
Diabetes, Obesity and Metabolism, 2026; 0:1–34
https://doi.org/10.1111/dom.70822

1

Diabetes, Obesity and Metabolism

REVIEW ARTICLE

Beyond GLP-1 Monotherapy: Novel Multi-Agonists, Amylin 
Analogues, and Combination Strategies in Obesity and 
Type 2 Diabetes
Mikhail Khachaturov   |  Dimitrios G. Goulis

Unit of Reproductive Endocrinology, First Department of Obstetrics and Gynecology, Medical School, Aristotle University of Thessaloniki, 
Thessaloniki, Greece

Correspondence: Mikhail Khachaturov (khachaturov.michael@gmail.com)

Received: 13 January 2026  |  Revised: 20 April 2026  |  Accepted: 20 April 2026

Keywords: antiobesity drug | GLP-1 | obesity therapy | semaglutide | type 2 diabetes | weight management

ABSTRACT
Aims: To provide a clinically oriented narrative review of recently reported human trial data on emerging pharmacotherapies for 
obesity and type 2 diabetes beyond glucagon-like peptide-1 receptor agonist (GLP-1RA) monotherapy.
Materials and Methods: This narrative review summarizes recent clinical evidence on incretin-based and related therapeutic 
strategies, including dual and triple incretin- or glucagon-based agonists, long-acting amylin analogues, oral agents, and com-
bination approaches targeting complementary satiety and metabolic pathways. The review focuses on human trial data and 
evaluates key outcomes including body weight reduction, glycemic control, body-composition effects, tolerability, and broader 
cardiometabolic changes.
Results: Incretin-based therapies have transformed the management of obesity and type 2 diabetes, with GLP-1RAs achieving 
levels of weight loss that begin to narrow the gap with metabolic surgery in selected populations. Recent developments have 
substantially expanded the field beyond GLP-1RA monotherapy. Emerging agents now include multi-agonists, amylin-based 
therapies, novel oral compounds, and combination strategies designed to improve not only the magnitude of weight loss, but also 
its quality, durability, and metabolic consequences. Across trials, these approaches have shown promising effects on body weight, 
glycemic control, and selected cardiometabolic parameters, although differences in tolerability, evidence maturity, and practical 
feasibility remain important.
Conclusions: Current data indicate a rapid shift from single-pathway interventions toward multimodal therapeutic strategies in 
obesity and type 2 diabetes. Future positioning of these agents within treatment algorithms will depend not only on efficacy, but 
also on long-term safety, durability of effect, tolerability, adherence, access, and their impact on clinically meaningful outcomes 
beyond body weight alone.

Abbreviations: AACE, American Association of Clinical Endocrinology; ADA, American Diabetes Association; AEs, adverse events; ALT, alanine aminotransferase; 
BMI, body mass index; CB1R, cannabinoid receptor type 1; DPP, diabetes prevention program; DXA, dual-energy X-ray absorptiometry; FDA, U.S. Food and Drug 
Administration; GCG, glucagon; GI, gastrointestinal; GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide-1; GLP-1RA, glucagon-like 
peptide-1 receptor agonist; HbA1c, glycated haemoglobin; HDL, high density lipoprotein; IV, intravenously; LDL, low density lipoprotein; LI, lifestyle interventions; 
MACE, major adverse cardiovascular events; MASH, metabolic dysfunction-associated steatohepatitis; MASLD, metabolic dysfunction-associated steatotic liver 
disease; MC4R, melanocortin-4 receptor; NPY, neuropeptide Y; ORC, obesity-related complication; PYY, peptide YY; SAEs, serious adverse events; SARM, selective 
androgen receptor modulator; SC, subcutaneous; SGLT2i, sodium-glucose cotransporter-2 inhibitor; T2D, type 2 diabetes; TEAEs, treatment-emergent adverse events; 
WL, weight loss.
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1   |   Introduction

Obesity and type 2 diabetes (T2D) are among the most preva-
lent and consequential chronic diseases worldwide, driving car-
diometabolic morbidity, reducing quality of life, and increasing 
healthcare expenditures. Lifestyle interventions (LI) remain the 
foundation of treatment for both conditions. According to the 
recommendations of major professional societies (American 
Association of Clinical Endocrinology—AACE [1] and American 
Diabetes Association—ADA [2]), long-term management begins 
with structured modification of dietary habits, increased phys-
ical activity, and behavioural support. Comprehensive lifestyle 
programs, such as the Diabetes Prevention Program (DPP [3]), 
have shown that sustained weight reduction of approximately 
5%–7% can improve glycemic control and cardiometabolic risk; 
however, such effects are often difficult to achieve and main-
tain over time. Exercise alone generally produces only modest 
weight loss; however, it remains essential because of its benefi-
cial effects on insulin sensitivity, body composition, blood pres-
sure, lipid metabolism, physical function, and long-term weight 
maintenance.

Nevertheless, lifestyle measures alone are frequently insuf-
ficient for many individuals with established obesity or T2D, 
particularly when clinically meaningful and durable weight 
loss is required. In such settings, pharmacotherapy becomes an 
important component of treatment and is generally considered 
for individuals with obesity or those who are overweight and 
have weight-related comorbidities when weight-loss targets are 
not achieved with comprehensive LI alone. Among the currently 
available agents, glucagon-like peptide-1 receptor agonists (GLP-
1RA) have reshaped the therapeutic landscape, with subcuta-
neous semaglutide and tirzepatide producing substantial and 
sustained reductions in body weight, along with broad meta-
bolic benefits. The magnitude of weight loss (WL) observed with 
the most effective GLP-1-based therapies has begun to narrow 
the gap with bariatric surgery in selected populations, thereby 
redefining expectations for medical treatment.

This clinical success has catalysed a new phase of drug develop-
ment in this field. The current evolution of obesity and diabetes 
pharmacotherapy is characterised by diversification across mo-
lecular targets, response durability, and delivery methods. Dual- 
and triple-agonist incretin therapies aim to extend the efficacy 
beyond that of GLP-1 monotherapy through the coordinated ac-
tivation of glucose-dependent insulinotropic polypeptide (GIP), 
glucagon (GCG), and GLP-1 pathways. Amylin-based agents 
offer complementary mechanisms that may enhance satiety, 
slow gastric emptying, and improve weight loss [4]. Meanwhile, 
oral GLP-1RA and other non-injectable formulations aim to ex-
pand access and convenience, whereas long-acting injectables, 
peptide–antibody conjugates, and implantable systems are being 
developed to improve adherence in the management of chronic 
disease management [5].

In addition to classical incretin biology, new therapeutic strat-
egies are targeting pathways such as neuropeptide Y (NPY) 
signaling, melanocortin receptors, myostatin/activin biology, 
and the endocannabinoid system. These approaches are being 
explored both as monotherapies and as rational combinations 
intended not only to increase the magnitude of weight reduction 

but also to improve body composition outcomes, tolerability, and 
long-term durability.

In this narrative review, we provide an up-to-date overview of 
the most recent and rapidly evolving advances in the treatment 
of obesity and T2D. Because this field is dense with mechanistic 
terminology and trial-specific shorthand, abbreviations are used 
throughout for readability; all abbreviations are defined at first 
mention and compiled in the Abbreviations list at the beginning 
of the manuscript. Table  1 describes the key drug classes and 
their mechanisms of action. A detailed drug-by-drug summary 
of adverse events, serious adverse events, and discontinuation 
due to adverse events is provided in Table S1.

We followed a stepwise narrative. We begin with recent ad-
vances in GLP-1RA, including higher-dose, longer-acting, and 
reformulated agents. We then moved to multi-agonist incretin 
therapies, followed by amylin-based agents and combinations. 
Next, we summarise oral incretin options that aim to achieve 
injectable-level efficacy in a non-injectable format. Finally, we 
discuss novel delivery platforms and emerging targets beyond 
the incretin axis, including rational combinations designed to 
improve durability, body composition outcomes, and adherence. 
Together, these developments point to a new generation of ther-
apies that may substantially reshape the long-term management 
of obesity, T2D, and their metabolic complications.

2   |   Methodology

This narrative review focuses on incretin-based and related 
pharmacotherapies for obesity and T2D, with particular empha-
sis on agents for which new efficacy or safety data became pub-
licly available in 2025 and, following peer-review revision, in the 
first quarter of 2026. We prioritised phase 2 and 3 randomised 
clinical trials (RCTs), as well as key extension and dose-finding 
studies, in adults with overweight, obesity, and/or T2D, in which 
body weight reduction and/or glycated haemoglobin (HbA1c) 
change were reported as primary or major secondary endpoints.

Evidence was identified through structured searches of PubMed/
MEDLINE, followed by manual screening of the reference lists 
of relevant original articles and recent review papers. We did not 
restrict the search to specific journals; however, particular at-
tention was paid to reports published in major general and spe-
cialty journals covering obesity, diabetes, and endocrinology. To 
capture emerging data not yet fully represented in the indexed 
literature, we also reviewed abstracts and late-breaking pre-
sentations from major scientific meetings, including the ADA, 
EASD, ENDO, and ObesityWeek, as well as relevant company 
and regulatory press releases.

We included only human studies and excluded preclinical stud-
ies. Trials first reported before 2025 were not systematically 
reviewed, except where earlier data were required to provide 
clinical or regulatory context for agents with relevant updates 
in 2025 or early 2026. Our emphasis was on phase 2 and 3 ran-
domised trials; however, we also included selected early phase 
studies (including phase 1 and 2a trials) when they provided 
first-in-human or proof-of-concept data for novel mechanisms, 
oral formulations, or delivery platforms that could inform 
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TABLE 1    |    Glossary.

Hormones, receptors, and pathways

GLP-1 (Glucagon-like peptide-1)
Gut-derived incretin hormone secreted by intestinal L-cells after meals. It enhances glucose-dependent insulin secretion, slows 
gastric emptying, reduces appetite, and promotes weight loss.

GIP (Glucose-dependent insulinotropic polypeptide)
Incretin hormone released by K-cells in the proximal small intestine. It potentiates insulin secretion in a glucose-dependent 
manner and may influence adipose tissue metabolism and body weight.

GCG (Glucagon)
Peptide hormone produced by pancreatic α-cells. It increases hepatic glucose production and, when pharmacologically 
coactivated with GLP-1, enhances energy expenditure and promotes weight loss.

Amylin
Peptide co-secreted with insulin from pancreatic β-cells. It slows gastric emptying, suppresses postprandial glucagon, and 
promotes satiety, thereby contributing to body weight regulation.

PYY3–36 (Peptide YY 3–36)
Gut-derived peptide released from L-cells in response to food intake. The truncated form PYY3–36 acts on neuropeptide Y2 (Y2) 
receptors in the hypothalamus to increase satiety and reduce the food intake.

NPY (Neuropeptide Y)
Orexigenic neuropeptide widely expressed in the hypothalamus. It promotes food intake and decreases energy expenditure.

MC4R (Melanocortin-4 receptor)
G-protein-coupled receptor expressed in hypothalamic nuclei. Activation reduces appetite and body weight, whereas loss-of-
function variants are a common monogenic cause of obesity.

CB1 (Cannabinoid receptor type 1)
G-protein-coupled receptor highly expressed in the central nervous system and present in peripheral tissues. Its activation 
promotes appetite and lipogenesis, whereas inverse agonism reduces food intake and promotes weight loss.

NPY receptor (Y-receptors)
Family of receptors (e.g., Y1, Y2) mediating the effects of NPY and PYY. Y2-receptor activation in the hypothalamus is associated 
with increased satiety.

FGF21 (Fibroblast growth factor 21)
Hormone-like metabolic regulator produced mainly by the liver. It influences energy expenditure, glucose and lipid metabolism, 
and has emerged as a therapeutic target in obesity, MASLD and T2D.

Leptin
Adipocyte-derived hormone that signals energy sufficiency to the hypothalamus. It suppresses appetite and helps regulate body 
weight, although leptin resistance commonly develops in obesity.

Myostatin (GDF8)
Member of the transforming growth factor-β superfamily that negatively regulates skeletal muscle growth. Pharmacologic 
inhibition has been explored to preserve lean muscle mass during weight loss.

Activin A
Cytokine of the transforming growth factor-β superfamily involved in muscle, adipose tissue and inflammatory signalling. It is 
being targeted in combination approaches aimed at improving body composition during pharmacologic weight loss.

Drug classes/mechanisms

GLP-1 receptor agonists (GLP-1RA)
Synthetic peptides or small molecules that activate the GLP-1 receptor, leading to glucose-dependent insulin secretion, appetite 
suppression, delayed gastric emptying and weight loss.

Dual GLP-1/GIP receptor agonists (GLP-1/GIP)
Agents that co-activate GLP-1 and GIP receptors to enhance incretin signalling, producing robust glycemic improvement and 
weight loss.

Dual GLP-1/glucagon receptor agonists (GLP-1/GCG)
Compounds that stimulate both GLP-1 and glucagon receptors, aiming to combine appetite suppression with increased energy 
expenditure and improved hepatic steatosis.

(Continues)
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Drug classes/mechanisms

Triple GLP-1/GIP/GCG receptor agonists
Multi-agonists, simultaneously activate GLP-1, GIP, and glucagon receptors to maximize the metabolic benefits on body weight, 
glycemia, and hepatic fat.

Quadruple receptor agonists
Agents targeting four receptors (GLP-1, GIP, glucagon, and IGF-1) integrate incretin, glucagon, and anabolic growth factor 
pathways for large and rapid weight loss.

Amylin analogues
Long-acting analogs of human amylin that reproduce or enhance its effects on satiety and gastric emptying often lead to 
preferential loss of fat mass and improved body composition.

GLP-1/amylin co-agonists/combinations
Therapies combining GLP-1RA with amylin analogs in a single molecule or regimen can intensify appetite suppression and 
favour fat-predominant weight loss.

Peptide-antibody conjugates/ultra-long-acting incretins
Engineered molecules with extended half-lives allow once-monthly or less frequent dosing while maintaining GLP-1-like 
efficacy.

