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ABSTRACT

BACKGROUND

A once-weekly, 2.4-mg dose of subcutaneous semaglutide, a glucagon-like peptide-1
receptor agonist, is used to treat obesity in adults, but assessment of the drug in
adolescents has been lacking.

METHODS
In this double-blind, parallel-group, randomized, placebo-controlled trial, we enrolled
adolescents (12 to <18 years of age) with obesity (a body-mass index [BMI] in the
95th percentile or higher) or with overweight (a BMI in the 85th percentile or higher)
and at least one weight-related coexisting condition. Participants were randomly as-
signed in a 2:1 ratio to receive once-weekly subcutaneous semaglutide (at a dose of
2.4 mg) or placebo for 68 weeks, plus lifestyle intervention. The primary end point
was the percentage change in BMI from baseline to week 68; the secondary con-
firmatory end point was weight loss of at least 5% at week 68.

RESULTS

A total of 201 participants underwent randomization, and 180 (90%) completed
treatment. All but one of the participants had obesity. The mean change in BMI
from baseline to week 68 was —16.1% with semaglutide and 0.6% with placebo
(estimated difference, —16.7 percentage points; 95% confidence interval [CI], —20.3
to —13.2; P<0.001). At week 68, a total of 95 of 131 participants (73%) in the sema-
glutide group had weight loss of 5% or more, as compared with 11 of 62 partici-
pants (18%) in the placebo group (estimated odds ratio, 14.0; 95% CI, 6.3 to 31.0;
P<0.001). Reductions in body weight and improvement with respect to cardiometa-
bolic risk factors (waist circumference and levels of glycated hemoglobin, lipids
[except high-density lipoprotein cholesterol], and alanine aminotransferase) were
greater with semaglutide than with placebo. The incidence of gastrointestinal ad-
verse events was greater with semaglutide than with placebo (62% vs. 42%). Five
participants (4%) in the semaglutide group and no participants in the placebo
group had cholelithiasis. Serious adverse events were reported in 15 of 133 partici-
pants (11%) in the semaglutide group and in 6 of 67 participants (9%) in the
placebo group.

CONCLUSIONS

Among adolescents with obesity, once-weekly treatment with a 2.4-mg dose of sema-
glutide plus lifestyle intervention resulted in a greater reduction in BMI than lifestyle
intervention alone. (Funded by Novo Nordisk; STEP TEENS ClinicalTrials.gov
number, NCT04102189.)
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MONG CHILDREN AND ADOLESCENTS

with obesity (a chronic, progressive dis-

ease), other conditions such as dysglyce-
mia, hypertension, dyslipidemia, nonalcoholic fatty
liver disease, and obstructive sleep apnea may de-
velop, alongside impairment in mental health and
quality of life.’? It is predicted that more than 250
million children and adolescents will have obesity
by 2030.*

For young people, obesity-management guide-
lines recommend multimodal lifestyle modifica-
tion.>® However, resulting reductions in body-mass
index (BMI, the weight in kilograms divided by
the square of the height in meters) are generally
modest, and long-term weight maintenance is
challenging and rarely achieved.”’® Pharmaco-
therapy may be considered if lifestyle interven-
tion alone is ineffective,> but options are limit-
ed.*™ The Food and Drug Administration has
approved once-daily liraglutide (3.0 mg), orlistat
(120 mg), and phentermine—topiramate (7.5 mg of
phentermine with 46 mg of topiramate or 15 mg
of phentermine with 92 mg of topiramate) for
adolescents at least 12 years of age'*™; only lira-
glutide is approved by the European Medicines
Agency.”

Semaglutide is a glucagon-like peptide-1 ana-
logue that induces weight loss by decreasing ap-
petite, thereby improving control of eating and
reducing energy intake.’* Among adults with over-
weight or obesity, once-weekly treatment with
subcutaneous semaglutide at a dose of 2.4 mg plus
lifestyle intervention elicited clinically meaningful
weight loss and improvement with respect to car-
diometabolic risk factors and participant-reported
physical functioning.”” Semaglutide at a dose of
2.4 mg is approved for long-term weight man-
agement as an adjunct to a reduced-calorie diet
and increased physical activity for adults with
obesity or for adults with overweight who have
weightrelated coexisting conditions.'®"* The Sema-
glutide Treatment Effect in People with Obesity
(STEP) TEENS trial assessed the efficacy and
safety of once-weekly subcutaneous semaglutide
plus lifestyle intervention among adolescents with
obesity.

