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Longitudinal changes in nonfunctioning pituitary 
neuroendocrine tumors in children receiving growth 
hormone therapy: A comparison with untreated patients
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ABSTRACT
Background: Growth hormone deficiency (GHD) may result from structural abnormalities or space-
occupying lesions of the pituitary gland; therefore, pituitary magnetic resonance imaging (MRI) is routinely 
performed as part of the etiological assessment. The reported prevalence of incidentally detected pituitary 
neuroendocrine tumors (PitNETs) in pediatric patients with GHD ranges from 0.5% to 20.3% across 
studies. PitNETs are rare in childhood and account for approximately 2.7% of supratentorial pediatric 
tumors and 3.6–6% of surgically treated PitNETs. Insulin-like growth factor-1 (IGF-I), a mitogenic agent 
elevated during recombinant human growth hormone (rhGH) therapy, has raised theoretical concerns 
regarding tumor growth stimulation.
Objective: To evaluate longitudinal changes in tumor size of nonfunctional PiNETs, in patients with pre-
existing PitNETs receiving rhGH therapy compared with untreated controls.
Methods: This single-center retrospective cohort study included 15 GHD patients with PitNETs detected 
before rhGH initiation and 30 control patients with nonfunctional incidental PitNETs who did not receive 
rhGH therapy. Radiological follow-up was performed at baseline and at 6, 12, 18, 24, and 36 months.
Results: No significant longitudinal changes in PitNETs width or length were observed in either group. 
One rhGH-treated patient underwent PitNET excision. Indications for pituitary imaging in the control group 
were predominantly central precocious puberty, headache, central hypothyroidism, and short stature.
Conclusion: RhGH therapy was not associated with significant progression of nonfunctional PitNETs 
during a 36-month follow-up, supporting its safety when accompanied by regular radiological surveillance.
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INTRODUCTION
Growth hormone deficiency (GHD) is a rare 

endocrine disorder that affects approximately 
1 in 4000 children.1 The etiology of GHD may be 
idiopathic or associated with identifiable causes 
such as brain tumors, structural abnormalities 
of the hypothalamic-pituitary axis, or genetic 
mutations affecting the synthesis or secretion of 
growth hormone (GH). The diagnosis of GHD is 
established in children who present with short 
stature (height standard deviation score [SDS] 
<-2), reduced growth velocity (growth velocity 
SDS <-1), and an inadequate GH response 
(peak GH < 10 ng/mL) to at least two different 
stimulation tests (e.g., L-dopa, clonidine, insulin 
tolerance test [ITT], or glucagon).2

Following diagnosis, recombinant human 
growth hormone (rhGH) therapy is initiated to 
improve growth velocity and achieve target adult 
height.3,4 It is widely used in pediatric patients 
with growth hormone deficiency (GHD) and other 
causes of short stature.5 Pituitary MRI is routinely 
performed in children with growth failure, leading 
to increased detection of incidental pituitary 
lesions, now classified as pituitary neuroendocrine 
tumors (PitNETs).6,7 The reported prevalence of 
PitNETs in pediatric GHD ranges from 0.5% to 
20.3%.6,7

PitNETs are less common in children than 
in adults, representing approximately 2.7% of 
supratentorial tumors in the pediatric population 
and accounting for 3.6–6% of all surgically treated 
PitNETs.8-11 These tumors are generally small 
(≤10 mm) and are frequently non-functional, 
meaning they are not associated with clinical or 
biochemical evidence or hormone hypersecretion. 
However, functioning PitNETs most commonly 
prolactin-secreting tumors may present with 
endocrine symptoms. Overall, pediatric pituitary 
tumors are more frequently observed in females 
than in males.2,4,9,10 The mitogenic properties of 
growth hormone, which elevate insulin-like growth 
factor I (IGF-I) levels, have raised concerns 
regarding its potential role in tumor development 
and progression.12 Limited data exist on the 
effects of rhGH therapy on nonfunctioning PitNET 
in children.13

 Therefore, the aim of this study was to 
evaluate the longitudinal changes in tumor size 
in pediatric patients with GHD and incidentally 
detected nonfunctional PitNET receiving rhGH 
therapy, and to compare these findings with a 
control group of patients with PitNETs who did 
not receive rhGH therapy. Clarifying the potential 

impact of rhGH therapy on PitNET growth is 
essential for informed clinical decision making and 
long term follow-up strategies.

