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Semaglutide 2.4 mg for the Treatment of Obesity:  
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Objective: The obesity epidemic is a public health concern, warranting 
further research into pharmacological treatments for weight management 
(WM) as an adjunct to lifestyle interventions. The Semaglutide Treatment 
Effect in People with obesity (STEP) program aims to investigate the ef-
fect of semaglutide versus placebo on weight loss, safety, and tolerability 
in adults with obesity or overweight.
Methods: Across five phase 3 trials (NCT03548935, WM; NCT03552757, 
WM in type 2 diabetes; NCT03611582, WM with intensive behavioral 
therapy; NCT03548987, sustained WM; and NCT03693430, long-term 
WM), ~5,000 participants are being randomly assigned to receive sema-
glutide 2.4 mg once weekly subcutaneously versus placebo. Results will 
be available in 2020/2021. For all trials, the primary end point is change 
from baseline to end of treatment in body weight.
Results: Participants have a mean age of 46.2 to 55.3 years, are mostly 
female (mean: 74.1%-81.0%), and have a mean BMI of 35.7 to 38.5 kg/m2  
and a mean waist circumference of 113.0 to 115.7 cm.
Conclusions: The STEP program evaluates the efficacy and safety of 
semaglutide 2.4 mg subcutaneously once weekly in a broad population. 
The trials will provide insights on WM in people with obesity with and 
without type 2 diabetes and on long-term follow-up.

Obesity (2020) 28, 1050-1061. 

Introduction
Burden of obesity
Obesity is a chronic, relapsing, progressive disease (1) with a multifactorial origin, 
including genetic, metabolic, behavioral, sociocultural, and environmental factors 
(2,3). The clinical complications of obesity include cardiovascular diseases (CVD; e.g., 
ischemic heart disease, heart failure), metabolic diseases (type 2 diabetes [T2D]), me-
chanical dysfunction (musculoskeletal disorders [e.g., osteoarthritis]), sleep apnea, and 
malignancy (4-7). Around 13% to 19.5% of adults globally have obesity, and the preva-
lence of obesity is predicted to continue to rise (5,8). There is a recognition that much of 
the pathophysiology of obesity involves abnormal satiety and feeding signaling within 
the brain (9). The hypothalamus, mesolimbic system, and executive functioning are all 
implicated in the physiology of obesity (9). Thus, there is a necessity for developing 
more effective novel treatment approaches that address these central nervous system 
processes (2,9,10).
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Study Importance

What is already known?

►	Lifestyle intervention can often be insuf-
ficient in treating obesity; however, when 
combined with pharmacological treat-
ments, clinically relevant weight loss and 
amelioration of obesity complications can 
be achieved.

►	The GLP-1 receptor agonist liraglutide 
is approved for the treatment of people 
with obesity; a phase 2 trial with sema-
glutide, a GLP-1 analogue, suggested 
greater efficacy.

What does this study add?

►	The Semaglutide Treatment Effect in 
People with obesity (STEP trials 1-5) clini-
cal development program is one of the 
largest clinical trial programs for the man-
agement of obesity and assessed the ef-
ficacy and safety of semaglutide 2.4 mg 
subcutaneously once weekly.

►	The STEP program is designed to eluci-
date key aspects of the medical manage-
ment of obesity across various races and 
ethnicities, including whether semaglutide 
2.4-mg dosing once weekly is reliably ef-
fective (STEP trials 1-5) for patients with 
and without diabetes, as an adjunct to 
intensive behavioral therapy plus low-cal-
orie diet, and with longer term administra-
tion for weight loss maintenance.

How might these results change the 
focus of clinical practice?

►	These pivotal trials will provide data on 
the efficacy and safety of a new treat-
ment, semaglutide, which is anticipated 
to provide clinically meaningful and dura-
ble weight loss beyond what is currently 
achievable with the available agents for 
obesity.
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Treatment of obesity
Lifestyle interventions are the cornerstone of weight management 
(WM) (11), but alone they are generally associated with moderate 
weight loss (WL) that is gradually regained (9,12,13). Maintaining WL 
is inherently difficult because of counter-regulatory neuroendocrine 
pathways that promote weight regain by influencing hunger and sati-
ety, which are a component of appetite, and potentially by decreasing 
energy expenditure (14,15). Antiobesity medications (AOMs) may pro-
vide a valuable adjunct to lifestyle interventions, which typically have 
a limited effect on WL, to help people achieve and maintain healthy 
behaviors that are consistent with sustaining WL.

The US Food and Drug Administration and European Medicines 
Agency have approved AOMs that have been shown to achieve clin-
ically significant WL when used as adjuncts to lifestyle interven-
tions (2,16). However, most approved AOMs have moderate efficacy, 
quantified as a < 10% reduction in mean WL over that achieved 
with lifestyle intervention alone, with significant limitations related 
to adverse effects, cost, or restrictions on use (2). There is a need 
for additional AOMs that can induce and sustain greater clinically 
meaningful WL and that  have a convenient form of administration 
that improves associated complications, such as T2D and CVD. One 
potential new AOM is the glucagon-like peptide 1 (GLP-1) analogue 
semaglutide, which has been developed with these characteristic fea-
tures in mind (11,17).

