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Abstract

Objective. The study aims to determine the prevalence and risk factors for endocrine disorders in childhood brain tumour 
survivors. 

Methodology. Included in the study were 124 childhood brain tumour survivors aged 18 years old or younger with either 
stable disease or in remission, and had survived for at least 2 years after diagnosis. Demographic data (age at diagnosis, 
gender, ethnicity, socioeconomic status), clinical clues for endocrine disorders, anthropometrics (weight, height, 
midparental height), pubertal staging, tumour-related characteristics, treatment modalities and endocrine laboratory 
measurements at diagnosis and during follow up were obtained. Logistic regression was applied to evaluate risk factors 
for endocrine disorders in childhood brain tumour survivors.

Results. The prevalence of endocrine disorders in childhood brain tumour survivors was 62.1%. The risk factors were 
high BMI [adjusted odds ratio (OR) 1.29, 95% CI: 1.12 to 1.5], high-risk site [adjusted odds ratio (OR) 7.15, 95% CI: 1.41 
to 36.3] and chemotherapy [adjusted odds ratio (OR) 0.18, 95% CI: 0.05 to 0.62].

Conclusion. The prevalence of endocrine disorders in childhood brain tumour survivors in our centre was 62.1%. The 
significant risk factors were high BMI, tumour location (suprasellar and intrasellar) and chemotherapy.
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INTRODUCTION 

Brain tumours are the commonest type of paediatric 
solid organ tumours, and it is the second most common 
childhood malignancy after leukaemia which contributes 
to 21% of all paediatric malignancies.1 Its prevalence varies 
among different countries, with the highest rates reported 
in the United States.2 The average annual incidence of 
primary CNS tumours for children and adolescents ≤19 
years old in the United States from 2011 to 2015 was 5.95 
cases per 100,000 population.2 Approximately 60 percent of 
cases were malignant and 40 percent were non-malignant. 
According to the Malaysian National Cancer Registry 
Report 2007–2011, the national incidence of childhood 
brain and central nervous system (CNS) tumours was 2 
per 100,000 children.3 There were lower incidence rates 
that have been reported in other parts of the world, such 
as Japan (estimated incidence 3.61 per 100,000 children) 
and Italy (3.46 per 100,000 children).4

The mortality of childhood brain tumour exceeds the 
mortality rate of acute lymphoblastic leukaemia, making 
it the leading cause of childhood cancer-related deaths.4 
Their prognosis and survival rates depend on multiple 
factors including the histological type, size and location 
of the tumour. The survival outcomes in childhood brain 
tumours have improved significantly due to the advances 
in diagnosis and treatment, as well as the understanding of 
the disease aetiology.5

With improved survival rate, there has been a rising 
concern regarding the late sequelae of childhood brain 
tumour survivors, particularly associated with the use of 
craniospinal radiation therapy (RT) in young children. Their 
long-term complications such as neurological impairments, 
cognitive dysfunction, growth and endocrine disturbances 
have increased. Many survivors will face numerous lifelong 
health-related challenges after curative treatment of a 
childhood brain tumour.5 
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years after the diagnosis of brain tumour and had persisted 
beyond 2 years. 

Sample size estimation

The sample size requirement for the estimation of the 
prevalence of endocrine disorders was determined using 
the sample size formula for estimation of proportion, 
n = (Zα/∆)2 P(1-p), where P is the observed prevalence 
reported from the previous study, ∆ is the margin of 
error and Zα is the Z-value corresponding to the level of 
confidence. For an estimation with a 95% confidence level, 
10% margin of error and prevalence of 61%, as Ng et al., 
reported, the required sample size is 92 patients. 

