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ABSTRACT

Obesity remains a major global health chal-
lenge with increasing prevalence rates despite
decades of long-standing efforts focused on life-
style interventions, pharmacotherapy, and sur-
gery. The rapid development of highly effective
incretin-based therapies has transformed obesity
care by achieving clinically significant and sub-
stantial weight loss. Building on this success,
an expanding therapeutic pipeline—including
dual and triple agonists, amylin analogues, and
other multimodal agents—targets complemen-
tary pathways and more closely aligns treat-
ment with the biological complexity of obesity.
Together, these advancements offer a promising
future for long-term, sustainable obesity man-
agement and may help shift population-level
trends. This review summarizes current evi-
dence from published trials on the mechanisms,
efficacy, and safety of approved and investiga-
tional medications, and highlights the poten-
tial impact of these therapies on the evolving
landscape of obesity care.
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Key Summary Points

Obesity remains a major global health chal-
lenge. However, the emergence of highly
effective incretin-based therapies has marked
a turning point in obesity management.

Incretin-based therapy demonstrates substan-
tial weight loss while also improving car-
diometabolic, renal, hepatic, and functional
outcomes.

Emerging therapies, including triple agonists,
amylin analogues, and myostatin-activin
pathway inhibitors, target complementary
hormonal and metabolic pathways and may
further enhance weight loss and body com-
position outcomes.

Novel formulations, including oral and
long-acting injectables, have the potential
to enhance adherence and expand access to
care. The long-term success of newer obesity
therapies will depend on sustained adher-
ence, equitable access, and effective inte-
gration into chronic disease management
frameworks.
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INTRODUCTION

Obesity is a global epidemic posing major health
challenges worldwide. Its prevalence has risen
significantly over the past several years, reach-
ing approximately 40% among adults in the USA
based on data from 2021 to 2023 [1]. It is associ-
ated with increased risk of developing non-com-
municable diseases including cardiovascular [2],
musculoskeletal [3], diabetes [4], cancer [5], and
increased risk of mortality [6]. In addition, it sig-
nificantly contributes to healthcare costs, with
annual costs in the USA exceeding $260 billion
[7, 8].

Despite the recognition of obesity as a major
healthcare threat and the implementation of
interventions including lifestyle modification,
first-generation obesity pharmacotherapy, and
bariatric surgery [9], the prevalence of obesity
continued to rise significantly for decades up
until 2023 [10]. At that point, for the first time
in years, the prevalence of obesity seems to have
stabilized [10]. This pivotal turning point coin-
cides with the increased use of incretin-based
therapies suggesting their potent effect and fun-
damental use in the treatment of obesity [10]
and its comorbidities [11]. Despite early signs
of stabilization, long-term projections antici-
pate that, without major public health interven-
tions, US adult obesity rates will remain high
or resume increasing, potentially affecting over
half of US adults by 2030-2050 [12, 13].

Building on the accomplishment of highly
effective hormone-based medications that tar-
get glucagon-like peptide 1 (GLP-1) and glucose
insulinotropic peptide (GIP), new-generation
obesity pharmacotherapies targeting multi-
ple metabolic pathways are being investigated
[14]. Understanding the pharmacology, efficacy,
and broader health effects of these medications
is critical to optimize clinical care and antici-
pate future directions in obesity medicine. This
review aims to provide a comprehensive review
of the current entero-pancreatic hormone-based
therapies and emerging therapies emphasizing
their mechanisms of action, clinical efficacy, and
implications in addressing the global obesity
epidemic. In this context, “future directions”
refers not only to investigational agents but also

to advances beyond single-hormone therapies,
including multimodal approaches, innovative
formulations, and the integration of these treat-
ments into long-term management of obesity
as a chronic disease. To ensure methodological
consistency and clinical relevance, we included
data from phase 2 or phase 3 trials of newer
agents reporting weight-related outcomes.

INCRETIN HORMONES

Glucagon-Like Peptide 1 Agonist

Glucagon-like peptide 1 (GLP-1) is a gut-derived
incretin hormone that stimulates insulin, sup-
presses glucagon, slows gastric emptying, and
reduces appetite (Fig. 1) [15]. Throughout this
review, efficacy data are reported according to
the treatment regimen estimand (unless speci-
fied otherwise), which reflects outcomes regard-
less of adherence, discontinuation, or rescue
medications.

Subcutaneous Semaglutide

Semaglutide is a human GLP-1 analogue [19].
It is structurally similar to native human GLP-1
but includes specific amino acid substitutions
and the addition of a C-18 fatty diacid chain.
These modifications extend the drug’s half-life,
enabling weekly dosing [19].

