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Obesity is a growing global health crisis, affecting approximately one in eight individuals worldwide. Glucagon-like peptide-1
(GLP-1) receptor agonism is an established target in obesity therapy, but as monotherapy it has limitations, including loss of
lean mass and a plateau in weight reduction. Combination strategies pairing GLP-1 receptor agonism with a second mechanism
have therefore gained significance. In this narrative review we examine combinations of GLP-1 receptor agonism with
mechanisms selected on a development-stage criterion, including glucose-dependent insulinotropic polypeptide (GIP) agonism,
amylin agonism, and activin and myostatin inhibition. We report the clinical and preclinical efficacy of each combination as
percent change in body weight from baseline. Several combinations achieved greater weight loss than the corresponding single
agents, with reported reductions of 13.4% to 24.3%. We also asked whether the biochemical relationship between two paired
mechanisms might help predict the efficacy of their combination. Using the KEGG pathway database, we determined the
number of pathways shared by each pair and compared this count against reported clinical efficacy. We find that shared pathway
count did not distinguish the more effective combinations from the less effective ones, although we acknowledge our limited
data and the variability across studies. We discuss the need for further research to make combination therapies more effective

and safer, including the development of tools to predict efficacy in advance.
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Introduction

Obesity affects an estimated one in eight individuals world-
wide and is associated with cardiovascular disease, type 2 dia-
betes, and other serious comorbidities'. Given the rapid in-
crease in prevalence and severity of health risks caused by
obesity, effective weight management strategies by pharma-
cotherapy are of high priority for healthcare providers, re-
searchers and drug developers.

Glucagon-like peptide-1 (GLP-1), a gut hormone released
from the intestine after meals, has emerged as a transformative
therapeutic target in obesity intervention>. GLP-1 enhances
glucose-dependent insulin secretion, slows gastric emptying
and acts on appetite centers in the brain to reduce food intake,
thereby driving weight loss?. These actions have been ex-
ploited therapeutically by GLP-1 receptor agonists. Semaglu-
tide, the most effective of these, produces 15-17% weight loss
in adults with obesity and was approved for obesity treat-
ment in 20213, Success of semaglutide redirected the field to-
ward additional hormonal and metabolic targets including the
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gut hormone GIP (glucose-dependent insulinotropic polypep-
tide), pancreatic hormones glucagon and amylin, and muscle-
regulating ligands activin and myostatin®.

While monotherapies directed at individual mechanisms
achieve moderate to substantial weight loss, they also have
several limitations. These include failure to sustain long-term
weight loss due to compensatory physiological responses,
weight regain after drug discontinuation and dose-limiting
side effects*. To overcome these limitations, obesity research
is shifting toward combination therapy acting on multiple tar-
gets simultaneously”. Combination therapy is already an es-
tablished method of treatment in other disease areas, including
cancer and HIV®’. Because obesity arises from imbalances
across several physiological systems, the rationale for combi-
nation therapy is that targeting multiple targets or mechanisms
will reduce or delay compensatory adaptations, improve effi-
cacy and reduce adverse effects.

GLP-1 receptor agonists, with their established safety pro-
file and proven efficacy, have become the backbone of com-
bination strategy®. In this strategy, GLP-1 receptor agonist is
paired with a second mechanism to achieve weight loss that
is greater and/or better tolerated than either mechanism alone.
Current GLP-1 combination approaches fall into two main cat-
egories: unimolecular multi-target agonists in which a single
engineered molecule activates the GLP-1 receptor along with
other target(s) and, multi-drug combination in which a GLP-1
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receptor agonist such as semaglutide is co-administered with a
separate molecule acting through a different mechanism. For
this review, we consider both categories as combination ther-
apy, since both engage more than one mechanism to enhance
weight loss.

