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Abstract
Objective: Hypothalamic obesity (HO) in children after treatment for a tumor in the suprasel-
lar region has severe implications. Previous studies have shown various effects of glucagon-
like peptide-1 (GLP-1) receptor agonist in acquired HO, but in adults only. We present our 
experience of GLP-1 receptor agonist (exenatide) treatment during a 1-year period on body 
mass index (BMI) in children with acquired HO. Patients and Methods: Children with severe 
weight gain after treatment for suprasellar tumor were given 2 mg exenatide weekly for a 
12-month period. All had undergone previous dietary intervention. BMI standard deviation 
score (SDS), weight change, and adverse effects were assessed. Results: Five children with a 
mean age of 15.4 years (range 13–18) and a mean follow-up time of 8.4 years (mean age of 
7.0 years at the time of brain tumor diagnosis) were treated with GLP-1 receptor agonist. After 
1 year, BMI SDS or absolute weight had not changed significantly compared to the period 
without treatment (BMI SDS change +0.005, 95% CI –0.07 to 0.08, p = 0.89, and absolute 
weight change +1.5 kg, 95% CI –0.08 to 3.1, p = 0.061). Only 1 patient experienced weight loss 
after 1 year (–5.4 kg, BMI SDS –0.33). All patients experienced mild side effects, such as injec-
tion pain or nausea, and 2 patients stopped treatment upon their own request after 8 and 11 
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months, respectively. Conclusions: In this small cohort, we found little effect of GLP-1 recep-
tor agonist in the treatment for acquired HO. Future research should focus on the prevention 
of HO or, if prevention is not possible, on alternative, individualized interventions.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Hypothalamic dysfunction after treatment for a suprasellar brain tumor may have a 
profound influence on quality of life in children and adolescents, among others due to a 
disturbed day-night rhythm, temperature dysregulation, adipsia, panhypopituitarism, and 
(morbid) hypothalamic obesity (HO) [1–3]. Within all brain tumors, craniopharyngioma is 
the most common cause of hypothalamic dysfunction, although all suprasellar tumors have 
the potential to cause hypothalamic dysfunction [4, 5]. The 10-year survival of pediatric 
craniopharyngioma is excellent (∼93%), but outcome is often greatly disturbed due to hypo-
thalamic dysfunction, with up to 44–50% of survivors of childhood craniopharyngioma devel-
oping HO [6, 7]. HO is a serious complication with often reported resistance against lifestyle 
interventions and medical treatment [8]. These children are at great risk of developing meta-
bolic syndrome and premature mortality [9]. There is an urgent need to reduce the delete-
rious impact of acquired HO.

Numerous studies have been performed evaluating different treatment options, such as 
central stimulating agents, antidiabetic drugs, bariatric surgery, and deep brain stimulation 
[10–14]. Of these, in particular, antidiabetic glucagon-like peptide-1 (GLP-1) receptor agonists 
were shown to have potential in reducing weight in adults [15–19]. GLP-1 is one of the two 
incretin hormones secreted by gut endocrine cells upon ingestion of food. Incretins amplify 
the secretion of insulin in a glucose-dependent fashion, leading to a two- to threefold greater 
insulin secretion from orally ingested glucose compared to intravenously administered 
glucose [20–23]. Furthermore, GLP-1 slows gastric emptying and increases satiety inde-
pendent of the hypothalamus, leading to a lower food intake [24].