The Semaglutide Treatment Effect in People
with Obesity (STEP) phase 3 trials investigated
the efficacy of semaglutide 2.4 mg/week with
lifestyle intervention on weight loss in adults
with obesity or overweight [20-27]. Semaglu-
tide resulted in 14.9% weight loss at 68 weeks
compared to 2.4% with placebo (Table 1).
Among participants receiving semaglutide,
86.4%, 69.1%, and 50.5% achieved more than
5%, 10%, and 15% weight loss, respectively
(Table 1) [20]. The percentage-point change
in total fat mass, lean mass, and visceral fat
mass proportions, measured by dual energy
X-ray absorptiometry (DXA), was -3.5%,
3.0%, and -2.0%, respectively, with semaglu-
tide compared to -0.2%, 0.1%, and -0.01%
with placebo [20] (Table 1). In individuals with
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Fig.1 Predominant mechanisms of action of entero-pancreatic hormones targeted in newer generation obesity pharmaco-
therapy. Data derived from references [16—18]. GLP-I glucagon-like peptide 1, GIP glucose insulinotropic peptide

concomitant type 2 diabetes (T2D), weight loss
reached 9.6% and 7% with semaglutide 2.4 mg/
week and 1 mg/week, respectively, versus
3.4% with placebo [21]. Glycated hemoglobin
(HbA1c) decreased by 1.6%, 1.4%, and 0.4%
with semaglutide 2.4 mg/week, 1 mg/week,
and placebo, respectively [21]. When sema-
glutide was combined with intensive lifestyle
intervention, weight loss reached up to 16%
versus 5.7% with placebo [22]. The STEP UP
trial investigated the efficacy of a higher dose
of semaglutide (7.2 mg/week), which resulted
in a more pronounced weight loss of 18.7%
versus 15.6% with semaglutide 2.4 mg/week,
and 3.9% with placebo [28]. The percentage
change in total fat mass, lean mass, and vis-
ceral fat mass with semaglutide, measured by
MRI, was -25.1%, - 6.7%, and - 31.3% respec-
tively compared to -0.9%, +0.2%, and -6.3%
in the placebo group [28] (Table 1).

Beyond its established benefits in diabetes [44]
and weight management [20-27], semaglutide
confers additional health benefits. Semaglutide
reduced the risk of death from cardiovascular
causes, nonfatal myocardial infarction, or non-
fatal strokes by 20% compared to placebo [45],
with a more pronounced risk reduction (26%)
in patients with type 2 diabetes [46]. In adults
with obesity and heart failure with preserved
ejection fraction (HFpEF), semaglutide increased
the Kansas City Cardiomyopathy Questionnaire
(KCCQ) clinical summary score, a standardized
questionnaire including symptoms and physical
function domains with higher scores reflecting
better overall health, by 16.6 points compared
to 8.7 points with placebo [47]. In addition, the
6-min walk distance improved by 21.5 m com-
pared to 1.2 m with placebo [47]. Furthermore,
in adults with type 2 diabetes and peripheral
artery disease, semaglutide 1 mg/week improved
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overall walking distance, pain-free walking dis-
tance, quality of life, and reduced need for res-
cue treatments [48]. In adults with steatohepa-
titis and liver fibrosis, semaglutide 2.4 mg/week
compared to placebo, achieved higher rates of
resolution of steatohepatitis with no worsening
fibrosis (62.9%) as well as reduction in fibrosis
with no worsening steatohepatitis (36.8%) [49].
Semaglutide 1 mg/week administered to patients
with type 2 diabetes and CKD resulted in a 24%
decreased risk of composite outcome including
initiation of long-term dialysis or transplanta-
tion, reduction in eGFR< 15, sustained reduction
in eGFR, or death from kidney-related or car-
diovascular causes [50]. Finally, in patients with
obesity and osteoarthritis, administration of
semaglutide 2.4 mg/week reduced the Western
Ontario and McMaster Universities Osteoarthri-
tis Index (WOMAC) pain score and improved
the physical function score [51].

The most common side effects are gastroin-
testinal adverse effects—nausea, vomiting, diar-
rhea, and constipation—which are generally
characterized as mild to moderate in severity
[20]. Gastrointestinal adverse events were more
common with semaglutide 7.2 mg (70.8%)
compared to 2.4 mg (61.2%) or placebo (42.8%)
[28]. In clinical trials involving individuals with
T2D or obesity, gallbladder-related side effects,
mainly cholecystitis and gallstones, have been
observed with GLP-1 medications, typically
affecting less than 1% of those exposed. Gastro-
intestinal symptoms are also the leading cause
of treatment discontinuation, although only a
minority of patients stop therapy for this rea-
son [52]. In the STEP UP T2D study, dysesthesia,
which includes unusual skin sensations like tin-
gling or burning, was more frequently observed
at a dose of 7.2 mg. This side effect, not related
to the gastrointestinal system, occurs in approxi-
mately 19% of participants taking 7.2 mg, com-
pared to about 5% with a 2.4 mg dose, and is
absent in those receiving a placebo [S3].

Ecnoglutide

Ecnoglutide is a novel biased GLP-1 receptor
agonist (RA) which favors cAMP production over
B-arrestin recruitment, suggesting increased effi-
cacy compared to non-biased GLP-1 RA such as

semaglutide [54]. The SLIMMER phase 3 trial was
conducted in China and evaluated the efficacy
of once-weekly ecnoglutide injection compared
to placebo in adults with obesity or overweight
[29]. Ecnoglutide 1.2 mg, 1.8 mg, and 2.4 mg
resulted in 9.1%, 10.9%, and 13.2% weight loss,
respectively, after 40 weeks, compared to 0.1%
weight gain in the placebo group [29]. Among
participants receiving ecnoglutide, 77-87%
achieved more than 5% weight loss (Table 1)
[29]. HbA1c decreased by 0.14-0.20% with ecno-
glutide, compared to an increase of 0.16% with
placebo [29]. It is important to note that, given
the absence of diabetes at baseline in the study
population, the magnitude of HbAlc reduction
was modest despite substantial weight loss. This
is consistent with data noting HbAlc-lowering is
greater in populations with poor glycemic con-
trol than in well-controlled populations with
the same degree of weight loss [55]. Ecnoglutide
produced robust weight loss with a safety profile
consistent with existing GLP-1 RA and no new
safety signals. These results suggest that cCAMP-
biased GLP-1 RA may support more sustained
weight reduction than conventional non-biased
GLP-1 RA, warranting future additional clinical
evaluation [29].