As the pipeline of GLP-1-based therapies expands, the
number of possible pairings is increasing, and clinical eval-
uation is slow and costly. Any criterion that could priori-
tize combinations before trial would therefore have practical
value. One possibility is that the biochemical relationship be-
tween the two mechanisms matters. Mechanisms converging
on shared downstream signaling might reinforce one another,
whereas mechanisms acting through separate pathways might
instead prove more effective, since they are less likely to en-
gage the same compensatory responses that limit monother-
apy. We asked whether the number of pathways shared by
the two mechanisms in a combination predicts its efficacy.
We used the Kyoto Encyclopedia of Genes and Genomes
(KEGG), a curated database that assigns each target gene to
defined biochemical pathways, to determine the number of
pathways shared between GLP-1 receptor signaling and the
partner mechanism in each combination. If pathway sharing
carried predictive information, it would provide a low-cost cri-
terion for prioritizing pairings that have not yet been evalu-
ated.

In this narrative review, we examine GLP-1-based combi-
nation therapies for obesity, covering combinations that pair
GLP-1 receptor activation with mechanisms independently
regulating body mass, appetite or energy expenditure: GIP?,
CB1'%, activin and myostatin'!, amylin '?, and GDF15 '3, For
each, we summarize weight loss outcomes from clinical and
preclinical studies as percent change in body weight from
baseline. Applying KEGG pathway analysis to the assem-
bled clinical dataset, we find that shared pathway count did
not distinguish the more effective combinations from the less
effective ones. Our analysis is preliminary, based on the lim-
ited human efficacy data available, but the underlying question
of how to predict combination efficacy in advance remains an
important one for the field. Finally, we consider the limita-
tions of current GLP-1-based combinations and the questions
that need to be addressed to advance obesity management and
broaden the treatment options available to patients.

Methods

Selection of mechanisms and combination pairs: We se-
lected mechanisms for review based on the level of active
development in obesity pharmacotherapy, using Stifel’s 2024
obesity market review '4. As per Stifel’s MOA crowding anal-
ysis, top ten mechanisms (excluding GLP-1 receptor agonism
and microbe modulator), with three or more therapeutic pro-
grams in development (approved or in pipeline) are: GIP ago-

nist, amylin, cannabinoid receptor 1 (CB1), G protein-coupled
receptor 75 (GPR75) antagonist, G protein-coupled recep-
tor 40 (GPR40) antagonist, GIP inhibitor, growth differentia-
tion Factor 15 (GDF15) analogue, activin receptor inhibition,
myostatin inhibitor, and lipase inhibitor. The mechanism of
microbe modulator was excluded because of its non-specific
and undefined nature of molecular targets !>1®. These mech-
anisms span several biological levels, including receptor ag-
onism and antagonism, hormone analogues, enzyme inhibi-
tion, and growth-factor pathway modulation. They were se-
lected on a development-stage criterion rather than a mecha-
nistic one. For the purpose of this review, we treat them as
comparable units with respect to two defined properties, the
weight loss produced when each is paired with GLP-1 recep-
tor agonism and the annotated pathway membership of each
mechanism’s primary target gene, rather than with respect to
their upstream pharmacology.

Combinations that pair one of these ten mechanisms with
GLP-1 receptor agonism were studied for efficacy in clinical
and pre-clinical settings. A combination was included if quan-
titative efficacy data were available from a published paper or
a presented conference report. Of the ten mechanisms, six met
the criterion and were carried forward for review. Four mech-
anisms, GPR40, GPR75, GIP inhibition and lipase inhibition,
have no such study in combination with GLP-1 receptor ago-
nist, and are not discussed further.

Literature search: literature search was conducted through
searches of PubMed, Google Scholar and Clinicaltrials.gov,
using the search terms “obesity,” “weight loss”, “combination
therapy”, “monotherapy”, “glucagon-like peptide-1 receptor
agonist,” “glucagon-like peptide-1-based therapy.” “GLP-
IR”, “semaglutide,” “tirzepatide,” “mechanisms of action”, as
well as the name of each mechanism. Search period covered
the years 2000-2026. Primary efficacy of each study is re-
ported as percent change in body weight from baseline. All
clinical results are from published papers, with the exception
of clinical trial NCT06299098 (Table 1), for which efficacy
data are taken from the completed 26-week results presented
at the 61st Annual Meeting of the European Association for
the Study of Diabetes (EASD) in September 2025, the com-
pany’s public release of those results, and the trial record on
ClinicalTrials.gov.