MATERIALS AND METHODS
Study design and participant selection

This single-center, retrospective cohort 
study included 15 pediatric patients diagnosed 
with GHD and PitNETs, all of whom received 
rhGH therapy. A control group of 30 patients 
with PitNET but without GHD, and who did not 
receive rhGH therapy, was also included for 
comparison. All participants were followed at the 
Department of Pediatric Endocrinology, Akdeniz 
University Hospital, between January 2022 and 
January 2025. The control group consisted of 
patients who underwent evaluation for various 
clinical indications, including central precocious 
puberty, headache, central hypothyroidism, and 
short stature, and were subsequently found to 
have PitNETs on central nervous system (CNS) 
imaging. A flowchart illustrating patient selection, 
exclusion criteria, and final cohort allocation is 
presented in Figure 1.

Diagnostic and treatment procedures of 
participants

GHD was diagnosed based on auxological 
criteria (height SDS <-2 and growth velocity 
SDS <-1) and in insufficient response to at least 
two growth hormone stimulation tests, specifically 
L-dopa and clonidine, demonstrated by a peak 
GH level below 10 ng/mL.2,14

Except for one patient, rhGH treatment was 
administered as daily subcutaneous injections 
at a dose ranging from 20 to 35 µg/kg per day. 
The weekly rhGH therapy dose was administered 
as 0.66 mg/kg per week. During the treatment 
periods, IGF-I levels ranged between +1 SDS 
and +2 SDS.

All patients underwent pituitary MRI before 
rhGH initiation. MRI examinations were performed 
using a 1.5-T scanner with a dedicated contrast-
enhanced pituitary protocol. Tumor dimensions 
were assessed by measuring maximal lesion 
length and width on serial MRI examinations, 
w h i c h  w e r e  r e v i e w e d  b y  e x p e r i e n c e d 
neuroradiologists as part of routine clinical 
practice. Follow-up MRI studies were evaluated 
at baseline and at 6, 12, 18, 24, and 36 months 
when available, and longitudinal changes in tumor 
dimensions were analyzed. 

All patients except one, were found to have 
PitNETs measuring less than 10 mm in diameter. 
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In all cases, IGF-I, prolactin, ACTH, cortisol, free 
thyroxine (fT4), and thyroid stimulating hormone 
(TSH) levels were measured and other anterior 
pituitary functions were evaluated. Patients with 
biochemical or clinical evidence of hormone 
hypersecretion were excluded from the study.

Statistical analysis
Categorical variables are presented as 

frequencies (n) and percentages. Continuous 
variables are summarized as mean ± standard 
deviation (SD), standard deviation score (SDS), 
or median (IQR), as appropriate. Normality 
was assessed using the Shapiro–Wilk test. 
Because tumor size data were not normally 
distributed, they are presented as median (IQR). 
Between-group comparisons were performed 
using the Mann–Whitney U test and within-group 
comparisons using the Wilcoxon signed-rank 
test. Longitudinal effects of rhGH therapy and 
time on PitNET width and length were evaluated 
using linear mixed-effects models, with treatment 
group and time as fixed effects and subject-
specific random intercepts as random effects. A 
diagonal covariance structure was specified for 
residual variance. Results from mixed-effects 
models are reported as β coefficients with 95% 
confidence intervals (CIs). Statistical analyses 
were performed using IBM SPSS Statistics 
version 23.0 (IBM Corp., Armonk, NY, USA), and 
p <0.05 was considered statistically significant.

Ethics
This study protocol was reviewed and 

approved by the Akdeniz University Ethics 
Committee (Approval No: TBAEK-5/ 02.01.2025). 

The study was conducted in accordance with the 
Declaration of Helsinki and the ethical guidelines 
for medical and health research involving human 
subjects.