Oral Semaglutide

Oral GLP-1 RAs are being developed to provide
injectable-like weight loss efficacy with greater
convenience, patient acceptability, and scalabil-
ity, potentially improving long-term adherence
and access. Compared with injectables, they
avoid needles and cold chain logistics, can be
prescribed more easily in primary care, and may
ultimately be manufactured at lower cost while
still allowing clinicians to individualize therapy
based on patient preference and tolerability [56].
Oral semaglutide is a once-daily GLP-1 peptide
analogue co-formulated with sodium N-(8-[2-
hydroxylbenzoyllamino) caprylate, which
facilitates its absorption by increasing local pH,
protecting it against proteolytic degradation [S7,
58]. The bioavailability of oral semaglutide is
0.8% measured 30 min after the dose in a fasting
state, and bioavailability increases with longer
fasting times post-administration, requiring its
administration in a fasting state [57, 58].
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In the OASIS-1 trial, 50 mg of daily oral
semaglutide resulted in 15.1% weight loss after
68 weeks of treatment compared to 2.4% in the
placebo group [30]. Of those treated with oral
semaglutide, 85% and 34% reached more than
5% and 20% weight loss, respectively (Table 1)
[30]. In the OASIS-2 trial, participants in East
Asia with type 2 diabetes achieved 14.3% weight
loss with 50 mg daily oral semaglutide com-
pared to 1.3% with placebo. HbA1lc decreased by
0.78% with semaglutide compared to an increase
of 0.03% with placebo [59]. In the OASIS-4 trial,
conducted in adults with overweight or obesity
without type 2 diabetes, a lower dose of oral
semaglutide (25 mg daily) decreased weight by
13.6% compared to 2.2% in the placebo group
[31]. In addition, 79.2% and 29.7% of partici-
pants receiving semaglutide 25 mg reached
more than 5% and 20% weight loss, respectively
(Table 1) [31]. HbA1lc decreased by 0.3% with
semaglutide 25 mg daily compared to 0.1% with
placebo [31].

Gastrointestinal adverse events (most com-
monly nausea, vomiting, diarrhea, constipation,
and dyspepsia) were mild to moderate, transient,
and dose dependent, occurring in 74-80% of
participants with oral semaglutide 25-50 mg,
with higher frequency and discontinuation rates
seen at the 50 mg dose during dose escalation
[30, 31].

Orforglipron

Orforglipron is an oral small non-peptide partial
GLP-1 RA with selective activation of G protein
over B-arrestin recruitment at the GLP-1 receptor
[60]. This selective signaling offers therapeutic
advantages as p-arrestin proteins contribute to
receptor internalization, intracellular traffick-
ing, and desensitization. Consequently, reduced
B-arrestin engagement has been associated with
enhanced GLP-1 RA efficacy [60, 61]. Orfor-
glipron demonstrates an oral bioavailability of
approximately 20-40%, allowing for a more flex-
ible dosing regimen that does not require fasting
[61].

In the ATTAIN-1 phase 3 trial, orforglipron
achieved 7.5%, 8.4%, and 11.2% weight loss
after 72 weeks of treatment with 6 mg, 12 mg,
and 36 mg, respectively, compared to 2.1% with

placebo [32]. At 72 weeks, a significantly higher
proportion of patients receiving orforglipron,
particularly the 36 mg dose group (54.6%),
achieved and surpassed a clinically meaning-
ful body-weight reduction compared to the
placebo group (12.9%) with improvement in
cardiometabolic risk factors (Table 1) [32]. The
percent change of total fat mass, lean mass, and
visceral fat mass, measured by DXA, reached
up to —-20%, -6.6%, and —28.2%, respec-
tively, with orforglipron, compared to —1.7%,
0.3%, and 7.4% with placebo [32] (Table 1). In
the ATTAIN-2 trial including those with T2D
and HbA1lc of 7-10%, at week 72, weight loss
reached 5.1%, 7%, 9.6% and HbA1lc decreased
by 1.22%, 1.50%, 1.66% with orforglipron 6 mg,
12 mg, 36 mg, compared to 2% and 0.47% with
placebo, respectively [62]. The safety and tol-
erability profile of orforglipron was consistent
with the known GLP-1 RA class, with the most
common adverse events being mild-to-moderate
gastrointestinal issues [32].

