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Summary

Background: As childhood obesity prevalence increases, determining which patients respond to
anti-obesity medications would strengthen personalized approaches to obesity treatment. In the
SCALE Teens trial among pubertal adolescents with obesity (NCT02918279), liraglutide 3.0 mg
(or maximum tolerated dose) significantly reduced body mass index (BMI) standard deviation
score on average versus placebo. That said, liraglutide effects on BMI reduction varied greatly
among adolescents, similar to adults.

Objectives: To identify post hoc characteristics predictive of achieving >5% and >10% BMI
reductions at 56 weeks with liraglutide versus placebo in adolescents from the SCALE Teens trial.

Methods: Logistic regression analysis was performed in 251 adolescents treated with liraglutide
(n=125) or placebo (/7= 126) for 56 weeks. Baseline characteristics (selected a priori) included
sex, race, ethnicity, age, Tanner (pubertal) stage, glycemic status (hyperglycemia [type 2 diabetes/
prediabetes] vs. normoglycemia), obesity category (Class 11/111 vs. 1), severity of depression
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symptoms (Patient Health Questionnaire-9), and weight variability (weight fluctuations over time).
The effects of early responder status (=4% BMI reduction at week 16) on week 56 response were
assessed using descriptive statistics.

Results: Baseline characteristics did not affect achievement of =5% and =10% BMI reductions at
week 56 in adolescents treated with liraglutide. Further, there was no association between weight
variability and BMI reduction. Early liraglutide responders appeared to have greater BMI and
body weight reductions at week 56 compared with early non-responders.

Conclusions: This secondary analysis suggests that adolescents with obesity may experience
significant BMI reductions after 56 weeks of liraglutide treatment, regardless of their sex, race,
ethnicity, age, pubertal stage, glycemic status, obesity category, severity of depression symptoms,
or weight variability. Early response may predict greater week 56 response.

Keywords

anti-agents; glucagon-like peptide-1 receptor agonists; liraglutide; obesity; obesity; paediatric
obesity; weight management

1| INTRODUCTION

The worldwide prevalence of overweight and obesity in children and adolescents has
increased ~4.5-fold over the last 40 years, from 4% in 1975 to above 18% in 2016.1
Obesity is a multifactorial, chronic, and relapsing disease with high variation in individual
treatment response.2=> While lifestyle therapy is the cornerstone of treatment, several studies
suggest that only 2%—-15% of adolescents with severe obesity (paediatric Class Il [body
mass index (BMI) 120%-139% of the 95th percentile]/Class 111 [BMI =140% the 95th
percentile]®) show clinically significant and durable reductions in weight or BMI with

this approach alone.” To date, few anti-obesity medications (AOMs) indicated for chronic
weight management in adolescents have proven to be safe and effective, and/or have been
approved globally. Liraglutide is a glucagon-like peptide-1 receptor agonist (GLP-1RA)
first approved for use in adolescents with obesity in the United States in 2020, followed by
Europe in 2021 (where it was the first AOM approved for adolescents). It is indicated for
obesity management at daily doses of up to 3.0 mg in adolescents aged =12 years, as an
adjunct to lifestyle therapy.%10

A clinically and significantly greater BMI standard deviation score (SDS) reduction was
achieved with liraglutide 3.0 mg compared with placebo in pubertal adolescents with
obesity in the Satiety and Clinical Adipose Liraglutide Evidence (SCALE) Teens trial,

with an estimated treatment difference of —0.22 (95% confidence interval: —0.37, —0.08).11
Variability in liraglutide response was observed in the SCALE Teens trial, with BMI
reductions of =5% and =10% reported in 43.3% and 26.1%, respectively, of participants

