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Abstract

Objective: To review the efficacy, safety, and role of the glucagon-like peptide-1 (GLP-1) receptor agonist semaglutide
for chronic weight management. Data Sources: A literature search of PubMed/MEDLINE and Google Scholar was
performed using the search terms: semaglutide 2.4, weight, and obesity. Ongoing studies of semaglutide were identified
utilizing clinicaltrials.gov. Study Selection and Data Extraction: All English-language articles evaluating the efficacy
and safety of semaglutide 2.4 mg for weight management in humans were included. Data Synthesis: Once-weekly
injectable semaglutide 2.4 mg is indicated as an adjunct to a reduced-calorie diet and increased exercise for chronic weight
management in adults with a body mass index (BMI) =30 kg/m? or =27 kg/m? with at least one weight-related comorbidity,
such as hypertension, type 2 diabetes mellitus, or dyslipidemia. Semaglutide 2.4 mg has consistently demonstrated clinically
significant weight loss across all phase 3 STEP (semaglutide treatment effect in people with obesity) trials, and long-term
efficacy and safety have been confirmed for up to 2 years. Gastrointestinal side effects were the most frequently reported
side effects, including nausea, vomiting, constipation, and diarrhea. Safety data for semaglutide 2.4 mg were consistent with
that reported previously for the GLP-1 receptor agonist class. Conclusions: Semaglutide 2.4 mg is a highly efficacious
agent for weight management, with a safety profile similar to that of other GLP-1 receptor agonists. It is a feasible option
for chronic weight management, with data for up to 2 years. It is currently the only once-weekly weight loss medication,
although cost may limit its utilization.
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moderate-intensity exercise spread over 3 to 5 sessions per
week. As adjuncts to first-line lifestyle modifications, phar-
macotherapy is available to aid patients in weight manage-
ment. Before the approval of semaglutide, five medications
have been commonly used: orlistat, phentermine, phenter-
mine-topiramate, naltrexone-bupropion, and liraglutide.
Semaglutide, a GLP-1 receptor agonist, was initially
approved in December 2017 as an adjunct to diet and exer-
cise for the management of type 2 diabetes at doses up to 1
mg weekly. Across the phase 3 trial program for type 2 dia-
betes (SUSTAIN), semaglutide consistently demonstrated
clinically significant weight loss (up to -6.5 kg with 1.0 mg
semaglutide).®'?> Subsequently, semaglutide has been

Introduction

Obesity is a chronic disease that places a considerable burden
on affected individuals and is considered a global public
health challenge.! Obesity can cause insulin resistance, which
is associated with the development of cardiovascular and
metabolic conditions, such as hypertension, dyslipidemia,
type 2 diabetes mellitus, nonalcoholic fatty liver disease, and
polycystic ovary syndrome.® Management of obesity
through weight loss has shown to reduce the risk of develop-
ing type 2 diabetes, improve lipid profiles, and reduce blood
pressure.* Targeting a minimum weight loss of 5% total body
weight is recommended. However, weight loss of 10% or
more is often desired because it is associated with increased
benefits for obesity-related risk factors and diseases.®

Recommended first-line options for weight loss include life-
style modifications that prioritize dietary changes and
increased physical activity including both aerobic and resis-
tance training exercises.* Limiting caloric intake between
1200 and 1800 kilocalories (kcal) per day, and reducing kcal
to ensure at least a 500 kcal deficit per day are two methods
that can enhance weight loss.* Additionally, individuals
should target a minimum of 150 minutes or more of
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approved at a higher dose, 2.4 mg, as an adjunct to a
reduced-calorie diet and increased physical activity for
chronic weight management in patients who have obesity,
or are overweight with at least one other weight-related
comorbid condition.”* This article reviews clinical trials
assessing the efficacy and safety of semaglutide at a dose of
2.4 mg for chronic weight management.

Data Sources

A literature search of PubMed/MEDLINE and Google
Scholar was performed using the search terms: semaglu-
tide 2.4, weight, and obesity. All English-language articles
evaluating the efficacy and safety of semaglutide 2.4 mg
for weight loss in humans were included. Ongoing studies
of semaglutide were identified utilizing clinicaltrials.gov.
Trials evaluating the use of semaglutide at a dose of 1.0
mg were excluded as this dose is not indicated for weight
management purposes.

