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IMPORTANCE Weight loss improves cardiometabolic risk factors in people with overweight or

obesity. Intensive lifestyle intervention and pharmacotherapy are themost effective

noninvasive weight loss approaches.

OBJECTIVE To compare the effects of once-weekly subcutaneous semaglutide, 2.4 mg vs

placebo for weight management as an adjunct to intensive behavioral therapy with initial

low-calorie diet in adults with overweight or obesity.

DESIGN, SETTING, AND PARTICIPANTS Randomized, double-blind, parallel-group, 68-week,

phase 3a study (STEP 3) conducted at 41 sites in the US from August 2018 to April 2020 in

adults without diabetes (N = 611) and with either overweight (bodymass index �27) plus at

least 1 comorbidity or obesity (bodymass index �30).

INTERVENTIONS Participants were randomized (2:1) to semaglutide, 2.4 mg (n = 407) or

placebo (n = 204), both combined with a low-calorie diet for the first 8 weeks and intensive

behavioral therapy (ie, 30 counseling visits) during 68weeks.

MAIN OUTCOMES ANDMEASURES The co–primary end points were percentage change in body

weight and the loss of 5% or more of baseline weight by week 68. Confirmatory secondary

end points included losses of at least 10% or 15% of baseline weight.

RESULTS Of 611 randomized participants (495 women [81.0%], mean age 46 years [SD, 13],

body weight 105.8 kg [SD, 22.9], and bodymass index 38.0 [SD, 6.7]), 567 (92.8%)

completed the trial, and 505 (82.7%) were receiving treatment at trial end. At week 68, the

estimatedmean body weight change from baseline was –16.0% for semaglutide vs –5.7% for

placebo (difference, −10.3 percentage points [95% CI, −12.0 to −8.6]; P < .001). More

participants treated with semaglutide vs placebo lost at least 5% of baseline body weight

(86.6% vs 47.6%, respectively; P < .001). A higher proportion of participants in the

semaglutide vs placebo group achieved weight losses of at least 10% or 15% (75.3% vs 27.0%

and 55.8% vs 13.2%, respectively; P < .001). Gastrointestinal adverse events were more

frequent with semaglutide (82.8%) vs placebo (63.2%). Treatment was discontinued owing

to these events in 3.4% of semaglutide participants vs 0% of placebo participants.

CONCLUSIONS AND RELEVANCE Among adults with overweight or obesity, once-weekly

subcutaneous semaglutide compared with placebo, used as an adjunct to intensive

behavioral therapy and initial low-calorie diet, resulted in significantly greater weight loss

during 68weeks. Further research is needed to assess the durability of these findings.
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I
ntensive behavioral interventions for obesity providing 14

or more counseling sessions in 6 months induce mean

losses of 5% to 10% of baseline body weight.1 Weight loss

can be increased by an additional 3 to 5 percentage points by

including a low-calorie (1000-1200 kcal/d) portion-controlled

diet composed of liquid shakes, meal bars, and prepared

meals.2,3 Larger weight losses (eg, ≥10%) are desired because

they produce greater improvements in several obesity-

related cardiometabolic risk factors and diseases, including

type 2 diabetes, hypertension, and sleep apnea.4-8

Antiobesity medications approved by the Food and Drug

Administration also increase weight loss when used adjunc-

tively with behavioral intervention. Once-daily liraglutide,

3.0 mg, a glucagon-like peptide 1 receptor agonist approved

forweightmanagement, added approximately 3 to 5 percent-

age points of additional weight loss to intensive behavioral

therapy compared with behavioral therapy alone.9,10 Subcu-

taneous semaglutide is a long-acting glucagon-like peptide 1

receptor agonist approved for the treatment of type 2 diabe-

tes at once-weeklydosesofup to 1.0mg,11which reducesbody

weight by approximately 6% by 1 year in these patients.12,13

In a 52-week, phase 2 trial, semaglutide produced a mean

loss of up to 13.8%of baseline bodyweight (with 0.4mg once

daily, equivalent to a weekly dose of 2.8 mg) compared

with 2.3% for placebo (both combined with approximately

monthly behavioral counseling) anddemonstrated anaccept-

able tolerability profile.14 Semaglutide as a 2.4-mg once-

weekly dose is being evaluated forweightmanagement in the

phase 3 Semaglutide Treatment Effect for People with obe-

sity (STEP) program.15

The present clinical trial was designed to maximize

weight loss in adults with overweight or obesity without dia-

betes. Its objective was to evaluate the effects on body

weight and cardiometabolic risk factors of adding subcutane-

ous semaglutide, 2.4 mg, to intensive behavioral therapy, the

latter of which was also combined with an initial 8-week low-

calorie diet to boost total weight loss.

Methods

Study Design andOversight

STEP 3 was a 68-week, randomized, double-blind, placebo-

controlled, multicenter study conducted at 41 sites in the US

from August 2018 to April 2020. The study design has been

published.15 The protocol and amendments (available in

Supplement 2) were approved by institutional review boards

or independentethics committeesateachstudysite.Thestudy

was conducted according to consensus ethical principles de-

rived from guidelines, including the Declaration of Helsinki,

the International Conference on Harmonization Good Clini-

cal Practice Guideline, and applicable local laws and regula-

tions. All participants provided written informed consent.

Participants

Eligible participantswere aged 18 years or older, reported 1 or

moreunsuccessfuldietaryefforts to loseweight, andhadeither

body mass index (BMI) of 27 or higher with at least 1 weight-

relatedcomorbidity (cardiovasculardisease,dyslipidemia,hy-

pertension, or obstructive sleep apnea) orBMIof 30orhigher.

