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LY3437943, a novel triple GIP, GLP-1, and glucagon receptor
agonist in people with type 2 diabetes: a phase 1b,
multicentre, double-blind, placebo-controlled, randomised,
multiple-ascending dose trial

Shweta Urva*, Tamer Coskun*, Mei Teng Loh, Yu Du, Melissa K Thomas, Sirel Gurbuz, Axel Haupt, Charles T Benson, Martha Hernandez-Illas,
David A D'Alessio, Zvonko Milicevic

Summary

Background Treating hyperglycaemia and obesity in individuals with type 2 diabetes using multi-receptor agonists can
improve short-term and long-term outcomes. LY3437943 is a single peptide with agonist activity for glucagon, glucose-
dependent insulinotropic polypeptide (GIP), and glucagon-like peptide 1 (GLP-1) receptors that is currently in
development for the treatment of type 2 diabetes and for the treatment of obesity and associated comorbidities. We
investigated the safety, pharmacokinetics, and pharmacodynamics of multiple weekly doses of LY3437943 in people
with type 2 diabetes in a 12-week study.

Methods In this phase 1b, proof-of-concept, double-blind, placebo-controlled, randomised, multiple-ascending dose
trial, adults (aged 20-70 years) with type 2 diabetes for at least 3 months, a glycated haemoglobin A,  (HDbA, ) value of
7-0-10-5%, body-mass index of 23-50 kg/m2, and stable bodyweight (<5% change in previous 3 months) were
recruited at four centres in the USA. Using an interactive web-response system, participants were randomly assigned
to receive once-weekly subcutaneous injections of LY3437943, placebo, or dulaglutide 1-5 mg over a 12-week period.
Five ascending dose cohorts were studied, with randomisation in each cohort such that a minimum of nine
participants received LY3437943, three received placebo, and one received dulaglutide 1-5 mg within each cohort. The
top doses in the two highest dose cohorts were attained via stepwise dose escalations. The primary outcome was to
investigate the safety and tolerability of LY3437943, and characterising the pharmacodynamics and pharmacokinetics
were secondary outcomes. Safety was analysed in all participants who received at least one dose of study drug, and
pharmacodynamics and pharmacokinetics in all participants who received at least one dose of study drug and had
evaluable data. This trial is registered at ClinicalTrials.gov, NCT04143802.

Findings Between Dec 18, 2019, and Dec 28, 2020, 210 people were screened, of whom 72 were enrolled, received at
least one dose of study drug, and were included in safety analyses. 15 participants had placebo, five had dulaglutide
1-5 mg and, for LY3437943, nine had 0-5 mg, nine had 1-5 mg, 11 had 3 mg, 11 had 3/6 mg, and 12 had 3/6/9/12 mg.
29 participants discontinued the study prematurely. Treatment-emergent adverse events were reported by 33 (63%),
three (60%), and eight (54%) participants who received LY3437943, dulaglutide 1-5 mg, and placebo, respectively,
with gastrointestinal disorders being the most frequently reported treatment-emergent adverse events. The
pharmacokinetics of LY3437943 were dose proportional and its half-life was approximately 6 days. At week 12, placebo-
adjusted mean daily plasma glucose significantly decreased from baseline at the three highest dose LY3437943 groups
(least-squares mean difference —2-8 mmol/L [90% CI —4-63 to —0-94] for 3 mg; -3-1 mmol/L [-4-91 to -1-22] for
3/6 mg; and -2-9 mmol/L [-4-70 to —1-01] for 3/6/9/12 mg). Placebo-adjusted HbA,_ also decreased significantly in
the three highest dose groups (-1-4% [90% CI -2-17 to —0-56] for 3 mg; -1-6% [-2-37 to —0-75] for 3/6 mg; and
-1-2% [-2-05 to —0-45] for 3/6/9/12 mg). Placebo-adjusted bodyweight reduction with LY3437943 appeared to be
dose dependent (up to —8-96 kg [90% CI —11-16 to —6-75] in the 3/6/9/12 mg group).

Interpretation In this early phase study, LY3437943 showed an acceptable safety profile, and its pharmacokinetics
suggest suitability for once-weekly dosing. This finding, together with the pharmacodynamic findings of robust
reductions in glucose and bodyweight, provides support for phase 2 development.

Funding Eli Lilly and Company.

Copyright © 2022 Elsevier Ltd. All rights reserved.
Introduction

Weight management in treatment of type 2 diabetes is an
accepted component of any treatment regimen in

individuals with overweight and obesity. Bodyweight
reduction can improve insulin sensitivity and metabolic
abnormalities associated with this disease, as well as
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Research in context

Evidence before this study

We searched PubMed on Jun 17, 2022, using the terms
"glucagon-like peptide-1 receptor agonist”, “GLP-1", “glucose-
dependent insulinotropic polypeptide”, “GIP”, “glucagon”
"type 2 diabetes”, “obesity”, “acute bodyweight management”,
and “chronic bodyweight management”. English language was
the only search restriction. Reference lists of relevant studies
were also searched. Our search highlighted that, although there
is a rich database for glucagon-like peptide 1 (GLP-1) receptor
agonists, there is no evidence for the chronic human use of
glucose-dependent insulinotropic polypeptide (GIP) or
glucagon receptor agonists as a monotherapy, due to the
unavailability of those agonists in clinical practice. In recent
years, more clinical data have become available for dual GIP and
GLP-1 and GLP-1 and glucagon receptor agonists, indicating
that such agonists enable superior management of type 2
diabetes or bodyweight compared with single agents, such as
GLP-1 receptor agonists. Previously, we and others reported
through preclinical and single-dose clinical evidence that a
triple GIP, GLP-1, and glucagon receptor agonist was safe and
improved overall metabolic health. The preclinical evidence
suggests that a triple GIP, GLP-1, and glucagon receptor agonist
can improve lipid metabolism control and provide bodyweight
management via increased energy expenditure.

non-metabolic cardiovascular risk factors.! When weight
loss is a desired treatment goal, select treatments for
type 2 diabetes, such as incretins or sodium-glucose
cotransporter-2 inhibitors, promote bodyweight reduc-
tion and are preferred therapeutic options.? However, the
magnitude of weight loss with these agents is generally
modest and pharmacological agents with greater efficacy
are needed. Metabolic surgery has well established
benefits for people with type 2 diabetes and a high body-
mass index (BMI; =35 kg/m?2), often leading to remission
of diabetes and amelioration of many comorbidities
associated with obesity.* Although studies of people after
bariatric surgery provide robust evidence for the benefits
of substantial weight loss on metabolic disorders, high
short-term costs, low patient acceptance, and scalability
limit the widespread application of bariatric surgery as a
means to reduce the public health impact of obesity.!
Glucagon-like peptide 1 (GLP-1) and glucose-dependent
insulinotropic polypeptide (GIP) are incretin hormones
essential for typical control of nutrient metabolism.
GLP-1 receptor agonists reduce food intake, delay gastric
emptying, increase meal-stimulated insulin secretion,
and inhibit glucagon secretion in hyperglycaemic or
euglycaemic states.* Short-acting and long-acting GLP-1
receptor agonists can improve glycaemic control and
reduce bodyweight in people with type 2 diabetes."” GIP
also enhances meal-stimulated insulin secretion* and
facilitates lipid clearance.’” GIP differs from GLP-1 by
stimulating glucagon secretion during fasting and

Added value of this study

We report for the first time safety and pharmacodynamic
findings with multiple doses of the triple GIP, GLP-1,

and glucagon receptor agonist LY3437943 during a 12-week
treatment period in people with type 2 diabetes. In this
phase 1b, multiple-ascending dose clinical study, safety data
indicated that LY3437943 was well tolerated, with the most
common adverse events being mild and transient
gastrointestinal adverse events. The pharmacokinetics of
LY3437943 were dose proportional and its half-life supports
once-weekly dosing. Glycated haemoglobin A, and daily
plasma glucose data showed significant improvements in
glycaemic control. LY3437943 also showed strong bodyweight-
lowering effects that might surpass the efficacy of currently
available pharmacological agents approved for treatment of
obesity.

