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Introduction: Pediatric brain tumors are the second most common 

type of cancer in children, and despite improvements in diagnosis and 

treatment, they remain a leading cause of cancer-related mortality. This 

study aims to describe the clinical, epidemiological, and therapeutic 

characteristics of children treated for brain tumors at Hassan II 

University Hospital, Fes.  

Methods: A retrospective study of 38 children under 15 years old 

diagnosed with primary brain tumors between January 2013 and 

December 2022. Data on clinical presentation, tumor type, treatment, 

and outcomes were analyzed using descriptive statistics. Results: The 

mean age at diagnosis was 7.37 years, with a male predominance 

(58%). Most patients presented with intracranial hypertension (78%) 

and neurological deficits (44%). Medulloblastoma (42.1%) was the 

most common tumor type. Surgical intervention was performed in all 

cases, with 55.26% achieving complete resection. Radiotherapy was 

used in 86%, and chemotherapy in 44.7%. Acute toxicities included 

nausea and hematological complications, while late effects included 

cognitive delays and sensory impairments. Remission was achieved in 

89.47% of patients within three months, with a 39.47% mortality rate.  

Conclusion: While treatment for pediatric brain tumors has improved, 

the risk of recurrence and long-term complications remains a 

significant challenge. Early diagnosis and tailored treatment protocols 

are crucial for improving survival and quality of life in these patients. 
 

Copyright, IJAR, 2024,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Childhood cancers are rare, accounting for around 1% of all cancers.[1] Among these, central nervous system 

tumors tumors are the second most common type of tumor in children, accounting for nearly 20% of cases, 

following leukemias. Despite their frequency, brain tumors remain the leading cause of cancer-related mortality in 

this population.[2]Pediatric brain tumors are highly diverse in terms of pathology, treatment options, and prognosis. 

They can manifest through a variety of symptoms, including headaches, nausea, vomiting, visual disturbances, 

apathy, and loss of coordination or balance. Despite advances in medical imaging, which facilitate rapid diagnosis, 

detailed topographical description of lesions, and comprehensive and precise staging, histopathological diagnosis 

combined with molecular biology data remains essential.[3] This approach is not only crucial for confirming the 

diagnosis with certainty but also for evaluating prognosis and guiding therapeutic management.  
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The management of pediatric brain tumors must be multidisciplinary, involving the coordinated efforts of 

neurosurgery, neuroradiology, pediatric oncology, neuro-oncology, and radiotherapy teams. The goals of treatment 

are twofold: improving survival outcomes and minimizing the risk of long-term sequelae, particularly 

neurocognitive and endocrine complications associated with irradiation of the developing nervous system in 

children.Over the past two decades, the prognosis for pediatric brain tumors has significantly improved, with notable 

increases in long-term survival rates. However, morbidity, particularly due to neurological sequelae from various 

therapies, remains a significant challenge for clinicians.[4], [5]. 

 

Data on pediatric brain tumors in Moroccan children are scarce. In this context, our study aims to describe and 

analyze the epidemiological, clinical, paraclinical, therapeutic, and prognostic profiles of children treated for brain 

tumors at the Radiotherapy Department of Hassan II University Hospital in Fes. 

 

Patients and Methods:- 
Data 

This study was conducted at the Radiotherapy Department of Hassan II University Hospital in Fez. Patient 

identification was carried out through the department's hospitalization register. Data were collected from electronic 

records maintained by the hospital, individual patient paper files, and TPS software treatment records. For data entry 

and analysis, Microsoft Excel (version 2016) and R statistical software were utilized. To systematically capture 

epidemiological, clinical, histological, therapeutic, and prognostic data, we developed a comprehensive exploitation 

form based on bibliographic research. The variables included patient history, demographic information, diagnostic 

parameters, stage, therapeutic protocols, and treatment outcomes. To ensure comprehensive data collection aligned 

with our study objectives, we developed an evaluation sheet. 

 

Patient Selection:  

This is a single-center study involving patients managed for brain at the Radiotherapy Department of Hassan II 

University Hospital in Fes over a 10-year period, from January 2013 to December 2022. Inclusion criteria for the 

study include patients with a primary brain tumor, under the age of 15. Exclusion criteria include patients over the 

age of 15, those with brain metastases, and patients with incomplete medical records.we defined the age threshold 

for our cases as 15 years. This age limit is commonly used in epidemiological studies and aligns with the practices 

of our hospital and administrative structure. 

 

Statistical Analysis: 

Descriptive statistics were utilized to summarize the baseline characteristics of the patients. Qualitative variables 

were represented as counts and percentages, while quantitative variables were presented as means with standard 

deviations (SD). Categorical data were reported using frequencies and percentages, whereas numerical data were 

summarized using medians with interquartile ranges or means with standard deviations, depending on the variable 

distribution. 