METHODS

TRIAL DESIGN AND OVERSIGHT
This multinational, double-blind, parallel-group,
randomized, placebo-controlled, phase 3a clini-
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cal trial was conducted at 37 sites from October
2019 through March 2022. The trial was per-
formed in accordance with the principles of the
Declaration of Helsinki, the International Coun-
cil for Harmonisation Good Clinical Practice
guidelines, and all applicable laws and regula-
tions. Institutional review boards and indepen-
dent ethics committees at each site approved the
protocol and amendments (available with the full
text of this article at NEJM.org). Before the start
of trial-related activities, written informed con-
sent was obtained from the parents or legal
guardians, and written or oral assent was obtained
from the participants. An independent external
data and safety monitoring committee (the mem-
bers of which were aware of the trial-group as-
signments) monitored safety throughout the trial.

The sponsor (Novo Nordisk) designed the trial
and oversaw its conduct. The investigators were
responsible for collection of the data, and the
sponsor performed site monitoring and collation
and analysis of the data. The authors had full
access to all trial data, participated in writing
the first draft of the manuscript (with assistance
from medical writers funded by the sponsor, who
wrote the first draft under the direction of the
authors), agreed to submit the manuscript for
publication, and vouch for the accuracy and com-
pleteness of the data and for the fidelity of the
trial to the protocol.

PROCEDURES

After screening, participants entered a 12-week
lifestyle intervention run-in phase according to
regulatory guidelines.”®* At baseline (after the
end of the run-in phase), eligible participants
were randomly assigned, in a 2:1 ratio, to receive
once-weekly subcutaneous semaglutide (at a dose
of 2.4 mg) or matching placebo for 68 weeks;
this treatment period was followed by a 7-week
follow-up period during which the participants
did not receive semaglutide or placebo (Fig. S1
in the Supplementary Appendix). Randomization
was performed with the use of an interactive
Web-response system, with stratification accord-
ing to sex and pubertal status (Tanner stage 2 or
3 [early puberty] vs. Tanner stage 4 [late puber-
tyl or 5 [adult-level maturity]). The dose of sema-
glutide was escalated over a period of 16 weeks
from 0.25 mg to 2.4 mg or to the maximum dose
that did not cause unacceptable adverse events.
All the participants and parents or guardians
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received behavioral lifestyle therapy (defined as
counseling about healthy nutrition and physical
activity for weight loss) throughout the trial. Par-
ticipants who prematurely discontinued semaglu-
tide or placebo were asked to attend the remain-
ing trial visits. The dose-escalation schedule and
details of the lifestyle intervention are provided
in the Supplementary Appendix.

PARTICIPANTS

For the run-in phase, eligible participants were
adolescents (12 to <18 years of age) with a BMI
in the 95th percentile or higher (according to sex-
and age-specific growth charts?); those with a
BMI in the 85th percentile or higher who had at
least one weight-related coexisting condition were
also eligible. All the participants were required to
have had at least one unsuccessful dietary weight-
loss effort. These BMI criteria were also used to
determine eligibility for randomization. Partici-
pants who completed the run-in phase but did
not meet the BMI randomization criteria were
considered to have been found ineligible at screen-
ing. In order to participate, persons with type 2
diabetes needed to be treated with diet and ex-
ercise alone or with metformin and to have a gly-
cated hemoglobin level of 10.0% or less (<86 mmol
per mole).

Exclusion criteria were a weight change of more
than 5 kg or use of a medication for obesity
within 90 days before screening, previous bariat-
ric surgery, uncontrolled thyroid disease, presence
of secondary causes of obesity, major depressive
disorder within 2 years before screening, diag-
nosis of severe psychiatric disorders or bulimia
nervosa, and history of suicide attempt. Full eli-
gibility criteria are provided in the Supplementary
Appendix.

END POINTS AND ASSESSMENTS

A complete list of trial end points is provided in
the Supplementary Appendix. Efficacy end points
were assessed from baseline (the time of random-
ization [week 0]) to week 68, unless otherwise
stated. The primary end point was the percent-
age change in BMI, and the secondary confirma-
tory end point was a reduction in body weight of
at least 5%.

Selected secondary supportive efficacy end
points not included in the statistical testing hier-
archy were the changes in body weight (expressed
as percentages and kilograms), BMI, BMI as a
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percentage of the 95th percentile (a measure of
the exact percentage above the 95th percentile
for a given age and sex) according to sex- and
age-specific growth charts,” BMI standard-devi-
ation score,” waist circumference, blood pres-
sure, glycated hemoglobin level, lipid levels, and
alanine aminotransferase (ALT) level; a BMI re-
duction of at least 5%; and a reduction in body
weight of at least 10%, at least 15%, and at least
20%. Exploratory end points were the percent-
age change in BMI at week 75 and the change in
the score on the Impact of Weight on Quality of
Life-Kids (IWQOL-Kids) questionnaire (scores
range from 0 to 100, with a score of 100 indicat-
ing the best possible quality of life).*

Secondary safety end points included changes
from baseline to week 68 in the heart rate, amy-
lase levels, lipase levels, and calcitonin levels and
adverse events that occurred between baseline and
week 75. An exploratory safety end point was men-
tal health, assessed with the use of the Patient
Health Questionnaire 9-item version (PHQ-9)*
and the Columbia-Suicide Severity Rating Scale
(C-SSRS).*

