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Objectives The present retrospective study analyzed the spectrum of pediatric central nervous system (CNS) tumors in a single tertiary
hospital in Iraq.

Methods Data regarding frequencies of various primary CNS tumors (diagnosed according to the World Health Organization classification),
in pediatric patients (<18 years of age), were collected from a single tertiary care hospital in Iraq for a period of 2014-2017.

Results Fifty-four children were diagnosed with primary CNS tumors. The most common primary pediatric CNS tumors were
medulloblastoma (37%), followed by low grade gliomas (LGGs) (29.6%), high grade gliomas (0.011%), CNS germinoma (0.09%),
supratentorial primitive neuro-ectodermaltumorsandependymomas (0.037%foreach).Raretumorsencountered were oligodendrogliomas,
choroid plexus carcinoma, and pineoblastoma (0.18% for each). The most common LGGs tumor was pilocytic astrocytoma.

Conclusion This is the first study reporting the spectrum of CNS tumors in children in Irag. Except for a higher frequency of CNS germinoma,

the profile of other pediatric CNS tumors in Iraq is relatively similar to that reported in other countries.
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Introduction

Tumors of the nervous system in childhood occupy the second
most common tumor after leukemia.'*

They comprise approximately one-third of all childhood
malignancies. In the setting of intricacy of treatment, physical
and neuropsychological deficits, and neuroendocrine sequelae,
they are considered one of the main causes of morbidity and
mortality in children.”® Childhood central nervous system
(CNS) tumors differ from adult brain tumors with respect to
the primary site of involvement, clinical behavior, early metas-
tases, histological and biologic characteristics. Recently, with
the advent of biological investigations and the evolution of
molecular and genetic studies, therapeutic approaches direct
toward each specific tumor type.*”

This mandates a thorough knowledge of the incidence
and distribution of the various CNS neoplasms. Although data
from the western countries regarding the epidemiology of
CNS tumors are well documented, such reliable studies are
scant and nascent in developing nations. Specifically, till date,
there is no documented data pertinent to the profile of pedi-
atric CNS tumors in Iraq, which is actually very fastidious
because of disparity in the management of such tumors. The
present study therefore attempts to profile the clinico-patho-
logical features of pediatric CNS tumors (according to the
WHO classification) at a single tertiary center in Iraq. The data
has been compared with published statistics from population-
and hospital-based series.

Materials and Methods

Data of primary CNS tumors of the brain and spinal cord in
the pediatric age group (<18 years of age) was collected from
the medical records of single tertiary hospital in Iraq, Imam
Hussein Cancer Center at Kerbalaa governorate that was
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established in January, 2014. Because of complexity of man-
agement, the necessity for multidisciplinary approach, and
practical inexperience of treating children with primary CNS
tumors, this center was the first in Iraq managing those chil-
dren with primary CNS tumors in addition to other malignan-
cies. Children with various neurological symptoms with a
recent diagnosis of primary CNS tumors, from different parts
of the country visiting or referred to the above mentioned
cancer center were properly managed according to interna-
tionally adopted protocols by surgery, radiotherapy, and
chemotherapy. The conducted time period was from January
2014 to December 2017 (i.e., 4 year period study). Patients
with primary CNS tumors who were younger than 18 years at
the time of diagnosis was conducted. All cases with secondary
CNS involvement (i.e., the primary tumor is elsewhere in the
body with secondary metastases to the CNS) were excluded
from the study. Data were retrieved from medical records and
pathology databases. Patients included in this study were diag-
nosed depending on the characteristic site of the primary
tumor and histological characteristics categorized according
to the World Health Organization classification 2007.*"

We reviewed patients’ characteristics [demographics,
tumor location, pathology, living site], treatment plan (chemo-
therapy, surgery, and radiotherapy), and outcome.

The collected data were analyzed and compared with avail-
able published data in tumor registries and hospital-based studies.

Results

Patients’ Characteristics
Demographics

From January 2014 to December 2017, 54 patients <18 years
old with primary CNS tumors were enrolled in this study.
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There were 31 males (57.4%) and 23 females (42.6%) with a
median age of 6 years (range 1-18 years).

Regarding the age at the time of diagnosis, 23 patients
were 5 years and less, 21 patients aged between 5 and 10 years,
and 10 patients were above 10 years of age.

