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OBJECTIVE

Cotadutide, a dual GLP-1 and glucagon receptor agonist, is under development
for nonalcoholic steatohepatitis (NASH) and chronic kidney disease with type 2
diabetes. The effects of cotadutide on hepatic and metabolic parameters were
evaluated in participants with overweight/obesity and type 2 diabetes.

RESEARCH DESIGN AND METHODS

In this phase 2b study, 834 adults with BMI $25 kg/m2 and type 2 diabetes in-
adequately controlled with metformin (glycated hemoglobin A1c [HbA1c] of
7.0%–10.5% [53–91 mmol/mol]) were randomized to double-blind cotadutide
100 μg (n = 100), 200 μg (n = 256), or 300 μg (n = 256); placebo (n = 110); or
open-label liraglutide 1.8 mg (n = 110)—all administered subcutaneously. Co-
primary end points were changes in HbA1c and body weight at week 14. The
originally randomized interventions were continued to week 54. Liver damage
biomarkers and liver fibrosis algorithms were assessed.

RESULTS

Cotadutide significantly decreased HbA1c and body weight at weeks 14 and 54 versus
placebo (all P< 0.001). Improvements in lipid profile, AST and ALT levels, propeptide
of type III collagen level, fibrosis-4 index, and nonalcoholic fatty liver disease fibrosis
score were observed with cotadutide 300 μg versus placebo, but not with liraglutide.
Weight loss with cotadutide 200 μg was similar to that with liraglutide 1.8 mg and
greater with cotadutide 300 μg versus liraglutide 1.8 mg. The most common adverse
events with cotadutide (nausea, 35%; vomiting, 17%) decreased over time.

CONCLUSIONS

Cotadutide treatment for 54 weeks improved glycemic control and weight loss in partici-
pants with overweight/obesity and type 2 diabetes. Ad hoc analyses demonstrated im-
provements in hepatic parameters and support further evaluation of cotadutide in NASH.

Approximately 70% of people with type 2 diabetes, and 93% of people with severe
obesity who are candidates for weight reduction procedures or surgeries, have
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nonalcoholic fatty liver disease (NAFLD)
(1–3). In patients with NAFLD, ectopic
fat accumulation in the liver contributes
to increased insulin resistance and lipo-
toxicity (4–6). The pathology of NAFLD
can progress further to nonalcoholic
steatohepatitis (NASH), advanced fibro-
sis, and end-stage cirrhosis (7). More-
over, in people with type 2 diabetes,
NAFLD and NASH may contribute to the
progression of cardiovascular disease,
kidney disease, and other complications
(8–12). Hence, a significant unmet need
exists among patients with type 2 dia-
betes and NASH for treatments that
simultaneously improve liver health, re-
duce cardiovascular and renal disease,
provide glycemic control, and promote
weight loss.

Treatment with glucagon-like peptide
1 (GLP-1) receptor agonists has been
shown to improve glycemic control (13),
delay gastric emptying, and induce
weight loss in people with type 2 diabe-
tes (14,15). The GLP-1 receptor monoa-
gonist liraglutide is indicated for the
treatment of obesity in many parts of
the world (16). In phase 2 and phase 3
clinical trials, liraglutide reduced body
weight by 6–8% (17,18). Additionally,
the GLP-1 receptor agonist semaglutide
was more effective at inducing weight
loss in a head-to-head phase 2 trial with
liraglutide, as mean body weight was
reduced 6.0–13.8% compared with
7.8% with liraglutide (18).

Treatment with GLP-1 receptor mono-
agonists may also improve liver bio-
markers (19). Liraglutide, semaglutide,
and exenatide treatment all improved
liver biomarkers (19–22), and liraglutide
decreased histological inflammation in
patients with biopsy-proven NASH (23).
Some studies, however, did not demon-
strate any marked improvement in liver
biomarkers after liraglutide treatment,
or the improvements were not sus-
tained (19–21,23). Two years of treat-
ment with semaglutide significantly
reduced ALT and hs-CRP levels in pa-
tients with obesity and/or type 2 diabe-
tes, although significance was lost after
adjustment for changes in body weight
(24).