STATISTICAL ANALYSIS
The trial was designed to test the superiority of
semaglutide to placebo with respect to the pri-
mary end point and secondary confirmatory end
point with the use of a hierarchical testing strat-
egy (Table S1). Superiority with respect to the
primary end point (defined as a two-sided P value
of <0.05) was required before the secondary con-
firmatory end point could be tested. A sample of
192 participants provided 90% power to detect
superiority with respect to the primary end point
and 72% power to detect superiority with respect
to the secondary confirmatory end point.
Efficacy analyses were performed in the full
analysis population (all participants who had un-
dergone randomization) according to the inten-
tion-to-treat principle. Safety end points were
assessed in the safety analysis population (all
participants who had undergone randomization
and were exposed to at least one dose of sema-
glutide or placebo). Observation periods included
the in-trial period (the time from randomization
to the last contact with a trial site, regardless of
discontinuation of semaglutide or placebo or the
use of rescue interventions [i.e., other medications
for obesity or bariatric surgery]) and the on-treat-
ment period (the time from the first dose of sema-
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glutide or placebo to 14 days after the last dose
for efficacy analyses, or the time from the first
dose to 49 days after the last dose for the safety
analyses, excluding any temporary interruptions).

For all estimated between-group differences,
two-sided 95% confidence intervals were calcu-

end point and secondary confirmatory end point.
Analyses of secondary supportive end points and
exploratory end points were not controlled for
multiplicity, and findings for these end points
should not be used to infer definitive treatment
effects. Statistical analyses were performed with

lated; P values are reported only for the primary the use of SAS software, version 9.4 (SAS Institute).

Table 1. Characteristics of the Participants at Baseline.*
Semaglutide Placebo Total

Characteristic (N=134) (N=67) (N=201)
Sex — no. (%)

Male 50 (37) 26 (39) 76 (38)

Female 84 (63) 41 (61) 125 (62)
Age —yr 15.5+1.5 15.3+1.6 15.4+1.6
Age group — no. (%)

12to <15 47 (35) 25 (37) 72 (36)

15 to <18 87 (65) 42 (63) 129 (64)
Race — no. (%)t

Asian 3(2) 1Q) 4(2)

Black 11 (8) 5(7) 16 (8)

White 104 (78) 55 (82) 159 (79)

Other 16 (12) 6 (9) 22 (11)
Hispanic or Latino ethnic group — no. (%) 14 (10) 8 (12) 22 (11)
Tanner stage — no. (%)

2 3(2) 5 (7) 8 (4)

3 11 (8) 3 (4) 14 (7)

4 40 (30) 14 (21) 54 (27)

5 80 (60) 45 (67) 125 (62)
Height — cm 170.1+9.4 168.8+10.6 169.7+9.8
Body weight — kg 109.9+25.2 102.6+22.3 107.5+24.5
BMI§

Mean 37.7+6.7 35.7+5.4 37.0+6.4

Percentage of 95th percentile 133.8+22.7 127.8+17.6 131.8+21.2

Standard-deviation score 3.39+0.92 3.15£0.71 3.31+0.86
Waist circumference — cm 111.9+16.9 107.3x13.4 110.4+16.0
Glycated hemoglobin level — % 5.5+0.4 5.5+0.4 5.5+0.4
Blood pressure — mm Hg

Systolic 120+11 120+12 120+11

Diastolic 739 739 739
Geometric mean lipid levels — mg/dI

HDL cholesterol 43.7 433 43.5

Coefficient of variation 23.1 22.2 22.8
Triglycerides 111.3 108.1 110.2
Coefficient of variation 47.5 48.7 47.8
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Table 1. (Continued.)
Semaglutide Placebo Total
Characteristic (N=134) (N=67) (N=201)
Geometric mean ALT level — U/liter 23 20 22
Coefficient of variation 69.9 70.8 70.7
IWQOL-Kids questionnaire total scoreq| 84.2+15.0 83.5+14.6 84.0+14.8

* Plus—minus values are means +SD. For most variables, the last available and eligible observation made at or before the
randomization visit (week 0) was selected for assessment, except for age, which was determined as the age on the date
of informed consent. Data for blood pressure, lipid levels, alanine aminotransferase (ALT) levels, and the Impact of
Weight on Quality of Life—Kids (IWQOL-Kids) questionnaire were obtained at week 0. To convert values for high-density
lipoprotein (HDL) cholesterol to millimoles per liter, multiply by 0.02586; to convert values for triglycerides to milli-
moles per liter, multiply by 0.01129. Coefficient of variation values are expressed as percentages. Percentages may not

total 100 because of rounding.

