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Summary
Obesity and type 2 diabetes mellitus (T2DM) present major global health challenges, with an increasing prevalence
worldwide. Glucagon-like peptide-1 receptor agonists (GLP-1RAs) have emerged as a pivotal treatment option for both
conditions, demonstrating efficacy in blood glucose management, weight reduction, cardiovascular disease preven-
tion, and kidney health improvement. GLP-1, an incretin hormone, plays a crucial role in glucose metabolism and
appetite regulation, influencing insulin secretion, insulin sensitivity, and gastric emptying. The therapeutic use of
GLP-1RAs has evolved significantly, offering various formulations that provide different efficacy, routes of admin-
istration, and flexibility in dosing. These agents reduce HbA1c levels, facilitate weight loss, and exhibit cardiovascular
protective effects, making them an integral component of T2DM and obesity management. This review will discuss
the currently approved medication for T2DM and obesity, and will also highlight the advent of novel agents which are
dual and triple hormonal agonists which represent the future direction of incretin-based therapy.
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Introduction
Obesity and type 2 diabetes (T2DM) are two of the most
common noncommunicable diseases (NCDs) in the
world. It has been reported that the global age-
standardized prevalence of diabetes worldwide is 6.1%,
estimating 521 million individuals globally living with
the disease.1 Additionally, obesity has emerged as a
worldwide health concern, with multiple epidemiologic
studies having identified pre-obesity and obesity as
predisposing factors to several NCDs, T2DM, cardio-
vascular disease (CVD), and cancer. Obesity is also a
contributor to 120 million disability-adjusted life-years
(DALYs).2 It is estimated that 1 billion people worldwide
are affected by the disease, with an alarming steep in-
crease in the prevalence of obesity since the 1970s
among all age groups.3
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Glucagon-like peptide 1 Receptor Agonists (GLP-1RA)
have emerged as valuable therapeutic agents for managing
obesity and T2DM. Since its initial approval for treating
T2DM in 2005, this category of drugs has undergone
considerable developments. Initially requiring twice-daily
dosing, they have evolved to once-weekly, and oral for-
mulations now exist. GLP1-RAs have demonstrated bene-
fits in managing blood sugar levels and weight,
cardiovascular disease prevention, and kidney health.4

This review aims to explore the mechanisms of ac-
tion of GLP1-RAs in the treatment of T2DM and obesity.
It will cover GLP1-RAs currently in clinical use and
those still under investigation, detailing their main
clinical benefits, potential side effects, and evaluating
their cost-effectiveness. Additionally, the review will
explore prospective formulations and combinations
within this class of drugs. Based on the data available,
we also propose a potential treatment algorithm for
effectively managing obesity and T2DM with these
agents.
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Mechanism of action of GLP1-RAs
GLP-1 is a peptide, an incretin hormone that is
continuously secreted by the enteroendocrine L cells of
the small intestine; the secretion is enhanced several
times after the ingestion of meals. GLP-1 has also been
identified in sweet- and umami-taste receptor cells in
the oral cavity, suggesting that GLP-1 signaling might
also be involved in taste perception.5

GLP-1 receptors (GLP-1Rs) are present in islet beta
cells and the central nervous system (CNS). In the brain,
GLP-1Rs are found in several hindbrain and forebrain
sites, including areas that are implicated in the control of
food intake and regulation of energy balance, such as the
area postrema (AP), the nucleus tractus solitarius (NTS),
hypothalamus, amygdala, and in the mesolimbic reward
system. The canonical GLP-1R is also expressed in the
blood vessels, Brunner’s glands, and the sinoatrial node.6

Mechanism in diabetes
GLP-1 directly acts on pancreatic β-cells to enhance in-
sulin secretion. GLP-1 also decreases hepatic glucose
production by inhibiting glucagon secretion from α
cells, and increases insulin sensitivity in skeletal muscle
through an indirect mechanism by increasing micro-
vascular recruitment in skeletal muscle which may
potentiate local insulin action.7 Several studies have also
demonstrated the integral role that the glucose portal
sensor plays in glucose homeostasis, and the association
of GLP-1Rs in portal glucose sensing where GLP-1 is
required for portal glucose to stimulate insulin
response.8

Additionally, due to the transient -short term effects
-effect of GLP-1RAs on slowing gastric emptying, there
is a marked decrease in post-meal glycemic excursions
with their use in T2DM. While additional research is
necessary to explore the potential role of GLP-1Rs
expressed outside of the beta cell, including within the
enteric and peripheral nervous systems, in enhancing
beta cell function through enteral glucose mediation,
current evidence indicates that the central nervous sys-
tem (CNS) GLP-1Rs are not essential for the physio-
logical regulation of blood sugar levels by endogenous
GLP-1 or the pharmacological control of glucose ho-
meostasis dependent on GLP-1Rs.6

In individuals with T2DM, there is a decrease in the
incretin effect which primarily attributed to the dimin-
ished effects of gastric inhibitory polypeptide (GIP).9

Current research indicates that although GLP-1 secre-
tion is preserved in individuals with T2DM, there is an
impairment of GLP-1 function. This includes reduced
ability to secrete insulin, heightened insulin resistance,
and elevated blood sugar levels, potentially resulting in
diminished expression of GLP-1 receptors and devel-
oping GLP-1 resistance.10

Finally, the effect of GLP-1RAs on weight may
contribute to an increase in insulin sensitivity and better
control of blood glucose.
Mechanism in obesity
GLP-1 has a central anorexigenic effect. GLP-1 role in
regulating feeding behavior and energy balance has
been studied in rats. These studies demonstrate that
administering the GLP-1 receptor antagonist exendin
(9–39) directly into the brain increases food consump-
tion in satiated rats. Conversely, reducing the expression
of the proglucagon gene, responsible for encoding GLP-
1, specifically in the nucleus tractus solitarius (NTS),
results in heightened appetite and weight gain in rats.11

In humans, the administration of GLP-1RAs reduces
appetite, decreases energy intake, and increases satiety.
Functional magnetic resonance imaging (MRI) shows
that GLP-1 R activation decreases anticipatory food
reward (the anticipated pleasure of eating certain
meals).12
GLP-1 RA used in diabetes
Commercially available GLP-1RA for management
of T2DM
Short acting agents
Exenatide (twice daily). Exenatide administered by
twice-daily subcutaneous injection was the first GLP-1
RA in clinical use. It is a synthetic peptide-based form
of the incretin mimetic exendin-4. At maximal doses, it
reduced HbA1c by −0.78%.13 Once daily lixisenatide,
structurally similar to exenatide and administered by
subcutaneous injection, was later approved and found to
reduce HbA1c by 0.8–0.9%.14 Exenatide twice daily is
commercially available in Europe and the US, while
lixisenatide is available only outside of the US. The
GetGoal-X trial examined lixisenatide and twice-daily
exenatide, finding lixisenatide non-inferior to exenatide
in reducing HbA1c (−0.79% vs. −0.96%, respectively)
(Table 1).15 Long acting agents typically have better gly-
cemic efficacy (as noted below). It is important to note
that the use of exenatide twice daily and lixisenatide
should be avoided in patients with decreased kidney
function (estimated glomerular filtration rate [eGFR],
30 mL/min/1.73 m2, as these agents are excreted by the
kidneys, and exposure may be increased in patients with
decreased function.26

Long acting agents
Exenatide (once weekly). Exanatide was later formu-
lated in extended release, administered once weekly. In
the DURATION-1 and -5 trials, exenatide once weekly
was shown to reduce HbA1c more significantly than
twice daily administration (−1.9% vs. −1.5%, and −1.6%
vs. −0.9%. respectively) (Table 1).15

Liraglutide. Liraglutide administered once daily by
subcutaneous injection, is an analog of human GLP-1,
resistant to dipeptidyl peptidase-4 (DPP-4) inactivation.
It was also found to be superior to exenatide twice daily
in reducing HbA1c, −1.12% vs. −0.79%.15 Additionally,
www.thelancet.com Vol 75 September, 2024
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Trial Number of patients Duration Inclusion criteria Change in HbA1C (%)

GLP-1 RA

AMIGO13 Total = 336
Exenatide 5 μg twice daily = 110
Exenatide 10 μg twice daily = 113
Placebo = 113

30 weeks 19–78 year- old adults treated with
metformin monotherapy with HbA1C
7.1–11%%, BMI 27–45 kg/m2

Exenatide 5 μg twice daily = −0.4
Exenatide 10 μg twice daily = −0.78
Placebo = +0.1

LEAD-615 Total = 464
Liraglutide 1.8 mg daily = 233
Exenatide 10 μg twice daily = 231

26 weeks 18–80-year-old adults treated with
metformin and/or a sulfonylurea with
HbA1C 7.0–11.0%, BMI ≤ 45 kg/m2

Liraglutide 1.8 mg daily = −1.12
Exenatide 10 μg twice daily = −0.79

DURATION-116 Total = 295
Exenatide 2 mg weekly = 148
Exenatide 10 μg twice daily = 147

30 weeks Individuals ≥16 years-old treated with
lifestyle modifications, metformin,
sulfonylureas and/or thiazolidinediones
with a HbA1C 7.1–11.0%%, BMI ≥ 25 kg/m2

Exenatide 2 mg weekly = −1.9
Exenatide 10 μg twice daily = −1.5

DURATION-517 Total = 252
Exenatide 2 mg weekly = 129 exenatide
10 μg twice daily = 123

24 weeks Adults ≥18 years-old treated with lifestyle
modifications, metformin, a sulfonylurea
and/or thiazolidinedione with a HbA1C
7.1–11.0%, BMI 25–45 kg/m2

Exenatide 2 mg weekly = −0.9 exenatide
10 μg twice daily = −1.6

GetGoal-X15 Total = 634
Lixisenatide 20 μg daily = 318 exenatide
10 μg twice daily = 316

