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Abstract

Aim: To evaluate the efficacy, safety and tolerability of a glucagon-like peptide-1

receptor agonist (GLP-1 RA) in patients with hypothalamic obesity (HO).

Materials and Methods: A two-arm, randomized, multicentre, double-blind, placebo-

controlled trial was conducted in 10- to 25-year-olds with hypothalamic injury

following intracranial tumour and HO. Participants were randomized to once-weekly

subcutaneous injections of a GLP-1 RA exenatide 2 mg (ExQW) or placebo for

36 weeks. The primary efficacy endpoint was 36-week % change in body mass index

(BMI). Secondary outcomes included change in body composition (by dual energy x-

ray absorptiometry).

Results: Forty-two participants were randomized to ExQW (n = 23) or placebo

(n = 19). Participants were 5 ± 2 years (mean ± SD) postdiagnosis and development

of HO (BMI 37.3 ± 7.1 kg/m2). In intention-to-treat analysis, the effect of 36-week

ExQW vs. placebo on % Δ BMI was not significant (estimated treatment difference

−1.7 ± 1.8%, 95% CI −4.1 to 0.6%, P = .40); however, total body fat mass was

reduced (estimated treatment difference −3.1 ± 1.4 kg, 95% CI −5.7 to −0.4 kg,

P = .02). There was a significant reduction in waist circumference (estimated effect of

treatment −3.5 [95% CI −5.5 to −1.6] cm, P = .004). All patients treated with placebo

increased % of adipose tissue, while 50% treated with ExQW had reductions

(P < .001). Mean HbA1c, glucose tolerance and serum lipids did not change signifi-

cantly with therapy. ExQW was well tolerated. The most frequent adverse events
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were transient gastrointestinal disturbances (ExQW vs. placebo: nausea 6/23

vs. 3/18, vomiting 4/23 vs. 4/18 and diarrhoea 7/23 vs. 3/18).

Conclusions: GLP-1 RAs are a promising and safe treatment to improve or stabilize

HO in children and young adults.
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1 | INTRODUCTION

Mediobasal hypothalamic tumours are frequently associated with

excessive weight gain and hypothalamic obesity (HO).

Craniopharyngiomas (CP)1 are the most common cause; ~50% of

patients with CP develop HO and are at an increased risk of devel-

oping type 2 diabetes and cardiovascular disease following tumour

therapy.2 HO can also occur following other suprasellar tumours,

radiation, trauma or surgical insult to the hypothalamus. Recog-

nized risk factors for HO include intracranial tumours or lesions

affecting medial and posterior hypothalamic nuclei that impact

satiety-signalling pathways.3–7 Structural damage in these nuclei

often leads to hyperphagia, rapid weight gain, central insulin and

leptin resistance, low energy expenditure and increased energy

storage in adipose tissue.8,9

Early and effective management of obesity is vital for this popula-

tion1,6,10; however, treatment for HO remains more challenging than

treatment for common obesity.3,11–15

Multiple therapies have been studied for HO16; however, to date,

none have proven to be both safe and effective. Stimulant medica-

tions with anorectic properties were not beneficial in decreasing body

mass index (BMI).16 Medications targeting hyperinsulinism (octreotide,

metformin) both as monotherapy and in conjunction with diazoxide or

fenofibrate, have also failed to improve HO.16 A novel methionine-

aminopeptidase-2 inhibitor was shown to be beneficial in phase 2 tri-

als; however, development of this medication was abruptly halted

because of safety concerns.16

Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) are

known to cause weight loss in adults17–20 and adolescents21,22

through mechanisms independent of intact hypothalamic struc-

tures. Data from a rodent model supported potential benefit from

GLP-1 RA therapy for HO.23 A prior open-label trial and two open-

label case reports of GLP-1 RAs in adolescents and adults with HO

found promising reductions in body weight.20,24,25 The current

multicentre study was organized to test the effect of the GLP-1 RA

exenatide once-weekly extended-release (ExQW) on clinical out-

comes and metabolic function using a 36-week double-blind, pla-

cebo-controlled randomized trial followed by an 18-week open-

label extension. The hypothesis was drugs causing weight loss via

hindbrain signalling,26 such as GLP-1 RAs, would reduce body

weight in people with severe obesity caused by HO, providing a

desperately needed non-surgical option for treatment of HO. The

primary objective was to explore the ability of ExQW to reduce the

BMI in patients suffering from HO as well as establish the safety

and tolerability of ExQW.

