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Abstract

Purpose Survivors of childhood brain tumors are at high risk of hypothalamic-pituitary dysfunction, but comparative data
across cancer histotypes and treatment modalities are limited. This study evaluated the prevalence, risk factors, and timing
of onset of hypothalamic-pituitary disorders in a large cohort of childhood brain cancer survivors, with attention to tumor
type and therapeutic exposure.

Methods A retrospective cohort of 388 patients diagnosed with primary brain tumors before 18 years of age and followed at
a tertiary center between 2000 and 2025 was analyzed. Demographic, clinical, and treatment data were extracted from
medical records. Standardized endocrine assessments, including dynamic testing when indicated, were performed at
diagnosis and throughout follow-up. Endocrine disorders were classified by international criteria, and onset timing was
recorded.

Results Glioma was the most frequent histotype (66.2%), followed by medulloblastoma (19.1%), ependymoma (6.2%),
craniopharyngioma (5.2%), and germ-cell tumors (3.3%). Endocrine disorders occurred in 75.8% of patients, with the
highest prevalence in craniopharyngioma and germ-cell tumors. Central hypothyroidism (27.8%) was the most common
deficiency, followed by central precocious puberty (27.1%), growth hormone deficiency (25.8%), adrenocorticotropic
hormone deficiency (22.7%), and central diabetes insipidus (16.8%). Early-onset deficiencies were typically related to
surgical hypothalamic-pituitary injury, whereas late-onset disorders were mainly associated with radiotherapy or
chemotherapy. Younger age at diagnosis and sellar/suprasellar localization independently predicted endocrine morbidity.

Conclusion This study provides a comprehensive analysis of endocrine outcomes by tumor histotype, treatment modality,
and onset timeline, underscoring the need for individualized and lifelong endocrine surveillance in survivors of childhood
brain tumors.

Keywords brain tumor, pediatric age, childhood, endocrine disorders, late effects, risk factors

Abbreviations: ACTHD, ACTH deficiency; CDI, Central diabetes insipidus; CNS, central nervous system; CPP, central precocious puberty; GH, growth
hormone; GHD, growth hormone deficiency; MRI, magnetic resonance imaging.

Childhood brain tumors are the most common solid malignancies
of childhood and a leading cause of cancer-related morbidity and
mortality. Improvements in neurosurgery, radiotherapy, and
chemotherapy have substantially increased survival over the past
three decades, resulting in a growing population of long-term sur-
vivors (1). However, these children remain at high risk for late ef-
fects that impair growth, pubertal development, fertility, and
overall health. Among these complications, hypothalamic-pituitary

dysfunction is one of the most frequent and clinically significant
(2-8).

Endocrine sequelae in this setting are multifactorial. Direct tu-
mor involvement of the hypothalamic-pituitary axis—particular-
ly in sellar or suprasellar locations—can disrupt hormonal
regulation, while neurosurgical procedures may damage critical
hypothalamic or pituitary structures. Cranial and craniospinal ir-
radiation are well known to cause progressive pituitary hormone
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deficiencies, and certain chemotherapeutic agents as well as im-
mune checkpoint inhibitors contribute additional gonadal or
thyroidal toxicity (9-12). The timing of onset varies widely:
some disorders appear soon after treatment, whereas others
emerge years later, necessitating lifelong surveillance.
Reported prevalence ranges from 19% to more than 70%, reflect-
ing heterogeneity in tumor histotypes, treatment protocols, and
follow-up strategies (13-23).

Despite increasing awareness, few studies have systematically
compared the spectrum and timing of endocrine disorders
across individual tumor histotypes and treatment modalities
within a single, well-characterized cohort. Understanding these
differences is critical to optimize screening schedules and tar-
geted interventions.

This study addresses this gap by evaluating the prevalence,
risk factors, and timing of onset of hypothalamic-pituitary disor-
ders in a large cohort of childhood brain tumor survivors man-
aged at a tertiary referral center, with specific attention to
differences by tumor type and therapeutic exposure.

Methods

This was a retrospective, observational cohort study conducted
at the Regina Margherita Children’s Hospital, a tertiary referral
center providing multidisciplinary management of pediatric
brain tumors. We reviewed the medical records of all consecutive
patients diagnosed with a primary brain tumor during childhood
(<18 years) who were treated and followed at our institution be-
tween 2000 and 2025. Patients diagnosed between 2000 and
2023 were included, with data collection extending through
2025 to ensure a minimum 2-year follow-up.

Inclusion criteria were:

1. Histologically confirmed diagnosis of a primary central ner-
vous system (CNS) tumor including sellar/suprasellar low-
grade glioma, craniopharyngioma, germ-cell tumors, me-
dulloblastoma, ependymoma

2. Diagnosis before the age of 18 years.

3. Minimum Endocrine follow-up of 2 years after completion of
oncologic treatment

Exclusion criteria included:

« Any other histotype not included in the inclusion criteria

« Insufficient clinical data or incomplete endocrine evaluation.