Tumor sites

Of the 54 patients, 27 (50%) patients had a tumor at the poste-
rior fossa/cerebellum site; the next common sites of involve-
ment in descending order were cerebrum (eleven patients; i.e.,
20.4%), suprasellar/hypothalamic (five patients; i.e., 9.35%),
brain stem (four patients, i.e., 7.4%), spinal cord (two patients;
i.e, 3.7%), optic nerve (one patient; i.e., 1.9%), and pineal
gland (one patient; i.e., 1.9%) (Table 1).

Pathological diagnosis

Of the 54 patients, 23 (42.59%) patients had embryonal tumors
histology (20 patients, medulloblastoma; two patients,
supratentorial primitive neuroectodermal tumor PNET, and
one patient, pineoblastoma); the second most common his-
tology was low grade glioma (LGG) comprising 31.48% (16,
pilocytic astrocytoma; one, oligodendroglioma) of all cohort
group. High grade gliomas (HGGs) were the third most
common tumors (six patients, 11.1%) followed by CNS germi-
noma histology (five patients, 9.25%), ependymoma (two
patients, 3.7%), and choroid plexus carcinoma (one patient,
1.85%) (Table 2).

Table 1 Frequency and percentage of pediatric (NS
tumors according to the primary site of involvement

Site Frequency Percentage
Cerebellum 27 50.0
Cerebrum 11 204
Suprasellar 5 93
Brain stem 4 74
Spinal cord 3 56
Optic nerve 3 56
Pineal gland 1 1.9
Total 54 100.0

Table 2 Frequency and percentage of pediatric (NS tumors
according to histological type

Histology Frequency Percentage
Medulloblastoma 20 37.0
Pilocytic astrocytoma 16 29.6
HGG 6 1.1
CNS germinoma 5 9.3
Supratentorial PNET 2 37
Ependymoma 2 3.7
Pineoblastoma 1 1.9
Oligodendroglioma 1 1.9
Choroid plexus carcinoma 1 1.9
Total 54 100.0

PNET, primitive neuroectodermal tumors; HGG, high grade gliomas; CNS,
central nervous system
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Table 3 showed the distribution of various histological
subtypes according to the original site of involvement.

Living place
Thirty-four patients (i.e., 63%) reside in urban cities; the rest of
the cohort group (i.e., 20 patients, 37%) lives in rural regions.

Modalities of treatment

Surgery. Forty-six patients were submitted to surgery including
either biopsy/PR (partial resection), subtotal resection (STR),
or gross total resection (GTR). For the remaining eight patients
who did not undergo any kind of surgery, the site of tumor was
considered inaccessible (brain stem gliomas) or detrimental
(optic nerve gliomas), and the diagnosis was made depending
on the radiological findings. Another one patient with choroid
plexus carcinoma was not subjected to surgery because of bad
clinical status and the diagnosis was also established based on
the consistent radiological appearance (Table 4).

Chemotherapy. Forty-six patients received chemotherapy
adopted according to the primary histology of the tumor.
Well-known international chemotherapy protocols were fol-
lowed (COG and SIOP CNS tumors protocols). Only eight
patients were not received chemotherapy; three of them had
brain stem diffuse pontine gliomas, two were having ependy-
moma, and three patients with pilocytic astrocytoma who
underwent complete surgical resection of their primary
tumors (Table 4).

Radiotherapy. Radiotherapy (either as craniospinal irradia-
tion or focal radiotherapy) was given to 33 patients according to
recommended protocol based on the histological type and site
of the tumor. The remaining 21 patients did not receive radio-
therapy because of the following: 13 patients with LGGs who
underwent surgery other than GTR followed by chemotherapy;
another three patients with LGGs who underwent complete
surgical resection and were only followed clinically and radio-
logically; three patients with medulloblastoma who were under
3 years of age and received only chemotherapy after surgery;
one patient with choroid plexus carcinoma who received only
one cycle of chemotherapy and died because of tumor progres-
sion; and another one patient with germinoma who received
chemotherapy and parents refused further treatment (Table 4).

Outcomes. Out of 54 cases diagnosed at our institute,
There were 14 deaths (25.9%) in our study; the highest mor-
tality were in embryonal tumors (seven patients) and HGG
(five patients) due to disease progression; one patient with
choroid plexus carcinoma also died because of advanced
tumor disease, and another one patient with LGG who died
because of intracranial hemorrhage related to thrombocyto-
penia as a sequel of chemotherapy effects. Nine patients
(16.7%) abandoned treatment or lost follow-up. Moreover, 26
patients (48.1%) have completed treatment and are on regular
follow-up, and four (7.4%) patients are currently on treatment.
One patient (1.9%) with ependymoma is still alive with disease
recurrence until the date of writing this study (Table ).

