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Population characteristics
• Males and females
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Highlights Impact and implications
� There are no approved therapies for fatty liver disease.

� Dual glucagon/glucagon-like peptide-1 receptor agonism
may be beneficial.

� Efinopegdutide (dual agonist) improved liver fat content
compared with semaglutide.

� Efinopegdutide’s tolerability profile was similar to that
of semaglutide.

� Efinopegdutide may be an effective treatment for fatty
liver disease.
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Currently, there are no approved therapies for non-alcoholic
steatohepatitis (NASH). The weight loss associated with
glucagon-like peptide-1 (GLP-1) receptor agonists has been
shown to decrease hepatic inflammation in patients with NASH.
In addition to reducing liver fat content (LFC) indirectly through
weight loss, glucagon receptor agonism may also reduce LFC
by acting on the liver directly to stimulate fatty acid oxidation
and reduce lipogenesis. This study demonstrated that treat-
ment of patients with non-alcoholic fatty liver disease with the
GLP-1/glucagon receptor co-agonist efinopegdutide (10 mg
weekly) led to a significantly greater reduction in LFC compared
to treatment with the GLP-1 receptor agonist semaglutide
(1 mg weekly), suggesting that efinopegdutide may be an
effective treatment for NASH.
and The Author(s). Published by Elsevier B.V on Behalf of European Association for

ense (http://creativecommons.org/licenses/by-nc-nd/4.0/). J. Hepatol. 2023,-, 1–10
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A phase IIa active-comparator-controlled study to evaluate
the efficacy and safety of efinopegdutide in patients with

non-alcoholic fatty liver disease
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Background & Aims: This study assessed the effects of the glucagon-like peptide-1 (GLP-1)/glucagon receptor co-agonist
efinopegdutide relative to the selective GLP-1 receptor agonist semaglutide on liver fat content (LFC) in patients with non-
alcoholic fatty liver disease (NAFLD).
Methods: This was a phase IIa, randomized, active-comparator-controlled, parallel-group, open-label study. A magnetic reso-
nance imaging-estimated proton density fat fraction assessment was performed to determine LFC at screening and Week 24.
Participants with an LFC of >−10% at screening were randomized 1:1 to efinopegdutide 10 mg or semaglutide 1 mg, both
administered subcutaneously once weekly for 24 weeks. Participants were stratified according to the concurrent diagnosis of type
2 diabetes mellitus (T2DM). Both drugs were titrated to the target dose over an 8-week time period. The primary efficacy endpoint
was relative reduction from baseline in LFC (%) after 24 weeks of treatment.
Results: Among 145 randomized participants (efinopegdutide n = 72, semaglutide n = 73), 33.1% had T2DM. At baseline, mean
BMI was 34.3 kg/m2 and mean LFC was 20.3%. The least squares (LS) mean relative reduction from baseline in LFC at Week 24
was significantly (p <0.001) greater with efinopegdutide (72.7% [90% CI 66.8–78.7]) than with semaglutide (42.3% [90% CI
36.5–48.1]). Both treatment groups had an LS mean percent reduction from baseline in body weight at Week 24 (efinopegdutide
8.5% vs. semaglutide 7.1%; p = 0.085). Slightly higher incidences of adverse events and drug-related adverse events were
observed in the efinopegdutide group compared with the semaglutide group, primarily related to an imbalance in gastrointestinal
adverse events.
Conclusions: In patients with NAFLD, treatment with efinopegdutide 10 mg weekly led to a significantly greater reduction in LFC
than semaglutide 1 mg weekly.
Clinical Trial Number: EudraCT: 2020-005136-30; NCT: 04944992.

© 2023 Merck Sharp & Dohme LLC., a subsidiary Merck & Co., Inc., Rahway, NJ, USA and The Author(s). Published by Elsevier B.V on Behalf of
European Association for the Study of the Liver (EASL) This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
Introduction
Non-alcoholic fatty liver disease (NAFLD), a condition associated
with increased accumulation of triglycerides in the liver, is esti-
mated to affect approximately 30% of the global adult popula-
tion.1 NAFLD encompasses a broad spectrum of fatty liver
disease, ranging from simple steatosis to non-alcoholic steato-
hepatitis (NASH), a form of fatty liver disease that is associated
with chronic inflammation described histologically as steatohe-
patitis with or without fibrosis.2 Approximately 20% of the NASH
population will progress to cirrhosis, which is associated with in-
creases in rates of hepatocellular carcinoma and all-cause
and liver-related mortality.3 NAFLD is increasingly being recog-
nized as the hepatic manifestation of underlying metabolic
Keywords: efinopegdutide; semaglutide; nonalcoholic fatty liver disease; liver fat content.
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dysregulationand isconsideredaconsequenceofobesity-related
insulin resistance, resulting in increased trafficking of fatty acids
fromadipose tissue to the liver anddenovohepatic lipogenesis.4,5