Pharmacology and Pharmacokinetics/
Pharmacodynamics

GLP-1 is an incretin hormone with receptors present in sev-
eral areas of the body, including pancreatic alpha and beta
cells, the stomach, and the central nervous system. GLP-1 is
a target for weight management as it slows gastric emptying
and promotes satiety, which leads to a reduction in food
intake. Additionally, GLP-1 crosses the blood-brain barrier
where it activates areas of the hypothalamus and prefrontal
cortex and regulates feeding behavior.!#13

The bioavailability of semaglutide is 89% when injected
subcutaneously. Peak concentrations occur 3 days after
injection, and steady state is achieved by Week 5 when
injected once weekly. Similar exposure was achieved in
three subcutaneous administration sites: the abdomen,
thigh, and upper arm. Semaglutide is greater than 99%
bound to plasma albumin, which provides protection from
degradation and renal clearance. Semaglutide is modified
through the substitution of alanine at position 8 to protect
from natural degradation by dipeptidyl-peptidase 4 (DPP-
4). The elimination half-life of semaglutide is approxi-
mately 1 week; therefore, semaglutide will be present for
approximately 5-7 weeks after the last dose. Semaglutide is
eliminated via the urine and feces. Dosage adjustments are
not required based on hepatic or renal function.!?

Dosing and Administration

Semaglutide for weight loss should be initiated at 0.25 mg
once weekly and injected subcutaneously without regard to
meals. Dose escalation should occur after 4 weeks to doses
of 0.5 mg, 1 mg, and 1.7 mg, and the maintenance dose of
2.4 mg. If patients do not tolerate a dose during escalation,

clinicians should consider a 4-week delay in dose escala-
tion. If patients do not tolerate the maintenance dose, the
dose may be decreased to 1.7 mg for 4 weeks followed by
escalation back to maintenance dosing. If patients perma-
nently fail to tolerate maintenance dosing, semaglutide
should be discontinued.'3

Clinical Efficacy

The efficacy of semaglutide 2.4 mg is being assessed across 8
trials in the STEP program. Five of these trials have been pub-
lished.!*! The results of STEP 5 were presented at the 2021
Annual Meeting of the Obesity Society but have not been
published at the time of manuscript writing.2’ Additionally,
cardiovascular benefits of semaglutide 2.4 mg are being eval-
uated in the SELECT trial, which is currently enrolling
patients.?? Details of these trials are shown in Table 1. Across
all published trials, semaglutide demonstrated a statistically
significant greater percent decrease in weight from baseline
and a greater likelihood of patients losing =5% of their body
weight when compared with either placebo or liraglutide. In
each trial, all patients received lifestyle intervention(s).!6-2!-23
STEP 1 evaluated the change in body weight and weight
reduction of at least 5% between semaglutide 2.4 mg and
placebo in adults who were obese or overweight with at
least one weight-related comorbidity and did not have dia-
betes. Lifestyle interventions for all patients included coun-
seling, a reduced-calorie diet, and increased physical
activity. For 68 weeks, patients treated with semaglutide on
average lost 14.9% of their body weight compared to 2.4%
with placebo (p<<0.001), and 86.4% of semaglutide patients
achieved weight loss of 5% or more compared to 31.5% of
placebo patients (p<<0.001).! STEP 2 compared the same
endpoints as STEP 1 for semaglutide 2.4 mg, semaglutide
1.0 mg, and placebo in overweight or obese adults with type
2 diabetes. Lifestyle interventions were consistent with
STEP 1. On average, patients treated with semaglutide 2.4
mg lost 9.64% of body weight and 68.8% of patients
achieved a weight loss of 5% or more at 68 weeks. Both
endpoints were found to be statistically significant com-
pared to either semaglutide 1.0mg (6.99%, 57.1%) or pla-
cebo (3.42%, 28.5%).!7 STEP 3 evaluated semaglutide 2.4
mg and placebo when combined with intensive behavioral
therapy in adults who were obese or overweight with at
least one weight-related comorbidity and did not have dia-
betes. Intensive behavioral therapy consisted of a low-calo-
rie diet (1,000-1,200 kcal/day) for 8 weeks followed by a
hypocaloric diet (1,200-1,800 kcal/day) for the remainder
of the trial; 100 minutes per week of physical activity
increased by 25 minutes every 4 weeks to reach 200 min-
utes per week; and 30 individual visits with a registered
dietitian. For 68 weeks, patients treated with semaglutide
2.4 mg on average lost 16.0% of their body weight com-
pared to 5.7% with placebo (p<<0.001), and 86.6% of
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semaglutide patients achieved weight loss of 5% or more
compared to 47.6% of placebo patients (p<<0.001).'®* STEP
4 evaluated the impact of semaglutide 2.4 mg for mainte-
nance of weight loss after discontinuation of semaglutide.
Each patient received semaglutide titrated over 16 weeks to
2.4 mg followed by 4 weeks of semaglutide 2.4 mg for a
total of 20 weeks of semaglutide therapy. Patients were then
randomized to either continue semaglutide therapy or
replace therapy with placebo. Lifestyle interventions as
described in STEP 1 were provided to both groups. For 68
weeks, patients who continued semaglutide therapy saw an
additional -7.9% mean weight loss from weeks 20 to 68
compared to a mean weight gain of 6.9% in patients
switched to placebo (p<<0.001).!° In the last placebo-con-
trolled trial with available results, STEP 5 evaluated the
change in body weight and weight reduction of at least 5%
between semaglutide 2.4 mg and placebo in adults who
were obese or overweight with at least one weight-related
comorbidity and did not have diabetes for a period of 2
years. Described lifestyle interventions appear similar to
STEP 1. For 104 weeks, patients treated with semaglutide
on average lost 15.2% of their body weight compared to
2.6% with placebo (p<<0.0001), and 77.1% of semaglutide
patients achieved weight loss of 5% or more compared to
34.4% of placebo patients (p value not reported).?