Discussion

Pediatric CNS tumors accounted on an average 14.8% of total
intracranial tumors (ranging from 10% to 21%). In our study,
there is a slight male preponderance (the overall male to
female ratio was 1.34:1); this ratio is variable in other reported
series worldwide.>>”!-13
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Table 3 Distribution (with its percentage) of various histological types according to primary site of involvement

BS Cerebellum Spinal cord Suprasellar Cerebrum Pineal Optic nerve

MB 0 20 (100) 0 0 0 0 0
Pilocytic astrocytoma 1(6.3) 5(31.3) 3(18.8) 0 4(25) 0 3(18.8)
CNS germinoma 0 0 0 5(100) 0 0 0
HGG 3 (50) 1(16.7) 0 0 2(33.3) 0 0
Pineoblastoma 0 0 0 0 0 1(100) 0
Supratentorial PNET 0 0 0 0 2 (100) 0 0
Ependymoma 0 1(50) 0 0 1(50) 0 0
Oligodendroglioma 0 0 0 0 1(100) 0 0
Choroid plexus carcinoma 0 0 0 0 1(100) 0 0
Total 4 27 3 5 11 1 3
BS, brain stem gliomas; MB, medulloblastoma; HGG, high grade gliomas; PNET, primitive neuroectodermal tumor.

Table 4 Modalities of treatment according to various histological subtypes

Subtype of tumor-modalities of treatment Frequency Percentage

MB—Surgery, Radiotherapy, Chemotherapy 18 333

Pilocytic astrocytoma—Surgery, Chemotherapy 9 16.7

Pilocytic astrocytoma—Chemotherapy 4 74

HGG—Radiotherapy 3 5.6

HGG—Surgery, Radiotherapy, Chemotherapy 3 56

Pilocytic astrocytoma—Surgery 3 56

MB—Surgery, Chemotherapy 2 3.7

CNS germinoma—-Surgery, Radiotherapy, Chemotherapy 2 37

CNS germinoma—sSurgery, Chemotherapy 2 37

Supratentorial PNET—Surgery, Radiotherapy, Chemotherapy 2 37

Ependymoma—Surgery, Radiotherapy 2 37

CNS germinoma—~Radiotherapy, Chemotherapy 1 1.9

Pineoblastorma—>Surgery, Radiotherapy, Chemotherapy 1 1.9

Oligodendroglioma—Surgery, Radiotherapy, Chemotherapy 1 1.9

Choroid plexus carcinoma—Chemotherapy 1 1.9

Total 54 100.0

MB, medulloblastoma; HGG, high grade gliomas; PNET, primitive neuroectodermal tumor; CNS, central nervous system.
Table 5 Frequency of different types of pediatric CNS tumors reported in different countries (in percentage)
Tumor Brazi?  Korea™ Germany'™ (anada” Beijing’ Sweden' Morocco® Japan* India® Iraq (current study
LGG 334 304 428 4.1 36.7 51 388 35.7 358 315
MB and PNET 13.9 19.8 257 154 14.6 17 289 10 224 40.7
Ependymoma 74 8.1 104 7 56 8 12 48 9.8 37
GCT 36 8.1 NA 3.1 79 1.5 09 14.3 2 9.3
Pineal tumor NA NA 1.3 0.5 0.6 2.7 0.7 0 13 1.9
CPC 3 2.2 NA 23 1.8 19 NA 0 1.8 1.9
g‘eejrrg;‘aallglnlj kiEe 76 6.2 32 < 3.1 0 13 0 24 0
Craniopharyngioma 11 9.2 44 6.8 184 46 6.6 10.5 10.2 0
HGG NA NA NA NA NA NA NA NA NA 1.1
Meningeal 3 26 1.2 <2 3.1 1.6 2.2 1.9 32 0
Nerve sheath NA 04 NA 3.1 28 1.1 NA 0 36 0

LGG, low grade gliomas; MB, medulloblastomas; PNET, primitive neuroectodermal tumors; GCT, germ cell tumors; CPC, choroid plexus carcinomas;
HGG, high grade gliomas; NA, no available data.
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Table 6 Outcome of patients with CNS tumors