Overweight and obesity are considered the primary pathological
drivers of metabolic disease, NAFLD and, by extension, NASH.5

Currently, there are no approved therapies for the treatment
of NASH. Management of NAFLD/NASH is focused on lifestyle
modification such as diet and exercise, directed mainly at
weight loss. Pioglitazone and high-dose vitamin E (800 IU/day)
have been recommended as pharmacotherapies for biopsy-
proven NASH, with pioglitazone recommended in those with
type 2 diabetes mellitus (T2DM) and vitamin E recommended in
those without diabetes.6
ilable online xxx
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Efficacy and safety of efinopegdutide in NAFLD
Glucagon-like peptide-1 (GLP-1) agonism is associated with
reductions in serum glucose and weight loss. GLP-1 receptor
agonists enhance glucose-stimulated insulin secretion and
have become useful treatments for T2DM. At doses that have
been developed for diabetes indications (e.g., liraglutide up to
1.8 mg daily, semaglutide up to 2 mg weekly), GLP-1 receptor
agonists are associated with weight loss of approximately 3%
to 5%, generally attributed to reductions in food intake. More
recently, higher dose administration of GLP-1 receptor ago-
nists has been pursued for weight loss indications. At the
approved doses for weight loss, liraglutide 3 mg subcutane-
ously (SC) daily over 56 weeks resulted in weight loss of
approximately 7.4%,7 while semaglutide 2.4 mg SC once
weekly over 68 weeks resulted in approximately 15% weight
loss.8 The weight loss associated with GLP-1 agonists has
been shown to be associated with decreased hepatic inflam-
mation in patients with NASH. The Liraglutide Efficacy and
Action in NASH (LEAN) phase II study showed that 39% (9/23)
of participants who received liraglutide 1.8 mg SC daily and
who underwent an end of treatment liver biopsy after 48 weeks
had resolution of NASH compared with 9% (2/22) in the pla-
cebo group.9 A phase IIb study with semaglutide at 0.1 mg,
0.2 mg, or 0.4 mg SC once daily (total weekly dose of 0.7 mg to
2.8 mg) showed histologic resolution of NASH without wors-
ening of fibrosis in 40.4% to 58.9% of participants compared
to placebo (17.2%) after 72 weeks of dosing, albeit without
significant improvement in fibrosis.10

Glucagon receptor activation has a number of effects that
may complement the beneficial effects of GLP-1 receptor
agonism for the treatment of NASH.11 Glucagon has been
shown to induce weight loss by reducing food intake and
increasing energy expenditure. In addition to reducing liver fat
content (LFC) indirectly through weight loss, glucagon agonism
may also reduce LFC by acting on the liver directly to stimulate
fatty acid oxidation and reduce lipogenesis.12

Efinopegdutide (MK-6024) is a synthetic peptide of oxy-
ntomodulin conjugated to the constant region of human IgG4
that acts as a dual GLP-1 receptor and glucagon receptor
agonist, with a GLP-1 receptor:glucagon receptor relative po-
tency of approximately 2:1. Oxyntomodulin, a 37 amino acid
peptide product of the proglucagon gene released from L-cells
of the small intestine in response to food ingestion, has been
shown to decrease appetite and body weight in overweight and
obese individuals.13,14 The effects of efinopegdutide on weight
loss were studied in two phase II dose-ranging studies in obese
patients with and without T2DM.15,16 In both studies, treatment
with efinopegdutide resulted in a significant, dose-dependent
reduction in body weight.15,16 The present phase IIa study
was conducted to compare the efficacy and safety of GLP-1
and glucagon receptor co-agonism with efinopegdutide to
GLP-1 agonism alone with semaglutide in patients with NAFLD
with and without T2DM, and to generate data on the potential
of efinopegdutide as a novel therapy for NASH.

Patients and methods

Participant selection

This study enrolled males and females aged 18 to 70 years.
Inclusion criteria included NAFLD based on an LFC of >−10% as
assessed by magnetic resonance imaging-estimated proton
density fat fraction (MRI-PDFF), BMI >−25 kg/m2 and <−50 kg/m2,
2 Journal of Hepatology, -
stable body weight (based on self-reporting) defined as <−5%
gain or loss of body weight for at least 3 months before
screening, and either no history of T2DM or a history of T2DM
with glycated hemoglobin (HbA1c) <−8.5% at screening and
controlled by diet and/or a stable dose of metformin for the 3
months before screening. Antihyperglycemic agents other than
metformin were not permitted.