Pathway mapping of mechanisms: We used the Ky-
oto Encyclopedia of Genes and Genomes (KEGG) Path-
way Database!” to map the biochemical pathways associ-
ated with each mechanism. KEGG database was selected be-
cause it is publicly curated, applies uniformly across mech-
anisms of different classes, and requires no new experimen-
tal data. Pathway mapping was performed for GLP-1 and
all ten mechanisms, including those without reported combi-
nation studies. The primary target gene of each mechanism
was used to query the KEGG pathway database (organism:
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hsa). The mechanisms and their corresponding query genes
are: GLP-1 — glucagon like peptide 1 receptor (GLP1R);
GIP — gastric inhibitory polypeptide receptor (GIPR); CB1
— cannabinoid receptor 1 (CNR1); GPR75 — G protein cou-
pled receptor 75 (GPR75); GPR40 — free fatty acid recep-
tor 1 (FFAR1); amylin — islet amyloid polypeptide (IAPP);
GDF15 — growth differentiation factor 15 (GDF15); myo-
statin — myostatin (MSTN); activin — inhibin beta A (IN-
HBA); lipase — lipase E (LIPE). We defined a shared path-
way as the co-occurrence of two mechanisms’ target genes
within the same annotated KEGG pathway. The mapping re-
sults were compiled into a pathway association table (Table 3)
and the number of pathways shared between mechanisms in
each combination is shown in Figure 1. Sharing was deter-
mined for GLP-1-anchored pairs only, since GLP-1 receptor
agonism is the common component of every combination con-
sidered here. KEGG does not distinguish agonism from inhi-
bition. Therefore, GIP agonism and GIP inhibition are both
represented by GIPR and appear as single GIP column in Ta-
ble 3 and a single bar in Figure 1.

Results

Of the ten mechanisms identified by the selection procedure
(see Methods), six have been evaluated in combination with
GLP-1 receptor agonism in clinical or preclinical studies. We
summarize the reported weight loss for these combinations be-
low (and in Table 1), beginning with clinical evaluations. Ef-
ficacy is reported throughout as mean percent change in body
weight from baseline.

Clinical efficacy of GLP-1-based combination therapies

GLP-1/GIP dual agonism: GIP is an incretin hormone that,
like GLP-1, is released from the gut after meals and enhances
glucose-dependent insulin secretion®. Tirzepatide is a single-
molecule dual agonist that activates both GLP-1 and GIP re-
ceptors '8, In the SURMOUNT-1 phase 3 trial in adult patients
with obesity, once-weekly tirzepatide for 72 weeks achieved
mean body weight loss of 15%, 19.5% and 20.9% from base-
line with the 5 mg, 10mg, and 15 mg doses respectively, com-
pared with a 3% reduction in the placebo group'®. 57% of
participants in 15-mg group had a reduction in body weight
of 20% or more, as compared with 3% in the placebo group.
Tirzepatide received FDA approval for chronic weight man-
agement in 2023, becoming the first approved GLP-1 based
combination therapy for obesity. The dose-dependent increase
in weight loss across the three arms indicates that efficacy was
not limited by tolerability at the doses tested, distinguishing
this combination from GLP-1 monotherapy.

GLP-1/amylin combinations: Amylin, a pancreatic hor-
mone with metabolic actions complementary to GLP-1'2 has

been evaluated using both multi-drug and unimolecular ap-
proaches. In the dual drug strategy, termed CagriSema, cagril-
intide an amylin analogue, was co-administered with semaglu-
tide'°. In a 68-week phase 3 trial, weekly CagriSema, (2.4 mg
of each agent) achieved 20.4% weight loss in adults with obe-
sity, compared with 11.8% for semaglutide alone, 16.1% for
cagrilintide alone, and 3% for placebo. In the unimolecular
strategy, bioactive domains of GLP-1 and amylin were engi-
neered into a single molecule, amycretin?’. In a phase 1b/2a
trial dose escalation study (0.3-60mg), the highest dose of
amycretin produced 24.3% weight loss over 36 weeks, com-
pared with 1.1% in the placebo group2°.

