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Abstract. Background/Aim: This longitudinal study aimed

to analyze the prevalence of endocrine disorders in
childhood brain tumor survivors in South Korea using claims
data. Patients and Methods: We identified in 1,058 patients
from a nationwide cohort of patients diagnosed with brain
tumors between January 1st 2009 to March 29th 2016.
Multivariable logistic regression was used to evaluate
associations between clinical factors and endocrine
disorders. Results: After a median follow-up of 60.0 months,
393 (37.1%) patients had at least 1 endocrine disorder. The
commonest endocrine disorders were hypopituitarism
(17.4%) and hypothyroidism (6.1%). Female gender (odds
ratio(OR)=1.45, p=0.005) and age <10 years (OR=1.65,
p=0.001) conferred a higher risk. Patients who received
radiotherapy were more likely to have endocrine disorders
compared to those who did not (OR=1.79, p<0.001).
Conclusion: Regular assessment of endocrine function and
timely interventions are necessary for childhood brain tumor
survivors with a risk of endocrine disorders.

Brain tumors are the second commonest cause of cancer in
children and account for 21% of all pediatric cancers (1).
Advancements in treatment have allowed 74% of children
diagnosed with brain tumors to become long-term survivors
(2). Despite improvements in prognosis, cancer survivors
continue to suffer from treatment-related side-effects that
impair their quality of life (3).
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These adverse effects may be related to the tumor burden,
surgical interventions, chemotherapy, or radiotherapy (4).
Many of the late effects are attributable to direct damage of
brain development (5), and include disorders of the
endocrine system (6). Among them, childhood brain tumors
located near the hypothalamic-pituitary area are particularly
associated with an increased risk of hypothalamic pituitary
axis (HPA) dysfunction (7).
Common endocrine complications include the growth
hormone (GH) deficiency and insufficient levels of
thyrotropic and adrenocorticotropic hormones (8). In
addition, the prevalence of endocrine disease among patients
with childhood brain tumors is 49%, and that of more than
one endocrine deficiency is estimated to be 40% (9). Reports
suggest that the lack of an appropriate and timely follow-up
escaping diagnosis of developing endocrine disorders could
result in late referrals, adversely affecting the hormone
balance of these patients (10).
Reports on the number of childhood brain tumor survivors
being currently treated for endocrine disorders in South
Korea are scarce. In addition, recommendations for screening
endocrinopathy are based on limited variables and as a result
of studies in small patient populations (11). For all these
reasons, we aimed to analyze large-scale nationwide data for
identifying the prevalence of endocrine disorders among
childhood brain tumor survivors. We also evaluated the risk
factors associated with these disorders.

Patients and Methods

Patients under 18 years of age who were diagnosed with pediatric
brain tumors between January 2007 and December 2016 were
identified by examining data from the nationwide Korean National
Health Insurance claims database. We used the Korean Classification
of Disease, sixth edition, which is based on the International
Classification of Diseases 10th Revision (ICD-10) (12).
Cases of brain tumors were identified by the code C71
(malignant neoplasms of brain). Those who were diagnosed with
any form of cancer between 2007 and 2008 were excluded. The
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Table I. The frequency of endocrine disorders in childhood CNS tumor survivors (N=1,058).
Endocrine disorders

Total endocrine disorder
Hypopituitarism
Hypothyroidism
Diabetes insipidus
Precocious puberty

Prevalence (%)
393
184
65
62
49

(37.1)
(17.4)
(6.1)
(5.9)
(4.6)

Onset month, Median (range)
26.3
31.8
28.0
9.5
33.4

patients who did not require oncology consultations for any type of
cancer during the 2-year period (2-year washout period) since 2007
were considered to be cancer-free. The first diagnosis of an
endocrine disorder was identified using claims data; the principal
diagnosis was identified using ICD-10 codes based on a previous
study (10). Endocrine dysfunction was identified by codes E00-E90
for endocrine disorders; screening for diseases with frequencies of
at least 1% yielded 4 codes. These included hypopituitarism,
hypothyroidism, precocious puberty, and diabetes insipidus (DI),
coded as E230, E03, E301, and E232, respectively.
We investigated the prevalence of endocrine disorders after
diagnosis and analyzed their pattern according to their time
sequence. Descriptive statistics were employed to estimate the
frequency of endocrine disorders during the first hospital visit based
on the date of diagnosis. Differences between groups were evaluated
using the Student’s t- and χ2-tests for continuous and categorical
variables, respectively. Multivariate logistic regression analyses
were used to estimate adjusted odds ratio (OR) for sample
differences and explore demographics, which may have also
influenced the development of endocrine disorders. Two-sided pValues of less than 0.05 were considered statistically significant. All
statistical analyses were performed using the R 3.0.2 (R Foundation
for Statistical Computing, Vienna, Austria) software package.