Dual Glucagon-Like Peptide 1 and
Glucose-Dependent Insulinotropic
Polypeptide Agonist

Glucose-dependent insulinotropic polypeptide
(GIP) is an incretin secreted by the K cells in the
jejunum in response to nutrient ingestion, with
glucose-dependent insulinotropic and context-
dependent glucagonotropic actions [15, 63]; GIP
also promotes lipogenesis and lipid uptake in
adipose tissue, enhancing lipid buffering capac-
ity and limiting ectopic fat deposition (Fig. 1)
[63, 64]. Furthermore, the activation of GIP
receptors in the brain decreases appetite and
food intake, complementing GLP-1 effects on
weight loss [65].

Tirzepatide

Tirzepatide is a single peptide dual GLP-1 and
GIP RA [66]. The addition of a C-20 fatty diacid
acyl chain allows its once-weekly dosing [66].
The SURMOUNT phase 3 trial series investi-
gated weekly tirzepatide in adults with obesity
or overweight [66-70]. In the SURMOUNT-1
trial, weekly tirzepatide S mg, 10 mg, and 15 mg
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resulted in 15%, 19.5%, and 20.9% weight
loss, respectively, compared to 3.1% with pla-
cebo [33]. Among those who received tirzepa-
tide 85.1%, 89.9%, and 90.9% achieved over
5% weight loss with 5 mg, 10 mg, and 15 mg,
respectively, while 30%, 50.1%, and 56.7% lost
more than 20% of their weight (Table 1) [33].
The percentage change in total fat mass and
lean mass, measured by DXA, reached -33.9%
and -10.9% with tirzepatide, respectively, com-
pared to —8.2% and -2.6% with placebo [33]
(Table 1). In patients with T2D, weekly tirzepa-
tide 10 or 15 mg decreased weight significantly
by 12.8% and 14.7%, respectively, compared to
-3.2% with placebo. HbAlc improved by 2.1%
with tirzepatide 10 mg and 15 mg and 0.5% with
placebo [67]. The SURMOUNT-5 trial evaluated
the efficacy of tirzepatide (10 or 15 mg/week)
compared to semaglutide (1.7 or 2.4 mg/week).
Participants receiving tirzepatide achieved more
weight loss compared to those receiving sema-
glutide (- 20.2% versus —13.7%) [70]. The safety
and side effect profiles of tirzepatide are similar
to those of semaglutide [66].

In addition to its effect on diabetes [71] and
weight loss [66-70], tirzepatide provides addi-
tional health benefits. Tirzepatide 15 mg/week
administered to adults with HFpEF, reduced
the risk of death from cardiovascular causes
or worsening heart failure events resulting in
hospitalization, intensification of oral diuresis,
or intravenous drugs in urgent care setting by
38% compared to placebo [72]. In participants
with steatohepatitis and liver fibrosis, tirzepa-
tide provided resolution of liver steatohepatitis
with no worsening fibrosis in 44%, 56%, and
62% of participants receiving 5 mg, 10 mg, and
15 mg, respectively, compared to 10% in the
placebo group. It also decreased fibrosis with-
out worsening steatohepatitis [73]. In partici-
pants with moderate to severe obstructive sleep
apnea, tirzepatide significantly decreased the
Apnea-Hypopnea Index (AHI) by 25-29 events
per hour compared to —5 events per hour with
placebo [74].

VK-2735

VK-2735 is a novel dual receptor agonist to
GLP-1 and GIP receptors [34]. The VENTURE

study was a 13-week phase 2 trial assessing the
efficacy of VK-2735 compared to placebo on
weight management in individuals with obe-
sity or overweight without diabetes [34]. Weekly
VK-2735 subcutaneous injection at a dose of
2.5 mg, 5 mg, 10 mg, and 15 mg resulted in a
9.1%, 10.9%, 12.9%, and 14.7% weight loss,
respectively, compared to 1.7% in the placebo
group [34]. Among those who received VK-2735,
80.8%, 97%, 93.8%, and 100% achieved more
than 5% weight loss with 2.5 mg, 5 mg, 10 mg,
and 15 mg, respectively. Furthermore, 12.8%,
11.6%, 31.2%, and 41.5% achieved more than
15% weight loss with 2.5 mg, 5 mg, 10 mg, and
15 mg, respectively [34]. VK-2735 decreased Alc
by 0.27% to 0.36% compared to an increase of
0.03% with placebo [34]. The most reported
adverse events were gastrointestinal (nausea,
vomiting, diarrhea, and constipation). These
generally occurred early in the study and with
higher initial doses [34].

Glucagon-Like Peptide 1 Agonist and
Glucose-Dependent Insulinotropic
Polypeptide Antagonist

While GIP RA can promote weight loss, particu-
larly when combined with GLP-1 RA, genetic
data suggest that variants causing reduced GIP
receptor signaling are associated with lower
body mass index, therefore indicating benefits
of GIP antagonism as well [75].

Maridebart Cafraglutide

Maridebart cafraglutide (MariTide) is a long-
acting peptide-antibody conjugate consisting
of two GLP-1 peptide analogues conjugated
to a monoclonal antibody antagonist to the
GIP receptor [76]. The half-life of MariTide is
21 days, which supports monthly or less fre-
quent injections [76].