Cotadutide (MEDI0382), a dual GLP-1
and glucagon receptor agonist, is under
development for type 2 diabetes and
NASH. The ratio of GLP-1 and glucagon
activity was optimized to achieve a max-
imally beneficial overall effect from the

agonism of each receptor. In animal
models, the beneficial effects of gluca-
gon include reduced liver lipogenesis,
inflammation, and fibrosis, together
with improved liver mitochondrial func-
tion (25,26). The robust improvements
in NASH and fibrosis scores in preclinical
NASH mouse models after cotadutide
treatment were significantly greater
than after treatment with the GLP-1
monoagonist liraglutide (26). In humans,
the glucagon receptor is highly ex-
pressed in liver and kidney tissue, sug-
gesting that glucagon plays a role in
hepatic and renal physiology (27).

In early phase 2a trials, cotadutide
treatment resulted in robust and consis-
tent glycemic control, increased post-
prandial insulin levels, and weight loss
in participants with overweight or obe-
sity and who have type 2 diabetes
(28,29). An exploratory phase 2a analy-
sis using MRI demonstrated that cota-
dutide was associated with significant
reductions in hepatic fat compared with
placebo in participants with overweight
or obesity and who have type 2 diabe-
tes (30).

We report results from a 54-week
phase 2b study evaluating the clinical
utility of cotadutide in participants with
overweight or obesity and type 2 diabe-
tes. Safety and effects of cotadutide on
metabolic and hepatic parameters were
assessed.

RESEARCH DESIGN AND METHODS

Study Design and Procedures
This was a randomized, parallel-group,
double-blind, placebo-controlled, phase
2b study of cotadutide with an open-
label, active comparator, liraglutide
(ClinicalTrials.gov identifier NCT03235050).
The study was designed by AstraZeneca
and conducted at 120 sites in eight
countries: Bulgaria, Canada, Czech
Republic, Germany, Mexico, Russia,
Slovakia, and the U.S. The relevant in-
dependent ethics committees or insti-
tutional review boards approved the
protocol prior to initiation of the study,
which was conducted in accordance
with the ethics principles outlined by
the Declaration of Helsinki, the Interna-
tional Council for Harmonisation Guid-
ance for Good Clinical Practice, and
local laws, regulations, and organiza-
tions. All participants provided written

informed consent prior to participating
in the study.

Eligible participants were aged $18
years, had a BMI $25 kg/m2, were di-
agnosed with type 2 diabetes and inad-
equate blood glucose control (glycated
hemoglobin A1c [HbA1c] level 7.0–10.5%
[53–91 mmol/mol], inclusive), and had
AST and ALT levels <3 times the upper
limit of normal. Participants were ex-
cluded if they had received a GLP-1
receptor monoagonist within the previ-
ous 30 days or five half-lives of the drug
(whichever was longer), received daily
subcutaneous insulin for >2 weeks
within 90 days prior to screening, or
were currently participating in another
interventional study. Participants with
alcohol dependence were also excluded
from this study.

Participants were randomly assigned
(overall ratio 4:9:9:4:4) to receive once-
daily subcutaneous injections of cotadu-
tide at 100 mg, 200 mg, or 300 mg;
liraglutide 1.8 mg; or placebo (Fig. 1A).
Administration of cotadutide or placebo
with single-use prefilled syringes was
double-blind; liraglutide administration,
with commercially available multiuse 3-
mL pen injectors, was open-label. Lira-
glutide was initiated at a dose of 0.6
mg and uptitrated by an additional 0.6
mg weekly until a daily dose of 1.8 mg
was reached. Cotadutide dosing was ini-
tiated at 100 μg once daily in each co-
hort and increased weekly by 100 μg
where required. Assignment to treat-
ment groups was determined by a com-
puter-generated randomized sequence
with use of interactive web response
systems and interactive voice-response
systems. Randomization was stratified
with respect to screening HbA1c level
(#8% or >8% [64 mmol/mol]). Study
drugs were administered independently
of meals with no restrictions on time of
day for dosing. The study had a run-in
period of 2 weeks (on a background of
stable metformin treatment that was
maintained for the study duration), a
14-week treatment period (primary
analysis), a minimum 40-week exten-
sion of the treatment period, and a 4-
week follow-up period (Fig. 1A).