RESULTS
The mean age at diagnosis was 12.46 ± 4.17 

years in the rhGH treated GHD group and 
13.06 ± 3.07 years in the control group, with no 
statistically significant difference between the 
two (p = 0.802) (Table 1). There were significant 
differences in body weight (BW), height, and 
body mass index (BMI) SDS values between 
patients who received rhGH therapy and those 
who did not (Table 1). No significant differences 
were observed between the groups in terms of 
other laboratory parameters (Table 1). Of the 
15 patients in this group, 9 were female and 
6 were male. Among the patients receiving rhGH 
therapy, one had a diagnosis of mixed gonadal 
dysgenesis and another had Turner syndrome. 
Among patients receiving rhGH therapy, three 
individuals had multiple pituitary hormone 
deficiencies: one with combined GH and TSH 
deficiency, one with GH, TSH, and gonadotropin 
deficiencies, and one with GH and gonadotropin 
deficiency. The remaining 12 patients were 
diagnosed with isolated GHD.

No significant changes in PitNET dimensions 
were observed during follow-up in the rhGH-
treated group (Table 2). One patient underwent 
surgical excision of the PitNET as a result of 
progressive growth detected on follow- up 
imaging. A 13-year-old patient with a three-
year history of short stature was initiated on 
daily rhGH therapy. PitNET had been identified 

Figure 1. Flowchart of patient selection and study cohort formation

Pituitary MRIs reviewed (n = 580)
 ↓

PitNET identified (n = 67)
 ↓

Excluded (n = 22)
- Functional PitNET (n = 5)

- Missing follow-up MRI (n = 10)
- Incomplete records (n = 7)

 ↓
 Included (n = 45)

 ↓        ↓
rhGH group Controls

	 n = 15 	 n = 30
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prior to treatment, and serial pituitary imaging 
was performed throughout the follow-up period. 
During follow-up, the lesion was surgically excised 
after the tumor size increased beyond 10 mm. 
Growth hormone therapy was discontinued after 
the patient achieved a final height of 167 cm. 
Following the age of 18 years, the patient 
continued follow-up under adult endocrinology 
care.

In the control group, pituitary imaging was 
performed for various clinical indications: central 
precocious puberty (n = 18), headache (n = 6), 
central hypothyroidism (n = 3), and short stature 
(n = 3). This group included 25 females and 
5 males. Similarly, no significant changes in 
PitNET dimensions were observed in the control 
group throughout follow-up (Table 3). No PitNET 
enlargement was observed in any of the patients 
in the control group during follow-up.

The effects of rhGH therapy and time on 
PitNET dimensions were evaluated using a 

linear mixed-effects model. No significant effects 
of rhGH therapy (β = −0.307, 95% CI: −1.350 
to 0.736, p = 0.562) or time (F(5,196) = 0.897, 
p = 0.484) were observed on PitNET width. For 
PitNET length, the overall model was significant 
(F[6,196) = 3.857, p = 0.001), with a significant 
effect of time (F[5,196) = 4.481, p = 0.001), 
whereas rhGH therapy was not associated with 
changes in length (β = −0.542, 95% CI: −1.747 to 
0.664, p = 0.377). Although modest time-related 
variations in length were observed, these were 
unrelated to rhGH therapy and were not indicative 
of clinically meaningful tumor progression.

DISCUSSION
We evaluated longi tudinal  changes in 

incidental nonfunctional PitNETs in pediatric 
GHD patients receiving rhGH and compared them 
with untreated controls. No significant differences 
in tumor progression were observed between 
groups. Although PitNET length showed time-

Table 2. Longitudinal comparison of pituitary neuroendocrine tumors size in patients receiving rhGH 
therapy relative to baseline (time of diagnosis)

Time point	 PitNET’s wıdth median IQR, mm	 P value	 PitNET’s length median (IQR), mm	 P value

Baseline	 1.0 (1.0-2.8)	 -	 3.5(2.5-4.5)	 -
6 months	 3.0 (2.0-3.5)	 0. 109	 4.5(3.5-5.5)	 0.285
12 months	 1.0 (1.0-3.5)	 0. 180	 3.5(2.0-4.5)	 497
18 months	 1.0 (1.0-2.0)	 0. 100	 3.0(1.0-3.5)	 0.288
24 months	 1.0 (1.0-2.0)	 0. 273	 3.0(1.5-3.5)	 0.148
36 months	 1.0 (1.0-2.0)	 0. 180	 2.0(1.0-3.5)	 0.070

Data are presented as median (IQR) values. Comparisons between baseline and each follow-up time point (6, 12, 18, 24, and 
36 months) were performed separately for PitNET width and PitNET length using the Wilcoxon signed-rank test.