Oral GLP-1 receptor agonists/oral incretin agonists
Small molecules or reformulated peptides suitable for oral administration, designed to provide GLP-1-like or multi-incretin 
effects without the need for injections.

Endocannabinoid pathway modulators (CB1 inverse agonists)
Peripherally biased agents that reduce CB1 signalling to decrease appetite and improve metabolic parameters while minimising 
central neuropsychiatric adverse effects.

Melanocortin-4 receptor agonists (MC4R agonists)
Drugs (e.g., bremelanotide/BMT-801) that activate MC4R to reduce appetite and body weight may be useful as adjuncts to 
incretin therapy and in preventing weight regain.

Myostatin/activin pathway inhibitors
Monoclonal antibodies targeting myostatin, activin A, or the activin type II receptor, used alone or with GLP-1RA to mitigate 
loss of lean mass during weight loss.

Leptin receptor agonists
Agents that stimulate leptin signalling with the aim of improving weight loss and possibly counteracting adaptive weight-regain 
mechanisms when combined with incretin therapy.

Implantable GLP-1 delivery systems
Long-acting devices that provide continuous subcutaneous release of GLP-1RA (exenatide or semaglutide) over months, 
potentially enabling annual or semi-annual dosing.

Selective androgen receptor modulator (SARM)
Class of drugs that selectively activate androgen receptors in specific tissues (such as skeletal muscle and bone) while 
minimising activity in others (prostate, skin, etc.).

cAMP-biased GLP-1 receptor agonists
GLP-1 receptor agonists engineered to preferentially activate cyclic adenosine monophosphate signalling over β-
arrestin recruitment. This receptor-bias strategy aims to preserve efficacy while potentially modifying tolerability and 
pharmacodynamics.

GIP receptor antagonists/GLP-1–GIP antagonist conjugates
Agents that combine GLP-1 receptor activation with antagonism of the GIP receptor. This approach is being explored to enhance 
weight loss while retaining incretin-based metabolic benefits.

Selective amylin receptor agonists
Amylin-based agents designed to activate amylin receptors more selectively than older analogs. They are being developed to 
improve satiety, body-composition outcomes, and tolerability.

(Continues)

TABLE 1    |    (Continued)
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future clinical development and help clinicians remain aware 
of emerging therapeutic directions. These data were considered 
exploratory and presented in the pipeline context rather than as 
practice-changing evidence. All visualisations were generated 
using R version 4.5.2 (R Foundation for Statistical Computing) 
with the ggplot2 package.

2.1   |   Approved Treatment Options

Before discussing novel agents, it is important to define current 
therapeutic options. Among the approved anti-obesity pharma-
cotherapies, semaglutide and tirzepatide have set a new efficacy 
standard and now serve as the principal clinical comparators for 
emerging drugs. In clinical practice, weight loss of 5%–10% is gen-
erally regarded as a strong response to pharmacological therapy, 
whereas reductions exceeding 10% are considered particularly 
clinically meaningful because they are associated with broader 
metabolic, cardiovascular, and functional benefits [1]. In STEP 1 
[6], once-weekly subcutaneous semaglutide 2.4 mg, combined with 
LI, produced a mean body weight reduction of 14.9% at 68 weeks 
in adults with obesity or overweight without T2D, compared with 
2.4% with placebo. Beyond weight loss, semaglutide has also estab-
lished outcome benefits that extend its role beyond body weight 
reduction alone: in the SELECT trial [7], once-weekly semaglutide 
reduced major adverse cardiovascular events (MACE) in adults 
with overweight or obesity and established cardiovascular disease 
but without diabetes.

A further step forward for semaglutide was the recent U.S. Food 
and Drug Administration (FDA) approval [8] of a higher once-
weekly dose of semaglutide (7.2 mg) for chronic weight man-
agement. This approval was supported by the phase 3b STEP 
UP program in adults with obesity without T2D [9]. In this 
trial, 1407 participants (mean baseline body mass index (BMI) 
39.9 kg/m2; mean body weight 113.0 kg) were randomised in a 
5:1:1 ratio to semaglutide 7.2 mg, semaglutide 2.4 mg, or placebo, 
all in combination with LI for 72 weeks. Using the treatment-
policy estimand, the mean WL at week 72 was 18.7% with sema-
glutide 7.2 mg, compared with 15.6% with semaglutide 2.4 mg 
and 3.9% with placebo. Under the efficacy estimand, the corre-
sponding reductions were 20.7%, 17.5%, and 2.4%, respectively. 
Nearly half of the participants (47.7%) receiving 7.2 mg achieved 

≥ 20% WL, and one-third (31.2%) achieved ≥ 25% WL, confirm-
ing that dose intensification can further extend the efficacy of 
GLP-1RA within an already established therapeutic class.

Improvements were also observed in other cardiometabolic pa-
rameters (triglycerides, cholesterol, and diastolic blood pressure) 
compared with those in the placebo group. Gastrointestinal ad-
verse events (GI AEs) were the most frequent (70.8% vs. 61.2% 
for 7.2 mg vs. 2.4 mg), whereas dysesthesia-related events, an 
emerging AEs of incretin therapies, occurred in 22.9% of partic-
ipants receiving 7.2 mg versus 6.0% with 2.4 mg and 0.5% with 
the placebo. Importantly, four participants permanently discon-
tinued treatment because of these AEs in the semaglutide 7.2 mg 
group, whereas no such discontinuations occurred in the sema-
glutide 2.4 mg or placebo groups.

Taken together, these data position semaglutide 7.2 mg as an in-
tensified approved GLP-1 option that narrows the efficacy gap 
between monotherapy and newer multi-agonist approaches.

Recently, Novo Nordisk extended its semaglutide program with 
data from the OASIS 4 trial [10], showing that oral semaglutide 
25 mg provides a clinically meaningful non-injectable option for 
obesity management. The study enrolled adults with obesity or 
overweight and at least one obesity-related comorbidity (ORC). 
Participants were randomised (2:1) to receive oral semaglutide 
25 mg or placebo once daily with LI. Treatment began at 3 mg 
and was titrated every four weeks. At week 64, the mean body 
weight reduction was −13.6% with semaglutide versus −2.2% 
with placebo (estimated difference −11.4%; 95% CI −13.9 to −9.0; 
p < 0.001). Among treated participants, 79.2% achieved ≥ 5%, 
63.0% ≥ 10%, 50.0% ≥ 15% and 29.7% ≥ 20% WL. GI AEs were the 
most common, occurring in 74% of participants receiving sema-
glutide and 42% receiving placebo, and gastrointestinal disorders 
were also the most common reason for treatment discontinua-
tion, reported in 3.4% and 2.0% of participants, respectively.

Based on these and supporting data, the FDA has approved 
[11] oral semaglutide 25 mg (Wegovy tablet) as the first oral 
GLP-1RA indicated for chronic weight management and reduc-
tion of major adverse cardiovascular events (MACE) in adults 
with obesity or overweight and established cardiovascular dis-
ease. This makes high-dose oral semaglutide the first approved 

Drug classes/mechanisms

Dual GLP-1/FGF21 agonists
Co-agonists that combine incretin signalling with fibroblast growth factor 21 activity. They are being explored particularly for 
obesity complicated by MASLD and T2D because of their potential effects on liver fat, glycemia and lipid metabolism.

Peripherally restricted CB1 modulators/negative allosteric modulators
Agents that reduce cannabinoid receptor type 1 signalling while minimising central nervous system exposure. The goal is to 
improve weight and metabolic outcomes without the neuropsychiatric burden associated with earlier CB1-directed drugs.

Mitochondrial protonophores
Metabolic agents that increase mitochondrial proton leak and thereby raise energy expenditure. Newer liver-targeted 
compounds are being investigated as adjuncts to incretin therapy to augment fat loss while limiting systemic toxicity.

NPY receptor agonists
Experimental agents targeting neuropeptide Y receptors to modulate appetite and energy balance. They are being explored as 
mechanistically distinct adjuncts to incretin-based therapy.

TABLE 1    |    (Continued)
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non-injectable incretin therapy capable of achieving weight loss 
at a magnitude similar to that of injectable semaglutide. In the 
FDA-approved label, the recommended maintenance dose is 
25 mg once daily, and patients should not take more than one 
tablet daily. This is clinically relevant because, although earlier 
studies such as OASIS-1 [12] and PIONEER PLUS [13] demon-
strated meaningful efficacy with 50 mg oral semaglutide, these 
regimens fall outside the currently approved dosing guidelines.

Most recently, the approved oral incretin landscape has 
expanded further with the FDA approval of orforglipron 
(Foundayo) [14] for chronic weight management in adults 
with obesity, or overweight in the presence of at least one 
ORC. Unlike oral semaglutide, orforglipron is a once-daily 
small-molecule, non-peptide GLP-1 RA that can be taken 
without food or water restrictions. The ATTAIN program ex-
tended the evaluation of orforglipron in patients with obesity 
and T2D and those who are overweight or obese over longer 
treatment durations. ATTAIN-1 was a Phase 3 [15], evaluating 
the efficacy and safety of orforglipron as an adjunct to healthy 
diet and LI for obesity treatment. A total of 3127 participants 
were randomised in a 3:3:3:4 ratio to receive orforglipron 
6 mg, 12 mg, or 36 mg, or placebo for 72 weeks, and the mean 
BMI was 37.0 kg/m [2]. At week 72, the mean WL was 7.5%, 
8.4%, and 11.2% with the 6, 12, and 36 mg doses, respectively, 
compared with 2.1% with placebo. The proportion of partici-
pants achieving at least 10% WL increased with dose, reaching 
33.3%, 40.0%, and 54.6% with orforglipron versus 12.9% with 
placebo, and treatment was associated with improvements in 
several cardiometabolic parameters. The adverse event pro-
file was consistent with that of the GLP-1RA class, with GI 
AEs being the most common and mostly mild to moderate in 
severity. Overall, discontinuation for any reason occurred in 
21.9%–24.4% of participants across the orforglipron groups, 
compared with 29.9% in the placebo group; the most frequent 
reason was participant decision to withdraw (8.5%–8.9% vs. 
13.8%, respectively), followed by AEs, which led to discontin-
uation in 5.1%–10.3% of participants receiving orforglipron 
and 2.6%–2.7% of those receiving placebo.

Further support for orforglipron as a long-term option comes 
from the phase 3 ATTAIN-MAINTAIN trial [16], which eval-
uated weight maintenance after prior injectable treatment with 
incretin. In this study, 376 adults with obesity who had com-
pleted 72 weeks of treatment with tirzepatide or semaglutide 
2.4 mg in SURMOUNT-5 and achieved a weight plateau were 
re-randomised to once-daily oral orforglipron or placebo for 
52 weeks, alongside LI. According to Lilly, participants who 
switched from tirzepatide to orforglipron maintained their 
WL, with only a small mean change of +0.9 kg over 52 weeks 
(95.0–95.9 kg), and those who switched from semaglutide to or-
forglipron had a mean regain of 5.0 kg (90.9–95.9 kg). A post hoc 
analysis at week 24 showed weight changes of 0.1 kg for those 
switching from semaglutide to orforglipron versus 9.4 kg for 
those switching from semaglutide to placebo, and 2.6 kg versus 
9.1 kg, respectively, for those switching from tirzepatide.

This FDA approval of orforglipron is clinically important be-
cause it broadens the class of oral GLP-1-based therapies from 
peptide-based oral semaglutide to a non-peptide oral agent, po-
tentially improving convenience and widening treatment choice.

Even with this expansion of oral options, tirzepatide remains the 
most effective approved incretin-based therapy for weight reduc-
tion and glycemic control. In SURMOUNT-1 [17], once-weekly 
tirzepatide produced a mean WL of up to 20.9% at 72 weeks in 
adults with obesity or overweight without diabetes, substan-
tially exceeding that of the placebo. In patients with T2D, the 
SURPASS-2 trial [18] showed that tirzepatide was superior 
to once-weekly semaglutide 1.0 mg for both HbA1c lowering 
and WL over 40 weeks. Regulatory indications have expanded 
accordingly: Zepbound is approved in the United States for 
chronic weight management and, more recently, for moderate-
to-severe obstructive sleep apnea in adults with obesity [19]. 
Taken together, semaglutide and tirzepatide define the currently 
approved standard against which newer multi-agonists, oral 
agents, amylin-based therapies, and combination approaches 
should be interpreted.

In a practical approach, these approved agents provide efficacy 
and safety benchmarks against which newer investigational 
therapies should be judged, particularly when interpreting 
cross-trial differences in weight loss, glycemic control, tolerabil-
ity, and treatment discontinuation.

2.2   |   New Advances in the GLP-1 Field

In addition to obesity without diabetes, the high-dose sema-
glutide program has also been extended to patients with T2D. 
The STEP UP T2D trial [20] evaluated once-weekly semaglu-
tide 7.2 mg in adults with obesity and T2D (mean BMI 38.6 kg/
m2; mean HbA1c 8.1%). In this 72-week, randomised trial, 512 
participants were assigned in a 3:1:1 ratio to semaglutide 7.2 mg, 
semaglutide 2.4 mg, or placebo, all in combination with lira-
glutide. The mean WL reached 13.2% with semaglutide 7.2 mg, 
compared with 10.4% with semaglutide 2.4 mg and 3.9% with 
placebo, whereas HbA1c reductions were similar between the 
two active treatment groups (−1.7% and −1.6%, respectively). 
The most common AEs were gastrointestinal disorders, re-
ported in 53.1%, 51.5%, and 25.5% of participants receiving 
semaglutide 7.2 mg, semaglutide 2.4 mg, and placebo, respec-
tively. Permanent discontinuation of trial treatment occurred in 
5.5%, 5.8%, and 2.9% of participants, respectively, and discon-
tinuation specifically due to GI AEs was reported in 2.9%, 4.9%, 
and 1.0%, respectively. Dysesthesia-related AEs, an emerging 
tolerability signal with higher-dose incretin therapy, were more 
frequent with semaglutide 7.2 mg than with semaglutide 2.4 mg 
(18.9% vs. 4.9%).