Study End Points
The coprimary end points included
change from baseline to week 14 in
HbA1c levels and percent change in
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body weight with cotadutide versus
placebo. Secondary efficacy end points
included change in HbA1c levels, propor-
tion of participants achieving target
HbA1c levels <7.0% (53 mmol/mol), ab-
solute change in body weight, percent
change in body weight, proportion of
participants achieving weight loss $5%
and $10%, and proportion of partici-
pants rescued or discontinued for lack
of glycemic control. These secondary
end points were assessed at 26 and 54
weeks.
Exploratory end points included waist

circumference, fasting plasma glucose

levels, glucose and insulin HOMA
scores, and the proportion of partici-
pants achieving target HbA1c levels
<6.5% (48 mmol/mol). Parameters for
hepatocyte damage and algorithms re-
flecting liver fat and liver fibrosis were
assessed ad hoc and included change
from baseline to week 54 in ALT and
AST levels, c-glutamyl transpeptidase
(GGT) level, fibrosis-4 (FIB-4) index, and
NAFLD fibrosis score (NFS). Changes in
ALT and AST levels by baseline quartile
were assessed ad hoc. Propeptide of
type III collagen (PRO-C3) levels were
also assessed ad hoc in the cotadutide

300 mg, liraglutide 1.8 mg, and placebo
groups only. Fasting-state lipid para-
meters were assessed and included
changes in levels of LDL cholesterol,
HDL cholesterol, non-HDL cholesterol,
and triglycerides. Safety assessments in-
cluded the incidence of treatment-
emergent adverse events (TEAEs) as
defined by the Medical Dictionary for
Regulatory Activities (MedDRA) (version
22.0) and change in pulse rate. The de-
velopment of anti-drug antibodies was
assessed as a secondary end point. Dia-
stolic and systolic blood pressure meas-
urements were assessed as exploratory

Baseline
Week 26

(26-week analysis)
Week 14

(Primary analysis)
Week 54

(End of treatment)

Cotadutide 100 μg†

Cotadutide 200 μg†

Cotadutide 300 μg†

Liraglutide 1.8 mg‡

Placebo†

Run-in*
(2 weeks)

Follow-up
(4 weeks)

End

Completed
81% Treatment (n = 91)
96% Study (n = 108)

Completed
94% Treatment (n = 103)
96% Study (n = 105)

Completed
73% Treatment (n = 188)
96% Study (n = 245)

Completed
77% Treatment (n = 196)
95% Study (n = 242)

Completed
74% Treatment (n = 74)
96% Study (n = 96)

Discontinued 
Treatment (n = 21)††

Study (n = 4)‡‡

Discontinued 
Treatment (n = 7)#

Study (n = 5)**

Discontinued 
Treatment (n = 68)||

Study (n = 11)¶

Discontinued 
Treatment (n = 60)‡

Study (n = 14)§

Discontinued 
Treatment (n = 26)*
Study (n = 4)†

Placebo
(n = 112)

Liraglutide 1.8 mg
(n = 110)

Cotadutide 300 μg
(n = 256)

Cotadutide 200 μg
(n = 256)

Cotadutide 100 μg
(n = 100)

B

A

Randomly assigned
participants

N = 834

Figure 1—Study design and participant disposition. A: Cotadutide (double blind) and liraglutide (open-label) were given as once-daily subcutaneous in-
jections. *Run-in was performed on a background of stable metformin treatment, which was maintained for the duration of the study. †Double-
blinded, once-daily, subcutaneous injections. ‡Open-label, once-daily, subcutaneous injections. B: Participant disposition. *Due to adverse event (n =
13), lack of therapeutic response (n = 1), protocol violation (n = 1), subject decision (n = 7), other (n = 3), lost to follow-up (n = 1). †Due to adverse event
(n = 1), lost to follow-up (n = 1), subject decision (n = 2). ‡Due to adverse event (n = 39), condition under investigation worsened (n = 1), lack of thera-
peutic response (n = 3), subject decision (n = 16), other (n = 1). §Due to adverse event (n = 4), death (n = 2), lost to follow-up (n = 2), subject decision (n
= 5), other (n = 1). jjDue to adverse event (n = 55), subject decision (n = 13). ¶Due to adverse event (n = 1), death (n = 1), subject decision (n = 7), other
(n = 2). #Due to adverse event (n = 2), subject decision (n = 4), lost to follow-up (n = 1). **Due to subject decision (n = 2), lost to follow-up (n = 2) other
(n = 1). ††Due to adverse event (n = 5), condition under investigation worsened (n = 1), lack of therapeutic response (n = 4), subject decision (n = 10),
development of study-specific discontinuation criteria (n = 1). ‡‡Due to subject decision (n = 3), lost to follow-up (n = 1).
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end points and rate-pressure product
was assessed ad hoc.