Implications of all the available evidence

These multiple-ascending dose study findings motivated us to
explore the efficacy of LY3437943 in people with type 2
diabetes (NCT04867785) and with obesity (NCT04881760) in
phase 2 clinical trials. The outcomes of these studies will help to
determine further clinical explorations in phase 3 trials.

hypoglycaemia.** The unimolecular GIP and GLP-1
receptor agonist tirzepatide (Mounjaro; Eli Lilly and
Company, Indianapolis, IN, USA), which was approved
by the US Food and Drug Administration on May 13, 2022,
causes significant and clinically meaningful reductions in
glycated haemoglobin A, (HDbA, ) and bodyweight, as well
as improvements in cardiovascular risk factors, such as
blood pressure and lipid profile.”* These improvements
were of a significantly greater magnitude with tirzepatide
than with the selective GLP-1 receptor agonist semaglutide
1 mg, indicating potential benefit of targeting more than
one incretin receptor.®

Glucagon, a peptide hormone produced by pancreatic
a cells, has a well established role in glucose metabolism
by increasing hepatic glucose output between meals.’
Glucagon can also reduce appetite and increase energy
expenditure to reduce Dbodyweight, reduce gastro-
intestinal motility, enhance hepatic fatty acid oxidation
and lipolysis, and stimulate insulin secretion in hyper-
glycaemic states.”™ Postprandially, glucagon modulates
amino acid metabolism and, together with GLP-1 and
GIP, mediates proper disposal of nutrient substrates in
response to meals.”” Thus, the actions of glucagon, in
combination with those of GIP and GLP-1, might have
novel metabolic benefits, such as increased energy
expenditure and metabolic flexibility, offering a potential
new therapeutic approach for people with type 2 diabetes
and overweight or obesity. Early preclinical data suggest
the potential efficacy of glucagon and GLP-1 co-agonists
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in bodyweight lowering in rodents.” Given their distinct
effects, an agonist targeting GLP-1, GIP, and glucagon
might provide enhanced glycaemic control and weight
loss relative to agonists targeting one or two receptors.””
Additionally, the effects of glucagon in the liver and
kidney are of interest in individuals with non-alcoholic
fatty liver disease and non-alcoholic steatohepatitis and
chronic kidney disease, respectively.””

LY3437943 is a 39 amino acid single peptide conjugated
to a C20 fatty diacid moiety that possesses agonist activity
at the glucagon, GIP, and GLP-1 receptors. LY3437943 is
less potent at the human glucagon and GLP-1 receptors
compared with native glucagon and GLP-1, and more
potent at human GIP compared with native GIP and
exhibits an extended pharmacokinetic halflife while
providing desired pharmacological properties.” In mice,
LY3437943 promotes bodyweight loss, with glucagon
receptor agonism contributing to an increase in energy
expenditure while GIP and GLP-1 contribute to reduced
food intake.” In a single-ascending dose study in healthy
participants, L[Y3437943 was well tolerated and showed
pronounced effects on weight loss and appetite regulation,
albeit within the typical confines of a first-in-human
study.”

In this multiple-ascending dose study, we aimed to assess
the safety, pharmacokinetics, and pharmacodynamics of
LY3437943 in people with type 2 diabetes.

Methods
Study design and participants
This phase 1b, double-blind, placebo-controlled,

randomised, multiple-ascending dose study was conducted
at four centres in the USA. Ethical approval was obtained
from Midlands Independent Review Board (KS, USA) and
the study was conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guidelines. The
protocol is available in the appendix (p 9).

Adults aged 2070 years with type 2 diabetes for at least
3 months before screening, HbA,_ level of 7-0-10-5% at
lead-in and screening, BMI of 23-50 kg/m?2, stable
bodyweight (<5% change during the previous 3 months),
and without advanced known possible complications of
diabetes were eligible. Participants could not have used
any glucose-lowering medication other than metformin
within 3 months before screening. If taking a stable dose
of metformin at study entry, participants must have been
willing to maintain this dose during the trial. All
participants provided written informed consent before
study entry.

Randomisation and masking

Participants were randomly assigned (9:3:1) to receive
LY3437943, placebo, or dulaglutide 1-5 mg treatment via a
computer-generated random sequence using an interactive
web-response system. Five ascending dose cohorts were
studied, with randomisation in each cohort such that a
minimum of nine participants received LY3437943, three
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received placebo, and one received dulaglutide 1-5 mg
within each cohort (appendix p 5). Treatment allocation
was concealed from participants, investigators, and all site
study personnel except those who prepared, dispensed,
and administered study medication.

Procedures

All treatments were given as once-weekly subcutaneous
injections for 12 weeks, after screening and lead-in
periods. For LY3437943, cohort one received 0-5 mg,
cohort two received 1-5 mg, and cohort three received
3-0 mg for 12 weeks. In cohorts four and five, a stepwise
dose escalation was used. In cohort four, participants
received 3 mg for their first 4 weeks, followed by 6 mg for
the remaining 8 weeks (represented as 3/6 mg dose
group). In cohort five, participants received 3 mg for
their first 2 weeks, followed by 6 mg for the next 2 weeks,
then 9 mg for the following 4 weeks and 12 mg for the
last 4 weeks (represented as 3/6/9/12 mg dose group).
During the treatment period, participants attended in-
patient stays and outpatient visits at the clinical research
units. The study ended with a follow-up period of 4 weeks
after treatment, in which patients attended two outpatient
visits, with the second visit being at least 28 (+3) days
after the last dose of treatment was received.

Outcomes
The primary objective was to investigate the safety and
tolerability of LY3437943. Safety endpoints included
treatment-emergent adverse events (TEAEs), serious
adverse events, and adverse events of special interest,
which were recorded by the investigator at each centre.
The investigator at each of the four study centres
determined if an adverse event had a reasonable
possibility of being related to study treatment. During
study visits, blood pressure and pulse rate were measured
twice after the participant was sitting for at least 5 min
and then averaged. Laboratory blood and urine chemistry,
including fasting lipase, alanine aminotransferase,
aspartate aminotransferase, gamma glutamyl-transferase,
and calcitonin, were also monitored to assess safety.

Secondary pharmacodynamic outcomes were changes
from baseline in mean daily plasma glucose from a
6-point plasma glucose profile, HbA,, and bodyweight,
with exploratory pharmacodynamic measures, including
changes from baseline in waist circumference and oral
glucose tolerance test measures (C-peptide, glucagon,
glucose, and insulin) Fasting lipid parameters were also
measured. Additionally, appetite was assessed using a
validated visual analog scale (VAS) for parameters of
hunger, fullness, satiety, and prospective food consump-
tion.” These individual scores were used to calculate an
overall appetite score, with a higher score indicative of a
lower appetite.

Pharmacokinetic ~measurements for LY3437943
included area under the concentration-time curve (AUC)
during one dosing interval AUC,,,, maximum observed

See Online for appendix
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drug concentration (C,,,), time at which C,_, was observed
(tm), and halflife associated with the terminal rate
constant in non-compartmental analysis.

Statistical analysis

We planned to enrol approximately 80 people so that
approximately 13 participants per cohort would complete
the study. This sample size is typical for phase 1 studies
evaluating safety, pharmacokinetic, or pharmacodynamic
parameters and was considered sufficient to evaluate the
primary outcome of this study, which was safety and
tolerability. Regarding pharmacodynamics, the sample
size of nine in each treatment group of LY3437943 and
15 in the pooled placebo group provided more than
80% power to detect a placebo-adjusted difference in
means of 1-4% for HbA, change from baseline at week 12,
assuming a common standard deviation of 1-1 using a
two group t-test with a 10% two-sided significance level.
This approach also had more than 90% power to detect a
placebo-adjusted difference in mean bodyweight change
from baseline of 7 kg at week 12, assuming a common
standard deviation of 3 kg using a two group t-test with a
10% two-sided significance level. The safety population
consisted of all participants who received at least one dose
of study drug, whether or not they completed all protocol
requirements. Pharmacodynamics and pharmacokinetics
were assessed in all patients who received at least
one dose of study drug and had evaluable data
(pharmacokinetic and pharmacodynamic population).
We applied an intention-to-treat principle to the statistical
analysis, so the analyses were completed using the
planned treatment groups for the participants, instead of
the actual treatment assignments.

An efficacy estimand was used for pharmacodynamic
measures, defined as the average treatment effect of
LY3437943 relative to placebo or dulaglutide 1-5 mg at
12 weeks in the participants who were randomly assigned
had they remained on their randomised treatment for the
entire planned 12 weeks’ treatment duration.” Regarding
participant drop-outs, we assumed hypothetically that all
the participants would remain on their randomised
treatment for the entire planned treatment duration. By
making this assumption, we exclude all the data points
after the treatment discontinuation before doing the
mixed-model repeated-measure analyses, a likelihood-
based estimation method. Absolute values, as well as
change from baseline in each parameter, were analysed
using a mixed-model repeated-measure model to evaluate
treatment effects, and to perform treatment comparisons.
The model included treatment, timepoint (of measure-
ment), and treatment-by-timepoint interaction as fixed
effects and patient as a random effect. Baseline values
were used as a covariate in the change from baseline
analysis. Differences between each LY3437943-treated
group and the placebo group were estimated. Patients
who received placebo and dulaglutide 1-5 mg were pooled
across all cohorts. Least-squares means (LSMs) and

90% Cls are reported. An unstructured covariance
structure was used primarily; a compound symmetric
structure was used if the model failed to converge.