+ Follow-up duration <24 months.

+ Presence of congenital or genetic syndromes known to affect
hypothalamic-pituitary function (eg, septo-optic dysplasia,
genetic hypopituitarism).

Demographic, clinical, and treatment data were extracted
from electronic medical records and included:

» Demographics: sex, age at tumor diagnosis, age at last endo-
crine evaluation.

« Tumor characteristics: histological subtype (low-grade gli-
oma, medulloblastoma, ependymoma, craniopharyngioma,
germ-cell tumors), anatomic localization (suprasellar/sellar,
posterior fossa, other).

« Treatment modalities: neurosurgery (extent of resection),
radiotherapy (cranial, craniospinal, focal; total dose and frac-
tionation), and chemotherapy (protocol, cumulative dose of
alkylating agents).

« Follow-up data: duration of endocrine surveillance, timing of
each endocrine disorder from tumor diagnosis and from
treatment completion.

Endocrine evaluation

Patients underwent systematic endocrine assessment at diagno-
sis (baseline), during oncologic treatment, and throughout
follow-up according to institutional protocols. Follow-up visits
were scheduled at 6-12-month intervals and included:

» Anthropometry: height, weight, body mass index, and pubertal
staging (Tanner).

« Hormonal testing: morning serum cortisol, adrenocortico-
tropic hormone (ACTH), free thyroxine (fT4), thyroid stimulat-
ing hormone (TSH), insulin-like growth factor-1 (IGF-1),
luteinizing hormone (LH), follicle-stimulating hormone (FSH),
estradiol/testosterone, and prolactin.

« Dynamic tests were performed when indicated:

o Growth hormone (GH): stimulation testing with arginine, or

glucagon.

o ACTH deficiency: low-dose (1 mcg) ACTH stimulation or
glucagon

o Central precocious or delayed puberty: GnRH stimulation
test.

o Diabetes insipidus: basal assessment, water deprivation
test, or arginine-stimulated copeptin test when
appropriate.

Endocrine disorders were diagnosed according to internation-
al criteria (International Late Effects of Childhood Cancer
Guideline Harmonization Group-IGHG, Endocrine Society) (2, 3),
including:

« Growth hormone deficiency (GHD): peak GH <8 ng/mL on
stimulation testing plus low IGF-1 SDS.

« TSH deficiency: low fT4 with low or inappropriately normal
TSH.

+ ACTH deficiency: basal morning cortisol <3 pg/dL or abnor-
mal dynamic testing.

« Central precocious puberty (CPP): onset of secondary sexual
characteristics before 8 years (girls) or 9 years (boys) with pu-
bertal LH response to GnRH.

« FSH/LH deficiency: absence of breast development (girls) or

testicular enlargement (boys) by 13 and 14 vyears,

respectively.

Hypofertility: impaired gonadal function (low inhibin B or

AMH) or abnormal sex steroid production in post-pubertal

patients.

Primary hypothyroidism and hyperthyrotropinemia: elevated

TSH with normal or low fT4.

« Diabetes insipidus: hypernatremia with urine osmolality

<300 mOsm/kg and inadequate response to water

deprivation.

Panhypopituitarism: deficiency of >3 pituitary hormones

with or without diabetes insipidus.
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The onset timeline of each endocrine disorder was defined as
the interval from tumor diagnosis to the first abnormal test con-
firming the disorder.

Imaging

Magnetic resonance imaging (MRI) was performed at diagnosis
and during follow-up according to tumor-specific protocols.
Pituitary height was measured on mid-sagittal T1l-weighted
MRl in patients exposed to cranial irradiation to evaluate
radiation-related pituitary changes.

Statistical analysis

Continuous variables were expressed as median (interquartile
range) or meanz+standard deviation, as appropriate.
Categorical variables were summarized as frequencies and
percentages.

« Comparisons between histotypes and treatment groups were
performed using chi-square or Fisher’s exact test for categor-
ical variables and Student’s t-test or Mann-Whitney U test for
continuous variables.

« Time-to-event analyses for the onset of endocrine disorders

were performed using Kaplan-Meier curves and log-rank

tests.

Multivariable logistic regression was used to identify inde-

pendent predictors of endocrine disorders, including tumor

histotype, localization, age at diagnosis, and treatment mo-
dalities (surgery, chemotherapy, and radiotherapy).

Statistical analysis and graphs were performed by GraphPad 7
software (GraphPad Software, La Jolla, CA, USA). Statistical sig-
nificance was set at P <.05.

Ethical considerations

The study was conducted in accordance with the Declaration of
Helsinki and approved by the Institutional Review Board of The
Health and Science University Hospital of Turin (Protocol No.
1345/A). Written informed consent was obtained from all pa-
tients and/or their guardians for the use of anonymized clinical
data.