in the liraglutide group (vs. 18.7% and 8.1%, respectively, with placebo).1! Similar findings
were observed in the adult SCALE Obesity and Prediabetes trial, in which 63.2% and 33.1%
of participants in the liraglutide group lost =5% and =10%, respectively, of their body
weight (vs. 27.1% and 10.6%, respectively, with placebo).12
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It is well-known that the magnitude of response to pharmacologic and non-pharmacologic
weight loss treatments can vary considerably across individuals.>13 For AOMs, potential
predictors of response in both adults and adolescents include sex, age, baseline body
weight, baseline BMI, baseline depressive symptoms, baseline blood glucose levels, and
weight variability (the magnitude of individual body weight fluctuations recorded over a
period of time).>13-17 In addition, early response to treatment (commonly assessed after 12
weeks of intervention) has repeatedly been shown to predict later response to weight loss
interventions in adults and adolescents.510.18-22

Determining which adolescent patients are likely to respond to AOMs could contribute to
more personalized approaches for obesity treatment.23:24 Specifically, identifying predictors
of response could allow for reductions in unnecessary exposure to medications and
inefficient use of healthcare resources. Therefore, the purpose of this post hoc analysis of
the SCALE Teens trial was to identify potential characteristics that may predict a clinically
relevant response in adolescents treated with liraglutide 3.0 mg compared with placebo.

2| METHODS

2.1| Participants and trial design

The design, methods (including protocol and statistical analysis plan), trial population, and
results of the SCALE Teens trial (ClinicalTrials.gov: NCT02918279) have been previously
published.! Briefly, the SCALE Teens trial evaluated the safety and efficacy of liraglutide
3.0 mg in 251 adolescents with obesity, with or without type 2 diabetes (T2D), and with
insufficient response to lifestyle therapy, who were randomized 1:1 to liraglutide or placebo.
The trial was conducted at 32 sites in five countries (Belgium, Mexico, Russia, Sweden,

and the United States) and included a 12-week lifestyle therapy-only run-in period, 56-week
treatment period, and 26-week lifestyle therapy-only follow-up period (Figure 1). Lifestyle
therapy was provided to all participants from screening to the end of the trial. Liraglutide
was initiated at 0.6 mg daily and escalated weekly by 0.6 mg until the target dose (3.0

mg daily) or maximum tolerated dose was reached. The primary endpoint of the trial

was change in BMI SDS from baseline to week 56. Secondary endpoints included the
percentages of participants who had reductions in BMI of 5% and >10% at week 56.11

Eligible participants were pubertal adolescents aged 12 to <18 years with a BMI
corresponding to =30 kg/m? for adults by international cut-off points.2> Adolescents with
T2D were eligible, but those taking anti-diabetic treatment (other than metformin) and those
with type 1 diabetes were excluded. Tanner staging was conducted by site staff trained in
pubertal assessment in accordance with stages 1-5, including assessment of male testicular
volume using an orchidometer. Once participants reached Tanner stage 5, as judged by the
investigator, Tanner staging was no longer required.1!

The trial was conducted according to Good Clinical Practice guidelines and the Declaration
of Helsinki. Independent national ethics committees or institutional review boards at each
site approved the trial protocol and any subsequent amendments. Safety of the participants
and evaluation of the benefit-risk balance was also overseen on a global trial level by an
independent external data monitoring committee. Written informed consent was obtained
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from all parents or legally acceptable representatives and informed assent was obtained from
all participants before the initiation of any trial-related procedures.11

2.2 | Statistical analysis

This post hoc analysis of the SCALE Teens trial was performed on the full analysis set,
which included all randomized participants receiving at least one dose of trial product and
who had any post-randomization data.

Logistic regression analyses were performed using baseline characteristics selected a priori
to investigate whether they were predictive of achieving >5% and >=10% BMI reductions
after 56 weeks. Odds ratios of achieving these BMI percentage reductions were determined
by the regression analyses. The pre-specified baseline characteristics analysed included
biologic sex, race (white vs. non-white), ethnicity (non-Hispanic/Latino vs. Hispanic/Latino;
ethnicity was self-assigned in accordance with nationally agreed guidelines [US Food and
Drug Administration]), age group (12-14 vs. 15-17 years), Tanner stage (2-3 vs. 4-5),
glycemic status (hyperglycemia [T2D or prediabetes] vs. normoglycemia), obesity category
(Class 11/111 [severe] obesity [defined as either a BMI 2120% of the 95th percentile or an
absolute BMI =35 kg/m?2, whichever was lower]® vs. Class | obesity [defined as a BMI
>95th percentile to <120% of the 95th percentile or an absolute BMI <35 kg/m?] measured
on Centers for Disease Control and Prevention age- and sex-specific growth charts),26