 

Ethical Considerations: 

As this study was a retrospective, observational, non-interventional analysis, obtaining written consent was not 

required. The study was conducted with strict adherence to principles of patient anonymity. Ethical approval for the 

research was granted by the ethical committee of CHU Hassan II in Fes. 

 

Results:- 
38 patients were included over a 10-year period, from January 2013 to December 2022. 

 

General characteristics: 

The age at diagnosis for our patients ranged from 2 to 15 years, with a mean age of 7.37 years. The most common 

age group was 5-9 years. Of the 38 patients, 58% were boys (n = 22) and 42% were girls (n = 16), resulting in a 

male-to-female ratio of 1.37. The patient delay, defined as the interval between the onset of symptoms and the initial 

medical consultation, ranged from 1 to 9 months, with an average of 3.5 months. Most patients (53%) sought 

consultation within 3 months of symptom onset, while 47% experienced a delay of more than 3 months. 
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Clinical and paraclinical patterns: 

Intracranial hypertension was the most frequent presenting symptom, seen in 78% of patients, followed by 

neurological deficits in 44%, and cerebellar syndrome in 15 children. (Figure 1) 

 
Figure 1:- Clinical presentation. 

 

All patients underwent imaging, with MRI performed in 73% and CT in 89%. MRI is preferred for evaluating 

pediatric brain tumors (Figure 2), but CT remains more accessible. (Figure 3) Imaging showed that 66% of tumors 

were located in the sub-tentorial region, while 34% were over-tentorial. Among over-tentorial tumors, 54.54% 

involved medial structures, with the sellar and para-sellar regions affected in 66% of these cases, and the pineal 

region in 34%. Tumors in the cerebral hemispheres comprised 45.45%, with 40% affecting the lateral ventricles and 

60% affecting the lobes. In the sub-tentorial region, tumors primarily affected the vermis (40%), followed by the 

brainstem (24%), the fourth ventricle (20%), and the cerebellar hemispheres (16%).Spinal MRI was not routinely 

indicated for all brain tumors; it was only performed in cases of medulloblastoma, where it was found to be normal 

in all instances. 

 

 
Figure 2:a)MRI of the brain suggesting an ependymoma. The image shows an intraventricular lesion affecting the 

floor of the fourth ventricle, solid-cystic in nature, with a solid portion exhibiting heterogeneous FLAIR 

hyperintensity, non-restrictive on diffusion, and showing intense and heterogeneous enhancement after contrast 

administration. Radiology Department,Hassan II University Hospital, Fes. 
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Figure 2:- b)Brain MRI from one of our patients: the imaging reveals a midline mass in the posterior fossa with 

heterogeneous intermediate FLAIR signal, containing areas of central necrosis. The lesion is diffusion-restricted and 

shows heterogeneous enhancement after contrast administration, suggesting a medulloblastoma. 

 

 
Figure 3:- Brain CT scan of one of our patients reveals a posterior fossa lesion centered on the cerebellar vermis. 

The lesion appears spontaneously hyperdense and contains a hypodense area with liquid density at its core, 

surrounded by a hypodense zone of perilesional edema, most likely indicating a medulloblastoma. 

 

The WHO anatomical classification for central nervous system tumors, updated in 2021, should be used for tumor 

categorization. In our series, medulloblastoma was the most common, comprising 42.10% of cases, followed by 

ependymoma at 26.31%. (Figure 4) 

 

Therapeutical management: 

Management of brain tumors requires a multidisciplinary approach within an appropriate clinical setting. In our 

series, 23 patients (60.52%) received corticosteroids, while 8 patients (21%) were treated with anticoagulants. 

Hydrocephalus was managed with either ventriculoperitoneal (VP) or ventriculocysternostomy (VCS) shunts; 22 

patients (57.89%) underwent ventricular shunting either prior to or concurrently with tumor resection surgery. All 

patients in our study underwent surgical intervention, with 21 patients (55.26%) having complete resections, 13 

patients (34.21%) undergoing partial resections, and 4 patients (10.52%) receiving only biopsies. Cerebrospinal fluid 

(CSF) studies were performed in 4 patients (10.52%) to evaluate tumor cell presence and assess medulloblastoma 

extension. 
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Figure 4:- Histological types in our series. 