Based on the time line of the effects
of cotadutide reported in an earlier study
(29), it was considered that a study dura-
tion of 12 weeks would be adequate for
discriminating the dose-dependent effica-
cy of the drug with regard to glycemic
control and weight loss. The time point
for the coprimary analysis was 14 weeks
to allow sufficient time for dose uptitra-
tion. The study had an additional exten-
sion period (to 54 weeks) for assessment
of the durability of the initial efficacy and
long-term efficacy and safety results.

The coprimary end points of change
in HbA1c and percent change in body
weight were selected for exploration of
the impact of a dual GLP-1 and gluca-
gon receptor agonist on each of these
end points, as well as for assessment of
efficacy.

Statistical Analyses
A sample size of 750 participants was
planned (cotadutide 100 mg, n = 100;
cotadutide 200 mg, n = 225; cotadutide
300 mg, n = 225; liraglutide 1.8 mg, n =
100; placebo, n = 100). With this sample
size, we factored in an anticipated drop-
out rate of �10% by 14 weeks. The
sample size provided a >95% power to
detect a 0.9% change from baseline in
HbA1c levels with cotadutide versus pla-
cebo, a two-sided significance level of
5%. This sample size also provided
>95% power to detect a difference of
4% in weight loss from baseline to
week 14 with cotadutide versus liraglu-
tide or placebo. Statistical comparisons
were performed at the 0.05 significance
level (two sided).

Secondary efficacy analyses were
based on the per-protocol population,
which included only participants who did
not discontinue the study drug during
the relevant treatment period and ex-
cluded those with important protocol vi-
olations. Primary and secondary efficacy
end points were initially planned to be
assessed using the intent-to-treat (ITT)
population. The ITT population was de-
fined as those participants who received
any study drug and were analyzed ac-
cording to the randomly assigned treat-
ment group. Analyses performed on the
per-protocol population are presented
to address the confounding effect of
treatment adherence owing to the high

proportion of treatment discontinua-
tions. The as-treated population was de-
fined as those participants who received
any study drug and were analyzed ac-
cording to the treatment received. All
safety analyses were performed in the
as-treated population. Additional ad hoc
analyses were performed in the per-pro-
tocol population. For the ad hoc analy-
ses, all P values were nominal.

Primary efficacy end points were ana-
lyzed using ANCOVA with last-observa-
tion-carried-forward imputation for miss-
ing data and adjusted for treatment and
measurement at baseline. For the end
point of weight loss, the strata at screen-
ing for HbA1c level (#8% or >8% [64
mmol/mol]) were added as covariates.
Secondary efficacy end points of changes
in body weight and HbA1c levels at
54 weeks were analyzed by ANCOVA
model with last-observation-carried-for-
ward imputation, including fixed effects
and covariates of treatment, baseline
measurement, and strata of screening for
HbA1c (#8% or >8%; except for HbA1c-
related analyses). Secondary proportion-
related end points were analyzed by a lo-
gistic regression model with similar fixed
effects and covariates (ITT population).
Descriptive statistics were used for safety
analyses. Statistical analyses were per-
formed with SAS software, version 9.4
(SAS Institute, Cary, NC).

For further exploration of the rela-
tionship between the change in weight
and the change in ALT, a post hoc analy-
sis was performed using percentage
weight loss as a predictor of percentage
ALT reduction to fit a least squares (LS)
regression line for each treatment arm.

Data and Resource Availability
The data sets generated during or ana-
lyzed during the current study are not
publicly available but could be obtained
from the corresponding author on rea-
sonable request.

RESULTS

Between 2 August 2017 and 14 June
2019, 834 participants were randomly
assigned to cotadutide, liraglutide, or
placebo, and 78.2% (652 of 834) com-
pleted treatment up to 54 weeks. The
proportion of participants who complet-
ed treatment with liraglutide (93.6%
[103 of 110]) was higher in comparison
with cotadutide (74.8% [458 of 612])

or placebo (81.3% [91 of 112]) (Fig.
1B). Participant demographics and
baseline characteristics were generally
well balanced across all treatment
groups (Supplementary Table 1). Stat-
in use at baseline was similar across
all treatment groups, ranging from
39% to 48% (Supplementary Table 1).