T Race and ethnic group were reported by the participants. The category of “other” includes American Indian or Alaska

Native, Native Hawaiian, or other Pacific Islander.

I Tanner stages 2 and 3 indicate early puberty, stage 4 indicates late puberty, and stage 5 indicates adult-level maturity.
§ Body-mass index (BMI) percentiles were assessed on the basis of sex- and age-specific growth charts.?> The BMI as a
percentage of the 95th percentile is a measure of the exact percentage above the 95th percentile for a given age and

sex. The BMI standard-deviation scores were calculated with the use of growth reference data for children and adoles-
cents (5 to 19 years of age) from the World Health Organization.”
9§ Total scores on the IWQOL-Kids questionnaire range from 0 to 100, with a score of 100 indicating the best possible

quality of life.?

Treatment efficacy was assessed with the use
of two estimands.” The treatment policy esti-
mand (the primary estimand used in all statisti-
cal testing) was used to assess treatment effi-
cacy in the full analysis population, regardless
of adherence to the assigned regimen or the use
of rescue interventions; analyses for the treatment
policy estimand were conducted in accordance
with the statistical analysis plan, with missing
data imputed with the use of a multiple-imputa-
tion method.?® The trial product estimand (sec-
ondary estimand) was used to assess treatment
efficacy in the full analysis population under the
assumption that the participants received the as-
signed regimen without the use of rescue inter-
ventions. Details regarding the analysis methods
are provided in the Supplementary Appendix.

RESULTS

PARTICIPANTS

Of the 229 participants who were screened from
October 2019 through July 2020, a total of 201
underwent randomization: 134 participants were
assigned to the semaglutide group, and 67 were
assigned to the placebo group (Fig. S2). Three par-
ticipants were randomly assigned in error but
were included in the full analysis population (see
the Supplementary Results section in the Supple-
mentary Appendix). A total of 132 participants
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(99%) in the semaglutide group and 64 (96%) in
the placebo group completed the trial; at week
68, treatment had been completed by 120 partici-
pants (90%) in the semaglutide group and 60
participants (90%) in the placebo group. One
participant (in the semaglutide group) received
phentermine after treatment discontinuation. Of
the participants who completed treatment with
semaglutide, 87% completed the trial at the 2.4-mg
dose level (Fig. S3).

Baseline characteristics were similar in the
two trial groups, except for body weight, BMI, and
waist circumference, which were slightly greater in
the semaglutide group than in the placebo group
(Table 1 and Table S2). Most participants were
girls (62%) and were White (79%); the mean age
was 15.4 years, the mean body weight was 107.5
kg, and the mean BMI was 37.0. The representa-
tiveness of the trial population is described in
Table S3. A minority of participants had hyper-
tension (13%) or type 2 diabetes (4%) at baseline.
Statements regarding adolescents with overweight
are not possible, given that only one participant
(in the semaglutide group) had overweight.

EFFICACY OUTCOMES

BMI and Body Weight

For the treatment policy estimand, the estimated
mean percentage change in BMI from baseline
to week 68 was —16.1% with semaglutide and 0.6%
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with placebo (estimated difference, —16.7 percent-
age points; 95% confidence interval [CI], —20.3
to —13.2; P<0.001) (Table 2, Fig. 1, and Fig. S4).
At week 75 (7 weeks after the end of the planned
on-treatment period but during the time when
participants were still receiving lifestyle inter-
vention), the BMI remained below the baseline
value in the semaglutide group and above the

baseline value in the placebo group (change from
baseline, —13.2% in the semaglutide group and
1.2% in the placebo group; estimated difference,
—14.4 percentage points; 95% CI, —17.8 to —11.0).
Participants were more likely to lose at least 5%
of their baseline body weight with semaglutide
than with placebo: 73% of the participants in
the semaglutide group lost at least 5% of their