Pharmacokinetic dose proportionality was explored by
use of log-transformed C,, and AUC of LY3437943 within
a power model (with the log-dose acting as an explanatory
variable) to estimate ratios of dose-normalised geometric
means and corresponding 90% Cls. The estimated ratio
of dose-normalised geometric means of pharmacokinetic
parameters between the highest and lowest doses was
used to assess dose proportionality.

Analyses were completed using SAS version 9.4. The
study is registered at ClinicalTrials.gov, NCT04143802.

Role of the funding source

The funder of the study had a role in study design, data
collection, data analysis, data interpretation, and writing
of the report through the assistance of a medical writer
employed by Eli Lilly and Company.

Results

Between Dec 18, 2019 (first patient, first visit), and
Dec 28, 2020 (last patient, last visit), 210 people were
screened, of whom 72 were enrolled and received at least
one dose of study drug (figure 1). Of these enrolled
participants, 43 (60%) completed the study. The most
common reason for study discontinuation (21 participants)
was a medical decision related to COVID-19 by a
participant’s physician. Discontinuation due to COVID-19
pandemic restrictions largely affected cohorts one and
two: in the LY3437943 0-5 mg group no participants
completed the study, and only one participant in the
1-5 mg group completed the study. In these groups,
participants received treatment for a mean of 10 weeks
and 5 weeks, respectively. Of the 72 participants, 37 (51%)
were female, mean age was 58-4 (SD 7-4) years, and
mean BMI was 32-1 (5-1) kg/m2. There was variability
between the groups for some baseline parameters,
including age, sex, and BMI (table 1). All participants used
metformin throughout the study.

TEAEs were reported by 33 (63%) of the 52 participants
who received LY3437943, three (60%) of the five participants
who received dulaglutide 1-5 mg, and eight (54%) of the
15 participants who received placebo (table 2). 23 (44%) of
the 52 participants who received LY3437943 reported
TEAEs that were considered related to study treatment, as
determined by the investigator. The proportion of
participants with TEAEs that were considered related
to study treatment increased with increasing dose of
LY3437943. However, with the exception of the LY3437943
3/6/9/12 mg group and the 3/6 mg group, the proportion
of participants with TEAEs in the LY3437943-treated
groups was similar to or less than that observed in the
placebo and dulaglutide 1-5 mg groups.

Gastrointestinal TEAEs were reported in nine (33%)
participants who received placebo, 12 (60%) participants
who received dulaglutide 1-5 mg, and 24 (46%)
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participants who received LY3437943 (table 2). Diarrhoea
and nausea were the most frequently reported
gastrointestinal TEAEs. Within the LY3437943-treated
groups, higher proportions of participants in the
3/6/9/12 mg group reported gastrointestinal-related
TEAEs (including diarrhoea, nausea, abdominal

distention, eructation, dyspepsia, vomiting, and soft
faeces) compared with the lower LY3437943 dose groups
(table 2). Most gastrointestinal-related TEAEs were mild
or moderate and resolved within approximately 10 days
of onset, despite continuing study treatment exposure.
Overall, 15 (18%) participants reported decreased

| 210 participants screened |

138 excluded

A 4

72 were enrolled and included
in safety analysis*

v v v

v v

-

15 randomly assigned 5 randomly assigned 9 randomly assigned

9 randomly assigned 11 randomly assigned 11 randomly assigned

12 randomly assigned

to placebo to dulaglutide to LY3437943 to LY3437943 to LY3437943 to LY3437943 to LY3437943
1.5mg 0-5mg 1.5mg 3mg 3/6 mg 3/6/9/12mg
8 discontinued 2 discontinued 9 discontinued 8 discontinued 0 discontinued 0 discontinued 2 discontinued
|| scovib1g || 2covip-19 || 8covp1g | ,| 6covip1g N N || tlostto
2 withdrew 1 adverse event 2 adverse event follow-up
1death 1adverse event
v A 4 N v A A 4 A 4
7 completed study | 3 completed study | | 0 completed study | | 1 completed study | | 11 completed study | | 11 completed study | | 10 completed study

Figure 1: Trial profile

One death occurred in a placebo-treated participant and was not related to study treatment. *All participants who received at least one dose of study drug.

Placebo Dulaglutide  LY3437943  LY3437943  LY3437943  LY3437943 LY3437943 Total (n=72)
(n=15) 1.5mg(n=5) 0-5mg(n=9) 1.5mg(n=9) 3mg(n=11) 3/6mg(n=11) 3/6/9/12 mg(n=12)
Age, years 58-8 (6-4) 59-8 (7:5) 592 (6:6) 568 (57) 56-8(8-0) 55-8 (10-7) 615 (6-3) 58-4(7.4)
Sex
Male 3(20%) 4(80%) 4(44%) 3(33%) 6 (55%) 7 (64%) 8 (67%) 35 (49%)
Female 12 (80%) 1(20%) 5 (56%) 6 (67%) 5 (46%) 4(36%) 4(33%) 37 (51%)
Ethnicity
Not Hispanic or 4.(27%) 0 2(22%) 1(11%) 4(36%) 2 (18%) 1(8%) 14 (19%)
Latino
Hispanicor Latino 11 (73%) 5 (100%) 7 (78%) 8(89%) 7 (64%) 9 (82%) 11 (92%) 58 (81%)
Race
Asian 0 0 0 0 0 1(9%) 0 1(1%)
Black or African 2 (13%) 0 3(33%) 1(11%) 3(27%) 1(9%) 1(8%) 11 (15%)
American
White 12 (80%) 5 (100%) 6 (67%) 8 (89%) 8 (73%) 9(82%) 11 (92%) 59 (82%)
Weight, kg 841(19-9) 849(141)  86:6(241)  825(173)  845(144)  92:4(152) 847 (147) 857 (17-1)
BMI, kg/m? 323(6-2) 30-1(2-0) 333(63) 32:4(61) 317(51) 337(3:9) 305(36) 321(51)
Waist circumference, 105-8 (17-6) 103-9(6:5) 1081 (134) 1041(12:3) 106:4(8-9)  109-2(10-4) 1037 (107) 106-0 (12-2)
cm
Duration of 92 (6:0) 14-2 (45) 107 (5-2) 9.0 (5-8) 10-2 (4-6) 12:9(7.7) 10-0 (5-4) 10-6 (5-8)
diabetes, years
HbA,, % 8.83(1:06) 850(0:86) 807(074)  8:87(079)  865(0:98)  9:05(0-81) 8:45 (0-92) 8.66 (0-92)
Data are mean (SD) or n (%). BMI=body-mass index; HbA, =glycated haemoglobin. n=number of patients who were enrolled and received at least one dose of study drug
(intention-to-treat population).
Table 1: Demographics and baseline characteristics

www.thelancet.com Vol 400 November 26,2022
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Placebo Dulaglutide  LY3437943  LY3437943  LY3437943 LY3437943 LY3437943
(n=15) 1.5mg(n=5) 0-5mg(n=9) 1.5mg(n=9) 3mg(n=11) 3/6 mg(n=11) 3/6/9/12 mg(n=12)

Data are number of patients with event (%). n=number of patients who were enrolled and received at least one dose of study drug (intention-to-treat population).

5 (56%) 5 (46%) 9(82%) 11 (92%)
3(33%) 4 (36%) 4(36%) 11(92%)
1(11%) 0 0 0

0 0 0 0
2(22%) 0 0 1(9%)
4(44%) 4(36%) 5 (46%) 10 (83%)
3(33%) 1(9%) 2(18%) 6 (50%)
0 1(9%) 4(36%) 6 (50%)
3(33%) 0 0 3(25%)
1(11%) 1(9%) 0 2(17%)
1(11%) 1(9%) 1(9 %) 1(8%)
0 0 0 5 (42%)
1(11%) 0 0 3(25%)
1(11%) 0 0 0

0 0 0 2(17%)
0 0 0 1(8%)
0 0 0 0

0 0 1(9%) 0

AlITEAESs 8 (53%) 3 (60%) 3(33%)
Treatment-related TEAEs 5(33%) 3(60%) 1(11%)
Serious adverse events 1(7%) 1(20%) 1(11%)
Deaths 1(7%)* 0 0
TEAEs leading to study treatment 0 1(11%)
discontinuation
Gastrointestinal TEAEs 5(33%) 3(60%) 1(11%)
Diarrhoea 2 (13%) 3(60%) 1(11%)
Nausea 2 (13%) 2(20%) 0
Abdominal distension 1(7%) 1(20%) 0
Dyspepsia 1(7%) 1(20%) 0
Constipation 1(7%) 0 0
Eructation 0 0 0
Vomiting 0 1(20%) 0
Abdominal pain 0 1(20%) 0
Soft faeces 0 0 0
Dry mouth 0 0 0
Flatulence 1(7%) 0 0
Gastro-oesophageal reflux disease 0 0 0
TEAE=treatment-emergent adverse event. *One death occurred in a placebo-treated participant and was not related to study treatment.
Table 2: Summary of safety and TEAEs

appetite, with the highest incidence observed in the
3/6/9/12 mg group.

