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Retatrutide, a GIP, GLP-1 and glucagon receptor agonist, for
people with type 2 diabetes: a randomised, double-blind,
placebo and active-controlled, parallel-group, phase 2 trial
conducted in the USA

Julio Rosenstock, Juan Frias, Ania M Jastreboff, Yu Du, Jitong Lou, Sirel Gurbuz, Melissa K Thomas, Mark L Hartman, Axel Haupt, Zvonko Milicevic,
Tamer Coskun

Summary

Background According to current consensus guidelines for type 2 diabetes management, bodyweight management is
as important as attaining glycaemic targets. Retatrutide, a single peptide with agonist activity at the glucose-dependent
insulinotropic polypeptide (GIP), GLP-1, and glucagon receptors, showed clinically meaningful glucose-lowering and
bodyweight-lowering efficacy in a phase 1 study. We aimed to examine the efficacy and safety of retatrutide in people
with type 2 diabetes across a range of doses.

Methods In this randomised, double-blind, double-dummy, placebo-controlled and active comparator-controlled,
parallel-group, phase 2 trial, participants were recruited from 42 research and health-care centres in the USA. Adults
aged 18-75 years with type 2 diabetes, glycated haemoglobin (HbA,) of 7-0-10-5% (53-0-91-3 mmol/mol), and BMI
of 25-50 kg/m?2 were eligible for enrolment. Eligible participants were treated with diet and exercise alone or with a
stable dose of metformin (=1000 mg once daily) for at least 3 months before the screening visit. Participants were
randomly assigned (2:2:2:1:1:1:1:2) using an interactive web-response system, with stratification for baseline HbA,
and BMI, to receive once-weekly injections of placebo, 1-5 mg dulaglutide, or retatrutide maintenance doses of
0-5 mg, 4 mg (starting dose 2 mg), 4 mg (no escalation), 8 mg (starting dose 2 mg), 8 mg (starting dose 4 mg), or
12 mg (starting dose 2 mg). Participants, study site personnel, and investigators were masked to treatment allocation
until after study end. The primary endpoint was change in HbA,_ from baseline to 24 weeks, and secondary endpoints
included change in HbA, and bodyweight at 36 weeks. Efficacy was analysed in all randomly assigned, except
inadvertently enrolled, participants, and safety was assessed in all participants who received at least one dose of study
treatment. The study is registered at ClinicalTrials.gov, NCT04867785.

