Received: 12 July 2018 Revised: 28 October 2018

DOI: 10.1111/ijpo.12495

Accepted: 11 November 2018

ORIGINAL RESEARCH

\Wisadoediatricobesity

Liraglutide effects in a paediatric (7-11 y) population with
obesity: A randomized, double-blind, placebo-controlled, short-
term trial to assess safety, tolerability, pharmacokinetics, and
pharmacodynamics

| Louise Witten? | Kristin C. Carlsson Petri® | Paula M. Hale* |

Lucy D. Mastrandrea?

Hanna K. Hedman® | Robert A. Riesenberg®

1 Jacobs School of Medicine and Biomedical
Sciences, Division of Pediatric

Endocrinology/Diabetes, University at Buffalo,

Buffalo, New York

2Department of Clinical Pharmacology, Novo
Nordisk A/S, Sgborg, Denmark

3Department of Quantitative Clinical
Pharmacology, Novo Nordisk A/S, Sgborg,
Denmark

4Department of Clinical Development, Novo
Nordisk Inc, Plainsboro, New Jersey

5 Department of Safety Surveillance, Novo
Nordisk A/S, Bagsveerd, Denmark

6 Atlanta Center for Medical Research, Atlanta,

Georgia

Correspondence
Dr Lucy D. Mastrandrea, MD, PhD, UBMD
Pediatrics, Division of Pediatric

Endocrinology/Diabetes, University at Buffalo,

1001 Main Street, 5th Floor, Buffalo, NY
14203.
E-mail: Idm@buffalo.edu

Funding information
Novo Nordisk A/S

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

Summary
Background: Childhood obesity is a major public health concern with limited treat-
ment options.

Objective: The aim of this study was to assess safety, tolerability, pharmacokinetics,
and pharmacodynamics during short-term treatment with liraglutide in children (7-
11 y) with obesity.

Methods:

received at least one dose of once-daily subcutaneous liraglutide (n = 16) or placebo

In this randomized, double-blind, placebo-controlled trial, 24 children

(n = 8) starting at 0.3 mg with weekly dose escalations up to 3.0 mg or maximum tol-
erated dose, and 20 children completed the trial (14 in the liraglutide group and six in
the placebo group). The primary endpoint was the number of adverse events.
Results: Baseline characteristics (mean * standard deviation) included the following:
age 9.9 + 1.1 years, weight 71.5 £ 15.4 kg, and 62.5% male. Thirty-seven adverse events
were reported in nine liraglutide-treated participants (56.3%) versus 12 events in five
placebo-treated participants (62.5%). Most adverse events were mild in severity, three
were of moderate severity, and none were severe. Gastrointestinal disorders were the
most frequently reported events occurring in 37.5% of liraglutide-treated participants
compared with placebo (12.5%). Six asymptomatic hypoglycaemic episodes occurred in
five participants of whom four were liraglutide treated. Liraglutide exposure was
consistent with dose proportionality. Body weight was the only covariate to significantly
impact exposure. A significant reduction in body mass index (BMI) Z score from baseline
to end of treatment (estimated treatment difference: —0.28; P = 0.0062) was observed.
Conclusion: Short-term treatment with liraglutide in children with obesity revealed
a safety and tolerability profile similar to trials in adults and adolescents with obesity,

with no new safety issues.
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1 | INTRODUCTION

Childhood obesity has emerged as a global public health concern over
the past three decades, with prevalence having doubled in more than
70 countries. In the United States, the prevalence of obesity nearly
tripled in school-age children (6-11 y) from 6.5% to 18.0% between
1976-1980 and 2009-2010.2 Childhood obesity is associated with a
number of health complications including type 2 diabetes mellitus,
hypertension, polycystic ovary syndrome, sleep apnoea, asthma,
orthopaedic problems, and psychosocial problems.® Furthermore,
childhood overweight is associated with risk factors for cardiovascular
disease.®” Childhood overweight and obesity are independent risk
factors for developing obesity in adulthood,® and the relative risk of
adult obesity increases with age and body mass index (BMI).? Taken
together, these findings underscore the need to implement safe and
efficacious interventions to treat and prevent obesity in children.