Results

Atotal of 388 patients with brain tumors (198 males, 190 females)
were included (Table 1). Histological subtypes comprised low-
grade gliomas (n = 257), medulloblastomas (n = 74), ependymo-
mas (n = 24), craniopharyngiomas (n = 20), and germ-cell tumors
(n=13). The mean age at diagnosis was 6.86 +0.32 years.
Patients with ependymoma and low-grade glioma were the
youngest at presentation (4.66 + 0.86 and 5.46 + 0.58 years, re-
spectively), whereas those with craniopharyngioma, medullo-
blastoma, and germ-cell tumors were older (7.65 + 0.48, 7.94 +

Table 1 Demographic and clinical data of patients with brain tumor

P

Ependymoma
(n=24)

Medullo blastoma

(n=174)

Germ-cell tumors

Cranio pharyngioma
(n (n=13)

Low-grade glioma

(n=257)

All (n = 388)

=20)

.0003
.0002
.18

7.94 +0.56 4.66 +0.86

10.3+£0.84
9.45+1.73

7.65+0.48
10.8+1.03

7/13

5.46 +0.58

6.86 +£0.32

Age at diagnosis (years)
Follow-up (years)
Gender (M/F)

153+1.54

16/8

12.01+0.52

35/39

14.7+ 153
136/111

12.45+2.1
198/190
7 (1.8%)

7 (2.7%)

Clinical follow-up
Only surgery

<.00001

3(12.5%)
1 (4.2%)

16 (80%)

68 (26.5%)
8 (3.1%)

87 (22.4%)
9 (2.3%)

.83

Only chemotherapy
Only radiotherapy

<.00001

88 (34.2%)
8 (3.1%)
20 (7.8%)

95 (24.5%)

Surgery + chemotherapy
Surgery + radiotherapy

.0009
<.00001
<.00001

4 (16.7%)
2 (8.3%)

4 (5.4%)
3 (4.1%)

4 (20%)

(5.2%)
38 (9.8%)

20

13 (100%)

Chemotherapy + radiotherapy
Surgery + chemotherapy +

14 (58.3%)

60 (81.1%)

48 (18.8%)

122 (31.4%)

radiotherapy
Surgery total

<.00001
<.00001
<.00001

21 (87.5%)

17 (70.8%)
20 (83.3%)
9 (37.5%)

71 (95.9%)

70 (94.6%)
67 (90.5%)

10 (13.5%)
64 (86.5%)

20 (100%)

212 (83.5%)

324 (83.5%)
264 (68%)

13 (100%)
13 (100%)
1 (7.8%)

164 (63.8%)
76 (29.6%)

Chemotherapy total
Radiotherapy total

4 (20%)
2 (10%)

180 (46.4%)
94 (24.2%)

.007
.007

2 (28%)
175 (68.1%)

No endocrine disorder
Endocrine disorders

15 (62.5%)

12 (92.2%)

18 (90%)

294 (75.8%)
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Years from diagnosis

Figure 1 Endocrine disorder onset timeline for each hystologic type of brain tumor A-low-grade glioma, B-craniopharyngioma, C-germ cell tumors,

D-medulloblastoma, E-ependymoma).

0.56, and 10.3+0.84 years, respectively, P=0.0003). Mean
follow-up was 12.45 + 2.1 years.

Neurosurgical intervention was performed in 324 of 388 pa-
tients (83.5%), including 212 of 257 with low-grade glioma
(82.5%), 71 of 74 with medulloblastoma (95.9%), 21 of 24 with
ependymoma (87.5%), and all craniopharyngiomas (P <.001).
Chemotherapy was administered in 264 of 388 patients
(68.0%), comprising 164 of 257 with low-grade glioma (63.8%),
70 of 74 with medulloblastoma (94.6%), 17 of 24 with ependymo-
ma (70.8%), and all germ-cell tumors (P <.001). Radiotherapy
was delivered in 180 of 388 patients (46.4%), including 76 of
257 with low-grade glioma (29.6%), 67 of 74 with medulloblasto-
ma (90.5%), 20 of 24 with ependymoma (83.3%), 4 of 20 with cra-
niopharyngioma (20.0%), and all germ-cell tumors (P <.001). The
mean radiation dose to the tumor bed was 54 +2.31 Gy for low-
grade glioma, 54 +2.01 Gy for craniopharyngioma, 35.7 + 7.01 Gy
for germ-cell tumors, 44.1 +12.01 Gy for medulloblastoma,
and 60 + 6.05 Gy for ependymoma. In addition, patients with
medulloblastoma and ependymoma received 30.5+8.01 Gy
and 40.7 + 6.05 Gy, respectively, to the craniospinal region.

