22, 30.2%), vomiting
(n=21, 28.8%), and cranial nerve palsies (n=20, 27.4%) (Table
I). Ten patients had cafe au lait spots (13.7%) and three of
these patients were neurofibromatosis type 1, while the other

The most common tumor locations were supratentorial (n=42,
57.5%) and infratentorial (n=28, 34.4%). Midline glioma was

A total of 33 patients underwent gross total tumor resection
(45.2%), 29 patients underwent surgery for subtotal tumor
resection (39.7%), and biopsy was performed for 11 patients
(15.1%). In patients with midline glial tumor, biopsy (n=3) and

Pathological diagnoses were astrocytomas (n=53, 72.6%),
oligodendroglial tumors (n=2, 2.7%), ependymoma (n=15,
20.7%), and other glial tumors (n=3, 4.1%). Pathological
diagnosis and pathological subgroups are listed in Table II.

Symptoms & Signs n %
Headaches 34 46.6
Abnormal gait or coordination 22 30.2
Vomiting 21 28.8
Cranial nerve palsies 20 27.4
Lethargy/fatigue 14 19.2 The effect size was large.
Hemiparesis 14 19.2 Clinical Features
Seizures 13 17.8
Dysdiadochokinesia 11 15.1
Dismetria 11 15.1
Cranial nerve palsies 10 13.7
Cafe au lait spots 10 13.7 seven had CMMRD syndrome (4).
Ataxia 5 6.8
Babinski sign 4 55 detected in seven patients.
Nistagmus 4 5.5
Altered level of consciousness 3 4.1
Behavior changes and/or
declining school performance 2 27 .
subtotal resection (n=4) were performed.
Papilledema 2 2.7
Macrocephaly 1 1.4
Paraparesis 1 1.4
Axillary freckling 1 1.4
Bulging fontanelle 1 1.4

Table lI: Pathologic Groups of the Patients with Glial Tumor

n %

(n=73)
Anaplastic astrocytoma 10 13.7
Glioblastoma 11 15.1
Pilocytic astrocytoma 23 31.5
Astrocytomas Subependymal giant cell astrocytoma 1 1.4
(n=53, 72.6%) Diffuse astrocytoma 3 41
Astrocytoma, NOS 2 2.7
Astroblastoma 1 1.4
Anaplastic pleomorphic xanthoastrocytoma 1 1.4
Oligodendroglial tumors Anaplastic oligodendroglioma, NOS 1 1.4
(n=2,2.7%) Oligodendroglioma 2 2.7
Ependymomas (n=15, 20.7%) Ependymoma ! 20
Anaplastic ependymoma 8 10.9
Other glial tumors (n=3, 4.1%) High grade glial tumor 3 41
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Constitutional Mismatch Repair Deficiency Syndrome

Constitutional mismatch repair deficiency syndrome diagnosis
was done by whole exome sequencing on DNA samples
extracted from peripheral blood materials in six children with
high-grade astrocytoma from three families. Three children of
the first family had the bi-allelic MSH6 mutation [c.478C>T,

Table Ill: Five Years’ Survival of Patients With Glial Tumor
(Univariate Analyses)

5-year overall

(p.GIn160Ter)] (4), two children of the second family had the
bi-allelic MSH6 [c.2871dupC (p.Phe958LeufsTer5)]. The first
malignant disease was hepatoblastoma in the first child of
the second family, while acute lymphoblastic leukemia was
the first malignant disease in the second child (7). Their
mandatory heterozygous parents have been followed-up by
Lynch syndrome’ surveillance program. In the index case from
the third family, probably the novel bi-allelic MLH1 [c.236G>
A. (p.Arg79Lys)] mutation was identified. However, we were
not able to perform Sanger sequencing to confirm zygosity
status and its segregation.