Table 1. Baseline laboratory and clinical characteristics of patients with pituitary neuroendocrine tumors 
receiving recombinant human growth hormone therapy and untreated controls

Variables	 rhGH receiving group 	 Control group	 P value
	 n = 15	 n = 30	

Sex (F/M)	 9/6	 25/5	 0.37
Age (year)	 12.46 ± 4.17	 13.06 ± 3.07	 0.802
Weight (kg)	 -1.72 ± 1.18 	 0.40 ± 1.20	 <0.01
Height (cm)	 -1.51 ± 1.60	 0.45 ± 1.26	 <0.01
BMI (kg/m2)	 -0.63 ± 1.22	 0.37 ± 1.11	 0.03
ACTH (7,2-63,3 ng/L)	 26.49 ± 18.5	 19.14 ± 9.55	 0.052
Cortisol (4,82-19,5 ug/dL)	 10.74 ± 4.07	 9.30 ± 3.08	 0.511
Prolactin (4,04-15,2 µg/L)	 5.85 ± 3.46	 14.97 ± 23.45	 0.270
TSH (0,7-5,97 mIU/L)	 2.13 ± 1.44	 1.91 ± 0.81	 0.133
fT4 (0,96-1,77 ng/dL)	 1.20 ± 0.16	 1.30 ± 0.16	 0.868
LH (IU/L)	 7.48 ± 9.84	 5.88 ± 14.75	 0.977
FSH (IU/L)	 4.53 ± 3.8	 4.38 ± 3.66	 0.837

Data are presented as mean ± standard deviation (SD). Between-group comparisons were performed using the Mann–Whitney U test.
F, female; M, male; BMI, body mass index; ACTH, adrenocorticotropic hormone; TSH, thyroid-stimulating hormone;  
fT4, free thyroxine; LH, luteinizing hormone; FSH, follicle-stimulating hormone.
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related variation, these changes were unrelated to 
rhGH exposure and were not clinically meaningful. 
Overall, rhGH therapy did not appear to adversely 
affect the radiological course of incidental 
nonfunctional PitNETs during childhood.

The potential impact of rhGH therapy on 
PitNET growth has long been a concern due to 
the mitogenic and anti-apoptotic properties of GH 
and its downstream mediator, IGF-I. However, 
most data addressing this issue originate from 
adult populations, and evidence in pediatric 
patients remains limited. Our findings add to the 
limited pediatric evidence and suggest that rhGH 
therapy does not appear to be associated with 
clinically meaningful PitNET progression.

Derrick et al. showed that PitNET’s are common 
in childhood GHD cases. In the study; the fact that 
most of the PitNET were micro (<1 cm), their 
typical localization and the absence of any visual 
changes suggest that these lesions may not 
represent a clear etiological factor for GHD.7

A meta-analys is  combining data f rom 
epidemiological, postmortem, and radiologic 
studies estimated the prevalence of pituitary 
PitNET’s to be approximately 16.7% in the 
general population.15 In adult populations, the 
reported prevalence of PitNET ranges from 10% 
to 33.3%, whereas Hirsch et al. identified PitNET’s 
in 29% of pediatric cases.16,17 The frequency 
of PitNET in individuals diagnosed with GHD 
varies considerably among studies. Derrick et al. 
reported a prevalence of 20.3% in a cohort of 
261 GHD patients.7 In contrast, data from the 
Pfizer International Growth Database (KIGS), 
which encompasses over 15 000 GHD patients, 
demonstrated a markedly lower prevalence 
of 0.5%.6 Supporting the findings of Derrick 
et al., a single-center study conducted in Türkiye 
identified PitNETs in 18.3% of 87 pediatric GHD 
patients, indicating a relatively high prevalence 

rate in this subgroup.7,18 Upon detection of a 
PitNET, it is imperative to evaluate the functional 
status of the lesion, as this has direct implications 
for clinical management. Hormonal evaluation 
(IGF-I, prolactin, ACTH, cortisol, fT4, TSH) is 
essential in PitNET cases.

