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ABSTRACT

Central nervous system (CNS) tumors are one of the main causes of cancer-related deaths in childhood. Although approximately 60% 
of all patients are alive 5 years after diagnosis, a sequela due to the disease and treatments are common. In this study, we aimed to 
evaluate the demographic, clinical characteristics, and outcomes of the childhood CNS tumors in our center. A total of 141 patients 
between 0-18 years who were followed up and completed their treatment in our pediatric oncology center were included. The files 
were reviewed retrospectively. The median age of patients was 7 years (range 1 month-17.6 years). The male/female ratio was 1.1: 
1. The most common presenting symptom was headache. The median time from the first symptom to diagnosis was 1.4 months. 
Medulloblastoma was the most common diagnosis (n= 28, 19.9%), followed by pilocytic astrocytoma (18.4%, n= 26) respectively. 
Out of 141 patients, a sequela was seen in 55 (39%) patients. The relationship between high-dose radiotherapy and the development 
of short stature was statistically significant (p= 0.009). The patients with metastatic disease were likely to have lower survival rates 
than nonmetastatic disease (p= 0.001). The presence of metastasis increased the death status 6.482 times (OR: 6,482, p= 0.001). 
The overall 5-year survival rate of all patients was found 80%. There was an association between the histopathological subtypes and 
overall survival rates (p= 0.001). In the multivariate analysis, metastasis was the most important factor in survival. According to Cox 
regression analysis, the two most important factors affecting overall survival were the histopathological subtype and the presence of 
metastasis.
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INTRODUCTION

Central nervous system (CNS) tumors include 
both malignant and benign tumors of the brain and 
spinal cord. Primary malign CNS tumors are the 
second most common childhood malignancy af-
ter leukemia in developed countries and the most 
common solid organ tumor of childhood. Even 
though significant progress has been made in the 
treatment of childhood tumors, CNS tumors are 
still an important cause of mortality and morbid-
ity.1,2 The clinical findings of intracranial tumors 
vary depending on the age of the patient, the loca-
tion, and the growth rate of the tumor. While head-

ache, nausea, vomiting, and gait/balance problems 
are common in older children, restlessness, high-
pitched crying, and bulging fontanel can be seen in 
infants.3 Treatment of CNS tumors requires a mul-
tidisciplinary approach. Treatment includes a mul-
timodal surgical approach, radiation therapy (RT), 
and chemotherapy (CT). Approximately two-thirds 
of all patients are alive 5 years after diagnosis but 
at the same time, neurological, cognitive, psycho-
logical, and endocrinological sequelae due to both 
the disease itself and treatments are common in 
survivors.4,5 This study aimed to evaluate the out-
comes and prognostic factors affecting the overall 
survival of CNS tumors.
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PATIENTS AND METHODS

In this study, 141 childhood CNS tumor patients 
who were diagnosed and completed their treat-
ments in Ankara Pediatrics Hematology Oncology 
Training and Research Hospital, Oncology Clinic 
between the years 2005 and 2019 were included. 
We aimed to determine the demographic and clini-
cal characteristics, histopathological subgroups, 
the mean time from the first symptom to diagno-
sis, and treatment methods and whether there is 
any association with relapse, event-free survival 
and overall survival in patients with CNS tumor 
in the pediatric oncology clinic. We recorded the 
files retrospectively and we obtained the patients’ 
age, gender, clinical findings, tumor location, the 
time from the first symptom to diagnosis, treat-
ments, histopathological subtype of the tumor, late 
side effects, recurrence, 5-year event-free survival, 
and overall survival rates. The presenting symp-
toms of the patients before the diagnosis of brain 
tumor were obtained from the files. The tumors are 
divided into 3 groups according to their localiza-
tion supratentorial, infratentorial and spinal. The 
histopathological diagnosis of patients was made 
according to the 2007 WHO classification. Patients 
who completed 5 years of follow-up and treatment 
without any sequelae are defined as cured, and the 
patients in remission were the ones being followed 
up after completing their treatments. 

