
www.elsevier.es/anpediatr

An Pediatr (Barc). 2014;80(6):357-364

ORIGINAL ARTICLE

Endocrinological outcome in children and adolescents survivors 

of central nervous system tumours after a 5 year follow-up�,��

M. Güemes Hidalgoa, M.T. Muñoz Calvoa,b,c,d,*, L. Fuente Blancoa, C. Villalba Castañoa, 
G.A. Martos Morenoa,b,c,d, J. Argentea,b,c,d,*

a Servicio de Endocrinología, Hospital Infantil Universitario Niño Jesús, Madrid, Spain
b Servicio de Pediatría, Hospital Infantil Universitario Niño Jesús, Madrid, Spain
c Departamento de Pediatría, Universidad Autónoma de Madrid, Madrid, Spain
d Centro de Investigación Biomédica en Red de Fisiopatología de la Obesidad y Nutrición (CIBERobn), Instituto de Salud 

Carlos III, Madrid, Spain

 Received 25 June 2013; accepted 26 June 2013 

KEYWORDS

Childhood brain 

tumours;

Endocrine late effects; 

Hypothalamic pituitary 

axis;

Cancer survivors

Abstract

Introduction: Given the successful increase in survival rates with the current treatments for 

central nervous system tumours (CNST), survivors are at high risk for late adverse effects.

Purpose: To evaluate the endocrine sequelae in children with CNST according to the type of 

tumour and treatment received.

Patients and methods: A retrospective review of the clinical features, auxology, hormone 

with a minimum of 5 years follow-up, was performed.

Results:

was -1.2 1.6 SDS, with a mean difference of -0.53 SDS regarding their target height.

Conclusions:

�

survivors of central nervous system tumours after a 5 year follow-up”.
�� 
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Introduction

In childhood, central nervous system tumours (CNST) are 
the most frequent type of solid neoplasm and the second 

1) 
following haematological malignancies.2 The incidence of 

1 in children below 15 
years of age, with a male to female ratio of 1.2.2

In terms of location, CNST are predominantly supratentorial 

infratentorial, with the supratentorial location once again 
predominating during adolescence and adulthood.2 The 

1

Treatment for most CNST includes surgery, except for 
poorly circumscribed or unresectable tumours. The surgical 

3 and morbidity 
3 

The indication of radiotherapy depends on tumour histology2 
and can be delivered focally (on the tumour itself) or to the 
whole brain and spine with a boost given at the tumour site.3 
CNST in children require high doses of radiation, typically 
> 30 Gy (frequently 50-60 Gy).3 Age is a risk factor for 
developing long-term complications of radiotherapy, with 

profound intellectual disturbances appearing in children 
who receive radiation before 3 years of age.4 The use of 
chemotherapy in the treatment of CNST has increased in 
recent years, and it has become the standard treatment to 
avoid radiotherapy in children younger than 3 years.5 The 
agents used for chemotherapy depend on the sensitivity of 
each tumour type.

With the current treatment protocols, survival rates of 
6,7) leading to long-

 These effects 
are associated to the tumour’s direct effect, its location, 

received, age at diagnosis, sex, and time elapsed since the 
end of treatment.6 Due to the vulnerability and the limited 
restorative capacity of brain tissue, CNST survivors have a 
high risk of adverse effects.
any chronic physical, medical, cognitive, or psychosocial 
sequela occurring 5 years after the diagnosis of a tumour. 
The 5-year timeframe10 is due to the fact that this is the 

11

Objective

To evaluate the rates of endocrinological sequelae in children 
with CNST followed up at the Department of Endocrinology 

PALABRAS CLAVE 

Tumores cerebrales 

infantiles;

Secuelas endocrinas; 

Supervivientes de 

Secuelas endocrinológicas en niños y adolescentes supervivientes de tumores del sistema 

nervioso central tras 5 años de seguimiento

Resumen

Introducción: Con las terapias actuales, la supervivencia de los tumores del sistema nervioso 

Objetivo:

neoplasia y el tratamiento recibido.

Sujetos y métodos: Se revisaron retrospectivamente los datos clínicos, auxológicos, analíticos 

Resultados:

presentaba obesidad. El craneofaringioma fue el tipo tumoral que registró mayor número 

frecuentemente administrado fue la combinación de cirugía + quimioterapia + radioterapia, 

Conclusiones:

reservados.

treatment received, were GH and TSH. 3) Early diagnosis and prompt intervention of endocrine 

dysfunction can reduce the morbidity and improve quality of life over the long term.
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Spain, according to the type of neoplasm and the treatment 
received.