The coprimary end points were met.
Significant decreases from baseline to
week 14 in LS means (95% CI) for HbA1c
levels were observed with cotadutide
100 mg (–1.11 [–1.30, –0.93]), 200 mg
(–1.32 [–1.44, –1.21]), and 300 mg (–1.26
[–1.38, –1.14]) and liraglutide 1.8 mg
(–1.30 [–1.45, –1.14]) versus placebo
(–0.23 [–0.40, –0.07]; all P < 0.001). No
differences in HbA1c levels were ob-
served between the cotadutide dose
groups and the liraglutide group from
baseline to 14 weeks. Significant de-
creases from baseline to week 14 in
percent change in body weight were
observed with cotadutide 100 mg (LS
mean [95% CI] –2.98 [–3.87, –2.09]),
200 mg (–3.67 [–4.22, –3.13]), and 300
mg (–5.01 [–5.57, –4.45]) and liraglu-
tide 1.8 mg (–3.44 [–4.20, –2.68]) ver-
sus placebo (–0.74 [–1.56, 0.07]; all
P < 0.001). A significant difference in
body weight from baseline to week 14
was observed with cotadutide 300 mg
versus liraglutide (P = 0.001).

At 54 weeks, significant decreases in
HbA1c levels were observed with all
tested doses of cotadutide versus place-
bo (all P < 0.001) (Fig. 2A). No differ-
ences in HbA1c levels were observed
between the cotadutide dose groups
and the liraglutide group (Fig. 2A). Sig-
nificant decreases in percent body
weight were observed with all three
tested doses of cotadutide versus place-
bo (all P < 0.001) (Fig. 2B). A significant
decrease was also observed in percent-
age change in body weight at week 54
with cotadutide 300 mg versus liraglu-
tide (P = 0.009) but not with lower
doses of cotadutide (Fig. 2B).

Target HbA1c levels of <6.5% (48
mmol/mol) were achieved by signifi-
cantly more participants treated with
cotadutide 100 mg (28% [21 of 75]; P =
0.006), 200 mg (33% [67 of 202]; P <
0.001), and 300 mg (39% [72 of 187];
P < 0.001) versus placebo (11% [10 of
91]) (Fig. 2C). Similarly, more partici-
pants achieved target HbA1c levels of
<7.0% (53 mmol/mol) at 54 weeks with
cotadutide 100 mg (57% [43 of 75]), 200
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mg (55% [110 of 202]), and 300 mg (58%
[108 of 187]) versus placebo (24% [22
of 91]; all P < 0.001) (Fig. 2D). However,
the proportion of participants achieving
HbA1c <7.0% (53 mmol/mol) or <6.5%
(48 mmol/mol) with cotadutide was
similar to that with liraglutide 1.8 mg.
After 54 weeks of treatment, signifi-

cantly more participants achieved target

weight loss of $5% with cotadutide 100
mg (40% [30 of 75]), 200 mg (30% [59 of
199]), and 300 mg (47% [87 of 187]) and
liraglutide 1.8 mg (31% [32 of 104]) ver-
sus placebo (10% [9 of 91]; all P <
0.001). Target weight loss of $5% was
achieved by significantly more partici-
pants treated with cotadutide 300 mg
versus liraglutide (P = 0.009) (Fig. 2E).

Furthermore, significantly greater propor-
tions of participants achieved a target
weight loss of $10% with cotadutide
200 mg and 300 mg versus placebo and
with cotadutide 300 mg versus liraglutide
1.8 mg (Fig. 2F). Additional measures are
summarized in Supplementary Table 2.

After 54 weeks of treatment, larger
reductions in AST levels were observed
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Figure 2—Changes in glycemic and body weight outcomes from baseline to week 54. A: Change in HbA1c levels. Data are LS means (95% CI). B: Per-
centage change in body weight. Data are LS means (95% CI). C: Percentage of participants achieving HbA1c levels of <6.5% (48 mmol/mol). D: Per-
centage of participants achieving HbA1c levels of <7% (53 mmol/mol). E: Percentage of participants achieving weight loss of $5%. F: Percentage
of participants achieving weight loss of$10%. *Vs. placebo. †Vs. liraglutide. All data include the per-protocol population.
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with cotadutide 200 mg and 300 mg ver-
sus placebo (P = 0.009 and P = 0.001,
respectively) (Fig. 3A). Also, greater re-
ductions in ALT levels were observed
with cotadutide 200 mg and 300 mg ver-
sus placebo (P = 0.009 and P = 0.003,
respectively) and with cotadutide 300
mg versus liraglutide (P = 0.023) (Fig.
3B). In participants with baseline AST
levels in the fourth quartile, greater re-
ductions in AST levels were observed
with cotadutide 200 mg and 300 mg