24 weeks 21–84-year-old adults on 1.5 g/day of
metformin with HbA1C 7–10%

Lixisenatide 20 μg daily = −0.96 exenatide
10 μg twice daily = −0.79

Liraglutide vs.
lixisenatide15

Total = 404
Liraglutide 1.8 mg = 202 lixisenatide
20 μg daily = 202

26 weeks Adults ≥18 years-old with HbA1C
7.5–10.5%, BMI ≥ 20 kg/m2

Liraglutide 1.8 mg = −1.8 lixisenatide 20 μg
daily = −1.2

AWARD-118 Total = 978
Dulaglutide 0.75 mg weekly = 280
Dulaglutide 1.5 mg weekly = 279
Exenatide 10 μg twice daily = 276
Placebo = 141

52 weeks Adults ≥18 years-old on oral
antihyperglycemic medications (metformin
or pioglitazone) with HbA1C 7.0–11.0%,
BMI 23–45 kg/m2

Dulaglutide 0.75 mg weekly = −1.3
Dulaglutide 1.5 mg weekly = −1.51
Exenatide 10 μg twice daily = −0.99
Placebo = −0.46

AWARD-615 Total = 599
Dulaglutide 1.5 mg weekly = 299
Liraglutide 1.8 mg daily = 300

26 weeks Adults ≥18 years-old on metformin
(≥1.5 g/day) HbA1C 7.0–10.0%, BMI ≤
45 kg/m2

Dulaglutide 1.5 mg weekly = −1.42
Liraglutide 1.8 mg daily = −1.36

SUSTAIN-319 Total = 813
Semaglutide 1.0 mg weekly = 406
Exenatide 2 mg weekly = 407

56 weeks Adults ≥18 years-old on metformin, a
sulfonylurea and/or thiazolidinedione
HbA1C 7.0–10.5%, BMI ≤ 45 kg/m2

Semaglutide 1.0 mg weekly = −1.5
Exenatide 2 mg weekly = −0.9

SUSTAIN-715 Total = 1201
Semaglutide 0.5 mg weekly = 301
Semaglutide 1.0 mg weekly = 300
Dulaglutide 0.75 mg weekly = 299
Dulaglutide 1.0 mg weekly = 299

40 weeks Adults ≥18 years-old on metformin with
a HbA1C 7.0–10.5%

Semaglutide 0.5 mg weekly = −1.5
semaglutide 1.0 mg weekly = −1.8
Dulaglutide 0.75 mg weekly = −1.1
Dulaglutide 1.0 mg weekly = −1.4

SUSTAIN-1020 Total = 577
Semaglutide 1 mg weekly = 287
Liraglutide 1.2 mg daily = 282

30 weeks Adults ≥18 years-old on metformin,
sulfonylurea, and/or SGLT-2 inhibitor with a
HbA1C 7.0–11.0%

Semaglutide 1 mg weekly = −1.7
Liraglutide 1.2 mg daily = −1.0

PIONEER-415 Total = 711
Oral semaglutide 14 mg daily = 285
Liraglutide 1.8 mg daily = 284
Placebo = 142

52 weeks Adults ≥18 years-old on metformin with or
without an SGLT-2 inhibitor with a
HbA1C 7.0–9.5%

Oral semaglutide 14 mg daily = −1.2
Liraglutide 1.8 mg daily = −1.1
Placebo = −0.2

PIONEER-921 Total = 243
Oral semaglutide 3 mg daily = 49
Oral semaglutide 7 mg daily = 49
Oral semaglutide 14 mg daily = 48
Liraglutide 0.9 mg daily = 48
Placebo = 49

52 weeks Japanese adults ≥20 years-old on oral
monotherapy with a
HbA1C 6.5–9.5%

Oral semaglutide 3 mg daily = −1.1
Oral semaglutide 7 mg daily = −1.5
Oral semaglutide 14 mg daily = −1.7
Liraglutide 0.9 mg daily = −1.4
Placebo = −0.1

PIONEER-1021 Total = 458
Oral semaglutide 3 mg daily = 131
Oral semaglutide 7 mg daily = 132
Oral semaglutide 14 mg daily = 130
Dulaglutide 0.75 mg weekly = 65

57 weeks Japanese adults ≥20 years-old on oral
monotherapy with a HbA1C 7.0–10.5%

Oral semaglutide 3 mg daily = −0.9
Oral semaglutide 7 mg daily = −1.4
Oral semaglutide 14 mg daily = −1.7
Dulaglutide 0.75 mg weekly = −1.4

ACHIEVE22 Total = 383
Orforglipron 3 mg daily = 51
Orforglipron 12 mg daily = 56
Orforglipron 24 mg daily = 47
Orforglipron 36 mg = 61
Orforglipron 45 mg daily = 63
Dulaglutide 1.5 mg weekly = 50
Placebo = 55

26 weeks Adults ≥18 years-old treated with lifestyle
modifications and/or metformin with a
HbA1C 7.0–10.5%, BMI ≥ 23 kg/m2

Orforglipron 3 mg daily = −1.2
Orforglipron 12 mg daily = −1.9
Orforglipron 24 mg daily = −1.8
Orforglipron 36 mg = −2.0
Orforglipron 45 mg daily = −2.1
Dulaglutide 1.5 mg weekly = −1.10
Placebo = −0.43

(Table 1 continues on next page)
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Trial Number of patients Duration Inclusion criteria Change in HbA1C (%)

(Continued from previous page)

Dual (GLP-1/GIP) agonist

SURPASS-123 Total = 478
Tirzepatide 5 mg weekly = 121
Tirzepatide 10 mg weekly = 121
Tirzepatide 15 mg weekly = 121
Placebo = 115

40 weeks Adults ≥ 18 years-old treated with lifestyle
modifications and/or metformin with a
HbA1C 7.0–9.5%, BMI ≥ 23 kg/m2

Tirzepatide 5 mg weekly = −1.87
Tirzepatide 10 mg weekly = −1.89
Tirzepatide 15 mg weekly = −2.01
Placebo = +0.04

CagriSema24 Total = 92
Semaglutide/cagrilintide 2.4 mg
weekly = 31
Semaglutide 2.4 mg weekly = 31
Cagrilintide 2.4 mg weekly = 30

32 weeks Adults ≥18 years-old treated metformin
with or without an SGLT-2 inhibitor with a
HbA1C 7.5–10.0%, BMI ≥ 27 kg/m2

Semaglutide/cagrilintide 2.4/2.4 mg
weekly = −2.2
Semaglutide 2.4 mg weekly = −1.8
Cagrilintide 2.4 mg weekly = −0.9

Triple (GLP-1/GIP/glucagon) Agonist

TRIUMPH25 Total = 281
Retatrutide 0.5 mg weekly = 47
Retatrutide 4 mg weekly (escalation from
2 mg) = 23
Retatrutide 4 mg weekly (no
escalation) = 24
Retatrutide 8 mg weekly (slow
escalation) = 26
Retatrutide 8 mg weekly (fast
escalation) = 24
Retatrutide 12 mg weekly = 46
Dulaglutide 1.5 mg weekly = 46
Placebo = 45

24 weeks 18–75-year-old adults treated with lifestyle
modifications and/or metformin and/or a
sulfonylurea with HbA1C 7.0–10.5%, BMI
25–50 kg/m2

Retatrutide 0.5 mg weekly = −0.43
Retatrutide 4 mg weekly (escalation from
2 mg) = −1.39
Retatrutide 4 mg weekly (no
escalation) = −1.30
Retatrutide 8 mg weekly (slow
escalation) = −1.99
Retatrutide 8 mg weekly (fast
escalation) = 1–0.88
Retatrutide 12 mg weekly = −2.02
Dulaglutide 1.5 mg weekly = −1.41
Placebo = −0.01

Table 1: RCTs of GLP1-RA use in T2DM.
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liraglutide decreased HbA1C more significantly than
lixisenatide (−1.8% vs. −1.2%) (Table 1).27

Dulaglutide. Another analog of human of GLP-1, but
in once weekly administration, was similarly found to be
superior to exenatide twice daily in reducing
HbA1C, −1.51% vs. −0.99%.18 In the AWARD-6 trial, dula-
glutide was found non-inferior to liraglutide in reducing
HbA1c, −1.42% vs. −1.36%, respectively (Table 1).15

Semaglutide. Semaglutide was the first GLP1-RA
agonist available in subcutaneous injection and oral
formulations. It is structurally similar to liraglutide but
with modifications, making it even more resistant to
degradation by DDP-4 and with a longer half-life.
Semaglutide by subcutaneous injection was shown to
be superior to exenatide once weekly, dulaglutide, and
liraglutide in lowering HbA1c.19 In its daily oral
formulation dose, semaglutide was non-inferior to lir-
aglutide in decreasing HbA1c, in the PIONEER-4 trial.15

However, oral semaglutide more significantly reduced
HbA1c than dulaglutide, −1.7% vs. 1.4% (Table 1).21

Comparative trials favor long acting agents (exena-
tide once weekly, liraglutide, dulaglutide, semaglutide)
over short acting agents (exenatide twice daily and lix-
isenatide) in providing superior glycemic control.
Among long acting agents, semaglutide by subcutane-
ous injection provides the greatest reduction in HbA1c.
Liraglutide and dulaglutide seem to provide similar
glycemic control, as do oral semaglutide and liraglutide.
While oral semaglutide may be a preferred agent for
patients adverse to injections, its strict administration
requirements, that is 30 min before the first meal,
beverage, or other medications, may limit its effective
use.

