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Introduction
Primary central nervous system neoplasm’s, most of which 

brain located, are considered the most common solid cancer 
in children in developed countries, including several histologic 
subtypes. Brain tumors are the second most common cancer 
after leukemia as the leading cause of death in childhood [1]. 
They account for approximately 20% of newly diagnosed 
cases annually in the United States [2]. Although several 
epidemiological studies have investigated brain tumours in 
children, still not much is known about their causes [3-9]. Due to 
bimodality of the age distribution of brain tumors, and because 
of the significant difference in the distribution of histological 
types in children and adults, it is likely that different risk factors 
are important for children compared with adults [10]. Moreover, 
it has been reported that several perinatal factors play a role in  

 
the appearance of benign and malignant tumors of the central 
nervous system (CNS) in childhood [1,3,11].

Brain tumours during childhood often occur before the age 
of five, suggesting that both pre- and postnatal exposures should 
be considered [12]. Many anthropogenic potential risk factors, 
with characteristics and exposures during the pregnancy as 
well as the postnatal period, have been previously studied; 
some of them yielded in inconclusive or contradictory results. 
For example, in terms of maternal smoking a recent large case-
control study [12] did not find any association between maternal 
smoking and brain tumours in children, while Plichart et al. [13] 
reported similar findings. On the contrary, Brooks et al. [14] 
reported that children of women who smoked during pregnancy 
had an increased incidence of brain tumours.
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Abstract

Background: Although several epidemiological studies have investigated brain tumors in children, still not much is known about their 
cause. In this study we investigated the role of perinatal and other prognostic factors in developing brain tumors, in childhood.

Methods: We conducted a case-control study of brain tumors in children in “Agia Sofia” Children’s Hospital of Athens, Greece. Eligible 
subjects for the present study consisted of children from 0 to 14 years old that were either admitted or hospitalized in the Neurosurgical Clinic of 
“Agia Sofia” Children’s Hospital between 2007 and 2012. The study questionnaire was filled in by the parents of the children.

Results: 93 children were enrolled 31 cases (32.7%) and 62 controls (67.3). Children with brain tumors had experienced perinatal asphyxia 
in a significantly greater proportion compared to controls (p-value=0.039). Residence location was significantly associated with the presence of 
tumor: children living in semi-urban/rural had almost 5 times the risk of developing a brain tumor compared to the children living in an urban 
area (p-value=0.010). Children whose father used industrial solvents or other substances before pregnancy had more than 3.5 times the risk 
of developing a brain tumor compared to those whose father did not use such substances (p-value=0.011). Finally, we observed an increased 
maternal use of mobile phones before or during pregnancy in the control group, compared to cases (p-value=0.012).

Conclusion: We supported that environmental factors as well as mobile phone use and working environment are key risk factors for the 
appearance of brain tumor in childhood.

Keywords: Brain tumours; Questionnaire; Perinatal factors; Case-control study

http://dx.doi.org/10.19080/OAJNN.2017.02.555598
http://juniperpublishers.com
http://juniperpublishers.com/oajnn


How to cite this article: S Plakas, G Sfakianos, C Tzavara, E Papadimitriou, A Linos4. The Role of Perinatal and Other Prognostic Factors in the 
Appearance of Brain Tumors in Childhood. Open Access J Neurol Neurosurg. 2017; 2(5): 555598. DOI: 10.19080/OAJNN.2017.02.555598.002

Open Access Journal of Neurology & Neurosurgery

Alcohol is a known toxin for CNS. Nevertheless, a recent case-
control study did not identify maternal alcohol consumption as a 
risk factor for the child [15]. Despite, previous studies reported 
that maternal diet and use of supplements during pregnancy, 
like vitamins or folic acid, did not seem to affect the potential 
appearance of brain tumor during childhood [16-18], many 
studies have suggested that prenatal vitamins are inversely 
related to brain tumors in child hood [19-21].

Exposure to infectious agents and/or pesticides alongside 
with parental occupation has showed less consistency with the 
appearance of brain tumour in children. These inconsistencies 
may be attributed to different reasons such as to heterogeneous 
definition of “child” in terms of age, difficulties in separating 
parental occupational exposure from residential history and 
generic definition of pesticides that does not specify certain 
chemical compounds [22,23].