2 | MATERIALS AND METHODS

2.1 | Trial design and participants

The Energy Balance and Weight Loss in Craniopharyngioma-related

or Other Hypothalamic Tumours in Hypothalamic Obesity (ECHO)

trial was an investigator-initiated multisite, 36-week, double-blind,

placebo-controlled randomized trial to evaluate the efficacy and

safety of ExQW for BMI reduction in adolescents and young adults

with HO.

Enrolled participants were randomized 1:1 to ExQW or placebo.

Total study duration was 56 weeks, including a 2-week placebo run-

in, 36 weeks of randomized treatment with ExQW or placebo and an

18-week open-label extension, during which all participants received

ExQW (Figure S1).

The study was approved by the Institutional Review Board at

each site and conducted in accordance with the Declaration of Hel-

sinki and human use guidelines for Good Clinical Practice. This study

was registered at ClinicalTrials.gov (ECHO trial, identifier

NCT02664441). A data and safety monitoring board (DSMB) followed

the progress and safety data at regular intervals. As this was an off-

label application of ExQW (Bydureon), its use was approved under the

US Food and Drug Administration (FDA) Investigational New Drug

protocol 122 971. At the time of funding submission, no GLP-1 agents

were FDA-approved in the paediatric population; Bydureon (2 mg)

weekly was selected for its safety profile and effects on weight loss.

Patients aged 10-25 years of age with a diagnosis of HO follow-

ing treatment for CP were recruited from paediatric endocrinology

outpatient clinics at the three research sites (Seattle Children's Hospi-

tal, Seattle, WA, USA; Children's Minnesota, St. Paul, MN, USA; and

Vanderbilt University Medical Center, Nashville, TN, USA) and HO

internet support groups. HO was defined as rapid weight gain related

to tumour onset or treatment, as assessed by a paediatric endocrinol-

ogist with expertise in HO. To address low enrolment, three patients

with HO following treatment for other suprasellar tumours were sub-

sequently included. Prior to commencing study activities, age-

appropriate written informed consent/assent was obtained.

Study eligibility included: age- and sex-adjusted BMI ≥95 percen-

tile or BMI ≥32 kg/m2 if aged 18 years or older; evidence of
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hypothalamic injury by MRI confirmed by one central neuroradiologist

(Seattle); 6 months or longer postsurgical or radiation treatment;

weight stable or increasing over 3 months; and stable hormone

replacement for at least 3 months. Exclusion criteria included: a family

history of multiple endocrine neoplasia type 2 or familial medullary

thyroid carcinoma; metabolic disorders, insulin-treated diabetes,

poorly controlled type 2 diabetes (HbA1c ≥ 10%); other chronic seri-

ous medical conditions; renal impairment (glomerular filtration

rate <60 mL/min/1.73m2); history of gastroparesis; pancreatitis or

gallstones (unless status postcholecystectomy); initiation of weight-

loss medications within 3 months; previous blood donation greater

than 10% of estimated blood volume within 3 months of study; cur-

rent warfarin use; untreated thyroid or adrenal disorder; history of or

planned bariatric surgery; pregnancy, lactation or an expectation to

conceive during the study period. Sexually active female participants

were required to use birth control, unless gonadotropin deficiency

was documented.

2.2 | Procedures

ExQW (Bydureon) 2 mg or placebo was administered subcutaneously

once-weekly in the abdomen, thigh or upper arm. Identical-appearing

drug and placebo kits were supplied by Astra Zeneca under a Clinical

Trial Agreement. There was a 2-week placebo run-in to test protocol

adherence followed by assignment to a treatment arm using a

permuted-block randomization (1:1) with varying block sizes stratified

by study site, age (10-14, 15-25 years) and sex. Randomization was

administered by the research pharmacist. All co-investigators and

study staff were blinded to treatment assignment until study comple-

tion. The primary study statistician (KBW) was partially unblinded to

facilitate DSMB reporting.

2.3 | Outcomes

Participants were seen for study visits at baseline, weeks 6, 18 and

36 (randomized trial), and at 54 weeks (end of open-label drug treat-

ment). The end of the randomized trial (36 weeks) was the primary

study endpoint (see Figure S1 for procedures and timeline of

interventions).

2.3.1 | Efficacy

The primary outcome was 36-week % change in BMI. At all study

visits, body weight was assessed in light clothing using a calibrated

scale. Height was assessed using a stadiometer. BMI was calcu-

lated as kg/m2 and BMI % changes were calculated. Secondary out-

comes included 36-week change in BMI, BMI Z-score, waist

circumference, waist-to-hip ratio and waist-to-height ratio. Waist

and hip circumference were measured according to guidelines

(http://www.cdc.gov/nchs/nhanes.htm). Additional measures of

adiposity including total fat and lean body mass were obtained via

dual energy x-ray absorptiometry (DXA) at 0 and 36 weeks,

adjusted for height, age and sex as covariates (GE Lunar Prodigy

Advance; GE Lunar iDXA; and GE Hologic Discovery and Horizon).