GH exerts its effects directly by binding to its 
specific receptor and indirectly by stimulating 
IGF-I production. Increased IGF-I levels promote 
cell proliferation and inhibit apoptosis, contributing 
to t issue growth and regeneration. These 
mitogenic and anti-apoptotic properties have 
been implicated in the potential modulation 
of tumor progression. The dual action of GH 
enhancing IGF-I-mediated cell proliferation and 
suppressing apoptosis has raised legitimate 
concerns regarding its potential role in promoting 
tumor growth and progression.19-22

Due to the potential mitogenic and anti-
apoptotic effects of GH, studies assessing 
its long-term safety have been limited, with 
the majority conducted in adult populations. 
Studies specifically evaluating the effect of 
rhGH treatment in patients with PitNET have not 
shown a significant increase in tumor growth or 
recurrence rates.20-23

Derrick and colleagues evaluated CNS 
imaging in a cohort of 346 patients with short 
stature and 195 pat ients diagnosed with 
precocious puberty. The prevalence of pituitary 
PitNETs was found to be similarly high in both 
groups; no significant difference was observed 
based on gender (p = 0.46).7 Notably, none 
of the PitNETs demonstrated growth, even 
among patients who received rhGH therapy. 
However, the study did not include a control 
group of patients who did not undergo rhGH 
therapy, limiting the ability to assess causal 
relationships.7 Consistent with these findings, 
rhGH-treated patients and untreated controls 

Table 3. Longitudinal comparison of pituitary neuroendocrine tumors size in untreated control patients 
relative to baseline (time of diagnosis)

Time point	 PitNET’s wıdth median(IQR), mm	 P value	 PitNET’s length median(IQR), mm	 P value

Baseline	 1.0 (1.0-3.0)	 -	 2.0 (2.0-6.0)	 -
6 months	 1.0 (1.0-3.0)	 0. 068	 3.0 (2.0-6.0)	 0.228
12 months	 1.0 (1.0-3.0)	 0. 715	 3.25 (2.0-6.0)	 0.082
18 months	 1.5 (1.0-3.0)	 0. 838	 3.5 (2.0-4.0)	 0. 500
24 months	 1.0 (1.0-3.0)	 0. 207	 3.75 (2.0-5.0)	 0. 1
36 months	 1.0 (1.0-3.0)	 0. 476	 3.0 (2.0-4.0)	 0. 12

Data are presented as median (IQR) values. Comparisons between baseline and each follow-up time point (6, 12, 18, 24, and 
36 months) were performed separately for PitNET width and PitNET length using the Wilcoxon signed-rank test.
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showed similar longitudinal radiological outcomes, 
with no evidence of increased PitNET progression 
associated with rhGH therapy.

In a separate single-center study conducted in 
Turkey, PitNET was detected in 18.3% of children 
with GH deficiency. No significant difference in 
PitNET size was observed between patients 
who received and those who did not receive 
treatment.18 Consistent with these findings, our 
own study also found no statistically significant 
difference in PitNET size between patients who 
received and did not receive rhGH treatment 
during the 36-month follow-up period (6th, 12th, 
18th, 24th, and 36th months).

Research evaluating the association between 
rhGH treatment and the risk of malignant 
tumor recurrence or  the development of 
secondary neoplasms has focused largely on 
childhood cancer survivors who received rhGH 
treatment.24-26 While some studies report a slight 
increase in the risk of developing secondary 
tumors, the majority of the available literature 
indicates no significant association between rhGH 
treatment and an increased risk of malignancy 
or tumor recurrence.27-30 In our study, secondary 
malignancies were not detected in the patients.