 

Radiotherapy is a critical component of treatment for childhood brain tumors, often initiating or complementing 

chemotherapy. The interval between surgery and the commencement of radiotherapy ranged from 1 to 9 months, 

with a median of 2.5 months. Radiotherapy was primarily administered using 3D conformal techniques in 86% of 

cases and intensity-modulated radiotherapy (IMRT) in 14% of cases. The average duration of radiotherapy was 

45.53 days, ranging from 36 to 56 days. Interruptions occurred with an average of 2.6 days per patient, mainly due 

to myelotoxicity, which caused 45% of these interruptions. Two patients developed thrombocytopenia during the 

course of radiotherapy. (Figure 5) 

 

Acute complications, defined as those arising during or within three months post-radiotherapy, included grade 1–2 

nausea and/or vomiting in 3 patients and thrombocytopenia in 2 patients. Late complications, occurring more than 

three months after treatment, included cognitive delays in 1 patient, growth retardation in 2 patients, hearing loss in 

3 patients, visual impairment in 7 patients, balance disturbances in 2 patients, and chronic headaches in 1 patient. 

 

In comparison, chemotherapy was administered to 17 patients (44.73%), with treatment protocols tailored to specific 

tumor types. For medulloblastoma, 12 patients were treated with the SM HOP MEDULLO 2012 protocol, involving 

3 cycles of Cisplatin/Etoposide followed by 3 cycles of Cyclophosphamide/Vincristine. Additionally, 3 

ependymoma cases were managed with the VP16-CDDP protocol, 1 glioblastoma case with Temozolomide over 6 

months, and 1 germinoma case with the SIOP CNS GCT96 protocol. Acute toxicities from chemotherapy included 

grade I nausea and vomiting in all children, and hematological toxicities in 5 patients. 
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Figure 5:- Pediatric medulloblastoma treated with 3D conformal radiotherapy (RC3D): craniospinal irradiation with 

a mobile junction. 

 

Outcome: 

Among our 38 patients, 34 (89.47%) achieved remission within three months. At the six-month follow-up, 29 

patients were seen, with 20 children (52.63%) showing complete remission.We documented 9 cases of tumor 

recurrence, representing 23.68% of the cohort. Medulloblastoma was the most common histological type among 

recurrences, occurring in 5 cases (55.55% of recurrences). The interval to recurrence ranged from 11 to 57 months. 

No cases of metastatic dissemination were observed. The mortality rate was 39.47%, with 15 deaths reported; 

notably, two children died before starting radiotherapy.Overall survival, calculated using Kaplan-Meier months. 

 

 
Figure 6:- Kaplan–Meier estimates of overall survival. 
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Discussion:- 
Estimating the incidence of pediatric CNS tumors is challenging due to significant variability in data sources, 

including records from general and specialized hospitals, neurosurgical and neuropathological series, autopsy 

findings, surgical specimens, and geographic differences. Nonetheless, studies consistently identify primary brain 

tumors as the most common solid tumors diagnosed in children under 15 years of age, both in developed and 

developing countries [6], [7], [8]The incidence of pediatric brain tumors in Moroccan children appears to be nearly 

identical to that reported in other African countries, reflecting comparable epidemiological patterns across the 

region.[9]. The peak incidence is typically reported between 4 and 8 years, while tumors in infants represent only 

10% of all malignant cases.[10] 

 

Sex distribution is generally balanced.[11] However, similar to some studies reporting a male predominance, our 

study also found a male predominance, with a sex ratio of 1.37.Pediatric brain tumor risk factors include tumor 

histology, location, age, sex, race, and ethnicity. Confirmed risks are limited to ionizing radiation and rare genetic 

syndromes. Reported associations include birth defects, fetal growth markers, advanced parental age, maternal 

dietary NOCs, and pesticide exposure.[8] 

 

Clinical manifestations of brain tumors in children are variable and depend on factors such as age, tumor location, 

and neurofibromatosis status. Symptoms related to raised intracranial pressure are present in less than 50% of 

children with intracranial tumors.Increased intracranial pressure (ICP) syndrome arises from an increase in cranial 

content, such as tumor growth, peritumoral edema, or intratumoral hemorrhage. The syndrome can be partial or 

complete, presenting with morning or late-night headaches, which are aggravated by coughing. Vomiting, which 

may initially relieve headaches, is also common. In older children, the clinical picture can include abdominal pain, 

particularly with posterior fossa tumors, or otalgia. Motor abnormalities, especially gait and coordination issues, are 

common across all tumor types, as are eye signs. Macrocephaly is frequent in children under 4, and weight loss, 

growth failure, and precocious puberty are associated with specific tumor types or conditions like neurofibromatosis. 

Visual impairment is often seen in patients with sellar tumors, while nausea, vomiting, and headaches are more 

common in cerebellar and fourth ventricle tumors.[12], [13]Our findings align with the literature, as raised 

intracranial pressure syndrome was the most common presentation in our study, consistent with previous reports. 