There were too few non-white patients to adjust for race as a

covariate.

The following metabolic outcomes were assessed after a 10-12-

hour overnight fast: glucose, insulin, lipid panel, high sensitive

C-reactive protein and HbA1c. Samples were tested at a central

laboratory (Northwest Lipid Research Laboratories, Seattle, WA,

USA). Glucose tolerance was determined at 0, 18 and 36 weeks by a

2-hour oral glucose tolerance test (75 g) with sample collection at

0, 30, 60, 90 and 120 minutes for measurement of glucose and

insulin.

2.3.2 | Safety assessments

Electrocardiogram (ECG) was assessed at weeks 0, 18, 36 and 54. Rest-

ing heart rate and blood pressure were measured manually according

to the guidelines of the National High Blood Pressure Education Pro-

gram.27 Laboratory measures—including blood cell count with differen-

tial, serum sodium, potassium, amylase, fasting glucose, transaminases

(alanine transaminase or ALT, aspartate transaminase or AST), creati-

nine, calcitonin and thyroid hormones—were routinely monitored and

reported to the DSMB. In participants without known

hypogonadotropic hypogonadism, gonadotropins were also measured.

All females had urine pregnancy testing prior to treatment.

2.3.3 | Pubertal development

Pubertal staging was performed by a paediatric endocrinologist. Bone

age x-rays were performed in patients who had not achieved epiphy-

seal closure.

2.4 | Statistical analysis

Assuming attrition of 20%, target enrolment for this study was 48 par-

ticipants (38 evaluable), randomized (1:1) to treatment with GLP-1

RAs or placebo. We estimated that this sample size would provide

85% power to detect relative treatment effect sizes of 1 or greater

(in absolute value) for % change in BMI over 3 months with type I

error rate (α) of 0.05. This effect size was consistent with relative

effect sizes observed in preceding pilot studies20 for % change in BMI,

absolute change in BMI, change in glucose AUC (per 100) and change

in insulin (mU/L).

Primary and secondary efficacy outcomes were analysed in the

intention-to-treat (ITT) population, which included all subjects who

were successfully randomized and received at least one dose of

assigned treatment, using a last observation carried forward (LOCF)

approach for measures with mid-treatment assessments. Outcomes
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assessed only pretreatment and post-treatment were analysed with-

out imputation. Sensitivity analyses were conducted using both the

ITT population with a LOCF approach and the population of partici-

pants who completed the 36-week randomized trial. The safety popu-

lation included all subjects who received at least one dose of assigned

therapy during the randomized trial.

2.4.1 | Efficacy

For the primary efficacy analysis, treatment, time and treatment-by-time

interaction were entered into a linear mixed effects model (LMM), using

restricted maximum likelihood estimation, predicting longitudinal %

change in BMI with the participant included as a random intercept. Time

points were baseline and after 6, 18 and 36 weeks of treatment. Random-

ization was stratified by age group, sex and site; these were included as

fixed covariates. Model-based custom contrasts were defined to estimate

mean 36-week % change in BMI for ExQW and placebo; and to deter-

mine the significance of ExQW treatment 36-week % change in BMI

compared with placebo (difference of differences). All continuous second-

ary efficacy endpoints were analysed using similar LMM to those previ-

ously described for the primary outcome. Sensitivity analyses utilized

analysis of covariance (ANCOVA) models.

2.4.2 | Safety

Adverse events (AEs) were summarized, by type and treatment group,

as the frequency and % of subjects with at least one AE. AE rates

associated with ExQW treatment were compared with placebo using

Fisher's exact test. Safety laboratory tests were analysed using

ANCOVA modelling with LOCF imputation to estimate the mean

36-week change from baseline.

Analyses were performed in STATA (StataCorp LLC, College Sta-

tion, TX, USA) and SAS (SAS Institute, Cary, NC, USA). Two-sided

alternatives were assumed, with α = 0.05.