Four (6%) participants discontinued because of a TEAE.
Of these TEAEs, two were considered related to study
drug: one treatment-related adverse event of diarrhoea in
the LY3437943 1.5 mg group and one treatment-related
adverse event of nausea after the 6 mg LY3437943 dose at
week 4 in the 3/6/9/12 mg group. Six serious adverse
events were reported in four participants, none of which
were related to study drug. One death occurred in a
placebo-treated participant due to a motor vehicle
accident. Regarding adverse events of special interest
with incretin agents, there were no reported TEAEs
relating to pancreatitis, major adverse cardiovascular
events, severe persistent hypoglycaemia, thyroid malig-
nancies, C-cell hyperplasia, cardiovascular events, hyper-
sensitivity reactions, injection-site reactions, hepatobiliary
disorders, severe gastrointestinal events, or acute renal
events during the study. Mean alanine aminotransferase
and aspartate aminotransferase concentrations decreased
from baseline to end of treatment in all groups except for
the dulaglutide 1-5 mg group (appendix p 2).

Changes in HbA,, bodyweight, lipids, and vital signs are
shown in figure 2A-F. Mean systolic blood pressure
generally decreased from baseline in the L[Y3437943
groups, with reductions of up to 12 mm Hg (figure 2D,
appendix p 3), and a similar trend was observed for
diastolic blood pressure, with reductions of up to 2 mm Hg
(figure 2E, appendix p 3). Pulse rate increased from
baseline in the higher LY3437943 dose groups (figure 2F,

appendix p 3). The magnitude of this increase in the three
highest dose LY3437943 groups was between
2 beats per min (bpm) and 13 bpm at 24 h after the last
treatment dose and between -1 bpm and 10 bpm when
averaged over the final 4 weeks of treatment. The changes
with dulaglutide 1-5 mg were 2 bpm (24 h after last
treatment dose) and —4 bpm (over final 4 weeks).

Pharmacokinetic data indicated that the plasma
concentrations of L[Y3437943, AUC,, and C,, were
approximately proportional across the dose range studied
(appendix pp 4, 6). Median time to t,,, was 12-48 h post-
dose, and the half-life was approximately 6 days.

At week 12, mean daily plasma glucose decreased in all
groups (table 3, appendix p 7). Decreases were significantly
greater with LY3437943 in the 3 mg (LSM difference
-2-8 mmol/L [90% CI —4-63 to —0-94]), 3/6 mg
(-3-1 mmol/L [4-91 to -1-22]), and 3/6/9/12 mg
(29 mmol/L [-4-70 to —1-01]) groups compared with the
placebo group. The effect on plasma glucose increased
with increasing LY3437943 doses up to 6 mg, with no
further reductions in participants who received the 9 mg
and 12 mg doses of LY3437943 within the 3/6/9/12 mg
group. The LSM placebo-adjusted change in plasma
glucose in participants who received dulaglutide 1-5 mg
was —2-4 mmol/L (90% CI —4-90 to 0-01). HbA,_ values
also decreased in all the active treatment groups compared
with those at baseline. The 90% CI for the placebo-
adjusted changes in HbA, excluded zero in the three
highest dose LY3437943 groups, with a similar magnitude
of decrease in the 3 mg (LSM difference —1-4% [90% CI
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Figure 2: HbA,, bodyweight, lipids, and vital signs
LSM (SE) placebo-adjusted change from baseline in HbA, (A) and bodyweight (B) over time. (C) LSM (SE) percent change from baseline to week 12 (day 80) for lipids.
LS mean (SE) change from baseline to end of study (values averaged over the final 4 weeks) for systolic blood pressure (D), diastolic blood pressure (E), and pulse rate
(F). Due largely to COVID-19-related pandemic restrictions, no participants in the LY3437943 0-5 mg group and only one participant in the LY3437943 1-5 mg group

completed the study. In these groups, participants received treatment for an average of 10 weeks and 5 weeks, respectively. BPM=beats per minute. C=cholesterol.

HbA, =glycated haemoglobin A, . LSM=least-squares mean.

~2-17 to -0-56]), 3/6 mg (~1-6% [-2-37 to —0-75]), and
3/6/9/12 mg (-1-2% [-2-05 to —0-45]) groups (table 3,
figure 2A). The LSM placebo-adjusted change in HbA,
with dulaglutide 1-5 mgwas—0-6% (90% CI-1-71to 0-47).

At week 12, fasting glucose across LY3437943 doses of
1-5 mg and higher decreased to a greater extent than
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placebo (LSM difference -3-2 mmol/L [90% CI
-5-91 to —0-57) for the 1-5 mg group, —1-6 mmol/L
[-2-95 to —0-32] for the 3 mg group, —-1-8 mmol/L
[-3-09 to -0-47] for the 3/6 mg group, and
—2-0 mmol/L [-3-29 to —0-64] for the 3/6/9/12 mg group;
table 3). The LSM placebo-adjusted change with
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(112220 1101:14)

(-422:40t01149-37)

(-201-60 to 700-72)

(-125-68 to 777:71)