Participants were excluded if they had diabetes, glycated he-

moglobin levels of 6.5% or more (≥48 mmol/mol), self-

reportedbodyweight change greater than5kgwithin90days

before screening, or prior or planned obesity treatment with

surgery or aweight loss device. Full eligibility criteria are pro-

vided in eAppendix 3 in Supplement 1. To meet regulatory

requirements,16 race andethnicitywere recorded in this study

and determined by the participant according to fixed selec-

tion categories (with theoptionof answering “other,” “not ap-

plicable,” or “unknown”).

Procedures

Participants were randomized 2:1 with a blocking schema

(blocksizeof9)viaan interactiveweb-responsesystemtoonce-

weekly subcutaneous semaglutide, 2.4 mg, or visually iden-

tical placebo for 68 weeks, with an additional 7 weeks’ off-

treatment follow-up tomonitor adverseevents.BasedonFood

and Drug Administration recommendations,16 a 2:1 random-

ization was selected to ensure that approximately 3000 par-

ticipants across the phase 3 clinical programwere exposed to

semaglutide, 2.4 mg. Semaglutide was initiated at 0.25 mg,

with dose escalation every 4 weeks until the target dose of

2.4 mg/wk was reached at week 16 (eFigure 1 in Supple-

ment 1). If participants did not tolerate the 2.4-mg dose, they

were permitted to receive 1.7mg instead (at the investigator’s

discretion) and encouraged tomake at least 1 attempt to rees-

calate to the 2.4-mg dose.

For the first 8weeks after randomization, participants re-

ceived a low-calorie diet (1000-1200kcal/d) provided asmeal

replacements (eg, liquid shakes, meal bars, portion-

controlled meals [provided by Nutrisystem, supplied by the

sponsor]). Participants subsequently transitioned to a hypo-

caloric diet (1200-1800kcal/d) of conventional food for the re-

mainder of the68weeks,withprescribed calorie intakebased

on randomization body weight. At randomization, partici-

pants were prescribed 100 minutes of physical activity per

week (spread across 4-5 days), which increased by 25 min-

utesevery4weeks, to reach200min/wk.During the68weeks,

Key Points

Question In adults with overweight or obesity without diabetes,

what effect does once-weekly subcutaneous semaglutide, 2.4 mg,

have on body weight when added to intensive behavioral therapy

with an initial low-calorie diet?

Findings In this randomized clinical trial that included 611 adults

with overweight or obesity, 68 weeks’ treatment with

once-weekly subcutaneous semaglutide vs placebo, combined

with intensive behavioral therapy (and a low-calorie diet for the

initial 8 weeks), resulted in reductions in body weight of 16.0% vs

5.7%, respectively; the difference was statistically significant.

Meaning When used as an adjunct to intensive behavioral therapy

and initial low-calorie diet, once-weekly subcutaneous

semaglutide produced significantly greater weight loss than

placebo during 68weeks in adults with overweight or obesity.
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participants were provided with 30 individual intensive be-

havioral therapy visits with a registered dietitian, who in-

structed them in diet, physical activity, and behavioral strat-

egies.Details of these counselingvisits, andof the assessment

schedule, are provided in eAppendix 4 and eAppendix 5 in

Supplement 1.

End Points

The co–primary end points, in the order planned for sequen-

tial hierarchic testing, were the percentage change in body

weight and theproportion of participantswho lost at least 5%

of baseline weight by week 68 (eAppendix 6 in Supple-

ment 1).Confirmatory secondaryendpoints (inhierarchic test-

ing order) included the proportions of participants achieving

weight reductions of at least 10%or 15%, and the change from

baseline toweek68 inwaist circumference, systolicbloodpres-

sure, and physical functioning score assessed by the 36-Item

Short FormHealth Survey (SF-36), Acute Version (eAppendix

7 in Supplement 1). Additional supportive secondary and ex-

ploratory end points are listed in eAppendix 8 in Supple-

ment 1. Treatment-emergent adverse events and serious ad-

verse eventswere assessed throughout treatment and follow-

up. Selected adverse events (eg, cardiovascular events, acute

pancreatitis) anddeathswere reviewedbyan independent ex-

ternal event adjudication committee.

Statistical Analysis

A sample size of 600 participants was calculated to provide

powerof86%for the7endpoints in thehierarchic testingpro-

cedure, with greater than 99% power for the co–primary end

points (see eAppendix 6 in Supplement 1 for details of the sta-

tistical analysis andSupplement 3 for the full statistical analy-

sisplan).Efficacyendpointswereanalyzedwith the full analy-

sis set (ie, all participants randomly assigned to a treatment

group regardless ofwhether they initiated treatment), andad-

verse event end points were analyzed with the safety analy-

sis set (ie, all randomizedparticipantsexposed toat least 1dose

of randomized treatment). Observation periods included the

in-trial period (while in trial, regardless of treatment discon-

tinuation or rescue intervention) and the on-treatment pe-

riod (in which any dose of trial product was administered

within the previous 2 weeks for efficacy analyses, or within

the previous 49 days for adverse event analyses [ie, any pe-

riodof temporary treatment interruptionwith trialproductwas

excluded]). The superiority of subcutaneous semaglutide to

placebofor theprimaryandsecondaryconfirmatoryendpoints

was assessed in hierarchic order, with superiority at a signifi-

cance level of 5% required before testing of subsequent end

points in thehierarchy.All results fromstatistical analyses are

reported togetherwith the associated 2-sided95%CI and cor-

responding P value (significance defined as P < .05). Find-

ings for analyses of supportive secondary end points should

be interpreted as exploratory becauseof thepotential for type

Ierrorduetomultiplecomparisons.All statisticalanalyseswere

performed with SAS version 9.4 TS1M5.