Whether a similar dose intensification could further extend the 
efficacy of tirzepatide remains unknown. An ongoing study 
(NCT06037252 [21]) will help determine whether higher doses 
of the drug can further shift the upper boundary of pharmaco-
logical WL and improve glycemic control.

Efpeglenatide (HM11260C), a long-acting GLP-1 RA developed 
by Hanmi, has also advanced to late-stage clinical development 
for obesity. According to company- and news-reported topline 
results [22] from a Korean phase 3 trial in 448 adults with obe-
sity without T2D, efpeglenatide met its co-primary endpoints 
at 40 weeks, with a mean WL of 9.75% versus 0.95% with pla-
cebo, while 79.4% of treated participants achieved at least 5% 
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WL compared with 14.5% in the placebo group. GI AEs were 
reported as the most common TEAEs and were mostly mild to 
moderate. However, as full peer-reviewed results are not yet 
available, these findings should be interpreted with caution. 
In parallel, Hanmi expanded its program to T2D. In January 
2026, the Korean Ministry of Food and Drug Safety approved a 
phase 3 trial of HM11260C as an add-on therapy to metformin 
and dapagliflozin in patients with inadequately controlled T2D 
(NCT07379333 [23]).

Metsera's ultra-long-acting, fully biased GLP-1RA MET-097i 
was acquired by Pfizer and renamed PF-3944. In the phase 
2b VESPER-1 trial [24] in adults with overweight or obesity 
(N = 239), once-weekly MET-097i produced a dose-dependent 
WL, reaching 14.1% at 28 weeks with the 1.2 mg regimen 
(placebo-subtracted) and a 2.9% discontinuation rate. Individual 
responses to WL were reported to be up to 26.5%. An exploratory 
extension to 36 weeks suggested continued WL without an early 
plateau effect.

VESPER-3 [25] was designed to test titration strategies that would 
allow an induction period with once-weekly dosing, followed by 
a transition to once-monthly maintenance. Participants were 
randomised to four active regimens or placebo, all beginning 
with weekly dosing for 12 weeks and then switching to monthly 
dosing for up to one year. The active regimens used stepwise 
weekly escalation from starting doses of 0.4–0.8 mg toward 
monthly maintenance doses of 3.2 mg or 4.8 mg. At 28 weeks, all 
PF-3944 regimens achieved greater WL than placebo (p < 0.001 
for all), according to a press release by the company. The 0.4 mg 
weekly to 4.8 mg monthly regimen achieved a placebo-adjusted 
12.3% WL (efficacy estimand), whereas the 0.4 mg weekly to 
3.2 mg monthly regimen achieved 10% WL. WL trajectories re-
portedly did not plateau by week 28. These two titration path-
ways (0.4–3.2 mg and 0.4–4.8 mg monthly) are planned for phase 
3 testing.

Overall, the safety profile in the VESPER-3 study was consis-
tent with that of the GLP-1RA class, with predominantly mild-
to-moderate GI AEs and few severe adverse events (SAEs). 
According to Pfizer's press release, discontinuations due to AEs 
occurred during both the weekly induction and monthly main-
tenance phases, whereas no such discontinuations occurred in 
the placebo arm. Interim tolerability analyses suggested that 
gradual titration reduced GI AEs compared with fixed higher-
dose weekly exposure in the VESPER-1 study. Pfizer has also an-
nounced an expanded phase 3 program, including VESPER-4 in 
obesity/overweight, with additional studies planned to evaluate 
both weekly and monthly dosing strategies in obesity and T2D.

Other developers are also exploring GLP-1RA with less fre-
quent dosing schedules and alternative formulations. Ascletis 
Pharma is developing ASC30, a biased GLP-1RA designed for 
both subcutaneous (SC) depot and oral tablet delivery. In a phase 
1b study (NCT06679959 [26]), the SC maintenance formulation 
of ASC30 demonstrated an observed half-life of approximately 
75 days, supporting the possibility of quarterly administration. 
In parallel, an oral formulation of ASC30 has been clinically 
evaluated. According to an ADA 2025 abstract [27], first-in-
human single-ascending-dose data support the development 
of ASC30 as a once-daily oral GLP-1RA, while subsequent 

company-presented multiple-ascending-dose results [28] sug-
gesteda placebo-adjusted WL of up to 6.5% after 28 days of treat-
ment in participants with obesity. However, as these oral ASC30 
data are currently available only in the abstract and company-
reported form, they should be interpreted as preliminary data.

Bofanglutide (GZR18), a novel biweekly GLP-1RA, demonstrated 
greater HbA1c reduction than semaglutide 1 mg in a phase 2b 
trial involving 272 Chinese adults with T2D (−1.87% to −2.32% 
vs. −1.60%), with additional improvements in fasting plasma 
glucose and body weight. However, AEs were more frequent 
with bofanglutide than with semaglutide: TEAEs occurred in 
90.6%–92.7% of bofanglutide-treated participants versus 72.2% 
with semaglutide and GI AEs in 79.6%–87.3% versus 44.4%, re-
spectively. Nausea, vomiting, and diarrhoea were the most com-
mon events [29].

Taken together, these data suggest that innovation within the 
GLP-1 class continues to proceed in two parallel directions: 
dose intensification of established agents and development of 
next-generation long-acting molecules. However, any practical 
advantage from less frequent administration must be balanced 
against tolerability, discontinuation, and the limited peer-
reviewed evidence for several of these agents.

2.3   |   Dual and Triple Incretin Agonists

Multi-receptor agonists are being developed to extend the ef-
ficacy beyond single-pathway incretin therapy by engaging 
complementary hormonal axes relevant to appetite regulation, 
energy expenditure, glycemic control, and adiposity regulation.

Survodutide is a dual GCG RA and GLP-1 RA that is cur-
rently under investigation for the management of obesity and 
represents a strategy that combines appetite reduction with 
a potential increase in energy expenditure. Its phase 3 devel-
opment program includes two randomised controlled trials, 
SYNCHRONIZE-1 (NCT06066515 [30]) and SYNCHRONIZE-2 
(NCT06066528 [31]), designed to evaluate its efficacy and safety 
in obesity, with or without T2D. Participants received once-
weekly SC injections of survodutide or placebo, in addition to 
standardised LI. The dosing regimen included gradual titration 
up to 3.6 mg or 6.0 mg weekly. SYNCHRONIZE-1 enrolled 726 
adults with a BMI ≥ 30 kg/m2 or ≥ 27 kg/m2 with at least one 
ORC without T2D, whereas SYNCHRONIZE-2 enrolled 755 
adults with T2D. The primary endpoints for both studies in-
cluded percentage WL and the proportion of participants who 
achieved at least 5% weight reduction by week 76. A dedicated 
MRI sub-study in SYNCHRONIZE-1 will further investigate 
changes in body composition and liver fat, providing insights 
relevant to metabolic dysfunction-associated steatotic liver dis-
ease (MASLD) [32].

Among dual agonists, HRS9531, a once-weekly GLP-1/GIP RA 
developed by Hengrui Pharma, has emerged as a notable can-
didate for obesity treatment. According to company-reported 
phase 3 topline data and an ObesityWeek 2025 presentation 
[33], 567 Chinese adults with overweight or obesity without T2D 
were randomised to receive once-weekly SC HRS9531 2 mg, 
4 mg, or 6 mg or placebo for 48 weeks. The mean WL reached 
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10.7%, 16.4%, and 17.7% across the three dose groups, respec-
tively, versus 1.4% with placebo, and 44.4% of participants in the 
6 mg group achieved at least 20% WL. Cardiometabolic improve-
ments have also been reported. Safety was broadly consistent 
with the incretin class, with mainly mild-to-moderate GI AEs 
and low rates of permanent discontinuation due to TEAEs (0.7%, 
0.7%, and 1.4% across dose groups vs. none with placebo). Taken 
together, HRS9531 appears to be highly active; however, caution 
should be exercised in interpretation because the strongest ev-
idence is based on conference and company-reported sources 
rather than full peer-reviewed publications.

Similarly, HS-20094, another dual GLP-1/GIP RA, is undergo-
ing a Phase 3 program (NCT07156539 [34]) to assess its efficacy 
and safety over 52 weeks in adults with obesity and those who 
are overweight. A global licensing collaboration with Regeneron 
[35] has expanded its development beyond China.

BGM0504, another dual GLP-1/GIP RA, demonstrated meta-
bolic efficacy in a phase 2b placebo and semaglutide RCT [36] 
conducted in 64 Chinese adults with T2D who were assigned 
to five groups: BGM0504 5 mg (n = 12), 10 mg (n = 12), 15 mg 
(n = 12), placebo (n = 12), and semaglutide 1.0 mg (n = 16). At 
week 12, placebo-adjusted HbA1c reductions were −1.82%, 
−2.05%, and −2.56% for the 5, 10, and 15 mg doses, respectively, 
compared with −1.86% for semaglutide 1 mg weekly. The 15 mg 
dose also demonstrated superior glycemic control (p = 0.0327) 
and higher WL than semaglutide (p < 0.001). However, this ef-
ficacy was accompanied by a higher number of AEs than sema-
glutide: TEAEs occurred in 90.6%–92.7% of BGM0504-treated 
participants versus 72.2% with semaglutide, and drug-related GI 
AEs in 79.6%–87.3% versus 44.4%, respectively. Nausea, vomit-
ing, and diarrhoea were the most common AEs.

In parallel with these developments, CT-868, a biased dual 
GLP-1/GIP RA, was designed to preferentially activate cAMP 
signalling with reduced β-arrestin recruitment, thereby pro-
longing receptor engagement and potentially improving its tol-
erability. A phase 2 RCT [37] of the drug enrolled 103 overweight 
(BMI ≥ 27 kg/m) adults with T2D and inadequately controlled 
glycemia (HbA1c 7.0%–10.0%) treated with metformin or phys-
ical activity only. After 26 weeks, CT-868 (doses from 1.75 to 
4.0 mg) reduced HbA1c by 1.18% to 1.81% and body weight by 
5.4% at 4.0 mg, outperforming the placebo and improving lipid 
and hepatic marker levels. Additionally, 51.7% of participants 
treated with 4.0 mg CT-868 achieved a WL of ≥ 5% (p = 0.036). 
Importantly, TEAEs were mostly mild to moderate; no partic-
ipants in the CT-868 group discontinued treatment because of 
AEs, and no hypoglycemia-related AEs were reported.

CT-388, Roche's [38] dual GLP-1/GIP RA, is another prominent 
drug in this class. In a recent phase 2 randomised, double-blind, 
placebo-controlled trial, 469 adults with obesity or overweight 
with at least one ORC and without T2D were assigned to one 
of five CT-388 dose cohorts or placebo for 48 weeks, and the 
highest-dose cohort was titrated to 24 mg. According to topline 
company-reported results, CT-388 at 24 mg achieved a placebo-
adjusted mean WL of 22.5% at week 48 using the efficacy esti-
mand and 18.3% using the treatment regimen estimand. In the 
24 mg group, 95.7% of the participants achieved at least 5% WL, 
87.0% achieved at least 10%, 47.8% achieved at least 20%, and 

26.1% achieved at least 30% WL by week 48. Among participants 
with prediabetes at baseline who received 24 mg CT-388, 73% 
reverted to normoglycemia at week 48, compared with 7.5% in 
the placebo group (company reported). CT-388 was generally 
well-tolerated, with mostly mild-to-moderate GI AEs consistent 
with the incretin class. Discontinuation due to AEs occurred 
in 5.9% of CT-388-treated participants versus 1.3% of placebo-
treated participants. A phase 3 program on obesity (Enith1, 
NCT07351045 [39]; Enith2, NCT07351058 [40]) is expected to be 
initiated in 2026.

Mazdutide, a dual GLP-1 and GCG RA, has demonstrated con-
sistent dose-dependent weight-lowering efficacy in both early 
and late stages of development. In company-reported phase 2 
data presented at ObesityWeek 2025 [41], 179 adults with obe-
sity or overweight were randomised (177 dosed) in a 3:2:3:3 ratio 
to receive placebo or once-weekly mazdutide 3/6 mg, 10 mg, or 
16 mg for 48 weeks, according to prespecified dose-escalation 
schedules. The primary endpoint was the percentage change in 
body weight at week 32, with the week 48 body weight change 
as a key secondary endpoint. By week 48, the mean WL ranged 
from 10.5% in the 3/6 mg group to 22.3% in the 16 mg group. 
Moreover, 52% of participants receiving 16 mg achieved ≥ 20% 
weight loss, while ≥ 25% WL was observed in 35% and 29% of 
those treated with 16 and 10 mg, respectively, versus 3% in the 
placebo group (p < 0.001 and p < 0.01, respectively). TEAEs were 
predominantly gastrointestinal and mostly mild to moderate, 
with higher rates in the 16 mg group. Treatment discontinuation 
due to AEs occurred in 3.1%, 10.6%, and 19.6% of participants 
in the 3/6, 10, and 16 mg groups, respectively, versus 0% in the 
placebo group. Because these findings are currently available 
from a company-sponsored conference presentation rather than 
a full peer-reviewed publication, they should be interpreted as 
preliminary results.