Subjects and methods

We performed a retrospective review of the medical records 
of patients with CNST with a follow-up period of at least 

Endocrinological abnormalities were determined by the 

Clinical and auxological

adult height was reached.

the time of diagnosis and at each visit until completion 
of pubertal development.

Laboratory and imaging studies

thyroid function (TSH and free T4), prolactin, morning 

on pubertal stage). In addition, stimulation tests were 
performed [for growth hormone (GH) (clonidine and insulin 

releasing hormone test) and corticotropin (ACTH test)] 

magnetic resonance imaging as determined by the 

progression of puberty or in patients who had received 
spinal radiotherapy or gonadotoxic chemotherapy.

Results

diagnosis ± standard deviation (SD) of 5.34 ± 3.07 years. 

The four cases of “other tumour types” were 2 hamartomas 
and 2 rhabdomyosarcomas.

 > 2 SDS in accordance 

One of the secondary neoplasms occurred in a male diagnosed 
with glioma, who was treated with surgery + cranial 
radiotherapy + chemotherapy, and years later was diagnosed 
with nodular basal cell carcinoma in the frontoparietal region. 
The other case was a male diagnosed with germinoma who 

Table 1 

time ± SD, expressed in years, elapsed between the start of treatment and the hormone disturbance.

Tumour type ACTH Early puberty

4.47 ± 3.60 4.67 ± 0

(0)

4.67 ± 0

(0)

Craniopharyngioma 

0.52 ± 0.76 0 ± 0 5 ± 1.3

(0)

Astrocytoma 

4.54 ± 1.23 12 ± 0

(0)

12.21 ± 0.41 5.55 ± 4.35

Germinoma 

1.32 ± 1.16 0 ± 0 0 ± 0 0 ± 0

(0)

Ependymoma 

2 ± 0

(0) (0) (0) (0)

(0) (0) (0)

6 ± 0

(0) (0) (0)

of cases.
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received cranial radiotherapy + chemotherapy, and years 
later was diagnosed with papillary thyroid carcinoma. Tables 
1 and 2 show the different tumour types, endocrinological 
sequelae, relapse, and secondary malignancies, as well as 
the time interval between treatment administration and 
hormone disturbance.

Due to its location, craniopharyngioma was the 
type of tumour with the highest number of cases of 

and 5 cases had hypogonadotropic hypogonadism.
Table 3 shows the mean time elapsed between 

treatment administration and the manifestation of each 

was present from the start of treatment in all patients 

craniopharyngiomas and 3 germinomas).
The most frequently administered treatment was a 

combination of surgery + chemotherapy + radiotherapy, 

surgery + 
treatment used and the endocrinological sequelae are shown 
in Tables 4 and 5. No patient received radiotherapy alone. 

alone. Only one patient was treated with chemotherapy 
alone, a male with astrocytoma who had an early onset of 

puberty at 5.55 years of age, and who has not shown any 

One patient diagnosed with hypothalamic hamartoma at age 
7.75 years was treated with GnRH analogues, and developed 
obesity during the 5-year follow-up.

mean 1.2 ± 1.6 SDS. This corresponds to a mean decrease 
of 0.53 SDS in relation to the target height.

Discussion

This study shows that after 5 years of follow-up for 

12, although other groups have shown lower rates of 
1  Neuroendocrine effects can be caused by 

organs (thyroid, gonads).3

In this study, the most frequent type of tumour was 

is one of the most prevalent CNST histological types. Tumour 
histology alone is not an indicator for the emergence of late 
effects, but does play an indirect role as a sequelae indicator 
because treatment modality varies by tumour type.3 Combined 
surgery + radiotherapy + chemotherapy was the treatment 

 + radiotherapy, and 
 + radiotherapy + chemotherapy, depending 

on age, histology, and tumour site.  It is assumed that there 

Table 2 

of recorded cases.

Tumour type Obesity Relapse Secondary tumour

0
0
0

0 0
0
0 0

Table 3 

Years after surgery 

(mean ± SDS)

Years after radiotherapy 

(mean ± SDS)

Years after chemotherapy 

(mean ± SDS)

GH 4.1 ± 2.1 4.4 ± 2.6
TSH 3.4 ± 3.5
ACTH 3.6 ± 4.4 5.2 ± 5.5

7.3 ± 3.7
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are few late effects in patients treated with surgery alone.  
However, our study data differed in this respect, with high 
percentages of nearly all endocrinological alterations in 
these patients. It is believed that the risk for late effects is 
high for patients treated with radiotherapy and surgery, and 

, and we 
also observed this in our study.