3 | RESULTS

3.1 | Patient disposition

A total of 43 patients were screened and 42 patients were enrolled

(Figure 1). All 23 patients randomized to ExQW received at least one

dose of study medication. Of 19 patients randomized to placebo,

18 received at least one dose and one was withdrawn prior to receiv-

ing drug because of the emergence of health issues unrelated to the

study. Overall, 35/42 patients (83%) completed the 36-week random-

ized trial; and 31/42 (74%) completed the additional open label exten-

sion (Figure S2). Reasons for withdrawal included emergence of new

medical concerns unrelated to study (n = 2), patient request (n = 2),

difficulty with injectable medication (n = 1) and hypersensitivity to the

study medication (n = 1). In addition, one patient was withdrawn

because of an increase in seizure activity, and one patient died in a

traffic accident that was deemed to be unrelated to treatment (both

ExQW group). Adherence to treatment was high for both groups

(excluding parent report: ExQW 89% ± 14%, placebo 85% ± 20%;

including parent report: ExQW 96% ± 8%, placebo 93% ± 14%).

F IGURE 1 Consort diagram
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TABLE 1 Baseline characteristics by treatment

Demographics ExQW (N = 23) Placebo (n = 18) P-value

Age, y 16.9 (4.3) 16.9 (4.8) .99

Sex, no. (%) >.99

Male 9 (39%) 7 (39%)

Female 14 (61%) 11 (61%)

Race, no. (%) .55

Asian 1 (6%)

Black or African American 1 (6%)

White or Caucasian 21 (91%) 15 (82%)

More than 1 race 2 (9%) 1 (6%)

Ethnicity, no. (%) .50

Hispanic or Latino 2 (9%)

Not Hispanic or Latino 21 (91%) 18 (100%)

Type of tumour, no. (%) .08

Craniopharyngioma 23 (100%) 15 (82%)

Mixed germ cell tumour 1 (6%)

Suprasellar ganglioglioma 1 (6%)

Suprasellar germinoma 1 (6%)

Time from HO diagnosis – Yr. 6.7 (4.7)a 8.0 (4.2) .34

Anthropometrics and body composition

Height, cm 160.9 (15.2) 161.3 (13.3) .93

Weight, kg 95.1 (27.9) 103.7 (30.0) .35

Waist circumference, cm 112.8 (17.4) 119.7 (16.2) .20

Waist/hip ratio 0.98 (0.06) 0.99 (0.07) .85

Waist/height ratio 0.70 (0.08) 0.74 (0.08) .10

Body mass index, kg/m2 35.8 (6.6) 39.2 (7.3) .13

BMI z-score [<20 years of age] 2.21 (0.30) 2.39 (0.29) .12

BMI >120% of the 95th percentile (age <20 y) Or in

adults with BMI >35 kg/m2, no. (%)

15 (65%) 14 (78%) .38

DXA

% adipose tissue 47.4 (4.9)a 49.0 (4.5) .27

% lean tissue 50.4 (4.9)a 48.8 (4.5) .31

Heart rate, bpm 75.8 (13.7) 86.5 (13.2) .02

Systolic BP, mmHg 106.0 (13.0) 106.1 (9.1) .98

Diastolic BP, mmHg 69.4 (7.3) 68.8 (5.6) .79

Concomitant medications

Growth hormone, no. (%) 13 (57%) 11 (61%) >.99

Thyroid hormone, no. (%) 19 (83%) 15 (83%) >.99

Hydrocortisone, no. (%) 19 (83%) 15 (83%) >.99

DDAVP/desmopressin, no. (%) 19 (83%) 15 (83%) >.99

Testosterone/oestrogen, no. (%) 15 (65%) 15 (83%) .29

Dextroamph, no. (%) 5 (22%) 2 (11%) .43

Methylphenidate, no. (%) 3 (13%) 1 (6%) .62

Abbreviations: BMI, body mass index; BP, blood pressure; bpm, beats per minute; DXA, dual energy x-ray absorptiometry; ExQW, exenatide once weekly;

HO, hypothalamic obesity.

For BMI z-score: ExQW, n = 16; Placebo, n = 14. Data are expressed as means (SD) or count (% of group total) as appropriate. Statistical analyses were

performed using Fisher's exact test for categorical or counted variables and Student's t-test for continuous variables.
aData unavailable for one subject.
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Treatment arm demographic and clinical characteristics were simi-

lar at baseline. Hormonal supplementation was common and as

expected given hypothalamic damage (Table 1). Only one patient had

type 2 diabetes (an HbA1c of 7% at screening), which was well con-

trolled with metformin. The average HbA1c at time of screening was

5.4% ± 0.5% with no difference in group means (P = .96).