The multinational MariTide phase 2 obe-
sity trial evaluated the efficacy and safety of
MariTide at doses from 140 to 420 mg with
or without escalation over 52 weeks, in adults
with obesity with or without diabetes [35]. In
the obesity only cohort, the percent change
of body weight ranged between -12.3% and
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-16.2% with MariTide compared to —2.5%
with placebo (Table 1) [35]. Whereas in the
obesity-diabetes cohort, the percent change
of body weight ranged between -8.4% and
-12.3% with MariTide compared to —1.7% in
the placebo group [35]. In the obesity cohort,
approximately 85% of the participants receiv-
ing MariTide 140-420 mg achieved at least 5%
weight loss, with similar high responder rates
of about 62.5-78.1% across all doses in the obe-
sity-diabetes cohort [35]. The percent change in
total fat mass, measured by DXA, reached up to
—-36.8% and the change in lean mass reached up
to —11.6% with MariTide, compared to —9.1%
and —2.1% with placebo [35] (Table 1). MariTide
decreased Alc by 0.3-0.4% in the obesity cohort
and by 1.2-1.6% in the obesity-diabetes cohort
[35].

The most common side effects of MariTide are
gastrointestinal adverse events (nausea, vomit-
ing, constipation, retching, diarrhea) which
occurred more often in participants who did not
undergo dose-escalation [35]. Gallbladder events
occurred in 1-6% of the MariTide-treated par-
ticipants in the obesity cohort (versus 0% with
placebo), with higher rates at the 420 mg dose.
Discontinuation rates ranged from 8% to 27%
depending on escalation strategy [35].

ADDITIONAL ENTERO-PANCREATIC
HORMONES FOR THE
MANAGEMENT OF OBESITY

Dual Glucagon-Like Peptide 1 and Glucagon
Agonist

Glucagon (GCG) is synthesized and secreted
from pancreatic alpha cells in the islets of
Langerhans. Its primary physiological site of
action is in the liver, where it stimulates hepatic
glucose production. GCG agonism increases
energy expenditure through enhanced lipoly-
sis, hepatic fatty acid oxidation, and stimulating
thermogenesis, while improving hepatic lipid
metabolism, collectively contributing to weight
loss (Fig. 1) [77]. The combination of GLP-1 and
GCG RA has shown multiple metabolic benefits,
particularly maintaining glucose homeostasis.

GLP-1 counteracts the hyperglycemic effects of
GCG primarily by stimulating glucose-depend-
ent insulin secretion, while suppressing gluca-
gon release in a glucose-dependent manner [78].

Mazdutide

Mazdutide is a once-weekly synthetic pep-
tide analogue of mammalian oxyntomodulin,
which activates GLP-1 and GCG receptors [79,
80]. The phase 3 GLORY-1 trial was conducted
in China and investigated the effects of mazdu-
tide 4 mg and 6 mg weekly compared to pla-
cebo on weight loss in patients with obesity
or overweight based on the Chinese criteria of
overweight (BMI 24-27) or obesity (BMI of >28)
[36]. At 32 weeks, mazdutide 4 mg and 6 mg
resulted in weight loss of 10.09% and 12.55%,
respectively, compared to a 0.45% weight gain
in the placebo group. Weight loss reached 11%
and 14% with mazdutide 4 mg and 6 mg, respec-
tively, at 48 weeks [36]. Among participants
receiving mazdutide 4 mg and 6 mg, 73.9% and
82% achieved more than 5% weight reduction,
respectively (Table 1) [36]. The percent change in
total fat mass, measured by DXA, reached up to
—24.7% and the change in lean mass reached up
to —11.1% with mazdutide, compared to 2.4%
and 0.5% with placebo [36] (Table 1). In par-
ticipants with type 2 diabetes, mazdutide 4 mg
and 6 mg resulted in 5.6% and 7.8% weight loss,
respectively, compared to 1.3% with placebo
[81]. Alc improved by 1.6-2.2% with mazdutide
compared to 0.1% with placebo [81]. The most
common reported side effects with mazdutide
were gastrointestinal, mild to moderate in sever-
ity, and more frequent in participants receiving
higher doses of mazdutide [36]. An increase in
heart rate was observed during dose escalation,
which subsequently declined again over the
maintenance period [36].

Survodutide

Survodutide is a dual GLP-1 and GCG agonist. It
is a 29-amino acid peptide derived from endog-
enous glucagon with incorporation of potent
GLP-1 residues [82]. It contains a C-18 diacid
chain which mediates binding to albumin,
therefore prolonging its half-life and enabling
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weekly subcutaneous dosing [82]. A multi-
national phase 2 randomized controlled trial
investigated the effects of survodutide on weight
loss in individuals with obesity without diabe-
tes [37]. Survodutide was administered weekly
at four different doses (0.6 mg, 2.4 mg, 3.6 mg,
and 4.8 mg) and mean change in weight after
46 weeks of treatment reached - 6.2%, —12.5%,
-13.2%, and -14.9% with each dose, respec-
tively, compared to —2.8% in the placebo group
[37]. Among participants receiving survodutide
60.7-82.8% achieved more than 5% weight loss
(Table 1) [37]. Survodutide decreased HbAlc
by 0.2-0.3% compared to an increase of 0.1%
with placebo [37]. The most common adverse
events were gastrointestinal disorders, occur-
ring predominantly during dose escalation, with
approximately 25% of the participants receiv-
ing survotudide and 4% in the placebo group
discontinuing treatment, most often because of
gastrointestinal disorders [37]. The mean heart
rate was higher in the survodutide group than
in those receiving placebo [37].