Two estimands were used to address different scientific

questions, as described elsewhere.17,18 The primary hierar-

chic statistical analyseswerebasedon the treatmentpolicy es-

timand (similar to an intention-to-treat analysis),whichquan-

tified the average treatment effect among all randomized

participants, regardless of adherence to treatment or initia-

tionof rescue interventions (ie, antiobesitymedicationsorbar-

iatric surgery).Continuousandcategoricalendpointswereana-

lyzed with analysis of covariance and logistic regression,

respectively (bothwith randomized treatment as a factor and

baselinevalue as a covariate).Missingdatawere imputedwith

a multiple imputation approach, similar to that described by

McEvoy.19Missing bodyweightmeasurementswere imputed

bysampling fromavailablemeasurementsatweek68frompar-

ticipants receiving randomized treatment in the relevant ran-

domized treatment group. Missing values were multiply im-

puted (× 1000). Each of the 1000 complete data sets was

analyzed, resulting in 1000 estimates that were combined by

using the formula by Rubin20 to obtain overall estimates.

The trial product estimand quantified the average treat-

ment effect in all randomized participants, assuming they re-

mainedreceiving randomized treatment for thedurationof the

trial (andwithout rescue intervention). For this estimand, con-

tinuous end points were analyzedwith amixedmodel for re-

peatedmeasurements. Categorical end points were analyzed

with logistic regression,with treatment as the only factor; for

missing data, categorization was based on predicted values

from the mixed model for repeated measurements. The trial

product estimand, which models the data to assume that all

participants were adherent to treatment, typically yields a

higher estimate of weight loss than the treatment policy esti-

mand, which includes data for all participants, regardless of

treatment adherence. All reported results are for the treat-

ment policy estimand, unless stated otherwise.

Results

Study Participants

From August 2018 to November 2018, 742 participants were

screened, and 611 were randomized to treatment: 407 to

semaglutide and 204 to placebo. Overall, 567 participants

(92.8%) completed the trial, and 505 (82.7%) completed the

trial in the on-treatment period (Figure 1). The proportion of

participants permanently discontinuing trial product was

similar between treatment groups (semaglutide, 16.7%; pla-

cebo, 18.6%) (eFigure 2 in Supplement 1). The most frequent

reasons for permanent discontinuation were adverse events

(semaglutide, 6.4%; placebo, 2.9%), lost to follow-up (sema-

glutide, 4.4%; placebo, 3.4%), and the category “other,”

which included various personal reasons. Demographic and

baseline clinical characteristics were similar for the 2 groups

(Table 1). Most participants were women (81.0%) and White

individuals (76.1%), with a mean age of 46 years. Mean body

weight was 105.8 kg, mean BMI was 38.0, and mean waist

circumference was 113.0 cm. At screening, 75.8% of partici-

pants had 1 or more comorbidities.

Co–Primary End Points

Atweek 68, the estimatedmeanweight change frombaseline

was −16.0% with semaglutide vs –5.7% with placebo, both
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combinedwith intensivebehavioral therapyandmeal replace-

ments (difference, −10.3 percentage points [95% CI, −12.0 to

−8.6]; P < .001) (Table 2, Figure 2A, and eFigure 3 in Supple-

ment 1). For the trial productestimand, correspondingchanges

were −17.6%with semaglutide vs −5.0%with placebo (differ-

ence,−12.7percentagepoints [95%CI,−14.3 to−11.0];P < .001)

(eTable 1 and eFigure 4 in Supplement 1). See eFigure 5 in

Supplement 1 for cumulative distribution function plots for

weight change.

Semaglutide-treated participants were significantly

more likely to have lost at least 5% of baseline body weight

at week 68 vs placebo (P < .001 for both estimands) (Table 2

and eTable 1 in Supplement 1), with 86.6% of participants

in the semaglutide group vs 47.6% in the placebo group

Figure 1. Participant Flow in the STEP 3 Trial of Semaglutide in AdultsWith Overweight or Obesity

742 Adults with overweight or obesity
(without diabetes) screened for eligibility

129 Did not meet screening criteriaa

29 Had any disorder, unwillingness, or inability, not covered
by other exclusion criteria, which in the investigator's
opinion might jeopardize the participant's safety or
adherence with the protocol

43 Had uncontrolled thyroid disease

5 Had Patient Health Questionnaire-9 score ≥15 at screening

4 Had history of suicide attempt

4 Had calcitonin ≥100 ng/L

4 Had kidney impairment (eGFR <15 mL/min/1.73 m2)

16 Other

2 Withdrew prior to randomization

40 Had HbA1c ≥6.5% (≥48 mmol/mol)

611 Randomized (2:1)

407 Included in the primary analysis

28 Discontinued treatment prematurelyb

(and withdrew from trial)

18 Lost to follow-upc

4 Withdrew consent

4 Other

2 Adverse event

3 Withdrew from trial

12 Discontinued treatment prematurelyb

(and withdrew from trial)

7 Lost to follow-upc

3 Withdrew consent

2 Other

1 Withdrew from trial

407 Randomized to once-weekly
semaglutide, 2.4 mg

204 Randomized to placebo

204 Included in the primary analysis

376 Attended wk 75 visit and completed
the trial

339 Were receiving treatment at wk 68
and completed treatment

40 Discontinued treatment prematurelyb

24 Adverse event

13 Other

1 Investigator’s discretion

1 Safety concern

1 Pregnancy

191 Attended wk 75 visit and completed
the trial

166 Were receiving treatment at wk 68
and completed treatment

26 Discontinued treatment prematurelyb

14 Other

6 Adverse event

2 Safety concern

2 Pregnancy

1 Protocol violation

1 Withdrew for lack of efficacy

a Participants could meet more than 1 exclusion or randomization criterion.

bAdverse events leading to permanent discontinuation of trial product

(participants may have discontinued due to �1 adverse event):

(1) gastrointestinal disorders: constipation, n = 2 (semaglutide);

diarrhea/explosive diarrhea, n = 2 (semaglutide); eructation/belching, n = 1

(semaglutide); flatulence/excessive gas, n = 1 (semaglutide);

nausea/worsening nausea, n = 7 (semaglutide); retching/dry heaves, n = 1

(semaglutide); and vomiting/worsening vomiting/recurrent vomiting, n = 6

(semaglutide). (2) General disorders and administration site

conditions/hepatobiliary disorders: biliary colic/gallbladder pain, n = 1

(semaglutide); biliary dyskinesia, n = 1 (semaglutide); and injection site

hematoma, n = 1 (placebo). (3) Infections and infestations: diverticulitis, n = 1