Statistical Analysis

Data analysis was performed using IBM SPSS 
Statistics 18 © Copyright SPSS Inc. 1989, 2010 
software. Chi-square and Fisher Chi-square signifi-
cance tests were used in the analysis of categorical 
variables. Survival probabilities were analyzed by 
the Kaplan-Meier method. Outcomes and survival 
analyses were made by the time of diagnosis to re-
currence or progression of the disease, death from 
any cause or the last contact time for event-free 
survival (EFS), and death from any cause or the 
last contact time for overall survival (OS).  Log-
rank test was performed to see if there was a differ-
ence between variable levels in terms of survival 
probabilities, and then Cox regression analysis was 
performed to identify factors affecting survival. 
The statistical significance level was accepted as 
0.05 in this study.

Ethical Approval: This study received University 
of Health Sciences, Ankara City Hospital Health 
Application Center Clinical Research Ethics Com-
mittee approval with the ID number 2019/089; 
April, 08, 2019.

RESULTS

Demographic and clinical characteristics of the 
patients are shown in Table 1. The median age 
of 141 patients was 7 years (range 1 month-17.6 

Table 1. Demographic characteristics of patients

	 n	 %

Gender		
Female	 67	 47.5
Male	 74	 52.5
Age Groups		
   < 2 years	 15	 10.6
   2-10 years	 80	 56.7
   >10 years	 46	 32.6
Histopathological Subtypes		
  Pilocytic astrocytoma	 26 	 18.4
  Medulloblastoma	 28 	 19.9
  Diffuse intrinsic pontine glioma	 15 	 10.6
  High-grade glial tumors	 8 	 5.7
  AT/RT	 6 	 4.3
  Epandimoma	 7 	 5.0
  Optic glioma	 5 	 3.5
  Craniopharyngioma	 5	 3.5
  Other benign tumors	 19	 13.5
  Spinal cord tumors	 14	 9.9
  Other malign tumors	 8	 5.7
Type of Surgery		
   Total/Gross total	 80	 56.7
   Subtotal	 25	 17.7
   Inoperable	 21	 14.9
   Others	 15	 10.6
Presence of Relapse		
   No	 113	 80.1
   Present	 28	 19.9
Presence of Metastasis 		
   No	 121	 85.8
   Present	 20	 14.2
RT Doses		
   No	 67	 47.5
   5400 cGy	 39	 27.6
   6000 cGy	 20	 14.1
   3600 cGy	 2	 1.4
   Unknown dose	 8	 5.6
Outcomes 		
   Exitus	 48	 34.8
   Cure	 39	 28.3
Survival with sequelae	 37	 26.8
Follow-up in remission 	 14	 10.1
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years) and male to female ratio was 1.1: 1. Out of 
141 patients, 15 of them (10,6%) were under age 
2, 80 of them were between 2-10 years (56,7%) 
and 46 of them were above 10 years (32.6%). The 
most common presenting symptom was a head-
ache, followed by gait/balance problems, nausea 
and vomiting. Other common symptoms were 
hemiplegia/hemiparesis, seizures, visual problems, 
weakness, syncope, somnolence, abducens and fa-
cial nerve paralysis. A brain tumor was detected 
incidentally in four of our patients during the well-
child examination. Headache, dizziness and gait/
balance problems were more common in patients 
older than 2 years and were statistically significant 
(p< 0.05). The median time from the first symp-
tom to diagnosis was 1.4 months (range 1 day-120 
months). Supratentorial tumors were seen in 53 pa-
tients (37.5%), infratentorial tumors in 72 patients 
(51%), and spinal tumors in 14 patients (9.9%). 
The most common histopathological subtype was 
medulloblastoma (19.9%, n= 28), and pilocytic as-
trocytoma (18.4%, n= 26) respectively (Table 1). 
There was no association between the time from 
the first symptom to diagnosis and the location of 
the tumor or the histopathological subtype of the 
tumor (p> 0.05) (Table 2). 