Interventions for treating obesity in children have shown limited
effectiveness, with the foundation of current treatment strategies
focusing on family-based behavioural programmes.® If lifestyle modifi-
cations to diet and physical activity levels fail, an escalation in medical
therapy may be required, including pharmacological treatment.®
Orlistat and phentermine are the only medications approved in the
United States to treat obesity in adolescents (age > 12 and >16 v,
respectively). Studies of medications to treat obesity in children had
small sample sizes or revealed only modest effects on weight loss.*®"
12 Currently, there are no pharmacotherapies approved for weight
management in young children below the age of 12 in either the
United States or European Union (EU). As such, there exists an unmet
medical need in this population for the treatment of obesity.

Liraglutide is an analogue of the gut incretin hormone GLP-1.2% In
response to food intake, GLP-1 is secreted by intestinal L cells and
lowers blood glucose by inhibiting glucagon secretion and promoting
insulin secretion in a glucose-dependent manner.*>** GLP-1 is also a
physiological regulator of appetite. Liraglutide belongs to the class of
GLP-1 receptor agonists®® that stimulates weight loss via reductions
in appetite and energy intake.?® Liraglutide 3.0 mg, as an adjunct to
a reduced-calorie diet and increased physical activity, is approved for
chronic weight management in adults based on the phase 3a Satiety
and Clinical Adiposity-Liraglutide Evidence (SCALE) clinical develop-
ment programme.’®2° In a previous trial of adolescents with obesity,
treatment with liraglutide 3.0 mg revealed no safety or tolerability
concerns, and the pharmacokinetic (PK) properties were consistent
with previous observations in adults with obesity.2%?2

The aim of the present trial was to investigate safety, tolerability,
PK, and PD during short-term treatment with once-daily liraglutide
doses up to 3.0 mg in children with obesity aged 7 to 11 years and
Tanner stage 1 pubertal development.

2 | METHODS

2.1 | Trial design and population

This randomized, double-blind, placebo-controlled trial was conducted

at seven sites in the United States of which three sites randomized

participants (two, eight, and 14 per site; ClinicalTrials.gov Identifier:
NCT02696148). All sites received approval by an institutional review
board and/or local health authority. This trial was conducted in accor-
dance with the Declaration of Helsinki>® and International Council for
Harmonisation Good Clinical Practice.?* All participants and their par-
ents or legally acceptable representatives provided assent and
informed consent, respectively, prior to any trial-related activities.
The key inclusion criteria were male or female children (7-11 y); Tan-
ner stage 1 (children with premature adrenarche were included); BMI
corresponding to >30 kg m™2 for adults by international cut-off
points2® (Table $1); and BMI < 45 kg m™2, as well as BMI > 95th per-
centile for age and sex. Tanner stage was assessed by genital develop-
ment stages for boys and breast development stages for girls,2® as
determined by the investigator. Key exclusion criteria included sec-
ondary causes of childhood obesity; confirmed bulimia nervosa disor-
der; diagnosis of type 1 or 2 diabetes mellitus as defined by glycated
haemoglobin (HbA1c) > 6.5%; pubertal development—Tanner stages
2 to 5 (participants with premature adrenarche were included) at the
time of screening; history of pancreatitis (acute or chronic); presence
of severe comorbidities as judged by the investigator; family or per-
sonal history of multiple endocrine neoplasia type 2 or medullary thy-
roid carcinoma; and history of major depressive disorder within
2 years before randomization. The complete list of inclusion and exclu-
sion criteria is included in Table S2.

2.2 | Randomization and treatment

Each trial site was supplied with trial products via an interactive
voice/web responsive service. Following screening, participants were
randomized 2:1 to once-daily subcutaneous injections of liraglutide
or placebo, respectively, in accordance with a dispensing unit number
allocated by the sponsor. The sponsor, participants, and investigators
remained blinded to treatment allocation. Participants and their par-
ents or legally acceptable representatives were instructed in adminis-
tering injections, and participants performed a self-injection with a
prefilled placebo pen injector (FlexPen; Novo Nordisk, Denmark) at
the screening visit to ensure they were capable and willing to self-
inject. Liraglutide or equal volume of placebo was administered using
a prefilled syringe at 9 AM + 2 hours starting at 0.3 mg once daily.
Liraglutide and placebo are visually identical, and therefore, it was
not possible to distinguish between the two treatment arms. Daily
doses were administered at home or on site during the weekly visits
under investigator surveillance. The liraglutide dose was escalated
from 0.3 to 1.2 mg in weekly increments of 0.3 mg and then followed
with 0.6-mg weekly increments to a maximum dose of 3.0 mg or max-
imum tolerated dose (Figure S1). The treatment was at least 7 weeks
with the allowance of up to six optional treatment weeks, up to a
maximum of 13 weeks. Optional treatment weeks aimed to optimize
tolerability during dose escalation in this paediatric population by
allowing participants to remain on an unchanged or lowered dose if
dose escalation criteria were not met at any of the treatment weeks
and to escalate the dose at a later time. The dose remained unchanged
if fasting plasma glucose (FPG) was <3.1 mmol L™ (56 mg dL™%) or
<3.9 mmol L™! (70 mg dL™Y) in the presence of hypoglycaemia


http://ClinicalTrials.gov

MASTRANDREA ET AL.