and Patient Health Questionnaire-9 score (<5 vs. =5 to <15, corresponding to no or few
symptoms of depression vs. symptoms of mild or moderate depression).2’

Analyses used a jump to reference multiple (x100) imputation approach, where missing
observations were imputed from the completed placebo group. Responses at week 56 were
analysed using a logistic regression model according to the intention-to-treat principle, with
sex and region (Europe and North America) as fixed effects, and baseline BMI and age

as covariates. In addition, as randomization was stratified by Tanner stage and baseline
glycemic status, these variables, as well as an interaction term between them, were included
as fixed effects in the regression model.28:29

An early responder analysis was performed, using a definition for early response that was
based on the stopping rules specified in the U.S. Food and Drug Administration (FDA) and
European Medicines Agency (EMA) liraglutide prescribing information and the associated
analysis in adults. Specifically, early responders were participants who achieved >4% BMI
reduction at week 16 (4 weeks of dose escalation plus 12 weeks at the maintenance

dose), whereas early non-responders did not.%:1920 Achievement of 5% and =10% BMI
reductions and mean changes in BMI and body weight at week 56 were assessed according
to early response in each treatment group, among participants who had BMI measurements
at baseline and week 16 (early response status for the change in body weight was based on
>4% weight loss at week 16). The positive predictive value (proportions of early responders
who achieved =5% and =10% BMI reductions at week 56) and negative predictive value
(proportions of early non-responders who achieved <5% and <10% BMI reduction at
week 56) were used to evaluate early response as a predictor of week 56 response. Of

note, logistic regression analyses could not be performed because of the small number of
participants in some of the groups.
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A regression model was used to assess the linear relationship between change from baseline
in BMI at week 56 and weight variability. Weight variability was calculated as the root mean
square error around each participant’s regression line, using data from pre-randomization,
lifestyle-only (weeks -12, -8, and —4), and baseline (week 0) visits. Association between
BMI reduction at week 56 and weight variability during the lifestyle therapy-only run-in
period was assessed using a scatter plot. The linear relationship between the change in BMI
from baseline to week 56 was assessed using a multiple linear regression model fitted using
baseline characteristics and weight variability.

3| RESULTS

Of the 299 participants initially screened in the SCALE Teens trial, 251 were randomized

to either liraglutide (/7= 125) or placebo (7= 126).11 All randomized participants

were included in this post hoc analysis (full analysis set). Baseline characteristics of the
participants are shown in Table 1 (data for some reported parameters have previously been
published!?) and were well balanced between treatment groups. There were no notable
differences in baseline characteristics between the early responders and early non-responders
in each treatment group (Table S1).

As shown in Figure 2, the odds of achieving BMI reductions of 25% or >10% from

baseline to week 56 were greater among liraglutide-treated participants compared with those
receiving placebo. There were no significant differences in odds ratios between subgroups in
terms of sex (male vs. female, >5%: p=0.78; 210%: p = 0.30), race (white vs. non-white,
>5%: p=0.76; odds ratio not available for =10% due to small number of participants),
ethnicity (non-Hispanic/Latino vs. Hispanic/Latino, 25%: p= 0.53; 210%: p=0.72), age
(12-14 vs. 15-17 years, =5%: p= 0.98; =210%: p = 0.90), Tanner stage (2—-3 vs. 4-5, >5%:
p=0.55; >210%: p = 0.85), baseline hyperglycemia (T2D or prediabetes vs. normoglycemia,
>5%: p=0.14; 210%: p= 0.14), obesity category (Class II/111 vs. Class I, =5%: p= 0.81;
>10%: p=0.80), or severity of depression symptoms (Patient Health Questionnaire-9 score
<5 vs. 25, 25%: p=0.85; 210%: p=0.27), indicating BMI results were not affected

by these characteristics (Figure 2). Although not significantly different, the odds ratios for
achieving a BMI reduction of >5% or >10% with liraglutide versus placebo were smaller for
participants with baseline hyperglycemia compared with those with normoglycemia (=5%:
1.43 vs. 4.36; 210%: 1.47 vs. 5.74; Figure 2).