Two trials with GLP-1 receptor agonists have been performed in nonhypothalamic obese 
children, of which one was a crossover trial that included 12 morbidly obese children between 
9 and 16 years old and the other a randomized placebo-controlled trial performed in 22 obese 
adolescents [18, 19]. Both found a significant body mass index (BMI) reduction and percent 
BMI change (–1.7 and –2.70%, respectively) after only 3 months of treatment with exenatide. 
In addition, one case series [15], one open-label pilot study [25], and two adult case reports 
[16, 17] on the use of GLP-1 receptor agonist for HO were published. Of these adult studies, 
the case series and the first case report showed significant weight loss (–13.1 kg ± SD 5.1 after 
24 months and 29 kg in 2.5 years, respectively) [15, 16]. The other case report showed signif-
icant weight loss as well, with 10.0 kg after only 4 months. The open-label pilot study found 
no statistically significant weight loss [17, 25]. No studies of exenatide treatment in hypotha-
lamic obese children have been published.

With these promising results in mind, we report here our experience with GLP-1 receptor 
agonist treatment in a small cohort of children with acquired HO, aiming to improve BMI.

Patients and Methods

Participants
This case series describes all children treated with GLP-1 agonists at our endocrine clinic 

between January 2018 and January 2019. Off-label use of GLP-1 (i.e., exenatide) was offered 
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to patients who experienced severe weight gain (defined as a BMI increase >+1 standard 
deviation score [SDS] from diagnosis) and/or obesity (defined by using the BMI criteria of 
Cole et al. [26]) after treatment for a suprasellar tumor. In addition, children had to be in 
complete remission of the tumor or to have stable residual disease for < 1 year. All children 
had visited a dietician, lifestyle coach, psychologist, or other professional for dietary advice 
with no or insufficient effect on BMI. Exclusion criteria were age < 5 years, diabetes mellitus 
(DM) type 1, or another known syndrome or disease causing obesity.

Study Procedure
This was a retrospective analysis of a 1-year intervention. Patients were all administered 

2 mg of a sustained-release formation of exenatide subcutaneously (Bydureon; AstraZeneca, 
Cambridge, UK) once every week for a 12-month period.

Treatment Procedure
During treatment, patients visited the outpatient clinic pediatric endocrinology unit at 

least four times per year (at 3, 6, 9, and 12 months after starting therapy). Data on weight, 
height, and BMI (SDS) in the period before, during (time points 3, 6, 9, and 12 months), and  
3 months after treatment were registered and retrieved for this analysis. Weight and height 
were measured using the same standardized equipment each visit. Weight was rounded off 
to the nearest 100 g and height to the nearest millimeter. During all visits, patients were asked 
about therapy adherence, whether their satiety or hyperphagia had increased or decreased, 
and whether any change in sleep pattern or physical activity had occurred. Parents and 
patients were instructed to keep following their regular diet and exercise program during 
GLP-1 receptor agonist treatment, just as they had been doing before therapy. The dosages of 
oral hydrocortisone (mg/m2/day), subcutaneous growth hormone (mg/m2/day), oral 
thyroxine (µg/day), and oral dexamphetamine (mg/day) were collected from before, during, 
and after treatment.

Adverse Effects
During the treatment phase, patients were asked whether they experienced any side 

effects. In addition, blood glucose concentration in the first week every day and thereafter 
every month were determined to detect hypo- or hyperglycemia. Before start of the exenatide 
administration, abdominal ultrasounds had been performed on all subjects to evaluate liver 
steatosis, cholelithiasis, and signs of pancreatitis. Amylase and/or lipase serum concentra-
tions were at least once determined for baseline before or during treatment. Measurements 
of free thyroxine (FT4) and insulin-like growth factor 1 (IGF-1) were determined every  
3 months (time points 3, 6, 9, and 12 months after starting therapy).

Complications during exenatide treatment were evaluated and defined as mild (pain or 
itch after injecting or mild hematoma), moderate (serious pain, rash, or hypoglycemia without 
loss of consciousness), or severe (hypoglycemia-induced coma or generalized disease, e.g., 
pancreatitis, gallstones). The diagnosis pancreatitis was defined as either (1) an amylase or 
lipase value > 3 times the reference value in patients with clinical suspicion of pancreatitis 
(severely ill patients with stomach/back pain with unknown cause) or (2) characteristics of 
pancreatitis on abdominal ultrasound in patients with clinical suspicion of pancreatitis.