Additional GLP-1 and GCG agonists, includ-
ing pemvidutide and efinopeglutide, are in
clinical development for obesity, with particular
interest in their potential benefits for metabolic
dysfunction-associated liver disease (MASLD)
[83].

Triple Glucagon-Like Peptide 1,
Glucose-Dependent Insulinotropic
Polypeptide, and Glucagon Agonist

Retatrutide

Retatrutide is a single 39-amino acid peptide
engineered from a GIP peptide backbone and
conjugated to a fatty diacid moiety. It acts as a
triagonist that stimulates the GLP-1, GIP, and
GCG receptors [84]. Compared with endogenous
receptor ligands, retatrutide demonstrates lower
potency at the GLP-1 and GCG receptors, but
markedly higher potency at the GIP receptor
[84]. Retatrutide is designed to modulate mul-
tiple biological pathways, thereby offering the

potential for greater weight reduction and meta-
bolic benefits [84].

A phase 2 trial conducted in the USA investi-
gated the effect of weekly subcutaneous retatru-
tide at different doses and dose-escalations in
participants with obesity and no diabetes [38].
At 24 weeks, the mean change body weight was
-7.2% with 1 mg, —11.8% with 4 mg (start-
ing with 2 mg), -13.9% with 4 mg (starting
with 4 mg), —16.7% with 8 mg (starting with
2 mg), —-17.9% with 8 mg (starting with 4 mg),
and —17.5% with 12 mg (starting with 2 mg),
compared to —1.6% in the placebo group [38].
At 48 weeks, the mean change in body weight
reached -8.7%, -16.3%, -17.8%, -21.7%,
-23.9%, and -25.2%, respectively (Table 1) [38].
These reductions represent the largest weight
losses observed in any phase 2 trial of a phazr-
macologic agent for obesity as of February 2026.
At 48 weeks, 91% of the participants in the 4 mg
group, 100% in the 8 mg group, and 100% in
the 12 mg group achieved at least 5% body
weight reductions [38]. HbAlc decreased by
0.1-0.4% with retatrutide compared to a 0.1%
increase with placebo at 24 weeks [38]. The most
frequent adverse events were gastrointestinal
and occurred primarily during dose-escalation
and were more common with the higher 8 mg
and 12 mg doses [38]. The trial identified a dose-
dependent increase in heart rate that peaked at
24 weeks and declined thereafter [38]. In a news
release, Lilly reported preliminary findings for
phase 3 TRIUMPH-4 evaluating the safety and
efficacy of 9 mg and 12 mg investigational doses
of retratrutide, in adults with obesity or over-
weight and knee osteoarthritis [85]. Per efficacy
estimand, retratutide 12 mg lowered weight
up to an average of —28.7% [85]. Full presenta-
tion of results and peer reviewed publication is
pending.

Amylin-Based Therapy

Amylin is a 37-amino acid hormone co-secreted
with insulin from pancreatic beta cells in
response to nutrient stimuli [86]. Amylin recep-
tors (AMY1R, AMY2R, and AMY3R) are het-
erodimers composed of a calcitonin receptor
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core component paired with receptor activity-
modifying proteins (RAMPs) 1, 2, or 3, respec-
tively [86]. Amylin and its analogues exhibit dif-
ferential affinity and potency across the three
amylin receptor subtypes [86]. Amylin inhibits
postprandial glucagon secretion, delays gastric
emptying, and reduces energy intake by acting
as a satiation signal to limit meal size (Fig. 1)
[87]. Its main role in weight loss occurs through
its central nervous system activation, where it
induces satiation and reduces food intake [87,
88].

Cagrilintide

Cagrilintide is a long-acting human amylin ana-
logue with affinity for the three amylin subtype
(AMY1R, AMY2R, AMY3R) receptors and the
calcitonin receptor core [89]. In a phase 2 trial,
the efficacy of weekly subcutaneous cagrilint-
ide at different doses was compared to liraglu-
tide and placebo in participants with obesity or
overweight without diabetes [39]. At 26 weeks,
cagrilintide 0.3 mg, 0.6 mg, 1.2 mg, 2.4 mg, and
4.5 mg resulted in 6.1%, 6.8%, 8.4%, 9.5%, and
10.6% weight loss, respectively, compared to
8.4% with liraglutide 3 mg/day and 2.8% with
placebo [39]. Among participants receiving the
highest dose of cagrilintide, 89% achieved 5%
or more weight loss from baseline compared to
76% in the liraglutide group (Table 1) [39]. No
apparent change in HbA1lc was observed with
any of the cagrilintide doses [39]. The most com-
mon side effects were gastrointestinal disorders
(nausea, constipation, and diarrhea). These
occurred more frequently than with placebo, but
less frequently than with liraglutide [39].