In the liraglutide group, of the 119 participants included in the early responder assessment,
64 (53.8%) were early responders and 55 (46.2%) were early non-responders (Table S1).
Among liraglutide early responders with non-missing BMI values at week 56 (7= 61),
two-thirds (67.2%) achieved =5% BMI reductions at week 56, while approximately half
achieved >10% BMI reductions (49.2%; Table 2). Among liraglutide early non-responders
with non-missing BMI values at week 56 (7= 49), 16.3% went on to achieve a clinically
meaningful BMI reduction of >5% at week 56. Early responders to liraglutide who were
correctly predicted to achieve >5% BM I reduction at week 56 had a mean BMI reduction of
14.0%, while early non-responders to liraglutide who were correctly predicted to not achieve
>5% BM I reduction had a mean BMI increase of 2.7%. In the placebo group, although the
proportion of early responders was low (14.6% of 123 participants included in the analysis
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[Table S1]), a greater proportion of participants in the early responders group achieved =5%
and =10% BMI reductions at week 56 compared with the early non-responders group (Table
S2). Both liraglutide and placebo early responders had greater BMI reductions and weight
loss throughout the trial compared with respective early non-responders (Figure 3).

There was no association between weight variability during the 12-week lifestyle therapy-
only run-in period and change from baseline in BMI at week 56 for either the liraglutide (r=
0.075) or placebo (r=-0.089) groups (data not shown).

4| DISCUSSION

Identification of patients most likely to favourably respond to specific AOMs is particularly
relevant in the paediatric population in order to minimize unnecessary long-term exposure
to pharmacotherapy during development and growth,”3 in addition to enabling efficient use
of healthcare resources. This secondary analysis of the SCALE Teens trial aimed to identify
possible predictors of liraglutide response in adolescents with obesity with or without T2D.
Liraglutide was found to be more effective in reducing BMI by >5% and =10% compared
with placebo regardless of participants’ sex, race, ethnicity, age, Tanner (pubertal) stage,
glycemic status, severity of depression symptoms, or obesity category at baseline, indicating
that it may be a reasonable treatment option for adolescents with obesity irrespective

of these characteristics. In this context, the inclusion of race and ethnicity was a crude
surrogate of the structural and societal factors (racism, access to healthcare, poverty, and
quality of care) that may predispose someone to developing obesity or being less responsive
to AOMs, as race is not a biological marker but rather a social construct.3!

While none of the baseline characteristics assessed in our study predicted whether
adolescent participants achieved =5% or =10% BMI reduction with liraglutide at week 56,
in adults, an exposure-response analysis of three liraglutide trials found that female sex and
a lower baseline BMI were associated with greater weight loss compared with male sex
and a higher baseline BMI.32 The weight loss differences between males and females were
partly caused by a higher liraglutide exposure in females compared with males of a similar
body weight, while exposure differences attributable to baseline BMI were not associated
with meaningful differences in weight loss.32 Despite the differences in overall weight
loss, participants expected to lose the least amount of weight (males with baseline body
weight values in the top 10% of participants) still achieved a clinically meaningful level

of weight loss with liraglutide.32 In addition, a subgroup analysis of the four adult phase