For the case of maternal medication during pregnancy, no 
significant associations were found [17,24] as well. A European 
multicenter case-control study [25] investigated whether mobile 
phone use is associated with brain tumor risk among children 
and adolescents; the authors reported that regular users of 
mobile phones were not statistically significantly more likely 
to have been diagnosed with brain tumors compared with 
nonusers.

Radiation exposure is probably the most studied 
anthropogenic factor and it has been clearly demonstrated 
through the years that especially radiation applied to children 
either for therapeutic reasons (e.g. radiotherapy for acute 
lymphoblastic leukemia) or diagnostic radiation exposure is 
associated with high and low respectively brain tumor risk [25-
28]. This paper describes the results of a case-control study 
of brain tumors in children that was conducted in “Agia Sofia” 
Children’s Hospital of Athens, Greece between 2007 and 2012. 
The objectives were to investigate the role of perinatal and other 
prognostic factors in developing brain tumors, in childhood.

Methods
Our case-control study took place in Agia Sofia Children’s 

Hospital of Athens, which provides neurosurgical and 
radiotherapy treatment for brain tumours. Its Neurosurgical 
Clinic is estimated to cover approximately 70-75% of children 
neurosurgeries in Greece and it is the only such Clinic in the 
country. Eligible subjects for the present study consisted of 
children from 0 to 14 years old that were either admitted or 
hospitalized in the Neurosurgical Clinic of “Agia Sofia” Children’s 
Hospital between 2007 and 2012. Cases consisted of a random 
sample from children that were hospitalized and operated in the 
Neurosurgical Clinic for brain tumor during this period, and their 
parents agreed to participate in the study. The control group was 
randomly selected from children that were either admitted or 

hospitalized for head and/or brain injuries in the Neurosurgical 
Clinic, and their parents also agreed to participate in the study.

In terms of sample size, we aimed in acquiring a control 
group with a double sample size to the cases. In total 93 children 
were enrolled with a median age of 5.7 years. The control group 
consisted of 62 (67.3%) children and the case group consisted 
of the remaining 31 (32.7%). We used the ICCC-3 [29] definition 
to describe the brain tumor cases. Specifically, the case group 
consisted of 2 tumors ICC-3/IIIa, Ependymomas and choroid 
plexus tumor (1 choroid plexus papilloma, 1 ependymoma), 9 
tumors ICC-3/IIIb, Astrocytomas (7 low grade astrocytomas 
{5 hemispheric, 1 chiasmatic and 1 cerebellar}, 2 brainstem 
gliomas {1 malignant and 1 low-grade}, 10 tumours ICC-3/
IIIc, Intracranial and intraspinal embryonal tumors (9 children 
with medulloblastoma, 1 hemangioblastoma), 2 tumours ICC-
3/ IIId, Other gliomas (2 gangliogliomas), and 7 tumours ICC-
3/IIIe, Other specified intracranial and intraspinal neoplasms 
(3 craniopharyngiomas, 1 fibrous dysplasia, 1 an plastic 
neurocytoma, 1 immature pituitary teratoma and 1 epidermoid 
tumor).One last case with tuberous sclerosis was classified in 
ICC-3 / IIIe, because tuberous sclerosis is a genetic syndrome 
that incurs a predisposition to tumors.

All cases were historically verified. After a case was 
identified, we contacted his/her parents and in case they agreed 
to participate in the study, we arranged for an interview with 
the child’s parents where they also signed an informal consent. 
Interviews were conducted at the hospital by the authors. The 
percentage of parents in terms of their gender who responded 
to the questionnaire (mother/father) was 24/7(77.4%/22.6%) 
for the cases and 41/21, (66.1%/33.9%) for the controls, 
respectively.

 The questionnaire consisted of 143 questions and contained 
information on demographics, residence before and during 
pregnancy, the delivery, prenatal and perinatal history, the 
maternal medical history and information on potential risk 
factor/behaviors (e.g. smoking habits, alcohol consumption, 
cell phone use, EMF radiation, medication, number of previous 
abortions and/or miscarriages, diet, vitamin use, diagnostic 
X-rays, occupational exposures, exposure to cosmetics and 
beauty products, exposure to insecticides, herbicides, pesticides 
etc.) and the paternal medical history and potential risk 
factor/behaviors (similarly to the maternal). Moreover, the 
questionnaire contained information on birth characteristics of 
the child, perinatal and neurosurgical history.