There is a strong correlation between hypothalamic-
pituitary dysfunction and radiotherapy, which is dose-13-15 
and time-dependent.16,17 The age at which radiation is 

1 (GH) 
but not others.  In CNST, the hypothalamic-pituitary region 
receives a mean dose of 53.6 Gy (40-70 Gy). It has been 
proposed that after cranial radiation, endocrinopathies 
emerge in the following sequence

 

Hyperprolactinaemia and diabetes insipidus usually occur 
afterwards. Chemotherapy potentiates the deleterious 
effects of radiotherapy on pituitary function, but there is 
no evidence that it causes neuroendocrine dysfunction on 
its own.17,20

GH axis. 

frequently associated to CNST in this and other studies.3 

6,13,14,21 
12), although in other series it was found in only 

1  Some of these studies may have 
underestimated the rates of endocrinopathy because the 

, rather 
than on laboratory results as was the case in this and other 
studies.12 Receiving treatment at an earlier age is associated 

3

Table 4 Treatment received and endocrinological sequelae. Number of cases (in parentheses) and percentage.

Tumour type GH TSH ACTH ADH Early puberty

Surgery alone 

Chemotherapy alone 0 0 0 0 0

Surgery + radiotherapy 

Surgery + chemotherapy 0 0 0 0 0 0

Surgery + radiotherapy + 

chemotherapy 

(n = 15) (n = 15) 

Chemotherapy + 

radiotherapy 

0

0 0 0 0 0

(n = 26) (n = 12) (n = 11) 

 

Table 5 Therapeutic modalities and cases with obesity, relapse, and secondary tumours. Number of cases (in parentheses) 

and percentage.

Tumour type Obesity Relapse Secondary malignancy

0

0 0 0

0

0 0 0

0

0 0
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6 and most 
studied complication after cranial radiotherapy, as it 

13 GH neurosecretory 

24  Gy 
(and the higher the radiation dose, the earlier it develops). 

in medulloblastoma and optic glioma cases, because of the 

appear from 3 months to 6 years post-radiotherapy.14 In 
our study it appeared after 4.1 ± 2.1 years (mean ± SDS). 

altered counterregulatory mechanisms controlled by the 

radiosensitive than the pituitary gland, the latter becoming 
damaged only with higher doses of radiation.22 There 
is consensus that a failed GH stimulation test following 

23

tests (stimulation or spontaneous secretion) with different 
sensitivities for the diagnosis, and may have underestimated 
its incidence depending on the test used.  In some patients 

normal due to overweight and a nutritional regulation.24

Spinal axis irradiation diminishes the growth of the spinal 
growth cartilages and bone marrow, resulting in a short trunk 
in relation to disproportionately long limbs (sitting height 
more affected than standing height).
and ependymoma are treated in this way, and patients may 

 

of life, and 7 cm if they receive radiation at 5 years of age.
The effects of chemotherapy on growth plate cartilage are 

not well known.20,26,27 One study demonstrated that the effect 

effect of spinal radiotherapy in CNST survivors treated with 
GH.26 Cytotoxic agents could amplify hypothalamic-pituitary 
damage caused by radiation17 and affect hepatic production 

24

parameters, with a mean difference from the target height 
of 

1, 
th 

percentile.26

spine and the long bones, malnutrition due to reduced food 
intake, tumour relapse, chemotherapy, steroid therapy, 
early puberty, and other endocrinopathies.  There is an 
association between short stature in adulthood and younger 
age at diagnosis.

TSH axis. Our series presented a high rate of 

cohorts.15 A cranial radiotherapy dose > 30 Gy  can 
lead to central hypothyroidism, which is less frequent than 
primary hypothyroidism secondary to cervical radiotherapy 
or chemotherapy.15 One study shows central hypothyroidism 

30, while another study shows a rate as high as 
1 Some studies  show a higher incidence rate of 

primary hypothyroidism in survivors who have received 

31, 

an association that has not been found in other studies.32 
There is controversy on whether cranial radiotherapy alone 
poses a lower risk of hypothyroidism31 than craniospinal 
irradiation.15 There is debate as to whether TSH and free T4 
tests are sensitive enough to diagnose hypothyroidism, or 
whether a TRH test or a measurement of the nocturnal TSH 
surge should be performed.

Gonadal axis. Early puberty is characteristic of hamartomas, 
optic gliomas, ependymomas, and astrocytomas. If the 

 

inhibition on hypothalamic GnRH neurons.11

doses > 30-50 Gy  are also associated to hypogonadotropic 
hypogonadism.11,15 Our study and others show how, unlike 

until puberty or adulthood, making its incidence harder 
to quantify.12

33), presented 
arrested or delayed pubertal development, or secondary 
amenorrhea. This is found more commonly in cases of 
craniopharyngioma, Langerhans cell histiocytosis, and 
germinoma. It is unclear whether chemotherapy alone can 
alter gonadotropin secretion.