Total/gross total surgery was performed in 80 pa-
tients (56,7%), followed by subtotal surgery in 25 

patients (17.7%) and 21 patients were inoperable 
(14,9%). Out of 141 patients, 69 patients received 
RT (52.5%), and 20 (14.1%) of them received high 
dose RT (6000 cGy). 

A sequela was seen in 55 (39%): neurological se-
quelae in 33 patients (23.4%), endocrinological se-
quela in 10 patients (7%), hearing loss in 8 patients 
(5.6%) and short stature in 4 patients (2.83%). No 
significant difference was found in terms of neu-
rological sequelae, endocrinological sequelae or 
hearing loss according to the histopathological 
subtypes and the type of surgery performed (p> 
0.05).  Out of 69 patients who received RT, 20 of 
them received high-dose RT and 12 of them sur-
vived (60%) (12/20). Short stature was observed in 
33.3% (n= 4) of these patients and no short stature 
was seen in patients who received lower RT doses. 
The relationship between the high-dose RT and the 
development of short stature was statistically sig-
nificant (p< 0.05). No significant correlation was 
observed between other variables and short stature.

Recurrence was seen in 28 patients (80.1%) and 
the most common tumor with recurrence was atyp-
ical teratoid rhabdoid tumor (AT/RT). There was 
no statistically significant difference between the 
histopathological subtypes of the tumors and the 
rate of recurrence (p> 0.05). Metastasis was seen 
in 20 patients (14.2%) (Table 1).

Table 2. The time from the first symptom to diagnosis of tumors according to histopathological subtypes and location

Histopathological Subtypes	 Time from first symptom to diagnosis (month)

	 Median	 Min-Max	 p

Pilocytic astrocytoma	 1.00	 0.01-24.00	 0.411

Medulloblastoma	 1.50	 0.10-6.00	

Diffuse intrinsic pontine glioma	 0.60	 0.10-18.00	

High grade glial tumors	 1.00	 0.10-36.00	

AT/RT	 1.00	 0.50-18.00	

Epandimoma	 2.00	 0.10-2.00	

Optic glioma	 2.00	 1.00-3.00	

Craniopharyngioma	 1.50	 0.20-2.00	

Other benign tumors	 5.00	 0.03-120.0	

Spinal cord tumors	 3.00	 0.30-36.00	

Other malign tumors	 1.75	 0.20-12.00	

Tumor Locations			 

Supratentorial	 1.00	 0.03-120.0	 0.860

Infratentorial	 1.40	 0.01-36.0	 0.520

Spinal cord	 1.75	 0.3-12.0	 0.421
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The median time of follow-up of all patients was 22 
months (range 1 day-132 months). The outcomes 
of patients according to gender, age, histopatholog-
ical subtypes, tumor localizations, presence of re-
currence, receiving craniospinal RT, sequelae pres-
ence and 5-year survival rates are shown in Table 
3. There was no significant difference between the 
survival rates and gender, age groups and tumor lo-
cation (p> 0.05). The cure was achieved in 32.8% 
(n= 39) of the cases without metastasis, and 28.6% 
(n= 34) died. Fourteen patients (73.7%) with me-
tastasis died and no cure was achieved in any case 
with metastasis. The patients with metastatic dis-
ease were likely to have lower survival rates than 
nonmetastatic diseases (p< 0.05). The presence of 
metastasis increased the death status 6.482 times 

(OR: 6.482; p= 0.001) (Table 4). The postoperative 
residual disease had no significance on recurrence 
or survival (p> 0.05). 