Key exclusion criteria included history or evidence of chronic
liver disease other than NAFLD or NASH; known history of
cirrhosis (fibrosis stage >3 based on a historical liver biopsy or a
liver stiffness score >14 kPa based on a historical FibroScan®

assessment; decompensated liver disease including, but not
limited to, history of ascites, esophageal or gastric variceal
bleeding, hepatocellular carcinoma, hepatic encephalopathy,
splenomegaly, or spontaneous bacterial peritonitis; treatment
with any GLP-1 receptor agonist or investigational GLP-1/
glucagon receptor co-agonist within 6 months before
screening; treatment with thiazolidinediones (i.e., pioglitazone,
rosiglitazone) within 6 months before screening; previous or
current use of prescription weight-management medications or
over-the-counter weight-loss medications or therapies within
the 3 months before screening; treatment with an anti-
hyperlipidemic therapy that was not at a stable dose for at least
1 month before screening; or treatment with >100 IU/day of
vitamin E at a dose that was not stable for at least 3 months
before screening.
Study design

This was a phase IIa, randomized, active-comparator-
controlled (semaglutide; Ozempic®), parallel-group, multi-site,
open-label study of efinopegdutide in participants with NAFLD
(protocol 001; EudraCT: 2020-005136-30; NCT: 04944992).
The study protocol was approved by the institutional review
board or independent ethics committee at each investigational
site and was conducted in accordance with applicable regu-
lations and the ethical principles of Good Clinical Practice as
defined by the International Conference on Harmonization and
Declaration of Helsinki. Written informed consent was obtained
from all participants.

The study design is shown in Fig. 1. The duration of the
study was approximately 32 weeks, which included a staged
screening period of approximately 4 weeks, a 24-week active-
comparator-controlled treatment period, and a post-treatment
period follow-up visit at approximately 5 weeks after the last
dose of study intervention.

During the screening period, an MRI-PDFF was performed
on all participants who met other screening eligibility re-
quirements. If a participant had an LFC as assessed by MRI-
PDFF of >−10% as determined by blinded independent central
review and all other eligibility criteria had been met, the
participant proceeded to randomization.

At baseline (Day 1), participants who met eligibility criteria
were randomly assigned in a 1:1 ratio to efinopegdutide 10 mg
SC once weekly or semaglutide 1 mg SC once weekly, strati-
fied according to concurrent diagnosis of T2DM at the time
of randomization.

Participants randomized to efinopegdutide 10 mg once
weekly or semaglutide 1 mg once weekly followed a 3-step
dose-escalation regimen to achieve the planned study dose.
Participants randomized to the efinopegdutide 10 mg once
-- 2023. vol. - j 1–10



Population characteristics
• Males and females
• Age: 18 to 70 years
• NAFLD with LFC ≥10% by MRI-PDFF
• T2DM stratification (yes or no)
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Fig. 1. Study design. LFC, liver fat content; MRI-PDFF, magnetic resonance imaging-estimated proton density fat fraction; NAFLD, non-alcoholic fatty liver disease; R,
randomization; T2DM, type 2 diabetes mellitus.
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weekly group were started at a dose of 2.4 mg once weekly
from Day 1 to Week 4; the dose was increased to 5 mg once
weekly from Week 4 up to Week 8 and then to 10 mg once
weekly from Week 8 to Week 24. Participants who could not
tolerate the efinopegdutide 10 mg once weekly dose could
continue in the study on the efinopegdutide 5 mg once weekly
dose. Down-titration below the 5 mg once weekly dose for
efinopegdutide was not permitted; study treatment was dis-
continued in participants unable to tolerate at least the 5 mg
once weekly efinopegdutide dose. Participants randomized to
the semaglutide 1 mg once weekly treatment group were
started at a dose of 0.25 mg once weekly from Day 1 to Week 4;
the dose was increased to 0.5 mg once weekly from Week 4 to
Week 8 and then to 1 mg once weekly from Week 8 to Week 24.
Participants who could not tolerate the semaglutide 1 mg once
weekly dose could continue in the study on the semaglutide
0.5 mg once weekly dose. Down-titration below the 0.5 mg
once weekly dose for semaglutide was not permitted; study
treatment was discontinued in participants unable to tolerate at
least the 0.5 mg once weekly semaglutide dose.

All participants received dietary and activity counseling at
the randomization visit from a qualified health care profes-
sional, using diet and activity guidance sheets. At subsequent
visits, the site staff reviewed the diet and activity guidance
sheets with the participants.
Efficacy endpoints

The primary efficacy endpoint was the relative reduction from
baseline in LFC measured by MRI-PDFF (evaluated by blinded
independent central review) after 24 weeks of treatment. Sec-
ondary efficacy endpoints included the percent change from
baseline in body weight and fasting lipid levels (total choles-
terol, high-density lipoprotein cholesterol, low-density lipopro-
tein cholesterol, and triglycerides) after 24 weeks of treatment.
The following exploratory endpoints supported the primary ef-
ficacy endpoint: the proportions of participants with relative
reductions from baseline in LFC of >−30%, >−50% and >−70%; the
proportion of participants who had achieved normal LFC (<5%);
and the mean relative reduction from baseline in LFC by
weight-loss categories (percent reductions from baseline in
body weight of <−5%, >5% to <−10%, and >10%). Exploratory
fibrosis biomarkers included change from baseline at Week 24
Journal of Hepatology, -
in pro-peptide of type III collagen (Pro-C3) and enhanced liver
fibrosis (ELF) and a post hoc analysis of change from baseline
at Week 24 in fibrosis-4 index (FIB-4). Because the study
population included a broad range of participants with NAFLD,
many of whom may have had no or minimal fibrosis, the results
of these analyses of fibrosis biomarkers should be interpreted
with caution.