F IGURE 2 Changes of weight-related
endpoints. Waterfall plots for A, exenatide once-
weekly (ExQW) and B, placebo treated patients
outlining the % change in BMI from baseline to the
end of the randomized treatment arm (36 weeks;
grey bars) and the end of the open-label arm
(54 weeks; ◇, ExQW group only). Change in C
and D, % body fat, and E and F, total body fat,
during the randomized treatment. G, change in
BMI over the first 18 weeks of ExQW during
randomized versus open-label treatment phases
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3.2 | BMI and weight-related endpoints

ITT analysis indicated significant 36-week % change in BMI for both the

ExQW (estimated effect of treatment 1.7% ± 0.8%, 95% CI 0.2% to

3.3%, P = .03) and placebo (estimated effect of treatment 3.5% ± 0.9%,

95% CI 1.7% to 5.2%, P < .001) treated groups; the difference between

groups for BMI change was not significant (estimated treatment dif-

ference −1.7% ± 1.2%, 95% CI −4.1% to 0.6%, P = .40). Similar results

were observed for change in BMI (estimated effect of treatment:

ExQW: 0.6 ± 0.3 kg/m2, 95% CI 0.1 to 1.1 kg/m2, P = .03; placebo:

1.4 ± 0.3 kg/m2, 95% CI 0.8 to 2.0 kg/m2; P < .001), where the differ-

ence between groups was not significant (estimated treatment dif-

ference −0.8 ± 0.4 kg/m2, 95% CI −1.6 to 0.1 kg/m2, P = .23). In the

placebo group, BMI changes in the three subjects with other suprasellar

tumours were similar to changes observed in subjects with CP.

Overall, in the ExQW group, two subjects had reductions of

BMI by more than 5% and in four subjects BMI was reduced by

2.5% or more at 36 weeks. In the placebo group, no subjects had

reductions of BMI by more than 5% and in two subjects BMI was

reduced by 2.5% or more at 36 weeks (Figure 2; Figure S2).

TABLE 2 Estimated 36-week change of outcomes by treatment

ExQW (n = 23) Placebo (n = 18) Estimated Tx difference, ExQW versus placebo (95% CI) P-value

Body mass index (kg/m2) 0.6 ± 0.3 1.4 ± 0.3 −0.8 (−1.6 to 0.1) .23

% change in BMI 1.7 ± 0.8 3.5 ± 0.9 −1.7 (−4.1 to 0.6) .40

≥0% change in BMI 50% 26.7%

≥2.5% change in BMI 18.2% 13.3%

≥5% change in BMI 9.1%

BMI z-score a −0.04 ± 0.02 0.03 ± 0.03 −0.07 (−0.14 to 0.002) .13

Waist circumference (cm) 0.1 ± 0.7 3.6 ± 0.7 −3.5 (−5.5 to −1.6) .004

Waist/hip ratio −0.01 ± 0.01 −0.01 ± 0.01 −0.01 (−0.03 to 0.02) .37

Waist/height ratio −0.01 ± 0.004 0.01 ± 0.005 −0.02 (−0.03 to −0.01) .003

DXA b

Total adipose tissue (kg) 1.5 ± 0.9 4.6 ± 1.0 −3.1 (−5.7 to −0.4) .02

% adipose tissue 0.1 ± 0.4 1.3 ± 0.5 −1.2 (−2.5 to 0.0) .06

Total lean tissue (kg) 1.7 ± 0.7 1.3 ± 0.9 0.4 (−1.8 to 2.6) .73

% lean tissue −0.1 ± 0.4 −1.3 ± 0.5 1.2 (−0.1 to 2.5) .06

Bone mineral 0.1 ± 0.0 0.1 ± 0.0 0.0 (−0.1 to 0.1) .75

Heart rate (bpm) 5.7 ± 3.0 −4.8 ± 3.4 10.5 (1.5 to 19.4) .03

Blood pressure (mmHg)

Systolic −1.6 ± 2.3 7.8 ± 2.6 −9.4 (−16.3 to −2.5) .052

Diastolic −2.7 ± 1.9 3.2 ± 2.1 −6.0 (−11.6 to −0.4) .15

Respiratory rate (bpm) 0.1 ± 0.7 −0.3 ± 0.8 0.4 (−1.7 to 2.6) .20

Cholesterol (mg/dL) c

Total 1.00 (0.96 to 1.05) 1.03 (0.97 to 1.08) 0.98 (0.91 to 1.05) .81

HDL 1.01 (0.94 to 1.08) 1.01 (0.93 to 1.09) 1.00 (0.91 to 1.11) .82

LDL 1.01 (0.90 to 1.14) 1.01 (0.88 to 1.15) 1.00 (0.84 to 1.20) .88

VLDL 0.98 (0.91 to 1.06) 1.01 (0.93 to 1.10) 0.97 (0.86 to 1.08) .84

Triglycerides 1.00 (0.89 to 1.13) 1.01 (0.88 to 1.15) 1.00 (0.83 to 1.19) .92

Adiponectin (ng/mL) c 1.03 (0.93 to 1.13) 0.94 (0.85 to 1.05) 1.09 (0.94 to 1.25) .35