3 SCALE trials reported a largely similar weight loss treatment difference with liraglutide
versus placebo in Hispanic and non-Hispanic participants,33 and a retrospective analysis of
five randomized clinical trials in adults (including the SCALE trials) found that the effects
of liraglutide were consistent across racial subgroups.3* Thus, our findings in adolescents
appear consistent with those in adults, and show that liraglutide can provide clinically
meaningful weight loss regardless of participant characteristics. However, determining
whether specific characteristics can affect overall levels of weight loss achieved with
liraglutide in adolescents, as sex and baseline BMI have been shown to do in adults,

would require further investigation, particularly as body weight is known to affect liraglutide
exposure in all age groups.3°
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Some of our findings differ from those previously reported from a small secondary

analysis of a clinical trial investigating another GLP-1RA (exenatide 5 pg twice daily)

in adolescents.36 This exenatide analysis found that, although there was no significant
placebo-controlled BMI reduction in males and the treatment effect point estimate was
positive (i.e., in favour of placebo), female sex was associated with greater BMI reduction
after 3 months of treatment compared with males (treatment effect —4.78% vs. 0.76% in
females and males, respectively, p = 0.007).36 However, similar to the current analysis with
liraglutide, baseline BMI and age did not predict the response to exenatide.38 The different
results found in these analyses may be due to the longer duration and larger population in
SCALE Teens compared with this exenatide trial. Although not evaluated in SCALE Teens,
results from the exenatide trial demonstrated that higher baseline self-reported appetite was
associated with greater BMI reduction.38 Thus, eating behaviour phenotypes may represent a
potentially promising domain of predictors of response for future paediatric trials of AOMs,
as has been demonstrated in adult studies.3”

In the current analysis, weight variability with lifestyle therapy alone during the run-in
period did not appear to affect the ability to lose weight with subsequent liraglutide
treatment. This is similar to findings seen in adults with another GLP-1RA (once-weekly
subcutaneous semaglutide 2.4 mg), in which weight loss was not affected by either the
difference between a participant’s maximum pre-trial body weight and their weight at trial
start, or the number of times they had lost =5 kg in the past.3® These results suggest that an
adolescent who meets age and BMI requirements may benefit from pharmacologic treatment
regardless of prior weight loss variability, as this does not appear to be a strong predictor of
treatment outcome.

Regarding the impact of glycemic status on weight loss, the presence of T2D and
prediabetes has been associated with decreased weight loss and maintenance in adults.39:40
Similarly, in children, the presence of T2D or prediabetes at baseline has been associated
with less weight loss with liraglutide and exenatide treatment compared with those without
diabetes or prediabetes.?! In our analysis, the presence or absence of T2D or prediabetes

at baseline did not significantly affect the degree of BMI reduction with liraglutide versus
placebo, although the treatment effect was numerically smaller for participants with baseline
hyperglycemia. Interpretation of this finding should take into account the low number of
participants with T2D in our analysis.

One of the most consistently identified positive predictors of response to any type of
weight loss intervention is an early response to that intervention,>14.18-22 and this appears
to also be the case among people treated with liraglutide. In a pooled analysis of data
from two SCALE trials of liraglutide for obesity treatment in adults with or without T2D,
early responders to liraglutide (defined as achieving =4% weight loss at week 16, in line
with the FDA liraglutide stopping rulel®) had greater mean weight loss at week 56 versus
early non-responders.29 Additionally, greater proportions of early responders (vs. early
non-responders) achieved >5% and >10% weight loss at week 56 with liraglutide.20 We
performed a similar analysis using data from SCALE Teens (defining early response as
achieving >4% BM I reduction at week 16) to assess how the EMA stopping rule® applied
to adolescents. Reflective of the adult population, we found early responder status generally

Pediatr Obes. Author manuscript; available in PMC 2024 March 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Bensignor et al.

Page 8

provided a strong indication of whether a participant would later achieve a 25% BMI
reduction with liraglutide. Evaluation of response at week 16 may therefore be of clinical
relevance to guide treatment decisions. Of note, 16.3% of liraglutide early non-responders
also went on to achieve a clinically meaningful BMI reduction of 25% at week 56; in
clinical practice, these individuals would have stopped treatment. Given this apparent low
probability of going on to achieve a clinically meaningful BMI reduction by week 56, our
data suggest it might be more appropriate to consider other treatment options for early
non-responders, in line with the stopping rules.