The sample size required to determine factors associated 
with endocrine disorders was calculated using the 
calculation for logistic regression analysis in G*power 
software version 3.1.9.7 (Test family: Z-test; Statistical test: 
Logistic regression). Sex was a significant predictor of 
endocrine disorders from a previous study, with females 
having a higher risk of developing endocrine disorders. 
It has been reported that the percentage of male patients 
with endocrine disorders was 36.5%. To achieve 80% 
study power with type I error of 5% (two-tailed), odds 
ratio (OR) of 3, R2 contributed by other factors of 0.02, and 
equal ratio between sex, the required sample size was 113 
patients. Considering a 10% possibility of missing data, the 
corrected sample size was 126 patients.

Statistical analysis 

Data analysis was done using Statistical Package for Social 
Science (SPSS) IBM version 26.0. All data were checked 
for their distribution with histogram and probability 
plots. Numerical variables with normal distribution were 
presented as mean and standard deviation (SD). Non-
normally distributed numerical variables were presented 
as median and interquartile range (IQR). Categorical data 
were presented as frequency (percentage).

Logistic regression analysis was used to determine factors 
associated with endocrine disorders in brain tumour 
survivors. Simple logistic regression analysis was used to 
identify factors to be included in the multiple regression 
analysis. Cut-off was set at p<0.25 in determining variables 
to be included in the final model. For multiple logistic 
regression we used backward stepwise regression. The 
selection starts with all independent variables in the model 
and then remove those with the largest p-value, one at a 
time. Criteria to retain the variable was set at p<0.05. All the 
assumptions of the test were examined. The fitness of the 
model was assessed using Hosmer-Lemeshow test. Outlier 
and influential observations were examined using Cook’s 
influential statistics, while linearity was examined using the 
Box-Tidwell procedure. The area under the curve was 0.812. 
The factors that remained in the final model were presented 
using a table with its corresponding adjusted odds ratio, 
95% CI, and p-value. 

Some of the potential risks for developing endocrine 
complications are age at cancer diagnosis, tumour histology, 
location and radiation exposure. Cranial radiotherapy is the 
main cause of hypothalamic and pituitary injury resulting 
in hormonal deficiency in children with brain tumours.6 
A recent analysis of the St. Jude Lifetime Cohort revealed 
that there was at least one anterior pituitary hormone 
deficiency in 51.4% of childhood cancer survivors who 
received cranial radiotherapy.7

Our findings would contribute to the paucity of data 
regarding the prevalence and risk factors of brain 
tumour survivors not only locally but also worldwide, 
and this clinical information would aid in improving the 
management of patients who are at risk for endocrine 
disorders.

METHODOLOGY

Study design and setting

We conducted a cross-sectional study at the Hospital 
Universiti Sains Malaysia (HUSM). The subjects were 
patients with brain tumours who were diagnosed from 
January 2002 till December 2017. It was approved by the 
Human Research Ethics Committee USM (reference: USM/
JEPeM/21010039).

Subjects and procedures 

We included all patients aged 18 years old and who survived 
for 2 years or more after diagnosis; had stable residual 
disease or no evidence of disease progression at the time 
of follow-up. We excluded patients who were syndromic, 
patients with incomplete data, had pre-existing endocrine 
disorders which were diagnosed before the tumour and 
congenital causes of endocrine disorders such as septo-
optic dysplasia.

Records were traced from the medical record unit. 
Demographic data (age at diagnosis, gender, ethnicity 
and socioeconomic status), tumour-related characteristics 
and treatment modalities were extracted from medical 
records. We also collected clinical data (clues for endocrine 
disorders), anthropometrics (weight, height, midparental 
height), pubertal stage according to Tanner staging, 
endocrine laboratory measurements at diagnosis and 
during follow-up. All data collected were recorded in the 
data collection sheet.

Anthropometric measurements were plotted using World 
Health Organization growth chart for children less than 5 
years old and National Centre for Health Statistics chart for 
children who are more than 5 years old. We included weight 
and height reviewed by the managing team before starting 
any treatment such as growth hormone in our analysis. 
BMI was calculated using the latest weight and height. 
The tumour location was classified as high-risk and low-
risk. We analysed endocrine abnormalities detected even 
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in those aged 6-12 years old, namely hypothyroidism 
(51.5%), growth hormone deficiency (57.7%), ACTH 
deficiency (64.4%), gonadotropin deficiency (57.7%), 
delayed puberty (56.1%), short stature (54.4%), obesity with 
metabolic syndrome (38.1%0, SIADH (75%) and cranial 
diabetes insipidus (55.6%). For cerebral salt wasting, it was 
predominantly seen in those 2-5 years old (43.8%).