Placebo Dulaglutide 1.5 mg LY3437943 LY34379431-5mg  LY34379433 mg LY34379433/6 mg  LY3437943
(n=15) (n=5) 0-5 mg (n=9)* (n=9)* (n=11) (n=11) 3/6/9/12 mg (n=12)
Mean daily plasma glucose, mmol/L
Baseline 10.7 (0-65) 11.8 (1-13) 100 (0-63) 12:5(0-77) 12:5 (0-71) 125 (1.05) 115 (0-92)
Change from baselinet -1-3(0-65) -37(1-03) -3-2(1:38) -4-1(0-64) -4-4 (0-64) -4-1(0-65)
Placebo-adjusted changet -2:4 -19 -2:8 -31 -2:9
(-4-90t0 0-01) (-4-94t0 1-20) (-4-63t0-0-94) (-4-91t0-122) (-4-70 to -1-01)
HbA,, %
Baseline 882 (0-27) 8-42 (0-44) 810 (0-25) 8.71(0-28) 8.63(0-28) 896 (0-26) 8.45 (0-27)
Change from baselinet -0-34(0-28) -0-96 (0-47) -1-18 (0-61) -1-70 (0-29) -1:90 (0-29) -1.59 (0-29)
Placebo-adjusted changes -0-6 -0-84 -1-4 -1.6 -12
(-1:71t0 0-47) (-218t0 0-50) (-2-17to -0-56) (-2:37t0-0-75) (-2-05t0 -0-45)
HbA,, mmol/mol
Baseline 73-0(2:99) 68-6 (4-81) 651 (2:74) 718 (3-09) 70:9 (3-09) 74-6 (2-78) 69-0 (2:97)
Change from baselinet -3-7(3-05) -10-5 (5-10) -12:9 (6:63) -18-6 (3:16) -207(3:17) -17-3(3-11)
Placebo-adjusted changet -6-8 -92 -14-9 -17-1 -13:6
(-18-72t0 5-11) (-23-80t0 5-41) (-23-71t0-6-08) (-25-89t0-8-24) (-22.39t0-4-90)
Bodyweight, kg
Baseline 84-1(513) 84-9 (6:31) 86-6 (8-02) 825 (5-76) 845 (4-35) 924 (4-58) 847 (4-25)
Change from baselinet 0-3(0-77) 0-4(1-28) -2:1(1:67) -4-4(0-79) -7:5(0-80) -8:6 (0:79)
Placebo-adjusted changes 0-08 -2:37 -4-71 -7-83 -8-96
(-2:92t03-07) (-6-03t0 1-29) (-6-93t0-2-48) (-10-06 to-5-61) (-11-16 to -6-75)
Waist circumference, cm
Baseline 105-8 (4-53) 103-9 (2-88) 108-1(4-46) 104-1 (4-11) 106-4 (2:69) 1092 (3-12) 103-7 (3-10)
Change from baselinet -0-7(1-90) -3:3(3-01) -6-6 (4-60) -5-8(1-73) -1-9 (1.73) -7-1(1-75)
Placebo-adjusted change -2:6 -5-9 -51 -12 -6-4
(-9-72 t0 4-56) (-15-91to 4-09) (-10-31t0 0-02); (-6-39t0 3-95) (-11-59 to-1-21)
Fasting glucose, mmol/L
Baseline 10-1(0-69) 93(0-64) 9.7 (0-74) 10-5 (1-03) 115 (0-59) 10-7 (0-96) 10-0 (0-66)
Change from baselinet -1-8 (0-49) -2:7(0-76) -5-0(1-23) -3:4(0-43) -3-6 (0-43) -3-8(0-44)
Placebo-adjusted changet -0-9 -32 -1.6 -1.8 -2:0
(-2-73t0 0-90) (-5-91to-0-57) (-2-95t0-0-32) (-3-:09to-0-47) (-3:29t0-0-64)
Fasting insulin, pmol/L
Baseline 94-5 (15-61) 727 (22:94) 141-6 (28-11) 93-0(17-30) 104-1(30-89) 706 (11-6) 75-4 (1413)
Change from baselinet -10-0 (12-49) -5-6(19:18) -9:1(33-03) -9:8 (10-08) 4-9 (10-09) -137 (10-51)
Placebo-adjusted changet 4-4 09 02 14.9 37
(-41.58 t0 50-44) (-70-50t072:34) (-32:24t032:74) (-17-32t0 47-20) (-36-54t029-16)
Fasting C-peptide, pmol/L
Baseline 734-5 (75-65) 704-2 (119-01) 9157 (106-88)  753-2(83-30) 6653 (67:37) 673-0 (80-50) 660-8 (78-80)
Change from baselinet 39:0(76-37) 12.9 (117-65) -23-4 (204-25) -37-8 (62:62) 19-0 (62-61) 19-3(65-44)
Placebo-adjusted changet -260 -62-4 -76-8 -19.9 -197
(-308-98 to 256-89) (-50315t0378-32)  (-276:04t0122:39) (-219:16t0179-28)  (-222:50t0183-18)
OGTT AUC,,,,,
Glucose, mmol-h/L
Baseline 32:5(1-63) 342 (1-86) 303 (1:66) 323(1:69) 37:3(1-95) 352 (1-40) 32:0(0-90)
Change from baseline§ -4-2 (1-61) -9-9(2-49) -5-4(377) -11:3(1-47) -13-5(1-44) -10-7 (1-48)
Placebo-adjusted change§ 57 -12 -7:1 -9-2 -6:5
(-11-63t0 0-29) (-9-41t0 7-11) (-11-47 to -2-65) (-13-58 to -4-88) (-10-86 to -2-11)
Insulin, pmol-h/L
Baseline 4855 (90-58) 386:6 (159-52) 6719 (111.55) 4309 (76-80) 395-5(105-39) 354-6 (60-37) 395-1(98-26)
Change from baseline§ 467 (166-64) 5412 (250-08) 410-2 (353-89) 2963 (148.03) 3727 (148-13) 446-6 (148-36)
Placebo-adjusted change§ 494-5 3635 249-6 3260 399-8

(-51-32to 851-02)

(Table 3 continues on next page)
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Placebo Dulaglutide 1.5 mg LY34379430-5 LY34379431-5mg LY34379433 mg LY34379433/6 mg  LY3437943
(n=15) (n=5) mg (n=9)* (n=9)* (n=11) (n=11) 3/6/9/12 mg (n=12)
(Continued from previous page)
C-peptide, pmol-h/L
Baseline 23413 (24564) 22923 (510-47) 3085-8(299-93) 20795 (244-18) 21389 (253-90) 2310-9(279-51) 2382-4(451-96)
Change from baseline§ 344-5(357-58)  1493-7(567-85) 10915 (818-89) 6455 (332:80) 946-5 (348-73) 949-6 (335:12)
Placebo-adjusted change§ 11492 7471 3011 602-0 605-2
(-200-49 to 2498-99) (-1048-96 to (-682-80to (-403-88 to (-380-42 10 1590-75)
2543-09) 1284-93) 1607-93)
Glucagon, pmol-h/L
Baseline 202 (213) 256 (4-59) 25-2(2-39) 21-4 (2-57) 282 (3-30) 23-7(179) 27-7 (3-09)
Change from baseline§ 0-6 (215) -2:2(3:32) -12.0 (4-41) -19-5(2:04) -19-4 (2:02) -23.9(2:06)
Placebo-adjusted change§ -28 -12:6 -20-1 -20-0 -245
(-10-79t0 5-17) (-22:44t0-2-82) (-26-17 to-14-11) (-25-99 to -14-10) (-30-57t0-18-48)
Data are least-squares mean (SE) at baseline or change from baseline and least-squares mean difference (90% Cl) placebo-adjusted change from baseline. AUC=area under the concentration-time curve.
HbA, =glycated haemoglobin Alc. n=number of patients who were enrolled and received at least one dose of study drug (intention-to-treat population). OGTT=oral glucose tolerance test. *Due largely to
COVID-19 related pandemic restrictions, no participants in the LY3437943 0-5 mg group and only one participant in the LY3437943 1-5 mg group completed the study. tAt day 80. At day 85. SAt day 79.
Mean daily glucose is calculated from 6-point plasma glucose.
Table 3: Summary of pharmacodynamics

dulaglutide 1-5 mg was -0-9 mmol/L (90% CI
—-2-73 to 0-90). There were no statistically significant
changes in fasting insulin and C-peptide from baseline to
week 12 in any of the treatment groups compared with
placebo (table 3).

An oral glucose tolerance test was conducted to assess
the effects of LY3437943 on key pancreatic regulatory
hormones. Glucose AUC,,,,, during the test decreased
from baseline in all groups (table 3). The 90% CI for the
placebo-adjusted decreases in the three highest dose
LY3437943 groups excluded zero (LSM difference
-7-1 mmol-h/L [90% CI -11-47 to -2-65] for the 3 mg
group, —9-2 mmol-h/L [-13-58 to —4- 88| for the 3/6 mg
group, and —6-5 mmol-h/L [-10-86 to -2-11] for the
3/6/9/12 mg group), and the greatest differences
occurred at the end of study treatment. There was no
apparent dose-dependent effect. The LSM placebo-
adjusted change in glucose AUC,,, observed with
dulaglutide 1-5 mg was -5-7 mmol-h/L (90% CI
—11-63 to 0-29). At week 12, mean insulin and C-peptide
AUC,,, were changed in all groups and were not
significantly different between LY3437943 and placebo
(table 3). The LY3437943 3 mg, 3/6 mg, and 3/6/9/12 mg
groups showed a similar pattern in these measures. The
increases in insulin and C-peptide AUC,,,, also did not
differ significantly between dulaglutide 1-5 mg and
placebo. Glucagon AUC,,,,, decreased from baseline in
the LY3437943 groups to a significantly greater extent
than that in the placebo group (LSM difference
-12-6 pmol-h/L [90% CI -22-44 to -2-82) for
1-5 mg, —20-1 pmol-h/L (-26-17 to —14-11) for 3 mg,
—20-0 pmol-h/L (-25-99 to -14-10) for 3/6 mg, and
—-24-5 pmol-h/L (-30-57 to -18-48) for 3/6/9/12 mg).
These decreases were greatest at week 12, at the end of
the treatment period. The decreases were also the largest
in the three highest LY3437943 dose groups. The LSM
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change in glucagon AUC,,,,, relative to placebo at week
12 in the dulaglutide 1-5 mg group was —2-8 pmol-h/L
(90% CI —-10-79 to 5-17).

Bodyweight decreased with L[Y3437943 treatment
(table 3, figure 2B). These decreases were significantly
greater than with placebo in the three highest dose
LY3437943 groups (LSM difference —4-71 kg [90% CI
-6-93 to -2-48] for the 3 mg group, —7-83 kg
[-10-06 to —5-61] for the 3/6 mg group, and —-8-96 kg
[-11-16 to —6-75] for the 3/6/9/12 mg group). Bodyweight
reductions did not appear to plateau over the 12-week
treatment period and were dose dependent, with the
greatest weight loss in the 3/6/9/12 mg group. The LSM
placebo-adjusted change from baseline in bodyweight in
the dulaglutide 1-5 mg group at week 12 was 0-08 kg
(90% CI —2-92 to 3-07). Waist circumference decreased
over time in the LY3437943 dose groups, with a significant
decrease relative to placebo in the highest dose LY3437943
group at 12 weeks (LSM difference —6-4 cm [90% CI
-11-59 to -1-21]; table 3). Waist circumference also
decreased with dulaglutide 1-5 mg but the 90% CI did
not exclude zero (LSM difference -2-6 [90% CI
-9.72 to 4-56]).