In five patients with high-grade astrocytoma, immunohisto-

survival (%) P chemistry performed to detect the loss of mismatch repair
All patients 42 protein expression. The result revealed that none of the
patients had the loss of mismatch repair protein expression
Astrocytomas 40 detected by immunohistochemistry.
Epandimomas 55 Survival Analyses
Grades < 0.0001 The 5-year OS rates of all glial tumors, astrocytomas, and
Grade | 770 ependymomas were 42%, 40%, and 55%, respectively (Table
) (Figure 1). For all glial tumors, the 5-year OS rates of Grade
Grade ll 45 I, I, lll, and IV were 77.2%, 45%, 32%, and 0%, respectively.
Grade Ill 3 A statistically significant difference was found between them
by log-rank analysis (p<0.0001) (Figure 2 and 3). The 5-year
Grade IV 0 OS rates of supratentorial, infratentorial, and spinal tumors
L, were 25.6%, 63.6%, and 50%, respectively. There was a
Localization 0.021 statistically significant difference between them by log-rank
Supratentorial 256 analysis (p=0.021) (Figure 4). According to the resection status,
] the 5-year OS rates of gross total, subtotal, and biopsy were
Infratentorial 63.6 49.4%, 42.6%, and 25%, respectively (Figure 5). Although the
Spinal 50 5-year OS rate was higher in patients who underwent gross
total and subtotal resection than those who underwent biopsy,
Resection 0.59 the difference was not statistically significant (p=0.59).
Gross total 49.4 In the Cox regression analysis, it was observed that the tumor
Subtotal 42.6 resection and grade had an effect on the tumor prognosis
(Table IV).
Biopsy 25
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Figure 2: Overall survival

according to grades.

Figure 3: Overall survival of
low- and high grade glial tumor.

Figure 4: Overall survival of

localization.
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Figure 5: Overall survival of
resection status.

Table IV: Multivariate Analysis of the Patients with Glial Tumors

95.0% CI for Exp (B)

B SE Wald df Sig.  Exp(B)
Lower Upper

eD;ae?]':i’::zf;tmcymmas / 357 549 424 1 0515 1429 488 4.188
Gender (male/female) -.150 .357 Ar7 1 0.674 .861 427 1.734
Tumor localization

Supratentorial 1.049 2 0.592

Infratentorial .756 1.134 445 1 0.505 2.130 .231 19.664

Spinal .990 1.054 .883 1 0.347 2.692 .341 21.228
Surgery

Gross total 6.078 2 0.048

Subtotal -1.255 519 5.854 1 0.016 .285 .103 .788

Biopsy -1.147 .557 4.239 1 0.040 318 107 .946
Grade

Grade | 21.162 3 <0.0001

Grade I -3.122 .680 21.076 1 <0.0001 .044 .012 167

Grade lll -.995 .544 3.346 1 0.067 .370 A27 1.074

Grade IV -.847 .489 2.998 1 0.083 429 .164 1.118

B DISCUSSION

While CNS tumors are the second most common malignancy
after leukemia in developed countries, they are the third most
common malignancy in Turkey (9). For children, either World
Health Organization classification (based on tumor histology
and molecular parameters) or the classification proposed by
the International Classification of Childhood Cancer (based
on tumor location and morphology) is used for CNS tumors.

140 | Turk Neurosurg 32(1):135-142, 2022

Gliomas are CNS tumors that originate from astrocytes,
oligodendrocytes, and ependymal cells. They account for
about half of all CNS tumors in children and adolescents.
Astrocytomas and ependymomas constitute the majority of
gliomas in children (11). In this retrospective study, we aimed
to evaluate the clinical characteristics, treatment approaches,
outcomes, and factors affecting outcomes in pediatric patients
with glial tumors.



As emphasized above, it is possible to classify glial tumors
under three main headings: astrocytomas, oligodendroglio-
mas, and ependymomas (5). In our series, CNS tumors con-
stituted approximately 19% of all childhood malignancies and
glial tumors constituted approximately 40.6% of all childhood
CNS tumors. Astrocytomas and ependymomas constituted
93.3% of the patients with glial tumors in our study. Oligo-
dendrogliomas or other glial tumors constituted a very small
proportion of our series. One of the important limitations in
our study is that molecular genetics and cytogenetics features
of tumors were not performed due to lack of availability of
genetic data or genetic techniques in our center during study
period.