GLP-1 with activin and myostatin inhibition: Activin
and myostatin are TGF B superfamily ligands that regulate
skeletal muscle growth!!. Their inhibition has been com-
bined with GLP-1 receptor agonism with the aim of preserv-
ing lean mass during weight loss. In a phase 2b trial, bima-
grumab, a monoclonal antibody blocking activin type II re-
ceptors, was assessed alone and in combination with semaglu-
tide. Participants were administered bimagrumab (10 mg/kg
or 30 mg/kg) or semaglutide (1.0 mg or 2.4 mg) and com-
binations thereof?!. Patients receiving the high dose combi-
nation of bimagrumab (30mg/kg) and semaglutide (2.4 mg)
achieved the greatest weight reduction (22.1% from base-
line at 72 weeks) compared to semaglutide alone (15.7%)
or bimagrumab alone (10.8%)?!. The combination also pro-
duced a more favorable body composition, with 92.8% of
total weight lost coming from fat mass and lean mass de-
clining by only 2.6% compared with 7.9% on semaglutide
alone. Another antibody-based strategy evaluated garetos-
mab and trevogrumab, monoclonal antibodies that inhibit ac-
tivin A and myostatin respectively. In a phase 2 trial, adults
with obesity received semaglutide alone (2.4 mg), semaglu-
tide plus trevogrumab (200 mg or 400 mg), or a triple combi-
nation of semaglutide, trevogrumab (400 mg) and garetosmab
(10 mg/kg)?>?3. Semaglutide alone produced 10.6% weight
loss, and semaglutide plus trevogrumab (400 mg) produced a
modest increase to 11.1%. The triplet combination achieved
a reduction of 13.4% from baseline. The triplet combination
also shifted the composition of weight lost, increasing fat loss
relative to semaglutide alone while preserving a substantial
proportion of the lean mass that semaglutide treatment would
otherwise have removed ?>%3.

Preclinical efficacy of GLP-1-based combination therapies

Comparison of preclinical and clinical outcomes: Preclin-
ical findings provide mechanistic context for GLP-1-based
combination therapies (summarized in Table 2) and, in several
cases, closely mirror the clinical outcomes described above.
Amycretin produced a 21.3% reduction in body weight in diet-
induced obese mice (DIO) compared with minimal change in
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Table 1 Overview of clinical studies of GLP-1-anchored combination therapies. Each row lists the mechanisms paired in the combination, the
agents tested, the trial phase and registration number, the dosing regimen, the treatment duration, and the reported efficacy. Primary efficacy
of each study is reported as mean percent change in body weight from baseline. Where a trial included several dose levels, values are given
for the highest dose of each agent and of the combination, together with the comparator arms; intermediate doses are omitted. Where a trial
reported outcomes at more than one timepoint, values are given for each timepoint. GLP-1, glucagon-like peptide-1; GIP, glucose-dependent

insulinotropic polypeptide.

GLP-1 combina-  Agent(s) Phase; Trial Dose Duration Efficacy* (mean % change in  Ref
tion number body weight from baseline)
GLP-1 + GIP tirzepatide phase 3;  tirzepatide: 5 mg, 10 mg,or 15 72 tirzepatide (15 mg): —20.9%;
NCT04184622 mg/week weeks placebo: —3% 18
GLP-1 + Amylin  cagrilintide, phase 3a;  cagrilintide: 2.4 mg; semaglu- 68 cagrilintide: —16.1%;
semaglutide NCT05567796 tide: 2.4 mg; cagrilintide (2.4  weeks semaglutide: —11.8%; ca- 1
mg) + semaglutide (2.4 mg) grilintide ~ +  semaglutide:
—20.4%
GLP-1 + Amylin  amycretin phase 1b/2a;  dose escalated weekly from 0.3 36 amycretin: —24.3%; placebo:
NCT06064006 mg up to 60 mg (nine-step es-  weeks —1.1% 2
calation)
GLP-1 + Activin bimagrumab,  phase 2b;  bimagrumab: 10 mg/kg or 30 48 bimagrumab (30  mg/kg):
semaglutide NCTO05616013 mg/kg per 12 weeks; semaglu-  weeks —9.7% at 48 weeks; —10.8% 2
tide: 1.0 mg or 2.4 mg/week; or 72 at 72 weeks; semaglutide
bimagrumab + semaglutide:  weeks 24 mg): —147% at 48
combinations of above weeks; —15.7% at 72 weeks;
bimagrumab (30 mg/kg) +
semaglutide (2.4 mg): —20.2%
at 48 weeks; —22.1% at 72
weeks
GLP-1 + Myo- trevogrumab, phase 2;  semaglutide 2.4 mg/week; 26 semaglutide: —10.6%;
statin + Activin garetosmab, NCT06299098 semaglutide 2.4 mg + trevo-  weeks semaglutide + trevogrumab 2.23
semaglutide grumab 200 mg/week; (400 mg): —11.1%; semaglu-