Eloralintide

Eloralintide is a novel weekly subcutaneous
selective long-acting amylin analogue with
higher potency to AMY1R compared to cal-
citonin receptor [90]. Selectivity to AMY1R is
thought to provide enhanced clinical efficacy
and improve safety profile and tolerability [90].
In a 48-week phase 2 trial of people with obesity

or overweight and one weight-related comorbid-
ity without type 2 diabetes, the mean percent
weight change was —7.3%, —10.5%, —13.8%,
—-17.5%, with weekly eloralintide 1 mg, 3 mg,
6 mg, and 9 mg, respectively, compared to
—-2.3% with placebo (Table 1) [40]. In partici-
pants receiving dose escalation to 9 mg, the per-
cent weight change was slightly lower (- 14.6%
to —15.8%) [40]. HbA1c decreased by 0.3-0.4%
with eloralintide compared to 0.1% with placebo
[40]. The most common adverse events were gas-
trointestinal adverse effects, which were dose-
dependent, and more common in higher doses
[40]. Fatigue was not reported in participants
receiving 1 mg, but occurred in 46% of partici-
pants at the 6-9 mg dose range, representing
a substantial dose-dependent increase in inci-
dence. Fatigue occurred in 12% of participants
on placebo [40].

Dual Glucagon-Like Peptide 1 and Amylin
Agonist

Cagrilintide-Semaglutide

The combination of cagrilintide and sema-
glutide provides synergistic and more potent
effects on weight loss through complementary
mechanisms of action [41]. The REDEFINE-1
phase 3 trial investigated the weekly co-admini-
station of cagrilintide-semaglutide (CagriSema)
on weight loss in participants with obesity or
overweight [41]. The combination of cagrilin-
tide 2.4 mg/week and semaglutide 2.4 mg/
week resulted in 20.4% weight loss compared to
14.9% with semaglutide alone and 11.5% with
cagrilintide alone at week 68 [41]. Among pazr-
ticipants receiving CagriSema, 91.9% achieved
more than 5% and 53.6% achieved more than
20% weight loss (Table 1) [41]. The change in
total fat mass, lean mass, and visceral fat mass,
measured by DXA, was -35.7%, —14.4%, and
—40.8%, respectively, with CagriSema compared
to —27.1%, —09.2%, and —32.4% with semaglu-
tide alone, and -20.6%, —10.3%, and —13.4%
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with cagrilintide alone [41] (Table 1). The REDE-
FINE-2 investigated the efficacy of CagriSema in
participants with obesity/overweight and T2D
[91]. The combination therapy resulted in 13.7%
weight loss and 1.8% HbAlc decrease com-
pared to 3.4% and 0.4% in the placebo group.
Among participants receiving CagriSema, 83.6%
achieved 2 5% weight reduction and 22.9%
achieved >20% weight reduction [91].

The most reported side effects with CagriSema
were gastrointestinal symptoms, which were
mainly transient and mild-to-moderate in
severity, particularly during dose escalation
[41]. Other adverse events including fatigue,
increased heart rate, dizziness, alopecia, injec-
tion-site reactions, and gallbladder-related
disorders also occurred more frequently with
CagriSema [41].

Amycretin

Amycretin is a unimolecular peptide with ago-
nist activity towards GLP-1, amylin, and calci-
tonin receptors that targets areas of the brain
that regulate food intake to control satiety and
reduce energy intake [92]. A phase 1b/2a trial
investigated the safety and efficacy of amycretin
on weight in participants with obesity or over-
weight without diabetes [42]. At week 36, amy-
cretin 60 mg/week (the highest tolerated dose)
resulted in 24.3% weight loss compared to 1.1%
in the placebo group [42]. In other subgroups,
amycretin weekly maintenance at 20 mg,
5 mg, or 1.25 mg resulted in —22%, —16.2%,
and -9.7% weight loss, respectively, compared
to 1.9-2.3% weight gain in the placebo group
(Table 1) [42]. HbA1lc decreased by 0.2-0.6%
with amycretin compared to a change ranging
from —-0.1% to +0.1% in the placebo group [42].
The most common adverse events were gastroin-
testinal symptoms (nausea, vomiting, diarrhea,
and vomiting). These were dose-dependent, and
occurred most frequently at higher doses, and
particularly during dose escalation. The gastroin-
testinal adverse effects did not appear to increase
turther beyond the 5-20 mg/week dose range.
There was one reported case of recurrent gall-
stone pancreatitis [42]. Increases in heart rate
were also noted with amycretin therapy [42].

OTHER PHARMACOTHERAPIES
INDEPENDENT OF
ENTERO-PANCREATIC HORMONE
PATHWAYS

Myostatin-Activin Pathway Inhibitors
(MAPS)

MAPS represents a mechanistically distinct
approach from incretin-based therapies that
dominate the current obesity pharmacotherapy
landscape and pipeline. MAPS work by block-
ing the activin type II receptor (ActRII), which
is expressed on both skeletal muscle and adi-
pose tissue [93]. By preventing the binding of
natural ligands such as myostatin and activin—
which normally suppress muscle growth—
these agents simultaneously promote skeletal
muscle hypertrophy (increasing lean mass)
while reducing fat mass. This dual effect on
body composition distinguishes MAP inhibitor
agents from other obesity medications, which
typically reduce total body weight without pre-
serving or enhancing lean muscle mass [93].