Safety assessments

Safety and tolerability were monitored throughout the study by
clinical evaluation of adverse events and inspection of other
study parameters including physical examinations, 12-lead
electrocardiograms, vital signs, and laboratory safety tests.

Statistical analysis

The efficacy analysis population included all randomized par-
ticipants who received at least one dose of study intervention
and had at least one assessment. The primary efficacy analysis
compared the efficacy of efinopegdutide to semaglutide in the
relative reduction from baseline in LFC at Week 24. The dif-
ference (efinopegdutide minus semaglutide) in means and the
associated 90% CI and p values were provided based on a
longitudinal data analysis model.17 Efinopegdutide was
considered superior to semaglutide if the one-sided p value
was <0.05. The model-based least squares (LS) mean change
from baseline for each treatment group and difference (with CI)
between treatment groups at the Week 24 post-baseline time
point were summarized.

Percent changes in body weight and fasting lipid levels were
analyzed using the same longitudinal data analysis model as
described for the primary endpoint. The changes from baseline
in Pro-C3, ELF, and FIB-4 at Week 24 were summa-
rized descriptively.

The safety analysis population consisted of all randomized
participantswho received at least onedoseof study intervention.

A sample size of 65 participants per arm provided approxi-
mately 99% power to establish that efinopegdutide was su-
perior to semaglutide with respect to the mean relative
reduction from baseline in LFC at Week 24, with a one-sided
a = 0.05, assuming a true treatment difference of approxi-
mately 19.4%, a common SD of 20%, and 10% missing Week
24 data. A sample size of 65 participants per arm provided 80%
-- 2023. vol. - j 1–10 3



Efficacy and safety of efinopegdutide in NAFLD
power to establish that efinopegdutide was superior to sem-
aglutide by 10% or more with respect to the mean relative
reduction from baseline in LFC after 24 weeks.

Results
This study was performed from 4 August 2021 to 19 October
2022 across 79 centers in 16 countries (Argentina, Australia,
Canada, France, Israel, Italy, Mexico, New Zealand, Poland,
Russia, South Korea, Spain, Taiwan, Turkiye, Ukraine, and
United States). The disposition of participants is shown in Fig. 2.
A total of 145 participants were randomized to treatment, of
whom 135 completed the study. In the efinopegdutide group,
seven participants did not tolerate the target dose of 10mg once
weekly; of those, six down-titrated to and completed the study
on a dose of 5 mg once weekly, and one down-titrated to 5 mg
onceweekly but subsequently discontinued studymedication. In
the semaglutide group, one participant attempted to up-titrate to
the target dose of 1mgonceweekly, but had to down-titrate, and
completed the study on a dose of semaglutide 0.5 mg once
weekly.Oneother participantwhocould not tolerate 0.5mgonce
weekly discontinued study medication.

Demographics and baseline characteristics

The two treatment groups had similar demographics and base-
line characteristics (Table 1). Among 145 randomized partici-
pants (efinopegdutide, n = 72; semaglutide, n = 73), the majority
(55.2%) of participants were male, mean age was 49.5 years,
mean BMI was 34.3 kg/m2, mean body weight was 97.3 kg,
33.1% of participants had T2DM, and mean LFC was 20.3%.

Efficacy

At Week 24, treatment with efinopegdutide led to a significantly
(p <0.001) greater relative reduction from baseline in LFC
compared to semaglutide; the LS mean relative reduction from
Random
n = 1

Completed
n = 64

Efinopegdutide
n = 72 

Discontinued                        n = 8
Lost to follow-up- n = 1
Physician decision n = 1
Withdrawal by subject n = 4
Other n = 2

Scree
N = 3

Fig. 2. Disposition of participants.
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baseline in LFC was 72.7% (90% CI 66.8–78.7) with efino-
pegdutide and 42.3% (90% CI 36.5–48.1) with semaglutide
(Fig. 3A, Table 2). The difference in the LS mean relative
reduction from baseline in LFC at Week 24 in the efinopegdu-
tide group compared to the semaglutide group was 30.4%
(90% CI 22.1–38.7; p <0.001) (Fig. 3A, Table 2). The mean
relative reduction from baseline in LFC at Week 24 in the efi-
nopegdutide group was superior by 10% or more to that
observed in the semaglutide group. Median relative reductions
from baseline in LFC at Week 24 were 83.8% with efino-
pegdutide and 44.4% with semaglutide. A greater proportion of
participants achieved a normal LFC level (<5%) at Week 24 with
efinopegdutide (66.7%) compared with semaglutide (17.8%).
Greater proportions of participants had relative reductions from
baseline in LFC at Week 24 of >−30%, >−50% and >−70% with
efinopegdutide (81.9%, 77.8%, and 70.8%, respectively)
compared with semaglutide (67.1%, 43.8%, and 12.3%,
respectively) (Fig. 3B).