 Normally distributed variables were expressed as mean 
values (SD) and non-normally distributed ones as median (min, 
max), while qualitative variables were expressed as absolute 
and relative frequencies. To investigate associations between 
qualitative variables, we used Pearson’s chi-square or Fisher’s 
exact tests. To compare the levels of a quantitative variable 
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among the two groups of interest, we used either Student’s t-test 
(for normally distributed variables) or Mann-Whitney test (for 
non-normally distributed variables). We used univariate logistic 
regression to explore which covariates were associated with the 
presence of tumour. All statistically significant covariates were 
subsequently entered in a multiple logistic regression, and the 
final model was determined by a stepwise procedure (entrance 
p-value= 0.05, removal p-value= 0.10).

 Statistical significance was set at a two-tailed p-value<0.05. 
All analyses were conducted in SPSS statistical software (version 
19.0). In some of our results we chose to only report p-values 
and not 95% confidence intervals, which give more information 
including the magnitude of the association and the precision, 
because of our small numbers of cases in some categories.

Results
Table 1: Sample characteristics, for both groups.

Controls Cases(N=31)

(N=62)

Ν (%) Ν (%) p-value

Age, median 
(range) 5.1 (0.1 , 14.4)) 4.5 (0.0 , 14.4) 0.950a

Mothersage, 
mean (SD) 37.4 (4.8) 36.8 (6.2) 0.578b

Fathersage, 
mean (SD) 40.0 (6.0) 41.3 (7.4) 0.335b

Age during 
pregnancy, 
mean (SD)

31.4 (4.9) 30.5 (5.3) 0.436b

Gender

Male 39 (62.9) 18 (58.1) 0.652c

Female 23 (37.1) 13 (41.9)

Born in 
Greece

No 4 (6.5) 2 (6.5) 1.000d

Yes 58 (93.5) 29 (93.5)

aMann-Whitney test; bStudent’s t-test; cPearson’s chi-square test; 
dFisher’s exact test

Sample characteristics are presented in Table 1. Mean age 
for the control group was 5.6 years (3.9) while for the case group 
was 5.8 years (4.4) (p-value=0.950). The majority of children in 
both groups were boys, 62.9% and 58.1% for the control and 
case group respectively. The proportion of IVF cases was 9.7% 
in the case group and 4.8% in the controls group (p=0.397). 
The two groups did not differ significantly regarding their 
characteristics.

Table 2: Information regarding mother’s residence, for both groups. 

Before pregnancy During pregnancy

Controls Cases Controls Cases

Ν (%) Ν (%) p-valuea Ν (%) Ν (%) p-valuea

Region of 
residence

Urban 58 (93.5) 21 (67.7) 0.002 56 (90.3) 21 (67.7) 0.007

Semi-urban/ 
Rural 4 (6.5) 10 (32.3) 6 (9.7) 10 (32.3)

Altitude

0-500m 62 (100.0) 25 (80.6) 0.001 62 (100.0) 24 (77.4) <0.001

>500m 0 (0.0) 6 (19.4) 0 (0.0) 7 (22.6)

Bus station near 
houseb

No 53 (85.5) 30 (96.8) 0.156 52 (83.9) 30 (96.8) 0.093

Yes 9 (14.5) 1 (3.2) 10 (16.1) 1 (3.2)

Hospital near 
houseb

No 54 (87.1) 29 (93.5) 0.487 56 (90.3) 29 (93.5) 0.714

Yes 8 (12.9) 2 (6.5) 6 (9.7) 2 (6.5)

Railway near 
houseb

No 49 (79.0) 27 (87.1) 0.343 50 (80.6) 28 (90.3) 0.232
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Yes 13 (21.0) 4 (12.9) 12 (19.4) 3 (9.7)

Heavy transports 
center near 

houseb

No 60 (96.8) 31 (100.0) 0.551 61 (98.4) 31 (100.0) 1

Yes 2 (3.2) 0 (0.0) 1 (1.6) 0 (0.0)

Oil processing 
or transporting 

near houseb

No 57 (93.4) 28 (90.3) 0.684 56 (91.8) 28 (90.3) 1

Yes 4 (6.6) 3 (9.7) 5 (8.2) 3 (9.7)

High voltage 
power lines near 

houseb

No 53 (93.0) 30 (96.8) 0.653 53 (93.0) 30 (96.8) 0.653

Yes 4 (7.0) 1 (3.2) 4 (7.0) 1 (3.2)

Table 2 presents information about the residence before 
and during pregnancy, by study group. A statistically significant 
association was found between cases and controls regarding 
region of residence (p-value=0.002 before pregnancy and 0.007 
during pregnancy) and altitude. Near residence sites did not 
differ significantly between the two study groups, although 
we had suggestive results for a bus station near (less than 500 
meters) the residence, during pregnancy (p-value=0.093).