Dual GLP-1/GIP RA
Tirzepatide. A novel, dual GLP-1 and glucose-
dependent insulinotropic polypeptide (GIP) RA, is a
synthetic peptide analog of GIP with activity at both
receptors. The activation of both receptors seems to
lead to greater efficacy in glycemic control. Adminis-
tered in a once-weekly subcutaneous injection, it
was shown to significantly decrease HbA1c, up to
2.07% at a maximum dose of 15 mg weekly, compared
to placebo (Table 1).23 Tirzepatide provides greater
glycemic control compared to available single agonist
agents.28

GLP-1 RA in development
Oral orfoglipron, a nonpeptide partial GLP-1 RA, en-
hances cyclic AMP signaling more than β-arrestin
recruitment, indicating less receptor desensitization
compared to full GLP-1 RAs.29 Can be administered
without respect to food unlike, peptide based oral sem-
aglutide. In a phase 2 study clinical trial evaluating its
use in T2DM, orforglipron significantly decreased
HbA1c to −2.1% compared to −1.1% for dulaglutide
and −0.43% for placebo.22
www.thelancet.com Vol 75 September, 2024
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Twice daily danuglipron, In a phase 2 study
decreased HbA1c by −0.49% to −1.18% in a dose
dependent manner, compared to −0.02% for placebo.30

Dual GLP-1 RA agonists. Semaglutide 2.4mg, combined
with cagrilintide (CagriSema), a long-acting amylin
analogue, is being developed for treating T2DM. It is
administered in a once-weekly subcutaneous injection. In
a phase 2 clinical trial, CagriSema significantly reduced
HbA1c by −2.2%, compared to −1.8% for semaglutide
2.4 mg alone (p = 0.075) (Table 1).24

Dual GLP-1 RA and glucagon agonists. Mazdutide is
administered once weekly by subcutaneous injection. In
a phase 2 clinical trial among Chinese patients, maz-
dutide reduced HbA1c by −1.41% to −1.67% in a dose
dependent manner compared to +0.03% for placebo.31

Survotutide was studied in once and twice weekly
administration by subcutaneous injection in a phase II
trial, and was shown to significantly reduce HbA1c
compared to placebo (Table 1).32

Triple GLP-1/GIP/glucagon RA. Retatrutide, a once
weekly, triple GLP-1, GIP, and glucagon RA adminis-
tered by subcutaneous injection, is under development
for treating type 2 diabetes. In a phase 2 clinical trial,
retatrutide reduced HbA1c to −2.02%, compared
to −1.41% for dulaglutide 1.5 mg and −0.01% for pla-
cebo (Table 1).25

GLP-1 RA in combination with insulin. The use of GLP-1
RA with insulin, particularly basal insulin, has been
shown to improve glycemic control and may be espe-
cially effective in treating advanced T2DM.15 For
instance, in SUSTAIN-5 among patients on basal insu-
lin, the addition of semaglutide 0.5 mg or 1 mg weekly
lead to a −1.% and −1.8% reduction in HbA1c, respec-
tively. Combination therapy may also decrease the risk
of hypoglycemia and weight gain.15 Though the risk of
hypoglycemia is higher than when treated with GLP-1
RA alone, it is lower than insulin-only treatment.15

GLP-1 RA in type 1 Diabetes (T1DM). Currently, no GLP-
1 RA has been approved for treating T1DM. Still, several
studies support their use in this population, with posi-
tive effects on glycemic control and a reduction in bolus
insulin doses and weight.33,34 In a meta-analysis by
Wang and colleagues, a combination of GLP-1 RA and
insulin therapy leads to a small but significantly more
significant reduction in HbA1c than traditional treat-
ment (−0.21 [−0.40 to −0.02]).34 While several studies
included in their analysis did not find significant
changes in HbA1c, they did find a reduction in insulin
requirements.15,35,36 Furthermore, differences in hypo-
glycemic events were not substantial or reduced in
combination treatment, suggesting that combination
www.thelancet.com Vol 75 September, 2024
treatment does not increase the risk of hypoglycemia.34

More research is needed to evaluate the potential ben-
efits and possible adverse effects of using GLP-1 RA in
individuals with T1DM.

GLP-1 RA and obesity
Commercially available GLP-1 RA for management of obesity
Liraglutide. Liraglutide is approved for chronic weight
management in adult and pediatric patients with obesity
or overweight with at least one weight-related condition
(Tables 2 and 3). Daily subcutaneous liraglutide 3.0 mg,
alongside lifestyle therapy, reduces body weight by
around 8% in adults with obesity, which can increase to
11.5–15.7% with added intensive behavior therapy, ex-
ercise, and caloric restriction (Table 2).40 Liraglutide
counteracts the increased appetite after weight loss, and
with exercise improves cognitive restraint and reduces
sedentary time, helping to prevent weight regain.40,54 In
adults with overweight or obesity at high cardiovascular
disease risk (without diabetes), liraglutide 3.0 mg plus
lifestyle intervention lowered visceral adipose tissue
over 40 weeks compared to placebo (12.5% vs. 1.6%)
(Table 2).41 In adolescents with obesity, liraglutide
3.0 mg reduced BMI by 4.3% over 56 weeks compared
to 0.3% with placebo, with early treatment response
predicting long-term effectiveness.39

Semaglutide. Subcutaneous semaglutide 2.4 mg taken
once per week is approved for chronic weight manage-
ment in adult and pediatric patients with obesity or
preobesity with at least one weight-related condition
(Table 3). Semaglutide 2.4 mg not only promotes weight
loss but also improves eating control, reduces food
cravings, and reduces the usual appetite increase after
significant weight loss, supporting ongoing weight
management.43

The Semaglutide Treatment Effect in People with
obesity (STEP) Program trials, with semaglutide 2.4 mg
and lifestyle intervention, showed weight reductions of
14.7–17.4% on average in persons with pre-obesity or
obesity (without diabetes), with improvements in car-
diometabolic risk factors and sustained effects for two
years (Table 2).40 A lower bodyweight reduction of 9.6%
was reported in persons with pre-obesity or obesity and
T2DM.40 In adolescents with obesity, semaglutide
2.4 mg substantially reduced total body weight loss by
16.1% compared to 0.6% with placebo.40 In the East
Asian population with preobesity or obesity, with or
without T2DM, semaglutide 2.4 mg promoted a body-
weight reduction of 13.2%.40 In comparison with once-
daily liraglutide 3.0 mg, once-weekly subcutaneous
semaglutide 2.4 mg resulted in greater weight loss after
68 weeks (−15.8% vs. −6.4%).40 It is important to note
that weight regain occurs after stopping semaglutide,
even with lifestyle changes, highlighting the chronic
nature of obesity treatment.40
5
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Trial name or authors Number of patients Duration Inclusion criteria Change in weight (%) Other information

GLP-1 RA

SCALE Obesity
and Prediabetesa,37

Total = 3731
Liraglutide 3.0 mg = 2487
Placebo = 1244

56 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥27 kg/m2 with at least
one weight-related condition, without
diabetes

Liraglutide
3.0 mg = −8.0%
Placebo = −2.6%

Bodyweight reduction threshold (≥5%; ≥10%):
Liraglutide 3.0 mg = 63%; 33%
Placebo = 27%; 10%

Wadden et al.a 38 Total = 150
IBT alone: 50
IBT + Liraglutide 3.0 mg:
50
Multicomponentb: 50

52 weeks 21–70-year-old adults with at least one
unsuccessful weight loss attempt, and a
BMI between 30 and 55 kg/m2, without
diabetes

At week 24:
IBT alone: −5.4%
IBT + Liraglutide 3.0 mg: −10.1%
Multicomponentb:
−12.2%
At week 52:
IBT alone: −6.1%
IBT + Liraglutide 3.0 mg: −11.5%
Multicomponentb: −11.8%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%):
At week 24:
IBT alone: 46%; 20%; 6%
IBT + Liraglutide 3.0 mg: 78%; 46%; 20%
Multicomponenta: 82%; 60%; 32%
At week 52:
IBT alone: 44%; 26%; 12%
IBT + Liraglutide 3.0 mg: 70%; 46%; 28%
Multicomponenta: 74%; 52%; 36%

SCALE Teensa 39 Total = 251
Liraglutide 3.0 mg = 125
Placebo = 126

82 weeks:
56 weeks (liraglutide
or placebo) + 26 weeks
(follow-up without
treatment)

12–18-year-old adolescents with at least
one unsuccessful weight loss attempt,
and a BMI in the 95th percentile or
higher (according to sex and age-
specific growth charts), including T2DM

At week 56:
Liraglutide 3.0
mg = −3.2%
Placebo = +2.2%
At week 82:
Liraglutide 3.0
mg = +1.5%
Placebo = +4.6%

BMI reduction threshold at week 56 (≥5%;
≥10%):
Liraglutide 3.0 mg = 43%; 26%
Placebo = 19%; 8%
Changes in BMI at week 56 (%):
Liraglutide 3.0 mg = −4.3%
Placebo = +0.3%

SCALE IBTa 40 Total = 282
IBT + Liraglutide
3.0 mg = 142
IBT + Placebo = 140

56 weeks ≥18-year-old adults with a BMI ≥
30 kg/m2, without diabetes

IBT + Liraglutide 3.0 mg = −7.5%
IBT + Placebo = −4.0%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%):
IBT + Liraglutide 3.0 mg = 61%; 30%; 18%
IBT + Placebo = 39%; 20%; 9%

Neeland et al.a 41 Total = 128
Liraglutide 3.0
mg = 73
Placebo = 55

40 weeks ≥35-year-old adults with a BMI ≥
30 kg/m2 or ≥27 kg/m2 with metabolic
syndrome, without diabetes