Table 2. End Points at Week 68 (Treatment Policy Estimand).*
Semaglutide Placebo Difference, Semaglutide
End Point (N=134) (N=67) vs. Placebo (95% Cl)7 P Value
Primary end point
Change in BMI — % -16.1 0.6 -16.7 (-20.3 to -13.2) <0.001
Secondary confirmatory end point
=5% reduction in body weight — no. of participants/ 95/131 (73) 11/62 (18) 14.0 (6.3 to 31.0) <0.001
total no. (%)
Secondary supportive end points
Change in BMI -5.8 0.1 —6.0 (-7.3 to -4.6)
Change in BMI as percentage of 95th percentile — -24.6 -4.2 -20.4 (-25.0 to -15.8)
percentage points§
Change in BMI standard-deviation score€| -1.1 -0.1 -1.0 (-1.3t0 -0.8)
BMI redg/ction of 25% — no. of participants/total no. 99/131 (76) 14/62 (23) 13.8 (6.3 to 30.0)
(%)
Change in body weight
Absolute change — kg -15.3 2.4 -17.7 (-21.8 to -13.7)
Relative change — % -14.7 2.7 -17.4 (-21.1t0 -13.7)
Reduction in body weight — no. of participants/total
no. (%)
>10% reduction 81/131 (62) 5/62 (8) 23.0 (8.3 10 63.7)
=15% reduction 70/131 (53) 3/62 (5) 25.8 (7.6 to 88.0)
220% reduction 49/131 (37) 2/62 (3) 20.0 (4.6 to 86.3)
Change in waist circumference — cm -12.7 -0.6 -12.1 (-15.6 to -8.7)
Change in glycated hemoglobin level — percentage
points
Participants without type 2 diabetes| -0.4 -0.1 -0.2 (-0.3 to -0.1)
All participants#** -0.4 -0.1 -0.3 (-0.3t0 -0.2)
Change in blood pressure — mm Hg
Systolic -2.7 -0.8 -1.9 (-5.0to 1.1)
Diastolic -1.4 -0.8 -0.6 (-3.0t0 1.8)
Percentage change in lipid levelsy
Total cholesterol -83 -1.3 -7.1 (-10.5t0 -3.5)
HDL cholesterol 8.0 3.2 4.7 (-1.0t0 10.7)
LDL cholesterol -10.2 -3.4 -7.0 (-11.9to -1.8)
VLDL cholesterol -28.4 1.6 -29.5 (-37.3 t0 -20.8)
Triglycerides -28.4 2.6 -30.2 (-38.0to -21.5)
Percentage change in ALT levelf -18.3 -4.9 -14.1 (-25.2to -1.4)
6 N ENGL) MED NEJM.ORG
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Table 2. (Continued.)
Semaglutide Placebo Difference, Semaglutide

End Point (N=134) (N=67) vs. Placebo (95% Cl)7 P Value
Exploratory end points
Change in IWQOL-Kids questionnaire scores — points

Physical comfort domain 6.4 -0.3 6.6 (2.0to 11.2)

Body esteem domain 9.3 5.4 3.9 (-1.9t09.8)

Social life domain 2.4 -0.7 31(-1.8t07.9)

Family relations domain 0.9 -2.6 3.4 (-03t07.1)

Total score 5.3 1.0 4.3 (0.2t0 8.3)

* Shown are estimated data for the full analysis population for the treatment policy estimand, which was used to assess treatment efficacy
in all participants who had undergone randomization, regardless of adherence to the assigned regimen or the use of rescue interventions
(i.e., other medications for obesity or bariatric surgery). The analyses were performed on the basis of data from the in-trial observation
period (the time from randomization to the last contact with a trial site, regardless of discontinuation of the assigned regimen or the use
of rescue interventions). Continuous end points were assessed with the use of analysis of covariance, with trial group and stratification
group (sex and Tanner stage and the interactions of these terms) as factors and the baseline value of the end-point measure of interest
as a covariate; categorical end points were analyzed with the use of logistic regression, with the same factors and covariate. A multiple-
imputation approach was used for missing data. Analyses were not controlled for multiple comparisons, with the exception of analyses of
the primary end point and the secondary confirmatory end point. Corresponding data for the trial product estimand (which was used to
assess treatment efficacy under the assumption that participants received the assigned regimen for 68 weeks without the use of rescue
interventions) are shown in Table S4 in the Supplementary Appendix. LDL denotes low-density lipoprotein and VLDL very-low-density lipo-
protein.

7 Data are the absolute differences between the estimated mean changes unless otherwise noted. The differences between mean percentage
changes in BMI and body weight are expressed in percentage points.

i Data are the observed numbers and percentages of participants at week 68 for the in-trial period, and the difference is the estimated odds
ratios for the treatment policy estimand.

§ BMI percentiles were assessed on the basis of sex- and age-specific growth charts.?? The BMI as a percentage of the 95th percentile is a
measure of the exact percentage above the 95th percentile for a given age and sex.

9 BMI standard-deviation scores were calculated with the use of growth reference data for children and adolescents (5 to 19 years of age)
from the World Health Organization.?

| Data are shown for the 129 participants in the semaglutide group and the 64 participants in the placebo group who did not have type 2
diabetes at baseline.

** Data are shown for all participants, regardless of type 2 diabetes status at baseline.

7 These measures were initially analyzed on a log scale as an estimated ratio to the baseline value (within trial groups) and estimated treat-
ment ratios (between trial groups). For interpretation, the ratios to the baseline value are expressed as relative percentage changes and
the treatment ratios are expressed as estimated relative percentage differences between groups and were calculated with the use of the
following formula: (estimated ratio-1) x 100.

body weight, as compared with 18% of the par- of at least 20% occurred in 37% and 3%, respec-

ticipants in the placebo group (estimated odds
ratio, 14.0; 95% CI, 6.3 to 31.0; P<0.001) (Table 2
and Fig. 1). Findings were similar for the trial
product estimand (Table S4 and Fig. S5).