symptoms during the previous week, or if the dose was not tolerated
with respect to adverse events (AEs), as judged by the investigator.
Participants attended a final follow-up visit approximately 10 to
17 days after the last dose.

Treatment compliance was assessed by measuring liraglutide con-
centrations once at each dose step as part of the PK assessment
(Cirough)» @s mentioned below. Additionally, at each dosing visit, the
investigator reminded the participants to follow protocol procedures,
and the participants returned all used, partly used, and unused trial
products. In case of discrepancies, the investigator was to question
the child and parent(s)/legally acceptable representative. Moreover,
the diaries, in which the time of dosing was to be noted, were checked

at each visit.

2.3 | Outcomes

The primary outcome was the number of AEs from the time of first
dosing until completion of the follow-up visit in all children who
received at least one dose of trial product. Supportive secondary end-
points included the number of hypoglycaemic episodes in the same
time period as well as changes from baseline to end of treatment in
physical examination parameters, vital signs, clinical laboratory evalua-
tions, electrocardiogram (ECG), and incidence of antiliraglutide anti-
bodies at follow-up. In addition to the American Diabetes
Association (ADA) classification for hypoglycaemia,?’ Novo Nordisk
used the following classification: severe hypoglycaemia according to
ADA classification?” and symptomatic blood glucose confirmed
hypoglycaemia (an episode that is blood glucose confirmed by plasma
glucose [PG] value < 3.1 mmol L™ (56 mg dL™%) with symptoms consis-
tent with hypoglycaemia).

Safety and tolerability were assessed throughout the entire trial.
Participants were provided with blood glucose meters (Medisense
Precision Xtra, Abbott Laboratories, IL) and recorded self-measured
PG levels prior to weekly visits following an overnight fast (in the
morning before coming to the trial site for the visit) or, in the case
of a suspected hypoglycaemic episode, at any time of day while at
home, in assigned diaries. All PG values < 3.9 mmol L™ (70 mg dL
1), irrespective of symptoms of hypoglycaemia, were reported in
diaries.

Secondary PK endpoints included steady-state liraglutide plasma
Cirough during dose escalation and apparent clearance (CL/F) and
AUC( . »4n at steady state following the last dose of liraglutide. Blood
sampling to assess steady-state liraglutide Cio.gn cOncentrations was
performed at the end of each dosing week interval. Sparse sampling
for population PK modelling was performed following the last dose
(1, 2, 3, 24, and 72 h after dose); the timing and number of PK samples
were chosen by an optimal design methodology?® with the aim of
optimizing the population estimate of CL/F. The population PK model-
ling approach (see Section 2.4) allowed for a reduced number of PK
samples per participant.

Secondary PD exploratory endpoints included changes from base-
line to end of treatment for BMI Z score, body weight, FPG, serum
insulin, and serum HbA1c. The algorithm used to calculate the BMI Z

score was previously published by the World Health Organization.?’
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2.4 | Statistical analyses

With 18 participants completing the trial, a sample size of 11 partici-
pants on liraglutide and four on placebo was ensured, which was con-
sidered sufficient to evaluate safety and tolerability as well as to make
appropriate assessments of the PK endpoints. Randomization of up to
25 participants was allowed (with planned inclusion of 21) to account
for withdrawn participants. Safety and PD analyses were performed
on the same population of 24 participants. PK evaluations were per-
formed on participants treated with liraglutide only. Statistical analy-
ses were performed using SAS software, version 9.4 (SAS Institute,
Cary, NC). For the population PK analysis, R version 3.2.3 (R Founda-
tion for Statistical Computing, Vienna, Austria) and NONMEM version
7.3.0 (ICON Development Solutions, Ellicott City, MD) were used.

The AEs and assessments for physical examination, ECG, vital
signs, and laboratory tests were summarized descriptively. The
hypoglycaemic episodes were summarized by severity.