Semaglutide pharmacology
Semaglutide is a long-acting GLP-1 analogue that mimics the effects of 
native GLP-1, which promotes WL by reducing energy intake, increas-
ing satiety and satiation, and reducing hunger, as well as enhancing gly-
cemic control (17). Many GLP-1s have been approved for the treatment 
of T2D, but only liraglutide 3.0 mg daily has been approved for WM. 
Semaglutide is approved for treatment of diabetes at the dosage of ≤ 1.0 
mg once weekly subcutaneously or in oral tablet form at a dosage of up 
to 14 mg (2,17-20).

Current phase 3 trials are investigating semaglutide as a new GLP-1 
analogue for the treatment of obesity because greater WL was 
observed with semaglutide than liraglutide (21). In the phase 2 trial 
of semaglutide in adults with obesity, a 0.4-mg dose daily was well 
tolerated, and patients experienced a mean WL at week 52 from 
baseline of –13.8% compared with –7.8% for liraglutide 3.0 mg and 
–2.3% for placebo (21).

Semaglutide Treatment Effect in People with 
obesity program
The Semaglutide Treatment Effect in People with obesity (STEP) clin-
ical trial development program is evaluating semaglutide 2.4 mg, ad-
ministered subcutaneously once weekly, for WM in people with obesity 

or overweight. The purpose of the program is to demonstrate the effect, 
safety, and tolerability profile of semaglutide 2.4 mg on WL, to enable 
further clinical development, and to support regulatory approval of sema-
glutide for WM. The trial design, objectives, end  points, and baseline 
characteristics of five of the STEP trials are presented in this article.

Methods
Trial designs
This article covers five of the ongoing phase 3, double-blinded, ran-
domized, multicenter, and multinational trials that assess semaglutide 
(2.4 mg subcutaneously once weekly) versus placebo for WM in adults 
with obesity or overweight and with and without T2D (Table 1). All 
participants receive periodic counseling, and support for all trials is 
provided by a multidisciplinary team, including a dietitian or a sim-
ilarly qualified health care professional. Nonmonetary incentives are 
provided throughout the program, such as kettle balls and jump ropes, 
to encourage exercise and a healthy lifestyle.

In the WM trial (STEP 1, NCT03548935), 1,961 adults with obesity or 
overweight, without T2D, are being randomly assigned in a 2:1 man-
ner to receive semaglutide 2.4 mg or placebo to assess WL (Figure 1, 
Table 1). A subpopulation of participants will have their body com-
position assessed by dual-energy x-ray absorptiometry (DXA) to test 
the hypothesis that WL is primarily caused by reduction in fat mass, 
resulting from treatment, in accordance with the European Medicines 
Agency and US Food and Drug Administration guidelines (22,23).

In the WM trial in T2D (STEP 2, NCT03552757), 1,210 adults with 
obesity or overweight, and with T2D, are being randomly assigned 
1:1:1 to receive either semaglutide 2.4 mg, semaglutide 1.0 mg once 
weekly, or placebo to assess WL (Figure 2, Table 1).

In the WM with intensive behavioral therapy (IBT) trial only conducted 
in the United States (STEP 3, NCT03611582), 611 adults with obesity 
or overweight, without T2D, are being randomly assigned in a 2:1 man-
ner to receive semaglutide 2.4 mg or placebo to assess WL (Figure 3, 
Table 1). Treatment is administered as an adjunct to IBT, in addition to 
an initial 8-week, low-calorie diet, followed by 60 weeks of a hypoca-
loric diet and increased physical activity.

In the sustained WM trial (STEP 4, NCT03548987), 902 participants 
with obesity or overweight, without T2D, are being treated with sema-
glutide 2.4 mg once weekly. Those completing a 20-week run-in period 
are being randomly assigned in a 2:1 manner to receive continued 
semaglutide 2.4 mg or placebo for an additional 48 weeks to assess 
WL (Figure 4, Table 1). Approximately 750 eligible participants will be 
randomly assigned. In addition, it has a withdrawal trial design to assess 
the change in weight after switching from semaglutide to placebo.
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In the long-term WM trial (STEP 5, NCT03693430), 304 participants 
with obesity or overweight, without T2D, are being randomly assigned 
in a 1:1 manner to receive semaglutide 2.4 mg or placebo to assess WL 
(Figure 5, Table 1) over a 2-year period.

Participants in all treatment groups, including placebo, are receiving the 
trial product as an adjunct to lifestyle intervention. In all trials except for 
the WM with IBT trial (STEP 3), this is defined as a 500-kcal/d deficit 

relative to the estimated total energy expenditure calculated at randomiza-
tion together with a recommended 150 min/wk of physical activity.

Randomization and treatment
Randomization for all participants is being conducted by an interac-
tive Web-based response system. In the WM in T2D trial (STEP 2), 
randomization is being stratified according to background diabetes 

Figure 1 Weight management trial design (Semaglutide Treatment Effect in People with obesity 1). This is a 68-week, randomized, double-blind, 
placebo-controlled, two-armed, parallel-group, multicenter, multinational clinical trial, with 7 weeks of follow-up without treatment for safety 
assessments, comparing semaglutide 2.4 mg (subcutaneously, once weekly) with placebo, as an adjunct to lifestyle intervention, in people with 
obesity or overweight.