The median overall survival time was 54.6 months 
(range 0.23-190.03 months). The time from the 
first symptom to diagnosis had no significant effect 
on survival (R= 0.003, p> 0.05). In this study, we 
determined that the 5-year event-free survival rate 
was 66.2% and the overall 5-year survival rate was 
80%. The histopathological subtypes calculated 
separately for overall survival values are given in 
Table 5. There was an association between the his-
topathological subtypes and overall survival rates 
(p< 0.05). The survival rate of pilocytic astrocyto-
ma was 100%. Patients with diffuse intrinsic pon-
tine glioma all died, and mortality of high-grade 

Table 3. The outcomes of patients according to gender, age, histopathological subtypes of tumors, tumor locations, presence of

recurrence, presence of postoperative residue in 5 years

			   Outcomes n (%)		
	 Exitus	 Cure	 Survival with	 Follow-up	 Total	 p		

Gender			   sequelae	 in remission

Female	 17 (25.4)	 23 (34.3)	 19 (28.4)	 8 (11.9)	 67 (100.0)	 0.136

Male	 31 (43.7)	 16 (22.5)	 18 (25.4)	 6 (8.5)	 71 (100.0)	

Age Groups						    

   <2 years	 5 (35.7)	 4 (28.6)	 3 (21.4)	 2 (14.3)	 14 (100.0)	 0.341

   2-10 years	 31 (39.2)	 25 (31.6)	 18 (22.8)	 5 (6.3)	 79 (100.0)	

   >10 years	 12 (26.7)	 10 (22.2)	 16 (35.6)	 7 (15.6)	 45 (100.0)	

Histopathological Subtypes						    

  Pilocytic astrocytoma	 0 (0.0)	 15 (57.7)	 8 (30.8)	 3 (11.5)	 26 (100.0)	 < 0.001

  Medulloblastoma	 8 (29.6)	 5 (18.5)	 13 (48.1)	 1 (3.7)	 27 (100.0)	

  Diffuse intrinsic pontine glioma	 15 (100.0)	 0 (0.0)	 0 (0.0)	 0 (0.0)	 15 (100.0)	

  High-grade glial tumors	 7 (87.5)	 0 (0.0)	 1 (12.5)	 0 (0.0)	 8 (100.0)	

  AT/RT	 4 (66.7)	 0 (0.0)	 1 (16.7)	 1 (16.7)	 6 (100.0)	

  Epandimoma	 2 (28.6)	 2 (28.6)	 2 (28.6)	 1 (14.3)	 7 (100.0)	

  Optic glioma	 0 (0.0)	 1 (20.0)	 1 (20.0)	 3 (60.0)	 5 (100.0)	

  Craniopharyngioma	 1 (20.0)	 0 (0.0)	 4 (80.0)	 0 (0.0)	 5 (100.0)	

  Other benign tumors	 4 (21.1)	 8 (42.1)	 4 (21.1)	 3 (15.8)	 19 (100.0)	

  Spinal cord tumors	 4 (30.8)	 7 (53.8)	 1 (7.7)	 1 (7.7)	 13 (100.0)	

  Other malign tumors	 3 (42.9)	 1 (14.3)	 2 (28.6)	 1 (14.3)	 7 (100.0)	

Tumor Locations						    

   Supratentorial	 13 (24.5)	 14 (26.4)	 17 (32.1)	 9 (17.0)	 53 (100.0)	 0.056

   Infratentorial	 30 (41.7)	 19 (26.4)	 19 (26.4)	 4 (5.6)	 72 (100.0)	 0.146

   Spinal cord	 6 (42.9)	 6 (42.9)	 1 (7.1)	 1 (7.1)	 14 (100.0)	 0.278

Presence of Recurrence						    

   No	 12 (26.1)	 12 (26.1)	 17 (37.0)	 5 (10.9)	 46 (100.0)	 0.231

   Present	 17 (26.2)	 23 (35.4)	 18 (27.7)	 7 (10.8)	 65 (100.0)	