Findings Between May 13, 2021, and June 13, 2022, 281 participants (mean age 56-2 years [SD 9-7], mean duration of
diabetes 8-1 years [7-0], 156 [56%] female, and 235 [84%)] White) were randomly assigned and included in the safety
analysis (45 in the placebo group, 46 in the 1-5 mg dulaglutide group, and 47 in the retatrutide 0-5 mg group,
23 in the 4 mg escalation group, 24 in the 4 mg group, 26 in the 8 mg slow escalation group, 24 in the 8 mg fast
escalation group, and 46 in the 12 mg escalation group). 275 participants were included in the efficacy analyses (one
each in the retatrutide 0-5 mg group, 4 mg escalation group, and 8 mg slow escalation group, and three in the 12 mg
escalation group were inadvertently enrolled). 237 (84%) participants completed the study and 222 (79%) completed
study treatment. At 24 weeks, least-squares mean changes from baseline in HbA, with retatrutide were —-0-43%
(SE 0-20; —4-68 mmol/mol [2-15]) for the 0-5 mg group, -1-39% (0-14; -15-24 mmol/mol [1-56]) for the
4mgescalationgroup,-1-30%(0- 22;-14 - 20mmol /mol[2 - 44]) forthe4mggroup,-1-99%(0 - 15;-21- 78 mmol /mol[1- 60])
for the 8 mg slow escalation group, —1-88% (0-21; —=20-52 mmol/mol [2-34]) for the 8 mg fast escalation group, and
—-2-02% (0-11; —22-07 mmol/mol [1-21]) for the 12 mg escalation group, versus —0-01% (0-21; —0-12 mmol/mol
[2-27]) for the placebo group and —1-41% (0-12; —15-40 mmol/mol [1-29]) for the 1-5 mg dulaglutide group. HbA,
reductions with retatrutide were significantly greater (p<0-0001) than placebo in all but the 0-5 mg group and greater
than 1-5 mg dulaglutide in the 8 mg slow escalation group (p=0-0019) and 12 mg escalation group (p=0-0002).
Findings were consistent at 36 weeks. Bodyweight decreased dose dependently with retatrutide at 36 weeks by 3-19%
(SE 0-61) for the 0-5 mg group, 7-92% (1-28) for the 4 mg escalation group, 10-37% (1-56) for the 4 mg group,
16-81% (1-59) for the 8 mg slow escalation group, 16-34% (1-65) for the 8 mg fast escalation group, and 16-94% (1-30)
for the 12 mg escalation group, versus 3-00% (0-86) with placebo and 2-02% (0-72) with 1-5 mg dulaglutide. For
retatrutide doses of 4 mg and greater, decreases in weight were significantly greater than with placebo (p=0-0017 for
the 4 mg escalation group and p<0-0001 for others) and 1-5 mg dulaglutide (all p<0-0001). Mild-to-moderate
gastrointestinal adverse events, including nausea, diarrhoea, vomiting, and constipation, were reported in 67 (35%) of
190 participants in the retatrutide groups (from six [13%] of 47 in the 0-5 mg group to 12 [50%] of 24 in the
8 mg fast escalation group), six (13%) of 45 participants in the placebo group, and 16 (35%) of 46 participants in the
1-5 mg dulaglutide group. There were no reports of severe hypoglycaemia and no deaths during the study.
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Interpretation In people with type 2 diabetes, retatrutide showed clinically meaningful improvements in
glycaemic control and robust reductions in bodyweight, with a safety profile consistent with GLP-1 receptor
agonists and GIP and GLP-1 receptor agonists. These phase 2 data also informed dose selection for the

phase 3 programme.
Funding Eli Lilly and Company.
Copyright © 2023 Elsevier Ltd. All rights reserved.

Introduction

Type 2 diabetes is a chronic multifactorial disease
commonly associated with obesity.! Insulin resistance in
peripheral tissues and the failure of the endocrine pancreas
to secrete insulin are key contributors to the development
and persistence of hyperglycaemia in type 2 diabetes.”
Obesity is an important mediator of insulin resistance and
increases the prevalence of other metabolic sequelae.* A
comprehensive diabetes management regimen includes
both glucose lowering and bodyweight lowering, ideally
with treatments that can deliver both."> Current guidelines
now recommend targeting 5-15% weight reduction as a
primary goal because weight reduction of more
than 10-15% can have disease-modifying effects, reduce

Research in context

Evidence before this study

We searched PubMed for research articles published in English
up to April 15, 2023, using the terms “glucagon-like

peptide-1 receptor agonist”, “GLP-1", “glucose-dependent
insulinotropic polypeptide”, “GIP”, “glucagon”, “GIP and GLP-1
receptor agonist”, “GLP-1 and glucagon receptor agonist”, “GIP
and GLP-1 and glucagon receptor agonist”, “type 2 diabetes”,
"obesity”, “acute body weight management”, and “chronic
body weight management”. Reference lists of relevant studies
were also searched. The search indicated that, although there is
substantial research on GLP-1 receptor agonists, there is less
evidence for the long-term human use of glucose-dependent
insulinotropic polypeptide (GIP) or glucagon receptor agonists.
This is probably because GIP receptor agonists are not currently
available for clinical use, and glucagon receptor agonists are
approved only for short-term use for hypoglycaemia. Evidence
shows that the GIP and GLP-1 receptor agonist tirzepatide
confers glycaemic control and bodyweight reductions that
might result in additional efficacy when compared with GLP-1
receptor agonists. Studies in humans suggest that glucagon
receptor agonist activity can increase energy expenditure.
Several agonists that provide GLP-1 and glucagon receptor
activity are in phase 1 and 2 development, including BI-
456906, pemvidutide, cotadutide, SAR425899, and
mazdutide. Cotadutide and SAR425899 showed meaningful
glycaemic efficacy, but effects on bodyweight were similar to
GLP-1 receptor agonists. Reports suggest that the ratio of
glucagon versus GLP-1 activity is an important determinant of
the efficacy and safety profile of GLP-1 and glucagon agonists.
Preclinical evidence for the GIP, GLP-1, and glucagon receptor