(placebo). (4) Injury, poisoning, and procedural complications: concussion,

n = 1 (semaglutide). (5) Investigations: amylase increased/elevated amylase,

n = 1 (semaglutide); blood creatine phosphokinase increased/elevated

creatine kinase, n = 1 (semaglutide); and lipase increased/elevated lipase, n = 1

(semaglutide). (6) Metabolism and nutrition disorders: loss of appetite, n = 1

(semaglutide). (7) Musculoskeletal and connective tissue disorders:

right-sided flank pain, n = 1 (placebo). (8) Nervous system disorders:

headache, n = 1 (semaglutide); and worsening of migraine, n = 1 (semaglutide).

(9) Psychiatric disorders: anxiety/worsening anxiety, n = 3 (semaglutide), n = 1

(placebo). (10) Skin and subcutaneous tissue disorders: hair thinning, n = 1

(semaglutide); hair loss, n = 1 (placebo); burning under skin of the right leg,

n = 1 (semaglutide); and generalized pruritic rash, n = 1 (placebo).

c A total of 5.6% of participants were lost to follow-up. In the semaglutide

group, 12 were lost to follow-up by week 38, and in the placebo group, 5 were

lost to follow-up by week 25.
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achieving this threshold (in-trial period) (Figure 2B and

eFigure 4 in Supplement 1).

Confirmatory Secondary End Points

At week 68, participants in the semaglutide group were sig-

nificantly more likely to have lost at least 10% or 15% of

baseline body weight vs placebo (P < .001 for both esti-

mands) (Table 2 and eTable 1 in Supplement 1). These

Table 1. Baseline Demographics and Clinical Characteristicsa

Characteristic

No. (%)

Semaglutide, 2.4 mg
(n = 407)

Placebo
(n = 204)

Age, mean (SD), y 46 (13) 46 (13)

Sex

Women 315 (77.4) 180 (88.2)

Men 92 (22.6) 24 (11.8)

Raceb

White 307 (75.4) 158 (77.5)

Black or African American 80 (19.7) 36 (17.6)

Other 11 (2.7) 4 (2.0)

Asian 5 (1.2) 6 (2.9)

Native Hawaiian
or other Pacific Islander

3 (0.7) 0

American Indian
or Alaska Native

1 (0.2) 0

Hispanic or Latino ethnic group 75 (18.4) 46 (22.5)

Body weight, mean (SD), kg 106.9 (22.8) 103.7 (22.9)

Body mass index, mean (SD) 38.1 (6.7) 37.8 (6.9)

Body mass index categories

≥27-<30 (overweight) 23 (5.7) 15 (7.4)

≥30-<35 (class 1 obesity) 126 (31.0) 58 (28.4)

≥35-<40 (class 2 obesity) 136 (33.4) 76 (37.3)

≥40 (class 3 obesity) 122 (30.0) 55 (27.0)

Waist circumference, mean (SD), cm 113.6 (15.1) 111.8 (16.2)

Comorbidities at screeningc

Dyslipidemia 145 (35.6) 67 (32.8)

Hypertension 145 (35.6) 67 (32.8)

Knee osteoarthritis 76 (18.7) 31 (15.2)

Asthma/COPD 67 (16.5) 25 (12.3)

Obstructive sleep apnea 58 (14.3) 19 (9.3)

Nonalcoholic fatty liver disease 23 (5.7) 12 (5.9)

Polycystic ovary syndrome 17 (5.4) 10 (5.6)

Coronary artery disease 6 (1.5) 4 (2.0)

No. of comorbidities at screeningc

None 99 (24.3) 49 (24.0)

1 93 (22.9) 53 (26.0)

2 96 (23.6) 43 (21.1)

3 62 (15.2) 38 (18.6)

4 31 (7.6) 14 (6.9)

≥5 26 (6.4) 7 (3.4)

Blood pressure, mean (SD), mm Hg

Systolic 124 (15) 124 (15)

Diastolic 80 (10) 81 (10)

Pulse, mean (SD), /min 71 (10) 71 (10)

Glycated hemoglobin,
mean (SD), %d

5.7 (0.3) 5.8 (0.3)

Fasting plasma glucose,
mean (SD), mg/dd

93.9 (9.4)
[n = 397]

94.0 (9.8)
[n = 200]

Fasting serum insulin,
geometric mean pmol/L (CV)d

90.1 (59.5)
[n = 388]

92.6 (61.0)
[n = 194]

C-reactive protein,
geometric mean (CV), mg/Ld

4.52 (142.1)
[n = 401]

4.35 (129.9)
[n = 202]

Fasting lipid profile,
geometric mean (CV), mg/dLe

Cholesterol [n = 401] [n = 202]

(continued)

Table 1. Baseline Demographics and Clinical Characteristicsa (continued)

Characteristic

No. (%)

Semaglutide, 2.4 mg
(n = 407)

Placebo
(n = 204)

Total 185.4 (19.8) 188.7 (20.6)

LDL 107.7 (30.3) 111.8 (31.2)

HDL 51.6 (24.0) 50.9 (22.6)

VLDL 21.0 (49.7) 21.7 (44.5)

Free fatty acids 11.9 (59.4)
[n = 388]

11.1 (64.8)
[n = 195]

Triglycerides 107.9 (50.3)
[n = 401]

110.9 (44.4)
[n = 202]

Kidney function

eGFR, geometric mean (CV),
mL/min/1.73 m2

96.6 (21.3) 96.5 (20.7)

Normal (eGFR ≥90 mL/
min/1.73 m2)