However, these findings are supported by phase 3 evidence from 
the GLORY-1, a double-blind, placebo-controlled trial conducted 
in China that enrolled 610 adults with obesity or overweight and 
at least one ORC. At baseline, the participants had a mean age of 
34.2 years and a mean BMI of 31.1 kg/m2. Once-weekly mazdu-
tide was administered with dose escalation to 4 or 6 mg over 
48 weeks and produced clinically meaningful, dose-dependent 
WL. At week 32, the mean body weight change was −10.09% 
with mazdutide 4 mg and −12.55% with mazdutide 6 mg, com-
pared with +0.45% with placebo; 73.9% and 82.0% of participants 
in the two active treatment groups, respectively, achieved at 
least 5% WL versus 10.5% with placebo. By week 48, weight loss 
was sustained at −11.00% and −14.01% with mazdutide 4 and 
6 mg, respectively, compared with +0.30% with placebo, while 
35.7% and 49.5% of participants achieved at least 15% WL ver-
sus 2.0% with placebo. In addition to WL, mazdutide improved 
multiple prespecified cardiometabolic measures, including 
waist circumference, systolic blood pressure, triglyceride con-
centrations, total and low-density lipoprotein (LDL) cholesterol 
concentrations, serum uric acid levels, and alanine aminotrans-
ferase (ALT) concentrations. The safety profile was dominated 
by GI AEs, primarily nausea, diarrhoea, and vomiting, which 
were mostly mild to moderate in severity and occurred mainly 
during dose escalation; discontinuation due to AEs was infre-
quent, occurring in 1.5% of participants receiving 4 mg, 0.5% re-
ceiving 6 mg, and 1.0% receiving placebo [42].
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A subsequent phase 3 study, GLORY-2 [43], extended these 
findings to a higher dose regimen. According to company-
reported topline results, 462 Chinese adults with obesity 
(BMI ≥ 30 kg/m2), including 16% with T2D, were randomised 
in a 2:1 ratio to once-weekly mazdutide 9 mg or placebo for 
60 weeks. At week 60, the mean WL reached 18.55% with 
mazdutide versus 3.02% with placebo, and 44.0% of partici-
pants on mazdutide achieved at least 20% weight loss com-
pared with 2.6% on placebo. In the subgroup without T2D, the 
mean WL was 20.08% versus 2.81% with placebo, with 48.7% 
versus 3.1% achieving at least 20% weight loss. All key car-
diometabolic secondary endpoints were reported as met, and 
discontinuation due to AEs was 2.9% with mazdutide versus 
0% with placebo. However, these findings should be inter-
preted cautiously because full peer-reviewed phase 3 results 
are not yet available.

In addition to obesity, mazdutide has been evaluated as a mono-
therapy for T2D. According to company-reported topline results 
from the head-to-head phase 3 DREAMS-3 trial [44], mazdutide 
6 mg produced greater reductions in both HbA1c and body weight 
than semaglutide 1 mg, with 48% of participants achieving the 
composite endpoint of HbA1c < 7.0% and ≥ 10% weight loss 
versus 21% with semaglutide (mean HbA1c changes of −2.03% 
vs. −1.84% and weight changes of −10.29% vs. −6.0%, respec-
tively). Phase 3 evidence was further extended by DREAMS-1 
[45], which enrolled patients with T2D inadequately controlled 
by diet and exercise alone. In this placebo-controlled trial, 320 
Chinese adults (mean HbA1c 8.24%, BMI 28.2 kg/m2, diabetes 
duration 1.9 years) were randomised in a 1:1:1 ratio to receive 
once-weekly mazdutide 4 mg, mazdutide 6 mg, or placebo for 
24 weeks, followed by a 24-week extended treatment period. At 
week 24, HbA1c fell by 1.57% and 2.15% with mazdutide 4 and 
6 mg, respectively, compared with 0.14% with placebo, while 
body weight decreased by 5.61% and 7.81% versus 1.26% with 
placebo. Mazdutide also increased the proportion of participants 
achieving HbA1c < 7.0%, ≥ 5% WL, and the composite endpoint 
of HbA1c < 7.0% plus ≥ 5% weight loss. GI AEs, particularly diar-
rhoea, decreased appetite, and nausea, were the most common 
and consistent with the GLP-1RA class. TEAEs leading to dis-
continuation were reported in one participant (0.9%) receiving 
mazdutide 4 mg and in six participants (5.7%) receiving mazdu-
tide 6 mg during the 24-week treatment period, while SAEs oc-
curred in 5.7%, 2.8%, and 0.9% of participants in the 4 mg, 6 mg, 
and placebo groups, respectively. Mazdutide also produced a 
modest dose-related increase in pulse rate, which peaked during 
dose escalation and declined thereafter.

Mazdutide has recently received first-in-class regula-
tory approval from the China National Medical Products 
Administration (NMPA) for long-term weight management 
and T2D treatment. In China, it is approved for chronic weight 
management in adults with a BMI ≥ 28 kg/m2 or a BMI ≥ 24 kg/
m2 with at least one ORC. While this milestone is supported by 
the accumulating efficacy and safety evidence from the Chinese 
phase 3 program, a broader evaluation is warranted to establish 
generalizability beyond the Chinese population and across more 
diverse metabolic phenotypes.

Pemvidutide, a dual GLP-1 and GCG RA, has shown promising 
activity in MASH. A total of 212 participants (mean BMI 38.7 kg/

m2) were assigned to receive pemvidutide 1.2 mg (n = 41), pem-
vidutide 1.8 mg (n = 85), or placebo (n = 86) in a randomised, 
double-blind, placebo-controlled phase 2b trial (IMPACT). Of 
the 193 (91%) participants, 188 (89%) completed 24 weeks of 
treatment and had interpretable paired biopsy [46]. At week 24, 
the primary endpoint (metabolic dysfunction-associated steato-
hepatitis (MASH) resolution without worsening of fibrosis) was 
significantly more frequent with pemvidutide than with placebo, 
achieved by 58% in the 1.2 mg group and 52% in the 1.8 mg group 
versus 20% with placebo (both p < 0.0001). In contrast, fibrosis 
improvement without worsening of MASH did not differ signifi-
cantly from that of the placebo at week 24 (33% and 36% with 
pemvidutide 1.2 and 1.8 mg, respectively, vs. 28% with placebo). 
Beyond MASH, pemvidutide produced modest but clinically rel-
evant WL at 24 weeks (−4.8% with 1.2 mg and −5.8% with 1.8 mg 
vs. −0.5% with placebo), with trajectories suggesting ongoing 
WL through the end of treatment. Pemvidutide was generally 
well tolerated for 24 weeks. AEs occurred in 78% and 81% of 
participants receiving pemvidutide 1.2 and 1.8 mg, respectively, 
compared with 67% receiving placebo, with GI AEs being the 
most common. Discontinuation due to AEs was infrequent (1% 
with pemvidutide and 2% with placebo).

Beyond dual-agonist strategies, UBT251, a once-weekly admin-
istered triple GLP-1/GIP/GCG RA, has generated early proof-
of-concept data. In a phase 1b randomised, placebo-controlled 
study involving 36 adults with overweight or obesity, UBT251 
produced dose-dependent reductions in body weight and 
HbA1c over 12 weeks. Based on these findings, a phase 2 study 
was initiated in adults with overweight or obesity in China 
(NCT07134335 [47]).

Among the triple agonists, retatrutide, which combines GIP, 
GLP-1, and GCG receptor agonism, has attracted particular at-
tention because of its marked effects on both glycemic control 
and body composition. In a phase 2 trial [48], adults with T2D 
(n = 281) were assigned to receive SC placebo, dulaglutide 1.5 mg, 
or retatrutide at different doses. Changes in body composition, 
measured using dual-energy X-ray absorptiometry (DXA), were 
assessed in 189 participants after 36 weeks. Retatrutide pro-
duced dose-dependent reductions in total fat mass, with the 
largest effect observed in the pooled 8 mg group (−26.1%) and 
a similarly pronounced reduction at 12 mg (−23.2%), compared 
with −4.5% in the placebo group and −2.6% in the dulaglutide 
1.5 mg group. Although the lean mass also declined, the rela-
tive composition of WL remained within the range reported for 
other obesity pharmacotherapies, suggesting that retatrutide did 
not produce disproportionate lean-tissue loss despite its marked 
overall effect. Retatrutide also reduced visceral adiposity and 
improved fat distribution markers, such as the trunk-to-leg 
and android-to-gynoid fat ratios. The safety profile in the sub-
study was consistent with that of the main phase 2 program: GI 
AEs were the most frequently reported, SAEs were uncommon 
across groups, and no deaths were reported.

Additional evidence for its anti-obesity potential comes from 
the phase 3 TRIUMPH-4 trial, the results of which are cur-
rently available as company-reported topline data rather than a 
peer-reviewed publication. According to Lilly's December 2025 
press release [49], 445 adults with overweight or obesity and 
knee osteoarthritis were randomised to receive once-weekly 
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retatrutide 9 mg, 12 mg, or placebo for 68 weeks. In the efficacy 
estimand, the mean WL was 26.4% and 28.7% with 9 and 12 mg 
retatrutide, respectively, versus 2.1% with placebo. A ≥ 25% WL 
was achieved in 47.7% and 58.6% of participants in the 9 and 
12 mg groups, respectively, compared with 1.3% in the placebo 
group. Additionally, ≥ 35% WL occurred in 18.2% and 23.7% ver-
sus 0% with 9 and 12 mg of retatrutide, respectively. Treatment 
also improved non-high-density lipoprotein (HDL) cholesterol, 
triglyceride, and high-sensitivity C-reactive protein concentra-
tions. AEs were predominantly GI and consistent with incretin-
based therapies, while dysesthesia was reported in 8.8% and 
20.9% of participants in the 9 and 12 mg groups, respectively, 
versus 0.7% with placebo. Discontinuation rates due to AEs were 
12.2% and 18.2% with retatrutide 9 and 12 mg, respectively, com-
pared with 4.0% with placebo, and were often related to high 
baseline BMI or perceived excessive WL.

A new phase 3 trial of retatrutide has also emerged in T2D. 
According to Lilly's March 2026 press release [50] reporting 
topline results from TRANSCEND-T2D-1, 537 adults with T2D 
inadequately controlled with diet and exercise alone (baseline 
HbA1c 7.9%; BMI 35.8 kg/m2) were randomised in a 1:1:1:1 ratio 
to once-weekly retatrutide 4 mg, 9 mg, 12 mg, or placebo for 
40 weeks, with all active treatment groups starting at 2 mg and 
escalating every 4 weeks to the target dose. Retatrutide met the 
primary endpoint, reducing HbA1c by 1.7%, 2.0%, and 1.9% in 
the 4, 9, and 12 mg groups, respectively, versus 0.8% with pla-
cebo (efficacy estimand). WL was also substantial, reaching 
11.5%, 15.5%, and 16.8% versus 2.5% with placebo, with no pla-
teau reportedly observed by week 40. Additional improvements 
were observed in non-HDL cholesterol, triglyceride, and systolic 
blood pressure levels. The most common AEs were GI, which 
occurred primarily during dose escalation. Nausea, diarrhoea, 
and vomiting were more frequent with retatrutide than with 
placebo, whereas dysesthesia was reported in 2.3%–4.5% of 
retatrutide-treated participants. Discontinuation due to AEs oc-
curred in 2.2%, 4.5%, and 5.1% of participants receiving 4, 9, and 
12 mg retatrutide, respectively, compared with 0% in the placebo 
group. Because these results are currently available from a com-
pany press release rather than a peer-reviewed publication, they 
should be interpreted as preliminary results. Taken together, 
these data position retatrutide as one of the most effective 
emerging incretin-based therapies and justify ongoing clinical 
development, including at least 13 active trials registered in Eli 
Lilly's clinical program.

HM15275 is a long-acting GLP-1/GIP/GCG triple co-agonist 
under early clinical evaluation. In the first-in-human ran-
domised, double-blind, placebo-controlled phase 1 study [51], 
multiple ascending-dose cohorts enrolled adults with obesity 
without T2D (mean BMI 31.9–35.1 kg/m2), using an 8:2 alloca-
tion (active: placebo) and a 4-week treatment period followed 
by a follow-up. Across the MAD cohorts, placebo-adjusted 
weight change at day 29 showed a dose–response signal, reach-
ing a mean reduction of −4.81% in the highest titration cohort 
(0.5/2/4/8 mg). In the safety dataset, TEAEs were common 
and largely GI, and no SEA was reported. Two discontinu-
ations occurred in the active arms and were not considered 
treatment-related. The pharmacokinetics of HM15275 support 
once-weekly dosing, and a phase 2 obesity study (NCT07205900 
[52]) is currently in the recruitment phase.

Once-monthly SC maridebart cafraglutide (MariTide) [53], a 
long-acting peptide-antibody conjugate developed by Amgen, 
which combines GLP-1 RA with GIP receptor antagonism, was 
evaluated in a multinational, double-blind, placebo-controlled 
phase 2 dose-ranging trial that enrolled 592 participants across 
two cohorts: an obesity cohort (n = 465; mean BMI 37.9 kg/m2) 
and an obesity-diabetes cohort (n = 127; mean BMI 36.5 kg/m2; 
mean HbA1c 7.9%). In the obesity cohort, participants were ran-
domised to receive monthly doses of 140, 280, or 420 mg every 
4 weeks; 420 mg every 8 weeks; 420 mg every 4 weeks with a 
4-week dose escalation; 420 mg every 4 weeks with a 12-week 
dose escalation; or placebo. In the obesity-diabetes cohort, par-
ticipants received 140, 280, or 420 mg every 4 weeks or placebo. 
At week 52, the treatment-policy estimand showed a mean WL 
ranging from 12.3% to 16.2% in participants without diabetes 
versus 2.5% with placebo and from 8.4% to 12.3% in those with 
obesity and T2D versus 1.7% with placebo. Under the efficacy 
estimand, the WL reached 19.9% and 17.0%, respectively. In the 
obesity-diabetes cohort, HbA1c decreased by 1.2% to 1.6% with 
the treatment-policy estimand and by up to 2.2% with the effi-
cacy estimand. The safety profile was largely GI and dose de-
pendent. In the obesity cohort, 90%–99% of MariTide-treated 
participants reported at least one AEs versus 68% with placebo; 
in the obesity-diabetes cohort, the corresponding rates were 
91%–97% versus 81%. GI AEs, particularly nausea and vomit-
ing, were the most common and were clearly less frequent with 
lower starting doses and dose-escalation regimens. In the obe-
sity cohort, discontinuation of the trial regimen due to GI AEs 
occurred in 8% of participants in the dose-escalation groups, 
compared with 12%–27% in the non-escalation groups. In the 
obesity-diabetes cohort, the corresponding range was 6%–16%. 
These findings support MariTide as a promising once-monthly 
therapy; although, its tolerability appears to depend substan-
tially on lower starting doses and gradual dose escalation.