4.1| Limitations

SCALE Teens was not designed to include this secondary analysis and, therefore, not
powered to detect differences in treatment effect between the subgroups assessed in this post
hoc analysis. As a result, some group sizes were small, such as non-white or Hispanic/Latino
participants, those with Tanner (pubertal) stage 2—3, or those with hyperglycemia at baseline,
all leading to wider confidence intervals. However, the point estimates suggest that these
groups all achieved therapeutic benefit from liraglutide treatment. Further, factors found

to be predictors of response for adolescents for other AOMs, such as appetite measures,
were not measured in the SCALE Teens trial and, therefore, could not be addressed in

this post hoc analysis. Finally, we did not investigate whether adherence differed between
subgroups and whether this could have affected our findings. It was previously reported

that 81% of liraglutide-treated participants completed treatment in the SCALE Teens trial,
indicating good adherence.11 However, the proportion of pharmacokinetic samples that had
liraglutide concentrations below the lower limit of quantification increased toward the end

of the treatment period (6.3% of samples at week 8 vs. 29.6% at week 56), suggesting
waning adherence.! Furthermore, the treatment completion rate in SCALE Teens was lower
than the 90% of participants who completed treatment with once-weekly subcutaneous
semaglutide in the recent STEP TEENS trial in a similar population.42

5| CONCLUSION

This secondary analysis found that liraglutide 3.0 mg (or maximum tolerated dose) led

to significant reductions in BMI after 56 weeks of treatment regardless of baseline sex,

race, ethnicity, age, Tanner (pubertal) stage, glycemic status, obesity category, severity of
depression symptoms, and weight variability during the lifestyle therapy-only run-in period.
Early response status at 16 weeks was a strong predictor of achieving a clinically meaningful
BMI reduction with liraglutide at 56 weeks. These results suggest that liraglutide may be

a relevant treatment option for adolescents with obesity with an insufficient response to
lifestyle therapy, irrespective of baseline characteristics, and that evaluation of treatment
effect after 16 weeks could help guide treatment decisions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Screening Run-in Dose escalation® Maintenance Off-drug
follow-up
Week -15 -12 0 4 56 82
>
06mg |1.2mg| 1.8mg| | 24mg  Liraglutide 3.0 mg s.c. once daily or MTD (N = 125)
Pubertal
adolescents "
(12—<18 years) |
with obesity
; 0.6 mg ‘ ‘ 1.2mg ’ 1.8 mg | 2.4 mg Placebo s.c. once daily (N = 126)
I PLUS lifestyle therapy (counseling on healthy nutrition and physical activity for weight loss) |
Start of Randomization End of End of
trial (1:1) treatment trial
FIGURE 1.

Study design. The SCALE Teens trial included a 12-week lifestyle therapy-only run-in
period, a 56-week treatment period (during which participants were randomized 1:1 to
receive liraglutide or placebo, and which consisted of a 4-week dose escalation and 52-week
maintenance phases), and a 26-week off-treatment lifestyle therapy-only follow-up period.
Participants received lifestyle therapy throughout the entire trial. MTD, maximum tolerated
dose; s.c., subcutaneous; SCALE, Satiety and Clinical Adipose Liraglutide Evidence. 2Dose
escalation could be prolonged up to 8 weeks if required.
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(A) Reduction of BMI of 25% from baseline to week 56