The LS mean percent reduction from baseline in body
weight at Week 24 was 8.5% in the efinopegdutide group
compared with 7.1% in the semaglutide group (p = 0.085)
(Table 2). Similar percent reductions from baseline in mean
body weight were observed in the two treatment groups over
time (Fig. 4A). The relative reductions from baseline in LFC at
Week 24 by weight-loss category (<−5%, >5% to <−10%, and
>10% reduction in body weight from baseline) were greater in
the efinopegdutide group (52.4%, 76.6%, and 86.2%,
respectively) than in the semaglutide group (13.4%, 39.6%, and
64.2%, respectively) (Fig. 3C).

In the efinopegdutide group, LS mean percent reductions
from baseline at Week 24 were observed in total cholesterol,
high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, and triglycerides of 15.2%, 8.1%, 13.0%, and
30.9%, respectively (Table 2). In the semaglutide group, LS
mean percent reductions from baseline in total cholesterol, low-
ized
45

Semaglutide
n = 73 

Completed
n = 71

Discontinued                        n = 2
Lost to follow-up n = 1
Withdrawal by subject n = 1

ned
18

Not randomized                n = 173
Screen failure                 n = 173   

-- 2023. vol. - j 1–10



Table 1. Demographics and baseline characteristics.

Efinopegdutide Semaglutide

Parameter n= 72 n= 73

Sex
Male 39 (54.2) 41 (56.2)
Female 33 (45.8) 32 (43.8)

Age, years 48.1 [11.0] 50.9 [10.9]
Race
American Indian or Alaska Native 3 (4.2) 2 (2.7)
Asian 7 (9.7) 7 (9.6)
Black 0 1 (1.4)
White 62 (86.1) 63 (86.3)

Ethnicity
Hispanic or Latino 25 (34.7) 26 (35.6)
Not Hispanic or Latino 46 (63.9) 47 (64.4)
Unknown 1 (1.4) 0

BMI, kg/m2 35.2 [5.7] 33.5 [5.0]
Body weight, kg 100.2 [18.8] 94.5 [18.9]
T2DM (stratification)
Yes 24 (33.3) 24 (32.9)
No 48 (66.7) 49 (67.1)

With T2DM
HbA1c % 6.3 [0.7] 6.5 [0.8]
FPG, mg/dl 121.9 [33.0] 122.3 [31.0]

Without T2DM
HbA1c, % 5.7 [0.3] 5.6 [0.4]
FPG, mg/dl 101.6 [13.0] 99.1 [11.4]

LFC, % 21.1 [8.1] 19.4 [8.1]
ALT, IU/L 61.9 [45.4] 54.2 [32.7]
AST, IU/L 35.6 [18.9] 36.6 [19.3]
Total cholesterol, mmol/L 5.3 [1.1] 5.3 [1.2]
High-density lipoprotein cholesterol, mmol/L 1.2 [0.3] 1.2 [0.4]
Low-density lipoprotein cholesterol, mmol/L 3.3 [0.9] 3.2 [1.1]
Triglycerides, mmol/L 2.0 [0.9] 2.0 [1.0]
WBC, 109/L 6.6 [1.6] 6.6 [1.6]
Platelet count, 109/L 258.6 [58.8] 256.8 [70.4]
Hemoglobin, mmol/L 9.1 [0.8] 9.0 [0.9]
Pro-C3, lg/L 53.2 [16.7] 55.9 [16.7]
ELF 8.8 [0.9] 9.1 [0.9]

Data are presented as n (%) for categorical variables and mean [SD] for continuous variables.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; ELF, enhanced liver fibrosis; FPG, fasting plasma glucose; LFC, liver fat content; Pro-C3, pro-peptide of type III
collagen; T2DM, type 2 diabetes mellitus; WBC, white blood cell count.
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density lipoprotein cholesterol, and triglycerides of 8.0%, 6.9%,
and 23.3%, respectively, and an LS mean percent increase
from baseline in high-density lipoprotein cholesterol of 3.6%,
were observed at Week 24 (Table 2).

− −
Journal of Hepatology, -
Safety

Slightly higher incidences of adverse events and drug-related
adverse events were observed in the efinopegdutide group,
primarily related to an imbalance in gastrointestinal adverse
-- 2023. vol. - j 1–10 5



Table 2. Efficacy results.