cardiovascular risk, and potentially lead to remission of
type 2 diabetes."

The newer generation of glucose-lowering agents, such
as GLP-1 receptor agonists, enable many patients to reach
glycaemic treatment goals, with cardiovascular risk
reduction, and the additional benefit of significant weight
reduction.! Further improvements in glucose and weight
management have been seen with the glucose-dependent
insulinotropic polypeptide (GIP) and GLP-1 receptor
agonist tirzepatide, which showed greater efficacy in
lowering glycated haemoglobin (HbA,) and bodyweight
than GLP-1 receptor agonists.* Despite these advances in
type 2 diabetes management, some patients might need
agents that provide greater efficacy than those that are

agonist retatrutide (LY3437943) suggests that such balance
has been accomplished, as indicated by meaningful
improvements in glucose control and lipid metabolism, as well
as robust bodyweight reductions via decreased energy intake
and increased energy expenditure. In single-dose and multiple-
dose studies in people with type 2 diabetes, retatrutide was well
tolerated and improved overall cardiometabolic risk measures.
Other GIP, GLP-1, and glucagon receptor agonists, HM15211
and SAR441255, have also reached early clinical development.

Added value of this study

In the first phase 2 study in people with type 2 diabetes, we
report efficacy and safety findings with multiple doses of the
novel single peptide with triple receptor agonist activity,
retatrutide, over a 36-week treatment period. Retatrutide
treatment resulted in significant and clinically meaningful
improvements in glycaemic control. Robust bodyweight
reductions were also observed that did not appear to have
plateaued by 36 weeks. Concurrently, retatrutide improved the
lipid profile and reduced blood pressure, indicating overall
improved cardiometabolic outcomes. The safety profile was
consistent with the GLP-1 receptor agonist and GIP and GLP-1
receptor agonist classes, with mild-to-moderate and transient
gastrointestinal adverse events being the most commonly
reported.

Implications of all the available evidence

These phase 2 study findings support further investigation of
the efficacy and safety of retatrutide in phase 3 clinical trials in
people with obesity, including those with type 2 diabetes and
other obesity-related complications.
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currently available, especially with respect to reducing
bodyweight by 15% or more.

Improving the bodyweight-lowering efficacy of GLP-1
receptor agonists or GIP and GLP-1 receptor agonists
might be possible by adding glucagon to reduce energy
intake, increase energy expenditure, or both.®” GLP-1 and
glucagon receptor agonists include cotadutide, efino-
pegdutide, mazdutide, pemvidutide, = BI456906,
NNC9204-1777, and SAR425899.° Their efficacy varies
across type 2 diabetes, obesity, and non-alcoholic
steatohepatitis, resulting in differences in respective
pharmaceutical ~ development  strategies. = These
differences might be explained by varying ratios of GLP-1
to glucagon receptor activation. GLP-1, GIP, and
glucagon receptor agonists include HM15211, which is
currently in phase 1 and 2 development for the treatment
of non-alcoholic fatty liver disease and obesity, and
SAR441255.%%

Retatrutide (LY3437943) is a once-weekly single
peptide with agonist activity at the GIP, GLP-1, and
glucagon receptors. Compared with the native
hormones, retatrutide is more potent at human GIP
receptors and less potent at human glucagon and GLP-1
receptors.’ In preclinical models, retatrutide treatment
reduced food intake and also increased energy
expenditure, an effect attributable to glucagon receptor
agonism.’ In a phase 1, multiple-ascending dose study
in people with type 2 diabetes, retatrutide showed robust
reductions in glucose and bodyweight.”