Leptin (ng/mL) c 0.98 (0.88 to 1.08) 1.03 (0.92 to 1.16) 0.95 (0.81 to 1.10) .69

Abbreviations: BMI, body mass index; bpm, beats per minute; DXA, dual energy x-ray absorptiometry; ExQW, exenatide once-weekly; HDL, high-density

lipoprotein; LDL, low-density lipoprotein; LOCF, last-observation-carried-forward; VLDL, very low-density lipoprotein.

Data are estimated effects of treatment, expressed as means ± standard error, with corresponding estimated treatment differences and 95% confidence

intervals, unless otherwise stated, using available data from the full-analysis set with LOCF imputation. Statistical analyses were performed using linear

mixed-effects modelling with randomization stratification variables (site, sex and age group) as covariates. The full dataset included all subjects who were

randomized and received at least one drug treatment administration.
aData are limited to individuals aged less than 20 years of age at start of study drug treatment.
bMeasurements were only assessed pretreatment and post-treatment and represent only collected data; no imputations were used.
cData were log-transformed prior to analysis. Results were back-transformed through exponentiation and presented as geometric mean ratios with 95%

confidence intervals.
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In ITT analysis, the estimated treatment difference between

ExQW and placebo for total body fat was −3.1 kg (95% CI −5.7 to

−0.4 kg, P = .02). All patients treated with placebo exhibited an

increase in % adipose tissue (minimum change 0.13%, estimated effect

of treatment 1.3% ± 1.5%, 95% CI 0.3% to 2.3%; P = .008), while 50%

of patients treated with ExQW saw reductions in their % adipose tis-

sue (Fisher Exact P < .001). Similar effects were observed in waist cir-

cumference where ExQW-treated patients exhibited no mean change

(estimated effect of treatment 0.1 ± 0.7 cm, 95% CI −1.2 to 1.4 cm)

and placebo-treated patients exhibited significant increases (estimated

effect of treatment 3.6 ± 0.7 cm, 95% CI 2.2 to 5.1 cm; P = .004)

between the groups. While ExQW treatment yielded no change in

waist-to-height ratio (estimated effect of treatment −0.006 ± 0.004,

95% CI −0.015 to 0.002), placebo-treated patients had significant

increases (estimated effect of treatment 0.013 ± 0.005, 95% CI 0.003

to 0.022), yielding a significant treatment difference (estimated treat-

ment difference −0.018 ± 0.006, 95% CI −0.031 to −0.006, P = .02).

No change in waist-to-hip ratio was observed for either treatment

group (Table 2).

3.3 | Cardiovascular and metabolic endpoints

Analysis indicated a significant effect of treatment for heart rate (esti-

mated treatment difference 10.5 ± 4.6 bpm, 95% CI 1.5 to 19.4 bpm,

P = .03) with ExQW treatment resulting in an increase in heart rate in

trend (5.7 ± 3.0 bpm, 95% CI −0.2 to 11.6 bpm, P = .06). There was

no statistically significant overall effect of treatment for either systolic

or diastolic blood pressure. However, placebo-treated patients experi-

enced a significant increase in systolic blood pressure (estimated

effect of treatment 7.8 ± 2.6, 95% CI 2.7 to 13.0, P = .003). Changes

observed in the subgroup of patients who were treated per protocol

(>85% compliance) were similar compared with results in subgroups

with LOCF imputation or 36-week completers (Table S2).

There were no significant changes in HbA1c (estimated effect of

treatment: ExQW −0.05% ± 0.09%, placebo 0.06% ± 0.10%, P = .89)

or metabolic measures in either group (Tables S1 and S2). There was a

significant overall effect of treatment on the inflammatory marker

serum C-reactive protein (Tables S1 and S2) because of a mean

increase among placebo-treated patients.

3.4 | Sensitivity analysis

Sensitivity analysis outcomes were comparable for BMI, anthropomet-

ric and metabolic-related outcomes relative to the primary analysis.

The primary analysis outcomes were confirmed by the completed

treatment sensitivity analysis.