For the treatment policy estimand, semaglu-
tide resulted in greater decreases than placebo
in absolute BMI, in BMI as a percentage of the
95th percentile, in absolute body weight, and in
percentage body weight at week 68 (Table 2 and
Fig. 1). A reduction in BMI of at least 5% occurred
in 76% of the participants in the semaglutide
group and in 23% in the placebo group. A loss of
body weight of at least 10% occurred in 62% of
the participants in the semaglutide group and in
8% in the placebo group; a loss of at least 15%
occurred in 53% and 5%, respectively; and a loss
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tively (Table 2 and Fig. 1). Findings were similar
for the trial product estimand.

Cardiometabolic Risk Factors

At week 68, waist circumference, glycated hemo-
globin levels (among all participants with the
exclusion of those with type 2 diabetes), total cho-
lesterol, low-density lipoprotein cholesterol, very-
low-density lipoprotein cholesterol, triglycerides,
and ALT levels were lower with semaglutide than
with placebo. In the analysis for the treatment
policy estimand, there were no significant be-
tween-group differences in changes in blood pres-
sure or high-density lipoprotein cholesterol (Ta-
ble 2). Findings were similar for the trial product
estimand, with the exception that systolic blood
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A Change in BMI from Baseline
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pressure was lower with semaglutide than with
placebo.

Weight-Related Quality of Life
For the treatment policy estimand, semaglutide
was associated with improvements in IWQOL-Kids
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total score and the physical comfort domain score
at week 68 (Table 2). The improvement in the
total score was driven mainly by the change in
the physical comfort domain score. No differences
between groups were observed for the other
IWQOL-Kids domain scores for the treatment
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Figure 1 (facing page). BMI and Body-Weight Measures
in the Full Analysis Population.

The full analysis population included all participants
who had undergone randomization. Data shown are
the observed data from the in-trial observation period
(the time from randomization to the last contact with a
trial site, regardless of discontinuation of semaglutide
or placebo or the use of rescue interventions [i.e., other
medications for obesity or bariatric surgery]), unless
otherwise indicated. Panel A shows the observed mean
percentage change from baseline in body-mass index
(BMI, the weight in kilograms divided by the square of
the height in meters) over time. The area to the right of
the vertical dashed line represents the follow-up peri-
od, when participants were not receiving semaglutide
or placebo. Panel B shows the observed percentages of
participants who had body-weight reductions of at least
5%, at least 10%, at least 15%, and at least 20% from
baseline to week 68. Panels C and D show waterfall
plots of the observed mean percentage change in BMI
from baseline to week 68 in the semaglutide group and
the placebo group, respectively. Panels E and F show
the observed mean BMI and body weight over time. The
I bars in panels A, E, and F indicate the standard errors,
and the numbers shown beneath the graphs are the
participants contributing to the mean at each visit.

policy estimand or for any IWQOL-Kids domain
scores for the trial product estimand (Table 2).

SAFETY

Adverse events were reported in 105 of 133 partici-
pants (79%) in the semaglutide group and in 55 of
67 (82%) in the placebo group; event rates were
greater with semaglutide than with placebo (435.7
vs. 362.9 events per 100 person-years) (Table 3).
Gastrointestinal disorders (primarily nausea, vom-
iting, and diarrhea) were the most frequent adverse
events with semaglutide (occurring in 62% of par-
ticipants, as compared with 42% in the placebo
group) and were generally mild or moderate in
severity and of short duration (median duration,
2 to 3 days for nausea, vomiting, and diarrhea in
the semaglutide group) (Table 3 and Fig. S6).
The prevalence of nausea, diarrhea, and vomiting
with semaglutide peaked during or shortly after
the 16-week dose-escalation period.

Serious adverse events were reported in 11%
of the participants in the semaglutide group and
in 9% in the placebo group (Table 3 and Table S5).
No fatal adverse events were reported. The same
percentage of participants in both groups (5%)
discontinued semaglutide or placebo because of
adverse events, with gastrointestinal events being

N ENGL J MED

the most common reason for discontinuation in
the semaglutide group (Table 3).

Five participants (4%) in the semaglutide
group had acute gallbladder disease (all five had
cholelithiasis, one with concurrent cholecystitis);
no participants in the placebo group had chole-
lithiasis (Table S6). An increase in amylase and
lipase levels from baseline to week 68 was ob-
served with semaglutide (Table S7), but no cases
of pancreatitis were reported. No instances of
acute renal failure, diabetic retinopathy, or se-
vere hypoglycemia were reported. The heart rate
increased by a mean of 1.2 beats per minute with
semaglutide and decreased by a mean of 2.3 beats
per minute with placebo. No other clinically rel-
evant findings in biochemical, hematologic, or
growth measures or pubertal development (Tan-
ner stage) were noted.