versus placebo (both P < 0.001)
(Supplementary Table 3). In participants
with ALT levels in the fourth quartile at
baseline, greater reductions in ALT lev-
els were observed with cotadutide 200
mg (P = 0.002) and 300 mg (P < 0.001)
versus placebo (Supplementary Table
4). Greater reductions in GGT levels
were observed with cotadutide 100 mg
(LS mean [95% CI] for percent change
from baseline –10.54 [–26.75, 5.68]; P =
0.04) and 300 mg (–12.17 [–22.45, –

1.90]; P = 0.007) and liraglutide 1.8 mg
(–10.54 [–24.41, 3.33]; P = 0.026) versus
placebo (12.46 [–2.28, 27.21]). Based
on the post hoc regression analysis of
the effect of weight loss on changes in
ALT, a numerically greater reduction in
ALT levels was observed with cotadu-
tide 200 mg and 300 mg versus liraglu-
tide (Supplementary Fig. 1).

Mean baseline fatty liver index values
for all treatment groups ranged from
85.0 to 87.5 (Supplementary Table 1).
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These levels are substantially above a
previously established cutoff of 60 that
was found to be indicative of a high
prevalence of NAFLD in this patient
population (31). Greater decreases in
percent change in fatty liver index were
observed with cotadutide 100 mg (LS
mean [95% CI] change from baseline
–8.08 [–10.62, –5.54]; P < 0.001), 200
mg (–6.73 [–8.29, –5.17]; P < 0.001),
and 300 mg (–8.18 [–9.79, –6.57]; P <
0.001) and liraglutide 1.8 mg (–6.22
[–8.38, –4.06] P = 0.005) versus placebo
(–1.62 [–3.94, 0.71]). Decreases in FIB-4
with cotadutide 200 mg and 300 mg ver-
sus placebo (P = 0.032 and P = 0.004,
respectively) were observed (Fig. 3C). A
reduction in NFS was observed with
cotadutide 300 mg versus placebo (P =
0.010) (Fig. 3D). Cotadutide 300 mg re-
duced PRO-C3 levels at 54 weeks versus
placebo (percent change from baseline
[SD] –0.38% [2.62]; P = 0.0034), while
liraglutide 1.8 mg did not have an effect
on PRO-C3 levels (7.96% [4.44]; P =
0.1625) (Fig. 3E). While changes in
total cholesterol, LDL cholesterol, or
HDL cholesterol did not reach signifi-
cance, cotadutide 200 mg and 300 mg
also reduced triglyceride levels versus
placebo (P = 0.042 and P = 0.014, re-
spectively) (Fig. 4).
Cotadutide was associated with a high-

er incidence of TEAEs across all doses
compared with liraglutide or placebo
(Supplementary Table 5). Gastrointestinal
disorders, including diarrhea, nausea, and
vomiting, were the most commonly re-
ported TEAEs with cotadutide treatment
at any tested dose (Supplementary Table
5 and Supplementary Table 6). For all
doses of cotadutide, a marked decrease
in the event rate (per person/day) of
these gastrointestinal events was ob-
served over time (Supplementary Fig. 2).
Three deaths occurred in the study: two
in the cotadutide 200 μg treatment
group (myocardial infarction and hemor-
rhagic stroke) and one in the cotadutide
300 μg treatment group (pulmonary ede-
ma). None of the deaths were deemed
related to treatment (Supplementary
Table 5). A reduction in systolic blood
pressure was observed with cotadutide
300 mg (Supplementary Table 7). In-
creases in pulse rates were observed
with all tested doses of cotadutide versus
placebo (all P = 0.001 to P = 0.006)
(Supplementary Table 7). However, there

were no notable changes in rate pressure
product with cotadutide treatment.