semaglutide 24 mg +
trevogrumab 400 mg/week;
semaglutide 2.4 mg + trevo-
grumab 400 mg + garetosmab

tide + trevogrumab (400 mg) +
garetosmab: —13.4%

10 mg/kg per week

vehicle treated controls 24, consistent with the 24.3% reduction
observed clinically ?°.

A similar concordance is seen in bimagrumab/semaglutide
combination. In DIO mice, semaglutide (120ug/kg), bima-
grumab (20mg/kg), or their combination were administered
and weight loss and body composition were assessed?’.
Semaglutide alone and the combination each produced 25%
weight loss. The combination nevertheless yielded superior
body composition, reducing fat mass by 70% compared with
50% for semaglutide alone, while preserving lean mass. These
results aligned with clinical observations in which combina-
tion produced 92.8% fat mass loss as a proportion of total
weight loss?!.

The triple combination of semaglutide with trevogrumab
and garetosmab has also been evaluated preclinically in DIO
mice and in obese cynomolgus monkeys?®. In both species,
total weight loss with the triple combination was similar to
that with semaglutide alone (Table 2). However, the compo-
sition of the weight lost differed. Semaglutide alone reduced

lean mass, whereas the triple combination preserved and mod-
estly increased it. Fat loss was approximately twice in triple
combination than semaglutide alone. Lean mass moderately
increased in triple combination, while it reduced in semaglu-
tide only. The same pattern appeared in monkeys treated for
20 weeks?8. This is consistent with the clinical finding for
the same combination, in which the triple combination shifted
the composition of weight lost toward fat while preserving a
substantial proportion of lean mass.

Emerging combinations not yet in clinical testing: Be-
yond combinations already evaluated clinically, several GLP-
1 based combinations show promising preclinical efficacy.
GDFI1S5 is a regulator of appetite and body weight'>. GDF15
has been explored in combination with GLP-1 through a dual-
agonist engineered fusion protein QL1005%°. In DIO mice,
QL1005 induced dose-dependent weight reductions of 25%
and 35% at 10 and 30 nmol/kg after 22 days, exceeding the
20% reduction achieved by semaglutide at the equivalent 30
nmol/kg dose. In obese cynomolgus monkeys, QL1005 pro-
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Table 2 Preclinical studies of GLP-1-anchored combination therapies. Each row lists the mechanisms paired in the combination, the agents
tested, the animal model, the treatment duration, the dosing regimen, and the reported efficacy. Primary efficacy endpoint for each study is
the mean percent change in body weight from baseline. Values are given for each dose tested, together with the monotherapy and vehicle

comparator arms where these were included. DIO, diet-induced obesity.