Figure 2 Weight management in type 2 diabetes (T2D) trial design (Semaglutide Treatment Effect in People with obesity 2). This is a 68-week, 
randomized, double-blind, double-dummy, placebo-controlled, three-armed, multicenter, multinational clinical trial, with 7 weeks of follow-up without 
treatment for safety assessments, comparing semaglutide 2.4 mg (subcutaneously, once weekly) with placebo, as an adjunct to lifestyle intervention, 
in people with obesity or overweight and T2D. *Randomization was stratified according to background diabetes treatment; diet and physical activity 
only or treatment with single-compound metformin or sodium-glucose cotransporter 2 inhibitor (SGLT2i) and single-compound agents for diabetes 
(sulphonylurea [SU] or glitazone) or combination treatment with up to three agents for diabetes (metformin, SU, SGLT2i, or glitazone).
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treatment: diet and physical activity only or treatment with single- 
compound metformin or sodium-glucose cotransporter 2 inhibitors and 
single-compound oral agents for diabetes (sulphonylurea or glitazone) 
versus combination treatment with up to three agents for diabetes (met-
formin, sulphonylurea, sodium-glucose cotransporter 2 inhibitor, or gl-
itazone). Participants are being further stratified by screening value of 
hemoglobin A1c (HbA1c): < 8.5% versus ≥ 8.5%.

Trial populations
The key eligibility criteria are shown in Table 2. Male or female partic-
ipants qualifying for eligibility are ≥ 18 years of age and have a history 
of at least one self-reported unsuccessful dietary effort to lose body 
weight. Adults are considered eligible for the DXA subtrial in STEP 1 

if they have a BMI ≤ 40 kg/m2 at screening and if the quality of the base-
line DXA is found to be acceptable by the imaging laboratory before 
randomization into the subtrial. For the WM trials without T2D (STEP 
trials 1, 3, 4, and 5), eligible adults have a BMI ≥ 30 kg/m2 or ≥ 27 kg/
m2 with the presence of weight-related complications (treated or un-
treated): dyslipidemia, obstructive sleep apnea, hypertension, or CVD. 
For the WM in T2D trial (STEP 2), eligible participants are required to 
have a BMI ≥ 27 kg/m2 and a diagnosis of T2D (HbA1c: 7%-10% [53-86 
mmol/mol]) ≥ 180 days prior to the day of screening.

Adults are excluded from the trials if there is a self-reported change in  
body weight of > 5 kg within 90 days before screening. For trials that 
excluded patients with T2D (STEP trails 1, 3, 4, and 5), adults are excluded  
if they have a history of type 1 diabetes mellitus or T2D 

Figure 3 Weight management with intensive behavioral therapy trial design, only conducted in the United States (Semaglutide Treatment Effect 
in People with obesity 3). This is a 68-week, randomized, double-blind, placebo-controlled, two-armed, parallel-group, multicenter clinical 
trial, with 7 weeks of follow-up without treatment for safety assessments, comparing semaglutide 2.4 mg (subcutaneously, once weekly) with 
placebo, as an adjunct to intensive behavioral therapy and low-calorie diet (LCD), in people with obesity or overweight.

Figure 4 Sustained weight management trial design (Semaglutide Treatment Effect in People with obesity 4). This is a 68-week, randomized, 
double-blind, placebo-controlled, two-armed, multicenter, multinational withdrawal clinical trial, with 7 weeks of follow-up without treatment 
for safety assessments, comparing semaglutide 2.4 mg (subcutaneously, once weekly) with placebo, as an adjunct to lifestyle intervention, in 
people with obesity or overweight. *During the 20-week run-in period, participants start a dose escalation (visit 2 [week 0]) with semaglutide 
2.4 mg (subcutaneously, once weekly) as an adjunct to a reduced-calorie diet and increased physical activity for 20 weeks. The run-in period 
includes 4 weeks at the target dose (semaglutide subcutaneously, 2.4 mg once weekly).
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mellitus, HbA1c ≥ 6.5% (48 mmol/mol), or previous treatment with glucose- 
lowering agents or any AOM within the past 90 days before screening.

For all trials, treatment discontinuation can be decided by the investiga-
tor or participant. After discontinuation, participants are encouraged to 
continue to attend visits per the schedule and may be given the option 
to restart trial medication. Protocol-specified discontinuation criteria 
include safety concerns from the investigator, calcitonin level ≥ 100 
ng/L, suspicion of pancreatitis, pregnancy or intention to become preg-
nant, and participation in another clinical trial. Participants can with-
draw consent at any point and are considered lost to follow-up if they 
repeatedly fail to attend scheduled visits and cannot be contacted.

The protocols allow for dose reductions in case a participant does not 
tolerate the recommended target dose of 2.4 mg and may stay at the 
lower dose level of 1.7 mg once weekly, if needed. This is only allowed 
if the participant would otherwise discontinue trial treatment completely 
and if it is considered safe to continue trial treatment, per the investiga-
tor’s discretion. It is recommended that the participant make at least one 
attempt to re-escalate to the recommended target dose of 2.4 mg once 
weekly. Dose is recorded at selected visits throughout the trials.