Anti-drug antibody (ADA) levels were
assessed for all cotadutide-treated sub-
jects in the study using a high-sensitivity
assay. The ADA incidence was 60.8%
(range 56.7–62.0) in cotadutide-treated
participants (Supplementary Table 5).
ADA levels were not determined for the
liraglutide-treated group. Participants
who developed higher ADA titers (titer
>80) also had higher trough cotadutide
concentrations, but the change in HbA1c
and body weight from baseline in those
who were ADA positive was not differ-
ent from that for ADA-negative subjects
or ADA-positive subjects with lower
titers (titer <80). Among cotadutide-
treated subjects, a positive ADA status
(i.e., above the median) was associated
with an increased risk for injection site
reactions, but there was no relationship
reported with reaction severity.

CONCLUSIONS

In this 54-week randomized phase 2b
study, treatment with cotadutide yielded
significant reductions compared with
placebo in HbA1c levels and body
weight in participants with overweight
or obesity and who have type 2 dia-
betes with prevalent NAFLD. Target
HbA1c levels of <7.0% (53 mmol/mol)
at 54 weeks were achieved by more
participants treated with cotadutide
at any tested dose and liraglutide
compared with placebo. Significant re-
ductions in body weight at 54 weeks
were observed with all three tested
doses of cotadutide versus placebo
and with cotadutide 300 mg versus
liraglutide. Serum transaminases and
GGT improved with the higher doses
of cotadutide compared with placebo.
At 54 weeks, cotadutide 200 mg treat-
ment resulted in weight loss similar to
that observed with liraglutide treat-
ment, and cotadutide 300 mg treat-
ment yielded additional weight loss
and reductions in ALT. Improvements
in triglyceride levels were also noted
with cotadutide 300 mg versus place-
bo, but not with liraglutide (Fig. 4).
These results suggest a potential ef-
fect of cotadutide on transaminase
levels that was independent of weight
loss, along with effects on plasma lip-
id levels that may be dependent on

the glucagon-activity component of
cotadutide.

The efficacy of cotadutide in provid-
ing glycemic control in participants with
overweight or obesity and type 2 diabe-
tes has been demonstrated in earlier
studies (28,29). In the current study,
cotadutide 300 mg demonstrated similar
glycemic control in comparison with
liraglutide 1.8 mg. The degree of HbA1c
reduction observed with liraglutide is
also in line with a previous phase 3
study of liraglutide in participants with
overweight or obesity and type 2 diabe-
tes (17).

In previous studies of participants
with obesity and NASH, weight loss
achieved through lifestyle modifications
decreased intrahepatic fat and ALT lev-
els while improving hepatic fibrosis
(32,33). With the clear association be-
tween weight loss and liver health, a
clinically meaningful body weight reduc-
tion is expected to be effective therapy
for NAFLD or NASH. In the current
study, the weight loss observed with
cotadutide 300 mg was greater than
that with liraglutide 1.8 mg (–4.34% vs.
–2.65%, placebo-adjusted change from
baseline; P = 0.009). The degree of
weight loss observed with liraglutide is
similar to that in a previous phase 3
study of participants with overweight or
obesity and type 2 diabetes (17).

Preclinical studies in diet-induced
NASH mouse models showed significant
reductions in NAFLD activity score and
fibrosis with cotadutide treatment (26).
The hepatic effects were more pro-
nounced in the cotadutide-treated ver-
sus the liraglutide-treated mice, even
though doses were adjusted to result in
similar weight loss. These results were
attributed to increased glucagon recep-
tor signaling (26) and warranted addi-
tional investigation into the potential
effect of cotadutide on liver health.
Consequently, the effect of cotadutide
on improvements in hepatic parameters
was assessed, although participants
were not screened for preexisting
NAFLD or NASH, and all analyses related
to liver function were conducted ad
hoc. Decreases in ALT, AST, and GGT lev-
els, as well as improvements in NFS and
FIB-4 index, were observed in compari-
son with placebo. We also observed a
reduction in PRO-C3 levels with cotadu-
tide 300 mg compared with placebo.
The PRO-C3 neo-epitope is a putative
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direct marker of fibrogenesis and its use
as a biomarker in those with type 2 dia-
betes can aid the identification of pa-
tients with moderately advanced and
advanced fibrosis (34,35). Treatment
with the GLP-1 monoagonist liraglutide
had no notable effect on ALT or AST lev-
els, PRO-C3 levels, NFS, or FIB-4 index

in comparison with placebo in this
study. Therefore, the observed hepatic
benefits of cotadutide treatment may
be attributable to the glucagon compo-
nent. Overall, the results of this study
support further development of cotadu-
tide as a potential therapeutic agent for
NASH.