We aimed to assess efficacy and safety of a wide dose
range of retatrutide versus placebo and 1-5 mg
dulaglutide in people with type 2 diabetes. The objectives
were to characterise the effect of retatrutide on glucose
and bodyweight control, as well as other important
cardiometabolic risk factors.

Methods

Study design and participants

This randomised, double-blind, double-dummy, placebo-
controlled and active comparator-controlled, parallel-group,
phase 2 study was conducted at 42 research and health-care
centres in the USA. Eligible participants were adults aged
18-75 years with type 2 diabetes and an HbA, of 7-0-10-5%
(53-0-91-3 mmol/mol) who were treated with diet and
exercise alone or with a stable dose of metformin (=1000 mg
once daily) for at least 3 months before the first of two
screening visits. They had a stable bodyweight (£5 kg for
3 months before randomisation) and a BMI of 25-50 kg/
m2 at the first screening visit. Full inclusion and exclusion
criteria are provided in the protocol (appendix pp 65-69).
Ethical approval was obtained from local ethics committees
at each site, and the study was conducted in accordance
with the Declaration of Helsinki and Council for
International ~ Organisations of Medical Sciences
International Ethical Guidelines and Good Clinical Practice
Guidelines. All participants provided written informed
consent before entering the study.

Randomisation and masking

Participants were randomly assigned (2:2:2:1:1:1:1:2) to the
placebo group, 1-5 mg dulaglutide group, or the retatrutide
0-5 mg group, 4 mg escalation group, 4 mg group,
8 mg slow escalation group, 8 mg fast escalation group, or
12 mg escalation group. This provided equal participant
numbers in the six study treatment groups and four dose-
escalation subgroups. Treatment groups were determined
by a computer-generated random sequence using an
interactive web-response system with stratification for
baseline HbA, (=8-5% or >8-5% [69-4 mmol/mol]) and
BMI (<30 kg/m2 or =30 kg/m?2). Participants, study site
personnel, and investigators were masked to treatment
allocation until after study end. To maintain masking, a
double-blind, double-dummy study design was used, in
which participants administered a combination of two
weekly injections: retatrutide active and dulaglutide
placebo, dulaglutide active and retatrutide placebo, or
retatrutide placebo and dulaglutide placebo.

Procedures

The study had a 3-week screening and 36-week treatment
period, followed by a 4-week safety follow-up period
(appendix p 31). During the treatment period,
participants administered retatrutide (Eli Lilly and
Company, Indianapolis, IN, USA) or matching placebo
once weekly using a syringe and 1-5 mg dulaglutide (Eli
Lilly and Company) or matching placebo once weekly
using a single-dose pen. There were four maintenance
doses of retatrutide: 0-5 mg, 4 mg, 8 mg, and 12 mg
(appendix p 31). Participants in the 4 mg maintenance
dose groups either started treatment at 2 mg with dose
escalation (4 mg escalation group) or at 4 mg with no
escalation (4 mg group). Participants assigned to the
8 mg maintenance dose underwent either a slow
escalation (from 2 mg to 4 mg to 8 mg) or a fast dose
escalation (from 4 mg to 8 mg). One dose-escalation
scheme was used for the 12 mg group (from 2 mg
to 4 mg to 8 mg to 12 mg). For dose escalation, the
retatrutide dose was increased every 4 weeks until the
maintenance dose was reached. Participants who
discontinued treatment could remain in the trial until
study end. Participants underwent training in use of the
syringe and single-dose pen, and injected study
treatments on site at randomisation. In addition,
participants’ injection techniques were reviewed at
weeks 1, 2, 4, 8, and 12, with training repeated as needed.
Study treatment compliance was assessed via participant
diaries and the return of any unused study treatments at
study visits.