Outcome measures
The primary and confirmatory secondary end  points are described in 
Table 1. For all trials, the primary endpoints are percentage change from 
baseline at randomization (note that this was from week 20 in STEP 4) to 
end of treatment (EOT) in body weight and ≥ 5% WL from baseline after 
EOT (not applicable for the sustained WM trial [STEP 4]). Confirmatory 
secondary trial endpoints include the proportion of participants achiev-
ing a body weight reduction ≥ 10% or ≥ 15% from baseline to EOT (not  
applicable for the sustained WM trial [STEP 4]). Other confirmatory  
secondary endpoints for all the trials are change from baseline to EOT (or 
change from randomization [week 20] to EOT for the sustained WM trial 
[STEP 4]), in waist circumference (centimeters), systolic blood pressure 
(millimeters of mercury), and clinical outcome assessments.

Assessments
Serial assessments of randomly assigned participants are conducted 
throughout all of the trials and include height, body weight, waist 

circumference, glucose metabolism (fasting plasma glucose, HbA1c, 
fasting serum insulin), lipids (total cholesterol, free fatty acids, 
high-density lipoprotein cholesterol, low-density lipoprotein choles-
terol, triglycerides, very-low-density lipoprotein cholesterol), bio-
markers (high-sensitivity C-reactive protein, except in the sustained 
WM trial [STEP 4]), and vital signs (diastolic and systolic blood 
pressure [millimeters of mercury]). The WM in T2D trial (STEP 2) 
assessments also include self-measured fasting plasma glucose. If a 
BMI ≤ 22.5 kg/m2 is reached, the recommended energy intake is re-
calculated, with no calorie deficit (maintenance diet) for the remain-
der of the trial.

Clinical outcome assessments are carried out throughout the duration 
of the STEP trials 1-4 and include the following measures for physical 
functioning: Short Form36v2 Health Survey, Acute Version (24); Impact 
of Weight on Quality of Life, Lite Clinical Trials Version (25,26); and 
Stanford Presenteeism Scale, version 2001. In addition, other mea-
sures included the Patient Global Impression of Status; Patient Global 
Impression of Change; International Consultation on Incontinence 
Questionnaire Urinary Incontinence Short Form; Work Productivity 
Activity Impairment–Specific Health Problem, version 2.0; Six-Minute 
Walk Test; and Weight-Related Sign and Symptom Measure.

For the WM with IBT trial (STEP 3), each IBT session consists of 
dietitian counseling and a participant handout based on the IBT pro-
tocol (27). Participants receive weekly intensive behavioral support in 
which they discuss progress, review their food diary/Web application 
(app), and address any adherence issues. For all other trials, participants 
receive diet and physical activity counseling provided by a dietitian or 
a similarly qualified health care professional. Counseling is provided 
every fourth week via visits/telephone contacts, and participants are 
instructed to record their food intake and physical activity daily via a 
paper diary, an app, or a similar tool.

For all trials, excluding the WM with IBT trial (STEP 3), the total 
energy expenditure is calculated by multiplying the estimated basal 
metabolic rate (as defined in the trial protocol) with a physical activity 
level value of 1.3.

Safety assessments of the randomly assigned participants for the tri-
als include physical examinations, electrocardiograms, hematology 

Figure 5 Long-term weight management trial design (Semaglutide Treatment Effect in People with obesity 5). This is a 104-week, randomized, 
double-blind, placebo-controlled, two-armed, parallel-group, multicenter, multinational clinical trial, with 7 weeks of follow-up without treatment 
for safety assessments, comparing semaglutide 2.4 mg (subcutaneously, once weekly) with placebo, as an adjunct to lifestyle intervention in 
people with obesity or overweight.
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and biochemistry assessments, detection of antibodies against sema-
glutide, and vital signs. Information on adverse events is collected 
throughout the trial periods, including the follow-up period off 
treatment.

Statistical analysis
Effect end  points will be analyzed using the full analysis set, which 
includes all randomly assigned participants according to the inten-
tion-to-treat principle. Safety endpoints will be analyzed using the 

TABLE 2 Key eligibility criteria for STEP trials

Criteria WM, STEP 1
WM in T2D, 

STEP 2
WM with IBT, 

STEP 3
Sustained 

WM, STEP 4
Long-term 

WM, STEP 5

Key inclusion
Man or woman aged ≥ 18 years X X X X X
BMI ≥ 27 kg/m2 NA X NA NA NA
BMI ≥ 30 kg/m2 or ≥ 27 kg/m2 with ≥ 1 weight-related 

comorbidity (treated or untreated): hypertension,  
dyslipidemia, obstructive sleep apnea, or CVD

X  NA X X X

History of at least 1 self-reported unsuccessful dietary 
effort to lose weight

X X X X X

Diagnosed with T2D ≥ 180 days prior to screening NA X NA NA NA
Treated with diet and exercise alone or stable treatment 

with metformin, SU, SGLT2i, glitazone as single-agent 
therapy, or ≤ 3 agents for diabetes (metformin, SU, 
SGLT2i, or glitazone) according to local label