Results

A total of 1,058 childhood brain tumor survivors who were
diagnosed with cancer between 2009 and 2016 were
identified from the nationwide database of South Korea. The
cohort comprised 636 (60.1%) males and 422 (39.9%)
females. The median duration of follow-up was 60.0
(range=0.1-96.7) months.
At least 1 endocrine disorder was diagnosed in 393 (37.1%)
patients. The median duration of follow-up from the diagnosis
of the primary brain tumor to the diagnosis of the first endocrine
disorder was 26.3 (range=0.1-96.7) months. Among the 393
survivors, 333 were diagnosed with endocrine disorders within
5 years of diagnosis of childhood brain tumors. The commonest
endocrine disorders were hypopituitarism on (n=184, 17.4%),
hypothyroidism (n=65, 6.1%), DI (n=62, 5.9%), and precocious
puberty (n=49, 4.6%) (Table I).
The time to diagnosis for each endocrine disorder was
identified, however for most endocrine disorders, a peak was
observed at 2 months following diagnosis of pediatric brain
2288

(0.1-96.7)
(0.5-98.6)
(0.2-101.8)
(0.1-85.3)
(0.2-90.4)

Onset peak duration after diagnosis (month)
0-2
31-32
25-26
9-10
33-34

tumors (Figure 1 and Table I). Instead, the frequency of
hypopituitarism and hypothyroidism peaked at 31 and 25
months, respectively. The highest increase was noted for
diabetes insipidus (Figure 1).
The frequencies of endocrine disorders according to clinical
factors are summarized in Table II. There were significant
differences in the status of endocrine disorders between
patients aged ≥10 and <70 years (p=0.005). Radiotherapy and
sex were also significant factors affecting the frequency of
endocrine disorders (p<0.001). Our multivariate analysis
showed that female patients and young cancer survivors aged
<10 years were at a higher risk for endocrine disorders, with
respective ORs of 1.45 and 1.65 (p=0.005 and =0.001,
respectively). In addition, patients who received radiotherapy
were more likely to develop endocrine disorders compared to
those who did not (OR=1.79, p<0.001).

Discussion

Survivors of childhood brain tumors are at a significant risk
of developing an endocrine dysfunction. The developmental
functions regulated by thyroid hormones and GH are
particularly important in young children (13, 14). In this
study, we specifically evaluated the time of development of
endocrine disorders following the diagnosis of brain tumors.
Overall, 37.1% of childhood brain tumor survivors were
diagnosed with at least 1 endocrine disorder. Previous studies
have also reported the prevalence of endocrine disease
among childhood brain tumor survivors to be 40% (9, 11).
Most endocrine disorders were identified at a median
duration of 26.3 (range=0.1-96.7) months of follow-up, with
the peak occurring soon after the diagnosis of the tumors. In
addition, we found that: i) a relatively younger age at the
time of cancer diagnosis, ii) female gender, and iii) previous
history of radiation therapy were independent risk factors for
endocrine disorders.
In our cohort, the commonest endocrine disorder was
hypopituitarism (n=184, 17.4%). In a study by Clement et
al., at least 1 dysfunction of the HPA was found in 138
(19.2%) of 718 survivors of childhood brain tumors (10), 90
(65%) of which were diagnosed with a GH deficiency.
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Table II. The frequency of endocrine disorders according to sex, age,
and radiotherapy (N=1,058).
Variable

Gender
Male
Female
Age, years
<10
≥10
Radiotherapy
Yes
No

No. of patients (%)

Endocrine
disorders (–)
(n=665)

Endocrine
disorders (+)
(N=393)

422 (63.5)
243 (36.5)

214 (54.5)
179 (45.5)

303 (45.6)
362 (54.4)

303 (45.6)
362 (54.4)

232 (59.0)
161 (41.0)