Several differences were found between the primary and sensitiv-

ity analysis results for cardiovascular outcomes. While the estimated

effects of treatment for both systolic and diastolic blood pressure

were comparable between the primary and both of the sensitivity

analyses, the differences between the groups post-treatment were

considered significant for both measures in each of the sensitivity

analyses (Table S2). Adherence to study medication was not associ-

ated with the rate of BMI or body fat reduction.

3.5 | Safety and tolerability

Overall, 36/41 patients (88%) reported at least one AE. Patients

assigned to ExQW reported similar rates of AE (21/23, 91%) com-

pared with placebo (15/18, 83%) (P = .64). During the randomized

arm, gastrointestinal tract-related events were most common, includ-

ing abdominal pain (ExQW 39%, placebo 11%), nausea (ExQW 26%,

placebo 17%), vomiting (ExQW 17%, placebo 22%) and diarrhoea

(ExQW 30%, placebo 17%). Injection site reactions were common

(ExQW 30%, placebo 22%). One patient on ExQW was withdrawn

from the study because of an increasingly severe localized cutaneous

sensitivity reaction. Additional AEs reported included constipation,

dizziness and headache (Table S3).

Two subjects (both receiving ExQW) had increases of circulating

lipase levels, which were not accompanied by clinical evidence for

pancreatitis and normalized spontaneously without interruption of

study intervention. There were no treatment-related increases of cal-

citonin (Table 3) and no occurrence of thyroid AEs.

Six serious AEs (SAEs) requiring hospitalization were reported

among four patients in the ExQW group during the study: one patient

with increased seizure activity (age 23 years; at weeks 19 and 25 of

treatment); one patient with altered mental status, hypernatremia and

suspicion of seizure activity (age 12 years; weeks 38 and 43 of treat-

ment); one patient with migraine headache (age 21 years; week 46 of

treatment); and one patient with cellulitis of the right arm requiring IV

antibiotic therapy (age 11 years; week 36 of treatment, determined as

definitely unrelated to study drug). Two SAEs were reported in one

patient from the placebo group; both were for hypernatremic dehy-

dration (age 22 years; weeks 15 and 29 of treatment) requiring hospi-

talization. One patient (age 23) from the placebo group developed

cholecystitis 13 weeks into the open-label extension and was admit-

ted for cholecystectomy (Table S3). Overall, there was no difference

in the rates of patients with SAEs during the randomized arm of the

study (ExQW 9%, placebo 6%; P > .99).

Bone age increased as expected for age and similarly in both

treatment arms (ExQW: mean bone age increased 0.9 years, 95% CI

0 to 1.8; placebo: mean 1.3 years, 95% CI 0.2 to 2.4). Odds of abnor-

mal 36-week ECG results compared with baseline were not signifi-

cantly greater for either treatment.

4 | DISCUSSION

Severe obesity occurs in 50% of CP survivors despite optimal endo-

crine management of hypopituitarism, and is associated with profound

morbidity, mortality and reduced functional capacity and quality of

life.28 HO is one of the most refractory types of childhood obesity

and novel treatment options are necessary.16,28,29 GLP-1 RAs are well
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established for the treatment of type 2 diabetes in patients older than

10 years, and are associated with significant reductions in body

weight and fat mass in adults and children; they are potent stimulators

of glucose-dependent insulin secretion and modulators of satiety and

energy intake.19,30

GLP-1 RA treatment is a novel approach for HO intervention

because the mechanism of action is not entirely dependent on

intact hypothalamic structures. GLP-1 binds to receptors in the

vagus nerve as well as to appetite-related sites in the hindbrain

(nucleus of the solitary tract, area postrema) and the hypothalamus

(arcuate and dorsomedial nuclei).31 GLP-1 functions as a satiety

hormone, promoting reduced food intake and more rapid meal

termination,32 as well as modulating activity in appetite- and

reward-related brain areas.33,34

Our randomized clinical trial shows the effects of GLP-1 RA

therapy to reduce or stabilize BMI and body fat compared with

steady increases in the placebo group. The change in body fat

between the two groups appears clinically relevant and confirms that

some GLP-1 RA actions are independent of intact hypothalamic

pathways. These results further support the role of the hindbrain in

feeding regulation. It is not clear why the change in body fat was

greater than the change in BMI. Interestingly, similar findings have

been seen in pilot studies of weight loss interventions for Prader-

Willi syndrome.35,36 Because BMI is a measure of total weight

adjusted for height, it includes both fat and fat-free body mass.