Regarding treatment modalities, surgery alone was performed
in 87 of 388 patients (22.4%), mainly low-grade glioma (68 of 257,
26.5%) and craniopharyngioma (16 of 20, 80.0%), with only 3 of
74 medulloblastoma cases (4.1%) (P <.001). Chemotherapy
alone was used in 9 of 388 patients (2.3%), including 8 of 257
with low-grade glioma (3.1%) and 1 of 24 with ependymoma
(4.2%). A combination of surgery and chemotherapy was admin-
istered in 95 of 388 patients (24.5%), including 88 of 257 with low-
grade glioma (34.2%) and 7 of 74 with medulloblastoma (9.5%)
(P <.001). Surgery combined with radiotherapy was used in 20
of 388 patients (5.2%), including 8 of 257 with low-grade glioma
(3.1%), 4 of 74 with medulloblastoma (5.4%), 4 of 24 with epen-
dymoma (16.7%), and 4 of 20 with craniopharyngioma (20.0%)
(P<.001). Chemotherapy and radiotherapy without surgery
were administered in 38 of 388 patients (9.8%), including 20 of
257 with low-grade glioma (7.8%), 3 of 74 with medulloblastoma
(4.1%), 2 of 24 with ependymoma (8.3%), and all germ-cell tu-
mors (P <.001). Finally, trimodal therapy (surgery, chemother-
apy, and radiotherapy) was applied in 122 of 388 patients
(31.4%), including 48 of 257 with low-grade glioma (18.8%), 60
of 74 with medulloblastoma (81.1%), and 14 of 24 with ependy-
moma (58.3%) (P < .001).

Endocrine disorders (Table 2) were documented in 294 of 388
patients (75.8%), including 175 of 257 with low-grade glioma
(68.1%), 64 of 74 with medulloblastoma (86.5%), 15 of 24 with
ependymoma (62.5%), 18 of 20 with craniopharyngioma
(90.0%), and 12 of 13 with germ-cell tumors (92.2%) (P =.007).

The most frequent endocrine disorder was TSH deficiency, ob-
served in 108 of 388 patients (27.8%). The highest prevalence was
recorded in craniopharyngioma (17 of 20, 85%), followed by

germ-cell tumors (7 of 13, 53.8%), low-grade glioma (68 of 257,
26.5%), medulloblastoma (15 of 74, 20.3%), and ependymoma
(4 of 24, 16.7%) (P <.00001). Early onset was observed in cranio-
pharyngioma and germ-cell tumors (0.17 + 0.02 and 0.28 +0.18
years, respectively), whereas later onset occurred in low-grade
glioma, medulloblastoma, and ependymoma (3.36 + 0.95, 4.2 +
0.74, and 6.0 + 1.47 years, respectively) (P <.00001). Prepubertal
age was observed to be an independent risk factor (P <.001).

CPP was identified in 105 of 388 patients (27.1%). The highest
prevalence was observed in low-grade glioma (96 of 257, 37.4%) and
medulloblastoma (6 of 74, 8.1%), with mean onset at 3.7 + 0.55 and
4.25 + 1.75 years, respectively. CPP was also reported in one patient
each with craniopharyngioma (5%), germ-cell tumors (7.7%), and
ependymoma (4.2%).

GHD was diagnosed in 100 of 388 patients (25.8%), most fre-
quently in craniopharyngioma (16 of 20, 80%), followed by me-
dulloblastoma (36 of 74, 48.6%), germ-cell tumors (5 of 13,
38.5%), ependymoma (7 of 24, 29.2%), and low-grade glioma
(36 of 257, 14%) (P < .00001). The lower rate of GHD in patients
with low-grade glioma was significantly related to the lower
rate of radiotherapy treatment in this category. GHD was more
frequent in irradiated patients (31%, representing 14% of cases)
than in non-irradiated patients (5%) [P < .0001]. Early-onset GHD
was observed in craniopharyngioma and germ-cell tumors
(0.15 + 0.04 and 0.16 + 0.07 years, respectively), while later onset
occurred in medulloblastoma (3.0 + 0.25 years), ependymoma
(4.44 +0.95 years), and low-grade glioma (6.55 + 1.17 years)
(P <.006). Prepubertal age was observed to be an independent
risk factor (P <.0001).

ACTH deficiency (ACTHD) was observed in 88 of 388 patients
(22.7%). Prevalence was highest in craniopharyngioma (17 of
20, 85%), followed by germ-cell tumors (8 of 13, 61.5%), low-
grade glioma (48 of 257, 18.7%), medulloblastoma (12 of 74,
16.2%), and ependymoma (3 of 24, 12.5%) (P < .00001). Early on-
set was recorded in craniopharyngioma (0.23 + 0.02 years) and
low-grade glioma (1.0 + 0.5 years), while later onset occurred in
germ-cell tumors (1.66 +1.13 years), ependymoma (2.0 +0.57
years), and medulloblastoma (4.88 + 1.42 years) (P=.001).