NA X NA NA NA

HbA1c 7%-10% (53-86 mmol/mol) NA X NA NA NA
Key exclusion

HbA1c ≥ 48 mmol/mol (6.5%) at screeninga X NA X X X
History of T1D or T2D X NA X X X
Treatment with glucose-lowering agent(s) < 90 days 

before screening
X NA X X X

Treatment with GLP-1 RA < 180 days before screening X X NA NA NA
Treatment with any medication for diabetes or obesity not 

stated in inclusion criteria < 90 days before screening
NA X NA NA NA

Treatment with any other investigational drugs for diabe-
tes < 90 days before screening or any investigational 
drugs not affecting diabetes < 30 days before screening

NA X NA NA NA

Self-reported change in body weight > 5 kg (11 lb)  
< 90 days before screening

X X X X X

Uncontrolled thyroid disease: TSH > 6.0 mIU/L or  
< 0.4 mIU/L at screeninga

X X X X X

Participants unable to adhere to low-calorie diet and 
physical activity

NA NA X NA NA

Acute pancreatitis < 180 days before screening X X X X X
History or presence of chronic pancreatitis X X X X X
Calcitonin ≥ 100 ng/L at screeninga X X X X X

Renal impairment eGFR 40 at screeninga

eGFR < 15 mL/min/1.73 m2 X NA X X X
eGFR < 30 mL/min/1.73 m2 NA X NA NA NA
eGFR < 60 mL/min/1.73 m2 NA Xb NA NA NA
MI, stroke, hospitalization for unstable angina, or TIA < 60 

days before screening
X X X X X

Classified as New York Heart Association class 4 X X X X X

aCentral laboratory measured.
bIn participants treated with SGLT2i.
CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HbA1c, hemoglobin A1c; IBT, intensive behav-
ioral therapy; MI, myocardial infarction; NA, not applicable; SGLT2i, sodium-glucose cotransporter 2 inhibitor; STEP, Semaglutide Treatment Effect in People with obesity;  
SU, sulphonylurea; T1D, type 1 diabetes; T2D, type 2 diabetes; TIA, transient ischemic attack; TSH, thyroid-stimulating hormone; WM, weight management; X, included in trial.



Obesity

www.obesityjournal.org  Obesity | VOLUME 28 | NUMBER 6 | JUNE 2020     1057

Original Article
CLINICAL TRIALS AND INVESTIGATIONS

safety analysis set, which includes all randomly assigned participants 
exposed to at least one dose of randomized treatment. Results from sta-
tistical analyses will generally be accompanied by two-sided 95% CIs 
and corresponding P values. Superiority will be claimed if P values 
are less than 5% (P < 0.05) and the estimated treatment contrasts favor 
semaglutide 2.4 mg. The sample size for each trial gives an effective 
power (marginal powers multiplied) of 99% for STEP 1, 94% for STEP 
2, 86% for STEP 3, 95% for STEP 4, and 43% for STEP 5. The sam-
ple sizes for the STEP trials 1 to 4 are primarily defined to support 
safety. The sample size for STEP 5 is primarily defined to support the 
co-primary end points. As there are two primary end points included 
in the statistical testing hierarchy for STEP trials 1 to 3 and STEP 5, 
significant superiority of semaglutide 2.4 mg versus placebo must be 
demonstrated for each primary end point.

The use of two estimands in the STEP program will address differ-
ent scientific questions of interest, and both contribute to the full 
clinical picture. Including more than one estimand allows evalua-
tion of the treatment effect from different perspectives. The treat-
ment-policy estimand assesses the trial-population average treatment 
effect of semaglutide or placebo. All randomly assigned participants 
contribute to data analysis regardless of adherence to treatment or 
participants starting unplanned interventions such as other AOMs 
or bariatric surgery. For all trials, all analyses in the statistical test-
ing hierarchy are addressing the treatment-policy estimand. The tri-
al-product estimand will evaluate the treatment effect of semaglutide 
2.4 mg versus placebo under the assumption that all participants 
remain on their randomized treatment for the entire planned trial 
duration. Trial-product estimand assessments include only partici-
pants who are taking the randomized treatment and have not initiated 
other AOMs or undergone bariatric surgery.

The treatment-policy and trial-product estimands correspond to 
the updated International Council for Harmonisation of Technical 
Requirements for Pharmaceuticals for Human Use regulatory guide-
lines on quantifying treatment effects of medications (28). For the 
treatment-policy estimand, continuous end  points are analyzed using 
ANCOVA with randomized treatment as a factor and baseline end point 
value as a covariate. Missing data are imputed using a multiple impu-
tation approach similar to that described by McEvoy (29). Estimates 
and standard deviations will be pooled across imputed data sets using 
the Rubin formula. All categorical end points will be assessed at EOT 
and analyzed by logistic regression using randomized treatment (and 
stratification groups for the WM in T2D trial [STEP 2]) as a factor and 
baseline end point value as a covariate. For analyses of end points, the 
estimated treatment difference and odds ratio (apart from the sustained 
WM trial [STEP 4]) between semaglutide 2.4 mg and placebo will 
be reported with the associated two-sided 95% CI and corresponding  
P value. For the trial-product estimand, continuous end  points are  
analyzed using a mixed model for repeated measurements.