Liraglutide dose proportionality was based on Ciougn Values. A lin-
ear mixed model was used to estimate the slope (8) and the dose-
proportionality parameter (2f). In a post hoc sensitivity analysis for
dose proportionality, four participants with unexplained low plasma
liraglutide concentrations were identified prior to unblinding of treat-
ment allocation and omitted from the analysis.

Estimates of CL/F and AUCq.,41 were obtained from the popula-
tion PK analysis based on the sparse sampling (after the last dose) and
Cirough Values (obtained during dose escalation period). A standard
one-compartment model with first-order absorption and elimination
parameters (k,, CL/F, and apparent volume of distribution [Vd/F])
was used to describe the liraglutide PK in children with obesity as

21223031 Random effects (ie, between-

was done previously.
participant variability estimates) were included for both CL/F and
Vd/F. A proportional error model assessed residual variability of
liraglutide concentrations. A correction factor was estimated for the
Cirough Values to account for the unexpectedly low plasma liraglutide
concentrations in order to avoid that these low measurements influ-
enced the parameter estimates in a way that could lead to high esti-
mates of CL/F and thus too high dose recommendations. The impact
of covariates for CL/F (age, body weight, sex) and Vd/F (body weight)
was investigated in full and reduced models; the full model tested
effects of all covariates simultaneously, whereas the reduced model
removed the least significant covariates sequentially. This model was
fitted to data from the current trial and previous trials in adolescents?*
and adults,?? and the estimated PK parameters were compared.

Changes in BMI Z score and body weight were analysed using a
linear model with treatment as a fixed factor with two levels
(liraglutide and placebo) and baseline values as covariate. Assessments
of FPG, serum insulin, and serum HbAlc were summarized using
descriptive statistics.

3 | RESULTS

A total of 33 participants were screened for eligibility between 14
March 2016 and 13 April 2017, of which nine were screen failures

(one was an eligible participant who could not self-inject and was
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not randomized) (Figure S2). The remaining 24 participants were ran-

domized and exposed to treatment: 16 to liraglutide and eight to pla-

TABLE 1 Baseline characteristics®

Liraglutide Placebo Total
cebo. A total of four participants were withdrawn after randomization n=16 n=8 n=24
(two from each treatment group). Of the two participant withdrawals Sex, n (%)
in the liraglutide group, one was reported as lost to follow-up, and Eemale 8 (50.0) 1 (12.5) 9 (37.5)
the other was a voluntary participant withdrawal. Both withdrawals Male 8 (50.0) 7 (87.5) 15 (62.5)
in the placebo group were reported as withdrawn by Ethnicity, n (%)
parent/guardian. Of the 20 participants (83%) who completed the trial, Hispanic or Latino 6 (37.5) 3(37.5) 9 (37.5)
19 reached the maximum dose of 3.0 mg (13 liraglutide-treated partic- Not Hispanic or Latino 10 (62.5) 5 (62.5) 15 (62.5)
ipants and all six placebo participants). Three completed participants in Race, n (%)
the liraglutide group used one optional treatment week each during White 9 (56.3) 5 (62.5) 14 (58.3)
escalation: Two participants experienced vomiting and were treated Black or African 7 (43.8) 3(37.5) 10 (41.7)
with 0.9 mg liraglutide for 2 weeks prior to further dose escalation, American
and one participant experienced episodes of vomiting and reached a Age,y 9.7 (1.1) 104 (1.1) 9.9 (1.1)
maximum tolerated dose of 2.4 mg liraglutide (refer to Figure 1). No Min; max 711 811 711
participants were treated beyond 8 weeks. Height, m 145(0.11) 154 (0.08) 1.48(0.11)

Baseline characteristics are shown in Table 1. The mean age was Min; max 1.27; 1.62 143;1.68  1.27;1.68
9.9 years (age range 7-11 y). A total of three participants (one Body weight, kg 66.6 (12.6) 81.4 (16.6) 715 (15.4)
liraglutide-treated and two placebo-treated participants) were Min; max 45.0; 86.8 68.1;115.4 45ﬁ5 4
reported to have premature adrenarche at the time of screening. The b :
L. . . BMI Z score 3.8 (0.9) 4.1 (1.0) 3.9 (0.9)
frequency of male participants was higher in the placebo group than
. R . X Min; max 2.6; 5.7 2.8; 6.0 2.6; 6.0
the liraglutide treatment group. The mean height and weight of the .
X . . FPG (mmol L™) 5.25 (0.27) 5.19 (0.32) 5.23(0.28)
liraglutide treatment group were less than the placebo group. Baseline
X Min; max 4.79; 5.68 4.65; 5.71 4.65; 5.71
BMI Z score and glycaemic parameters (serum HbA1c and FPG) were s
o FPG (mg dL™Y) 95 (5) 94 (6) 94 (5)
similar between treatment groups.
Min; max 86; 102 84; 103 84; 103
HbA1c (mmol mol™?) 36.8 (4.1) 35.5 (3.9) 36.4 (4.0)
31 | Ad t Min; max 27.9;42.1 30.1; 42.1 27.9;42.1
: Verse events HbAlc, % 5.5(0.4) 5.4 (0.4) 5.5(0.4)
Min; max 47; 6.0 4.9; 6.0 4.7, 6.0