GLP-1 combina-  Agent(s) Animal Duration Dose Efficacy* (mean % changein  Ref
tion body weight from baseline)
GLP-1 + Amylin ~ Amycretin DIO 21 days 2 nmoles/kg or 10 nmoles/kg Amycretin 2 nmoles/kg:
mice —15.8%; Amycretin 10 2
nmoles/kg: —21.3%; Vehicle:
0%
GLP-1 + GDF15 QL1005, DIO 22 days QL1005: 10 nmol/kg or 30 QL1005 (10 nmol/kg): —25%:;
Semaglutide mice nmol/kg; Semaglutide: 30 nmol/kg QL1005 (30 nmol/kg): —35%; »
Semaglutide: —20%
GLP-1 + GDF15 QL1005 obese 62 days QL1005: 1 nmol/kg, 3 nmol/kg or QL1005 (1 nmol/kg): —7%;
cynomol- 10 nmol/kg QL1005 (3 nmol/kg): —14%; »
gus QL1005 (10 nmol/kg): —18%;
monkey Vehicle: —1%
GLP-1 + CB1 JD-5037, DIO 15 days JD-5037: 1 mg/kg; IUB48: 100 IUBA48: —5%;  JD-5037: R
IUB48 mice nmol/kg —25%; JD-5037 + IUBA48: 6
—35%
GLP-1 + Activin Bimagrumab, = DIO 14 days Bimagrumab: 20 mg/kg; Semaglu-  Bimagrumab: —5%; Semaglu- ,
Semaglutide mice tide: 120 pg/kg; Bimagrumab (20  tide: —25%; Bimagrumab + 7
mg/kg) + Semaglutide (120 nug/kg)  Semaglutide: —25%
GLP-1 + Myo- Trevogrumab, DIO 28 days Semaglutide: 7 pg; Trevogrumab  Semaglutide: —15%; Trevo- N
statin + Activin Garetosmab, mice (10 mg/kg) + Garetosmab (10  grumab + Garetosmab: —5%; 8
Semaglutide mg/kg); Semaglutide (7 pg) +  Semaglutide + Trevogrumab +
Trevogrumab (10 mg/kg) + Gare-  Garetosmab: —18%
tosmab (10 mg/kg)
GLP-1 + Myo- Trevogrumab, obese 20 Semaglutide: 10 ug/kg; Trevo-  Semaglutide: —10%; Trevo- N
statin + Activin Garetosmab, cynomol-  weeks grumab (50 mg/kg) + Garetos- grumab + Garetosmab: —1%; 8
Semaglutide gus mab (50 mg/kg); Semaglutide (10  Semaglutide + Trevogrumab +
monkey ug/kg) + Trevogrumab (50 mg/kg)  Garetosmab: —10%

+ Garetosmab (50 mg/kg)

duced 7%, 14%, and 18% weight loss at 1, 3, and 10 nmol/kg,
respectively, compared with 1% in vehicle-treated animals.
QL1005 also lowered plasma triglycerides, cholesterol, and
insulin levels, indicating metabolic benefit extends beyond
weight reduction.

Cannabinoid receptor type 1 (CB1R) antagonism has also
been combined with GLP-1 receptor activation. JD-5037, a
peripherally restricted CB1R inhibitor, reduces body weight
in DIO mice?®. When co-administered with the GLP-1 ago-
nist [UB48, JD-5037 (1 mg/kg) and IUB48 (100 nmol/kg) pro-
duced a 35% reduction in body weight over 15 days, greater
than JD-5037 alone (25%) or IUB48 alone (5%).

Pathway sharing and efficacy of combination therapy

KEGG pathway mapping across mechanisms: Having as-
sembled the efficacy data above, we next examined whether
the mechanisms in each combination share downstream path-
ways. Pathway sharing was mapped using the KEGG database

(see Methods) and is summarized in Table 3, with the number
of pathways shared between mechanisms in each combination
shown in Figure 1. Mapping was applied to all ten selected
mechanisms rather than only those with reported combina-
tion studies. A gene’s KEGG annotations do not depend on
whether a combination has been tested, so the mapping was
performed independently of the efficacy data. This also pro-
vides a shared-pathway count for the four mechanisms not yet
paired with a GLP-1 agonist.

Relationship between pathway sharing and reported ef-
ficacy: We compared the number of shared pathways for each
combination against its reported clinical efficacy (Table 4),
restricting the analysis to combinations for which human ef-
ficacy data were available. Across the combinations exam-
ined, those sharing one or more pathways achieved weight
loss within the same range as those sharing none. The low-
est reported value came from a combination sharing no path-
ways, but that trial ran for 26 weeks compared with 36 to 72
weeks for the others, and semaglutide alone in that trial pro-
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Table 3 KEGG pathway annotations for GLP-1 and the ten selected mechanisms. Rows list KEGG pathways; columns list the gene representing
each mechanism. A check mark indicates that the gene is annotated to that pathway, and NA indicates no annotation. Two mechanisms
annotated to the same pathway are treated as sharing that pathway, an annotation-level indicator of common pathway context rather than

evidence of direct interaction.