Statistical Analysis
BMI and IGF-1 SDS were calculated using Dutch reference ranges [26–28]. Our primary 

outcome was the change in BMI SDS over time (corrected for sex and age) between the period 
of receiving GLP-1 receptor agonist and the period without treatment, which was analyzed 
by using linear mixed model analysis. The change of weight corrected for height over time 
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was also analyzed using the same analysis. Having had no treatment was defined as not 
receiving GLP-1 receptor agonist at least 1 month before measuring anthropometric vari-
ables. Having had treatment was defined as having received GLP-1 receptor agonist for at 
least 1 month before measuring anthropometric variables. No other parameters were 
included in the linear mixed model analysis. For comparing mean or median values of 
hormonal supplementation and hormonal serum concentrations between start, during, stop, 
and after stop of treatment, ANOVA or Kruskal-Wallis test was used, dependent on the test of 
normality. Statistical analysis was performed using SPSS version 25. A p value of 0.05 was 
considered significant.

Results

Baseline Characteristics (Table 1)
Five patients with a suprasellar tumor were treated with GLP-1 receptor agonist. All 

patients were female, with a mean age of 15.4 years (range 13.0–18.5). Four patients had been 
treated for craniopharyngioma, of whom 3 developed HO (around the time of diagnosis or 
during follow-up). One patient experienced severe weight gain after tumor treatment (weight 

Table 1. Baseline characteristics at the start of treatment

Patient 
No.

Age, 
years

Diagnosis Age at 
diagnosis, 
years

BMI (SDS) at 
tumor diagnosis 

Weight (kg) at start of 
GLP-1 (SDS corrected 
for height)

BMI at start of 
GLP-1 (SDS)

1 18 CP 9 19.60 (1.22) 116.4 (4.74) 35.7 (3.49)
2 13 CP 5 21.18 (3.04) 109.4 (4.01) 42.7 (4.29)
3 13 CP 5 26.60 (4.8) 187.7 (5.04) 63.5 (5.19)
4 18 CP 10 18.38 (0.72)a 76.7 (2.12) 26.0 (1.63)
5 15 SG 8 16.34 (0.37) 69.8 (2.44) 27.4 (2.33)

BMI, body mass index; CP, craniopharyngioma; GLP-1, glucagon-like peptide-1 receptor agonist; SDS, 
standard deviation score; SG, suprasellar germinoma. a BMI at diagnosis could not be retrieved; the BMI 
presented is 3 years after diagnosis, 8 years before the start of exenatide.

Table 2. Change in BMI SDS over time

Patient No. BMI SDS at start 
(t = 0) of GLP-1

BMI SDS during 
GLP-1a

BMI SDS at stop 
of GLP-1

BMI SDS after 
GLP-1b

1 3.49 3.39 3.17 3.16
2 4.29 4.41 4.39 4.41
3 5.19 5.24 5.29 5.36
4 1.63 1.81 1.58 1.70
5 2.33 2.00 2.50 2.36

Total group 3.39±1.44 3.38±1.49 3.39±1.48 3.40±1.49

Values are represented as mean ± standard deviation. BMI, body mass index; GLP-1, glucagon-like 
peptide-1 receptor agonist; SDS, standard deviation score. a BMI during treatment was measured after a 
mean period of 13 ± 1.87 weeks after starting exenatide. b BMI after treatment was measured after a mean 
period of 16 ± 6.36 weeks after stopping exenatide.
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for height SDS change from –0.46 to +2.85 at the highest point). The fifth patient developed 
HO after treatment for a suprasellar germinoma. All patients had been diagnosed with pitu-
itary dysfunction and central diabetes insipidus for which they used growth hormone, 
thyroxine, hydrocortisone, and desmopressin. Two out of 5 patients received estrogen supple-
mentation therapy. Three out of 5 patients also used dexamphetamine as a treatment for 
obesity (median dose 15.0 mg/day [range 10.0–30.0]), with insufficient effect. All 5 patients 
had been struggling with their weight since tumor diagnosis. Four of the 5 patients had previ-
ously been included in a dietary program with extensive coaching the year before starting 
GLP-1 receptor agonist with no effect on BMI. The other patient had also been actively partic-
ipating in several dietary programs with insufficient effect. Parents and patients were all very 
motivated to start a new drug improving BMI.