Liraglutide 3.0
mg = −6.6%
Placebo = −1.2%

Bodyweight reduction threshold (≥5%; ≥10%):
Liraglutide 3.0 mg = 63%; 19%
Placebo = 22%; 3%
Visceral adipose tissue changes:
Liraglutide 3.0 mg = −12.5%
Placebo = −1.6%

Lundgren et al.a 42 Total = 195
Liraglutide 3.0
mg = 49
Exercise = 48
Liraglutide 3.0 mg +
exercise = 49
Placebo = 49

60 weeks:
8 weeks of low-calorie
diet + 52 weeks of
treatment
(randomization)

18–65-year-old adults with a BMI
between 32 and 43 kg/m2, without
diabetes

From week −8 to 52:
Liraglutide 3.0
mg = −13.4%
Exercise = −10.9%
Liraglutide 3.0 mg + exercise
= −15.7%
Placebo = −6.7%

Bodyweight reduction threshold from week −8
to 52 (≥5%; ≥10%; ≥15%; ≥20%):
Liraglutide 3.0 mg = 88%; 59%; 29%; 22%
Exercise = 80%; 45%; 30%; 18%
Liraglutide 3.0 mg + exercise = 87%; 69%; 49%;
33%
Placebo = 70%; 28%; 10%; 2%

STEP 1a 40 Total = 1961
Semaglutide
2.4 mg = 1306
Placebo = 655

68 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥27 kg/m2 with at least
one weight-related condition, without
diabetes

Semaglutide 2.4 mg = −14.9%
Placebo = −2.4%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%):
Semaglutide 2.4 mg = 86%; 69%; 50%; 32%
Placebo = 31%; 12%; 5%; 2%

STEP 2a 40 Total = 1210
Semaglutide 1.0 mg = 403
Semaglutide 2.4 mg = 404
Placebo = 403

68 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 27 kg/m2, and T2DM

Semaglutide 1.0 mg = −6.9%
Semaglutide 2.4 mg = −9.6%
Placebo = −3.4%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%):
Semaglutide 1.0 mg = 57%; 28%; 14%; 5%
Semaglutide 2.4 mg = 69%; 45%; 26%; 13%
Placebo = 28%; 8%; 3%; 1%

(Table 2 continues on next page)
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(Continued from previous page)

STEP 3a 40 Total = 611
IBT + Semaglutide
2.4 mg = 407
IBT + Placebo = 204

68 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥27 kg/m2 with at least
one weight-related condition, without
diabetes

Semaglutide 2.4 mg = −16.0%
Placebo = −5.7%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%):
Semaglutide 2.4 mg = 86%; 75%; 56%; 36%
Placebo = 47%; 27%; 13%; 4%

STEP 4a 40 Semaglutide 2.4 (week
0–20) = 803
Semaglutide 2.4 mg (week
20–68) = 535
Placebo (week
20–68) = 268

68 weeks:
20 weeks
(semaglutide
open-label) + 48
weeks (semaglutide or
placebo)

≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥27 kg/m2 with at least
one weight-related condition, without
diabetes

From week 0–20
Semaglutide 2.4
= −10.6%
From week 20–68:
Semaglutide 2.4
= −7.9%
Placebo = +6.9%

Bodyweight reduction threshold from week
0–68 (≥5%; ≥10%; ≥15%; ≥20%):
Semaglutide 2.4 mg = 89%; 79%; 64%; 39%
Placebo = 47%; 20%; 9%; 5%

STEP 5a 40 Total = 304
Semaglutide 2.4 mg = 152
Placebo = 152

104 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥27 kg/m2 with at least
one weight-related condition, without
diabetes

Semaglutide 2.4 mg = −15.2%
Placebo = −2.6%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%):
Semaglutide 2.4 mg = 77%; 62%; 52%; 36%
Placebo = 34%; 13%; 7%; 2%

STEP 5 (Control
of eating)a 43

Total = 174
Semaglutide 2.4 mg = 88
Placebo = 86

104 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥27 kg/m2 with at least
one weight-related condition, without
diabetes

Semaglutide 2.4 mg = −14.8%
Placebo = −2.4%

Significant improvement of semaglutide
compared to placebo:
Craving control, craving for savory foods,
difficulty in resisting cravings, and difficulty
controlling eating at weeks 20, 52, and 104;
Positive mood and craving for sweet foods at
weeks 20 and 52;
Hunger and feelings of fullness at week 20.

STEP 6a 32 Total = 401
Semaglutide 1.7 mg = 101
Semaglutide 2.4 mg = 199
Placebo = 101

68 weeks East Asian (Japan and South
Korea) ≥18-year-old adults with at least
one unsuccessful weight loss attempt, a
BMI ≥ 35 kg/m2 with at least one
weight-related comorbidity or ≥27 kg/
m2 with at least two weight-related
comorbidities. At least one comorbidity
had to be hypertension or dyslipidemia,
or, in Japan only, T2DM

Semaglutide 1.7 mg = −9.6%
Semaglutide 2.4 mg = −13.2%
Placebo = −2.1%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%):
Semaglutide 1.7 mg = 72%; 42%; 24%; 11%
Semaglutide 2.4 mg = 83%; 61%; 41%; 20%
Placebo = 21%; 5%; 3%; 2%

STEP 8a 40 Total = 338
Semaglutide 2.4 mg = 126
Liraglutide 3.0 mg = 127
Placebo = 85

68 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥ 27 kg/m2 with at least
one weight-related condition, without
diabetes

Semaglutide 2.4 mg = −15.8%
Liraglutide 3.0 mg = −6.4%
Placebo = −1.9%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%):
Semaglutide 2.4 mg = 87%; 71%; 55%; 38%
Liraglutide 3.0 mg = 58%; 25%; 12%; 6%
Placebo = 29%; 15%; 6%; 2%

STEP TEENSa 40 Total = 201
Semaglutide 2.4 mg = 134
Placebo = 67

68 weeks 12–18-year-old adolescents with at least
one unsuccessful weight loss attempt, a
BMI in the 95th percentile or higher
(according to sex and age-specific
growth charts), or in the 85th percentile
or higher with at least one weight-
related condition, including T2DM

Semaglutide 2.4 mg = −14.7%
Placebo = +2.7%

BMI reduction threshold (≥5%; ≥10%; ≥15%;
≥20%):
Semaglutide 2.4 mg = 76%; 63%; 57%; 40%
Placebo = 23%; 10%; 5%; 3%
Changes in BMI (%):
Semaglutide 2.4 mg = −16.1%
Placebo = +0.6%

OASIS 1a 44 Total = 667
Semaglutide 50 mg
(oral) = 334
Placebo = 333

68 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥ 27 kg/m2 with at least
one weight-related condition, without
diabetes

Semaglutide 50 mg = −15.1%
Placebo = −2.4%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%):
Semaglutide 50 mg = 85%; 69%; 54%; 34%
Placebo = 26%; 12%; 6%; 3%

(Table 2 continues on next page)
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(Continued from previous page)

STEP-HFpEF45 Total = 529
Semaglutide 2.4 mg = 263
Placebo = 266

52 weeks ≥18-year-old adults with a left
ventricular ejection fraction of at least
45%, a BMI ≥ 30 kg/m2, New York
Heart Association functional class II, III,
or IV, a Kansas City Cardiomyopathy
Questionnaire clinical summary score of
less than 90 points, and a 6-min walk
distance of at least 100 m, without
diabetes

Semaglutide 2.4 mg = −13.3%
Placebo = −2.6%

Bodyweight reduction threshold (≥10%; ≥15%;
≥20%):
Semaglutide 2.4 mg = 66%; 44%; 23%
Placebo = 9%; 2%; 0%

SELECT46 Total = 17,604
Semaglutide
2.4 mg = 8803
Placebo = 8801

∼40 months ≥45-year-old adults with a BMI ≥
27 kg/m2 with established
cardiovascular disease, without diabetes

Semaglutide 2.4 mg = −9.4%
Placebo = −0.9%

Primary cardiovascular end-point event:
Semaglutide 2.4 mg = 6.5%
Placebo = 8.0%

GZGIa 29 Total = 272
Orforglipron 12 mg = 50
Orforglipron 24 mg = 53
Orforglipron 36 mg = 58
Orforglipron 45 mg = 61
Placebo = 50

36 weeks 18–75-year-old adults with a BMI ≥
30 kg/m2 or ≥ 27 kg/m2 with at least
one weight-related condition, without
diabetes

At week 26
Orforglipron 12 mg = −8.6%
Orforglipron 24 mg = −11.2%
Orforglipron 36 mg = −12.3%
Orforglipron 45 mg = −12.6%
Placebo = −2.0%
At week 36
Orforglipron 12 mg = −9.4%
Orforglipron 24 mg = −12.5%
Orforglipron 36 mg = −13.5%
Orforglipron 45 mg = −14.7%
Placebo = −2.3%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%):
By week 26
Orforglipron 12 mg = 74%; 39%; 21%
Orforglipron 24 mg = 89%; 57%; 26%
Orforglipron 36 mg = 90%; 71%; 34%
Orforglipron 45 mg = 87%; 70%; 34%
Orforglipron Placebo = 23%; 2%; 0%
By week 36
Orforglipron 12 mg = 72%; 46%; 22%
Orforglipron 24 mg = 90%; 62%; 33%
Orforglipron 36 mg = 92%; 75%; 43%
Orforglipron 45 mg = 90%; 69%; 48%
Placebo = 24%; 9%; 1%

Dual (GLP-1/GIP or GLP-1/glucagon) RA

SURMOUNT-1a 47 Total = 2539
Tirzepatide 5 mg = 630
Tirzepatide 10 mg = 636
Tirzepatide 15 mg = 630
Placebo = 643

72 weeks ≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥ 27 kg/m2 with at least
one weight-related condition, without
diabetes