Table 3: Information regarding delivery and perinatal period, for both 
groups.

Controls Cases

Ν (%) Ν (%) p-value

Cephalo pelvic 
disproportion  
during labor

No 60 (98.4) 30 (96.8) 1.000a

Yes 1 (1.6) 1 (3.2)

Premature 
rupture of the 
amniotic sac

No 61 (98.4) 30 (96.8) 1.000a

Yes 1 (1.6) 1 (3.2)

Prematurelabor

No 61 (98.4) 28 (90.3) 0.106a

Yes 1 (1.6) 3 (9.7)

Perinatal asphyxia

No 60 (96.8) 26 (83.9) 0.039a

Yes 2 (3.2) 5 (16.1)

Labor type

Caesarean section 23 (37.1) 12 (38.7) 0.880a

Normal 39 (62.9) 19 (61.3)

Conception

Normal 59 (95.2) 28 (90.3) 0.397a

Assisted 
Reproduction 3 (4.8) 3 (9.7)

Birth weight (gr), 
mean (SD) 3254.4 (464.1) 3236.9 (629.8) 0.902b

Low birth weight 
(<1500 gr)

No 60 (96.8) 31 (100.0) 0.551a

Yes 2 (3.2) 0 (0.0)

Birth height (cm), 
mean (SD) 51.3 (2.4) 50.1 (4.6) 0.188b

Head 
circumference 

(cm), mean (SD)
34.1 (1.2) 33.6 (2.3) 0.302b

aFisher’s exact test; bStudent’s t-test.

 Table 3 presents results regarding labor and perinatal 
outcomes. As shown, children with brain tumor had experienced 
perinatal asphyxia in a significantly greater proportion 
compared to controls (p-value=0.039). Labor type and type of 
conception did not differ significantly between the two study 
groups (p-values=0.880 and 0.337, respectively). Family history 
for CNS lesions or similar abnormalities did not differ between 
the two groups (data not shown).

High risk behaviors of participants’ parents, before and 
during pregnancy, are presented in Table 4. A larger proportion 
of fathers used industrial solvents or other substances before 
pregnancy in the tumor group as compared to controls, although 
not statistically significant. Also, in the tumor group a lower 
proportion of mothers used mobile phone before or during 
pregnancy. No significant difference was found in mothers’ 
gynecological history, health condition during pregnancy and 
medical treatment, as well as parental chromosome control 
between the two study groups (data not shown).
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Table 4: Parental risk behaviors, before and during pregnancy, by 
group.

Controls Cases

Ν (%) Ν (%) p-valuea

Before pregnancy

Smoking (father)

No 24 (38.7) 10 
(32.3) 0.543

Yes 38 (61.3) 21 
(67.7)

Alcoholconsumption 
(father)

No 22 (36.1) 15 
(48.4) 0.255

Yes 39 (63.9) 16 
(51.6)

Mobileuse (father)

No 6 (9.8) 8 (25.8) 0.064

Yes 55 (90.2) 23 
(74.2)

Daily duration of mobile 
use (father)

<40’ 27 (49.1) 12 
(52.2) 0.804

>40’ 28 (50.9) 11 
(47.8)

Use or contact with 
industrial solvents or 

other substances (father)

No 47 (79.7) 16 
(51.6) 0.006

Yes 12 (20.3) 15 
(48.4)

Smoking (mother)

No 27 (43.5) 20 
(64.5) 0.057

Yes 35 (56.5) 11 
(35.5)

Alcoholconsumption 
(mother)

No 37 (59.7) 22 
(71.0) 0.287

Yes 25 (40.3) 9 (29.0)

Mobileuse (mother)

No 11 (17.7) 13 
(41.9) 0.012

Yes 51 (82.3) 18 
(58.1)

Daily duration of mobile 
use (mother)

<20’ 23 (45.1) 12 
(66.7) 0.116

>20’ 28 (54.9) 6 (33.3)

Use or contact with 
industrial solvents 

or other substances 
(mother)

No 13 (21.0) 11 
(35.5) 0.132

Yes 49 (79.0) 20 
(64.5)