Treatment status Frequency Percentage
Complete treatment with no

evidence of tumor recurrence i el
Death 14 259
Abandoned treatment 9 16.7

On treatment 4 74
Alive with disease 1 1.9
Total 54 100.0
Pineal gland 1 1.9
Total 54 100.0

About two-third of children with CNS tumors in this study
were living in urban areas, which anticipate higher incidence of
such tumors in civilized rather than rural regions; this may sug-
gest an environmental impact in the etiology of such tumors.'*'*

In this study, the most common brain tumors in the pedi-
atric age group in descending order are embryonal tumors
(medulloblastoma and supratentorial PNET, and pineoblas-
toma), LGG (pilocytic astrocytoma and oligodendroglioma),
HGG, CNS germinoma, ependymoma, and choroid plexus
carcinoma. Compared with other previous reported series
nationwide, it was seen that there is a higher incidence of
embryonal tumors in our current study.">> 73

Low grade gliomas occupy the second most common
encountered tumor (i.e., 31.5%); in other reported studies,
LGG were the most common CNS tumors in pediatric age
group with a percentage ranging from 30.4% to 51%.°"!"*"*

High grade gliomas were the third most common CNS
tumors in our study, while data were lacking from most of pub-
lished studies, the incidence of HGG is variable in other studies."

Germ cell tumors (GCT) are the fourth most common type
comprising 9.3%. There was a higher frequency of GCT from
studies of south-east Asia including Korea, China, and Japan
which may suggest a genetic and environmental influence.>'¢

Although ependymomas are the third most common
tumors from the international-based data, they only occupy
the fifth place in this current study comprising only 3.9% of
the total histological types."*”!*

The incidence of craniopharyngioma reported from the
various published studies is variable, ranging from 4.4% to
18.4%. It was the third most common CNS tumor from data
reported from Korea, Brazil, and India, while figures from
Canada, Germany, Sweden, and Morocco showed that it was
the fourth most common pediatric CNS tumor.>®!#17-20

Data from Beijing and Japan, however, showed craniop-
haryngiomas to be the second and third commonest tumor,
respectively.”**

Our current study, and as there is no incidence of cranio-
pharyngioma, may not reflect the accurate burden of such
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tumor as most of the patients may be circulated between neu-
rosurgeons and radiation oncologists by passing pediatric
oncologists; another factor is the lack of complete registration
of newly diagnosed cases with local cancer registries, leading
to underestimation of such diseases.

Regarding the outcome, our results is relatively similar to
those reported in developing countries based on the rate of
death and frequency of abandonment, and lower than that in
developed countries.”**

Our major obstacles that lead to low outcome were late
referral to pediatric oncologist, lack of multidisciplinary team-
work, misconception of our community that cancer will even-
tually lead to death, poverty and financial problems that
hinder the family consulting pediatric oncologist.

We emphasize on hospital-based prevalence data to
form the basis for estimating the disease incidence. This
data is essential to determine the required healthcare basis
in the management of these diseases, and for evaluating
geographical variance in their molecular and genetic out-
lines. As the incidence of CNS tumors is increasing in
developing countries, and because of higher morbidity and
mortality comparing with other pediatric malignancies,
it necessitates accurate hospital-based estimation of
such tumors by collecting data from all oncology centers in
Iraq in an attempt to represent the profile of the entire
country.

As our center is the first tertiary center managing pediatric
CNS tumors in Iraq, our study may not reflect the real distribu-
tion of patients with primary CNS tumors in children. Another
limitation of our study was that not all children with CNS
tumors were managed by a pediatric oncologist; some of the
children are managed by adult oncologists, neurosurgeons, and
radiation oncologists who they focused on surgery followed by
radiotherapy without awareness of detrimental effects of radio-
therapy in growing brains of children. This highlights the neces-
sity of encouraging physicians to refer every child with CNS
tumor to a tertiary center under the care of pediatric oncolo-
gists; subsequently, this will facilitate and accurately estimate
the incidence of cancer in developing countries like Iraq; more-
over, the value of epidemiological-based data collection by hos-
pitals will be improved. Despite of these limitations, this study
may represent an initiative to launch for further collaborative
studies between cancer centers in different areas in Iraq for
more precise estimation of primary CNS tumors in Iraqi chil-
dren, as an endeavor to assess the whole patient group.

To conclude, there is a rising global trend in the incidence
of pediatric CNS tumors. The present study may form the
basis for a more wide study to provide the first profile of pedi-
atric CNS tumors in Iraq.
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