A total of 9/16 (56.3%) participants treated with liraglutide reported
37 AEs and 5/8 (62.5%) participants treated with placebo reported
12 AEs; the AEs are presented by system organ class in Table 2 and
additionally by preferred term in Table S3. All AEs were mild in sever-
ity with the exception of three moderate severity AEs (two events
[vomiting] in one participant in the liraglutide treatment group and

one event [arthropod bite] in the placebo group). No severe or serious

Abbreviations: BMI, body mass index; FPG, fasting plasma glucose; HbA1lc,
glycated haemoglobin; Max, maximum; Min, minimum; n, number of ran-
domized participants.

?Data are observed means (standard deviation [SD]), unless otherwise
stated.

PBMI Z score represents the number of SDs from a reference standard
population mean BM|.2*

B Nausea M Vomiting M Upper abdominal pain

1— m0.6 mg
S 2 m1.8mg Nausea
o
g 3— m0.3mg
c
— 33— m0.9mg
S
4 W0.9 mi
Q 9 .
S Vomiting
£ 5+ H0.9 mg
©
o 6— 2.4 mgEEEEEN NN 2.4 mg
5+ 3.0 . .
m30mg Upper abdominal pain
6— 12mgll W12mgmEm18mg 24mgEEE m24mg
T T T T T T T T
0 7 14 21 28 35 42 49 56

Timing since first dosing (days)

FIGURE 1 Timing and duration of selected gastrointestinal (Gl) adverse events (AEs) with liraglutide. The doses shown are those at the start of
the event. Individual square boxes indicate the day of AE onset and could have ranged from <1 min to 24 h. There were no AEs of nausea, vomiting,
or upper abdominal pain reported in participants treated with placebo. Numbers on the y axis designate individual participants. Two participants
(participants 3 and 4) each used one optional week and were treated with liraglutide 0.9 mg d™* for 2 wk before further dose escalation. One
participant (participant 6) reached a maximum dose of liraglutide 2.4 mg d™* using one optional week and remained at this dose for 3 wk. All GI AEs
were mild in severity with the exception of vomiting of moderate severity in participant 6. No participants were treated beyond 8 wk
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TABLE 2 Summary of adverse events and hypoglycaemic episodes

Liraglutide n = 16

il aaoediatricobesity s

Placebon = 8

Participants Events Participants Events

Variables n % n n % n
AEs 9 56.3 37 5 62.5 12
Severity?

Mild 56.3 35 5 62.5 11

Moderate 6.3 2 1 125 1
Relationship to trial product

Probable/possible 5/3 31.3/18.8 15/6 1/1 12.5/12.5 1/1

Unlikely 5 31.3 16 5 62.5 10
Outcome

Recovered/recovering 9/1 56.3/6.3 36/1 5/2 62.5/25.0 10/2
AEs by system organ class

Gl disorders 6 37.5 19 1 125 1

Nervous system disorders 3 18.8 4 4 50.0 5

General disorders and admin. site conditions 3 18.8 4 1 12.5 1

Infections and infestations 2 12.5 2 1 12.5 1

Musculoskeletal and connective tissue disorders 1 6.3 1 1 125 2

Respiratory, thoracic, and mediastinal disorders 2 12.5 4 0 0.0 0

Ear and labyrinth disorders 1 6.3 1 0 0.0 0

Eye disorders 1 6.3 1 0 0.0 0

Injury, poisoning, and procedural complications 0 0.0 0 1 12.5 1

Investigations 0 0.0 0 1 12.5 1

Skin and subcutaneous tissue disorders 1 6.3 1 0 0.0 0
Hypoglycaemic episodes

ADAP 4 25.0 5 1 125 1

Asymptomatic 4 25.0 5 1 12.5 1

Abbreviations: ADA, American Diabetes Association; admin, administration; AEs, adverse events; Gl, gastrointestinal; n, number of randomized participants

or events.