Maternal contact with 
ionizing radiation

No 45 (72.6) 25 
(83.3) 0.257

Yes 17 (27.4) 5 (16.7)

During  pregnancy

Smoking (mother)

No 47 (75.8) 24 
(77.4) 0.863

Yes 15 (24.2) 7 (22.6)

Alcoholconsumption 
(mother)

No 54 (87.1) 27 
(87.1) 1

Yes 8 (12.9) 4 (12.9)

Mobileuse (mother)

No 12 (19.4) 13 
(41.9) 0.021

Yes 50 (80.6) 18 
(58.1)

Daily duration of mobile 
use (mother)

<20’ 29 (58) 13 
(72.2) 0.287

>20’ 21 (42) 5 (27.8)

Use or contact with 
industrial solvents 

or other substances 
(mother)

No 29 (49.2) 20 
(64.5) 0.164

Yes 30 (50.8) 11 
(35.5)

Maternal contact with 
ionizing radiation

No 60 (96.8) 31 
(100.0) 0.551

Yes 2 (3.2) 0 (0.0)

Maternal exposure to 
drugs during pregnancy

No 53 (85.5) 25 
(80.6) 0.55

Yes 9 (14.5) 6 (19.4)

 aFisher’s exact test.
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The results from the multiple logistic regressions are 
presented in Table 5. As shown, there were only two statistically 
significant covariates in the multiple logistic regression models, 
after applying the stepwise procedure. Residence location was 
significantly associated with the presence of tumor, with children 
living in semi-urban/rural having almost 5 times the risk (95% 
C.I.: 1.47–17.41) of developing a brain tumor compared to the 
children living in an urban area (p-value=0.010). Moreover, 
children whose father used industrial solvents or other 
substances before pregnancy had 3.62 times the risk (95% 
C.I.: 1.34–9.77) of developing a brain tumor compared to those 
whose father did not use such substances (p-value=0.011). 

Table 5: Multiple logistic regression results on the presence of brain 
tumor.

OR (95% CI)a p-value
Paternal use 

or contact with 
industrial solvents 

or other substances 
before pregnancy

No Reference
Yes 3.62(1.34, 9.77) 0.011

Residence during 
pregnancy

Urban Reference
Semi-urban/ Rural 5.06[1.47, 17.41] 0.01

aOdds Ratio (95% Confidence Interval).

Comments
In this study we investigated the role of perinatal and other 

risk factors in the appearance of brain tumors in childhood. We 
found that children with brain tumor had experienced perinatal 
asphyxia in a significantly greater proportion compared 
to controls. Moreover, residence location was significantly 
associated with the presence of tumor, with children living in 
semi-urban/rural having almost 5 times the risk of developing 
a brain tumor compared to the children living in an urban 
area. Although altitude was significantly associated with the 
presence of brain tumor in the univariate analysis, it did not 
have a significant effect, after adjusting for other potential risk 
factors. Children whose father used industrial solvents or other 
substances before pregnancy had more than 3.5 times the risk 
of developing a brain tumor compared to those whose father 
did not use such substances. Finally, we observed an increased 
maternal use of mobile phones before or during pregnancy in 
the control group, compared to cases.

 The cause of brain tumors in childhood is largely 
unknown [30]. A lot of studies have reported perinatal conditions 
as potential risk factors [1,3,11]. In this study we verified some 
of the results that have been reported in the literature, and 
provided evidence on potential new risk factors for brain tumors 
in childhood. For example, we reported an increased maternal 
use of mobile phones before or during pregnancy in the control 

group. A previous multicenter case-control study [25] conducted 
in Denmark, Sweden, Norway, and Switzerland did not report 
a statistically significantly increased risk for brain tumors in 
children that is associated with the use of mobile phones by 
them. The authors did not find a consistent exposure-response 
relationship either in terms of the amount of mobile phone use 
or by the location of the tumor. In our case, we did not have data 
available for the use of mobile phones from children.

 We did not find a statistically significant difference on CNS 
family history of similar lesions or abnormalities, between the 
two groups. Nonetheless, statistically significant associations 
were found with family history of cancer and childhood brain 
tumors in France [31]. Specifically, the authors found that family 
history of cancer in general was more often reported by cases 
than by controls (OR=2.3, 95% C.I.=1.1-4.6). In their analysis, 
this involved a broad definition of the family to include all of the 
child’s blood relatives.