Primary Outcomes
The mean BMI of all patients at the start of the intervention with GLP-1 was 39.05 

(range 26.02–63.45) and the mean BMI SDS was 3.39 (range 1.63–5.19). The mean BMI at 
the end of the intervention period was 39.58 (range 26.09–64.64) and the mean BMI SDS 
was 3.39 (range 1.58–5.29). No statistically significant difference in BMI SDS change could 
be found when comparing the period of receiving GLP-1 receptor agonist to the period of 

Fig.  1. BMI SDS change before, 
during, and after treatment with 
GLP-1 receptor agonist (exena-
tide) in 5 patients. BMI, body 
mass index; GLP-1, glucagon-like 
peptide-1; SDS, standard devia-
tion score.

Table 3. Mean concentrations of endocrine parameters and dosages of endocrine substitution therapy

Mean at start of GLP-1 Mean during GLP-1 Mean at stop of GLP-1 Mean after stop of GLP-1 p value

FT4, pmol/L 19.20±1.79 17.18±1.47 18.25±4.50 18.42±3.88 0.558
IGF-1, SDS –0.60 (–1.46 to 0.23) –1.08 (–2.94 to 0.66) 0.97 (–1.15 to 1.84) –0.60 (–2.52 to 1.46) 0.510
GH, mg/m2/day 0.42±0.32 0.41±0.34 0.47±0.37 0.32±0.41 0.914
HC, mg/m2/day 8.42 (6.43 to 8.70) 7.48 (4.92 to 8.66) 8.20 (4.66 to 8.70) 8.00 (4.62 to 8.7) 0.630
Levothyroxine, µg/day 150.0 (87.5 to 187.5) 150.0 (87.5 to 187.5) 150.0 (100.0 to 187.5) 150.0 (125.0 to 187.5) 0.953
Dexamphetamine, mg/day (n = 3) 15.0 (10.0 to 30.0) 10.0 (10.0 to 15.0) 15.0 (10.0 to 20.0) 10.0 (10.0 to 15.0) 0.417

Values are presented as mean ± standard deviation or median (range). FT4, free thyroxine; GH, growth hormone; GLP-1, glucagon-like peptide-1 receptor 
agonist; HC, hydrocortisone; IGF-1, insulin-like growth factor 1; SDS, standard deviation score.
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not receiving GLP-1 receptor agonist (BMI SDS change +0.005, 95% CI –0.07 to 0.08, p = 
0.892) (Table 2; Fig. 1). Also no statistical significant difference in weight change (corrected 
for height) between the period of receiving GLP-1 receptor agonist to the period of not 
receiving GLP-1 receptor agonist (+1.5 kg, 95% CI –0.08 to 3.08, p = 0.061) was found. Only 
1 patient showed weight loss during the intervention with GLP-1 (5.4 kg, BMI –1.85, BMI 
SDS –0.33).

Secondary Outcomes
Overall, there was no statistically significant change in mean serum concentrations of 

FT4, median serum concentrations of IGF-1 SDS, and mean or median daily dosage of growth 
hormone, hydrocortisone, thyroxine, and dexamphetamine before, during, and after treatment 
of all 5 patients (Table 3). In the 1 patient with weight loss during GLP-1, an increase in her 
serum FT4 concentration was noticed from 17 to 22 pmol/L and also an increase in the IGF-1 
SDS concentration from –1.46 to 0.3, with a simultaneous change in dosage of growth hormone 
from 0.13 to 0.17 mg/m2/day.