Central diabetes insipidus (CDI) was diagnosed in 65 of 388
patients (16.8%), with early onset in all cases. CDI was most
frequent in craniopharyngioma (16 of 20, 80%), germ-cell tu-
mors (9 of 13, 69.3%), and low-grade glioma (40 of 257,
15.6%) (P <.00001). No cases were reported in medulloblasto-
ma or ependymoma.

Hypofertility was observed in 60 of 388 patients (15.5%), with
the highest prevalence in medulloblastoma (25 of 74, 33.8%), fol-
lowed by low-grade glioma (32 of 257, 12.5%) and ependymoma
(3 of 24, 12.5%) (P = .04).

LH/FSH deficiency was recorded in 52 of 388 patients (13.4%).
Craniopharyngioma had the highest prevalence (12 of 20, 60%),
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Table 3 Treatment-related risk factors for endocrine disorders in patients with brain tumor

LH/FSH deficiency

0Odds ratio

ACTH deficiency

0Odds ratio

TSH deficiency
0dds ratio

Growth hormone deficiency

0dds ratio

P

Cl 95%

P

Cl 95%

P

Cl 95%

P

Cl 95%

.01

0.29-0.85
0.25-0.81

0.5

.02

0.32-0.91
0.46-1.2

0.54
0.74
2.86

45

0.73-1.98
1.13-2.7

1.2
1.75
0.23

.03

1.04-2.95
2.27-6.05

1.76
3.71
2.87

Chemotherapy
Radiotherapy

Surgery

.007
.01

0.45
36.5

.23

.01

.001
.03

2.22-559.2

.008

1.31-6.26

.001

0.13-0.42

1.09-7.57

Central diabetes insipidus

Hyperthyrotropinemia
Odds ratio Cl 95%

Primary hypothyroidism
Odds ratio  Cl 95%

Thyroid nodules
0Odds ratio

Precocious puberty

0Odds ratio

p

Odds ratio Cl 95% P

p

P

Cl 95%

P

Cl 95%

0.41-1.26 .25

0.2-0.8

2.18-523.1 .01 0.7
2.82-19.8 0.4

36.03

2.18-523.1
2.82-19.8

28.8 1.74-476.6 .01  36.03
1.75-11.27 T1.47

.8
4

0.5-1.6

Chemotherapy 0.94
Radiotherapy

Surgery

.01

.0001

.47

.0001

.001

4.44

0.35-1.3

0.68

.04

1.08-299.9

18.05

.004

1.4-13.2

4.19

followed by germ-cell tumors (5 of 13, 38.5%), medulloblastoma
(15 of 74, 20.3%), and low-grade glioma (20 of 247, 8.1%)
(P < .00001).

Primary non-autoimmune hypothyroidism was detected in
33 of 388 patients (8.5%), most commonly in medulloblastoma
(26 of 74, 35.1%), followed by ependymoma (2 of 24, 8.3%),
germ-cell tumors (1 of 13, 7.7%), and low-grade glioma (4 of
257, 1.6%) (P < .00001).

Isolated hyperthyrotropinemia was also observed in 33 of 388
patients (8.5%), with the highest prevalence in medulloblastoma
(24 of 74, 32.4%), followed by ependymoma (3 of 24, 12.5%),
germ-cell tumors (1 of 13, 7.7%), and low-grade glioma (4 of
257, 1.6%) (P < .00001).

Thyroid nodules were identified in 27 of 388 patients (7.0%),
including 15 of 74 with medulloblastoma (20.3%), 4 of 24 with
ependymoma (16.7%), and 8 of 257 with low-grade glioma
(3.1%) (P < .004). Malignant nodules were detected in 2 of 15 pa-
tients with medulloblastoma and 2 of 4 with ependymoma. All
nodules in glioma were benign, though onset was earlier (4.18
+ 1.42 years) compared to medulloblastoma and ependymoma
(12.55 +2.46 and 14.75 + 2.95 years, respectively) (P=.03). No
thyroid nodules were observed in craniopharyngioma or germ-
cell tumors.

Panhypopituitarism was documented in 23 of 388 patients
(5.9%), with the highest prevalence in craniopharyngioma (12
of 20, 60%), followed by germ-cell tumors (5 of 13, 38.5%) and
medulloblastoma (6 of 74, 8.1%) (P < .00001).

The timing of endocrine disorders onset is represented in
Fig. 1. Patients with craniopharyngioma and germ-cell tumors
predominantly exhibited short-term endocrine impairment,
whereas endocrine disorders in low-grade glioma, medulloblas-
toma, and ependymoma generally manifested in the long term.