Parameter n
Baseline

mean (SD) n Week 24 mean (SD)

Percent change from baseline at Week 24

n Mean (SD) LS mean (90% CI)a

Difference
in LS means

(90% CI)
efinopegdutide

vs. semaglutidea;
p valueb

LFC, %
Efinopegdutide 72 21.1 (8.1) 65 4.6 (4.5) 72 −74.6 (28.0) −72.7 (−78.7 to −66.8) −30.4 (−38.7 to −22.1); <0.001
Semaglutide 73 19.4 (8.1) 72 11.4 (7.2) 73 −40.9 (27.9) −42.3 (−48.1 to −36.5)

Body weight, kg
Efinopegdutide 72 100.2 (18.8) 66 91.6 (19.5) 72 −8.7 (5.2) −8.5 (−9.5 to −7.5) −1.4 (−2.7 to −0.1); 0.085
Semaglutide 73 94.5 (18.9) 71 87.4 (19.0) 73 −7.5 (4.3) −7.1 (−8.1 to −6.2)

Total cholesterol, mmol/L
Efinopegdutide 72 5.3 (1.1) 65 4.4 (1.0) 72 −16.4 (14.8) −15.2 (−18.2 to −12.2) −7.2 (−11.2 to −3.1)
Semaglutide 73 5.3 (1.2) 69 4.7 (1.0) 73 −8.6 (15.3) −8.0 (−11.0 to −5.0)

High-density lipoprotein cholesterol, mmol/L
Efinopegdutide 72 1.2 (0.3) 65 1.1 (0.3) 72 −8.5 (15.3) −8.1 (−11.2 to −5.1) −11.7 (−15.8 to −7.7)
Semaglutide 73 1.2 (0.4) 68 1.2 (0.3) 73 2.0 (15.0) 3.6 (0.6 to 6.6)

Low-density lipoprotein cholesterol, mmol/L
Efinopegdutide 71 3.3 (0.9) 65 2.7 (0.8) 72 −14.9 (19.5) −13.0 (−17.4 to −8.6) −6.1 (−12.0 to −0.1)
Semaglutide 73 3.2 (1.1) 67 2.8 (0.9) 73 −8.3 (22.9) −6.9 (−11.3 to −2.6)

Triglycerides, mmol/L
Efinopegdutide 72 2.0 (0.9) 65 1.3 (0.5) 72 −26.1 (26.0) −30.9 (−35.6 to −25.8) −7.6 (−14.3 to −0.9)
Semaglutide 73 2.0 (1.0) 68 1.5 (0.6) 73 −18.6 (27.3) −23.3 (−28.5 to −17.7)

For baseline and Week 24, n is the number of participants with non-missing assessments at the specific timepoint. For percent change from baseline, n is the number of ran-
domized participants.
LFC, liver fat content; LS, least squares.
aBased on a constrained longitudinal data analysis model including terms for treatment, time, stratum (T2DM), and the interactions of treatment by stratum, time by treatment, and
time by stratum.
bp value not computed for total cholesterol, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and triglycerides.
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Table 3. Adverse events.

Efinopegdutide
n= 72

Semaglutide
n= 73

n (%) n (%)

Adverse events 64 (88.9) 53 (72.6)
Drug-relateda adverse events 46 (63.9) 35 (47.9)
Serious adverse events 1 (1.4) 1 (1.4)
Serious drug-related adverse events 0 0
Deaths 0 0 0
Discontinued drug due to an adverse event 4 (5.6) 0
Discontinued drug due to a drug-related adverse event 3 (4.2) 0
Discontinued drug due to a serious adverse event 0 0
Discontinued drug due to a serious drug-related adverse event 0 0

Adverse events that occurred in >−4 participants in either treatment group
Gastrointestinal adverse events
Abdominal distension 4 (5.6) 3 (4.1)
Abdominal pain 9 (12.5) 2 (2.7)
Abdominal pain upper 7 (9.7) 1 (1.4)
Constipation 12 (16.7) 4 (5.5)
Diarrhea 12 (16.7) 13 (17.8)
Dyspepsia 6 (8.3) 5 (6.8)
Flatulence 4 (5.6) 1 (1.4)
Gastroesophageal reflux disease 6 (8.3) 5 (6.8)
Nausea 20 (27.8) 23 (31.5)
Vomiting 12 (16.7) 11 (15.1)

General disorders and administration site conditions
Fatigue 1 (1.4) 6 (8.2)

Infections and infestations
COVID-19 8 (11.1) 10 (13.7)
Urinary tract infection 4 (5.6) 2 (2.7)

Investigations
Alanine aminotransferase increased 4 (5.6) 0
Lipase increased 4 (5.6) 3 (4.1)

Metabolism and nutrition disorders
Decreased appetite 12 (16.7) 11 (15.1)