Radiotherapy and chemotherapy may cause primary 
gonadal disorders.6 One study found that spinal irradiation 

12 (dispersed radiation 
reaches the ovaries more easily due to proximity).4 Some 

in both sexes.34 These effects can result in reduced fertility.34

ACTH axis. 
1 described in the 

literature. Transient suppression of ACTH production due to 
the prolonged use of corticosteroids in cancer treatment is 
found most frequently. It can also be due to the damage done 

or pituitary gland, or to radiotherapy doses > 30-50 Gy.27 

relationship.16 The reference test for diagnosing ACTH 

sites use the short ACTH test or the glucagon stimulation 
test, which explains the variation in the diagnosis rate of 

Other endocrinopathies. 

clinical manifestations of diabetes insipidus, which we 
1 

in other series. Diabetes insipidus appears more frequently 
in tumours affecting the infundibulum (craniopharyngioma, 
germinoma and optic glioma)1, as well as following surgery. 
Although it is uncommon, it has also been described in 
association to radiotherapy doses > 45 Gy.35

Depending on the area and extent of hypothalamus that 
has been affected, different eating disorders will emerge, 
ranging from diencephalic cachexia in hypothalamic 
gliomas to severe obesity in craniopharyngiomas with 

of patients, especially following the combination of 
surgery + radiotherapy and in craniopharyngiomas. This 

1 or even 
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in age-matched controls.36 Another study found that cranial 
radiotherapy doses > 20-50 Gy, especially in girls irradiated 

hypothalamic obesity.10

treated in the suprasellar region, obesity is of hypothalamic 

that integrates information from the peripheral hormones 
(leptin, ghrelin, and insulin). This disruption leads to 
hyperphagia. Other factors contributing to this type of 

fat mass, decreased strength) and decreased physical 
activity.10 Other hypotheses include vagally mediated 
hypothalamic hyperstimulation of pancreatic -cells 
leading to hyperinsulinism and obesity, increased ghrelin 
secretion, decreased postprandial ghrelin suppression, and 
the potential role of -melanocyte-stimulating hormone..36

Tumours secondary to CNST treatment are uncommon, 
but have potentially devastating consequences. They 
develop frequently in the CNS11 (meningioma, malignant 
astrocytoma) but also in other locations (soft tissue sarcoma, 
thyroid carcinoma, skin carcinoma and lymphoma).37 

21

CNST.  One study showed that patients who received 
 

secondary cranial tumour 25 years after initial diagnosis, 

radiation.11

for the development of thyroid nodules, a large percentage 
of which are malignant.

In adult survivors of childhood CNST, the mortality rate 30 

age- and sex-matched controls in the USA), mostly due to 
11 

large extent, due to craniopharyngioma relapse.
In conclusion, tumour type and treatment modality 

determine endocrine sequelae. The most frequent hormone 

regardless of treatment modality, were GH and TSH. Early 
diagnosis of endocrine dysfunction and prompt intervention 
reduce morbidity and can improve long-term quality of life. 
Life-long medical follow-up is needed, as complications can 
arise years after treatment.

References

outcome in long-term survivors of childhood brain tumors. 

nd

survivors of childhood central nervous system tumors. Cancer. 

radiation in children less than three years of age with malignant 

tratamiento de las enfermedades oncológicas en la infancia y 

nervous system tumors. A report from the Childhood Cancer 

Tobias JS, et al. Endocrine disorders following treatment of 

Growth impairment in children treated for brain tumours. Arch 

on endocrine function in children with brain tumors. A 

in patients treated with radiotherapy and chemotherapy for 

of growth hormone neurosecretory disturbance after cranial 

endocrine system in survivors of childhood brain tumours. 

Assessment of the long-term effects of primary radiation 

22. Costin G. Effects of low-dose cranial radiation on growth 

hormone secretory dynamics and hypothalamic–pituitary 



364 M. Güemes Hidalgo et al.

23. Growth Hormone Research Society Consensus guidelines for the 

al. Nonparallel changes of growth hormone (GH) and insulin-like 

growth factor-I, insulin-like growth factor binding protein-3, and 

GH-binding protein, after craniospinal irradiation and 

following single fraction and fractionated total body irradiation 

27. Rose SR. Endocrinopathies in childhood cancer survivors. The 

of neoplastic diseases in childhood. Growth, Genetics and 

radiotherapy and chemotherapy for a childhood brain tumor. J 

Thyroid dysfunction as a late effect in survivors of pediatric 

comparison of hyperfractionated versus conventional 

35. Chemaitilly W, Sklar CA. Endocrine complications in long-term 

survivors of childhood cancers. Endocrine-Related Cancer. 

GA, et al. Risk factors for the development of obesity in 

primary brain tumors following treatment with prolonged 