Appetite VAS scores generally increased from baseline
in the LY3437943 dose groups, indicating a reduction in
overall appetite (appendix p 8). At week 12, this effect was
significant relative to placebo in the LY3437943 3/6 mg
group (LSM difference 23-3 [90% CI 6-72 to 39-86]), but
not in the L[Y3437943 3/6/9/12 mg group
(11-4 [-5-34 to 28-21]). With respect to individual
components of the overall score, prospective food
consumption (appetite) and hunger scores generally
decreased from baseline in the LY3437943 groups, with
no significant placebo-adjusted decreases from baseline
in any group. Fullness and satiety scores generally
increased from baseline with [Y3437943 treatment, with
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statistically significant placebo-adjusted increases at
week 12 in the 3/6 mg LY3437943 group (LSM difference
27-7 [90% CI 5-29 to 50-20] for fullness and 30-7
[9-25 to 52-13] for satiety). Changes and magnitude in
VAS with dulaglutide 1-5 mg showed generally similar
trends to LY3437943 (appendix p 8).

LY3437943 showed several effects on serum lipid
parameters (figure 2C). At week 12, LDL cholesterol
decreased in the LY3437943 groups. LSM decreases in
LDL cholesterol were greater in the LY3437943 3/6 mg and
3/6/9/12 mg groups than that in the LY3437943 3 mg
group, achieving reductions as large as 31%. Placebo-
adjusted changes from baseline were significant in the
two higher dose LY3437943 groups (LSM difference
-19-6% [90% CI -33-54 to -2-83] and -24-1%
[-37-26 to —8-20]). In contrast to the LY3437943 groups,
placebo-adjusted LDL cholesterol increased in the
dulaglutide 1-5 mg group at week 12 (LSM difference
47-0% [90% CI 12-99 to 91-19]). VLDL cholesterol
decreased in a dose-dependent manner with LY3437943 at
week 12; the decrease was significant versus placebo in the
3/6/9/12 mg group (LSM difference —34-2% [90% CI
—49-00 to —14-98)). Triglycerides also decreased in a dose-
dependent manner in the LY3437943 groups, resulting in
reductions of up to 44% from baseline, and with significant
changes relative to placebo in the 3/6 mg (LSM difference
—24-6% [90% CI —43-05 to —0-27)) and 3/6/9/12 mg
(-39-6% [-54-45 to —19-93]) groups. A decrease in HDL
cholesterol was observed in the LY3437943 and placebo
groups at week 12, with non-statistically significant
differences between LY3437943 and placebo. There were
no statistically significant placebo-adjusted changes in
VLDL cholesterol (LSM difference 15-3% [90% CI
—18-13 to 62-26]), triglycerides (12-5% [-23-75 to 65-89)),
or HDL cholesterol (7-2% [-13-42 to 32-80]) after 12 weeks
of treatment with dulaglutide 1-5 mg.

Discussion

The findings from this multiple-ascending dose, phase 1
clinical trial provide initial evidence of the safety and
efficacy of the triple GLP-1, GIP, and glucagon receptor
agonist LY3437943 in participants with type 2 diabetes.
LY3437943 showed a safety profile that is consistent with
the safety profile reported with other incretin-based
therapeutic agents in early phases of development. The
findings suggest that simultaneous agonism on these
three receptors is a therapeutic approach that has
acceptable safety and tolerability across a range of doses
administered over 12 weeks. The pharmacokinetics of
LY3437943 were dose proportional, with a halflife
of approximately 6 days enabling attainment and
maintenance of meaningful steady-state exposures after
once-weekly dosing. LY3437943 showed glycaemic efficacy
with significant and clinically meaningful decreases in
fasting and postprandial plasma glucose, and HbA,
compared with placebo. Bodyweight loss was also
significant relative to placebo and appeared to be dose

dependent across the entire dose range studied in the
trial. These results suggest that triple-receptor agonism on
GIP, GLP-1, and glucagon receptors enabled by LY3437943
is a promising option for treatment of common metabolic
abnormalities, such as type 2 diabetes or obesity and its
comorbidities, and support phase 2 development.

In the assessment of the potential of LY3437943
treatment for common metabolic conditions, key efficacy
data for other incretin agents that have received regulatory
approval or are currently in clinical development are of
interest. After initial approval of shorter acting GLP-1
receptor agonists, such as exenatide and liraglutide, more
potent once-weekly GLP-1 receptor agonists, such as
semaglutide or dulaglutide, became available. For the
treatment of type 2 diabetes, semaglutide has been
approved in doses up to 2 mg that provide reductions of
up to 2-2% in HbA, and 6-9 kg in bodyweight loss after
40 weeks.”? Semaglutide 2-4 mg provided reductions of
up to 16-9% in bodyweight in individuals with obesity
and without type 2 diabetes in the STEP-1 trial.”

The next generation incretins incorporate additional
incretin receptor activity by combining GIP receptor
agonism with GLP-1 receptor agonism. Tirzepatide is the
only agent with dual GIP and GLP-1 receptor agonism
that has received regulatory approval to date. In the
phase 3 SURPASS trials, tirzepatide reduced HbA, by up
to 2-6% and bodyweight by up to 12-9 kg in individuals
with type 2 diabetes.®* In people with overweight or
obesity without type 2 diabetes, the mean percentage
weight reduction was up to 22-5% after 72 weeks of
tirzepatide treatment (SURMOUNT-1).* These findings
show that the addition of GIP receptor activity enhances
the efficacy of GLP-1 receptor agonism.

Agonists with combined glucagon and GLP-1 receptor
agonist activity have also been in development for
treatment of type 2 diabetes or obesity. Clinical efficacy
and safety data for these agents are currently scarce.
Cotadutide (MEDI-0382) is the only agent in late-stage
development. In a phase 2b, 54-week trial, the highest
dose of cotadutide (300 pg) yielded reductions of 1-2%
in HbA, and 5-0% in bodyweight. In a phase 2, 12-week
study with JNJ-64565111,* decreases of up to
7-9% in bodyweight were reported; however there was
no effect on HbA, and worsening of fasting glycaemia
was observed. The difference in ratio potency on
glucagon and GLP-1 receptors between cotadutide and
JNJ-64565111 might explain the discrepant effect on
glycaemic control, suggesting the importance of the
activity ratio for clinical outcomes.” There are no long-
term data in individuals with obesity for these agents.
Other dual glucagon and GLP-1 receptor agonists,
including BI-456906 (NCT04667377, NCT04153929,
NCT04771273),” mazdutide (LY3305677),* and pemvi-
dutide (ALT-801; NCT05295875, NCT05134662)” are in
early stage development for various indications, and
long-term glycaemia-lowering or bodyweight-lowering
efficacy data are currently not available.
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Another approach is targeting all three receptors of
interest—namely, GIP, GLP-1, and glucagon—with a
single molecule, as with LY3437943. One such agent
(SAR441255) had a single-ascending dose study in healthy
individuals, but further development has been halted.”
Another triple agonist, HM-15211, is in development for
non-alcoholic steatohepatitis only (NCT04505436). As
with dual glucagon and GLP-1 receptor agonists, the
molecular structure and ratio of activities on each receptor
with triple GLP-1, GIP, and glucagon receptor agonists
might have differentiated effects on clinical outcomes.

Incretin agonists have been associated with gastro-
intestinal adverse events, including nausea, vomiting,
and diarrhoea, which are generally more frequent during
dose escalation.** Similarly, the most common adverse
events for dual GLP-1 and glucagon receptor agonists
are gastrointestinal related.**** In this study, more
LY3437943-treated participants reported gastrointestinal
TEAEs than did those treated with placebo, but at a
frequency similar to those treated with dulaglutide
1-5 mg. Notably, we did not escalate dulaglutide by using
alower 0-75 mg dose as the starting dose due to the short
duration of the study and the primary focus on
comparisons with placebo, which might have affected the
incidence of these adverse events in this group. A higher
occurrence of gastrointestinal adverse events in the
highest dose LY3437943 group (ie, 3/6/9/12 mg) could
potentially be mitigated by optimisation of a stepwise
dose escalation scheme for patients.