“There were no severe AEs in either treatment group.

PADA definitions, briefly: severe, requiring assistance of another person; asymptomatic, no typical symptoms but plasma glucose (PG) concentra-
tion < 70 mg dL™? (3.9 mmol L™Y); probable symptomatic, symptoms without PG determination; relative, typical symptoms but PG concentra-
tion > 70 mg dL™* (3.9 mmol L™%).27 A total of six hypoglycaemic episodes were reported; there were no severe, documented symptomatic, probable

symptomatic, or relative hypoglycaemic episodes.

AEs or deaths were reported, and none of the AEs led to participant
withdrawal. AEs considered possibly or probably related to treatment,
as judged by the investigator, are shown in Table 3; These were more
frequent in the liraglutide treatment group (21 AEs, 56.8%) than the
placebo group (two AEs, 16.7%) and mostly related to gastrointestinal
(Gl) disorders (Tables 2 and 3). More participants in the liraglutide
treatment group (37.5%), compared with placebo group participants
(12.5%), reported Gl AEs (Table 2); however, there was no clear asso-
ciation between the treatment dose, timing, duration, or severity of
specific Gl AEs (nausea, vomiting, and upper abdominal pain)
(Figure 1). Two participants treated with liraglutide (12.5%), compared
with no participants in the placebo group, reported three AEs (two
events of injection site induration and one event of injection site reac-
tion) that were judged by investigators to be possibly or probably
related to treatment (Table 3). Apart from two events of headache,
which were reported by two participants (12.5%) in the liraglutide
group and none in the placebo group, other potentially related AEs
were single events in either treatment group. All AEs had outcomes
of recovered or recovering at the end of the trial. The AEs with

outcomes of recovering concerned one participant in the liraglutide
treatment group (rash) and two participants in the placebo group

(headache and increased alanine aminotransferase).

3.2 | Hypoglycaemic episodes

A total of six hypoglycaemic episodes were reported during the
trial, of which five were reported in four participants in the liraglutide
treatment group (Table 2). All episodes were asymptomatic, and
four episodes, all in participants treated with liraglutide, occurred fol-
lowing an overnight fast. Glucose measurements reported as
hypoglycaemia in participant diaries ranged from 3.4 to 3.9 mmol L™!

(62-70 mg dL™?). No treatment was required for these participants.

3.3 | Clinical laboratory evaluations, ECG, physical
examination, and vital signs

No clinically relevant safety findings were identified in relation to

physical exam, vital signs, ECG, haematology, biochemistry, hormones,
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TABLE 3 Adverse events® possibly or probably related to investiga-
tional product

Liraglutide n = 16 Placebo n = 8

Participants Events Participants Events
n % N n % N

AEs probably or possibly 7 43.8 21 2 25.0 2
related

Gl disorders 5 313 14 1 125 1
Vomiting 4 250 5 0 00 O
Nausea 2 12.5 2 0 00 O
Abdominal pain upper 1 6.3 5 0 00 O
Diarrhoea 1 6.3 1 0 00 O
Dyspepsia 0 0.0 0 1 12.5 1
Salivary hypersecretion 1 6.3 1 0 00 O

Nervous system disorders 3 18.8 3 0 00 O
Headache 2 12.5 2 0 00 O
Dizziness 1 6.3 1 0 00 O

General disorders and 2 125 3 0 00 O
administration site
conditions
Injection site induration 2 12.5 2 0 00 O
Injection site reaction 1 6.3 1 0 00 O

Eye disorders 1 6.3 1 0 00 O
Orbital oedema 1 6.3 1 0 00 O

Investigations 0 0.0 0 1 12.5 1
Increased ALT 0 0.0 0 1 12.5 1

Abbreviations: AEs, adverse events; ALT, alanine aminotransferase; Gl,
gastrointestinal; N, number of events; n, number of randomized
participants.

2AEs are presented by system organ class and preferred term; causality is
assessed by the investigator.

lipids, or calcitonin. Increases in mean serum lipase and amylase were
observed in liraglutide-treated participants (Figures S3 and S4); never-
theless, the changes were not considered to be clinically relevant (all
elevated levels were below three times the upper limit of the normal

range). No participants developed antiliraglutide antibodies.