TZP 5 mg = −15.0%
TZP 10 mg = −19.5%
TZP 15 mg = −20.9%
Placebo = −3.1%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%; ≥25%):
TZP 5 mg = 85%; 68%; 48%; 30%; 15%
TZP 10 mg = 89%; 78%; 66%; 50%; 32%
TZP 15 mg = 91%; 83%; 70%; 56%; 36%
Placebo = 34%; 19%; 9%; 3%; 1%

SURMOUNT-248 Total = 938
Tirzepatide 10 mg = 312
Tirzepatide 15 mg = 311
Placebo = 315

72 weeks ≥18-year-old adults with a BMI ≥
27 kg/m2 with at least one weight-
related condition, including diabetes

Tirzepatide 10 mg = −12.8%
Tirzepatide 15 mg = −14.7%
Placebo = −3.2%

Bodyweight reduction threshold (≥5%; ≥10%;
≥15%; ≥20%; ≥25%):
Tirzepatide 10 mg = 79%; 60%; 39%; 21%; 9%
Tirzepatide 15 mg = 83%; 65%; 48%; 31%; 15%
Placebo = 32%; 9%; 3%; 1%; 0%

SURMOUNT-3a 40 Total = 579
ILI + Tirzepatide
MTD = 287
ILI + placebo = 292

84 weeks:
12 weeks of ILI +
72 weeks (Tirzepatide
or placebo)

≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥ 27 kg/m2 with at least
one weight-related condition, without
diabetes

72 weeks with Tirzepatide:
Tirzepatide = −18.4%
Placebo = +2.5%
84 weeks (12 weeks of lLI +
72 weeks of tirzepatide or
placebo):
Tirzepatide = −24.3%
Placebo = −4.5%

Bodyweight reduction threshold, from
randomization to week 72 (≥5%; ≥10%; ≥15%;
≥20%; ≥25%):
Tirzepatide = 87%; 77%; 65%; 45%; 29%
Placebo = 16%; 9%; 4%; 2%; 1%

SURMOUNT-4a 49 Total = 670
Tirzepatide MTD = 335
Placebo = 335

88 weeks:
36 weeks of open-label
Tirzepatide + 52 weeks
(Tirzepatide or
placebo)

≥18-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
≥ 30 kg/m2 or ≥ 27 kg/m2 with at least
one weight-related condition, without
diabetes

At week 36
Tirzepatide = −20.9%
From week 36–88
Tirzepatide = −5.5%
Placebo = +14.0%

Bodyweight reduction threshold, from week
0–88 (≥5%; ≥10%; ≥15%; ≥20%; ≥25%):
Tirzepatide = 97%; 92%; 84%; 69%; 54%
Placebo = 70%; 46%; 26%; 12%; 5%

(Table 2 continues on next page)
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(Continued from previous page)

le Roux et al.a 50 Total = 384
Survodutide 0.6 mg = 77
Survodutide 2.4 mg = 78
Survodutide 3.6 mg = 76
Survodutide 4.8 mg = 76
Placebo = 77

46 weeks 18–75-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
of 27 kg/m2 or greater, without diabetes

Survodutide 0.6 mg = −6.2
Survodutide 2.4 mg = −12.5
Survodutide 3.6 mg = −13.2%
Survodutide 4.8 mg = −14.9%
Placebo = −2.8%

Bodyweight reduction threshold at week 46
(≥5%; ≥10%; ≥15%; ≥20%):
Survodutide 0.6 mg = 60%; 34%; 12%; 0%
Survodutide 2.4 mg = 81%; 65%; 38%; 21%
Survodutide 3.6 mg = 82%; 65%; 46%; 30%
Survodutide 4.8 mg = 83%; 69%; 55%; 33%
Placebo = 26%; 11%; 5%; 0%

Ji et al.51 Total = 248
Mazdutide 3.0 mg = 62
Mazdutide 4.5 mg = 63
Mazdutide 6.0 mg = 61
Placebo = 62

24 weeks Chinese 18–75-year-old adults with
overweight (BMI ≥ 24 kg/m2) with
hyperphagia and/or at least one weight-
related comorbidity or with obesity
(BMI ≥ 28 kg/m2), without diabetes

Mazdutide 3.0 mg = −6.7%
Mazdutide 4.5 mg = −10.4%
Mazdutide 6.0 mg = −11.3%
Placebo = −1.0%

Bodyweight reduction threshold at week 24
(≥5%; ≥10%; ≥15%):
Mazdutide 3.0 mg = 58%; 19%; 10%
Mazdutide 4.5 mg = 82%; 49%; 16%
Mazdutide 6.0 mg = 80%; 51%; 26%
Placebo = 5%; 0%; 0%

Véniant et al.52 Total = 26
MariTide 140 mg = 6
MariTide 280 mg = 6
MariTide 420 mg = 8
Placebo = 6

12 weeks
(3 doses -
monthly injection)

18–65-year-old adults with a BMI
between 30 and 40 kg/m2, without
diabetes

MariTide 140 mg = −7.2%
MariTide 280 mg = −9.9%
MariTide 420 mg = −14.5%
Placebo = −1.5%

–

Triple (GLP-1/GIP/glucagon) RA

Retatrutide Phase 2
Obesitya 53

Total = 338
Retatrutide 1 mg = 69
Retatrutide 4 mg
(ID 2 mg) = 33
Retatrutide 4 mg
(ID 4 mg) = 34
Retatrutide 8 mg
(ID 2 mg) = 35
Retatrutide 8 mg
(ID 4 mg) = 35
Retatrutide 12 mg
(ID 2 mg) = 62
Placebo = 70

48 weeks 18–75-year-old adults with at least one
unsuccessful weight loss attempt, a BMI
between 30 and 50 kg/m2 or ≥ 27 kg/
m2 with at least one weight-related
condition, without diabetes

At week 24:
Retatrutide 1 mg = −7.2%
Retatrutide 4 mg
(ID 2 mg) = −11.8%
Retatrutide 4 mg
(ID 4 mg) = −13.9%
Retatrutide 8 mg
(ID 2 mg) = −16.7%
Retatrutide 8 mg
(ID 4 mg) = −17.9%
Retatrutide 12 mg
(ID 2 mg) = −17.5%
Placebo = −1.6%
At week 48:
Retatrutide 1 mg = −8.7%
Retatrutide 4 mg
(ID 2 mg) = −16.3%
Retatrutide 4 mg
(ID 4 mg) = −17.8%
Retatrutide 8 mg
(ID 2 mg) = −21.7%
Retatrutide 8 mg
(ID 4 mg) = −23.9%
Retatrutide 12 mg
(ID 2 mg) = −24.2%
Placebo = 2.1%

Bodyweight reduction threshold at week 48
(≥5%; ≥10%; ≥15%; ≥20%; ≥25%; 30%):
Retatrutide 1 mg = 64%; 27%; 16%; 6%; 6%; 1%
Retatrutide 4 mg (ID 2 mg) = 87%; 73%; 55%;
31; 14%; 6%
Retatrutide 4 mg (ID 4 mg) = 91%; 76%; 64%;
29%; 19%; 10%
Retatrutide 8 mg (ID 2 mg) = 100%; 90%; 73%;
50%; 36%; 16%
Retatrutide 8 mg (ID 4 mg) = 100%; 91%; 77%;
70%; 43%; 17%
Retatrutide 12 mg (ID 2 mg) = 100%; 93%;
83%; 63%; 48%; 26%
Placebo = 27%; 9%; 2%; 1%; 0%; 0%

GLP-1, glucagon-like peptide-1; GIP, glucose-dependent insulinotropic polypeptide; RA, receptor agonist; MTD, maximum tolerated dose (10-mg or 15-mg); ILI, intensive lifestyle intervention; IBT, intensive behavioral therapy; ID, initial dose.
aAdjunct to lifestyle/behavioral intervention in all groups, with counseling, and diet and exercise recommendations. bIntensive behavioral therapy + Liraglutide 3.0 mg + 12 weeks of 1000–1200 kcal diet (from week 4 to week 16).

Table 2: RCTs of GLP1-RAs use in Obesity.
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Agent Category Type of use Frequency
of use

Indicationa Commercial names Doses (mg)

Liraglutide Single GLP-1 RA Injectable Daily Pediatric and adult Saxendab, Victozac 0.6, 1.2, 1.8, 2.4, 3.0
Semaglutide Single GLP-1 RA Injectable Weekly Pediatric and adult Wegovyb, Ozempicc 0.25, 0.5, 1.0, 1.7, 2.4
Tirzepatide Dual GLP-1/GIP RA Injectable Weekly Adult Zepboundb, Mounjaroc 2.5, 5.0, 7.5, 10.0, 12.5, 15.0

GLP-1, glucagon-like peptide-1; GIP, glucose-dependent insulinotropic polypeptide; RA, receptor agonist. aApproved by FDA. bFDA-approved for chronic weight management in patients with obesity or
overweight with at least one weight-related condition. cFDA-approved for the treatment of type 2 diabetes and approved for chronic weight management in patients with obesity or overweight with at
least one weight-related condition, mainly outside the USA.