We observed decreases in systolic and diastolic blood
pressure and increases in heart rate with LY3437943
treatment. These effects were consistent with data from
other incretin development programmes but potentially
of greater magnitude.***** Although most incretin
agents reduce systolic blood pressure in low single digits,
we observed a greater effect with LY3437943 during the
12-week treatment period. Increases in heart rate were
shown with the highest investigated doses of LY3437943,
without any meaningful differences in other cardiovascular
safety parameters between the treatment groups,
including major cardiovascular events or supraventricular
tachyarrhythmias. Because of the short duration of the
trial, we could not assess long-term changes in heart rate,
especially whether early increases diminish over time, as
shown with other incretins.** In addition to the known
factors that contribute to the heart rate effect, such as
blood pressure lowering and the direct effect of GLP-1 on
the sinoatrial node, glucagon receptor signalling with
LY3437943 might also be involved. More long-term data
are required to determine if this mechanism might result
in differential effects with triple GIP, GLP-1, and glucagon
receptor agonists versus single GLP-1 receptor agonists
and dual GIP and GLP-1 receptor agonists. A long-term
cardiovascular outcome trial will be needed for complete
assessment of the effect of LY3437943 on cardiovascular
risk factors and relevant outcomes, including major
cardiovascular events and tachyarrhythmias.
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LY3437943 showed glycaemic control efficacy, as shown
by reductions in mean daily plasma glucose and HbA,,
which were significant relative to placebo and clinically
meaningful. Although increased gluconeogenesis in the
fasting state is a well defined physiological role of
glucagon, our results showed that combining glucagon,
GIP, and GLP-1 receptor activity did not substantially
reduce glucose-lowering efficacy. Importantly, during the
oral glucose tolerance test, LY3437943 reduced glucose
excursions and endogenous glucagon concentrations,
without significantly increasing placebo-adjusted insulin
concentrations. This finding suggests that the combined
effects on target receptors provided by LY3437943 might
reduce the burden on pancreatic  cells. Whether this
effect is mediated by a lowering of insulin resistance or by
an increasing energy expenditure needs to be investigated
in appropriately designed studies in the future.

A strong reduction in bodyweight in LY3437943-treated
participants appeared to be dose dependent across the
entire dose range, with a placebo-adjusted decrease of
approximately 9 kg (10%) in the highest dose group. By
contrast, bodyweight did not significantly change in the
dulaglutide 1-5 mg group. The changes with LY3437943
treatment appear of a similar or greater magnitude
relative to other agents in the incretin class within the
short 12-week duration of this study.*#*** Although
there was some improvement in the overall appetite VAS
scores that was also similar to the effects of dulaglutide
in this trial, this does not fully explain the effect of
LY3437943 on bodyweight. One more mechanism that
might be involved in bodyweight-lowering efficacy in
LY3437943-treated participants is an increase in energy
expenditure resulting from glucagon receptor signalling.
Multiple studies have shown that glucagon increases
energy expenditure.”* Use of higher doses of LY3437943
resulted in large reductions of LDL cholesterol, VLDL
cholesterol, and triglycerides, illustrative of the potential
to provide clinically meaningful improvements in dyslipi-
daemia. HDL cholesterol decreased in the LY3437943
groups, but not the dulaglutide 1-5 mg group. The
pattern of these findings appears to be consistent with
dual GLP-1 and glucagon receptor agonists.?*

The strong effect of LY3437943 on bodyweight and
potential beneficial metabolic actions of glucagon
signalling in the liver, including increased lipid oxidation,
raises a question of possible use of this agent for
treatment of non-alcoholic fatty liver disease or non-
alcoholic steatohepatitis. We did not include direct
measures of liver fat in this trial, but we did observe a
reduction in serum aminotransferase concentrations,
which are commonly used biomarkers for these
conditions. This important question is currently being
explored in the phase 2 development programme for
LY3437943 (NCT04867785 and NCT04881760).

An inherent limitation of this phase 1 study is its small
sample size. Additionally, the within-cohort dose
escalation scheme used might have not been fully
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optimised. With relatively short steady-state exposure,
the 12-week treatment period might not have allowed
elucidation of the full glycaemic and weight loss potential
of LY3437943. Given that participants in the trial
represent a relatively restricted population of people with
type 2 diabetes, the findings we report here might not be
extrapolated to other groups of patients with type 2
diabetes. The inclusionary BMI range was wide, which
might have affected pharmacodynamic outcomes. There
were between-group differences in some of the baseline
demographics and characteristics (eg, age, sex, and BMI)
and, although the statistical models adjusted for the
baseline response in an effort to address the covariate
imbalance, these between-group differences could have
influenced pharmacodynamic findings. Although key
outcomes were measured, other measures of interest,
such as energy expenditure and body composition, could
not be explored. These measures can only be assessed in
specialised centres and should be evaluated in dedicated
studies. Comparison of LY3437943 with tirzepatide is
also of interest, and would perhaps be a more suitable
active comparator than a GLP-1 receptor agonist, but this
evaluation was not possible in this study because
tirzepatide was approved for treatment of type 2 diabetes
only after study completion. Approximately 60% of
participants completed our study. Discontinuations were
primarily related to the COVID-19 pandemic, which
meant that some participants were discontinued early
from the study, which particularly limited the data
availability in the LY3437943 0-5 mg and 1-5 mg groups,
and the dulaglutide group. Notwithstanding these
limitations, our findings support continued development,
and phase 2 studies of LY3437943 are in progress in
people living with type 2 diabetes (NCT04867785) and
obesity or overweight (NCT04881760).

In summary, safety and tolerability data from this
study suggest LY3437943 has a comparable safety
profile to other incretin agonists. LY3437943 showed
robust improvements in glycaemic control and
bodyweight over the 12-week treatment period,
indicating potential to improve metabolic health. In
totality, these findings support further study of
LY3437943 as a therapeutic agent for people living with
type 2 diabetes and obesity.

Contributors

SU, CTB, and ZM contributed to the study design, SU and ZM provided
medical oversight during the trial, and MH-I was the coordinating
investigator. YD was responsible for the statistical analyses. SU, TC,
MTL, YD, MKT, SG, AH, CTB, and ZM are the guarantors of this work
and, as such, take responsibility for the integrity of the data and the
accuracy of the data analysis. All authors participated in interpretation of

the data and critical review of the manuscript, had full access to the data,
and approved this manuscript to be submitted for publication.

Declaration of interests

SU, TC, MTL, YD, SG, AH, CTB, and ZM are employees and
shareholders of Eli Lilly and Company. MKT is an employee and
shareholder of Eli Lilly and Company, and reports being industry chair
of a steering commiittee on Accelerating Medicines Partnership-Type 2
Diabetes, and a steering committee member on Accelerating Medicines

Partnership-Common Metabolic Diseases. DAD reports research grants
and advisory fees from Eli Lilly and Company; research grants from
Merck; consulting fees from Intarcia and Sun Pharmaceuticals;

and editorial fees from American Diabetes Association journals.

MH-I is an employee of QPS and was the principal investigator of this
study. We declare no other competing interests.

Data sharing

Eli Lilly provides access to all individual participant data collected during
the trial, after anonymisation, with the exception of pharmacokinetic or
genetic data. Data are available to request 6 months after the indication
studied has been approved in the USA and in the EU and after primary
publication acceptance, whichever is later. No expiration date of data
requests is currently set once data are made available. Access is provided
after a proposal has been approved by an independent review committee
identified for this purpose and after receipt of a signed data sharing
agreement. Data and documents, including the study protocol, statistical
analysis plan, clinical study report, and blank or annotated case report
forms, will be provided in a secure data sharing environment. For details
on submitting a request, see the instructions provided at www.vivli.org.

Acknowledgments

This study was funded by Eli Lilly and Company. Eli Lilly and Company
would like to thank the clinical trial participants and their caregivers,
without whom this work would not be possible. The authors thank
Corina Loghin (formerly Eli Lilly and Company) for her contributions to
this study and Andrea Hemmingway (Eli Lilly and Company) for
medical writing and editorial assistance.

References

1  Draznin B, Aroda VR, Bakris G, et al. 8. Obesity and weight
management for the prevention and treatment of type 2 diabetes:
standards of medical care in diabetes—2022. Diabetes Care 2022;
45 (suppl 1): S113-24.

2 Draznin B, Aroda VR, Bakris G, et al. 9. Pharmacologic approaches
to glycemic treatment: standards of medical care in diabetes—2022.
Diabetes Care 2022; 45 (suppl 1): S125-43.

3 Sudlow AC, Le Roux CW, Pournaras DJ. Long-term outcomes of
bariatric surgery in patients with diabetes.

Expert Rev Endocrinol Metab 2020; 15: 141-46.