Effect on Satiety
Two patients reported an increase in satiety feelings after meals and a decrease in hyper-

phagia after start of treatment; of these 2 patients 1 lost weight. The other patients noticed 
no difference in satiety before or during GLP-1 receptor agonist use.

Adverse Effects
One patient requested to stop exenatide at 8 months and another patient at 11 months 

of treatment due to lack of effect and negative experience with injecting the GLP-1 receptor 
agonist. One patient had not injected exenatide from the third month of treatment until the 
sixth month due to negative experience injecting the GLP-1 receptor agonist. At request of the 
parent and the patient, the treatment phase was prolonged for 3 months to strive for maximal 
effect of the GLP-1 receptor agonist.

Two patients experienced mild nausea without vomiting during GLP-1 receptor agonist 
treatment, which decreased after prolonged use. One other patient reported nausea, 
vomiting, and diarrhea, but these complaints had already been present before starting the 
GLP-1 receptor agonist therapy. Four patients experienced pain during injection, leading to 
decreased therapy adherence or treatment duration in 3 patients. One patient had been 
hospitalized three times during the year, twice for urinary tract infections and once for ob- 
stipation. This patient developed DM type 2 with rising HbA1c concentration from 44 to  
54 mmol/mol, for which treatment with metformin was started. In the other patients no 
hypo- or hyperglycemic events or other adverse events occurred. No changes in amylase or 
lipase serum concentrations were found during treatment, and no patient experienced 
pancreatitis.

Discussion

In this small cohort of young females with acquired HO after treatment for a supra-
sellar tumor, we found little to no effect of treatment with GLP-1 receptor agonist. When 
comparing BMI SDS in the period of treatment with GLP-1 receptor agonist in the period 
without treatment, no significant change in BMI SDS was found (BMI SDS change +0.005, 
95% CI –0.07 to 0.08, p = 0.89). We advise further research to focus on the prevention of 
HO and to repeat this study with a larger cohort, preferably in a randomized controlled 
trial design.
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Of the 5 patients, only 1 developed significant weight loss (5.4 kg, BMI SDS of –0.33). All 
other patients experienced weight gain during treatment with GLP-1, and 1 patient even 
developed DM type 2 during treatment. Our experience is in contrast with some other reports. 
Two trials in non-HO morbidly obese children reported significant and clinically relevant 
results [18, 19]. The difference in results may be explained by the different etiology of obesity. 
The widespread distribution of GLP-1 receptors in the brain suggest actions of GLP-1 on 
widespread brain centers, and in early studies inhibition of food intake after intracerebroven-
tricular as well as direct hypothalamic administration of GLP-1 in rats was described [29, 30]. 
The fact that GLP-1 receptors are also found in other regions than the hypothalamus is the 
exact reason why it is believed to be effective in patients with hypothalamic damage. However, 
as results from recent studies have demonstrated, GLP-1 (administered both centrally, intra-
cerebroventricularly, or peripherally) inhibits ghrelin-stimulated neuronal activity in the 
hypothalamus as well. This may have played a role in the lack of effectivity of GLP-1 receptor 
agonists we found in this series of children with hypothalamic damage [31]. This must be 
further studied.

Simmons et al. [17] reported a 29-kg weight loss in an adult with HO and DM type 2 
who was treated with a daily schedule of exenatide. Zoicas et al. [15] found significant 
weight loss in 8 adults with HO, but 7 of them had already been diagnosed with DM type 2 
and all were treated with exenatide 5 µg twice daily as well instead of a weekly schedule. 
It must therefore be considered that a daily schedule of exenatide may have been more 
effective than the weekly schedule. A recent systematic review, however, with a mixed 
treatment comparison meta-analysis showed more weight reduction after treatment with 
exenatide weekly than with a daily schedule in adults with DM type 2 [32]. Additionally, 
almost all patients received exenatide because of uncontrollable glycemic control, instead 
of purely for weight control.