 

The 2021 fifth edition of the WHO Classification of CNS Tumors introduced updated tumor nomenclature and 

grading systems, highlighting the importance of integrated diagnoses and detailed reports. This edition placed 

greater emphasis on molecular diagnostics in tumor classification, while still incorporating traditional methods like 

histology and immunohistochemistry. Additionally, it recognized new tumor types and subtypes, enabled by 

advanced diagnostic technologies such as DNA methylome profiling.[13], [14], [15]Generally, four histological 

types dominate pediatric brain tumors: astrocytomas, oligodendrogliomas, medulloblastomas, and ependymomas. In 

our series, medulloblastomas were the most frequent histological type, a finding consistent with a more 

comprehensive Moroccan epidemiological study on pediatric brain tumors.[7], [13] 

 

Pediatric brain tumors are predominantly located in specific brain regions, with the posterior fossa—encompassing 

the cerebellum and brainstem—being the most common site. Approximately 60% arise in this region, with 

medulloblastomas as the most frequently diagnosed tumors, followed by juvenile pilocytic astrocytomas and 

ependymomas. In contrast, supratentorial tumors, representing around 40% of cases, are more common in 

adolescents and include astrocytomas, craniopharyngiomas, and other primitive neuroectodermal tumors (PNETs). 

This distribution aligns with our findings. [16], [17] 

 

Therapeutic management of pediatric brain tumors depends on the histological nature, tumor location, and the 

child's age. It involves the three main treatment modalities: surgery, radiotherapy, and chemotherapy. 

 

Surgery is typically the first-line treatment for accessible tumors. The goal is to provide tissue diagnosis,remove as 

much of the tumor as possible while preserving surrounding healthy brain tissue, alleviate mass effect, and restore 

CSF-flow abnormalities. Standard craniotomies, such as pterional and suboccipital approaches, remain fundamental 

in neurosurgery, supplemented by advanced techniques aimed at improving outcomes and reducing complications. 

Stereotactic methods have simplified minimally invasive biopsies for subcortical lesions, while transcranial 

magnetic stimulation paired with functional MRI allows for preoperative mapping of critical motor and language 

areas in pediatric patients unable to undergo awake procedures. Endoscopic techniques, both rigid and flexible, are 

effective for accessing ventricular, pineal, and skull-base tumors, including craniopharyngiomas, and offer superior 
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visualization compared to traditional microscopic methods. Additionally, ultrasonic aspirators enhance tumor 

debulking, particularly for firm masses, ensuring safer and more comprehensive resections.[5], [18] 

 

Radiotherapy, historically the primary therapeutic modality, is now frequently integrated with surgery and 

chemotherapy. It remains a cornerstone in the management of brain tumors, ensuring effective tumor control. The 

adoption of modern radiotherapy techniques has significantly enhanced outcomes, particularly in preserving higher 

cognitive functions and improving patients’ quality of life.RT has demonstrated its efficacy in improving medium-

term survival rates, whether employed as a monotherapy, as an adjunct to surgical resection, or in combination with 

chemotherapy, while reducing the risk of debilitating neurocognitive sequelae through precision-based 

approaches.[19], [20] 

 

Despite its limitations, including cellular resistance mechanisms to cytotoxic agents and the challenges of delivering 

these agents across the blood-brain barrier, chemotherapy plays an increasingly crucial role in the management of 

brain tumors. Numerous chemotherapy protocols, often in combination with surgery and radiotherapy, have been 

established or are under investigation.Its main advantage lies in reducing the need for radiotherapy, as well as 

minimizing the volume and dose of radiation delivered, thereby improving survival quality and cure rates. 

Chemotherapy can be administered preoperatively, during, or post-radiotherapy. 

 

Survival outcomes in patients with brain tumors are influenced by factors such as tumor histology, the age at 

diagnosis, and the tumor's location.Outcomes are influenced by the extent of surgical resection, with 10-year 

progression-free survival (PFS) rates exceeding 85% following complete resection but falling below 50% in cases of 

radiologically detectable residual tumor.[13], [21] 

 

Conclusion:- 
Pediatric brain tumors are the most common solid tumors in children. The diagnosis of intracranial tumors primarily 

relies on imaging (MRI), along with histological and molecular biological criteria. Management of children with 

brain tumors requires a multidisciplinary approach, involving neurosurgery, pediatric oncology, radiotherapy, and 

rehabilitation. Radiotherapy remains a key therapeutic modality in the treatment of these tumors. Continued efforts 

should be directed towards further improving and refining therapeutic strategies to enhance the quality of care and 

outcomes for children with brain tumors. 
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