Outcomes

The primary endpoint was HbA, change from baseline
to 24 weeks as an early efficacy assessment. Secondary
endpoints were HbA, change from baseline to 36 weeks,
the percentage of participants reaching HbA, of less
than 7-0% (53-0 mmol/mol) from baseline to 24 weeks
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and 36 weeks, change in fasting blood glucose from Additionally, prespecified exploratory efficacy endpoints
baseline to 24 weeks and 36 weeks, and change in included change in self-monitored blood glucose
bodyweight from baseline to 24 weeks and 36 weeks. levels from baseline to 24 weeks and 36 weeks;

534 individuals screened

253 excluded
239 ineligible on screening
9 participant withdrawal
3 lost to follow-up
1adverse event
1other

281 randomly assigned

v v v v v v v v

45 assigned to the 47 assigned to the 23 assigned to the 24 assigned to the 26 assigned to the 24 assigned to the 46 assigned to the 46 assigned to the
placebo group retatrutide 0-5 mg retatrutide 4 mg retatrutide 4 mg retatrutide 8 mg retatrutide 8 mg retatrutide 12 mg 1.5 mg dulaglutide
group escalation group*® group slow escalation fast escalation escalation group§ group
groupt group¥
1 discontinued 1 discontinued 1 discontinued 3 discontinued
study due to study due to study due to study due to
inadvertent > inadvertent B inadvertent > inadvertent
enrolmentq enrolmentq enrolmentq] enrolmentq]
A A v A 4 N A v v
45 included in efficacy 46 included in efficacy 22 included in efficacy 24 included in efficacy 25 included in efficacy 24 included in efficacy 43 included in efficacy 46 included in efficacy
analysis set analysis set analysis set analysis set analysis set analysis set analysis set analysis set

v

v

v

v

v

v

v

v

45 included in safety

47 included in safety

23 included in safety

24 included in safety

26 included in safety

24 included in safety

46 included in safety

46 included in safety

analysis set analysis set analysis set analysis set analysis set analysis set analysis set analysis set
11 discontinued 6 discontinued 4 discontinued 3 discontinued 1discontinued 2 discontinued 11 discontinued 6 discontinued
study study study study study study study study
9 before final 4 before final 3 before final 3 before final 1 before final 2 before final 10 before final 4 before final
endpoint visit endpoint visit endpoint visit endpoint visit endpoint visit endpoint visit endpoint visit endpoint visit
1adverse event 1adverse 1lost to 1other 1lostto 2 participant 2 adverse 2lost to
2 lost to event follow-up 2 participant follow-up withdrawal event follow-up
follow-up 1lost to 1other withdrawal 5 discontinued 4 discontinued 1lost to 2 participant
6 participant follow-up 1 participant 5 discontinued study drug study drug follow-up withdrawal
withdrawal 2 participant withdrawal study drug 3 adverse event 4 adverse event 2 other 2 at or after final
2 at or after final withdrawal 1at or after final 1adverse event 1assigned 2 discontinued 1 physician endpoint visit
endpoint visit 2 at or after final endpoint visit 1other treatment by study drug decision 2lostto
2 lost to endpoint visit 1lost to 3 participant mistake before final 4 participant follow-up
follow-up 2lost to follow-up withdrawal 1lost to endpoint visit withdrawal 7 discontinued
13 discontinued follow-up 4 discontinued 2 discontinued follow-up but remained in 1atorafter study drug
study drug 6 discontinued study drug study drug 4 discontinued study final endpoint 1adverse event
3 adverse event study drug 1lost to before final study drug 2 adverse event visit 4 lost to
3lostto 1adverse event follow-up endpoint visit before final 1 participant follow-up
- follow-up | 2lostto | 2other | but remained in - endpoint visit - . withdrawal F 2 participant
1physician follow-up 1 participant study but remained in 15 discontinued withdrawal
decision 1other withdrawal 1adverse event study study drug 1discontinued
6 participant 2 participant 1 participant 3 adverse event 7 adverse event study drug
withdrawal withdrawal withdrawal 1assigned 2 other before final
1discontinued 1discontinued treatment by 1physician endpoint visit
study drug study drug mistake decision but remained in
before final before final 1 protocol study
endpoint visit endpoint visit deviation 1adverse event
but remained in but remained in 4 participant
study study withdrawal
1physician 1other 4 discontinued
decision study drug
before final
endpoint visit
but remained in
study
4 adverse event
N A 4 A 4 A 4 N v A 4 v
34 completed study 41 completed study 19 completed study 21 completed study 25 completed study 22 completed study 35 completed study 40 completed study
32 completed study 41 completed study 19 completed study 19 completed study 21 completed study 20 completed study 31 completed study 39 completed study
drug drug drug drug drug drug drug drug
30 without rescue 39 without rescue 19 without rescue 19 without rescue 21 without rescue 20 without rescue 31 without rescue 39 without rescue
therapy therapy therapy therapy therapy therapy therapy therapy
2 with rescue 2 with rescue
therapy therapy