It could be argued that our cohort was not given the intervention with GLP-1 at an optimal 
timing. All children in this study had a follow-up time of 8 years or longer, and some may 
already have reached a plateau phase in their weight gain [33]. It is unknown whether 
treatment with GLP-1 receptor agonist earlier in the follow-up or even at diagnosis may be 
more beneficial to prevent weight gain or stimulate weight loss in these patients. Compared 
to previous positive reports of GLP-1 in which most of the patients received a GLP-1 receptor 
agonist after 3 or 4 years, our patients were given GLP-1 receptor agonist after a relative long 
follow-up time [15, 17].

The discomfort that patients experienced during the subcutaneous injections was the 
reason to stop or pause treatment early in 3 of 5 patients. The lack of effect, already detected 
by the patients themselves, did not increase the motivation to persist with the weekly subcu-
taneous injections. However, despite the fact that not all patients fulfilled the 12-month 
planned intervention, the duration of our intervention does not seem to explain the lack of 
effect as, when compared to other studies, our observed intervention period was longer than 
that in most other studies. No other serious side effects or complications of exenatide were 
found. The reports of nausea were transient and did not lead to a decrease in therapy 
adherence.

During the intervention period, the use of other medications and changes in hormonal 
concentrations may have confounded the results in several patients. The one patient who 
experienced weight loss during GLP-1 administration was found to have a significantly higher 
FT4 level at the end of the treatment phase than at the beginning. The thyroid hormones may 
have influenced her energy expenditure and have positively affected the weight loss. Also, her 
IGF-1 level had increased. Another patient using dexamphetamine for her HO already from 
start of the GLP-1 intervention decreased and increased her dexamphetamine dosages during 
the treatment phase, hoping that the GLP-1 would make the dexamphetamine use needless. 
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In another patient, a decrease in the concentration of FT4 during the treatment with GLP-1 
from 21 to 13 pmol/L was found (without reduction of T4 dosage), which may have nega-
tively influenced her weight gain. All of the above situations may have influenced outcome, 
and yet they are quite illustrative of the complex situation of children with panhypopitu-
itarism and HO.

It is notable that, although not statistical significant, an overall trend towards weight gain 
was found during GLP-1 administration (increase in weight and BMI SDS) in the treatment 
phase compared to the period without treatment. It may be argued that without GLP-1 this 
weight gain would have been even higher, pointing towards a positive effect of GLP-1 in our 
patients. However, the BMI SDS 3 months after stopping GLP-1 (Table 2) did not increase any 
further, confirming lack of effect of GLP-1.

The limited number of patients, the lack of males, and the fact that not all patients fulfilled 
the intended 12-month period are limitations of this report. Ideally, a randomized prospective 
study should be done to verify these results.

The treatment options for HO are very limited and recently a new treatment algorithm 
using six clinical domains was suggested [4]. This stepwise approach may lead to an improved 
individual treatment program which must be evaluated in the future. In this approach, GLP-1 
receptor agonist treatment may be beneficial in selected patients with hyperinsulinism. We 
had not yet incorporated this new algorithm in the current reported cohort, which may 
possibly partly explain our negative results. In the future we hope to be able to report more 
positive results after better characterization of patients and individualizing treatment as 
suggested by the new algorithm.

In conclusion, in this small cohort, GLP-1 receptor agonist treatment (exenatide) had 
little to no effect on BMI in children with HO. Due to the fact that HO treatment is disap-
pointing, future research should explore the prevention of HO and start higher-quality inter-
vention trials with a placebo-controlled design. To make high-quality trials possible, central-
ization of patents and international collaboration is needed. Hopefully, if specific patients that 
benefit most from a specific type of treatment are identified, this dramatic situation for the 
patients can be improved.
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