As represented in Table 3, chemotherapy was significantly asso-
ciated with an increased risk of GHD (odds ratio [OR] 1.76,
P < .03), thyroid nodules (OR 28.8, P =.001), primary hypothyroid-
ism (OR 36.03, P=.01) and hyperthyrotropinemia (OR 36.03,
P =.01). Radiotherapy was also linked to a higher risk of GHD (OR
3.71, P <.04) and was further associated with TSH deficiency (OR
1.75, P = .01), thyroid nodules (OR 4.44, P = .001), primary hypothy-
roidism (OR 7.47, P=.0001), and hyperthyrotropinemia (OR 7.47,
P=.0001). Surgical treatment was related to several endocrine
complications, including ACTH deficiency (OR 2.86, P <.008),
LH/FSH deficiency (OR 36.5, P<.01), precocious puberty (OR
4.19, P=.004), and central diabetes insipidus (OR 18.05, P =.04).

In patients affected by low-grade glioma (Table 4) chemother-
apy was associated with an increased risk of GHD (OR 2.88,
P=.04) and was also strongly related to TSH deficiency (OR
3.17, P=.001) and thyroid nodules (OR 9.07, P=.03).
Radiotherapy significantly increased the risk of GHD (OR 3.22,
P=.007) and thyroid nodules (OR 2.3, P=.04). Surgical treat-
ment was linked to multiple endocrine complications, including
GHD (OR 2.9, P=.03), ACTH deficiency (OR 19.2, P = .04), LH/FSH
deficiency (OR 18.1, P=.04), precocious puberty (OR 4.79,
P =.004), and central diabetes insipidus (OR 15.7, P=.04).

In patients with craniopharyngioma (Table 5), the surgical ap-
proach was strongly associated with panhypopituitarism, confer-
ring the highest risk for primary hypothyroidism (OR 5.0, P = .03)
and ACTH deficiency (OR 5.0, P=.03), followed by central dia-
betes insipidus (OR 3.66, P=.03), GHD (OR 3.66, P=.03), and
LH/FSH deficiency (OR 1.47, P=.03).
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Table 4 Treatment-related risk factors for endocrine disorders in patients with low-grade glioma

Growth hormone
deficiency

TSH deficiency

ACTH deficiency LH/FSH deficiency

Oddsratio ClI95% P

Oddsratio Cl 95%

P Oddsratio Cl 95% P Oddsratio Cl 95% P

Chemotherapy 2.28 1-5.1 .04 317 1.6-6.3 .001 0.63 0.3-1.2 15 0.44 0.2-0.9 .01
Radiotherapy  3.22 1.6-3.3 .007 1.09 0.6-2 .78 0.55 0.3-1.3 .1 035 0.2-0.8 .01
Surgery 2.9 0.1-52.5 .03 0.31 0.1-0.7 .002 19.2 1.2-320.2 .04 18.1 1.1-302.5 .04

Precocious puberty Central diabetes insipidus Thyroid nodules

0dds ratio Cl 95% P 0dds ratio Cl 95% P 0Odds ratio Cl 95% P
Chemotherapy 0.96 0.6-1.7 9 1.03 0.5-2 9 9.07 4.51-159.1 .03
Radiotherapy 0.8 0.5-1.4 .5 0.3 0.2-0.9 .02 2.3 4.56-9.53 .04
Surgery 4.79 1.6-14.2 .004 15.7 0.9-261.8 .04 — — —

Table 5 Treatment-related risk factors for endocrine disorders in patients with craniopharyngioma

Growth hormone deficiency

TSH deficiency

ACTH deficiency

0Odds ratio Cl 95% P 0Odds ratio Cl 95% P Odds ratio Cl 95% P
Radiotherapy 1 0.07-12.5 1 1.09 0.6-2 .78 1.09 0.6-2 .78
Surgery 3.66 0.06-211.7 .03 5 0.08-290.07 .03 5 0.08-290.07 .03
LH/FSH deficiency Central diabetes insipidus
Odds ratio Cl 95% P 0Odds ratio Cl 95% P
Radiotherapy 0.15 0.01-1.84 13 1 0.07-12.5 1
Surgery 1.47 0.02-81.6 .03 3.66 0.06-211.7 .03

In patients with medulloblastoma (Table 6), chemotherapy
was associated with a higher risk of GHD (OR 4.07, P=.04),
thyroid nodules (OR 2.51, P=.04), primary hypothyroidism
(OR 6.03, P=.03), and hyperthyrotropinemia (OR 4.74, P=.03).
Radiotherapy significantly increased the risk of GHD (OR 4.52,
P=.02), TSH deficiency (OR 8.57, P=.03), ACTH deficiency (OR
8.57, P=.03), LH/FSH deficiency (OR 8.57, P=.03), and thyroid
nodules (OR 1.58, P=.04). Surgical treatment was associated
only with an increased risk of GHD (OR 3.93, P=.04).