3.4 | Pharmacokinetics

Liraglutide Ciough concentrations were consistent with dose propor-
tionality as a doubling of the liraglutide dose resulted in a 1.66
increase in exposure, estimated 26 = 1,66 (95% confidence interval
[Cl], 1.26, 2.19), P = 0.19. Exclusion of the four participants with unex-
pectedly low liraglutide Ciougn concentrations in a post hoc sensitivity
analysis further supported the observation of dose proportionality as a
doubling of the liraglutide dose resulted in a 1.94 increase in exposure,
estimated 2 = 1.94 (95% Cl, 1.53, 2.45), P = 0.79.

The population PK analysis allowed for comparison of liraglutide
exposure between children participating in the current trial and previ-
ous trials including adolescents?® and adults.?? The mean estimate of
CL/F in children was lower than that in both adolescents and adults
(Table 4). Correspondingly, the model-derived mean estimate of
AUCq. »4n at steady state following last dose was higher in children

compared with adolescents and adults (Table 4). Estimated C,,, was

TABLE 4 Summary of apparent clearance and liraglutide exposure
values in children compared with adolescents and adults with obesity
—geometric mean (95% Cl)

Trial AUC(_ 54,55

population  CL/F (Lh™) (h-nmol L) Cavg (nmol L%

Children 0.69 (0.6,0.82) 1161 (1002, 1398) 48.4 (41.8, 58.2)
(n=13)

Adolescent  0.99 (0.88, 1.14) 808 (720, 931)  33.7 (30, 38.8)
(n =13)

Adult (n =29) 1.15(1.05,1.37) 697 (640, 833) 29.0 (26.7, 34.7)

Abbreviations: AUCq 54,55, area under the concentration-time curve from O
to 24 h following last dose; C,g, estimated average plasma liraglutide con-
centration in a dosing interval; CL/F, apparent clearance following last
dose; n, number of participants analysed.

2Values are for liraglutide 3.0 mg at steady state. Data are from the current
trial in children and previous clinical pharmacology trials in adolescents®!
and adults.??

higher in children compared with adults (Figure 2A and Table 4). These
differences can be explained by the fact that body weight was the
only covariate of importance for liraglutide exposure. When adjusted
for body weight, the exposure was similar for children, adolescents,
and adults (Figure 2B).

3.5 | Pharmacodynamic evaluations

From baseline to end of treatment (7-8 wk after first dose), a statisti-
cally significant reduction in BMI Z score was observed in liraglutide-
treated participants (estimated mean - 0.3) compared with the pla-
cebo group (-0.01), treatment difference (95% Cl): -0.28 (-0.47,
-0.09), P = 0.0062. A decrease was observed in body weight at end
of treatment for liraglutide-treated participants (estimated
mean - 0.52 kg) as compared with an observed increase in participants
in the placebo (0.98 kg), treatment difference (95% Cl): -1.50 (-3.54;
0.54), although this difference was not statistically significant. Individ-
ual changes in body weight are presented in Figure S5. A minor reduc-
tion in FPG was observed in liraglutide-treated participants compared
with participants treated with placebo from baseline to end of treat-
ment (not statistically tested) (Table S4). There were no differences
in levels of serum insulin and HbAlc observed between treatment

groups (Table S4).

4 | DISCUSSION

This trial was performed as part of a paediatric clinical development
programme for liraglutide in weight management in agreement with
regulatory agencies in the United States and EU. This trial follows
the earlier trial in adolescents,?* and, hence, the development plan
uses a staggered approach. The safety profile observed in children
aged 7 to 11 years was similar to that in liraglutide trials conducted
in adults or adolescents with obesity and without diabetes, 6171921
with no new safety concerns identified.

The frequencies of AEs were similar between liraglutide and pla-
cebo treatment groups. More AEs associated with Gl disorders, most
notably nausea and vomiting, occurred in participants treated with

liraglutide compared with placebo, which is consistent with findings
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FIGURE 2 Dose-normalized average concentrations in children, adolescents, and adults (A) before and (B) after adjustment for differences in
body weight. Individual data points are represented by shaded rectangles. Squares indicate geometric mean model-based estimates of the
average concentration in steady state with 95% Cl for each trial assuming full compliance to liraglutide 3.0 mg treatment. Data in (B) are adjusted
on the basis of individual body weights. Mean body weights are shown. Data are from the current trial in children and previous clinical
pharmacology trials in adolescents?® and adults.?2 BW, body weight; Cavg, estimated average plasma liraglutide concentration in a dosing interval
at steady state; Cl, confidence interval; N, number of participants analysed

from previous trials in adolescents and adults.*>*¢821 There was no
clear relationship between treatment dose, timing, duration, or sever-
ity of specific GlI AEs in children, which is consistent with previous
findings in adolescents with obesity.?* Nausea and vomiting occurred
primarily within the first 4 to 8 weeks following initiation of liraglutide
treatment in previous weight management trials in adults.**® Addi-
tionally, more related AEs of injection site induration and injection site
reactions (three events in total) were reported in liraglutide-treated
participants as compared with no events in placebo, similar to previous
findings in adolescents with obesity,2* although the overall frequency
of such events was low.