Ethics
The trials are being conducted in accordance with good clinical 
practice guidelines (30) and the principles of the Declaration of 
Helsinki (31). All 750 sites in the five studies received independent 
ethics-committee or institutional-review-board approval. The trials 
are designed and overseen by a steering group of clinical profession-
als, including representatives from the trial sponsor (Novo Nordisk, 
Søborg, Denmark).

Results
All the trials are ongoing, and results will be available in 2020, except 
for those from the long-term WM trial (STEP 5), which finishes in 2021. 
A total of 4,988 participants were enrolled across all five trials to receive 
either semaglutide or placebo (Supporting Information Table S1). The 
key baseline demographics and characteristics for the participants in 
each trial are shown in Table 3. The participants had a mean age of 46.2 
to 55.3 years; were mostly female (74.1%-81.0%), excluding the WM in 
T2D trial (STEP 2); and had a mean BMI of 35.7 to 38.5 kg/m2. Waist 
circumference, blood pressure, cholesterol levels, overall estimated glo-
merular filtration rate, high-sensitivity C-reactive protein, and glycemic 
status were generally well balanced across the trials.

The racial composition of each trial is primarily white (62.1%-
93.1%), but overall there is broad variation in races/ethnicities across 
the trials. Both the WM with diabetes and the WM without diabe-
tes trials (STEP 1 and STEP 2) have a higher proportion of Asians 
(13.7% and 26.2%, respectively) than the other trials. Compared with 
the WM with and without diabetes and long-term WM trials (STEP 
trials 1, 2, and 5), there are slightly more Hispanic or Latino partici-
pants in the WM with IBT trial (STEP 3, 19.8%) and slightly fewer in 
the sustained WM trial (STEP 4, 7.8%). As expected, the WM in T2D 
trial (STEP 2), versus the other trials, has numerically higher levels 
of fasting plasma glucose, HbA1c, very-low-density lipoprotein, tri-
glycerides, and free fatty acids.

Discussion
The STEP program represents the latest investigation to date of an 
AOM for chronic WM. These phase 3 trials aim to evaluate the effect 
of semaglutide 2.4 mg (administered subcutaneously once weekly) on 
WM in adults with obesity or overweight and provide a comprehensive 
overview of the efficacy, safety, and tolerability profile of semaglutide 
2.4 mg.

Baseline characteristics are well balanced among randomized groups 
for many of the parameters. The baseline results presented from the 
sustained WM trial (STEP 4) are only available for the pre-randomized 
participants in the run-in phase. The variations in the race and ethnic-
ity of participants across the trials are expected because of recruiting 
participants from various countries. The WM with or without diabetes 
trials (STEP 1 and STEP 2) are designed to have Asians as at least 
10% of the population, which is the reason they had a higher proportion 
of Asians than the other trials. The WM in T2D trial (STEP 2) has a 
greater proportion of men (49.1%) than the other trials (19.0%-25.9%). 
There are slightly more Hispanic or Latino participants in the WM with 
IBT trial (STEP 3), and there are slightly fewer in the sustained WM 
trial (STEP 4) than in the other trials.

Baseline characteristics were generally comparable between the STEP 
trials presented in this article and the phase 2 trial of semaglutide (21). 
In comparison with the WM in T2D trial (STEP 2), the phase 2 trial had 
a numerically higher BMI (39.3 kg/m2) and waist circumference (117.8 
cm). This was due to STEP 2 having a lower threshold-for-BMI inclu-
sion criterion ( ≥ 27 kg/m2) than the phase 2 trial (≥ 30 kg/m2). Overall, 
the phase 2 trial has a numerically lower HbA1c level (5.5%) than the 
STEP trials, particularly for STEP 2 (21). However, cross-trial compar-
isons should be interpreted cautiously.
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At the time of initiation of the phase 2 trial, it was hypothesized that 
daily dosing of semaglutide would result in a more favorable toler-
ability profile compared with weekly administration, and, therefore, 
the once-daily administration of semaglutide was investigated. The 
phase 2 WM trial of semaglutide daily resulted in dose-dependent, 
clinically relevant WL over 52 weeks and associated with an accept-
able tolerability profile with respect to gastrointestinal symptoms 

(21). However, based on comparisons with studies with weekly 
administration of semaglutide, it was reported that there was no dif-
ference in gastrointestinal adverse events with the daily versus weekly 
dosing regimen of semaglutide (33). Furthermore, using population 
pharmacokinetic modeling, it was estimated that a once-weekly 
maintenance dose of semaglutide 2.4 mg subcutaneously would not 
exceed the maximum concentration at steady state as obtained by the 

TABLE 3 Key baseline characteristics and demographics of participants

WM, STEP 1, 
N = 1,961

WM in T2D, 
STEP 2, N = 1,210

WM with IBT, 
STEP 3, N = 611

Sustained WM, 
STEP 4, N = 902

Long-term WM, 
STEP 5, N = 304

Sex, n (%)
Female 1,453 (74.1) 616 (50.9) 495 (81.0) 717 (79.5) 236 (77.6)
Male 508 (25.9) 594 (49.1) 116 (19.0) 185 (20.5) 68 (22.3)