GLP-1 GIP CB1 GPR75 GPR40 Amylin  GDF15 Myostatin  Activin  Lipase
Pathway (KEGG ID) (GLPIR) (GIPR) (CNR1) (GPR75) (FFAR1) (IAPP) (GDF15) (MSTN) (INHBA) (LIPE)
Insulin secretion (hsa04911) v v NA NA v NA NA NA NA v
Hormone Signaling (hsa04081) v v NA NA NA v NA NA NA NA
Neuroactive ligand-receptor interaction (hsa04080) v v v NA NA v NA NA NA NA
cAMP signaling (hsa04024) v v v NA NA NA NA NA NA v
Cytokine-cytokine receptor interaction (hsa04060) NA NA NA NA NA NA v v v NA

Discussion

Number of shared KEGG pathways

2
0

GLP-1/ GLP-1/ GLP-1/ GLP-1/ GLP-1/ GLP-1/ GLP-1/
GIP Amylin CB1 Lipase GPR40  Myostatin  GPR75

GLP-1/ GLP-1/
Activin GDF15

GLP-1 combination

Figure. 1 Number of KEGG pathways shared between mechanisms
in each GLP-1 combination. Each bar shows the number of KEGG
pathways in which both the GLP-1 receptor gene (GLPIR) and the
target gene of the partner mechanism are annotated, as reported in
Table 3. GIP agonism and GIP inhibition share the same target gene
(GIPR) and are therefore represented by a single bar, so the ten se-
lected mechanisms appear as nine GLP-1-anchored pairs. Shared
pathway counts range from four for GLP-1/GIP to zero for GLP-1
paired with myostatin, GPR75, activin or GDF15. Shared annotation
indicates that two genes are assigned to the same curated pathway.

duced correspondingly lower weight loss than in longer stud-
ies. Variation between combinations with the same shared
pathway count was as large as variation across counts, and
the combination with the highest count did not produce the
greatest weight loss. Pathway sharing alone therefore did not
differentiate efficacy in the dataset tested. This analysis comes
with important caveats. KEGG is a static, annotation-based
resource, and the pathways it records may not capture the dy-
namic signaling interactions that determine energy balance in
vivo. The small number of combinations with human efficacy
data also limits how strongly any relationship, or its absence,
can be interpreted. Addressing the question will require tran-
scriptomic or proteomic profiling together with a larger set of
combinations.

This review examined GLP-1-based combination therapies for
obesity. In trials that included monotherapy comparators,
pairing GLP-1 receptor agonism with a second mechanism
produced greater weight loss than either component alone.
Tirzepatide is the only one of the combinations that has been
approved for obesity. Several further combinations are in the
clinical pipeline (Table 1). The GLP-1/amylin combination
amycretin is notable because it delivers both activities in a
single molecule and so offers the simplicity of one drug. The
combinations pairing GLP-1 with activin and myostatin inhi-
bition are encouraging on a second measure, namely where the
weight loss comes from. Bimagrumab with semaglutide pro-
duced weight loss comparable to the other combinations, and
92.8% of that weight came from fat, with lean mass falling by
only 2.6% compared with 7.9% on semaglutide alone?!. Like-
wise, the trevogrumab/garetosmab combination also shifted
weight loss toward fat?>?>28_ Since loss of lean mass is a
recognized drawback of GLP-1 treatment, a combination that
removes fat while sparing muscle offers something that greater
weight loss alone does not.

The preclinical data largely supports these clinical obser-
vations. Weight loss and body composition changes with
amycretin®* and with bimagrumab plus semaglutide in DIO
mice?’ were consistent with the outcomes later seen in pa-
tients. Translation from animal models to patients cannot be
assumed. Even so, the GLP-1 combinations with GDF15 and
CB12>26_ tested so far only in animal models, produced sub-
stantial weight reduction and warrant advancing to clinical
testing.