Table 3: Currently commercially available GLP-1 receptor agonists for the treatment of obesity.
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Tirzepatide. Tirzepatide is approved for chronic weight
management in adults with obesity or preobesity with at
least one weight-related condition (Table 3). Its action on
GIP and GLP-1 receptors enhances appetite control and
metabolic function, suggesting higher efficacy
compared to single GLP-1RAs.55

The SURMOUNT Program includes four global phase
3, randomized, placebo-controlled clinical trials with tir-
zepatide administered subcutaneously once weekly in
conjunction with lifestyle intervention.47–49 There was a
substantial degree of weight reduction with 10 mg and
15 mg doses of 18.4–20.9% in persons with obesity or
preobesity (without diabetes), with improvements in car-
diometabolic risk factors (Table 2).47–49 Lower bodyweight
reductions of 12.8% and 14.7% with 10 mg and 15 mg
doses of tirzepatide, respectively, were observed in per-
sons with preobesity or obesity and T2DM.48

GLP-1 RA injectable agents in development for obesity
treatment
Survodutide. Studied in a phase 2 randomized, double-
blind trial in persons with pre-obesity and obesity
(without diabetes) for 46 weeks.50 At its highest dose of
4.8 mg, study participants lost 14.9% of their weight vs.
2.8% in the placebo group (Table 2).50

Mazdutide. Promoted weight reduction in Chinese
patients with preobesity or obesity (without diabetes) in
a phase 2, randomized, double-blind, placebo-controlled
trial.51 After 24 the placebo, and improved car-
diometabolic risk factors (Table 2).51

Maridebart/cafraglutide (MariTide). A monthly subcu-
taneous injection combining GIP receptor antagonism
with GLP-1 RA, and seems to protect against diet-induced
obesity as evidenced by models lacking GIP receptor ac-
tivity.52 In a phase 1, randomized, double-blind placebo-
controlled trial in individuals with obesity (without dia-
betes), this drug resulted in weight loss of 15% over 12
weeks at its highest dose of 420 mg (Table 2).52

Retatrutide. Enhances obesity treatment by regulating
body fat mass, energy homeostasis, and energy intake.53

In a phase 2 randomized, double-blind trial, weekly
injections of retatrutide (1 mg–12 mg) led to weight
reductions of 7.2–17.5% at 24 weeks and 8.7–24.2% at
48 weeks in individuals with obesity or pre-obesity
(without diabetes), compared to 1.6% and 2.1% with
placebo, respectively, showing no plateau in this period
(Table 2).53

GLP-1 RA oral agents in development for obesity treatment
Semaglutide. In a phase 3, randomized, double-blind
trial, once-daily 50 mg of oral semaglutide an adjunct
to diet and physical activity in adults with pre-obesity or
obesity (without diabetes) for 68 weeks induced signif-
icant weight reduction compared to placebo (15.1% vs.
2.4%) (Table 2).44

Orforglipron. In a phase 2, randomized, double-blind
trial, daily oral orforglipron (12, 24, 36, or 45 mg) for
36 weeks led to weight reductions of 9.4–14.7% in adults
with pre-obesity or obesity (without diabetes), compared
to 2.3% with placebo, and showed no signs of plateau
(Table 2).29

Comparative analysis
Comparisons of multiple peptide GLP-1 RAs with
respect to weight loss and adverse effects have found
that these medications are more effective than placebo
in reducing body weight (BW) (3.11 kg, CI: −3.64 to
2.57 kg).56 The largest statistically significant effects on
weight reduction have been found for semaglutide, lir-
aglutide and oral orforglipron.29,56 In the SUSTAIN tri-
als, semaglutide use has been shown to lower HbA1c,
reduce BW and lower blood pressure when compared to
placebo.57 Out of the most effective peptide GLP-1 RAs
for weight loss, exenatide IR and liraglutide had higher
discontinuation rates than semaglutide due to adverse
effects.56

Monotherapy with cagrilintide, an amylin receptor
agonist produced a 10.6% weight loss at maximum
titrated dose compared to placebo (2.8%) and liraglutide
3.0 mg (8.4%).58 When combined with semaglutide
2.4 mg (a.k.a. cagri-sema) the combination induced 43%
more weight loss than semaglutide alone.59 In the
SURPASS trials, tirzepatide decreased baseline HbA1c
by ∼2.0% at doses of 5, 10, and 15 mg.23 The
SURMOUNT-1 trial revealed a mean percent change in
www.thelancet.com Vol 75 September, 2024
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BW over placebo of 15%, 19.5% and 20.9% in those
receiving tirzepatide at doses of 5, 10, and 15 mg,
respectively.47

Retatrutide, the only triple GIP/GLP-1/glucagon
RA under investigation for obesity and/or T2DM
produced significant dose related improvements in
glycemic control and BW when compared to placebo.
When compared to dulaglutide 1.5 mg, the greatest
reductions in HbA1c and BW were noted for the
highest doses of retatrutide (8 mg and 12 mg).25 The
average proportion of individuals experiencing
gastrointestinal side effects in the retatrutide group
was similar to that in those receiving dulaglutide25

though greater than placebo.53 Weight loss compari-
sons between semaglutide, tirzepatide, and retatrutide
are shown in Fig. 1.

Safety profile
Cardiorenal effects. Slight increases in heart rate have
been reported with the GLP-1 RAs in certain pop-
ulations,60 but the cardiac benefits of using these drugs
have been widely investigated. In a meta-analysis of
seven cardiovascular outcome trials (CVOTs), GLP-
1RAs compared to placebo decreased major adverse
cardiovascular events (MACEs) and all-cause mortality
by 12%.61 The ongoing SURPASS trials evaluating tir-
zepatide also evidenced a trend towards cardiovascular
safety with decreased incidence of MACEs (hazard ra-
tio 0.80; 95% CI, 0.57–1.11).62 It is important to
mention that the SURPASS-CVOT looking at this ef-
fect is still ongoing. Furthermore, it is noteworthy that
Fig. 1: Weight loss with retatrutide1, tirazepatid

www.thelancet.com Vol 75 September, 2024
in the SELECT trial, a 39.8-month follow-up trial in
patients with cardiovascular disease and overweight or
obesity, but not diabetes,46 semaglutide 2.4 mg was
superior to placebo in reducing the incidence of death
from cardiovascular causes, nonfatal myocardial
infarction, or nonfatal stroke (HR 0.80; 95% CI,
0.72–0.90, p < 0.001).63 Semaglutide also improved
symptoms, physical limitations, exercise function, and
weight loss in patients with obesity and heart failure
with preserved ejection fraction.45 Additionally, Systolic
blood pressure and lipid profiles show improvements
with cagri-sema and retatrutide.25,59 A recent review
aiming to evaluate the effects of GLP1-RAs on blood
pressure found modest reductions in systolic blood
pressure (i.e., semaglutide, liraglutide, dulaglutide,
exenatide) and diastolic blood pressure (exenatide
only), but suggested that the results were likely due to
GLP1-RAs effects on weight reduction and glycemic
control.64 The FLOW trial (NCT03819153) warranted
early termination due to evidence that the use of
weekly 1 mg semaglutide reduced the risk of kidney-
disease progression as well as cardiovascular and kid-
ney death by 24% compared with placebo.65 A meta-
analysis of CVOTs also found a 17% reduction in a
composite renal disease risk score, and post hoc ana-
lyses of SURPASS-4 revealed less GFR decline and
reduced urine albumin to creatinine ratios in in-
dividuals with T2DM and high cardiovascular risk.66

Concerns for acute kidney injury, however, have been
raised among those with higher body weight (>99 kg)
and older age (45–84 yrs).67
e2, and semaglutide3 compared to placebo.
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Pancreatitis and pancreatic cancer. Amongst those with
T2DM, findings from meta-analyses of the CVOTs
suggest no increased risk of either disorder with use of
individual GLP-1 RAs or the medications as a class.68

However, in a population using GLP-1 RAs for obesity
management without history of diabetes, increased risk
of pancreatitis associated with the GLP-1 RAs was found
compared to bupropion-naltrexone (HR 9.1, 95%CI
1.25–66.0) suggesting the risk benefit ratio of these
medications is influenced by underlying disease state.69

Studies evaluating the potential risk from dual and triple
agonists are needed.

Thyroid disorders and thyroid cancer. The relationship
between risk of thyroid cancer and use of GLP-1 RAs is
not well understood and the mechanisms promoting
potential unfavorable effects of the drug on the thyroid
is not well defined. When specific GLP-1 RAs were
evaluated compared to placebo and other antidiabetic
drugs, liraglutide was found to increase risk of thyroid
disorders by 37% and dulaglutide in similar compari-
sons increased risk by 96%.70 No effects on risk were
noted for semaglutide, lixisenatide, exenatide, nor albi-
glutide in which relative risks were not significant.70

During its meeting in October 2023, The European
Medical Association (EMA) Pharmacovigilance Risk
Assessment Committee (PRAC) concluded that the
available evidence does not support a causal association
between the GLP-1RA)–exenatide, liraglutide, dulaglu-
tide, semaglutide, and lixisenatide–and cancer of the
thyroid.71

Gastrointestinal effects. Gastrointestinal (GI) effects
are the most reported by study participants and include
nausea, vomiting, diarrhea, constipation, bowel
obstruction, biliary disease and slowed gastric
emptying. However, early exit from studies due to
gastrointestinal disturbances may in part bias reported
side effect findings at clinical trial termination. Non-use
of validated assessment tools (e.g., stable 13C-labeled
fatty acid breath test) and reliance on self-reported
symptoms instead of validated GI disorder symptom
indices are also limitations.72 Further, variations in
baseline gastric emptying as a determinant of efficacy of
GLP-1 RAs likely differentially impacts their effectiveness
amongst those with obesity vs. those with diabetes in
addition to affecting pre-procedural intragastric food
retention post GLP-RA1 use.72 Although based primarily
on anecdotal and case reports, concerns regarding risk of
regurgitation and pulmonary aspiration due to delayed
gastric emptying have resulted in guidance from the
American Society of Anesthesiologists (ASA) Task Force
on Preoperative Fasting for use of these medications
prior to non-urgent or emergent procedures requiring
general anesthesia.73 Fewer studies have evaluated the
risk of biliary disease, possibly due to impaired gall-
bladder emptying,74 however, tirzepatide was shown to
portend an increased risk (RR 1.97, 95% CI 1.14–3.42,
I2 = 0.0%, p = 0.558).75

Regarding Metabolic Associated Steatotic Liver Dis-
ease (MASLD), both liraglutide and exenatide have
shown significant reductions in liver fat as well as liver
enzymes and indices of fibrosis, while semaglutide
compared to placebo resulted in MASLD resolution in
59% and improvements in hepatic fibrosis, decreasing
disease progression.76 Other recent analyses have
revealed survodutide, tirzepatide, and retatrutide to each
significantly reduce liver fat with no evidence of wors-
ening in markers of liver fibrosis.77–79

Depression and suicidality. Most studies evaluating
depression and GLP-1 RA use were conducted in those
with T2DM and indicate no increased risk.80 Adverse
drug reporting from FAERS indicates increased report-
ing of depression and suicidal ideation but not suicidal
attempts/behavior with semaglutide and liraglutide.
Due to confounding and the pharmacovigilance analyt-
ical approach used, causality is inconclusive.81 Most
studies have evaluated monotherapeutic agonists.
Further investigation of dual and triple agonists is
warranted.