280 (68.8) 133 (65.2)

Mild impairment (eGFR ≥60 –
<90 mL/min/1.73 m2)

118 (29.0) 66 (32.4)

Moderate impairment
(eGFR ≥30 –<60 mL/min/1.73 m2)

9 (2.2) 5 (2.5)

SF-36f [n = 402] [n = 203]

Physical functioning score 51.9 (6.7) 52.1 (6.8)

Component summary score

Physical 51.6 (6.9) 51.7 (7.3)

Mental 55.7 (5.3) 55.4 (6.1)

Abbreviations: COPD, chronic obstructive pulmonary disease; CV, coefficient of

variation (in percentage); eGFR, estimated glomerular filtration rate;

HDL, high-density lipoprotein; LDL, low-density lipoprotein; SF-36, 36-Item

Short FormHealth Survey, Acute Version; VLDL, very low-density lipoprotein.

SI conversion factors: To convert values for glucose tommol/L, multiply by

0.0555; and cholesterol to mmol/L, multiply by 0.0259. Bodymass index is

calculated as weight in kilograms divided by height in meters squared.

a Body weight, vital signs, and glycated hemoglobin were assessed at screening

and randomization; all other laboratory measurements were assessed at

randomization only.

bRace and ethnicity were determined by the participant according to fixed

selection categories with options of “other,” “not applicable,” or “unknown.”

c Comorbidities included dyslipidemia, hypertension, coronary artery disease,

cerebrovascular disease, obstructive sleep apnea, impaired glucose

metabolism, reproductive system disorders, liver disease, kidney disease,

osteoarthritis, gout, thyroid disease, and asthma/COPD. Information about

comorbidities judged to be relevant and significant for the trial population was

collected at screening, using specific disease forms based on information from

the participants (yes/no answers).

dNormal value for glycated hemoglobin is <6.5%; for fasting plasma glucose,

74-99mg/dL; for fasting serum insulin, 11-220 pmol/L (in women) and

<218 pmol/L (in men); for C-reactive protein, <5 mg/L.

eNormal values: total cholesterol, <199.6mg/dL; LDL, <99.2 mg/dL;

HDL, >59.9mg/dL; VLDL, <30.1 mg/dL; free fatty acids, 2.8-25.4mg/dL;

and triglycerides, <150.4mg/dL.

f SF-36 is a measure of health-related quality of life and general health status.

It uses a norm-based score: greater than and less than 50 are greater than and

less than the average, respectively, found in the 2009 US general population.

Further information on the SF-36 is provided in eAppendix 7 in Supplement 1.
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thresholds were achieved by 75.3% vs 27.0% and 55.8%

vs 13.2% of participants in the semaglutide and placebo

groups, respectively (in-trial period) (Figure 2B and eFig-

ure 4 in Supplement 1). Reductions at week 68 in waist cir-

cumference and systolic blood pressure were significantly

greater with semaglutide than with placebo (difference,

–8.3 cm [95% CI, –10.1 to –6.6]; P < .001 and –3.9 mm Hg

[95% CI, –6.4 to –1.5]; P = .001, respectively) (Table 2 and

eTable 1 in Supplement 1). Physical function (measured by

the SF-36 physical functioning score) improved similarly in

Table 2. Primary and Secondary End Points atWeek 68a

End pointb
Semaglutide, 2.4 mg
(n = 407)

Placebo
(n = 204)

Difference
(95% CI)

Odds ratio
(95% CI) P value

Co–primary end pointsc

Body weight, % reduction –16.0 –5.7 –10.3 (–12.0 to –8.6) <.001

Body weight reduction ≥5%,
proportion of participants at week 68, %

86.6 47.6 6.1 (4.0 to 9.3) <.001

Confirmatory secondary end points

Waist circumference, cm –14.6 –6.3 –8.3 (–10.1 to –6.6) <.001

Systolic blood pressure, mm Hg –5.6 –1.6 –3.9 (–6.4 to –1.5) .001

SF-36 physical functioning scored 2.4 1.6 0.8 (–0.2 to 1.9) .12

Body weight reduction ≥10%,
proportion of participants at week 68, %

75.3 27.0 7.4 (4.9 to 11.0) <.001

Body weight reduction ≥15%,
proportion of participants at week 68, %

55.8 13.2 7.9 (4.9 to 12.6) <.001

Supportive secondary end pointse

Body weight reduction ≥20%,
proportion of participants at week 68, %

35.7 3.7 13.7 (6.2 to 30.3) <.001

Body weight, kg –16.8 –6.2 –10.6 (–12.5 to –8.8) <.001

Body mass index –6.0 –2.2 –3.8 (–4.4 to –3.1) <.001

Glycated hemoglobin, percentage points –0.51 –0.27 –0.24 (–0.29 to –0.19) <.001

Fasting plasma glucose, mg/dL –6.73 –0.65 –6.09 (–8.13 to –4.04) <.001

Diastolic blood pressure, mm Hg –3.0 –0.8 –2.2 (–3.9 to –0.6) .008

SF-36d

Physical component summary score 3.0 2.3 0.7 (–0.5 to 1.9) .27

Mental component summary score –0.8 –2.9 2.1 (0.5 to 3.6) .011

Fasting values, % change at week 68f

Serum insulin –32.3 –15.0 –20.3 (–30.4 to –8.7)f .001

Lipid profile

Cholesterol

Total –3.8 2.1 –5.8 (–8.4 to –3.2)f <.001

HDL 6.5 5.0 1.5 (–1.8 to 4.9)f .39

LDL –4.7 2.6 –7.1 (–10.9 to –3.2)f <.001

VLDL –22.5 –6.6 –17.0 (–22.8 to –10.9)f <.001

Free fatty acids –11.9 4.0 –15.3 (–25.0 to –4.3)f .008

Triglycerides –22.5 –6.5 –17.0 (–22.8 to –10.8)f <.001

C-reactive protein, % change at week 68f –59.6 –22.9 –47.6 (–55.0 to –39.0)f <.001