Presence of Postoperative Residue						    

   No	 32 (29.1)	 33 (30.0)	 32 (29.1)	 13 (11.8)	 110 (100.0)	 0.689

   Present	 14 (53.8)	 6 (23.1)	 5 (19.2)	 1 (3.8)	 26 (100.0)	
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diffuse gliomas was 87.5% (7/8).  The overall me-
dian survival time of diffuse intrinsic pontine glio-
mas was 11 months (range 0.4-82.6 months). Exi-
tus was seen 3.27 times more frequently in cases 
with metastasis. As a result of multivariate analy-
sis, the presence of metastasis increased the risk of 
death 19.13 times as shown in Table 5 (p< 0.05).
In terms of patients with medulloblastoma, being 
in the standard or high-risk group had no statisti-
cally significant effect on the 5-year overall sur-
vival (p< 0.05) (Table 5). In the univariate analysis, 
death was found to be 1.64 times higher in males 
and 3.46 times higher in high-risk medulloblas-
tomas, but these differences were not statistically 
significant (p> 0.05). 

DISCUSSION
Malignant CNS tumors are mostly fatal in children 
and are the most common cause of mortality.1,2 In 
the presenting study, the demographic characteris-
tics of patients, male predominancy, the mean time 
from the first symptom to diagnosis, the prevalence 
of symptoms at presentation, and the survival rates 
were found to be compatible with the literature 
data.3,4,6,7 Considering the distribution of childhood 
CNS tumors according to histopathological sub-
types, in most studies, pilocytic astrocytomas take 
the first place, followed by medulloblastomas.4,6-10 
The rate of medulloblastomas and spinal cord tu-
mors is higher in our study than in others.3,9-12 It 

may be that our center is a referral center for ma-
lign CNS tumors. It is known that approximately 
60% of childhood CNS tumors originate from 
the infratentorial area especially from the poste-
rior fossa, which is comparable to our study.13 The 
mean time from the first symptom to diagnosis 
was similar when compared to other studies and it 
had no predictive effect on survival (R= 0.003, p> 
0.05).3,7,9 In our study, the most common type of 
surgery performed on patients was total/gross total 
resection and it was similar to the literature.4,9 In 
the literature, it has been shown that residual dis-
ease has negative effects on recurrence and surviv-
al4, but in our study, residual disease had no statis-
tically significant effect on survival (p> 0.05). We 
assumed that it could be related to the relatively 
high number of benign tumors in presenting study. 
Although RT has been shown to have many late 
side effects, including neurological, developmen-
tal, neuroendocrine and hearing loss5, in present-
ing study, RT was only statistically associated with 
short stature (p< 0.05).

As a result of treatments or tumors themselves, 
neurologic seuqelae are the most common side ef-
fects followed by endocrinological seuqelae.9,14,15 
In our study, neurological sequelae were observed 
in all patients with high-grade glial tumors, AT/RT, 
optic glioma, and spinal cord tumors. There was no 
significant difference between neurological seque-
lae and the type of surgery performed (p> 0.05). 

Table 4. Five-year event-free and Overall survival rates of tumors according to histopathological subtypes

Histopathological Subtypes	 5-year event free 	 5-year survival	 Overall p

	 survival rates (%)	 rates (%)

Medulloblastoma	 72	 71	 p> 0.05

   Standart risk		  55	

   High risk		  27 	

Pilocytic astrocytoma	 91	 100	 p< 0.05

Diffuse intrinsic pontine glioma	 20	 0	

High-grade glial tumors	 25	 10	

AT/RT	 50	 30	

Epandimoma	 70	 71	

Optic glioma	 60	 100	

Craniopharyngioma	 80	 80	

Other benign tumors	 80	 83.3	

Spinal cord tumors	 64	 65.3	

Other malign tumors	 85	 66	

Total	 66.2	 80	
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In presenting study, metastasis was seen in 14.2% 
of the patients, and in the spinal imaging and/or 
LP examinations performed at the time of diagno-
sis, 30% of the patients had metastasis in the spinal 
cord. In terms of medulloblastoma, leptomeningeal 
involvement is expected 1/3 of patients in the in-
tracranial or medulla spinalis in imaging performed 
at the time of diagnosis.16,17 In our study, leptome-
ningeal involvement was detected in 6 patients 
with medulloblastoma at the time of diagnosis 
(6/28) (21.4%). The most frequently metastasizing 
tumor subgroups were medulloblastoma and high-
grade glial tumors, consistent with the literature. 
The exitus rate was found statistically significantly 
higher in cases with metastasis (p< 0.05). In the 
logistic regression analysis, the presence of metas-
tasis increased the death status by 6.4 times. This 
shows how important the presence of metastasis is 
in terms of survival and survival with sequelae. 