Two published trials directly compare semaglutide to
liraglutide; another GLP-1 receptor agonist indicated for
weight loss. In a phase 2 trial, daily doses of semaglutide
(0.05 mg, 0.1 mg, 0.2 mg, 0.3 mg, or 0.4 mg) were com-
pared to liraglutide 3.0 mg daily or placebo. All participants
received nutritional and physical activity counseling every
4 weeks. For 52 weeks, all doses of semaglutide showed
statistically greater mean weight loss (-6.0%, -8.6%,
-11.6%, -11.2%, and -13.8% listed, respectively, to doses
above) compared to placebo (-2.3%). However, only doses
of 0.2 mg or more showed statistically greater mean weight
loss when compared to liraglutide 3.0 mg (-7.8%).2 In the
STEP program, STEP 8 confirmed the results of this phase
2 trial. Adult patients who were obese or overweight with at
least one weight-related comorbidity and without diabetes
were randomized to either weekly semaglutide 2.4 mg,
daily liraglutide 3.0 mg, or a matching placebo. For 68
weeks, patients treated with semaglutide lost an average of
15.8% body weight compared to 6.4% with liraglutide
(p<<0.001). Secondary endpoints also showed patients were
more likely to achieve 10%, 15%, or 20% weight loss with
semaglutide compared to liraglutide (all p<<0.001).%!

Adverse Effects, Precautions/
Contraindications, and Interactions
(Safety)

Consistent with prior trials of semaglutide, results of the
STEP program show gastrointestinal disorders are the

most frequently reported adverse reaction associated with
semaglutide, with incidence rates of any gastrointestinal
reaction (nausea, vomiting, diarrhea, or constipation)
ranging from 10.3 to 82.2%.!62! Most reported reactions
were mild-to-moderate in severity, transient in nature,
and resolved without discontinuation of semaglutide
(Table 2).3132435 Rates of semaglutide discontinuation
due to gastrointestinal disorders were low across the
STEP trials evaluated (0.8-4.5%).!6-2!

Semaglutide is contraindicated in patients with a per-
sonal or family history of medullary thyroid carcinoma
(MTC), in patients with multiple endocrine neoplasia syn-
drome type 2 (MEN 2) or in those with serious hypersensi-
tivity reactions to semaglutide or its excipients.'> Thyroid
C-cell tumors were reported in rodent studies when treated
with semaglutide in a dose-dependent, duration-dependent
manner. In humans, it is unknown whether semaglutide
causes thyroid C-cell tumors, including MTC. In evaluated
STEP trials, no causation was established between the use
of semaglutide and malignant neoplasms.'3!6-2!

Across the STEP trials evaluated, acute pancreatitis
events were low, varying from 0% to 0.2%.'%?! However,
acute gallbladder disease was observed at higher rates in
semaglutide treated patients (0.2-4.9%) than in placebo-
treated patients (0.7-3.7%).'2! Acute kidney injury has
been reported, but no significant difference was estab-
lished in the STEP trials evaluated between patients
treated with semaglutide and placebo.!®2! It is believed
that acute kidney injury is associated with dehydration
due to severe gastrointestinal side effects.!’> Consistent
with prior semaglutide trials, heart rate increases were
reported in STEP trials one through four with a mean
increase of 1-4 beats per minute. '3

Consistent with other semaglutide trials, patients with
type 2 diabetes treated with semaglutide 2.4 mg experi-
enced higher rates of diabetic retinopathy than those treated
with placebo (4.0% vs. 2.7% in STEP 2).!""!7 Rapid improve-
ments in glucose control as seen with semaglutide have
been associated with a temporary worsening of diabetic
retinopathy.’” Hypoglycemia is not common unless used in
conjunction with insulin secretagogues or insulin.'?