4 Nauck MA, Meier JJ. Incretin hormones: their role in health and
disease. Diabetes Obes Metab 2018; 20 (suppl 1): 5-21.

5  Asmar M, Asmar A, Simonsen L, et al. The gluco- and
liporegulatory and vasodilatory effects of glucose-dependent
insulinotropic polypeptide (GIP) are abolished by an antagonist of
the human GIP receptor. Diabetes 2017; 66: 2363-71.

6 Christensen M, Vedtofte L, Holst JJ, Vilsbgll T, Knop FK. Glucose-
dependent insulinotropic polypeptide: a bifunctional glucose-
dependent regulator of glucagon and insulin secretion in humans.
Diabetes 2011; 60: 3103—-09.

7  Heise T, Mari A, DeVries JH, et al. Effects of subcutaneous
tirzepatide versus placebo or semaglutide on pancreatic islet
function and insulin sensitivity in adults with type 2 diabetes:

a multicentre, randomised, double-blind, parallel-arm, phase 1
clinical trial. Lancet Diabetes Endocrinol 2022; 10: 418-29.

8  De Block C, Bailey C, Wysham C, Hemmingway A, Allen SE,
Peleshok J. Tirzepatide for the treatment of adults with type 2
diabetes: an endocrine perspective. Diabetes Obes Metab 2022;
published online August 5. https://doi.org/10.1111/dom.14831.

9  Miiller TD, Finan B, Clemmensen C, DiMarchi RD, Tschép MH.
The new biology and pharmacology of glucagon. Physiol Rev 2017;
97: 721-66.

10 Concei¢ao-Furber E, Coskun T, Sloop KW, Samms R]J. Is glucagon
receptor activation the thermogenic solution for treating obesity?
Front Endocrinol (Lausanne) 2022; 13: 868037.

11  Zeigerer A, Sekar R, Kleinert M, Nason S, Habegger KM,

Miiller TD. Glucagon’s metabolic action in health and disease.
Compr Physiol 2021; 11: 1759-83.

12 Galsgaard KD, Pedersen J, Knop FK, Holst J], Wewer Albrechtsen
NJ. Glucagon receptor signaling and lipid metabolism. Front Physiol
2019; 10: 413.

13 Holst JJ, Wewer Albrechtsen NJ, Pedersen |, Knop FK. Glucagon
and amino acids are linked in a mutual feedback cycle: the liver-a-
cell axis. Diabetes 2017; 66: 235-40.

www.thelancet.com Vol 400 November 26, 2022



Articles

14

15

16

17

18

19

20

21

22

23

24

25

Day JW, Ottaway N, Patterson JT, et al. A new glucagon and GLP-1
co-agonist eliminates obesity in rodents. Nat Chem Biol 2009;

5: 749-57.

Bossart M, Wagner M, Elvert R, et al. Effects on weight loss and
glycemic control with SAR441255, a potent unimolecular peptide
GLP-1/GIP/GCG receptor triagonist. Cell Metab 2022; 34: 59-74.€10.
Finan B, Yang B, Ottaway N, et al. A rationally designed monomeric
peptide triagonist corrects obesity and diabetes in rodents. Nat Med
2015; 21: 27-36.

Coskun T, Urva S, Roell WC, et al. LY3437943, a novel triple
glucagon, GIP, and GLP-1 receptor agonist for glycemic control and
weight loss: from discovery to clinical proof of concept. Cell Metab
2022; 34: 123447,

Boland ML, Laker RC, Mather K, et al. Resolution of NASH and
hepatic fibrosis by the GLP-1R/GCGR dual-agonist cotadutide via
modulating mitochondrial function and lipogenesis. Nat Metab
2020; 2: 413-31.

Parker VER, Hoang T, Schlichthaar H, et al. Efficacy and safety of
cotadutide, a dual glucagon-like peptide-1 and glucagon receptor
agonist, in a randomized phase 2a study of patients with type 2
diabetes and chronic kidney disease. Diabetes Obes Metab 2022;
24:1360-69.

Flint A, Raben A, Blundell JE, Astrup A. Reproducibility, power and
validity of visual analogue scales in assessment of appetite
sensations in single test meal studies. Int | Obes 2000; 24: 38-48.
International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use. E9(R1)
statistical principles for clinical trials: addendum: estimands and
sensitivity analysis in clinical trials. 2021. https://www.Fda.Gov/
regulatory-information/search-fda-guidance-documents/e9r1-
statistical-principles-clinical-trials-addendum-estimands-and-
sensitivity-analysis-clinical (accessed Oct 4, 2022).

Frias JP, Auerbach P, Bajaj HS, et al. Efficacy and safety of
once-weekly semaglutide 2-0 mg versus 1-0 mg in patients with
type 2 diabetes (SUSTAIN FORTE): a double-blind, randomised,
phase 3B trial. Lancet Diabetes Endocrinol 2021; 9: 563—74.

Wilding JPH, Batterham RL, Calanna S, et al. Once-weekly
semaglutide in adults with overweight or obesity. N Engl ] Med 2021;
384: 989-1002.

Jastreboff AM, Aronne L], Ahmad NN, et al. Tirzepatide once
weekly for the treatment of obesity. N Engl | Med 2022; 387: 205-16.
Nahra R, Wang T, Gadde KM, et al. Effects of cotadutide on
metabolic and hepatic parameters in adults with overweight or
obesity and type 2 diabetes: a 54-week randomized phase 2b study.
Diabetes Care 2021; 44: 1433-42.

www.thelancet.com Vol 400 November 26,2022

26

27

28

29

30

31

32

33

34

35

Di Prospero NA, Yee |, Frustaci ME, Samtani MN, Alba M, Fleck P.
Efficacy and safety of glucagon-like peptide-1/glucagon receptor
co-agonist JNJ-64565111 in individuals with type 2 diabetes mellitus
and obesity: a randomized dose-ranging study. Clin Obes 2021;

11: e12433.

Arrubla J, Schoelch C, Plum-Moerschel L, et al. Phase 1 study of
glucagon-like peptide-1/glucagon receptor dual agonist BI 456906 in
obesity. 2021. https://tos.planion.com/Web.User/AbstractDet?ACC
OUNT=TOS&ABSID=25343&CONF=0W2021&ssoOverride=OFF&
CKEY= (accessed Jan 10, 2022).

Benson C, Tham L-S, Du Y, et al. 333-OR: oxyntomodulin analog
LY3305677 (LY) improves glycemic control and weight loss in
healthy volunteers and subjects with type 2 diabetes (T2D). Diabetes
2022; 71 (suppl_1): 333-OR.

Klein S, Nestor JJ Jr, Harris S, et al. 334-OR: pemvidutide (ALT-801),
a balanced (1:1) GLP-1/glucagon dual receptor agonist, induces
rapid and marked weight loss without the need for dose titration in
people with overweight/obesity. Diabetes 2022;

71 (suppl_1): 334-OR.

Barrington P, Chien ]Y, Tibaldi F, Showalter HDH, Schneck K,
Ellis B. LY2189265, a long-acting glucagon-like peptide-1 analogue,
showed a dose-dependent effect on insulin secretion in healthy
subjects. Diabetes Obes Metab 2011; 13: 434-38.

Nauck MA, Petrie JR, Sesti G, et al. A phase 2, randomized,
dose-finding study of the novel once-weekly human GLP-1 analog,
semaglutide, compared with placebo and open-label liraglutide in
patients with type 2 diabetes. Diabetes Care 2016; 39: 231-41.

Frias JP, Nauck MA, Van J, et al. Efficacy and safety of LY3298176,

a novel dual GIP and GLP-1 receptor agonist, in patients with type 2
diabetes: a randomised, placebo-controlled and active comparator-
controlled phase 2 trial. Lancet 2018; 392: 2180-93.

Ambery PD, Klammt S, Posch MG, et al. MEDI0382, a GLP-1/
glucagon receptor dual agonist, meets safety and tolerability
endpoints in a single-dose, healthy-subject, randomized, phase 1
study. Br J Clin Pharmacol 2018; 84: 2325-35.

European Medicines Agency. Assessment report—ozempic (EMA/
CHMP/715701/2017). https://www.ema.europa.eu/en/documents/
assessment-report/ozempic-epar-public-assessment-report_en.pdf
(accessed Oct 19, 2022).

Salem V, Izzi-Engbeaya C, Coello C, et al. Glucagon increases
energy expenditure independently of brown adipose tissue
activation in humans. Diabetes Obes Metab 2016; 18: 72-81.

1881



	LY3437943, a novel triple GIP, GLP-1, and glucagon receptor agonist in people with type 2 diabetes: a phase 1b, multicentre, double-blind, placebo-controlled, randomised, multiple-ascending dose trial
	Introduction
	Methods
	Study design and participants
	Randomisation and masking
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