Nervous system disorders
Dizziness 4 (5.6) 2 (2.7)
Headache 5 (6.9) 5 (6.8)

aConsidered by the investigator to be related to the drug.
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events (Table 3). There were otherwise no meaningful differ-
ences between the two treatment groups in the incidence of
overall, serious, or drug-related adverse events, including
adverse events that led to discontinuation (Table 3). The overall
profile of adverse events reported by at least four participants
was similar between the two treatment groups (Table 3). The
incidences of nausea and of vomiting were similar between the
two treatment groups (Table 3). Three specific adverse events
in the gastrointestinal system organ class were reported at a
higher incidence with efinopegdutide compared to semaglu-
tide: abdominal pain (12.5% vs. 2.7%, respectively), abdominal
pain upper (9.7% vs. 1.4%), and constipation (16.7% vs. 5.5%)
(Table 3). An adverse event of a composite of abdominal pain
terms (including terms for abdominal pain, abdominal pain
upper, abdominal pain lower, or abdominal tenderness) was
reported for 17 participants in the efinopegdutide group
(23.6%); the majority (13/17) of these participants were re-
ported to have a maximum toxicity grade of 1 while the
remainder (4/17) had a maximum toxicity of grade 2. An
adverse event of the same composite of abdominal pain terms
was reported for three participants in the semaglutide group
(4.1%); one of the three participants had a maximum toxicity
grade of 2. Constipation was reported as an adverse event for
12 participants in the efinopegdutide group (16.7%) compared
to four in the semaglutide group (5.5%). All of the adverse
Journal of Hepatology, -
events of constipation were reported to have a toxicity grade of
1 and required a dose reduction in only one participant in the
efinopegdutide group. All adverse events of abdominal pain
and constipation resolved while participants remained on study
treatment. A slightly greater increase from baseline in mean
heart rate, and slightly greater reductions from baseline in both
mean systolic and mean diastolic blood pressure, were
observed with efinopegdutide compared to semaglutide
(Fig. 4B-D). There was no notable imbalance in adverse events
considered potentially related to changes in heart rate or
blood pressure.
Laboratory parameters of interest

While there was a small imbalance in the number of participants
with the adverse event of alanine aminotransferase (ALT)
elevation, similar reductions from baseline in mean ALT and
mean aspartate aminotransferase were observed in the two
treatment groups, which had begun by Week 4 and continued
throughout the 24-week treatment period (Fig. 5A,B). A post
hoc analysis showed that 45.2% of participants in the efino-
pegdutide group achieved a reduction from baseline in ALT of
>−17 U/L at Week 24 compared with 44.1% of participants in the
semaglutide group. The relative reductions from baseline in
ALT at Week 24 by weight-loss category (<−5%, >5% to <−10%,
-- 2023. vol. - j 1–10 7
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and >10% reduction in body weight from baseline) were 18.8%,
26.4%, and 19.9%, respectively, in the efinopegdutide group
compared with 2.4%, 24.9%, and 33.2%, respectively, in the
semaglutide group (Fig. 5C). At Week 24, treatment with efi-
nopegdutide led to similar changes from baseline in Pro-C3,
ELF, and FIB-4 compared to treatment with semaglu-
tide (Table S1).

Treatment with efinopegdutide was associated with a mean
increase from baseline in fasting plasma glucose of 0.01 mmol/
L and a mean change from baseline in HbA1c of 0.0% at Week
24, compared to a mean decrease in fasting plasma glucose of
0.64 mmol/L and a mean decrease in HbA1c of 0.5% with
semaglutide. Treatment with efinopegdutide and semaglutide
was associated with a mean decrease from baseline in hemo-
globin of 0.62 mmol/L and 0.12 mmol/L, respectively, at Week
24. There were no adverse events related to reductions in
8 Journal of Hepatology, -
hemoglobin in either treatment group. There were no mean-
ingful differences for other laboratory assessments.
Discussion
The present study compared the efficacy and safety of GLP-1
and glucagon receptor co-agonism with efinopegdutide to
GLP-1 receptor agonism alone with semaglutide in patients
with NAFLD. In this study, both active treatments produced
clinically meaningful reductions from baseline in LFC, with
efinopegdutide providing a significantly greater reduction in
LFC than semaglutide. Treatment with efinopegdutide
allowed two-thirds of participants to achieve a normal LFC
level (<5%) compared with less than one-fifth of participants
on semaglutide.

The significantly larger reduction in LFC with efinopegdutide
(72.7%) than with semaglutide (42.3%) occurred in spite of
both treatments producing similar reductions in body weight.
This study was initiated prior to the availability of the higher
dose (2.4 mg weekly) of semaglutide that is currently approved
for the treatment of obesity and that is being evaluated in a
phase III study as a potential therapeutic option for patients
with NASH. While the greater magnitude of weight loss
observed with higher doses of semaglutide may provide some
additional antisteatotic efficacy compared to the dose used in
this study, prior studies with higher doses of semaglutide have
resulted in relative reductions of liver fat of 36% to 46% at 6
months.18–20 Both treatments resulted in a majority of partici-
pants achieving at least a 30% reduction in LFC, which is
generally regarded as the minimum threshold for histologic
response in patients with NASH.21 The substantial proportion
of participants achieving over 50% and over 70% reduction in
liver fat in the efinopegdutide treatment group, with approxi-
mately two-thirds of the population normalizing their liver fat
concentration, suggests that robust effects on steatohepatitis
may be achievable with co-agonists that target both the GLP-1
receptor and the glucagon receptor. Further studies are needed
to evaluate the effects of efinopegdutide on histologic end-
points in patients with NAFLD/NASH.