PHQ-9% and C-SSRS? scores did not indicate
differences in mental health between the two
groups (Fig. S7). A smaller percentage of partici-
pants in the semaglutide group than in the pla-
cebo group reported psychiatric adverse events
(7% vs. 15%).

DISCUSSION

In this phase 3a trial involving adolescents with
obesity who were randomly assigned to receive
semaglutide or placebo, each with lifestyle inter-
vention, once-weekly subcutaneous semaglutide
at a dose of 2.4 mg resulted in clinically relevant
decreases in BMI and body weight, with sub-
stantially greater proportions of participants in
the semaglutide group than in the placebo group
reaching the 5 to 20% weight-loss thresholds.
All other BMI-related and body weight-related
measures were improved with semaglutide. Sema-
glutide was also associated with improvements
with respect to cardiometabolic risk factors. In
accordance with the relatively high treatment-
completion rates, the results were generally simi-
lar for the two estimands. The safety of semaglu-
tide in this adolescent population appeared to be
consistent with findings among adults with over-
weight or obesity."”

The reductions in body weight and BMI ob-
served with semaglutide were substantially great-
er than those reported among adolescents taking
other glucagon-like peptide-1 receptor agonists
and medications for obesity.?** The placebo-
subtracted change (i.e., the difference between
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Table 3. Adverse Events.*
Event Semaglutide (N=133) Placebo (N=67)
no. of no. of events/ no. of no. of events/
participants (%) events 100 person-yr participants (%) events 100 person-yr
Any adverse event 105 (79) 792 435.7 55 (82) 328 362.9
Serious adverse events 15 (11) 17 9.4 6 (9) 7 7.7
Adverse events leading to discon- 6 (5) 6 33 3 (4) 3 3.3
tinuation of trial regimen
Gastrointestinal disorders 3(2) 3 1.7 1(1) 1 1.1
Fatal adverse eventsy 0 — — 0 — —
Adverse events reported in 25% of
participants in either groupi:
Nausea 56 (42) 127 69.9 12 (18) 29 32.1
Vomiting 48 (36) 106 58.3 7 (10) 18 19.9
Diarrhea 29 (22) 54 29.7 13 (19) 19 21.0
Headache 22 (17) 52 28.6 11 (16) 20 22.1
Abdominal pain 20 (15) 32 17.6 4 (6) 4 4.4
Covid-19 16 (12) 17 9.4 10 (15) 10 11.1
Nasopharyngitis 16 (12) 21 11.6 7 (10) 12 133
Abdominal pain upper 11 (8) 19 10.5 9 (13) 12 13.3
Dizziness 10 (8) 13 7.2 2 (3) 3 383
Gastroenteritis 9(7) 9 5.0 2 (3) 2 22
Constipation 8 (6) 8 4.4 1(1) 1 1.1
Decreased appetite 8 (6) 8 4.4 3 (4) 4 4.4
Pyrexia 5 (4) 5 2.8 5 (7) 5 5.5
Acne 4(3) 4 22 4 (6) 4 4.4
Cough 43) 5 2.8 4 (6) 4 4.4
Fatigue 4(3) 4 2.2 5(7) 5 5.5
Contusion 2(2) 2 11 5(7) 5 5.5
Dysmenorrhea 2(2) 3 1.7 4 (6) 7 7.7
Blood creatinine phosphokinase 1(1) 1 0.6 4 (6) 4 4.4
increased

* Safety was assessed in all participants who underwent randomization and were exposed to at least one dose of semaglutide or placebo.
Shown are the observed data in the safety analysis population during the on-treatment period (the time from the first dose of semaglutide
or placebo to 49 days after the last dose, excluding any temporary interruptions), unless otherwise indicated. Covid-19 denotes coronavirus
disease 2019.

7 Data are the observed data in the safety population from the in-trial period (the time from randomization to the last contact with a trial site,
regardless of discontinuation of semaglutide or placebo or the use of rescue interventions).

1 Adverse events are listed according to the preferred term in the Medical Dictionary for Regulatory Activities (MedDRA), version 24.1.
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the active drug and placebo) in BMI was —16.7
percentage points at week 68 with semaglutide,
as compared with —4.6 percentage points at
week 56 in the phase 3 trial of once-daily lira-
glutide in adolescents.” In addition, the placebo-
subtracted change in the BMI standard-deviation
score with semaglutide was —1.0 at week 68,
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substantially greater than the —0.2 reported at
week 56 for liraglutide?® and the —0.1 reported at
week 24 for once-weekly exenatide in a small
trial in adolescents.* Beyond glucagon-like pep-
tide-1 receptor agonists, trials of orlistat (360 mg)
in adolescents have shown relatively small place-
bo-subtracted changes in absolute BMI (-0.5 to
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—0.9),3! as compared with the placebo-subtracted
change of —6.0 with semaglutide in this trial. In
a trial of phentermine and extended-release topi-
ramate in adolescents with obesity, the placebo-
subtracted BMI reduction with the 15-mg dose
of phentermine and the 92-mg dose of topira-
mate at week 56 (10.4 percentage points) was
lower than that with semaglutide.?> However, when
considering these findings, it should be noted
that these are not head-to-head comparisons, and
therefore they need to be interpreted cautiously
owing to differences in participant populations
and durations of treatment periods as well as
secular trends, such as the coronavirus disease
2019 pandemic.