In patients with ependymoma (Table 7), chemotherapy was
associated with a higherrisk of GHD (OR 10.7, P = .01), TSH deficiency
(OR 4.09, P=.03), ACTH deficiency (OR 4.09, P=.03), thyroid
nodules (OR 5, P=.02), primary hypothyroidism (OR 241,
P=.001), and hyperthyrotropinemia (OR 3.62, P=.002).
Radiotherapy significantly increased the risk of GHD (OR 5, P =.03),
TSH deficiency (OR 2.45, P=.03), ACTH deficiency (OR 2.45,
P =.03), thyroid nodules (OR 1.58, P =.04), primary hypothyroidism
(OR1.21, P=.01), and hyperthyrotropinemia (OR 1.8, P = .01).

Discussion

Hypothalamic-pituitary dysfunction remains a major source of
long-term morbidity in survivors of childhood brain tumors, es-
pecially if involving the sellar/suprasellar region (13). In this

large, single-center cohort with extended follow-up and multidis-
ciplinary management, endocrine disorders were identified in
75.8% of patients, a prevalence comparable to that reported
by Maciel et al (71.5%) but higher than the 19-66% range de-
scribed by other authors (14-23). This variability likely reflects
differences in the distribution of tumor histotypes and location,
treatment strategies, and surveillance protocols among studies.
To our knowledge, this is the first study to analyze and compare
comprehensively the distribution of endocrine disorders by each
tumor histotype in relation to treatment modalities and to delin-
eate their timing of onset.

Determinants of endocrine morbidity

The highest burden of hypothalamic-pituitary dysfunction
was observed in patients with craniopharyngioma and germ-
cell tumors, underscoring the strong association with sellar
or suprasellar localization, as previously documented by
(24-34). In contrast, tumors confined to the posterior cranial
fossa (eg, medulloblastoma, ependymoma) exerted limited
direct effects on the hypothalamic-pituitary axis, with endo-
crine sequelae primarily attributable to treatment-related
toxicity (35-40).
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Table 6 Treatment-related risk factors for endocrine disorders in patients with medulloblastoma

Growth hormone TSH deficiency

ACTH deficiency LH/FSH deficiency

deficiency
Odds Cl 95% P Odds Cl 95% Odds Cl 95% P Odds Cl 95% P
ratio ratio ratio ratio
Chemotherapy 4.07 1.5-17.3 .04 0.04 0.005-0.43 .006 0.04 0.005-0.43 .006 0.04 0.005-0.43 .006
Radiotherapy 4.52 1.24-16.5 .02 8.57 1.02-71.8 8.57 1.02-71.8 .03 857 1.02-71.8 .03
Surgery 3.93 1.04-148 .04 0.2 0.05-0.81 0.2 0.05-0.81 .02 0.2 0.05-0.81 .02

Precocious puberty Thyroid nodules

Primary hypothyroidism Hyperthyrotropinemia

Odds Cl 95% P 0Odds Cl 95% P Odds Cl 95% P 0Odds Cl 95% P
ratio ratio ratio ratio
Chemotherapy 0.9 0.04-18.7 .94 251 2.12-49.2 .04 6.03 3.31-116.1 .03 4.74 1.24-91.7 .03
Radiotherapy 1.58 0.08-31.04 .76 1.58 2.17-142 .04 041 0.08-2.02 .27 0.31 0.06-1.55 .5
Surgery 0.69 0.03-149 81 — — - — — - - — —
Table 7 Treatment-related risk factors for endocrine disorders in patients with ependymoma
Growth hormone deficiency TSH deficiency ACTH deficiency
Odds ratio Cl 95% P Odds ratio Cl 95% P Odds ratio Cl 95% P
Chemotherapy 10.7 0.5-217.1 .01 4.09 0.19-86.09 .03 4.09 0.19-86.09 .03
Radiotherapy 5 0.23-106.1 .03 2.45 0.11-56.4 .03 2.45 0.11-56.4 .03
Surgery 1 0.07-13.4 1 0.33 0.02-4.92 42 0.33 0.02-4.92 42

Thyroid nodules

Primary hypothyroidism

Hyperthyrotropinemia

Odds ratio Cl 95% P Odds ratio Cl 95% P Odds ratio Cl 95% P
Chemotherapy 5 3.23-10.6 .02 241 1-5.69 .001 3.62 1.6-7.96 .002
Radiotherapy 2.45 1.11-5.46 .002 1.21 0.49-3 .01 1.8 0.7-4.15 .01
Surgery — — — — — — — — —

Radiotherapy emerged as a key determinant of endocrine
impairment. Clement et al reported an increased risk of GHD,
hypothyroidism, and thyroid nodules following cranial irradi-
ation especially in prepubertal age, and similar associations
have been described (18-21, 24, 41). Notably, Rohrer et al
demonstrated that the detrimental effect of radiotherapy
may be independent of tumor localization, while Gorenstein and
Viswanathan documented radiation-induced pituitary height re-
duction with consequent hormonal deficits (42-44). Younger age
at diagnosis further amplified vulnerability, particularly among
children not exposed to radiotherapy (11, 45). Chemotherapy
also contributed to endocrine morbidity, as highlighted by
Ramezan, who observed a higher risk of complications in patients
treated with systemic therapy or with sellar/suprasellar lesions re-
gardless of histotype (23). These findings reinforce the concept
that both tumor- and treatment-related factors act synergistically
to disrupt hypothalamic-pituitary function. Cheng reported high
rates of primary gonadal failure if high dose alkylating agents
and radiotherapy-sparing regimens in children with intracranial
brain tumors (46). These patients seem to be also at higher risk
for obesity and metabolic impairment (47)