While the change in lean mass was not statistically significant, the

decrease seen in the placebo group may have been enough to affect

BMI and offset the change seen in BMI between the ExQW and pla-

cebo groups. In short, BMI alone may not adequately assess the

change in fat mass.36

The majority of AEs were expected and similar to those reported

for GLP-1 RA medications. Additional potential safety concerns with

GLP-1 RAs include early pubertal changes because of activation of

central pathways.37 We saw neither pubertal advancement nor

changes in bone maturation in our study group. This study supports

the safety of GLP-1 RAs in peripubertal children.

Waist circumference showed a statistically significant difference

in changes between the treatment groups. Waist circumference has

repeatedly been shown to be a reliable predictor for risk of cardiovas-

cular disease, and is associated with low HDL, and high triglycerides

and fasting insulin.38 Reduction of waist circumference is a clinically

meaningful change related to ExQW therapy. Lowering the risk for

development of cardiovascular disease is important for adolescents

with obesity.

This study has several strengths. A double-blind, randomized,

placebo-controlled study design was used and we successfully

enrolled a large population of paediatric patients. Subjects had high

adherence to study medication and ExQW was well tolerated. The

analysis included an ITT approach and evaluation of data in com-

pleters. Body fat was assessed by DXA scan and metabolic variables

including glucose tolerance testing were obtained.

There are potential study limitations. First, we did not completely

reach our enrolment goal. However, the dropout rate was low, 16.7%

in the ExQW group and 21% in the placebo group. There was a wide

range of obesity severity at baseline. Furthermore, we used a compar-

atively low, fixed dose in this group of heterogenous patients with

extreme obesity. Dose escalation with either this medication, or

another GLP-1 RA, could achieve greater efficacy. Indeed, in a recent

publication in adolescents with severe obesity, escalation to a high

dose of liraglutide (3 mg per day) over a 56-week intervention showed

a 5% BMI reduction in 43% versus 19% in the placebo-treated

group.22 There may be a difference in hypothalamic injury that

impacts the response to therapy. Previous studies indicate that the

degree of injury impacts the degree of HO.5–8 Further studies in this

TABLE 3 Estimated 36-week change by treatment of laboratory safety measures

ExQW Placebo

Mean (95% CI) Mean (95% CI) P-value

Lipase (IU/L) 23.7 (−19.1 to 66.5) −7.9 (−20.1 to 4.3) .15*

Amylase (IU/L) 7.5 (−2.5 to 17.5) −2.1 (−4.6 to 0.4) .03*

Fasting glucose (mg/dL) −2.5 (−10.3 to 5.2) 2.0 (−11.9 to 15.9) .99*

White blood cell (K/cmm) −0.3 (−1.1 to 0.6) −0.9 (−1.9 to 0.2) .94*

Haematocrit (%) −0.4 (−1.4 to 0.6) 0.6 (−0.5 to 1.7) .14*

Sodium (mEq/L) 0.2 (−1.3 to 1.8) 0.7 (−0.3 to 1.7) .81

Potassium (mEq/L) 0.1 (−0.1 to 0.2) −0.1 (−0.2 to 0.1) .32

Aspartate aminotransferase (IU/L) 6.2 (0.7 to 11.8) −2.4 (−9.3 to 4.6) .17*

Alanine aminotransferase (IU/L) 13.2 (1.7 to 24.8) −0.7 (−9.6 to 8.2) .09*

Calcitonin (pg/mL) −0.1 (−0.6 to 0.5) 0.0 (−0.1 to 0.0) .76*

Carcinoembryonic antigen (ng/mL) 0.1 (0.0 to 0.2) −0.1 (−0.1 to 0.0) .003*

Abbreviation: ExQW, exenatide once-weekly.

Data are from the full intent to treat analysis set with last observation carried forward imputation. Corresponding means (95% CI) are from analyses using

non-transformed data to provide insight into magnitude of change.
*P-values are from non-normally distributed data that were transformed for analyses.
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population may benefit from additional stratification based on the

degree of hypothalamic damage.

In summary, this is the first randomized controlled clinical trial

testing a GLP-1 RA in adolescent and young adult subjects with HO

because of hypothalamic injury. The shown GLP-1 RA effects in

patients with hypothalamic dysfunction not only open new avenues

for intervention in a difficult-to-treat form of obesity but also contrib-

ute to a better understanding of GLP-1 physiology. While the overall

results are encouraging, as we observed relative reductions in body

fat mass, the heterogeneity of response to ExQW therapy suggests

that some patients are more probable to respond. More research is

needed to understand the factors that have an impact on or may pre-

dict treatment success as well as strategies for identifying the optimal

drug dose.
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