Buchfelder et al., in a retrospective case-
control study of surgically treated PitNET patients, 
found no significant difference in tumor growth 
between those who received and did not receive 
GH treatment.31 Similarly, Arnold et al., analyzed 
130 surgically treated PitNET patients, 23 of whom 
received GH therapy, and tumor progression 
was observed in 35% of treated patients and 
36% of untreated patients, concluding that GH 
therapy did not contribute to tumor progression.32 
Furthermore, a meta-analysis in adult individuals 
reported that approximately 10% of PitNET’s may 
grow spontaneously regardless of treatment.17

 An important finding was the significant time-
related variation in PitNET length detected by the 
mixed-effects model, despite the absence of any 
rhGH treatment effect. This suggests that minor 
longitudinal fluctuations in lesion size may occur 
independently of rhGH exposure and do not 
necessarily indicate clinically meaningful tumor 
progression. No significant differences in these 
changes were observed between groups.

 Several limitations should be acknowledged. 
The retrospective single-center design and 
relatively small sample size may have limited 
statistical power. In addition, differences in 
baseline characteristics and the heterogeneous 
nature of the control group may have introduced 

residual confounding. Given the small size of most 
lesions, minor longitudinal variations in lesion 
dimensions should be interpreted cautiously, as 
they may partly reflect measurement variability 
rather than true biological tumor growth. Despite 
these limitations, no evidence of increased 
PitNET progression was observed in rhGH-
treated patients during the 36-month follow-up. 
Larger prospective multicenter studies are needed 
to confirm these findings.

CONCLUSION
PitNETs are rare in childhood. In this cohort 

of children with incidental nonfunctional PitNETs, 
rhGH therapy was not associated with clinically 
meaningful tumor progression during 36 months 
of radiological follow-up. Radiological outcomes 
were comparable between treated and untreated 
patients. Larger prospective studies are needed to 
confirm these findings and further clarify the long-
term safety of rhGH therapy in this population. n

REFERENCES
1. 	 Miller BS, Kelepouris N, Tenenbaum H, Di Carlo S, 

Backeljauw P. Pediatric growth hormone deficiency: 
Understanding the patient and caregiver perspectives. 
Growth Horm IGF Res. 2024;76:101592. doi:10.1016/j.
ghir.2024.101592. 

2. 	 Growth Hormone Research Society. Consensus guidelines 
for the diagnosis and treatment of growth hormone (GH) 
deficiency in childhood and adolescence: summary 
statement of the GH Research Society. GH Research 
Society. J Clin Endocrinol Metab. 2000;85(11):3990-3. 
doi:10.1210/jcem.85.11.6984. 

3. 	 Yuen KCJ, Johannsson G, Ho KKY, Miller BS, Bergada 
I, Rogol AD. Diagnosis and testing for growth hormone 
deficiency across the ages: a global view of the accuracy, 
caveats, and cut-offs for diagnosis. Endocr Connect. 
2023;12(7):e220504. doi:10.1530/EC-22-0504. 

4. 	 Grimberg A, DiVall SA, Polychronakos C, Allen DB, Cohen 
LE, Quintos JB, et al. Guidelines for Growth Hormone 
and Insulin-Like Growth Factor-I Treatment in Children 
and Adolescents: Growth Hormone Deficiency, Idiopathic 
Short Stature, and Primary Insulin-Like Growth Factor-I 
Deficiency. Horm Res Paediatr. 2016;86(6):361-97. 
doi:10.1159/000452150.

5. 	 Halas JG, Grimberg A. Dilemmas of growth hormone 
treatment for GH deficiency and idiopathic short stature: 
defining, distinguishing, and deciding. Minerva Pediatr. 
2020;72(3):206-25. doi:10.23736/S0026-4946.20.05821-1. 

6. 	 Maghnie M, Lindberg A, Koltowska-Häggström M, Ranke 
MB. Magnetic resonance imaging of CNS in 15,043 
children with GH deficiency in KIGS (Pfizer International 
Growth Database). Eur J Endocrinol. 2013;168(2):211-7. 
doi:10.1530/EJE-12-0801. 

7. 	 Derrick KM, Gomes WA, Gensure RC. Incidence and 
Outcomes of Pituitary Microadenomas in Children with 
Short Stature/Growth Hormone Deficiency. Horm Res 
Paediatr. 2018;90(3):151-60. doi:10.1159/000489456. 