Liraglutide 3.0 mg, Placebo, OR 95% CI P value®
N N
Overall population 125 126 : — 3.31 1.78-6.16 <0.001*
Male 54 48 : —_—l 2.99 1.15-7.73
Sex 1 0.78
Female 71 78 : —— 3.57 1.57-8.11
White 105 115 : —— 3.27 1.72-6.20
Race 1 0.76
Non-white 20 11 T = 4.77 0.44-52.01
1
Non-Hispanic/Latino 93 102 : —— 3.14 1.55-6.36
Ethnicity - 0.53
Hispanic/Latino 32 24 , —— 5.29 1.25-22.35
1
12-14 years 54 64 J —— 3.38 1.39-8.23
Baseline age : 0.98
15-17 years 71 62 e 3.44 1.42-8.37
1
Baseline Tanner 2-3 22 21 H = 5.43 0.94-31.22
0.55
stage 4-5 103 105 e 3.05 1.56-5.97
1
Baseline Yes¢ 32 33 e 1.43 0.40-5.04
. 1 0.14
hyperglycemia 93 93 b 4.36 2.08-9.12
Baseline obesity Class Il/lll 87 87 : — 3.84 1.68-8.80
1 0.81
category* Class | 38 39 ! —— 3.28 1.19-9.07
Baseline PHQ-9 <5 82 85 : —— 3.38 1.55-7.36 S
I 4
SCOoro 25to <15° 42 41 — 2.97 1.03-8.55
I I I | I | I I I
025 05 1 2 4 8 16 32 64
OR [95% CI]
(B) Reduction of BMI of 210% from baseline to week 56
Liraglutide 3.0 mg, Placebo, OR 95% CI Pvalues
N N
Overall population 125 126 : — 4.00 1.81-8.83 <0.001"
Male 54 48 - 248 0.78-7.85
Sex 1 0.30
Female 71 78 : b 5.84 1.91-17.89
White NA NA i NA NA
Race' 1 NA
Non-white NA NA 1 NA NA
1
Non-Hispanic/Latino 93 102 I — 4.12 1.72-9.89
Ethnicity H 072
Hispanic/Latino 32 24 T = 6.36 0.70-58.21
1
12-14 years 54 64 | —— 4.31 1.56-11.92
Baseline age : 0.90
15-17 years 71 62 s 3.87 1.05-14.24
1
Baseline Tanner 2-3 22 21 T = 471 0.82-27.14
0.85
stage 4-5 103 105 ;| — 3.87 1.58-9.49
1
Baseline Yes® 32 33 T B 1.47 0.32-6.74
. 1 0.14
hyperglycemia 93 93 e 5.74 2.19-15.03
Baseline obesity Class I/l 87 87 | —— 4.39 1.57-12.27
1 0.80
category* Class | 38 39 :—-— 3.56 1.01-12.52
Baseline PHQ-9 <5 82 85 e e 5.66 1.87-17.09 e
1 B
SCore 25 to <15° 42 41 — 220 0.64-7.58
I I I I I I I I I
025 05 1 2 4 8 16 32 64
OR [95% CI]
FIGURE 2.

Subgroup analyses for reduction of BMI of (A) =5% and (B) =10% from baseline to week
56 for participants randomized to liraglutide versus placebo. Error bars are 95% CI. BMI,
body mass index; CDC, Centers for Disease Control and Prevention; CI, confidence interval,
NA, not available; OR, odds ratio; PHQ-9, Patient Health Questionnaire-9 score. @The p
value for treatment difference by subgroup interaction unless stated otherwise. °The pvalue
for treatment difference. cPrediabetes (fasting plasma glucose 100 to <125 mg/dL [5.6 to
<6.9 mmol/L] or a glycated haemoglobin level 5.7% to <6.4%) or type 2 diabetes (fasting
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plasma glucose =126 mg/dL [=7.0 mmol/L] and/or a glycated haemoglobin level =6.5%).
dClass 11/111 (severe) obesity (BMI >120% of the 95th percentile and/or absolute BMI

>35 kg/m?2, whichever was lower)8 or Class | obesity (=95th percentile to <120% of the
95th percentile or absolute BMI <35 kg/m?) defined by CDC age- and sex-specific growth
charts.26 eParticipants with PHQ-9 score =15 (indicating symptoms of severe depression) at
screening were excluded from the trial. fAnalyses for race were not performed for a >10%
reduction in BMI. In the model for which the predictor was race, no participants in the
placebo group achieved this outcome between baseline and week 56; therefore, analyses
could not be completed.
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0 4 8 12 16 20 24 28 32 36 40 44 48 52 56

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56

Early response status at baseline:

Liraglutide 3.0 mg Placebo

Early responders
Early non-responders A

FIGURE 3.