Figure 1: Trial profile

*Starting dose 2 mg. tStarting dose 2 mg, followed by escalation to 4 mg, and then to the maintenance dose of 8 mg. Starting dose 4 mg. §Starting dose 2 mg, followed by escalation to
4 mg, then 8 mg, and then the maintenance dose of 12 mg. fIThese participants were included in the safety analysis set.
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the proportion of participants reaching an HDbA, of
6-5% (47-5 mmol/mol) or less and less than
5-7% (38-8 mmol/mol) from baseline to 24 weeks and
36 weeks; the proportion of participants with bodyweight
reduction of at least 5%, 10%, and 15%, from baseline to
24 weeks and 36 weeks; and change from baseline to
36 weeks in lipid measures and mechanistic biomarkers
related to target engagement (amino acid panel), insulin

sensitivity, pancreatic a-cell and B-cell function, fatty
acid oxidation, and lipolysis. Safety and tolerability
endpoints were adverse events, laboratory parameters,
electrocardiograms, and vital signs.

Statistical analysis
A sample size of 300 participants was estimated to
provide at least 99% power to show the superiority of

Placebo group  Retatrutide Retatrutide Retatrutide Retatrutide Retatrutide Retatrutide 1-5mg Total (n=281)
(n=45) 0-5mggroup 4 mgescalation 4 mggroup 8 mg slow 8 mg fast 12mg dulaglutide
(n=47) group* (n=23)  (n=24) escalation escalation escalation group (n=46)
groupt (n=26)  group# (n=24)  group$ (n=46)
Age, years 57-6 (10-8) 57-2(97) 577 (8-1) 576 (10-0) 57:0(7-4) 53-8 (9-0) 54-4(97) 54-9 (10-4) 562(97)
Sex
Female 23 (51%) 23 (49%) 8 (35%) 12 (50%) 16 (62%) 15 (63%) 26 (57%) 33 (72%) 156 (56%)
Male 22 (49%) 24 (51%) 15 (65%) 12 (50%) 10 (38%) 9 (38%) 20 (43%) 13 (28%) 125 (44%)
Raceq
American Indian or 0 0 0 0 0 0 2/45 (4%) 0 2/280 (1%)
Alaska Native
Asian 3 (7%) 2(9%) 0 0 2/45 (4%) 1(2%) 8/280 (3%)
Black or 5 (11%) 6 (13%) 1(4%) 2 (8%) 3 (12%) 4 (17%) 3/45 (7%) 9 (20%) 33/280 (12%)
African American
White 36 (80%) 40 (85%) 20 (87%) 22 (92%) 23 (88%) 20 (83%) 38/45 (84%) 36 (78%) 235/280 (84%)
Multiple 1(2%) 1(2%) 0 0 0 0 0 0 2/280 (1%)
Hispanic or Latino 21 (47%) 27 (57%) 9(39%) 13 (54%) 12 (46%) 9(38%) 20 (43%) 20 (43%) 131 (47%)
HbA,, % 8-4% (1-1) 8:3% (1-2) 81% (0-9) 82% (1-2) 8:3% (1-1) 8.2% (1-3) 83% (1-1) 8.2% (0-9) 8:3% (1-1)
HbA,, mmol/mol 682 (12:5) 677 (12-8) 647 (9-5) 66-1(13-2) 67-7 (12-2) 66-1(13-8) 67-0 (11.7) 66-4 (10-0) 66:9 (11.9)
Fasting serum glucose, ~ 184-4 (61-4) 1743 (65-8) 171-2 (49-0) 1743 (52-3) 178-8 (50-2) 153-0 (36:9) 1737 (56-6) 1521 (39-6) 170-5 (54-3)
mg/dL
Fasting serum glucose, 10-2 (3-4) 97(37) 9:5(27) 97(2:9) 9:9(2-8) 8.5(2:1) 9-6 (3-1) 84(2:2) 9:5(3-0)
mmol/L
Duration of diabetes, 87(83) 8.8 (67) 8-1(6-6) 105 (7-6) 72 (64) 6-0(5-8) 7-9 (69) 7-2 (6:5) 8-1(7-0)
years
Metformin use, yes 35 (78%) 35 (74%) 15 (65%) 14 (58%) 21 (81%) 18 (75%) 36 (78%) 28 (61%) 202 (72%)