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein;

SF-36, 36-Item Short FormHealth Survey, Acute Version; VLDL, very

low-density lipoprotein.

a Values are estimatedmean change from baseline to week 68 and estimated

treatment difference (unless stated otherwise), based on the treatment policy

estimand for the in-trial period (from randomization to last contact with the

trial site, regardless of treatment discontinuation or rescue intervention) for

the full analysis set, which includes all participants randomly assigned to

a treatment group regardless of whether they initiated treatment; see eTable 1

in Supplement 1 for corresponding data for the trial product estimand

(assesses treatment effect assuming all participants adhered to treatment and

did not receive rescue intervention).

bContinuous end points were analyzed with analysis of covariance, with

randomized treatment as a factor and baseline end point value as a covariate,

and amultiple imputation approach for missing data.15 Categorical end points

were analyzed with logistic regression, with the same factor and covariate.

c Baseline body weight was 106.9 kg (SD, 22.8) in the semaglutide group and

103.7 kg (SD, 22.9) in the placebo group.

dSF-36 is a measure of health-related quality of life and general health status

and uses a norm-based score. Norm-based scores greater than and less than

50 are greater than and less than the average, respectively, found in the 2009

US general population. Further information on the SF-36 is provided in

eAppendix 7 in Supplement 1.

e Supportive secondary end point analyses were not adjusted for multiplicity.

f These parameters were initially analyzed on a log scale as estimated ratio to

baseline (within treatment groups) and estimated treatment ratios (between

treatment groups). For interpretation, these data are expressed as relative

percentage change and estimated relative percentage difference between

groups, respectively, and were calculated with the following formula:

(estimated ratio – 1) × 100.
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both groups from baseline to week 68 (difference, 0.8 [95%

CI, –0.2 to 1.9]; P = .12) (Table 2; eTable 1 and eFigures 6 and

7 in Supplement 1).

Supportive Secondary End Points

Relative to the placebo group, participants in the semaglutide

group were more likely to have lost 20% or more of baseline

body weight by week 68 (Table 2 and eTable 1 in Supple-

ment 1); 35.7% vs 3.7% achieved this weight-loss threshold

with semaglutide vs placebo, respectively (in-trial period)

(Figure 2B and eFigure 4 in Supplement 1). Semaglutide was

associated with improvements vs placebo in BMI and dia-

stolic blood pressure at week 68 (Table 2 and eTable 1 in

Supplement 1). At week 68, levels of C-reactive protein and

lipids had improved with semaglutide relative to placebo,

with the exception of high-density lipoprotein cholesterol

(Table 2 and eTable 1 in Supplement 1). Semaglutide was also

associated with a reduction in glycated hemoglobin com-

pared with placebo (Table 2 and eTable 1 in Supplement 1).

From baseline to week 68, SF-36 physical component sum-

mary score improved similarly in both groups, whereas the

mental component summary score favored semaglutide

(Table 2; eTable 1 and eFigure 7 in Supplement 1).

Adverse Events

The proportion of participants reporting adverse events was

similar in the semaglutide and placebo groups (95.8% and

96.1%, respectively). Gastrointestinal disorders (typically

nausea, constipation, diarrhea, and vomiting) were the most

frequent and occurred in more participants receiving sema-

glutide (82.8%) than placebo (63.2%) (Table 3). Most gastroin-

testinaleventsweremild tomoderateandof relativelyshortdu-

ration (median duration of events: nausea [5 days in both

groups], vomiting [2 days in both groups], diarrhea [3 days in

both groups], and constipation [27 days with semaglutide vs

16 days with placebo]), and themajority of participants recov-

ered without treatment discontinuation (eFigure 8 in Supple-

ment 1). The proportion of participants experiencing nausea

with semaglutide peaked at approximately 25% at week 20

and declined thereafter, remaining at approximately 15% for

the duration of the study. At any given time during the study,

the proportion of participants who experienced vomiting was

less than 5% in both treatment groups.

Serious adverse events were reported in 9.1% and 2.9% of

participants in the semaglutide and placebo groups, respec-

tively (Table 3).More participants discontinued treatment due

to adverse events in the semaglutide group (5.9%) compared

withplacebo (2.9%),mainlybecauseof gastrointestinal events

(Table3).Nodeathswerereportedduringthestudy.Gallbladder-

related disorders (mainly cholelithiasis) were reported in 20

participants (4.9%) treated with semaglutide and in 3 (1.5%)

receiving placebo. Malignant neoplasms were reported in 3

semaglutide-treated participants (0.7%; basal cell carci-

noma, breast cancer, and papillary thyroid cancer) and 1

placebo-treatedparticipant (0.5%; invasive lobular breast car-

cinoma). There were no cases of acute pancreatitis, medul-

lary thyroid carcinoma, or pancreatic cancer in either group.

At week 68, the estimated change in pulse from baseline

was 3.1/min for semaglutide vs 2.1/min for placebo (trial prod-

uctestimanddifference, 1.0/min [95%CI, –0.7 to2.6]) (eTable2

in Supplement 1). At the follow-upvisit (week 75) after theoff-

treatment period, mean pulse had neared the baseline level.

Additional adverse event findings aredescribed inTable 3 and

eTable 2 in Supplement 1.

Figure 2. BodyWeight–Related Efficacy End Points
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A, The observedmean percentage change in body weight over time for

participants in the full analysis set for the in-trial period (from randomization to

last contact with the trial site, regardless of treatment discontinuation or rescue

intervention). Error bars represent 95% CIs of themean. B, The observed

proportions of participants attaining at least 5% (co–primary end point), 10%,

15%, and 20% reductions in baseline body weight by week 68 in the full

analysis set. The proportions shown are cumulative, such that the 88.6% of

semaglutide-treated participants who lost more than 5% of baseline body

weight includes the 75.3% of participants who lost more than 10%, and so on.