Change in (A) BMI and (B) body weight from baseline to week 56 by early responder status.

Data are observed means for participants included in the early responder analysis (i.e.,
with baseline and week 16 BMI [Figure 3A] or body weight [Figure 3B] assessments).

those

Each data point is the mean change in BMI (Figure 3A) or body weight (Figure 3B) for

all participants with available data at the timepoint. Early responders were participants

who

achieved =4% BM I reduction at week 16 (Figure 3A) or who achieved =4% weight loss
at week 16 (Figure 3B); early non-responders were participants who did not achieve >4%
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BMI reduction or 24% weight loss at week 16. The pie charts present the proportions of
participants assessed for early responder status (7= 119 for liraglutide, 7= 123 for placebo)
at baseline who were either early responders or early non-responders, as defined by change
in BMI (Figure 3A) or body weight (Figure 3B) in each treatment group. BMI, body mass
index.

Pediatr Obes. Author manuscript; available in PMC 2024 March 11.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Bensignor et al. Page 17

TABLE 1

Baseline characteristics of all trial participants randomized to liraglutide or placebo.

Liraglutide (N =125)  Placebo (N = 126)

Sex, n(%)
Female 78 (61.9) 78 (61.9)
Race, 1 (%)
White 105 (84.0) 115 (91.3)
Ethnicity, 77 (%)
Hispanic/Latino 32 (25.6) 24 (19.0)
Age
Mean (SD), years 14.6 (1.6) 14.5(1.6)
Distribution, 77 (%)
12-14 years 54 (43.2) 64 (50.8)
15-17 years 71 (56.8) 62 (49.2)

Tanner stage,4n (%)

20r3 22 (17.6) 21 (16.7)

4or5 103 (82.4) 105 (83.3)
Body weight, mean (SD), kg 99.3(19.7) 102.2 (21.6)
BMI, mean (SD) kg/m? 35.3(5.1) 35.8(5.7)

Obesity category, by (%)

Class | 38(30.4) 39 (31.0)
Class II/111 87 (69.6) 87 (69.0)
Glycemic status, 77 (%)
Normoglycemia 93 (74.4) 93 (73.8)
Hyperglycemia® 32 (25.6) 33(26.2)
PHQ-9 total score
Mean (SD) 4(3) 4(3)
Distribution, n (%)
<5 82 (65.6) 85 (67.5)
5 t0 <157 42 (33.6) 41 (32.5)

Note: Data for some reported parameters were published in Kelly et al. 11 Abbreviations: BMI, body mass index; CDC, Centers for Disease Control
and Prevention; PHQ-9, Patient Health Questionnaire-9 score; SD, standard deviation.

a - . - . . .
For each participant, Tanner stage was the maximum Tanner stage, calculated by combining the results for all categorical questions at the visit.
Tanner stage 2 indicates early pubertal development, and stage 5, full maturity.

bCIass 11/111 (severe) obesity (BMI 2120% of the 95th percentile and/or absolute BMI =35 kg/mz, whichever was Iower)6 or Class | obesity (=95th
percentile to <120% of the 95th percentile or absolute BMI <35 kg/mz) defined by CDC age- and sex-specific growth charts.26

cPrediabetes (fasting plasma glucose 100 to <125 mg/dL [5.6 to <6.9 mmol/L] or glycated haemoglobin level 5.7% to <6.4%) or type 2 diabetes
(fasting plasma glucose 2126 mg/dL [>7.0 mmol/L] and/or a glycated haemoglobin level 26.5%).

Participants with a PHQ-9 score =15 (indicating symptoms of severe depression) at screening or randomization were excluded from the trial.
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