Kailera [54] is also advancing an early stage research portfolio, 
including KAI-4729, a next-generation injectable GLP-1/GIP/
GCG receptor agonist intended for the treatment of obesity and 
metabolic diseases.

Efinopegdutide (MK-6024), a GLP-1/GCG co-agonist, remains 
in clinical development with ongoing trials; however, no major 
peer-reviewed outcomes in obesity/T2D have been identified 
in 2025, and earlier trials reported tolerability limitations at 
higher doses.

Overall, this group of dual and triple agonists illustrates the 
widening mechanistic scope of obesity pharmacotherapy: some 
agents may offer differentiated effects on liver disease or body 
composition, whereas others are being developed primarily to 
increase the upper boundary of WL. Simultaneously, differences 
in phase, population, and evidence maturity remain important 
when making cross-trial comparisons.

2.4   |   Amylin Analogues and Related Peptides

Amylin analogues represent a complementary strategy to 
incretin-based therapy. Cagrilintide, a long-acting human 
amylin analogue, was evaluated in combination with sema-
glutide in the phase 3a REDEFINE 1 trial [55], a 68-week, 
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multicenter, double-blind, placebo- and active-controlled 
study in adults without T2D who were obese or overweight 
with at least one ORC. Participants were randomised in 
a 21:3:3:7 ratio to once-weekly fixed-dose cagrilintide-
semaglutide (2.4 mg/2.4 mg), semaglutide 2.4 mg, cagrilint-
ide 2.4 mg, or placebo, all combined with LI. Treatment was 
initiated at 0.25 mg of each component and escalated every 
4 weeks to the target dose by week 16, with protocol-permitted 
dose delays or reductions for tolerance. In the full trial popu-
lation (n = 3417; mean age 47.0 years, mean BMI 37.9 kg/m2), 
CagriSema achieved a mean WL of 20.4% at week 68 under 
the treatment-policy estimand, compared with 14.9% with 
semaglutide, 11.5% with cagrilintide, and 3.0% with placebo; 
under the trial-product estimand, WL reached −22.7% with 
CagriSema. WL target attainment was also substantially 
greater with CagriSema, with 91.9% of participants achieving 
at least 5% WL, 53.6% at least 20%, 34.7% at least 25%, and 
19.3% at least 30%, whereas the corresponding 25% and 30% 
thresholds were reached by 14.8% and 8.7% with semaglu-
tide alone, respectively. Beyond WL, CagriSema significantly 
improved waist circumference, systolic blood pressure, and 
physical function scores; among participants with prediabe-
tes at baseline, 87.7% attained normoglycemia versus 32.2% 
with placebo. The safety profile was dominated by GI AEs, 
which occurred in 79.6% of participants receiving CagriSema 
versus 73.8% with semaglutide, 54.0% with cagrilintide, and 
39.9% with placebo. Permanent discontinuation due to AEs 
occurred in 5.9% of patients treated with CagriSema, includ-
ing 3.6% due to GI AEs; SEA were reported in 9.8% of patients, 
and two deaths occurred in the CagriSema group, adjudicated 
as suicide and cancer. Notably, only 57.4% of participants in 
the CagriSema group were receiving the maximum dose at 
week 68, although 74.7% had reached it at some point, suggest-
ing that substantial efficacy was maintained despite flexible 
dose adjustment under routine-like conditions. A subsequent 
post hoc analysis further focused on cardiometabolic effects: 
clinically relevant reductions in blood pressure were observed 
across BMI subgroups, irrespective of whether the baseline 
BMI was above or below 35 kg/m2. At week 68, reductions in 
blood pressure with CagriSema were greater than those re-
ported for either monotherapy, and systolic blood pressure 
decreased by 10.9 mmHg despite a substantial proportion of 
participants reducing their concomitant antihypertensive 
treatment use [56].

REDEFINE 2 [57] extended CagriSema to adults with T2D. This 
phase 3a, double-blind, placebo-controlled trial randomised 
1206 adults in a 3:1 ratio to once-weekly fixed-dose cagrilintide-
semaglutide 2.4 mg/2.4 mg (n = 904) or placebo (n = 302), both 
combined with LI, for 68 weeks. At baseline, the mean BMI was 
36.2 kg/m2, the mean HbA1c level was 8.0%, and the mean dia-
betes duration was 8.5 years. Dose escalation was similar to that 
used in the REDEFINE 1 study. Notably, 61.9% of the partici-
pants in the CagriSema group received the full 2.4 mg dose at 
week 68, although 75.9% had reached it at some point during 
the trial.

Using the treatment-policy estimand, the mean WL at week 
68 was 13.7% with CagriSema versus 3.4% with placebo, with 
83.6% versus 30.8% of participants achieving at least 5% WL. 
Higher responder thresholds also favoured CagriSema: 65.6% 

versus 10.3% achieved at least 10% WL, 43.8% versus 2.4% 
achieved at least 15% WL, and 22.9% versus 0.5% achieved at 
least 20% WL. In parallel, glycemic control improved substan-
tially, with a decrease in HbA1c of 1.8% with CagriSema ver-
sus 0.4% with placebo; 73.5% of treated participants achieved 
HbA1c ≤ 6.5% compared with 15.9% in the placebo group. 
Additional benefits included greater reductions in waist cir-
cumference and systolic blood pressure, and improvements in 
physical function scores. In the continuous glucose monitor-
ing subgroup, the mean time in range increased from 43.6% at 
baseline to 86.8% at week 68 with CagriSema, compared with 
41.3% to 50.2% with placebo.

GI AEs were common and were reported in 72.5% of partici-
pants receiving CagriSema versus 34.4% with placebo; however, 
they were mostly transient and mild to moderate in severity. 
Permanent discontinuation due to any AEs occurred in 8.4% 
versus 3.0%, and discontinuation specifically due to GI AEs oc-
curred in 4.8% versus 0.7%, respectively. SAEs were reported in 
10.4% of participants in the CagriSema group and 12.9% in the 
placebo group. Level 2 hypoglycemia occurred in 6.0% versus 
3.3%, whereas level 3 events were rare (0.2% with CagriSema 
and none with placebo) and occurred only in participants receiv-
ing concomitant sulfonylureas. Overall, REDEFINE 2 showed 
that CagriSema can deliver clinically meaningful WL together 
with near-normoglycemic control in patients with T2D, albeit 
with the expected tolerability burden of a potent incretin-amylin 
combination.

According to Novo Nordisk, CagriSema is now being advanced 
in head-to-head programs against established therapies, in-
cluding semaglutide and tirzepatide. In a press release [58] 
reporting topline results from the phase 3 REIMAGINE 2 trial 
(68 weeks), Novo Nordisk stated that CagriSema 2.4 mg/2.4 mg 
was superior to semaglutide 2.4 mg for both glycemic control 
and WL in 2728 adults with T2D inadequately controlled on 
metformin, with or without a sodium-glucose cotransport-
er-2 inhibitor [SGLT2i] (approximately 40% on SGLT2i; mean 
baseline HbA1c was 8.2%). Using the efficacy estimand, HbA1c 
decreased by 1.91% with CagriSema 2.4/2.4 mg versus 1.76% 
with semaglutide 2.4 mg and increased by 0.09% with pla-
cebo; concomitant WL was 14.2% versus 10.2% (semaglutide 
2.4 mg) and 1.5% (placebo), with no plateau reported at week 
68. Using the treatment regimen estimand, Novo Nordisk 
reported HbA1c reductions of 1.80% versus 1.68% and WL of 
12.9% versus 9.2% for CagriSema 2.4/2.4 mg versus semaglu-
tide 2.4 mg, respectively. Safety was consistent with that of 
incretin- and amylin-based therapies, with predominantly 
mild-to-moderate GI AEs diminishing over time. Separately, 
Novo Nordisk disclosed [59] topline results from REDEFINE 
4 (open-label, 84 weeks), a phase 3 head-to-head trial in 809 
adults with obesity and at least one comorbidity (mean body 
weight was 114.2 kg) comparing once-weekly CagriSema 
2.4/2.4 mg with tirzepatide 15 mg. The company reported that 
the trial did not meet its primary non-inferiority endpoint for 
WL versus tirzepatide: under the efficacy estimand, WL was 
23.0% with CagriSema versus 25.5% with tirzepatide at week 
84; under the treatment-regimen estimand, WL was 20.2% 
versus 23.6%, respectively. In the same press release, Novo 
described a class-consistent tolerability profile with GI AEs 
that were largely mild-to-moderate and diminished over time 
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and noted that additional trials, including higher-dose com-
binations, are planned to further explore the full weight-loss 
potential of CagriSema.

Taken together, the peer-reviewed REDEFINE 1 and 
REDEFINE 2 trials established CagriSema as one of the most ef-
fective incretin-amylin combinations currently in development, 
whereas the more recent head-to-head data from REIMAGINE 
2 and REDEFINE 4 remain company-reported and should be 
interpreted as preliminary until full peer-reviewed results be-
come available.

Petrelintide (ZP8396), a once-weekly amylin analog, has also 
shown encouraging antiobesity activity during early clin-
ical development. According to topline company-reported 
results [60] from the phase 2 ZUPREME-1 trial, 493 adults 
with obesity or overweight and at least one ORC (mean BMI 
37 kg/m2; mean age 48 years; 53% women) were randomised 
to one of five once-weekly petrelintide regimens or a placebo 
for 42 weeks. The study included a dose-escalation period of 
up to 16 weeks, with dose increases every 4 weeks, and the 
primary endpoint was the change in body weight from base-
line to week 28. All petrelintide groups achieved greater WL 
than placebo at week 28, and under the efficacy estimand, the 
highest-performing regimen produced WL of up to 10.7% at 
week 42 versus 1.7% with placebo. Notably, 98% of the partic-
ipants in the group with the greatest WL reached the planned 
maintenance dose during the trial. Roche described petrelin-
tide as having placebo-like tolerability, with discontinuation 
due to AEs occurring in 4.8% of petrelintide-treated partici-
pants and 4.9% of those receiving placebo; withdrawal for any 
reason was less frequent with petrelintide than with placebo 
(8.4% vs. 13.6%, respectively). Based on these findings, Roche 
announced the further development of petrelintide as a mono-
therapy and in combination with the dual GLP-1/GIP receptor 
agonist CT-388.

AZD6234, a selective amylin RA developed by AstraZeneca, 
is being evaluated as a monotherapy and in combination-
based strategies. A phase 1 randomised, single-blind, 
placebo-controlled repeat-dose study (NCT06132841 [61]) in 
participants with overweight or obesity has been completed, 
and AstraZeneca's current pipeline materials also list a phase 
2 monotherapy program (APRICUS, NCT06595238 [62]) 
in obesity or overweight individuals with comorbidities. In 
parallel, the phase 2b ASCEND trial (NCT06862791 [63]) is 
evaluating AZD6234 in combination with AZD9550, a GLP-1/
GCG RA, in adults with obesity or who are overweight and 
have at least one ORC. However, no mature peer-reviewed 
efficacy data are available for AZD6234, and its positioning 
remains investigational.

Additional amylin-based candidates have emerged. GUBamy 
[64], a once-weekly SC amylin analog evaluated in healthy lean 
and overweight participants, produced an early WL possibility 
in first-in-human testing, supporting its continued exploratory 
development.

MET-233 is a very long-acting amylin analog being developed 
by Metsera for SC administration, with the stated goal of en-
abling once-monthly dosing and potential use as monotherapy 

or in combination with the company's ultra-long-acting GLP-
1RA MET-097i (PF-3944). Early clinical evidence comes from 
a phase 1 program in 40 adults with overweight or obesity, 
in which once-weekly SC MET-233 at 1.2 mg was associated 
with a placebo-subtracted 8.4% reduction in body weight over 
5 weeks (company-reported) [65]. In the multiple ascending 
dose portion, GI AEs were mild, dose-dependent, and largely 
confined to the first week of dosing, suggesting rapid develop-
ment of tolerance despite pharmacokinetic accumulation over 
the 5-week period. Lower anticipated starting doses (0.15 and 
0.3 mg) were reported to have tolerability comparable to that of 
the placebo across both single- and multiple-dose cohorts, with 
no safety concerns or severe or serious adverse events reported 
to date (company-reported). Further evaluation is ongoing in 
phase 1/2 trials assessing once-weekly SC MET-233 as mono-
therapy (NCT07022977 [66]) and in combination with MET-097 
(NCT06924320 [67]) in adults with overweight or obesity, with 
and without T2D.

A recent phase 2 study reported the efficacy and safety of elo-
ralintide, a novel, selective, long-acting amylin RA that activates 
the human amylin 1 receptor (AMY1R) approximately 12 times 
more potently than the human calcitonin receptor. A total of 263 
adults with BMI ≥ 30 kg/m2 or ≥ 27 kg/m2 without T2D were en-
rolled in this RCT. All participants were assigned to a placebo or 
one of six eloralintide regimens (1, 3, 6, 9, 6–9, and 3–6–9 mg) for 
48 weeks. Under the efficacy estimand, the mean WL at week 48 
was 9.5%, 12.4%, 17.6%, 20.1%, 19.9%, and 16.4% for the 1, 3, 6, 9, 
6–9 and 3–6–9 mg groups, respectively, compared with 0.4% in 
the placebo group (p < 0.001 for all). A DXA substudy demon-
strated that most WL reflected a reduction in fat mass rather 
than lean tissue. WL ≥ 20% was achieved in 57% of participants 
receiving 9 mg and 50% of those treated with 6–9 mg, while ≥ 30% 
reductions occurred in 19% and 21%, respectively. Eloralintide 
also produced favourable cardiometabolic effects (significant 
reductions in fasting plasma glucose and triglycerides) versus 
placebo, particularly in the 9 mg and dose-escalation groups. 
TEAEs were reported in 81% of the eloralintide-treated partici-
pants and 71% of the placebo recipients. The incidence of GI AEs 
was higher with eloralintide (8%–33%) than with placebo (0%–
13%); however, it was lowest in the 3–6–9 mg escalation group 
(2%–25%), indicating improved tolerability with gradual titra-
tion. Overall, 10% (21 of 208) of participants discontinued treat-
ment due to AEs in the eloralintide group compared with 8% 
(4 of 52) in the placebo group. Interestingly, treatment was also 
associated with modest reductions in heart rate, suggesting pos-
sible improvements in autonomic nervous system balance [68].