Spectrum of endocrine disorders

Among the various endocrine sequelae, TSH deficiency was the
most frequent disorder (27.8%), consistent with (15, 22).
Early-onset cases were typically observed in craniopharyngioma
and germ-cell tumors and were primarily attributable to surgical
injury to the hypothalamic-pituitary axis. In glioma, central
hypothyroidism was associated with suprasellar involvement
and chemotherapy toxicity, whereas in medulloblastoma it was
linked to craniospinal irradiation.

CPP occurred in 27.1% of patients, predominantly in those
with glioma and medulloblastoma. In glioma, hypothalamic sur-
gery was the principal determinant, whereas in medulloblasto-
ma craniospinal irradiation contributed most, likely through
disruption of hypothalamic inhibitory pathways and radiation-
induced activation of the GnRH pulse generator. Rosimont et al
further demonstrated that puberty and the hypothalamic-pituit-
ary-gonadal axis are differentially affected by tumor type and
treatment, with gonadal toxicity most evident in medulloblasto-
ma and hypergonadotropic hypogonadism in craniopharyngio-
ma (48).
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GHD was identified in 25.8% of patients, with early-onset GHD
mainly observed in craniopharyngioma and germ-cell tumors, re-
flecting direct hypothalamic-pituitary injury related to surgery,
and late-onset GHD occurring in glioma and medulloblastoma,
predominantly associated with radiotherapy, and in ependy-
moma, where chemotherapy represented the principal risk
factor. Prepubertal age was also found to be a risk factor, con-
sistently with previous reports (11, 19, 20, 45). The lower
prevalence of GHD in our cohort compared with previous re-
ports (35.1-52.9%) likely reflects the high proportion of gliomas,
which are less commonly associated with somatotroph defi-
ciency and less often treated with pituitary irradiation in our
cohort (14, 19-21, 41).

Other disorders included ACTH deficiency (22.7%), primarily
surgery-related in craniopharyngioma and germinoma but
radiation-related in medulloblastoma; central diabetes insipidus
(16.8%), almost exclusively in craniopharyngioma and germ-cell
tumors due to hypothalamic-neurohypophyseal tract injury;
delayed puberty (13.4%), most frequent in craniopharyngioma
and germ-cell tumors but also observed after radiotherapy for
medulloblastoma; and hypofertility (15.5%), largely chemotherapy-
related across histotypes, reflecting the recognized gonadotoxicity
of alkylating agents.

Primary thyroid disorders were less common but clinically sig-
nificant. Primary non-autoimmune hypothyroidism and isolated
hyperthyrotropinemia each affected 8.5% of patients, with radio-
therapy the main determinant in medulloblastoma and chemo-
therapy predominating in glioma and ependymoma. Thyroid
nodules occurred in 7%, with radiotherapy markedly increasing
the risk of malignant transformation, particularly in medullo-
blastoma and ependymoma. Prepubertal age was also found
to be a risk factor, consistent with previous reports (11, 45), al-
though other studies did not find an association between age
and thyroid disorders (19, 20).

Finally, panhypopituitarism with central diabetes insipidus
was documented in 5.9% of patients, almost exclusively in cra-
niopharyngioma and germ-cell tumors.

The strengths of this study include the relatively large cohort
of patients with childhood brain tumors, the longitudinal follow-
up, and the well-structured multidisciplinary approach involving
highly experienced pediatric oncologists and endocrinologists
specialized in the late effects of tumor treatments. The higher
prevalence of endocrine disorders observed in this study com-
pared with previous reports highlights the strength of our struc-
tured follow-up and the meticulous attention to endocrine
impairment.

The limitations of our study include its retrospective design
and the absence of data on the impact of targeted therapies
on endocrine late effects, reflecting the lack of robust long-term
follow-up and the heterogeneity of treatment protocols.
Furthermore, data on bone health and metabolic or obesity-
related outcomes were not available.

Conclusion

These Findings highlight the multifactorial nature of hypothal-
amic-pituitary dysfunction in childhood brain tumor survivors.
Endocrine surveillance should be individualized according to
tumor type, localization, age at diagnosis, and treatment

exposures, with particular attention to patients receiving cranial
radiotherapy or chemotherapy and those with sellar/suprasellar
involvement. Early recognition and timely management of endo-
crine disorders are essential to optimize growth, pubertal devel-
opment, fertility, and overall quality of life.
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