Bimagrumab

Bimagrumab is a human monoclonal antibody
that blocks ActRII [94]. A phase 2 trial inves-
tigated the effect of intravenous bimagrumab
10 mg/kg (maximum dose of 1200 mg) every
4 weeks in patients with type 2 diabetes and
obesity [43]. At 48 weeks, the total body fat
mass, measured by DXA, decreased by 20.5%
while lean mass increased by 3.6% compared
to a decrease of 0.5% and 0.8% in fat and mus-
cle mass, respectively, with placebo. In addi-
tion, bimagrumab resulted in 6.5% weight loss
compared to 0.8% with placebo (Table 1) [43].
HbA1c decreased by 0.8% with bimagrumab
compared to an increase of 0.04% in the pla-
cebo group [43]. The BELIEVE trial phase 2b
trial investigated the effect of combining bima-
grumab and semaglutide on weight loss [95]. At
48 weeks, preliminary results of the high dose
bimagrumab-semaglutide combination resulted
in 20.2% mean weight change with lean muscle
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mass largely preserved (2.6% decrease in lean
mass versus 7.9% with high dose semaglutide
and 0.5% with placebo, measured by DXA).
The combination has generally been well tol-
erated and adverse effects included diarrhea,
muscle spasms, and acne [95]. Other combina-
tions of tirzepatide with a myostatin inhibitor
or semaglutide with antimyostatin antibody
with or without an anti-activin antibody are
in clinical trials [96].

WEIGHT REGAIN AND LONG-TERM
MAINTENANCE

Currently available and developing obesity phar-
macotherapy are associated with substantial
weight regain following treatment discontinu-
ation. In the STEP-4 trial, participants who dis-
continued semaglutide after 20 weeks regained
6.9% of body weight, while those who contin-
ued treatment lost an additional 7.9% in the
subsequent year [23]. In the STEP-1 extension
trial, participants who discontinued semaglutide
after 68 weeks regained a mean of 11.6%-points
of body weight over the subsequent year, com-
pared to 1.9%-points in the placebo group [97].
Similarly, in the SURMOUNT-4 trial, participants
who discontinued tirzepatide after 36 weeks
regained 14%-points of body weight, while
those who continued treatment achieved an
additional 5.5% weight loss [69]. These findings
underscore the biology of obesity as a chronic
relapsing multifactorial disease [98]. Incretin-
based therapies and next-generation dual and
triple agonists address key components of this
pathophysiology by enhancing satiety signal-
ing, reducing hunger and food-related reward,
delaying gastric emptying, and improving meta-
bolic efficiency. By modulating these central and
peripheral pathways, these agents counteract the
homeostatic mechanisms that promote weight
regain [99]. Current evidence indicates that
these therapies function as treatments rather
than cures, and sustained pharmacologic ther-
apy is generally required to sustain weight reduc-
tion and cardiometabolic benefit [100]. Future
research should prioritize strategies to optimize
maintenance therapy, define the appropriate

treatment duration, evaluate long-term safety,
and identify patient characteristics associated
with durable response.

IMPLEMENTATION BARRIERS AND
ACCESS TO CARE

Although newer obesity pharmacotherapies
demonstrate substantial efficacy, their real-world
population-level impact is strongly influenced
by cost, insurance coverage, and health-system
capacity [101]. Despite recognition of obe-
sity as a chronic disease by major professional
organizations and data suggesting long-term
cost-effectiveness, insurance coverage remains
inconsistent and suboptimal [101]. Conse-
quently, access is often restricted to patients
with private insurance or those able to pay out
of pocket, contributing to socioeconomic dis-
parities [102]. Effective integration of obesity
pharmacotherapy into routine care will require
alignment with existing chronic disease man-
agement frameworks, broader insurance cover-
age, and improved access to care [103]. Address-
ing affordability, reimbursement policies, and
implementation readiness will be essential to
ensure equitable access. Without these struc-
tural changes, the clinical benefits observed in
randomized clinical trials may not translate into
meaningful population-level impact.

CONCLUSION

The emergence of highly effective entero-
pancreatic based therapies has fundamentally
reshaped the therapeutic landscape of obesity
medicine. These agents have demonstrated sub-
stantial and sustained weight loss with contin-
ued therapy, along with significant metabolic
and cardiovascular benefits across a range of
conditions, including type 2 diabetes, chronic
kidney disease, and metabolic dysfunction-asso-
ciated fatty liver disease. The development of
newer agents targeting multiple, complementary
pathways offers even greater potency and aligns
treatment with the biological complexity of obe-
sity as a chronic disease.
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As these therapies continue to evolve, their
effective implementation at scale—supported
by evidence-based policy, sustainable reim-
bursement models, and health-system inte-
gration—has the potential to meaningfully
influence population-level obesity trends and
contribute to mitigating the obesity epidemic.

However, important challenges remain.
Long-term safety data are still evolving, and
optimal duration of treatment and mainte-
nance strategies have yet to be defined. In
addition, barriers related to cost, equitable
access, health-system integration, and imple-
mentation may limit population-level impact.
Therefore, while emerging therapies represent
a major scientific and clinical advance, their
ultimate contribution will depend not only
on pharmacologic efficacy but also on rigoz-
ous long-term evaluation, sustainable delivery
models, and equitable access within compre-
hensive, multidisciplinary care frameworks.
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