Age, y 46.5 ± 12.7 55.3 ± 10.6 46.2 ± 12.7 46.4 ± 11.9 47.3 ± 11.0
Race, n (%)a

White 1,472 (77.2) 751 (62.1) 465 (76.1) 751 (83.3) 283 (93.1)
Black or African American 111 (5.8) 100 (8.3) 116 (19.0) 123 (13.6) 12 (3.9)
Asian 261 (13.7) 317 (26.2) 11 (1.8) 19 (2.1) 2 (0.7)
American Indian or Alaskan Native 27 (1.4) 5 (0.4) 1 (0.2) 0 3 (1.0)
Native Hawaiian or other Pacific 

Islander
2 (0.1) 0 3 (0.5) 1 (0.1) 0

Other 33 (1.7) 37 (3.1) 15 (2.5) 8 (0.9) 4 (1.3)
Ethnic group, n (%)a

Hispanic or Latino 236 (12.0) 155 (12.8) 121 (19.8) 70 (7.8) 39 (12.8)
Not reported 55 (2.8) 0 0 0 0

BMI, kg/m2 37.9 ± 6.7 35.7 ± 6.3 38.0 ± 6.7 38.3 ± 7.0 38.5 ± 6.9
Waist circumference, cm 114.7 ± 14.7 114.6 ± 14.1 113.0 ± 15.5 115.1 ± 15.6 115.7 ± 14.8
FPG, mmol/L 5.3 ± 0.6 8.6 ± 2.2 5.2 ± 0.5 5.4 ± 0.6 5.3 ± 0.6
Blood pressure, mm Hg

Systolic 126.5 ± 14.3 130.0 ± 13.5 124.4 ± 14.8 126.4 ± 14.3 125.5 ± 14.5
Diastolic 80.3 ± 9.6 79.8 ± 9.0 80.5 ± 9.7 80.9 ± 9.9 80.1 ± 9.4

HbA1c, % 5.7 ± 0.32 8.1 ± 0.8 5.7 ± 0.3 5.7 ± 0.3 5.7 ± 0.3
Cholesterol, mmol/L

Total 4.9 ± 20.0 4.4 ± 23.2 4.8 ± 19.7 5.0 ± 19.5 4.8 ± 19.1
HDL 1.3 ± 25.5 1.1 ± 24.5 1.3 ± 23.6 1.29 ± 24.6 1.23 ± 23.9
LDL 2.9 ± 28.7 2.3 ± 35.6 2.8 ± 28.5 3.0 ± 27.3 2.9 ± 26.1
VLDL 0.6 ± 51.1 0.8 ± 51.6 0.6 ± 48.1 0.6 ± 53.6 0.6 ± 48.1

Triglycerides, mg/dL 1.4 ± 70.0 1.8 ± 64.2 1.2 ± 49.8 1.4 ± 54.9 1.3 ± 48.6
Free fatty acids, mmol/L 0.4 ± 48.3 0.6 ± 44.6 0.4 ± 49.0 0.4 ± 51.5 0.4 ± 48.3
Overall eGFR, mL/min/1.73 m2b 96.6 ± 17.2 93.7 ± 19.5 96.8 ± 19.5 97.6 ± 17.8 94.8 ± 16.6
hsCRP, mg/L 3.9 ± 117.5 3.4 ± 129.2 4.4 ± 99.3 NA 4.4 ± 125.2
Diabetes duration, y NA 8.6 ± 6.2 NA NA NA
Glycemic status, n (%)          

Normoglycemia 1,106 (56.4) NA 306 (50.1) 493 (54.7) 163 (53.6)
Prediabetes 855 (43.6) NA 305 (49.9) 408 (45.3) 141 (46.4)

Baseline was defined as randomization for WM, WM in T2D, WM with IBT, and long-term WM trials and as start of run-in period for sustained WM trial. Plus-minus values are 
reported as means ± SD. For cholesterol, triglycerides, free fatty acids, overall eGFR, and hsCRP, plus-minus values are geometric means and coefficients of variations. For WM 
with or without T2D and maximizing and long-term WM trials (STEP trials 1-3 and 5), data are for all randomly assigned participants. For sustained WM trial (STEP 4), data are 
for all participants entering run-in period.
aRace and ethnic group were self-reported.
beGFR is calculated according to chronic kidney disease–epidemiology collaboration (CKD-EPI) creatinine equation as defined by Kidney Disease: Improving Global Outcomes 
(KDIGO) (32).
eGFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; hsCRP, high-sensitivity C-reactive protein;  
IBT, intensive behavioral therapy; LDL, low-density lipoprotein; NA, not applicable; STEP, Semaglutide Treatment Effect in People with obesity; T2D, type 2 diabetes;  
VLDL, very-low-density lipoprotein; WM, weight management.
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once-daily semaglutide 0.4-mg subcutaneous dose. Hence, a decision 
was made to change dosing for semaglutide from daily to weekly to 
improve adherence and convenience for participants.