Bodyweight, kg 94-6 (16-6) 967 (18-1) 108-3 (26-7) 931(19-7) 98-4(211) 959 (21-0) 999 (22:7) 1003 (23-4) 982 (211)
BMI, kg/m” 33-8(4-9) 347 (5:6) 36-3(7-4) 340 (6:5) 35:0(6-4) 34-1(59) 35:5(69) 363 (6-8) 350 (6:3)
Waist circumference, cm 1086 (12:3) 1105(131) 1143 (24-4) 1105 (16-2) 1111 (151) 1093 (11-5) 113-8 (17-4) 1157 (16-9) 111-8 (15-9)
Blood pressure, mm Hg
Systolic 1319 (15-0) 132:0 (116)  1354(9-8) 125-8 (12-8) 1310 (11.9) 1316 (11-6) 1247 (13-7) 127-6 (12-1) 129-7 (12-9)
Diastolic 786 (9-8) 79:9(80) 82:4(73) 77-4(9-9) 78:2(9-6) 82:6(7:2) 787 (8-4) 79:6 (8:1) 79-5(8-6)
Pulse, beats per min 745 (12:7) 73-6 (8-9) 76-4 (11.5) 753(91) 70-1(7:7) 730(83) 750 (10:0) 739 (101) 740 (101)
Lipid parameters, mg/dL
Total cholesterol 1641 (31:6) 172:5(28:7) 1823 (19-6) 1845 (22:9) 1804 (17-2) 1687 (23-0) 1820 (283) 1785 (27-6) 1757 (26:5)
HDL cholesterol 443 (287) 44-0 (28-3) 412 (22:0) 425(247) 439 (265) 44-4(17-1) 421(36-0) 430 (23-9) 433(27-1)
Non-HDL cholesterol 1172 (40-3)  1257(371)  138-8(27-0) 1405 (27-1) 1352 (18-6) 1200 (28-0) 1360 (367) 132:3(37-2) 1295 (34-2)
Triglycerides 1437 (54-8) 154-4 (50-9) 168-2(71-0) 175-4 (46-4) 163-8 (53-7) 1453 (57-5) 1913 (71-6) 137-6 (54-5) 157-6 (58-3)
eGFR||, mL/min per 907 (21-1) 951 (14-5) 90-6 (16-1) 91:6 (17-6) 86-0 (21-1) 904 (21-2) 911 (19-2) 911 (21.7) 91-2 (19-2)
1.73m’
Fasting insulin, mU/L 14-4(101-4) 159 (58-6) 154 (47-5) 164 (79-8) 19-4 (94-8) 17:5 (60-9) 164 (75-8) 19:0 (69-2) 166 (750)
Fasting glucagon, 9.7 (68-0) 8-2(70-4) 9.7 (52:1) 8-8 (63-0) 105 (60-3) 9-1(46:7) 9-4 (52-0) 7-6 (77-5) 8.9 (63-7)
pmol/L
Data are mean (SD) or n (%) and geometric mean (coefficient of variation [%]) for lipids, fasting insulin, and glucagon. CKD-EPI=Chronic Kidney Disease Epidemiology Collaboration. eGFR=estimated glomerular
filtration rate. HbA, =glycated haemoglobin. *Starting dose 2 mg. tStarting dose 2 mg, followed by escalation to 4 mg, and then to the maintenance dose of 8 mg. #Starting dose 4 mg. §Starting dose 2 mg,
followed by escalation to 4 mg, then 8 mg, and then the maintenance dose of 12 mg. §{Data were missing for one participant in the retatrutide 12 mg escalation group. ||Calculated using the serum creatinine-
based CKD-EPI equation.
Table 1: Baseline clinical characteristics and demographics
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retatrutide (0-5 mg, 4 mg, 8 mg, or 12 mg) to placebo,
relative to the primary endpoint, each at a two-sided
significance level of 0-05 using two-sample t test. The
sample size calculation assumed atleast -2 - 1% difference
of mean change from baseline in HbA, between the
12 mg retatrutide group and the placebo group, a
common SD of 1-1%, and 20% dropout rate in respective
retatrutide and placebo groups. No adjustment for
multiplicity was performed.