More hypoglycaemic episodes were reported in the liraglutide
group compared with the placebo group in the present trial. All
events were asymptomatic and only detected during study-related
FPG self-measurements. In a previous trial with adolescents, more
hypoglycaemic events were observed in participants treated with
liraglutide, and nearly half of the events occurred following an
overnight fast of 10 hours or more.?* These findings indicate that
extended fasting in conjunction with liraglutide treatment may
have contributed to episodes of hypoglycaemia, as suggested
previously.?!

In general, all other safety parameters indicated no clinically rele-
vant findings. Treatment with liraglutide resulted in increased lipase
and amylase levels (all below three times the upper limit of the normal
range), consistent with previous observations in adolescents?? and
adults with obesity.!>1¢8 |n SCALE trials in adult participants with
overweight and obesity, the elevations of amylase and lipase occurring
in those treated with liraglutide did not predict acute pancreatitis, and
levels returned to baseline levels following discontinuation of ther-
apy.>2 Furthermore, the clinical relevance and mechanisms underlying
these increases remain unclear.>2 The potential effects of liraglutide
on blood pressure and pulse could not be determined in this short-
term trial.

The PK analyses of liraglutide revealed that liraglutide Cirough
values were consistent with dose proportionality. The joint population
PK analysis for liraglutide in children, adolescents, and adults con-
firmed that body weight was a relevant covariate for exposure, in
agreement with previous observations; thus, a lower body weight is

associated with a higher liraglutide exposure.?2333* Unlike the

previous trial in adults,?? sex was not a relevant covariate on exposure
in children aged 7 to 11 years; however, this may be due to the low
number of female children in the current study. A thorough investiga-
tion of sample handling, bioanalysis, subject diaries, and drug account-
ability records did not provide an explanation for the unexpectedly
low concentrations of liraglutide in four participants. Hence, the cause
of these low concentrations was not determined. Treatments adminis-
tered subcutaneously require the ability and willingness to self-inject;
thus, support and guidance from parents and caregivers are para-
mount in order to ensure optimal adherence to therapy.

Treatment with liraglutide resulted in a significantly lower BMI Z
score at end of treatment, indicating a potential benefit of liraglutide
treatment over time in children with obesity. The nonsignificant
decrease in body weight observed in participants treated with
liraglutide may be due to the short duration of the current trial
and/or small sample size.

The limitations in the current study include the variability
between the treatment groups. The placebo group contained more
males, and participants on average tended to be taller and heavier.
Fewer female children participated in the study, likely due to the
pubertal exclusion criteria. The short duration of the current trial
poses limitations in that long-term safety could not be assessed in this
trial of approximately 7 weeks' duration. Similarly, although explor-
atory PK analyses indicated a relationship between exposure and
response, the full exposure-response is not expected from this short-
term trial.

In summary, treatment with liraglutide in this paediatric popula-
tion aged 7 to 11 years showed no unexpected safety or tolerability
concerns in the present trial, with no new safety issues as compared
with previous trials conducted in adolescents or adults with obesity.
Participants treated with liraglutide for up to 8 weeks achieved a sta-
tistically significant reduction in BMI Z score, nonsignificant decrease
in body weight, and minor reduction in FPG. However, because of
the short-term treatment in this trial, the pharmacodynamic results
should be interpreted with caution. Liraglutide exposure at steady
state was consistent with dose proportionality. Furthermore, the joint
population PK analysis revealed that body weight was the only rele-
vant covariate to predict liraglutide exposure; no differences were

detected between age groups or sex. These findings support further
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long-term investigations of safety and efficacy in young children with
obesity and will guide dose setting in planned phase 3 trials in this

age group.
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Cl confidence interval
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Ctrough trough concentration
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EU European Union
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ks, absorption rate constant
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PG plasma glucose
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Vd/F apparent volume of distribution
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