In this study, the 5-year overall survival rate was 
80% which is higher than the other studies.3,4,8,12,18 
This may be due to the relatively high number 
of patients with benign tumors in our study. The 
highest survival rates in this study, as expected, be-
longed to pilocytic astrocytoma and optic glioma, 
similar to other studies.1,3,8,18 The 5-year event-free 

and overall survival rates according to histopatho-
logical subtypes were statistically significant in 
that they differed from each other (p< 0.05). The 
histopathologic subtype with a remarkably poor 
prognosis was diffuse intrinsic pontine gliomas, 
followed by high-grade glial tumors and AT/RTs.

In this study, the survival rates of patients with 
standard or high-risk medulloblastoma, unlike 
the literature, didn’t have a statistically significant 
effect on the survival rates. When we look at the 
literature, while there is a decrease in the survival 
rates of patients in the high-risk classification17, the 
reason why this situation was not observed in our 
study may be due to our insufficient number of pa-
tients.

The limitations of our study are that it is retrospec-
tive, the cases are heterogeneous, and the number 
of cases is small. We hope this study will provide a 
basis for future prospective studies.

In presenting study, a comprehensive evaluation 
was made of patients with CNS tumors, examin-
ing not only their demographic characteristics and 
presenting symptoms, but also the effects of these 
parameters on survival and the late side effects of 
treatment.

Table 5. Survival analysis according to general clinical characteristics and prognostic factors affecting overall survival – univariate 

and multivariate Cox regression analysis findings

	 Mean	 STD	 p	 Univariate		  Multivariate		
	 Survival	 ERR

	 (months)			 

				    HR (%95 CI)	 p	 HR (%95 CI)	 p

Overall Survival	 86.66	 5.71	 -				  

Gender							     

   Female	 94.13	 7.10	 0.118	 1	 -	 1	 -

   Male	 75.70	 8.24		  1.64 (0.871-3.108)	 0.125	 2.03 (0.244-16.970)	 0.511

Age Groups							     

   < 2 years	 82.93	 15.40	 0.240	 1	 -	 1	 -

   2-10 years	 77.88	 7.79		  1.165 (0.408-3.328)	 0.775	 0.23 (0.14-3.979)	 0.317

   > 10 years	 91.95	 8.13		  0.619 (0.190-2.011)	 0.425	 0.12 (0.004-4.380)	 0.128

Medulloblastoma Subtype							     

   Standart risk	 97.55	 9.84	 0.224	 1	 -	 1	 -

   High risk	 90.78	 15.22		  3.46 (0.403-29.859)	 0.258	 0.52 (0.21-13.003)	 0.696

Metastasis							     

   None	 94.04	 5.83	 < 0.001	 1	 -	 1	 -

   Present	 31.40	 9.88		  3.27 (1.637-6.549)	 0.001	 19.13 (1.436-254.773)	 0.025
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As conclusion, it was determined that high-dose 
craniospinal RT was an important factor in the risk 
of short stature. On basis of these observed side 
effects, prospective studies are needed on keeping 
the RT doses low without affecting overall sur-
vival rates. Also, it was concluded that the most 
important factor affecting reduced survival rate 
was metastasis and histopathological subtype.  In 
addition, physicians who work in pediatric health 
and diseases should keep in mind that CNS tumors 
may present with a wide variety of symptoms and 
clinical findings.
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