In our study we observed a statistically significant 
association between tumors and residence in semi-urban/ rural 
region (OR: 4.63, 95% CI: 1.12-19.12) or in a region with altitude 
higher than 500m, before and during pregnancy. Moschovi et al. 
[32] hypothesized that the rural place of residence in Greece is a 
poor prognostic indicator for brain tumors. This is probably due 
to delays of diagnosis or limited access to the optimal treatment 
facilities no and may also be supported by the possibility of 
increased incidence 26 of specific tumor types in children 
born to mothers who suffered flu during pregnancy. Towards 
type of residence, farm residence has been suggested by some 
researches [31,33,34] to be a predictive factor of brain tumors 
in childhood. Cordier et al. [31] reported that children that 
their parents lives or worked in a farm during their gestational 
period, had an OR of 2.5 (95% C.I.: 0.4-16.1) to develop brain 
tumor. If children resided in a farm during their childhood, the 
corresponding OR for developing a brain tumor was 6.7 (C.I.: 
1.2-38.0). Five out of the seven studies included in the review by 
Yeni-Komshian et al. [34], examined childhood farm residence 
or exposure of mother or child to farm animals and, of these 
five, four reported elevated risk for children brain tumor with 
OR ranging from 0.9 to 2.5 for maternal exposures and from 0.6 
to 6.7 for children’s exposures. Later studies that were larger 
subsequently examined histological type and reported excess 
risk for primitive neuroectodermal tumours (PNET) with farm 
residence prenatally (OR=3.7, 95% C.I.=0.8-24) or in childhood 
(OR=5.0, 95% C.I.=1.1-4.7).

The present study also reported a significantly greater 
proportion of tumor incidents that had experienced perinatal 
asphyxia compared to controls. Linet et al. [35] reported that 
risks for all brain tumors combined were elevated in relation 
to characteristics of neonatal distress (a combined variable 
including low one-minute Apgar score, asphyxia (OR=1.5, CI=1.1 
, 2.0)) or treatments for neonatal distress (use of supplemental 
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oxygen, ventilated on mask, use of incubator, scalp vein infusion 
(OR=1.6, CI=0.9 , 2.6)). In terms of the type of conception, we did 
not find a significant difference between the two study groups.

 Occupation of the father and his exposure to risk factors has 
been surveyed much more frequently than those of the mother. 
In our study, high risk behaviors of the children’s fathers, such 
as smoking, alcohol consumption or daily mobile use before 
pregnancy, did not differ between the two groups. Similar 
results have been reported in McBride et al. [32]. Paternal 
exposure though (use or contact) in industrial solvents or 
other substances (PCBs, paint products) before pregnancy was 
significantly higher in tumor group than the controls. The same 
has been observed in several studies [9,36,37] that investigated 
the profound relationship between paternal use of petroleum 
products [37], painting products, solvents, pesticides and 
metals and excessive childhood cancer risk. This may take place 
through genetic changes in the ovum or sperm or through trans 
placental carcinogenesis [37]. Furthermore, an additional risk 
factor of brain tumors has been reported to be the ingestion of 
N-nitroso compounds, and they have positive findings relating to 
increased risk for leukemia and infections [36,38,39]. 

One disadvantage of our study is its relatively small sample 
size. This was predominately determined by the relatively rare 
appearance of brain tumors. Our relatively small sample size 
along with the fact that probably different histological types 
have different etiologies might have limited our study power and 
similar considerations have been raised elsewhere [10]. 

Conclusion

In this study, we confirmed that environmental factors as 
well as mobile phone use and working environment are key 
risk factors for the appearance of brain tumor in childhood. 
Specifically, we found that maternal use of mobile phone during 
pregnancy as well as the paternal exposure to chemicals during 
work was associated with brain tumor in children.

Moreover, we reported significant association between 
tumors and residence in semi-urban/ rural region, and we 
detected a larger proportion of tumor incidents that had 
experienced perinatal asphyxia. 

In terms of future research, we see that genomic studies that 
will specify genetic factors that modify brain tumor risk overall 
and by subtype are needed. The future for identifying etiology 
of childhood brain tumor lies between studies that target to 
identify interactions between genetic and environmental factors. 
Therefore, a multidisciplinary approach is vital, where clinical 
doctors, biochemists and epidemiologist would be mutually 
involved. A need also exists for availability of these samples 
through standardized processes to all researchers worldwide, to 
increase the available sample sizes.
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