In children, symptoms or signs, such as increased intracranial
pressure, motor and visual system abnormalities, weight
loss, macrocephaly, growth failure, and precocious puberty,
are warning signs for CNS tumors (14). The most common
symptoms or signs of our patients were headaches, abnormal
gait or coordination, vomiting, and cranial nerve palsies.

In children, the locations of CNS tumors are infratentorial (60%)
and supratentorial (40%) (6). In childhood, midline glial tumors
constitute approximately 10% of all pediatric CNS tumors;
however, the most important challenge is that curative surgery
is not possible in these patients. At least a stereotactic biopsy
should be performed, so that the diagnosis and treatment can
be planned as much as possible (8,12). In our study, midline
glioma was detected in seven patients.

The excision of the mass is the initial treatment for both
low-grade and high-grade glial tumors. The main purpose
of excision is complete removal of the mass, if possible.
Gross total resection is desirable. While gross total resection
is generally possible in hemispheric tumors, it is unlikely
possible in midline glial tumors. Another determining factor in
resection is the grade. Gross total resection is possible in low-
grade tumors, especially if they are hemispherically located.
However, in high-grade tumors, it is not possible due to the
infiltrative nature of the tumor. Another problem in high-grade
glial tumors is being deep-seated and multifocal (1-3,6,12).

In low-grade astrocytoma, while the general treatment
approach is surgery, radiotherapy and/or chemotherapy
is usually an option for progression or relapse. Also, while
only surgery is usually sufficient for grade | ependymomas,
radiotherapy is recommended in addition to surgery for grade Il
and lll. Although the benefit of chemotherapy in these patients
cannot be fully demonstrated, there are studies demonstrating
that the use of chemotherapy provides a significant survival
advantage for patients with postoperative residual tumors
(2,6,10). In our patients with low-grade astrocytomas, only
resection was performed. In ependymomas, platinum-based
chemotherapies were used in patients with grade Il or lll
and in whom complete resection could not be performed.
Chemotherapy was not used in only three patients. One of our
most important challenges in these patients and even in all
CNS tumors is that surgeries are performed by neurosurgeons
who have no experience in neuro-oncology, although
nowadays it is gradually decreasing.
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General treatment approaches in high-grade astrocytomas
are surgery, radiotherapy or concomitant chemo-radiotherapy,
and adjuvant chemotherapy (6,13,16). Various adjuvant
chemotherapy regimens can be used. In our patients with high-
grade astrocytic tumors, a chemotherapy protocol containing
cisplatin and etoposide was used in all patients, except in one
patient who used temozolomide as adjuvant therapy.

In patients whose tumor were totally resected, treatment
outcomes of low-grade astrocytomas located posterior
fossa and supratentorial region are 100% and 76%-100%,
respectively, and treatment outcomes are good in low-grade
astrocytic tumors that cannot be fully resected (3,6,13).
However, high-grade astrocytic tumors have a worse outcome.
In our study, 5-year OS rates of all glial tumors, astrocytomas,
and ependymomas were 42%, 40%, and 55%, respectively.
The 5-year OS rates of Grade |, Il, Ill, and IV were 77.2%,
45%, 32%, and 0%, respectively (p<0.0001). The 5-year OS
rates of supratentorial, infratentorial, and spinal tumors were
25.6%, 63.6% and 50%, respectively (p=0.021). In the Cox
regression analysis, it was observed that resection type and
tumor grade had an effect on prognosis. Our outcomes are
consonant with the data in literature. However, especially in
high-grade astrocytomas, our patients’ outcomes were not
satisfactory as in the whole world.

H CONCLUSION

Treatment outcomes are good in low-grade glial tumors, even
if complete resection cannot be performed. However, the
treatment outcomes in patients with high-grade astrocytomas
are not satisfactory. There is a need for new treatment
approaches that would take cognizance of molecular features
and adopt multidisciplinary approaches.
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