There are several trials that demonstrate the promising effects of GLP-1s in 
general and semaglutide in particular on WM in subpopulations of people 
with obesity. In the Satiety and Clinical Adiposity – Liraglutide Evidence 
in individuals with and without diabetes (SCALE) trial of 3,731 people 
without diabetes, WL was maintained at 56 weeks with liraglutide 3.0 mg 
versus placebo (−8.0% versus −2.6%, respectively; P < 0.001) (34). The 
SCALE trial of 846 people with T2D and obesity or overweight demon-
strated a 6.0% (6.4-kg) reduction of initial body weight with liraglutide 
3.0 mg versus 1.8 mg and placebo (4.7% [5.0 kg] and 2.0% [2.2 kg], 
respectively) (35). The Semaglutide Unabated Sustainability in Treatment 
of Type 2 Diabetes (SUSTAIN) clinical development program, which  
included  > 8,000 people with T2D, demonstrated that semaglutide at doses 
of 0.5 mg and 1.0 mg weekly offered WM benefits of 2.5 to 5.7 kg and 
2.0 to 7.9 kg, respectively (36). Liraglutide and semaglutide are adminis-
tered at different frequencies and doses, and over a 24-hour period, they 
have distinct pharmacodynamic effects (37,38). However, they are equally 
associated with transient, mild, or moderate gastrointestinal symptoms, 
including nausea, vomiting, and diarrhea (17,39). Clinical experience 
shows that slowing the initial escalation of liraglutide and semaglutide 
helps mitigate these side effects; hence, we have designed the trials in the 
STEP program to have a slow titration of semaglutide over a 16-week 
period.

The primary goal of pharmacotherapies like semaglutide for chronic 
WM is to achieve a clinically meaningful WL when combined with 
lifestyle intervention and to provide long-term WM and to minimize 
weight regain (2). More importantly, semaglutide, through both direct 
and indirect actions, is hoped to meaningfully impact obesity-related 
comorbidities. Average WL of 10% to 15% has been shown to signifi-
cantly alleviate many complications associated with obesity, includ-
ing diabetes, hypertension, osteoarthritis, and gastroesophageal reflex 
disease (40-42). The benefits of WL have also been demonstrated in 
dyslipidemia, nonalcoholic fatty liver disease, sleep apnea, and stress 
incontinence (40-41,43,44).

Obesity can adversely affect physical and mental health and reduces 
health-related quality of life (45). The physical impairments appear to be 
more closely associated with severity of obesity than mental impairments 
(45). Despite a wide range of randomized controlled trials investigating 
these associations, a systematic review by Kolotkin et al. (45) found 
that these studies are inconclusive. Therefore, further investigations are 
necessary to explore the relationship between obesity and health-related 
quality of life besides the physical and health advantages of WL. The 
STEP trials have been designed to monitor patient-reported outcomes, 
including the Impact of Weight on Quality of Life, Lite Clinical Trials 
Version, and Short Form36v2 Health Survey, Acute Version.

One key difference among the STEP trials presented here is that, despite 
them all having the same primary end point of change in body weight, 
results from the primary end point in the sustained WM trial (STEP 4) 
will not reflect the full WL potential that is expected to be observed 
with semaglutide in the other STEP trials. This is due to the fact that in 
STEP 4, the randomization to semaglutide or placebo takes place after 
all participants have received a 20-week run-in treatment with semaglu-
tide, and the primary end point for STEP 4 is the change in the percent-
age of body weight from randomization at week 20 to the EOT at week 
68. There are currently four additional planned and ongoing trials in the 

STEP program. STEP 6 (NCT03811574) is investigating the efficacy 
and safety of semaglutide once weekly in East Asian adults with obesity 
or overweight. STEP TEENS (NCT04102189) is evaluating the effi-
cacy and safety of semaglutide in adolescents. STEP 7 (NCT04251156) 
is planned to investigate the efficacy and safety of semaglutide also 
in the Chinese population. STEP 8 (NCT04074161) is assessing the 
effect and safety of semaglutide 2.4 mg once weekly compared with 
liraglutide 3.0 mg once daily on WM in people with obesity or over-
weight. Obesity is a strong risk factor for the development of diabetes, 
and both diabetes and obesity are associated with CVD; therefore, it 
is important to consider the effect of semaglutide on cardiovascular 
risk factors. Further research is ongoing in the Semaglutide Effects 
on Cardiovascular Outcomes in People With Overweight or Obesity 
(SELECT) trial (NCT03574597) to explore the impact of semaglutide 
2.4 mg subcutaneously on reducing the risk of cardiovascular events in 
people with prior CVD and either obesity or overweight.

Conclusion
AOMs are an important treatment option for people living with obesity 
who are unable to lose weight and maintain WL or for those who do not 
meet the eligibility criteria for bariatric surgery or who failed to maintain 
WL following bariatric surgery. The STEP clinical development program 
with the GLP-1 analogue semaglutide provides rigorous assessment re-
garding the use of semaglutide 2.4 mg once weekly to treat people with 
obesity, with an effort to gain a greater understanding of WL, WL main-
tenance, safety, and tolerability in adults with obesity as an adjunct to 
lifestyle intervention. We anticipate that these trials will demonstrate that 
semaglutide represents a new and effective medication that can be used to 
improve the health and quality of life for patients with obesity.O
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