From Table 2, the commonest clinical manifestations 
of endocrine disorders were short stature (46%) and 
obesity with metabolic syndrome (33.9%). Other clinical 
manifestations were delayed puberty (33%), oliguria 
secondary to syndrome of inappropriate secretion of anti-
diuretic hormone (SIADH) (3%), polyuria secondary to 
cerebral salt wasting (CSW)(12.9%) and polyuria secondary 
to cranial diabetes insipidus (DI) (14.5%).

Figure 1 summarizes the tumour histology of our 
subjects. The commonest tumour was medulloblastoma 
(26.6%), followed by astrocytoma (25%) and glioblastoma 
(11.3%). The proportion of ependymoma was 7% while 
the proportion of pituitary adenoma and primitive 
neuroectodermal tumour (PNET) were both 6%. Regarding 
medulloblastoma and age category (refer to Appendix), 
63.6% affected those 6 to 12 years old, 21.2% affected those 
2 to 5 years old, 9.1% among 12 to18 years old and 6.1% 
in those less than 2 years old. 

From simple logistic regression analysis, BMI, weight, 
household income, site of brain tumour, hydrocephalus 
at diagnosis, chemotherapy and chemoradiation were 

RESULTS 

Demographic, clinical and hormonal characteristics are 
summarized in Table 1. The majority were female at 54% 
compared to male at 46%. The predominant race was 
Malay (96%). The majority of the subjects were in the low 
socioeconomic group (83.9%). The subject’s mean age at 
diagnosis of brain tumour was 8.6 years (SD 8). The median 
body weight of the patients was 32 kg (IQR 19-45) and 
their median height was 135 cm (IQR 112-152). The median 
BMI was 17 kg/m2 (IQR 11-41). For age distribution and 
BMI percentile, (refer to Appendix), 66.7% had 95th BMI 
percentile for the age range 12-18 years old, 33.3% had 
>97th BMI percentile for age 6-12 years old, while 22.2% of 
age 12-18 years old had >97th BMI percentile. There were 
20.2% subjects with tumours at high-risk sites. Most of the 
subjects underwent intracranial surgery (91.9%). Other 
treatments received by patients were radiotherapy 38.7%, 
chemotherapy 16.9% and chemoradiation 11.3%. 

There were 62.1% patients with endocrine disorders 
(Table 1). The age distribution of involved patients was 
highest at age 6-12 years old (45.5%); followed by those 
aged 2-5-years-old (31.2%); 13-18 years old (20.8%) and 
<2 years (2.6%). The proportion of hypopituitarism was 
6.5%, panhypopituitarism was 18.5% while isolated 
central hormonal deficiency was 4.8%. The most common 
hormonal deficiency was hypothyroidism (26.6%) followed 
by growth hormone deficiency (GHD) (21%), gonadotropin 
deficiency (21%) and ACTH deficiency (20%). Most of the 
specific endocrine disorders (refer to Appendix) occurred 

Table 1. Demographic, clinical and hormonal characteristics
Variables n (%)

Age at diagnosis (years)
Weight (kg)
Height (cm)
BMI (kg/m2)
Sex 

Boy
Girl

Race 
Malay
Others

Income 
B40
Non-B40

High-risk site
Surgery 
Radiotherapy
Chemotherapy
Chemoradiation
Endocrine disorders
Hypopituitarism
Panhypopituitarism
Isolated hormone deficiency
Growth hormone deficiency
ACTH deficiency
Gonadotropin deficiency
Hypothyroidism