See eFigure 4 in Supplement 1 for corresponding on-treatment data (during

treatment with the trial product [any dose of trial medication administered

within the previous 2 weeks]).
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Table 3. Adverse Eventsa

Event

Semaglutide, 2.4 mg (n = 407) Placebo (n = 204)

Participants,
No. (%)

No. of
events

Events per 100
patient-yearsb

Participants,
No. (%) No. of events

Events per 100
patient-yearsb

Participants with ≥1 adverse eventc 390 (95.8) 4035 766.9 196 (96.1) 1325 506.9

Adverse events leading to treatment discontinuation 24 (5.9) 34 6.5 6 (2.9) 6 2.3

Gastrointestinal disorders 14 (3.4) 20 3.8 0

Adverse events reported in ≥10% of participantsd

Nausea 237 (58.2) 511 97.1 45 (22.1) 60 23

Constipation 150 (36.9) 210 39.9 50 (24.5) 62 23.7

Diarrhea 147 (36.1) 307 58.3 45 (22.1) 62 23.7

Vomiting 111 (27.3) 212 40.3 22 (10.8) 25 9.6

Nasopharyngitis 90 (22.1) 128 24.3 49 (24.0) 70 26.8

Upper respiratory tract infection 85 (20.9) 115 21.9 44 (21.6) 65 24.9

Headache 78 (19.2) 123 23.4 20 (9.8) 25 9.6

Abdominal pain 54 (13.3) 76 14.4 10 (4.9) 11 4.2

Back pain 54 (13.3) 68 12.9 22 (10.8) 24 9.2

Dizziness 52 (12.8) 73 13.9 11 (5.4) 14 5.4

Fatigue 52 (12.8) 69 13.1 15 (7.4) 19 7.3

Flatulence 47 (11.5) 62 11.8 23 (11.3) 24 9.2

Gastroenteritis viral 42 (10.3) 47 8.9 13 (6.4) 13 5

Urinary tract infection 42 (10.3) 61 11.6 10 (4.9) 11 4.2

Abdominal distention 41 (10.1) 55 10.5 20 (9.8) 28 10.7

Sinusitis 39 (9.6) 51 9.7 26 (12.7) 34 13

Adverse events of intereste

Gastrointestinal disorders 337 (82.8) 1760 334.5 129 (63.2) 333 127.4

Psychiatric disorders 60 (14.7) 97 18.4 24 (11.8) 31 11.9

Cardiovascular disordersf 40 (9.8) 50 8.9 22 (10.8) 27 9.5

Allergic reactions 35 (8.6) 41 7.8 19 (9.3) 19 7.3

Injection site reactions 22 (5.4) 31 5.9 12 (5.9) 16 6.1

Gallbladder-related disorders 20 (4.9) 24 4.6 3 (1.5) 3 1.1

Cholelithiasis 13 (3.2) 13 2.5 2 (1.0) 2 0.8

Hepatic disorders 8 (2.0) 9 1.7 4 (2.0) 5 1.9

Malignant neoplasmsf 3 (0.7) 3 0.5 1 (0.5) 1 0.4

Hypoglycemia 2 (0.5) 2 0.4 0

Acute pancreatitisg 0 0

Acute renal failure 0 0

Participants with ≥1 serious adverse eventh 37 (9.1) 55 10.5 6 (2.9) 7 2.7

Serious adverse events by SOC reported
in >1% of participants

Hepatobiliary disorders 10 (2.5) 13 2.5 0

Cholelithiasis 7 (1.7) 7 1.3 0

Acute cholecystitis 3 (0.7) 3 0.6 0

Cholecystitis 2 (0.5) 2 0.4 0

Biliary dyskinesia 1 (0.2) 1 0.2 0

Infections and infestations 8 (2.0) 12 2.3 0

Appendicitis 3 (0.7) 4 0.8 0

Abdominal abscess 1 (0.2) 1 0.2 0

Cellulitis 1 (0.2) 1 0.2 0

Viral gastroenteritis 1 (0.2) 1 0.2 0

Large intestine infection 1 (0.2) 1 0.2 0

Pelvic inflammatory disease 1 (0.2) 1 0.2 0

Pneumonia 1 (0.2) 1 0.2 0

Sepsis 1 (0.2) 1 0.2 0

Urinary tract infection 1 (0.2) 1 0.2 0

(continued)
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Discussion

In adultswithoverweight or obesity (withoutdiabetes), once-

weekly subcutaneous semaglutide increasedmeanweight loss

by 10.3 percentage points comparedwith placebowhen used

adjunctivelywith intensivebehavioral therapycombinedwith

an initial low-calorie,meal-replacement program.Aprevious

trial, which used a similar program of intensive behavioral

therapy (deliveredwithoutmeal replacements) combinedwith

liraglutide, 3.0mg,orplacebo,10observedmean lossesof 7.5%

and 4.0% of baseline body weight, respectively, at 56 weeks.

Direct comparison of effect sizes in these 2 studies is not pos-

sible because they were obtained in separate trials. A head-

to-head comparison of the 2 medicines is being conducted

(STEP 8, ClinicalTrials.gov identifier: NCT04074161).