While GLP-1 combinations offer new therapeutic options,
they have limitations that must be addressed. The most com-
mon adverse events remain mild to moderate gastrointesti-
nal symptoms including nausea, vomiting, and diarrhea®. As
strategies involving higher doses and multiple targets advance,
these effects will require careful monitoring and dedicated
safety studies. Longer study trials (>2 years) are needed
to assess long term safety and efficacy. Extended data may
also show whether they overcome the weight-loss plateau seen
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Table 4 KEGG shared-pathway count versus reported clinical efficacy for GLP-1-anchored combinations. Weight loss does not track with
shared-pathway count. The two combinations sharing no pathways span almost the full range of reported efficacy (13.4% to 22.1%), the
combination sharing the most pathways did not produce the greatest reduction, and the two combinations sharing the same number of pathways
differ by nearly four percentage points. Only combinations with human efficacy data are included (n = 5), representing three partner mechanism
families. Trial duration ranged from 26 to 72 weeks and trial phase from 1b/2a to 3, so the values are not directly comparable across rows.

GLP-1 combination Shared KEGG pathways with GLP-1R (n)* Efficacy Evidence tier
GLP-1 + GIP (tirzepatide) 4 21% Clinical, phase 3
GLP-1 + amylin (CagriSema) 2 20.4% Clinical, phase 3
GLP-1 + amylin (amycretin) 2 243%  Clinical, phase 1b/2a
GLP-1 + activin (bimagrumab + semaglutide) 0 22.1% Clinical, phase 2b
GLP-1 + myostatin/activin (trevogrumab/garetosmab + semaglutide) 0 13.4% Clinical, phase 2

*Number of KEGG pathways in which both GLPIR and the partner mechanism’s target gene are annotated (Table 3). Efficacy is the mean percent reduction

from baseline reported for that combination at the highest dose tested.

with current obesity medications. Head-to-head trials are also
needed, since cross-trial comparisons cannot establish which
strategy is better.

These constraints make the choice of which combinations
to pursue an important one. The number of possible GLP-
1 pairings is growing faster than can be tested. Each clini-
cal trial takes years and is costly. We set out to ask whether
pathway overlap between two paired mechanisms could help
predict how well a combination will work. Pathway related-
ness seemed a good candidate because it can be computed be-
fore any experiment is run, it draws on data that already ex-
ist, and it applies equally to mechanisms of different kinds.
Using the KEGG database and the clinical efficacy data as-
sembled here, we found that pathway sharing did not serve
this purpose. Amylin combinations, which share annotated
KEGG pathways with GLP-1, and activin or myostatin com-
binations, which share none, produced overlapping ranges of
weight loss (Table 4). Only five combinations had human ef-
ficacy data, so this analysis is preliminary. A conclusive test
would need more combinations with reported efficacy. An-
other possible reason the prediction failed is that database an-
notation is a poor substitute for real signaling, and that a direct
measurement of the molecular response is needed. Transcrip-
tomic or proteomic profiling of each mechanism given alone
would provide such a signature, and the overlap between any
two signatures could then be computed for combinations that
have not been tested.

This review has several limitations to consider. Due to its
narrative nature, it lacks systematic control for multiple biases
and the statistical power of a meta-analysis. The comparisons
presented here are therefore descriptive rather than quantita-
tive syntheses. It spans studies with heterogeneous datasets
and non-aligned phases of development. The mechanisms
considered were drawn from a commercial pipeline analysis.
This reflects where development activity is currently concen-
trated and may not correspond to where the strongest biolog-
ical rationale lies. Mechanisms with fewer active programs

were not evaluated. Percent body weight loss from baseline
is used as the primary efficacy metric, but this alone is not
sufficient to standardize outcomes across studies or establish
a comparative scoring framework. Additional efficacy mea-
sures, such as changes in metabolic parameters or biomark-
ers, and adverse-effect profiles were kept outside the scope
of this review. KEGG pathway mapping provided a work-
able first approach to the question, but it may not represent the
dynamic physiological interactions that determine energy bal-
ance in obesity. The pathway analysis was further limited by
the small number of combinations with human efficacy data.

GLP-1-based combination therapy has moved the field well
beyond what monotherapy achieved. Given that obesity arises
from imbalances across appetite regulation, energy expendi-
ture and body composition, a single mechanism was never
likely to address it fully, and this direction is unlikely to re-
verse. As the number of candidate pairings grows, decid-
ing which to pursue is becoming as important as the pairings
themselves, and a range of computational and experimental
approaches are being developed to guide that choice. As those
methods mature and the open questions of durability and long-
term safety are answered, the next generation of obesity thera-
pies should offer weight loss that is not only greater, but better
tolerated and more lasting.
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