In vitro studies have shown a low potential for semaglu-
tide to affect CYP enzymes or inhibit drug transporters.
Because semaglutide may influence the rate of gastric emp-
tying, the absorption of concomitantly administered oral
medications may be delayed.'3 There was no apparent effect
on the rate of gastric emptying observed during the
paracetamol absorption test with semaglutide 2.4 mg.>® Two
studies showed no clinically significant pharmacokinetic or
dynamic impacts on warfarin, digoxin, atorvastatin, or met-
formin when taken with subcutaneous semaglutide 1.0 mg
or oral semaglutide 20 mg.***° Further studies should be
considered to evaluate semaglutide 2.4 mg on narrow thera-
peutic index drugs.
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Relevance to Clinical Practice

Semaglutide 2.4 mg is the first once-weekly injectable med-
ication available for weight management in overweight or
obese adults. In published data from the STEP program,
patients treated with semaglutide 2.4 mg consistently
achieved clinically meaningful weight loss compared to
both placebo and liraglutide.'®?! Despite the lack of head-
to-head trials, semaglutide 2.4 mg documented safety and
efficacy for periods up to 2 years establishes it as a top
option for weight management when combined with life-
style changes. In addition to a strong efficacy and safety
profile, once-weekly therapy has the potential to improve
adherence over daily therapy. While this was not directly
evaluated in the STEP program, trials have demonstrated
improved adherence with once-weekly GLP-1 therapy for
diabetes mellitus over once-daily therapy.*!*?

Semaglutide 2.4 mg is not included in current obesity
guidelines by the American Association of Clinical
Endocrinologists (AACE) and the American Heart
Association, American College of Cardiology, and The
Obesity Society (AHA/ACC/TOS), which were published
in 2016 and 2013, respectively.** In the AHA/ACC/TOS
guidelines, there is limited mention of pharmacotherapy
due to a paucity of FDA-approved medications at the time
of development. AACE guidelines do provide a summary
of literature for orlistat, lorcaserin, phentermine/topira-
mate ER, naltrexone ER/bupropion ER, and liraglutide 3
mg and recommendations for their use. AACE does not
give preference to any individual agent, except in select
patient populations based upon the side effects, precau-
tions, and contraindications of a medication. As empha-
sized by the AACE guidelines, there is a lack of
head-to-head comparisons of approved medications for
chronic weight management. However, when compared
to average weight loss seen in major clinical trials of
other FDA-approved medications, semaglutide 2.4 mg
consistently showed greater weight loss and a greater pro-
portion of patients achieving 5% body weight loss in
STEP program trials.>* Additionally, semaglutide 2.4 mg
has fewer restrictions on its use than most other FDA-
approved medications, excluding orlistat and liraglutide 3
mg. Common side effects, contraindications, drug inter-
actions, and clinical pearls for these medications are
shown in Table 2.5132435 Gastrointestinal side effects of
semaglutide 2.4 mg may limit its usability in some
patients. Nausea and vomiting may be reduced through
appropriate patient counseling focused on consuming
smaller meals more frequently.

Guidelines also recommend bariatric surgery as an
option for adults with a BMI =40 kg/m?, or for those with a
BMI =35 kg/m? and at least one weight-related comorbid-
ity.*> To compare with semaglutide, one trial of patients
who received Roux-en-Y Gastric Bypass (RYGB), sleeve

gastrectomy (SG), or laparoscopic adjustable gastric band-
ing (LAGB) showed 30.9%, 23.4%, and 13% body weight
reduction at 1 year, respectively, with results being less at 5
years.* While efficacy can be high with bariatric surgery, it
is invasive in nature and side effects and complications can
be severe with few ways to reverse the procedure if any.
Treatment with antiobesity medications is not permanent
and allows for dosage adjustments and discontinuation of
the medication. However, the availability of pharmacother-
apy should not rule out bariatric surgery.

Based on available literature, semaglutide 2.4 mg is a
strong addition to pharmacotherapeutic options for chronic
weight management. It has shown consistent clinically sig-
nificant weight loss across the STEP program, with limited
major side effects or contraindications. Despite this, one
barrier to its use that will continue is its cost as it is cur-
rently among the most expensive of available agents (Table
2). Clinicians who are considering prescribing semaglutide
2.4 mg should make sure to evaluate opportunities from the
manufacturer to reduce the cost.

Conclusions

Semaglutide is a GLP-1 receptor agonist recently approved
by the FDA for weight management at a dose of 2.4 mg
once weekly in patients with a BMI of =30 kg/m? or =27
kg/m? with more than one weight-related comorbidity.
Semaglutide is highly efficacious, with the majority of
patients experiencing clinically significant weight loss
across STEP trials to date. Its efficacy and safety have been
demonstrated for up to 2 years, making it an ideal option for
chronic weight management, although its use may be lim-
ited by its cost.
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