Amycretin, a single-molecule GLP-1 and amylin RA developed 
by Novo Nordisk, has also shown promise in phase 2 trials in 
adults with T2D and excess body weight. In a recent phase 2 
trial [69], 448 adults with overweight or obesity and T2D were 
randomised to receive once-weekly SC amycretin (0.4–40 mg), 
once-daily oral amycretin (6, 25, or 50 mg), or placebo for up to 
36 weeks. Subcutaneous amycretin produced dose-dependent 
HbA1c reductions of up to 1.8%, and oral amycretin achieved 
HbA1c reductions of up to 1.5%. All comparisons with placebo 
were statistically significant. Weight loss reached −14.5% with 
the highest SC dose (vs. −2.6% with placebo) and −10.1% with 
the highest oral dose (vs. −2.5% with the placebo). No plateau in 
WL was observed at 36 weeks in the higher-dose cohort. These 
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preliminary findings support amycretin as a potentially im-
portant bridge between amylin-based therapy and multi-target 
incretin pharmacology, although long-term efficacy and tolera-
bility data are still needed.

Taken together, this subgroup of amylin-based agents illustrates 
two parallel development paths: direct anti-obesity monotherapy 
with newer amylin analogs and combination strategies intended 
to complement incretin-based efficacy. However, apart from 
CagriSema, most of these programs are still in the early stages 
of development, and their ultimate clinical value will depend on 
whether gains in convenience or body composition profiles can 
be achieved without significantly worsening tolerability.

2.5   |   Oral GLP-1 Receptor Agonists

In addition to the two currently approved oral GLP-1 RAs, oral 
semaglutide and orforglipron, parallel efforts have focused on 
developing additional oral incretin-based agents capable of ap-
proaching the efficacy of weekly injectable therapies. These 
agents may broaden access, improve adherence, and expand 
first-line pharmacological options for obesity and T2D.

ACHIEVE-1 [70], a phase 3 RCT, evaluated orforglipron, a once-
daily oral non-peptide GLP-1RA, in 559 adults with T2D inade-
quately controlled by diet and exercise alone. Participants had a 
mean diabetes duration of 4.4 years and a mean baseline HbA1c 
of 8.0%, and were randomised to receive orforglipron 3, 12, or 
36 mg or placebo for 40 weeks. At week 40, HbA1c, the primary 
endpoint, decreased by 1.24% to 1.48% with orforglipron ver-
sus 0.41% with placebo, and 68%–73% of participants achieved 
an HbA1c below 7.0%. Body weight, a key secondary endpoint, 
decreased by 4.5%–7.6% with orforglipron compared with 1.7% 
with placebo. The proportions of participants achieving at least 
5%, 10%, and 15% WL were 43%–61%, 15%–30% and 4%–10%, re-
spectively, compared to 17%, 6%, and 1% with placebo. AEs were 
predominantly GI, dose-dependent, and mild-to-moderate in se-
verity. Hypoglycemia was infrequent (0%–1.4%), with no cases 
of severe stages, while discontinuation due to GI AEs occurred 
in 2.2%–5.7% of participants receiving orforglipron and in none 
receiving placebo.

Additional phase 3 studies [71] have extended the evidence base 
for orforglipron in different treatment settings. In ACHIEVE-2, 
orforglipron was reported to be superior to dapagliflozin for gly-
cemic control, whereas in ACHIEVE-5, it remained superior to 
placebo across the tested doses. Taken together, the ACHIEVE 
program suggests that oral GLP-1 receptor agonism with or-
forglipron can deliver clinically meaningful reductions in both 
HbA1c and body weight across a range of baseline treatment 
scenarios.

ACHIEVE-3 [72] provided the first randomised phase 3 head-
to-head comparison between orforglipron and oral sema-
glutide in adults with T2D inadequately controlled with 
metformin (≥ 1500 mg/day; HbA1c 7.0%–10.5%; BMI ≥ 25 kg/
m2). Participants (n = 1698; mean HbA1c 8.3%, weight 97.0 kg, 
BMI 35.1 kg/m2) were randomised 1:1:1:1 to receive orforglip-
ron 12 mg or 36 mg (escalated from 1 mg with 4-weekly up-
titration) or semaglutide 7 mg or 14 mg (escalated from 3 mg 

with the standard fasting/water and pre-meal administration 
requirements). The primary endpoint (HbA1c change at week 
52; treatment-regimen estimand) showed that both orforglipron 
doses were not only non-inferior but also statistically superior 
to both semaglutide doses: mean HbA1c reductions were −1.71% 
(12 mg) and −1.91% (36 mg) versus −1.23% (7 mg) and −1.47% 
(14 mg), with treatment differences ranging from −0.24% to 
−0.68%. These glycemic advantages translated into higher tar-
get attainment (HbA1c < 7.0%: 72%–76% with orforglipron vs. 
54%–64% with semaglutide; HbA1c ≤ 6.5%: 63%–68% vs. 38%–
48%; HbA1c < 5.7%: 21%–31% vs. 7%–12%). WL was also greater 
with orforglipron (treatment regimen: −6.1% and −8.2%) than 
semaglutide (−3.9% and −5.3%), with significantly more partic-
ipants reaching clinically meaningful WL thresholds (≥ 10%: 
28%–44% with orforglipron vs. 13%–21% with semaglutide; 
≥ 15%: 12%–23% vs. 5%–6%). Importantly for clinical practice, 
fewer participants required rescue therapy for severe persistent 
hyperglycemia with orforglipron (2%–3%) than with semaglu-
tide (6%–12%). Safety was broadly class-consistent but with clear 
tolerability trade-offs: GI AEs were more frequent with orfor-
glipron (58%–59%) than semaglutide (37%–45%), discontinua-
tions due to AEs were higher (9%–10% vs. 4%–5%), and mean 
pulse-rate increases were larger (3.7–4.7 bpm vs. 1.0–1.5 bpm). 
The rates of adjudication-confirmed pancreatitis, gallbladder 
events, diabetic retinopathy events (including category worsen-
ing), and hepatic AEs were similar across the groups.

The ATTAIN-2 trial [73] evaluated the efficacy and safety of or-
forglipron in adults with T2D who were overweight or obese. 
In this phase 3, randomised, double-blind trial, 1613 partici-
pants (mean age 56.8 years; 46.9% women) with baseline HbA1c 
7.0%–10.0% were assigned in a 1:1:1:2 ratio to once-daily orfor-
glipron 6 mg, 12 mg, or 36 mg or placebo, for 72 weeks, in addi-
tion to stable antihyperglycemic therapy or LI. At week 72, the 
mean WL under the efficacy estimand reached 5.5%, 7.8%, and 
10.5% with the 6, 12, and 36 mg doses, respectively, compared 
with 2.2% with placebo (p < 0.001 for all comparisons). The 
corresponding HbA1c reductions were 1.29%, 1.60%, and 1.79% 
versus 0.14% with placebo. More than half (66.6%) of the partic-
ipants receiving orforglipron achieved HbA1c ≤ 6.5%, and 23.7% 
of those treated with 36 mg reached HbA1c < 5.7%. The adverse 
event profile was consistent with that of the GLP-1RA class, with 
GI AEs occurring most commonly during the dose-escalation 
phase in the first 24 weeks. Clinically significant hypoglycemia 
was reported in 20 participants, and severe hypoglycemia was 
reported in only one participant. The rates of diabetic retinop-
athy and hepatic events were similar across the treatment and 
placebo groups. Discontinuation due to AEs occurred in 6.1%, 
9.6%, and 9.9% of participants receiving orforglipron 6, 12, and 
36 mg, respectively, compared with 4.1% in the placebo group.

Taken together, the ACHIEVE and ATTAIN programs suggest 
that orforglipron can be considered the most advanced oral 
GLP-1RA, with efficacy that can approach lower-range inject-
able GLP-1RA regimens. At the same time, GI tolerability and 
discontinuation remain important practical constraints, partic-
ularly at higher doses and over longer durations of treatment.

AZD5004/ECC5004 (elecoglipron), jointly developed by Eccogene 
and AstraZeneca, is an orally administered small-molecule 
GLP-1RA in clinical development for obesity and T2D.
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According to company-reported topline results from a phase 1b 
trial [74] in China, once-daily elecoglipron was administered for 
16 weeks to 45 adults with overweight or obesity, with or without 
T2D, primarily to assess safety, tolerability, and pharmacokinet-
ics/pharmacodynamics. Elecoglipron was described as generally 
well tolerated, with a class-consistent adverse-event profile that 
was predominantly mild to moderate and GI, with no TEAEs 
leading to discontinuation and no reported liver safety signals.

AstraZeneca subsequently completed two global phase 2b stud-
ies: VISTA (NCT06579092 [75]; n = 310), a 36-week placebo-
controlled trial in adults with obesity or overweight and at 
least one ORC, and SOLSTICE (NCT06579105 [76]; n = 406), 
a 26-week trial in T2D designed to evaluate glycemic efficacy 
versus placebo with oral semaglutide as an open-label active 
comparator. Both studies are listed as complete in trial regis-
tries and AstraZeneca trial materials; however, detailed efficacy 
and safety results have not yet been reported in peer-reviewed 
journals.

VCT220 is another oral, small-molecule, once-daily GLP-1RA 
developed for weight management. In a phase 2 trial presented 
at ADA 2025 [77], 250 Chinese adults without T2D (mean BMI 
32.03 kg/m2) with BMI ≥ 28 kg/m2 or BMI 24–28 kg/m2 plus at 
least one ORC were randomised within dose cohorts (80 mg, 
120 mg, or 160 mg) to VCT220 or placebo (3:1), and the 160 mg 
cohort was further split 1:1 into fast- and slow-titration regi-
mens. At week 16, the mean WL ranged from −5.8% to −9.7% 
across the VCT220 cohorts versus −1.6% with placebo, with the 
largest reductions reported in the 160 mg titration arms (−9.7% 
fast titration and −9.4% slow titration; both p ≤ 0.001 versus pla-
cebo, company-reported). In addition, 55.4%–90.3% of partici-
pants receiving VCT220 achieved at least 5% weight loss by week 
16 compared with 13% on placebo, and treatment was associated 
with improvements in cardiometabolic measures, including 
blood pressure and liver enzymes. VCT220 was generally well 
tolerated, most AEs were GI and mild-to-moderate in severity, 
and no TEAEs were reported.

HRS-7535 is an orally administered small-molecule GLP-1RA 
that is under development for T2D, obesity, and ORC. In a 16-
week phase 2 trial in Chinese adults with T2D inadequately 
controlled on metformin monotherapy (n = 194; baseline HbA1c 
8.5%, BMI 26.7 kg/m2), participants were assigned in a 1:1:1:1:1 
ratio to once-daily HRS-7535 at 15 mg, 30 mg, 60 mg, or 90 mg, or 
placebo; the 60 and 90 mg regimens were reached via titration 
[78]. At week 16, the placebo-adjusted least-squares mean HbA1c 
reductions were −0.94%, −1.34%, −1.57%, and −1.39% across 
the 15–90 mg doses (all p < 0.001 vs. placebo). Body-weight ef-
fects were modest over this short treatment window, with a 
least-squares mean percentage change of −2.63% at 90 mg ver-
sus −1.30% with placebo treatment. TEAEs were common and 
largely GI (dose-dependent nausea, diarrhoea, and vomiting), 
generally mild-to-moderate; hypoglycemia was infrequent and 
not clinically significant. A trend toward higher amylase/lipase 
concentrations was observed in the absence of pancreatitis.

In a separate phase 2 study in adults with obesity without T2D 
(n = 235; baseline BMI 32.5 kg/m2), participants were assigned 
in a 1:1:1:1:1 ratio to target once-daily doses of 30, 60, 120, and 
180 mg of the drug or placebo for 36 weeks (26-week trial with 

a 10-week extension) [79]. At week 26, the least-squares mean 
percentage WL was −2.99% (30 mg), −7.17% (60 mg), −6.17% 
(120 mg), and −9.36% (180 mg) versus −2.50% with placebo, 
with statistical separation versus placebo at 60, 120, and 180 mg. 
(GI) AEs (nausea, diarrhoea, and vomiting) were the most fre-
quent, occurring often during titration and were mostly mild-to-
moderate in severity; no trend toward liver enzyme elevations 
was reported. Early treatment discontinuation occurred in 
13.2% of patients overall, including 2.1% of discontinuations due 
to AEs in the HRS-7535 group.

Aleniglipron is another investigational oral, once-daily, non-
peptide small-molecule GLP-1RA in phase 2 development for 
the treatment of obesity. According to company-reported topline 
results [80] from ACCESS II, a randomised, double-blind, 
placebo-controlled 44-week study in 85 adults with obesity or 
overweight plus at least one ORC, participants started at 5 mg 
and were titrated every 4 weeks to target doses of 120, 180, or 
240 mg. At week 44, the mean body weight change from baseline 
was −13.6%, −15.3%, and −15.0% in the 120, 180, and 240 mg 
groups, respectively, with no apparent WL plateau compared 
with +1.1% in the placebo group.

Interim data from the ongoing [81] body-composition study and 
ACCESS open-label extension suggest that WL continues be-
yond 36 weeks and that slower titration from a 2.5 mg starting 
dose may improve tolerability. In the open-label extension, par-
ticipants previously treated with aleniglipron and transitioned to 
a maximum dose of 120 mg achieved up to 16.2% WL from base-
line at 56 weeks, without evidence of a plateau. The safety profile 
described by the company was consistent with that of the drug 
class, with GI AEs, particularly nausea and vomiting during ti-
tration, being the most common. In ACCESS II, only one partic-
ipant (3.7%) among those who received doses of 120 mg or higher 
between weeks 28 and 44 discontinued treatment because of 
AEs. Across more than 625 exposed participants, the company 
reported no cases of drug-induced liver injury, persistent liver 
enzyme elevation, or QTc prolongation.