Because the majority of deaths linked
with NAFLD are attributable to cardio-
vascular disease, and given the close as-
sociation between type 2 diabetes and
NAFLD, therapeutic agents that improve
both liver health and cardiometabolic
risk are clinically valuable (36,37). In
the current study, treatment with
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cotadutide resulted in decreased levels
of triglycerides. As liraglutide had no ap-
preciable effect on any lipid parameters
compared with placebo, these changes
also may be attributed to the glucagon
activity of cotadutide (38,39). Meta-
analyses demonstrate modest reduc-
tions in levels of fasting triglycerides
and LDL cholesterol by GLP-1 receptor
monoagonists (40). GLP-1 regulates in-
testinal lipoprotein metabolism (41),
while glucagon regulates hepatic lipo-
protein metabolism (42). Therefore,
combined glucagon and GLP-1 action
could reduce both hepatic and intestinal
production of triglyceride-rich lipopro-
teins and, thus, improve triglyceride
levels in the fasting and postprandial
states.
In a previous phase 2a study, cotadu-

tide reduced subcutaneous and visceral
adipose tissue (28). Increased adipose
tissue has been associated with in-
creased cardiometabolic risk (43,44).
Glucagon plays a role in the regulation
of hepatic lipid metabolism by reducing
hepatic lipid accumulation and secretion
(38), as well as increasing LDL receptor
expression (39). In contrast, farnesoid X
receptor agonists currently being tested
in clinical trials for NAFLD are associated
with increased levels of LDL cholesterol
and total cholesterol and do not signifi-
cantly impact body weight (45,46). The
current results suggest that the gluca-
gon receptor agonist component of
cotadutide may be primarily responsible
for the observed improvement in lipid
profiles, suggesting a potential to re-
duce cardiovascular risk, in addition
to metabolic benefits, for people
with overweight or obesity and type
2 diabetes.
In this study, cotadutide was associat-

ed with an increased incidence of gas-
trointestinal disorders, such as nausea
and vomiting, versus placebo and lira-
glutide. This effect is similar to those
observed with GLP-1 receptor monoa-
gonists (17,47). The increased incidence
of gastrointestinal adverse events may
be attributed to a dose-dependent de-
lay in gastric emptying time that was
previously observed with cotadutide
treatment (48). Furthermore, a reduc-
tion in the event rate of nausea and
vomiting over time was observed at all
tested doses of cotadutide, similar to
other GLP-1 receptor monoagonists
(17,47). In the current study, starting at

a lower dose followed by escalation
may have improved tolerability and re-
duced the incidence of nausea and
vomiting. Improved tolerability with a
lower starting dose and stepwise titra-
tion would allow the exploration of
doses >300 mg, which may further im-
prove the glucagon-specific efficacy out-
comes, such as reduction in plasma
lipids and liver health biomarkers.

A high ADA incidence was observed
in this study, during which subjects re-
ceived chronic treatment for �1 year.
However, only 16% of subjects devel-
oped ADAs above a titer of 80, at which
level the impact on pharmacokinetics
was approximately twofold above the
population average. The overall expo-
sure for participants with maximal ADA
titers #40 was comparable with the ex-
posure of ADA-negative subjects.

A limitation with respect to study
design was that the liraglutide was de-
livered open-label, while cotadutide
treatment was blinded. This may have
led to underreporting of gastrointestinal
adverse events for liraglutide versus
available data from previous blinded
trials of liraglutide and may have con-
tributed to better compliance with lira-
glutide. Another limitation is that the
participant population was predomi-
nantly white. Further research in a
more ethnically diverse population is
warranted.

In conclusion, treatment with cota-
dutide for 54 weeks resulted in
improvements across metabolic and
hepatic parameters in participants
with overweight or obesity and type
2 diabetes with prevalent NAFLD. Ef-
fects on hepatic parameters were more
pronounced with cotadutide than with
the GLP-1 receptor monoagonist lira-
glutide and occurred in addition to
what was expected from weight loss
alone. Currently, a phase 2 proof-of-
concept study of cotadutide is under-
way among participants with obesity
and biopsy-confirmed NAFLD/NASH
and liver fibrosis (ClinicalTrials.gov
identifier NCT04019561), which is also
exploring a higher cotadutide dose
with an improved titration schedule.
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