232 (59.0)
161 (41.0)

p-Value
0.005
<0.001
<0.001

Because the hypothalamus and pituitary area are sensitive to
radiation, GH deficiency is the first and most frequent
complication following radiotherapy for pediatric brain
tumors (15). Current evidence suggests that almost 100% of
children treated with radiation doses above 30 Gy will have
blunted GH responses to the insulin tolerance test within 2
to 5 years following radiation therapy (16, 17).
The prevalence of hypothyroidism in our cohort was
6.1%. This agreed with the prevalence of 5.8% also reported
by Clement et al. (10). Hypothyroidism is common among
patients with medulloblastoma who receive craniospinal
irradiation, including the neck (18). In addition to pituitary
disease, there is a possibility of radiation-induced thyroid
carcinoma, which requires particular attention.
DI was observed in 5.9% of our study cohort, with
previous studies also rarely reporting this complication
following cranial radiotherapy (5). Our study also did not
include craniopharyngiomas or pituitary gland tumors.
However, in the study by Clement et al., DI occurred in
more than 2.6% of their cohort. DI is typically diagnosed
immediately after neurosurgery for low-grade gliomas or
germ cell tumors (19).
Precocious puberty was diagnosed in 49 (4.6%) of our
patients. Cranial surgery or irradiation (>18 Gy) may damage
γ-aminobutyric-acid-secreting neurons, leading to premature
activation of gonadotropin-releasing hormone neurons,
which could herald precocious puberty (20, 21). In a
nationwide register-based study on the normal population of
Denmark, precocious puberty was found in <0.2% female
and 0.05% male children (20). In the cohort studied by
Clement et al., a prevalence of up to 12.2% was observed
(10). Taken together, all these different studies suggest that
an active evaluation of precocious puberty, based on pubertal
staging examination, is necessary.

Figure 1. The frequency density of endocrine disorders in childhood brain
tumor survivors (the area under density curve for each disorder is 1).

In our cohort, individual endocrine disorders had
different time-dependent patterns of manifestation. The
maximum time to diagnosis of an endocrine disorder was
96.7 months from the diagnosis of cancer. Among the
childhood brain tumor survivors who had endocrine
disorders in our study, 333 (84.7%) were diagnosed with
endocrine disorders during the first 5 years after the
diagnosis of the tumors, with the prevalence of DI peaking
at 2 months after diagnosis. In previous studies, the
diagnosis of posterior pituitary deficiencies, including DI,
was also made during the diagnosis and initial treatment of
tumors (10). Conversely, other endocrine disorders,
including pubertal disease and hypothyroidism associated
with the anterior pituitary, were diagnosed within the first
5 years from the diagnosis of brain tumors (7). The
occurrence of endocrine disorders in the post-treatment
period may contribute to non-compliance with subsequent
treatment and may impair the quality of life in these
patients (22). Therefore, systemic screening and timely
interventions based on the time-dependent patterns of each
endocrine disorder may improve the quality of life among
childhood brain tumor survivors.
The risk for endocrine disorders was higher in female
patients than in male patients (10). Therefore, women require
particular care. The risk was also higher in those who
received radiotherapy. This may be attributed to brain-related
side effects of radiation therapy (23). In addition, the risk of
endocrine disorders was higher in relatively younger
patients; this was probably related to brain development (24).
The findings suggest that the treatment of endocrine
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disorders in these survivors requires prior knowledge of the
past medical and treatment history. Personalized
interventions based on individual risk factors could offer
particular benefits. The Children’s Oncology group
guidelines have suggested screening for endocrine disorders
in childhood brain tumor survivors treated with radiation
therapy to doses exceeding 10 Gy (25). Moreover,
recommendations of an endocrine society suggest screening
for GH deficiency in children who have received
hypothalamic-pituitary irradiation exceeding 10 and 12 Gy
in single and multiple fractions, respectively (26).
This study has some limitations. First, we identified
endocrine disorders based on claims data from the Health
Insurance Review and Assessment Service, which only
provided codes and demographic information. Clinical data
(including cancer stage and pathologic type) were not
available. Therefore, in this study, the association between
endocrine diseases and tumor histologic characteristics were
not analyzed. Second, the endocrine disease code was based
on claims data in the clinical environment and could not be
confirmed via laboratory data, including hormone levels.
Third, claims data provide limited information related to
treatment. The previous study confirmed a strong dosedependent relationship between radiotherapy and endocrine
disorders (27), however, in our study, data on radiotherapy
dose-fractionation schedules were limited. Finally, the
duration of follow-up from the initial tumor diagnosis was
limited. Previous studies have suggested that pituitary
dysfunction occurs up to 20 years following initial diagnosis
of cancer.
In conclusion, in this cohort, the prevalence of endocrine
disorders among childhood brain tumor survivors was high
and showed different patterns, based on the nature of disease
and time sequence. In survivors of childhood brain tumors,
individualized screening based on risk factors and timely
interventions for endocrine disorders are necessary. Future
prospective studies, including large patient samples, are
needed to confirm our findings.
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