8. 	 Espay AJ, Azzarelli B, Williams LS, Bodensteiner JB. 
Recurrence in pituitary adenomas in childhood and 
adolescence. J Child Neurol. 2001;16(5):364-7. doi:10.11



7

Original article / Arch Argent Pediatr. 2026;e202611133

77/088307380101600510. 
9. 	 Kane LA, Leinung MC, Scheithauer BW, Bergstralh EJ, 

Laws ER Jr, Groover RV, et al. Pituitary adenomas in 
childhood and adolescence. J Clin Endocrinol Metab. 
1994;79(4):1135-40. doi:10.1210/jcem.79.4.7525627. 

10. 	Mindermann T, Wilson CB. Pediatric pituitary adenomas. 
Neurosurgery. 1995;36(2):259-69. doi:10.1227/00006123-
199502000-00004. 

11. 	Partington MD, Davis DH, Laws ER Jr, Scheithauer BW. 
Pituitary adenomas in childhood and adolescence. Results 
of transsphenoidal surgery. J Neurosurg. 1994;80(2):209-
16. doi:10.3171/jns.1994.80.2.0209. 

12. 	Renehan AG, Zwahlen M, Minder C, O’Dwyer ST, Shalet 
SM, Egger M. Insulin-like growth factor (IGF)-I, IGF binding 
protein-3, and cancer risk: systematic review and meta-
regression analysis. Lancet. 2004;363(9418):1346-53. 
doi:10.1016/S0140-6736(04)16044-3. 

13. 	AlJurayyan RNA, AlJurayyan NAM, Omer HG, Alissa SDA, 
AlOtaibi HMN, AlKhalifah RAH, et al. Pituitary imaging in 
129 children with growth hormone deficiency: A spectrum 
of findings. Sudan J Paediatr. 2017;17(1):30-5. 

14. 	Donbaloğlu Z, Singin B, Acar S, Bedel A, Barsal Çetiner 
E, Aydın Behram B, et al. Evaluation of the growth 
response of children with growth hormone deficiency 
according to the peak growth hormone levels in provocation 
tests. Arch Pediatr. 2023;30(8):573-9. doi:10.1016/j.
arcped.2023.08.005. 

15. 	Ezzat S, Asa SL, Couldwell WT, Barr CE, Dodge WE, 
Vance ML, et al. The prevalence of pituitary adenomas: 
a systematic review. Cancer. 2004;101(3):613-9. 
doi:10.1002/cncr.20412. 

16. 	Hirsch W, Zumkeller W, Teichler H, Jassoy A, Schlüter 
A, Langer T. Microadenomas of the pituitary gland in 
children with and without hypophyseal dysfunction in 
magnetic resonance imaging. J Pediatr Endocrinol Metab. 
2002;15(2):157-62. doi:10.1515/jpem.2002.15.2.157.

17. 	Fernandez A, Karavitaki N, Wass JA. Prevalence 
of pituitary adenomas: a community-based, cross-
sectional study in Banbury (Oxfordshire, UK). Clin 
Endocrinol (Oxf). 2010;72(3):377-82. doi:10.1111/j.1365-
2265.2009.03667.x. 

18. 	Çelebi Bitkin E, Kara C, Karaman S, Başaranoğlu M, Yokuş 
A, Tuncer O. Does Growth Hormone Therapy Enlarge 
Pituitary Adenomas?. Med J Bakirkoy. 2022;18(3):336-40. 
doi:10.4274/BMJ.galenos.2022.2022.5-8.

19. 	Ma J, Pollak MN, Giovannucci E, Chan JM, Tao Y, 
Hennekens CH, et al. Prospective study of colorectal 
cancer risk in men and plasma levels of insulin-like growth 
factor (IGF)-I and IGF-binding protein-3. J Natl Cancer Inst. 
1999;91(7):620-5. doi:10.1093/jnci/91.7.620. 

20. 	Thomas M, Massa G, Craen M, de Zegher F, Bourguignon 
JP, Heinrichs C, et al. Prevalence and demographic features 
of childhood growth hormone deficiency in Belgium during 
the period 1986-2001. Eur J Endocrinol. 2004;151(1):67-
72. doi:10.1530/eje.0.1510067. 