The placebo-subtracted change in body weight
of —17.4 percentage points with semaglutide in
our trial was greater than that reported in the
STEP 1 trial involving adults (-12.4 percentage
points).”” In both trials, weight loss occurred
over a similar time frame, reaching a nadir at
approximately 60 weeks.! It cannot be ruled out
that the higher treatment-completion rates in
this trial than in the STEP 1 trial contributed to
this difference; nevertheless, the apparent differ-
ence was also observed for the trial product es-
timand, for which it was assumed that all partici-
pants took semaglutide or placebo as intended.
The reason for this finding is currently unclear
and will require further research.

Semaglutide was also associated with im-
provement with respect to cardiometabolic end
points. These findings are clinically relevant,
given that BMI, triglycerides, and total cholesterol
levels have all been established as childhood risk
factors associated with subsequent cardiovascu-
lar events in adulthood.*®* Furthermore, we ob-
served an improvement in weight-related quality
of life, mostly due to an improved IWQOL-Kids
physical comfort domain score, which was not
observed in previous trials of phentermine—topira-
mate or liraglutide in adolescents with obesity.**

The safety profile of semaglutide among ado-
lescents with obesity in our trial was consistent
with that observed among adults’ and with that
of the glucagon-like peptide-1 receptor agonist
drug class in general.* No new safety concerns
were identified. As expected, gastrointestinal ad-
verse events were the most common adverse events
reported in the semaglutide group and occurred
more frequently than in the placebo group. How-
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ever, permanent discontinuations because of gas-
trointestinal disorders were very low. Further-
more, semaglutide did not appear to affect growth
or pubertal development during the trial period.

Strengths of the trial include the double-blind,
multinational design as well as the high percent-
ages of participants in the semaglutide group
who completed the trial (99%) and completed
treatment (90%), which compare favorably with
shorter trials involving adolescents with obesity
that assessed liraglutide (79% trial completion
and 81% treatment completion)® and phenter-
mine—topiramate (75% trial completion and 65%
treatment completion; 70% of participants com-
pleted treatment with the 7.5-mg dose of phen-
termine and 46-mg dose of topiramate and 61%
completed treatment with the 15-mg dose of
phentermine and 92-mg dose of topiramate).*
As compared with other trials, the focus in this
trial on participant retention by the sites and the
sponsor, as well as aspects of the trial design,
such as flexibility in dose escalation in order to
limit unacceptable adverse effects, may have fa-
cilitated adherence. Furthermore, the inclusion
of a 12-week lifestyle intervention run-in phase
before randomization reflects clinical practice
recommendations to implement lifestyle modifi-
cations for weight loss before initiating pharma-
cotherapy in adolescents.>® The inclusion of par-
ents or guardians in the lifestyle intervention
provided throughout the trial may also have con-
tributed to the high completion rates, since the
inclusion of parents or guardians in lifestyle
counseling is known to improve weight-loss out-
comes among young people.*

This trial had certain limitations. A longer
treatment period would have provided insight
into the durability of the effect of semaglutide;
in adults, the effect of semaglutide persists over
2 years of treatment.*® A longer follow-up period
would have enabled the effect of treatment ces-
sation to be monitored, considering the small
BMI regain between weeks 68 and 75. Weight
regain after treatment discontinuation has also
been observed with liraglutide in adolescents®
and with semaglutide in adults.*”3 In addition,
the enrolled trial population may limit the gen-
eralizability of the results, in light of the greater
number of female than male participants, the
relatively small proportions of some racial and
ethnic groups, and the inclusion of only eight
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participants with type 2 diabetes and only one
with overweight. Our sample may therefore not
be fully representative of the adolescent popula-
tion with obesity in all countries; for example, in
the United States, the prevalence of obesity among
male and female adolescents is generally equal
and is greater among Hispanic and Black adoles-
cents than among White adolescents.* It is pos-
sible that adolescents of the racial and ethnic
groups that were underrepresented in this trial
may have different responses to semaglutide, and
future studies should address this issue.

In adolescents with obesity, once-weekly treat-
ment with subcutaneous semaglutide at a dose
of 2.4 mg in addition to lifestyle intervention

resulted in a substantial reduction in BMI as com-
pared with lifestyle intervention alone.
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