Cost effectiveness
The novelty of the GLP-1 RAs and the dual and triple
agonist anti-obesity medications and the demand for the
substantial degree of weight loss they induce contribute
to their high cost. In short term analyses (∼1/2 year)
evaluating quality adjusted life years (QALYs) and in-
cremental cost effectiveness ratios (ICERs), semaglutide
was the most cost-effective compared to exenatide,
dulaglutide, liraglutide or no treatment82 (Fig. 2). How-
ever, at the current annual price of ∼$13,618, sem-
aglutide is less cost effective using these same outcome
parameters when compared to endoscopic sleeve gas-
troplasty over 5 years83 (Fig. 3A and B).
Future agents
GLP-1/glucagon dual agonists
GLP-1/glucagon dual agonists promote glucose and
body weight reduction via regulation of hunger/appetite
and increasing energy expenditure. Glucagon agonism
additionally acts on hepatocytes to stimulate fatty acid
oxidation making GLP-1/glucagon dual agonists a
treatment option for metabolic dysfunction-association
steatohepatitis (MASH).84

Survodutide
Survodutide is a weekly subcutaneous GLP-1/glucagon
dual agonist structurally modified from native
glucagon currently in development for treatment of
obesity, T2DM and MASH.84

A phase II trial enrolled participants with T2DM
and BMI of 25–50 kg/m2 taking Metformin therapy
www.thelancet.com Vol 75 September, 2024
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Fig. 2: Change in quality adjusted life years with use of GLP-1Ras compared to No treatment.
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and assigned them to receive survodutide, semaglutide
or placebo. Survodutide was found to be equally
effective at lowering HbA1c in comparison to sem-
aglutide (Table 4).

Another phase II study, randomized adults with BMI
> 27 kg/m2 to receive survodutide (0.6, 2.4, 3.6 or
4.8 mg weekly) vs. placebo over the course of 46 weeks.
At the completion of the trial period, body weight loss
regardless of dose did not reach a plateau, suggesting
more weight loss is possible with longer treatment
duration.

SYNCHRONIZE is a global program comprised of
phase III clinical trials studying the efficacy of survo-
dutide.89 Similar to other programs studying anti-obesity
medications, SYNCHRONIZE-1 and 2 will evaluate
survodutide on patients with preobesity and obesity with
and without T2DM. SYNCHRONIZE-CVOT is an event
driven cardiovascular outcome trial enrolling patients
with preobesity or obesity with cardiovascular disease,
chronic kidney disease, or risk factors for cardiovascular
disease.

Pemvidutide is a weekly subcutaneous GLP-1/
glucagon receptor agonist in development for treat-
ment of obesity and MASH.84 In mice models, pemvi-
dutide lowered body weight and liver enzymes while
promoting better blood glucose control, improved liver
steatosis, inflammation and fibrosis superior to
semaglutide.84

MOMENTUM, a phase II clinical trial that enrolled
about 320 patients with preobesity and obesity,
demonstrated clinically significant weight loss > 5% was
observed in all participants receiving pemvidutide 1.2,
1.8 and 2.4 mg weekly. There was a significant reduction
in cardiometabolic risk factors with pemvidutide.90

Adverse events were comparable to other GLPI- RA
therapies.
www.thelancet.com Vol 75 September, 2024
GLP-1 RA/GIP receptor antagonist
MariTide is a monthly subcutaneous glucose-dependent
insulinotropic polypeptide receptor (GIPR) antagonist
conjugated to analog peptide of GLP-1.84 GIP receptor
antagonism is thought to promote weight loss due to
potential desensitization of GIP receptors by GIP
agonsist exposure.84

A phase I trial assigned approximately 50 participants
with a BMI between 30 and 40 kg/m2 without diabetes
to single ascending dose (SAD), multiple ascending
doses (MAD) or placebo.91 The MAD cohort randomized
to 420 mg monthly lost 14.5% of their total body weight
after receiving 3 doses of treatment and maintained 10%
total weight loss approximately 2.5 months after last
dose. The most frequent AE noted were gastrointestinal.
No discontinuations were observed.
Oral GLP-1 RA
Orfoglipron and danuglipron are being studied for T2DM
and obesity treatment. The phase IIb clinical trial studying
danuglipron twice daily in participants with obesity had
over 50% of patients discontinue treatment in comparison
to about 40% with placebo.84 To increase patient adher-
ence, danugliprion will be studied in a once daily
formulation.

Future directions
Considering the GLP-1 RAs currently available for
treating T2DM and obesity, along with the numerous
new GLP-1 RAs, dual, and triple agonists in
development, we anticipate a shift in clinical practice
towards more personalized and tailored use of these
agents to meet individual patient needs. In Fig. 4,
we present a proposed algorithm for the management of
patients, which reflects this personalized approach.
13
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Fig. 3: A: Cost savings with use of endoscopic sleeve gastroplasty vs. semaglutide over 5 years. B: Quality adjusted life years according to use of
endoscopic sleeve gastroplasty vs. subcutaneous semaglutide 2.4 mg for weight loss at different time points.
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Conclusion
The mechanism of action of GLP-1 receptor agonists
(GLP-1RAs) offers a multifaceted approach to
addressing both type 2 diabetes mellitus (T2DM) and
obesity. By enhancing insulin secretion, improving
insulin sensitivity, and decreasing hepatic glucose
production, GLP-1RAs play a crucial role in regulating
blood glucose levels. Additionally, their effects on
appetite suppression and satiety contribute to weight
loss and management. The wide array of available GLP-
1RAs, from short-acting to long-acting formulations,
provide clinicians with various options to tailor treat-
ment to individual patient needs. Furthermore, the
emergence of novel agents such as tirzepatide, dual
and triple hormonal agonists, expands the therapeutic
landscape for managing T2DM effectively. While the
potential of GLP-1RAs in type 1 diabetes mellitus
(T1DM) treatment shows promise, further research is
warranted to elucidate their efficacy and safety profile
in this population fully. Overall, GLP-1RAs represent a
valuable class of medications with diverse applications
in diabetes management, offering hope for improved
outcomes and better quality of life for patients with
diabetes and obesity.

GLP-1 receptor agonists (GLP-1 RAs) in managing
obesity have demonstrated significant efficacy in
www.thelancet.com Vol 75 September, 2024
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Trial name or
authors

Number of patients Enrollment criteria Duration of trial Results Other information

Survodutide

Blüher M,
Rosenstock J
et al.32,a

Total = 413 (411 treated)
Survodutide
DG1 = 50, DG2 = 50,
DG3 = 52, DG4 = 50, DG5 = 51,
DG6 = 50
Semaglutide = 50
Placebo = 59

- ages 18–75 years
- type 2 diabetes (HgB
A1c 7.0–10.0%); on metformin

- BMI 25–50 kg/m2

16 weeks A1c reduction
DG1 = −0.91%.
DG2 = −1.46%.
DG3 = −1.71%
DG4 = −1.56%
DG5 = −1.63%
DG6 = −1.86%
Body weight
reduction-up
to −8.7% (DG6)

AE 77.7% of survodutide treated participants (mainly gastrointestinal)

SYNCHRONIZE-1
(NCT06066515)

Estimated 600 - at least 18 years old
- BMI of 30 kg/m2 or more or BMI of 27 kg/m2

with one health problem related to weight
- at least one self-reported unsuccessful dietary
effort to lose weight

76 weeks PENDING RECRUITING
1:1:1
Survodutide 3.6 mg v 6.0 mg v. placebo
Primary endpoint:
- % change in body weight from baseline to Week 76
- achievement of body weight reduction ≥ 5% from baseline to
Week 76

SYNCHRONIZE-2
(NCT06066528)

Estimated 600 - at least 18 years old
- BMI of 27 kg/m2 w or more
- diagnosed with T2DM with HgBA1c 6.5%–10.0%
- currently treated for T2DM with either diet and
exercise alone or stable treatment (for at least 3
months prior to screening)

- at least one self-reported unsuccessful dietary
effort to lose weight

76 weeks PENDING RECRUITING
1:1:1
Survodutide 3.6 mg v. 6.0 mg v. placebo
Primary endpoint:
- % change in body weight from baseline to Week 76
- achievement of body weight reduction ≥ 5% from baseline to
Week 76

Pemvidutide (ALT-
801)

MOMENTUM Total = 391
Pemvidutide 1.2 mg = 40
Pemvidutide 1.8 mg = 40
Pemvidutide 2.4 mg = 41
Placebo = 39

- ages 18–75 years
- BMI of 30 kg/m2 or more or BMI of 27 kg/m2
with one obesity-related comorbidity

- non-diabetes, HgB A1c ≤ 6.5% and fasting
glucose ≤ 125 mg/dL

- at least one unsuccessful weight loss attempts
- minimal of approximately 35% of subjects were
to be male