Consistent with the experience with dietary,22 pharmaco-
logic,23 and surgical therapies24,25 for weight loss, participants
in both treatment groups with larger body weight reductions
had greater reductions in LFC. The relative reductions from
baseline in LFC at Week 24 by specific weight-loss category
(<−5%, >5% to <−10%, and >10% reduction in body weight from
baseline) were all greater in the efinopegdutide group than in
the semaglutide group. Of particular note was the magnitude of
LFC reduction in participants in the lowest weight-loss cate-
gory. Among those with <−5% weight loss from baseline, the
reduction in LFC with efinopegdutide was 52.4% compared to
a reduction of 13.4% in the semaglutide group. These findings
suggest that other mechanisms, beyond those related to
weight loss, contributed to the greater LFC-reducing effect with
efinopegdutide compared to semaglutide. This difference is
likely due to the glucagon receptor agonism of efinopegdutide
directly stimulating fatty acid oxidation and reducing lipogen-
esis in the liver.12

Treatment with efinopegdutide was generally well toler-
ated. Slightly higher incidences of adverse events and drug-
related adverse events were observed in the efinopegdutide
group, primarily related to an imbalance in gastrointestinal
-- 2023. vol. - j 1–10



Research Article
adverse events. There were otherwise no meaningful differ-
ences between the two treatment groups in the incidence of
overall, serious, or drug-related adverse events, including
adverse events that led to discontinuation. Dose-dependent
gastrointestinal adverse events (predominantly nausea and
vomiting) were previously reported in two phase II dose-
ranging studies with efinopegdutide in obese patients with
and without T2DM15,16 and have been well described for GLP-
1 receptor agonists and other GLP-1R/GCG receptor co-ag-
onists.26 Notably, the two previous phase II dose-ranging
studies with efinopegdutide did not employ a titration
regimen.15,16 Because the use of titration regimens to mitigate
the occurrence of gastrointestinal adverse events has been
successfully implemented for marketed GLP-1 receptor ago-
nists, a titration strategy was used in the current study. The
incidences of nausea and vomiting reported in the efino-
pegdutide group in the present study (27.8% and 16.7%,
respectively) were similar to those reported in the semaglutide
group (31.5% and 15.1%, respectively) and were notably
lower than those reported with efinopegdutide 10 mg in the
previous phase II dose-ranging studies (42.9–66.9% and
34.7–55.1%, respectively),15,16 indicating that the titration
strategy was effective in mitigating these adverse events. Ef-
fects of efinopegdutide on heart rate and blood pressure in the
current study were slightly greater than those observed with
semaglutide and were consistent with observations in prior
studies with efinopegdutide; these hemodynamic changes did
not appear to be mitigated by use of a titration strategy and
likely reflect the combined effect of GLP-1 and glucagon re-
ceptor agonism.

Similar to observations on efinopegdutide in prior phase II
studies,15,16 in the present study there was no meaningful
mean change from baseline in HbA1c or fasting plasma
glucose in the efinopegdutide group at Week 24. This was likely
Journal of Hepatology, -
due a balanced impact of GLP-1 and glucagon receptor co-
agonism on glucose metabolism, resulting in a neutral glyce-
mic effect. The reductions in serum lipids observed with efi-
nopegdutide were also similar to those reported in the prior
phase II studies.15,16 Reductions in hemoglobin have not been
reported with GLP-1 receptor agonists and are likely a phar-
macologic effect of glucagon agonism. Glucagon has been
shown to inhibit erythropoiesis27 and to decrease heme pro-
duction in rodent models,28 and normochromic normocytic
anemia is common (�35%) in patients with the glucago-
noma syndrome.29

Limitations of the study include the absence of a placebo
group; however, the use of an active comparator in this study
and historical comparisons to placebo responses in prior trials
of antisteatotic agents provide adequate context by which to
assess the observed efficacy of efinopegdutide. Additionally,
this study was conducted in a broad population of patients with
NAFLD, and not restricted to patients with NASH. While the
study excluded patients with a known history of cirrhosis, the
comparison of the antisteatotic efficacy of the study treatments
is unlikely to be affected by the stage of fibrosis. Further studies
are needed to determine the effects of long-term treatment with
efinopegdutide in patients with NASH, particularly on histologic
endpoints and clinical outcomes.

In summary, treatment with efinopegdutide led to a sig-
nificant improvement in LFC compared with semaglutide in
patients with NAFLD. Treatment with efinopegdutide was also
generally well tolerated, with a tolerability profile similar to that
of semaglutide. The substantial benefit of therapy with efino-
pegdutide on reducing liver fat is likely due to the comple-
mentary dual mechanisms of action of GLP-1 and glucagon
receptor agonism, which together lead to improvements in the
core pathophysiologic defects associated with NAFLD.
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