8.6 (5.0)c

32.0 (19-45)a

135.0 (112-152)a

17.0 (11-41)a

57 (46)b

67 (54)b

119 (96)b

5 (4)b

104 (83.9)b

20 (16.1)b

25 (20.2)b

114 (91.9)b

48 (38.7)b

21 (16.9)b

14 (11.3)b

77 (62.1)b

8 (6.5)b

23 (18.5)b

6 (4.8)b

26 (21)b

25(20.2)b 
26 (21)b

33 (26.6)b

a Height, Weight, Body mass index (BMI) are not-normally distributed and 
presented as median [interquartile range (IQR)]

b Frequency and percentages for categorical variables
c Age is normally distributed and presented as mean [standard deviation 

(SD)]
B40: total household income < RM4850, Non-B40: total household income 
other than B40, High-risk site: intrasellar and suprasellar region, Low-risk 
site: other locations, ACTH: Adrenocorticotropic hormone.

Table 2. Clinical manifestation of endocrine disorders
Variables n (%)

Short stature
Polyuria secondary to CSW
Obesity with metabolic syndrome
Delayed puberty
Oliguria secondary to SIADH
Polyuria secondary to Cranial DI

57 (46)b

16 (12.9)b

42 (33.9)b

41 (33.1) b

4 (3.2)b

18 (14.5)b

CSW: Cerebral salt wasting, SIADH: Syndrome of inappropriate secretion 
of antidiuretic hormones, DI: Diabetes Insipidus

Figure 1. Histology.
a Others (%): oligodendroglioma: (1.6%), meningioma: (1.6%), Schwannoma: 

(0.8%), germ cell tumour: (2.4%), germinoma:(3.2%)

Medulloblastoma

Astrocytoma

Glioblastoma

Craniopharyngioma

Ependymoma

Pituitary adenoma

PNET

Others11.3%

8.9%

7.3%

5.6%

5.6%
9.6%

25%

26.6%
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The most frequent type of brain tumour confirmed 
by histopathological examination in our centre was 
medulloblastoma (26%), which is similar to many other 
publications, accounting for 25 to 30% of childhood brain 
tumours.15 For the age distribution in our centre, 63.6% 
affected those aged 6 to 12 years old and tended to affect 
the posterior fossa. Most present with signs of increased 
intracranial pressure, altered mental state, cerebellar ataxia 
and focal neurological deficits.16 Other types of brain tumour 
based on biopsy findings varied between centres and this 
may reflect different studied populations, ethnicities and 
possibly genetic heterogenicity. 

Regarding specific pattern of hormonal deficiency in 
our centre, hypothyroidism was the commonest (26.6%) 
followed by GHD (21%), gonadotropin deficiency (21%) 
and ACTH deficiency (20%). Ng et al., reported ACTH 
deficiency was the most prevalent (37%) followed by 
hypothyroidism (35%) and CDI (21%).8 In other parts of 
the world, the commonest hormonal deficiency was GHD 
that ranged from 12 to 58% and this pattern was seen more 
consistently compared to other hormonal deficiencies,17-19 

Short stature (46%) was the most common clinical 
presentation seen in our centre and the causes could 
be multifactorial, such as specific hormonal deficiency 
secondary to GHD, hypothyroidism, ACTH deficiency, 
poor nutrition, familial short stature or constitutional delay 
in growth and puberty (CDGP).19 This finding was also 
reported by Gurney et al, and Pasqualini et al.20,21 Despite 
it being the most common manifestation, not all the CBTS 
were referred to endocrine unit for screening of the specific 
hormonal deficiency which might be due to poor awareness 
among the primary doctors.

The majority of the salt and water disturbances occur in the 
immediate post-operative period such as cranial diabetes 
insipidus (CDI), cerebral salt wasting (CSW) and SIADH.22 
Most are transient and resolved around 4 to 6 weeks post-
operation.23 However, some of the water/salt disturbances 
persist years after the insult particularly those with residual 
tumour, and in our centre, persistent CSW and CDI 
contributed about 12.9% and 14.5%, respectively. 