VK-2735, an oral GLP-1/GIP RA developed by Viking 
Therapeutics, has emerged as a competitor in oral incretin-based 
weight-loss therapy. In the phase 2 VENTURE-Oral Dosing trial 
[82], oral VK-2735 achieved a significant mean WL of up to 12.2% 
from baseline after 13 weeks of treatment. However, tolerability 
remained an important constraint: discontinuation reached 38% 
in the highest-dose (120 mg) group, primarily because of GI AEs. 
Exploratory maintenance data suggest that lower-dose contin-
uation after higher-dose induction may help limit weight re-
gain; however, these findings remain preliminary. Importantly, 
Viking's current phase 3 program [83] is focused on the SC, not 
the oral, formulation of VK-2735.

NA-931 (bioglutide) is an oral multi-receptor agonist that targets 
GLP-1, GIP, GCG, and IGF-1-related pathways. According to 
company-reported phase 2 data  [84] presented in 2025, once-
daily oral NA-931 produced dose-dependent WL over 13 weeks, 
reaching 13.8% at 150 mg versus 1.9% with placebo, with statis-
tical separation from placebo at 120 and 150 mg doses. Because 
these data currently rely on company and conference reports 
rather than peer-reviewed publications, the magnitude of the 
effect and tolerability profile should be interpreted cautiously.
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Another GLP-1 RA, danuglipron [85], was under development; 
however, following a review of trial data, including a case of po-
tential drug-induced liver injury and regulatory feedback, Pfizer 
decided to discontinue its clinical development.

TERN-601, developed by Terns Pharmaceuticals, was eval-
uated in the FALCON Phase 2 trial in adults with obesity. 
Unfortunately, it does not meet the prespecified efficacy thresh-
old, and its metabolic disease development has been discontin-
ued [86].

Several additional oral GLP-1-based drugs are in the early or un-
certain stages of development. KAI-7535 [87] is being developed 
by Kailera; however, globally mature phase 3 efficacy data are 
not yet available. RGT-075, another oral GLP-1RA, has shown 
a placebo-adjusted phase 2a signal over 12 weeks in company-
reported results [88].

Taken together, the oral GLP-1 RA field is now broad enough 
to include one late-stage front-runner, several emerging small-
molecule candidates, and several programs that remain ex-
ploratory or commercially vulnerable. This heterogeneity is 
important because, although oral delivery may improve con-
venience and scalability, clinically meaningful use will still 
depend on balancing efficacy against GI tolerability, discontinu-
ation, and long-term safety.

2.6   |   Novel Combination Strategies and Targets, 
Delivery Platforms

Combinations and novel mechanisms beyond classical incre-
tin signalling are increasingly being explored to maximise 
WL while improving the quality of weight loss by preserving 
lean mass.

The phase 2 BELIEVE trial [89] provides peer-reviewed evidence 
that targeting the activin-myostatin pathway can modify both 
the magnitude and composition of pharmacologic WL. In this 
double-blind, placebo-controlled study, 507 adults with obesity 
or overweight and at least one ORC were randomised to placebo, 
bimagrumab (10 or 30 mg/kg intravenously (IV) every 12 weeks), 
semaglutide (1.0 or 2.4 mg once weekly), or combinations of 
both agents for 48 weeks, followed by an open-label extension 
to week 72. At baseline, the mean age was 47.5 years and the 
mean BMI was 37.3 kg/m2. At week 48, the high-dose combina-
tion of bimagrumab 30 mg/kg plus semaglutide 2.4 mg produced 
greater absolute WL than semaglutide 2.4 mg alone (−17.8 kg vs. 
−14.2 kg), and by week 72, the efficacy estimand showed a 22.1% 
WL with the high-dose combination versus 15.7% with sema-
glutide 2.4 mg and 10.8% with bimagrumab 30 mg/kg alone. 
Importantly, the combination produced a markedly greater re-
duction in total body fat mass than semaglutide alone (−45.7% 
vs. −27.8% at week 72), while limiting lean-mass loss (−2.9% vs. 
−7.4%); bimagrumab monotherapy increased lean mass by 2.5% 
despite a 10.8% reduction in body weight. These findings sup-
port the concept that combination therapy can enhance both the 
magnitude and composition of weight loss.

Treatment discontinuations owing to AEs were more common 
in the bimagrumab-only groups (14.0%–21.4%) than in the 

semaglutide (3.6%–8.8%), combination (5.3%–12.5%), or placebo 
(3.6%) groups. Muscle spasms, diarrhoea, and acne were more 
common with bimagrumab-containing regimens, whereas 
nausea, constipation, and fatigue were mostly related to sema-
glutide. All discontinuations due to nausea occurred in the com-
bination groups (N = 6), whereas those due to muscle spasms 
occurred in the bimagrumab monotherapy groups (N = 5). Four 
cases of basal or squamous cell skin carcinoma were reported 
in the bimagrumab-only and semaglutide-only groups, with no 
other malignancies reported. Overall, BELIEVE suggests that 
anabolic-antiadiposity combinations may improve body com-
position outcomes; however, the IV dosing strategy, open-label 
semaglutide administration, and uncertainty regarding long-
term safety mean that this approach remains investigational 
rather than practical.

The COURAGE phase 2 trial (NCT06299098 [90]) is evaluat-
ing the combination of semaglutide with trevogrumab (anti-
myostatin [GDF8] antibody) and garetosmab (anti-activin A 
antibody) to enhance the quality of weight loss by preserving 
lean mass. Interim analyses [91] demonstrated that semaglutide 
monotherapy was associated with 6.5% lean mass loss, whereas 
the addition of trevogrumab preserved nearly 50% (−3.3% to 
3.8%) of lean tissue, and the triplet regimen achieved up to 80.9% 
(−2.0%) preservation of lean mass, alongside superior total WL 
(−13.4% vs. −10.6% with semaglutide alone). These findings sug-
gest that selective blockade of the activin-myostatin signalling 
axis may counteract GLP-1-mediated muscle loss. The combina-
tion was generally well tolerated, although the triplet arm exhib-
ited higher discontinuation and AEs rates (30.9%), warranting 
further evaluation in ongoing studies. Together, the BELIEVE 
and COURAGE trials highlight the growing interest in ap-
proaches that not only amplify fat loss but also preserve meta-
bolically active lean tissue, marking a conceptual shift in obesity 
pharmacotherapy toward body-composition-focused treatment.

Palatin's bremelanotide (BMT-801), a melanocortin-4 receptor 
(MC4R) agonist, showed [92] synergistic effects when combined 
with tirzepatide in a 4-week phase 2 study. The combination led 
to a mean WL of 4.4% compared with 1.6% in the placebo group 
(p < 0.0001). Moreover, more participants achieved clinically 
relevant thresholds: 40% achieved ≥ 5%, 27% achieved ≥ 6%, 
and 19% achieved ≥ 7% weight loss versus 27%, 13%, and 0%, re-
spectively, with tirzepatide alone. More than half of the WL was 
regained within two weeks after treatment cessation; in con-
trast, the bremelanotide-only group maintained weight stabil-
ity, suggesting a potential role for MC4R agonists in preventing 
weight regain. Co-administration was well tolerated, with no 
new safety concerns. Although these findings are preliminary, 
they support MC4R activation as a potentially complementary 
adjunct to incretin therapy.

Peptide YY (PYY), co-secreted with GLP-1 from intestinal L-
cells, has been explored as a complementary satiety pathway to 
incretin therapy via Y2 receptor agonism. However, recent clin-
ical data have tempered the enthusiasm for this approach. In a 
series of phase 1 and 2 studies, the long-acting PYY3-36 analog 
PYY1875 (NNC0165-1875) was evaluated alone and in combina-
tion with semaglutide 2.4 mg in adults with obesity. In the phase 
2 program [93], after a 32-week semaglutide treatment that pro-
duced a mean WL of 14.3%, additional treatment with PYY1875 
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1.0 mg for further 16 weeks resulted in only a modest additional 
effect versus placebo plus semaglutide (−5.3% vs. −3.1%), which 
the authors judged not to be clinically meaningful. Tolerability 
was a major limitation: GI AEs with combination therapy were 
more common, which led to premature treatment discontinua-
tion in 21.3% versus 10.7% in the placebo plus semaglutide group. 
Moreover, the 2.0 mg dose-escalation regimen of PYY1875 was 
poorly tolerated. Overall, these data suggest that, at least with 
the dosing strategy tested, Y2 receptor agonism with PYY1875 
had limited incremental efficacy while increasing the AEs 
burden.

Another line of development has focused on receptor engi-
neering within the GLP-1 class. The phase 3 SLIMMER trial 
[94] evaluated ecnoglutide, a cAMP-biased GLP-1 RA, in 664 
Chinese adults with overweight or obesity. Participants were 
randomised to receive once-weekly ecnoglutide 1.2 mg, 1.8 mg, 
or 2.4 mg, or placebo, with escalation from 0.3 mg and con-
current LI. At baseline, the mean age was 34.2 years and the 
mean BMI was 32.5 kg/m2. Ecnoglutide met both coprimary 
endpoints at week 40, producing dose-dependent WL of 9.1%, 
10.9%, and 13.2% versus a 0.1% increase with placebo; 77%, 
84%, and 87% of participants, respectively, achieved at least 5% 
WL versus 16% with placebo. WL continued through week 48, 
reaching 9.9%, 13.3%, and 15.4% across the dose groups versus 
0.3% with placebo. At the 2.4 mg dose, 93% achieved at least 
5% WL, 80% at least 10% WL, 64% at least 15% WL, and 28% at 
least 20% WL. Ecnoglutide also improved waist circumference, 
blood pressure, triglyceride concentrations, HDL-cholesterol 
concentrations, fasting glucose concentrations, insulin resis-
tance, liver enzymes, uric acid concentrations, and liver fat 
content in participants with baseline steatosis. The safety pro-
file was broadly consistent with that of the GLP-1RA class: 
TEAEs occurred in 93% of ecnoglutide-treated participants 
versus 84% with placebo; these were predominantly mild to 
moderate and declined over time. SEA occurred in 5%–9% of 
active treatment groups versus 5% with placebo, while AEs-
related discontinuation was infrequent (1%–3% across dose 
groups vs. 0% with placebo).

Beyond obesity, ecnoglutide has now also phase 3 data in T2D. 
In EECOH-1 [95], a RCT in 211 Chinese adults with T2D inad-
equately controlled with diet and exercise alone or with a sin-
gle oral hypoglycemic agent, once-weekly ecnoglutide 0.6 and 
1.2 mg reduced HbA1c by −1.96% and −2.43% at week 24, respec-
tively, compared with −0.87% with placebo. Body-weight reduc-
tion was more modest than in the SLIMMER trial but remained 
significant, reaching −4.51% and −4.74% with ecnoglutide versus 
−2.02% with placebo, and 39.1%–43.7% of ecnoglutide-treated 
participants achieved at least 5% WL compared with 11.3% in 
the placebo group. Glycemic target attainment also favoured 
treatment, with HbA1c < 7.0% achieved in 68.1% and 80.3% of 
participants receiving 0.6 and 1.2 mg, respectively, versus 21.1% 
with placebo. The safety profile was broadly similar to that of 
other GLP-1-based therapies: TEAEs occurred in 77.5%–78.3% 
of ecnoglutide-treated participants versus 63.4% with placebo, 
serious TEAEs in 2.9%–4.2% versus 5.6%, and discontinuation 
due to TEAEs was rare (1.4% in each treatment group). GI AEs 
were the most frequent and were mostly transient and mild to 
moderate; no severe hypoglycemia, pancreatitis, or gallbladder-
related disorders were reported.

These findings were extended in EECOH-2 [96], a 52-week, 
phase 3 RCT conducted in China in 623 adults with T2D inad-
equately controlled with metformin monotherapy. At baseline, 
the mean age was 53.9 years, mean HbA1c was 8.40%, and BMI 
was 26.9 kg/m2. At week 32, the mean HbA1c reductions were 
1.91% with ecnoglutide 0.6 mg, 1.89% with ecnoglutide 1.2 mg, 
and 1.65% with dulaglutide 1.5 mg. Both ecnoglutide doses 
met the criterion for non-inferiority versus dulaglutide, and 
the 1.2 mg dose also showed statistical superiority, although 
the between-group difference was not considered clinically 
meaningful. Glycemic effects were sustained to week 52, when 
HbA1c reductions remained greater with ecnoglutide than 
with dulaglutide (−1.72% and −1.76% vs. −1.50%, respectively). 
Ecnoglutide also produced greater weight loss than dulaglutide, 
with least-squares mean percentage body-weight reductions at 
week 52 of −5.23% with 0.6 mg and −5.74% with 1.2 mg versus 
−2.79% with dulaglutide, and a higher proportion of participants 
achieved clinically meaningful weight-loss thresholds. AEs oc-
curred in 85% of participants receiving ecnoglutide 0.6 mg, 93% 
receiving ecnoglutide 1.2 mg, and 87% receiving dulaglutide, 
and were mostly mild or moderate. GI AEs were the most com-
mon and occurred predominantly during dose escalation, with 
diarrhoea, nausea, and vomiting reported more frequently with 
ecnoglutide than with dulaglutide. Discontinuation due to ad-
verse events was uncommon and similar across groups (3%, 4%, 
and 3%, respectively). Taken together, SLIMMER, EECOH-1, 
and EECOH-2 suggest that the cAMP-biased mechanism of ec-
noglutide is now supported not only in obesity but also in T2D 
development programs.

Eli Lilly's LY3457263 (nisotirostide), a neuropeptide Y (NPY) re-
ceptor agonist, was evaluated in a phase 1 study (NCT06897475 
[97]) to assess its safety, tolerability, and pharmacokinetics 
when administered alone or in combination with tirzepatide 
or semaglutide in adults with T2D. Targeting the NPY pathway 
represents a novel mechanistic approach that could potentially 
complement incretin signalling to enhance glycemic and weight 
outcomes.