48 weeks Body weight
reduction
Pemvidutide
1.2 mg = −10.3%
Pemvidutide
1.8 mg = −11.2%
Pemvidutide
2.4 mg = −15.6%
Placebo = −2.2%

- Gastrointestinal AE similar to phase I trials and other NuSH
therapies

- Glucose homeostasis maintained

IMPACT
(NCT05989711)

Estimated 190 - ages 18–75 years old
- histologic diagnosis of NASH and/or histologic
confirmation of NASH based on central pathology
evaluation of a liver biopsy during screening

- BMI ≥ 27 kg/m2

- met 3 of the 5 criteria of metabolic syndrome
- liver fat content by MRI-PDFF ≥ 8%

24 weeks RECRUITING
1:1:1
Pemvidutide 1.2 mg v. Pemvidutide 1.8 mg v. placebo
Primary endpoint:
- proportion of subjects achieving NASN resolution with at least 2-
point reduction in NAS without worsening of fibrosis

- proportion of subjects achieving at least 1 stage of improvement in
liver fibrosis without worsening of NASH

(Table 4 continues on next page)
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Trial name or
authors

Number of patients Enrollment criteria Duration of trial Results Other information

(Continued from previous page)

Efinopegdutide

Alba, M, Yee, J
et al.85

Total = 343
Efinopegdutide 5.0 mg = 43
Efinopegdutide 7.4 mg = 81
Efinopegdutide 10.0 mg = 72
Liraglutide 3.0 mg = 95
Placebo = 52

- ages 18–70 years
- BMI 35–50 kg/m2

26 weeks Body weight
reduction
Efinopegdutide
5.0 mg = −8.5%
Efinopegdutide
7.4 mg = −9.8%
Efinopegdutide
10.0 mg = −11.8%
Liraglutide
3.0 mg = −7.0%
Placebo = −1.8%

The most common AE with treatment of efinopegdutide were
gastrointestinal related (mainly nausea)

Di Prospero, N,
Yee, J et al.86

Total = 195 (144 completed)
Efinopegdutide 5.0 mg = 33
Efinopegdutide 7.4 mg = 30
Efinopegdutide 10.0 mg = 32
Placebo = 47

- ages 18–70 years
- BMI 35–50 kg/m2

- T2DM (A1c 6.5–9.5% treated with diet
and exercise alone or up to 2 oral
antihyperglycemic agents)

12 weeks Body weight
reduction
Efinopegdutide
5.0 mg = −5.3%
Efinopegdutide
7.4 mg = −6.5%
Efinopegdutide
10.0 mg = −7.9%

The most commone AE with treatment of efinopegdutide were
gastrointestinal related (mainly nausea)

AMG 133
(MariTide)

NCT05669599 Total = 592 - age ≥ 18 years old
- BMI ≥ 30 kg/m2 or ≥ 27 kg/m2 and previous
diagnosis of one of the following co-morbidities:
HTN, dyslipidemia, OSA, CVD

- Cohort B, HgBA1c ≥ 7% and ≤ 10% with
established diagnosis of T2DM for 180 days
prior to screening either treated with diet and
exercise or on stable treatment with metformin,
sulfonylurea, or sodium-glucose cotransporter 2

- history of at least one unsuccessful dietary effort
to lose weight

52 weeks ACTIVE NOT RECRUITING
Cohort A (without diagnosis of type 1 or T2DM): receive AMG 133 or
placebo in 1 of 7 dose cohorts
Cohort B (with diagnosis of T2DM): receive AMG 133 or placebo in 1
of 7 dose cohorts
Primary endpoint
- percent change from baseline to week 52 in body weigh

Danuglipron

Saxena AR, Frias
JP et al.30

Total = 411 (316 completed
treatment)
Danuglipron 2.5 mg BID = 68
Danuglipron 10 mg BID = 68
Danuglipron 40 mg BID = 71
Danuglipron 80 mg BID = 67
Danuglipron 120 mg BID = 71
Placebo = 66

- ages 18–75 years old
- T2DM diagnosis treated with diet and exercise
with or without metformin use

- HgB A1c between 7.0% and 10.5%
- BMI 22.5 (Asia) or 24.5 kg/m2 (North American
and Europe) to 45.4 kg/m2

16 weeks HgB A1c reduction:
−0.49% to −1.18%
v. −0.02%
for placebo
Body weight
reduction:
80 mg BID:
mean −2.04 kg
120 mg BID:
mean −4.17 kg
Body weight not
statistically
significant in lower
doses

Safety
- most common TEAE were nausea, diarrhea, and vomiting
- TEAE associated with higher disease of danuglipron

(Table 4 continues on next page)
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Trial name or
authors

Number of patients Enrollment criteria Duration of trial Results Other information

(Continued from previous page)

NCT04707313 Total = 630
Cohort 1 (1 week titration
to target dose)
Danuglipron 40 mg BID
Danuglipron 80 mg BID
Danuglipron 120 mg BID
Danuglipron 160 mg BID
Danuglipron 200 mg BID
Placebo
Cohort 2 (2 week titration
to target dose)
Danuglipron 120 mg BID
Danuglipron 160 mg BID
Danuglipron 200 mg BID
Placebo
Cohort 3 (4 week titration
to target dose)
Danuglipron 80 mg BID
Danuglipron 140 mg BID
Danuglipron 200 mg BID

- ages 18–75 years old
- BMI ≥ 30 kg/m2

- stable body weight,
defined as < 5 kg change
for 90 days before visit 1

Cohorts 1&2:
approximately 9
months
Cohorts 3:
Approximately 10
months

Body weight
reduction:
−6.9% to −11.7%
v. +1.4%
for placebo (at 32
weeks)
−4.8 to −9.4%
v. + 0.17%
(at 26 weeks)87

Most common AE were mild (up to 73% nausea, up to 47% vomiting,
up to 25% diarrhea)87

- High discontinuation rates >50% in all disease v. placebo with
40%87

Efpeglenatide

AMPLITUDE-M88 Total = 406
Efpeglenatide 2 mg = 100
Efpeglenatide 4 mg = 101
Efpeglenatide 6 mg = 103
Placebo = 102

Inadequately
controlled T2DM
(A1c ≥ 7 and ≤10%)

56 weeks Baseline to week 30,
A1c reduction
2 mg: −0.5%
4 mg: −0.8%
6 mg: −1.0%
A1c reduction seen at
week 30 was
maintained at
week 56
Body weight
reduction, more
significant in both
4 mg and 6 mg
dose, −2.3 kg
and −2.2 kg
respectively

GI events most commonly reported AE. Incidence increased with
dose.

AE, adverse events; T2DM, type 2 diabetes mellitus; NASH, non-alcoholic steatohepatitis; MRI-PDFF, magnetic resonance imaging-proton density fat fraction; HTN, hypertension; OSA, obstructive sleep apnea; CVD, cardiovascular disease; BID, twice
daily; TEAE, treatment-emergent adverse eve. aDG (dose group) 1–4, up to 0.3, 0.9, 1.8 or 2.7 mg once weekly; DG 5 and 6, 1.2 or 1.8 mg twice weekly.
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Fig. 4: Suggested treatment algorithm for the choice of GLP1-RA, dual, and triple agonists in the treatment of obesity.
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promoting weight loss and improving cardiometabolic
parameters. Liraglutide, semaglutide, tirzepatide, orfor-
glipron, retatrutide, and other emerging agents have
shown substantial reductions in body weight when used
as monotherapy or combined with lifestyle in-
terventions. These agents aid in weight reduction and
exhibit beneficial effects on appetite control, glycemic
control, and cardiovascular health.

Furthermore, dual and triple receptor agonists, such
as tirzepatide and retatrutide, offer additional advan-
tages by targeting multiple pathways involved in energy
regulation, resulting in enhanced weight loss and
improved metabolic outcomes compared to traditional
GLP-1 RAs. Despite the promising efficacy of these
agents, it is essential to consider their safety profiles,
particularly regarding gastrointestinal adverse effects,
which are common but generally transient and
manageable. Additionally, concerns regarding the risk
of pancreatitis, thyroid disorders, and depression with
the use of GLP-1 RAs require careful monitoring and
further investigation. While current evidence suggests
no significant increase in these risks, ongoing research
is needed to understand better the long-term safety and
efficacy of these medications in diverse patient
populations.

Overall, GLP-1 RAs represent a valuable therapeutic
option for individuals with obesity, offering not only
significant weight loss but also potential benefits for
cardiometabolic health. Continued research and clinical
monitoring will help optimize their use and maximize
patient outcomes in managing obesity and related
metabolic conditions.
www.thelancet.com Vol 75 September, 2024
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Search strategy

We obtained citations for this publication through searches
of PubMed up to April 2024, with no lower limit set for the
date, using both MeSH and free-text terms to identify
relevant articles. The terms “glucagon-like peptide-1
receptor agonist (GLP-1RA)”, “Gastric inhibitory polypeptide
(GIP)”, and “Glucagon” (including “exenatide”,
“lixisenatide”, “albiglutide”, “dulaglutide”, “liraglutide”,
“semaglutide”, “Tirzepatide”, “survodutide”, “pemvidutide”,
“retatrutide”, “orforglipron” and “MariTide”) were searched
for. We reviewed guidelines for the management of type 2
diabetes and obesity management published by the
American Diabetes Association, American Association of
Clinical Endocrinologists, Obesity Canada, European
Association for the Study of Diabetes, and European
Association for the Study of Obesity. We also searched
ClinicalTrials.gov, EudraCT, and conference abstracts for
additional eligible studies and trial information. We also
reviewed relevant references cited in retrieved articles and
review articles. We restricted the search to human studies
and used no language restrictions.
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