There are many risk factors for the development of 
endocrine complications in CBTS. One of the potential 
risks is the site of brain tumour. The high-risk sites are the 
hypothalamus and pituitary regions.19 Any insults due to 

important variables with p<0.25. Statistically significant 
variables from multiple logistic regression analysis (Table 
3) were high BMI (adjusted OR 1.29, 95% CI: 1.12 to 1.5, 
p =0.001), high-risk site (adjusted OR 7.15, 95% CI: 1.41 to 
36.3, p=0.018) and no chemotherapy (adjusted OR 0.18, 
95% CI: 0.05 to 0.62, p=0.007). Brain tumour survivors with 
high BMI have an increased odds of having endocrine 
disorders by 1.2 times. Those survivors with brain tumours 
at high-risk sites have increased odds of having endocrine 
disorders by 7.2 times than those at lower risk sites. Brain 
tumour survivors that received no chemotherapy have 
decreased odds of having endocrine disorders by 83% than 
those who received chemotherapy. 

DISCUSSION 

The prevalence of endocrine disorders among childhood 
brain tumour survivors (CBTS) in our centre was 62% 
which was almost similar to a local study conducted in 
Klang valley by Ng et al, 61%.8 Our prevalence was higher 
compared to other studies done in South Korea (37.1%), 
Netherlands (22.1%) and United States (49%).2,9,10 Studies 
by Clement et al., in the Netherlands excluded patients 
with craniopharyngioma or a pituitary gland tumour while 
our study not only included all childhood brain tumour 
survivors, but also all types of endocrine complications 
such as obesity, growth, pubertal disorders and water/
salt disturbances.11 A study by Heo et al., only included 
patients based on insurance claim with limited coding 
for endocrine disorders and therefore explains the lower 
prevalence in South Korea.10 The lower prevalence in other 
centres was also explained by a lack of standard guidelines 
for surveillance of endocrine disorders, inconsistent follow 
up, delayed referral to paediatric endocrinologist and lack 
of awareness among doctors in managing CBTS.12,13

Most endocrine disorders occur 2 to 3 years after diagnosis 
of the brain tumour.14 Based on the age categories for our 
centre majority affected those 6 to 12 years old, followed 
by those 2 to 5 years old (31.2%), 13 to 18 years old (20.8%), 
and lastly, those less than 2 years old (2.6%). The median 
age of our patients diagnosed to have primary brain 
tumour with or without endocrine disorders was 8.6 years 
compared to Ng et al., which was 5.6 years and Clement et 
al., at 8.5 years old.10,11 We were unable to compare the age 
categories of patients with endocrine disorders with other 
centres due to lack of data.

Table 3. Factors associated with endocrine disorders in childhood brain tumour survivors
Variable Crude ORa (95% CI) Adjusted ORb (95% CI) Wald statb (odd) P valueb

Body Mass Index (BMI) 1.28 (1.13, 1.45) 1.29 (1.12, 1.50) 12.06 (1) 0.001
High risk site Yes

No
9.58 (2.14,42.87)

1.00
7.15 (1.41, 36.25)

1.00
5.64 (1) 0.018

Chemotherapy Yes
No

1.00
0.33 (0.10, 1.05)

1.00
0.18 (0.05, 0.62)

7.27(1) 0.007

a Simple logistic regression
b Multiple logistic regression
OR: Odd ratio, CI: Confidence interval
The model reasonably fits well. Model assumptions are met. There are no interactions and multicollinearity problems. 
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sent the childhood brain tumour survivors in our state. 
Lastly, all CBTS need a longer follow-up as endocrine 
complications may occur as long as 20 years following 
initial diagnosis of brain tumour. 

CONCLUSION

The prevalence of endocrine disorders in childhood brain 
tumour survivors in our centre was 62%. The risk factors 
were high BMI, tumour location (suprasellar and intrasellar) 
and chemotherapy.
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