The present findings suggest that the addition of sema-

glutide to intensive behavioral therapy may help patients

achieve more than the average 5% to 10% reduction in body

weight typically produced by behavioral interventions at 6 to

12 months.1,21 Weight loss with behavioral therapy often pla-

teaus at this level, despite patients’ continuing to have

obesity.22Larger-than-expected reductions in restingandnon-

resting energy expenditure that occur with weight loss

(ie, metabolic adaptation), compensatory changes in other

homeostatic regulators of body weight, and patients’ behav-

ioral fatigue in adhering to diet and activity recommenda-

tions may contribute to the 5% to 10% weight reduction pla-

teau observed with behavioral therapy.23-25

Preclinical studies suggest thatweight losswith semaglu-

tide results from its effects on glucagon-like peptide 1 recep-

tors thatmediate direct and indirect effects on the brain areas

involved in regulationof appetite, including in thehypothala-

mus and hindbrain, ultimately leading to reduced energy

intake.26 A 20-week clinical study of participants with obe-

sity found that treatment with once-weekly semaglutide,

2.4 mg, compared with placebo reduced self-reported hun-

ger and food cravings and decreased energy intake during an

ad libitum lunch by 35%.27

Weight losses of 5% or more of baseline weight are asso-

ciated linearly with improvements in several obesity-related

cardiometabolic risk factors and diseases.4-8 The larger pro-

portions of participants treated with semaglutide compared

withplacebowhoachievedcategoricalweight lossesof at least

10%,15%,or20%translated intogreater improvements inwaist

circumference, blood pressure, glycated hemoglobin level,

C-reactive protein level, and several lipid parameters. Ob-

served benefits of weight loss might have been larger if par-

ticipantshadbeenselectedbecauseofhavingelevated risk fac-

tors (eg, hypertension, hyperlipidemia), which theywere not

in the present study.

The adverse event and tolerability profile of semaglutide

in this trial was consistent with that of the glucagon-like pep-

tide 1 receptor agonist class28,29; gastrointestinal disorders

were the most commonly reported adverse events. The pro-

portion of participants in the semaglutide group who

reported serious adverse events was greater than in the pla-

cebo group, in part because of a higher incidence of hepatobi-

liary disorders (mainly cholelithiasis). The incidence of hepa-

tobiliary disorders could be attributed, at least partly, to rapid

weight loss, which is a known risk factor for gallstones.30 The

remaining events that contributed to the imbalance between

the semaglutide and placebo groups were distributed across

several system organ classes, without apparent biological

relationship to semaglutide.

A question unanswered by the present study is whether

intensive behavioral therapy and an initial low-calorie, meal-

replacement diet were necessary to achieve the long-term

reduction in baseline weight seen with semaglutide. The

STEP 1 trial examined semaglutide, 2.4 mg, combined with

Table 3. Adverse Eventsa (continued)

Event

Semaglutide, 2.4 mg (n = 407) Placebo (n = 204)

Participants,
No. (%)

No. of
events

Events per 100
patient-yearsb

Participants,
No. (%) No. of events

Events per 100
patient-yearsb

Musculoskeletal and connective tissue disorders 5 (1.2) 8 1.5 0

Osteoarthritis 3 (0.7) 4 0.8 0

Cervical spinal stenosis 2 (0.5) 2 0.4 0

Back pain 1 (0.2) 1 0.2 0

Intervertebral disk protrusion 1 (0.2) 1 0.2 0

Abbreviation: SOC, system organ class.

a Adverse events that occurred in participants in the safety analysis set are

included and presented by their preferred terms according to theMedical

Dictionary for Regulatory Activities version 22.1. Events were included if the

date of onset was during the on-treatment period (date of first trial product

administration to date of last trial product administration, excluding potential

off-treatment intervals triggered by at least 2 consecutive missed doses),

unless specified otherwise. The investigator (with study staff) was responsible

for detecting, documenting, recording, and following up on events that met

the definition of an adverse event or serious adverse event. Events were

detected from participant reports at clinic visits or by telephone.

bEvents per 100 patient-years are calculated as (number of events/patient

years) × 100.

c Includes serious adverse events.

dMost common adverse events by preferred term reported in at least 10% of

participants in either treatment group.

e Identified via Medical Dictionary for Regulatory Activities searches.

f Event occurred during the in-trial period (time from randomization to last

contact with trial site, irrespective of treatment discontinuation or rescue

intervention).

g Event adjudication committee–confirmed event.

hA serious adverse event was defined as an adverse event that fulfilled at least 1

of the following criteria: resulted in death, was life threatening, required

inpatient hospitalization or prolongation of existing hospitalization, resulted in

persistent disability/incapacity, was a congenital anomaly/birth defect, or was

an important medical event.
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a less-intensive lifestyle intervention program that provided

behavioral counseling visits every 4 weeks (ie, 18 sessions in

68 weeks) and no initial low-calorie, meal-replacement

diet.15,31 Participants in STEP 1 lost 14.9% of baseline weight

with semaglutide at 68 weeks, compared with 2.4% for pla-

cebo plus the same lifestyle intervention.31 These findings

suggest that the inclusion of intensive behavioral therapy

plus an 8-week low-calorie diet ultimately may not contrib-

ute significant additional weight loss beyond that achieved

by semaglutide and less-intensive lifestyle intervention. Fur-

ther study is needed of the optimal program of lifestyle

modification required with semaglutide, 2.4 mg.

Limitations

This study has several limitations. First, it could not identify

the separate contributions to weight loss of intensive behav-

ioral therapy and the initial low-calorie diet in the placebo

groupor, as previously indicated, determine the relative ben-

efit of combining either of these enhanced interventionswith

semaglutide. Second, thiswasa relativelybrief trial,whichdid

not addresswhether semaglutide-treated participantswould

sustain their 16% weight reduction if they continued to re-

ceive themedicationpast 68weeks. A 2-year trial of semaglu-

tide, 2.4mg, in participantswith overweight or obesity is cur-

rently underway (STEP 5, ClinicalTrials.gov Identifier:

NCT03693430). Third, further study is needed of the accept-

ability topatients of an injectablemedication for obesity com-

pared with traditional oral delivery.

Conclusions

Among adults with overweight or obesity, once-weekly sub-

cutaneous semaglutide comparedwithplacebo,usedasanad-

junct to intensive behavioral therapy and initial low-calorie

diet, resulted in significantly greater weight loss during 68

weeks. Further research is needed to assess the durability of

these findings.
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