21. 	Bolier M, van der Lelij AJ, Janssens GO, van den Heuvel-
Eibrink MM, Neggers SJCMM. Long-term safety of growth 
hormone replacement therapy in survivors of cancer 

and tumors of the pituitary region. Endocr Relat Cancer. 
2023;30(7):e230026. doi:10.1530/ERC-23-0026. 

22. 	Keil MF, Stratakis CA. Pituitary tumors in childhood: 
update of diagnosis, treatment and molecular 
genetics. Expert Rev Neurother. 2008;8(4):563-74. 
doi:10.1586/14737175.8.4.563. 

23.	Olsson DS, Buchfelder M, Schlaffer S, Bengtsson BA, 
Jakobsson KE, Johannsson G, et al. Comparing progression 
of non-functioning pituitary adenomas in hypopituitarism 
patients with and without long-term GH replacement therapy. 
Eur J Endocrinol. 2009;161(5):663-9. doi:10.1530/EJE-09-
0572.

24. 	Packer RJ, Boyett JM, Janss AJ, Stavrou T, Kun L, Wisoff J, 
et al. Growth hormone replacement therapy in children with 
medulloblastoma: use and effect on tumor control. J Clin 
Oncol. 2001;19(2):480-7. doi:10.1200/JCO.2001.19.2.480. 

25. 	Sklar CA, Mertens AC, Mitby P, Occhiogrosso G, Qin J, 
Heller G, et al. Risk of disease recurrence and second 
neoplasms in survivors of childhood cancer treated with 
growth hormone: a report from the Childhood Cancer 
Survivor Study. J Clin Endocrinol Metab. 2002;87(7):3136-
41. doi:10.1210/jcem.87.7.8606.

26. 	Ergun-Longmire B, Mertens AC, Mitby P, Qin J, Heller 
G, Shi W, et al. Growth hormone treatment and risk of 
second neoplasms in the childhood cancer survivor. J 
Clin Endocrinol Metab. 2006;91(9):3494-8. doi:10.1210/
jc.2006-0656. 

27. 	Chung TT, Drake WM, Evanson J, Walker D, Plowman PN, 
Chew SL, et al. Tumour surveillance imaging in patients 
with extrapituitary tumours receiving growth hormone 
replacement. Clin Endocrinol (Oxf). 2005;63(3):274-9. 
doi:10.1111/j.1365-2265.2005.02338.x. 

28. 	Frajese G, Drake WM, Loureiro RA, Evanson J, Coyte 
D, Wood DF, et al. Hypothalamo-pituitary surveillance 
imaging in hypopituitary patients receiving long-term 
GH replacement therapy. J Clin Endocrinol Metab. 
2001;86(11):5172-5. doi:10.1210/jcem.86.11.8018. 

29.	Hatrick AG, Boghalo P, Bingham JB, Ayres AB, Sonksen PH, 
Russell-Jones DL. Does GH replacement therapy in adult 
GH-deficient patients result in recurrence or increase in size 
of pituitary tumours? Eur J Endocrinol. 2002;146(6):807-
11. doi:10.1530/eje.0.1460807. 

30. 	Jostel A, Mukherjee A, Hulse PA, Shalet SM. Adult 
growth hormone replacement therapy and neuroimaging 
surveillance in brain tumour survivors. Clin Endocrinol 
(Oxf).  2005;62(6):698-705. doi:10.1111/j.1365-
2265.2005.02282.x.

31. 	Buchfelder M, Kann PH, Wüster C, Tuschy U, Saller B, 
Brabant G, et al. Influence of GH substitution therapy in 
deficient adults on the recurrence rate of hormonally inactive 
pituitary adenomas: a case control study. Eur J Endocrinol. 
2007;157(2):149-56. doi:10.1530/EJE-07-0164.

32. 	Arnold JR, Arnold DF, Marland A, Karavitaki N, Wass 
JA. GH replacement in patients with non-functioning 
pituitary adenoma (NFA) treated solely by surgery is not 
associated with increased risk of tumour recurrence. Clin 
Endocrinol (Oxf). 2009;70(3):435-8. doi:10.1111/j.1365-
2265.2008.03391.x.