Another Lilly investigational agent, LY3532226 (macupatide), a 
GIP RA, is also under clinical development (NCT07215559 [98]) 
as part of the company's expanding incretin platform as a mono-
therapy or in combination with eloralintide.

In collaboration with Regeneron, Eli Lilly is also evaluating a 
combination strategy that pairs tirzepatide with mibavademab, 
a leptin receptor agonist, in a phase 2 randomised, double-blind, 
placebo-controlled study in adults with obesity (NCT06373146 
[99]). This proof-of-concept trial reflects the growing interest in 
combining incretin-based therapy with agents that target com-
plementary energy-balance pathways; however, efficacy and 
safety results have not yet been reported.

Enobosarm, an oral selective androgen receptor modulator 
(SARM), has been evaluated as an adjunct to semaglutide to im-
prove WL composition in older adults. According to company-
reported topline results from the phase 2b QUALITY program 
[100], enobosarm plus semaglutide significantly reduced lean-
mass loss compared with placebo plus semaglutide (mean 
change −1.2% vs. −4.1%; p = 0.002) and reduced the proportion 
of participants with at least a 10% decline in stair-climb power 
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(19.4% vs. 42.6%). In the subsequent 12-week maintenance ex-
tension, after semaglutide discontinuation, placebo-treated 
participants regained 43% of their previously lost body weight, 
whereas enobosarm 3 mg reduced weight regain by 46%; both 
enobosarm dose groups were reported to prevent fat regain and 
preserve lean mass. Because these findings are currently based 
on company-reported analyses rather than full peer-reviewed 
publications, they should be interpreted cautiously. A confirma-
tory next-step study has now begun: Veru recently initiated a 
phase 2b PLATEAU trial [101] of enobosarm plus semaglutide 
in older adults with obesity.

Monlunabant, a second-generation cannabinoid receptor 1 
(CB1R) inverse agonist designed to reduce central penetrance, 
represents another non-incretin approach to obesity pharma-
cotherapy in patients with obesity. In a 16-week, randomised, 
double-blind, placebo-controlled phase 2a proof-of-concept trial 
conducted in 242 treated adults with obesity and metabolic syn-
drome [102], once-daily oral monlunabant 10, 20, and 50 mg pro-
duced statistically significant weight loss versus placebo, with 
least-squares mean WL changes of −7.1 kg, −7.7 kg and −8.8 kg, 
respectively, compared with −0.7 kg with placebo. Percentage 
WL ranged from 6.5% to 8.0% with monlunabant versus 0.6% 
with placebo. Small reductions in HbA1c and triglyceride con-
centrations were also observed; however, these effects were 
modest and showed no clear dose–response pattern.

However, tolerability was a major limitation of this study. AEs 
were dose-dependent and consisted mainly of GI and psychiat-
ric disorders, occurring in 69%, 78%, and 92% of participants in 
the 10, 20, and 50 mg groups, respectively, compared to 69% in 
the placebo group. Psychiatric AEs were reported in 28%, 33%, 
and 42% of participants receiving monlunabant, compared with 
2% in the placebo group, and withdrawals due to AEs increased 
sharply with dose, occurring in 13%, 27%, and 42% of partici-
pants in the monlunabant groups versus none in the placebo 
group. The most common drivers of discontinuation were nau-
sea, anxiety, diarrhoea, irritability, and sleep disturbance. No 
deaths or severe suicidal ideation were reported; however, the 
authors emphasised that the high rate of early discontinuation, 
especially at 50 mg, complicates the interpretation of efficacy 
and safety and suggests that any future development would 
need to focus on identifying a lower, more tolerable therapeutic 
approach.

Nimacimab, a peripherally restricted negative allosteric CB1 
modulator with minimal central nervous system penetration, 
was evaluated in the phase 2a CBeyond trial [103] in adults 
with overweight or obesity without T2D. In the initial 26-week 
study, subcutaneous nimacimab 200 mg combined with sema-
glutide 2.4 mg produced greater WL than semaglutide alone 
(−13.2% vs. −10.25%; p = 0.0372). More recent interim company-
reported extension data [104] suggest that this effect may persist 
over longer treatment periods: among the small subset of par-
ticipants who continued blinded therapy to week 52, the mean 
WL reached 22.3% with nimacimab plus semaglutide versus 
19.7% with placebo plus semaglutide, with no plateau reported. 
In the off-therapy follow-up subset, weight regain was lower 
with nimacimab plus semaglutide than with semaglutide alone 
(17.8% vs. 37.3% of prior WL), suggesting a possible durability 
advantage. During the extension period, no SAEs or AEs of 

special interest were reported. However, these updated findings 
are based on a small extension cohort and remain company-
reported; therefore, they should be interpreted cautiously until 
full peer-reviewed results become available.

HEC88473 is an emerging dual GLP-1/FGF21 agonist that 
is being developed for the treatment of MASLD with T2D. In 
a randomised, double-blind, placebo-controlled phase Ib/IIa 
multiple-ascending-dose trial [105], 60 patients with MASLD 
and T2D (mean HbA1c 8.4%) were randomised in a 10:2 ratio to 
weekly SC HEC88473 at doses of 5.1, 15.3, 30.6, 45.9 or 68.0 mg, 
or placebo, for 5 weeks. HEC88473 produced dose-proportional 
reductions in liver fat assessed by MRI-PDFF, with the largest 
relative mean reduction observed in the 30.6 mg cohort (−47.2% 
vs. −15.1% with placebo), and also improved glycemic control, 
with the greatest HbA1c reduction reaching −1.10% in the 68.0 mg 
cohort compared with −0.31% with placebo. Improvements in 
fasting and postprandial glucose and lipid parameters have also 
been reported. Overall, HEC88473 was generally safe and well 
tolerated over the 5-week treatment period: most AEs were mild 
to moderate, GI disorders were the most frequent (48.3%), and 
no drug-related SAEs or deaths were reported. These findings 
provide early proof of concept for GLP-1/FGF21 co-agonism in 
patients with coexisting MASLD and T2D, although the very 
short treatment duration and small sample size warrant cau-
tious interpretation of the results.

TLC-6740, an oral liver-targeted mitochondrial protonophore 
developed by OrsoBio, represents a distinct add-on strategy 
intended to complement incretin therapy by increasing energy 
expenditure. According to company-reported topline results 
[106] from a 24-week phase 1b/2a randomised, double-blind, 
placebo-controlled study, 55 adults with obesity without T2D 
were assigned to tirzepatide plus either TLC-6740 180 mg once 
daily or placebo; tirzepatide was administered at 2.5 mg weekly 
for 4 weeks, followed by 5 mg weekly for 20 weeks. At week 24, 
the combination achieved a mean WL of 13.3% compared with 
8.8% for tirzepatide alone (p = 0.018, intention-to-treat), with no 
apparent plateau in the combination arm. The company fur-
ther reported similar AEs rates between the groups, no grade 
3 or SAEs, no treatment discontinuations, and improvements 
in insulin sensitivity, liver-related biomarkers, and MRI-based 
measures of liver fat and adipose tissue, without an adverse ef-
fect on lean mass. However, these findings were derived from a 
small early-phase trial, are currently available only through a 
company press release, and were obtained using a relatively low 
tirzepatide comparator dose.

Taken together, these post-incretin combination and non-
incretin strategies illustrate several distinct approaches to 
improve current pharmacotherapy: preserving lean mass, re-
ducing weight regain, minimising central psychiatric liability, 
and broadening efficacy toward hepatic and metabolic compli-
cations. However, most remain in the early stage, attractive, and 
clinically unproven, with tolerability and durability likely deter-
mining whether any of these approaches can move beyond the 
proof-of-concept stage.

Novel delivery systems are being developed to address one of 
the main practical limitations of current obesity pharmaco-
therapy: the need for frequent dosing over a long period. Vivani 



28 Diabetes, Obesity and Metabolism, 2026

FIGURE 1    |     Legend on next page.
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Medical's LIBERATE-1 Phase 1 trial [107] evaluated NPM-115, 
an implantable exenatide GLP-1 RA, using NanoPortal tech-
nology. Over 9 weeks, the implant showed excellent safety and 
tolerability, with no serious or gastrointestinal adverse events, 

and a steady pharmacokinetic profile confirming controlled 
drug release without an initial burst. As preclinical studies were 
outside the scope of this review, subsequent preclinical implant 
programs are not discussed in detail. Nevertheless, these early 

FIGURE 1    |    (A, B) Maximal %-weight reduction with emerging anti-obesity drugs according to the route of administration. Horizontal bars 
show the maximal percentage of body weight reduction from baseline reported for each agent or regimen in its pivotal or most advanced published/
announced trial (typically the highest tested dose). Treatments are ordered from largest to smallest weight loss, with values plotted on the x-axis to 
indicate weight reduction. The entries included high-dose GLP-1 RA, dual and triple incretin agonists, amylin analogs, oral small-molecule incretin 
mimetics, and combination strategies. This comparative view highlights that several next-generation agents and combination regimens approach 
or exceed 20%–25% body-weight loss, with substantial heterogeneity in efficacy across both injectable and oral modalities. GLP-1 RA, glucagon-like 
peptide-1 receptor agonist; IV, intravenous; SC, subcutaneous. * company-reported/non-peer-reviewed data; † placebo-subtracted result; ‡ active-
comparator/head-to-head result.

FIGURE 2    |    Maximal HbA1c reduction with emerging anti-obesity and glucose-lowering drugs according to the route of administration (oral 
agents and subcutaneous injectables). Horizontal bars depict the maximal reduction in glycated haemoglobin (HbA1c, percentage points) reported 
for each treatment at the highest evaluated or clinically relevant dose in key studies. The figure includes high-dose GLP-1 receptor agonists, dual and 
triple incretin agonists (GLP-1/GIP, GLP-1/GCG, and GLP-1/GIP/GCG), amylin/incretin combinations, and oral small-molecule incretin mimetics. 
This comparison highlights that several next-generation injectable and oral drugs achieve HbA1c reductions of approximately 1.5%–3.0%, approach-
ing or exceeding the glucose-lowering efficacy of current standard injectable incretin regimens. GLP-1 RA, glucagon-like peptide-1 receptor agonist; 
SC, subcutaneous. * company-reported/non-peer-reviewed data; † placebo-subtracted result; ‡ active-comparator/head-to-head results.
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clinical data support implantable GLP-1 delivery as a plausible 
future strategy for reducing the treatment burden and improv-
ing adherence.

3   |   Limitations

This review has some limitations. First, it is a narrative review 
rather than a systematic review or meta-analysis; therefore, no 
formal risk of bias assessment or quantitative evidence synthe-
sis was performed. Second, the review intentionally focused on 
data reported in 2025 and, following the revision, through the 
first quarter of 2026 (Table 2).

Consequently, earlier pivotal studies were not systematically re-
viewed and were cited only when necessary to provide clinical 
or regulatory information. Third, the evidence base is hetero-
geneous across trial phases, populations, background therapies, 
dose-escalation strategies, treatment durations, estimands, and 
comparator selections (Table  3). Therefore, direct cross-trial 
comparisons of body weight (Figure  1A,B) and HbA1c out-
comes (Figure  2) should be interpreted with caution. In sev-
eral instances, graphical comparisons are intended to provide 
orientation rather than head-to-head rankings. Fourth, not all 
programs discussed have full peer-reviewed publications. For 
several agents, especially early-phase compounds, the available 
data were derived from conference abstracts, trial registries, 
or company and regulatory press releases. These data were in-
cluded to provide a timely overview of a rapidly evolving field; 
however, they should be regarded as preliminary and may 
differ from subsequent peer-reviewed reports. In addition, se-
lected early-phase studies were included if they provided first-
in-human or proof-of-concept evidence for novel mechanisms, 
oral formulations, delivery platforms, or adjunctive strategies. 
Such data are useful for horizon scanning but should not be in-
terpreted as practice-changing evidence.

Another limitation is that this review covers both obesity and 
T2D, which are two overlapping but not identical diseases. The 
clinical relevance of body weight, glycemic control (Figure 2), 
and body composition outcomes may differ according to base-
line metabolic status, background treatment, and therapeutic 
goals, which further limits the strength of indirect comparisons 
across studies.

Long-term durability, cardiovascular and renal outcomes, 
body composition effects, discontinuation patterns, and post-
treatment weight regain remain insufficiently characterised 
for many of the agents reviewed. These uncertainties are es-
pecially relevant when considering future positioning against 
established therapies, such as semaglutide and tirzepatide. 
Accordingly, the present review should be understood as a 
structured and time-sensitive overview of an evolving field 
rather than a definitive comparative assessment of efficacy or 
safety across agents.

4   |   Conclusions

The therapeutic landscape of obesity and metabolic disease 
is evolving rapidly, shifting beyond GLP-1RA monotherapy 

toward a broader framework that includes oral agents, longer-
acting formulations, multi-receptor agonists, amylin-based 
therapies, and rational combination strategies. The most ef-
fective investigational programs now report levels of weight 
loss that narrow the gap with metabolic surgery in selected 
populations; although these findings vary substantially ac-
cording to the mechanism, population, treatment duration, 
and evidence maturity. Across the field, a consistent theme is 
the shift from focusing solely on the magnitude of WL toward 
a broader assessment of treatment quality, including body 
composition, durability, tolerability, and feasibility of long-
term use of the treatment.

Meanwhile, the evidence base remains inconclusive: some 
agents are now supported by peer-reviewed phase 3 data, 
whereas others remain at the level of conference abstracts, trial 
registries, or company-reported topline results. Therefore, en-
thusiasm about the innovations should be balanced by caution 
in comparing agents across studies, inferring relative superior-
ity, or projecting clinical roles before full efficacy and safety data 
become available.

Overall, the data reviewed here suggest that obesity pharma-
cotherapy is entering a more diverse and clinically ambitious 
phase. Whether this progress translates into genuinely more 
personalised and durable treatment will depend not only on ef-
ficacy but also on long-term safety, discontinuation rates, acces-
sibility and the ability to match specific therapeutic strategies to 
appropriate patients in both obesity and T2D.
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