The summary statistics for continuous measures
include means with SDs and medians with IQRs, and
those for categorical measures include frequencies with
percentages. Fisher’s exact test was used to examine the
treatment difference in categorical outcomes.

The primary estimand of interest in comparing the
efficacy of retatrutide doses with placebo was an efficacy
estimand, representing the average treatment effect of
retatrutide relative to placebo for all participants who had
undergone randomisation, if the treatment was
administered as intended (appendix p 3).

The primary analysis model to make comparisons
among treatment groups relative to continuous
measurements assessed over time (in addition to the
baseline and end-of-treatment measurements) was a
mixed model for repeated measures with terms of
treatment doses stratification strata defined by baseline
HDbA, stratum (<8-5% or 28-5%, 69-4 mmol/mol) and
baseline BMI stratum (<30 kg/m2 or =30 kg/m?), and
continuous, fixed covariate of the baseline value, all
nested within visits. We show the treatment group least-
squares means with SEs and least-squares mean
differences with 95% CIs, and p values for the treatment
comparisons.

We used a logistic regression model to examine the
treatment difference with 95% CI in the percentage of
participants reaching HbA, of 6-5% (47-5 mmol/mol) or
less, less than 5-7% (38-8 mmol/mol), and less than
7-0% (53-0 mmol/mol) at 24 and 36 weeks and the
percentage of participants with at least 5%, at least 10%,
at least 15%, and at least 20% (post-hoc) bodyweight loss
from baseline to 24 and 36 weeks, with missing endpoints
imputed. Details of the group mean approach are in the
appendix (p 4). In a post-hoc analysis, we analysed change
in BMI and waist circumference over time using a
similar method to the primary analysis model.

The primary efficacy assessment, guided by the
efficacy estimand, and secondary and prespecified and
post-hoc exploratory efficacy assessments included all
randomly assigned participants, excluding those
discontinuing study drug due to inadvertent enrolment,
and data after permanent discontinuation of study drug
or initiation of rescue medication (efficacy analysis set).
Safety analyses were done in all randomly assigned
participants who took at least one dose of double-blind
study treatment with all data from start of treatment to
end of safety follow-up, unless otherwise specified.
Details on estimands, handling of missing values, and

other statistical analysis methods are provided in the
appendix (pp 3—4).

Statistical analyses were done using R (version 4.0.3).
This study is registered with ClinicalTrials.gov,
NCT04867785.

Role of the funding source

Eli Lilly and Company as the funder of the study had a
role in study design, data collection, data analysis, data
interpretation, and writing of the report.

Results

Between May 13, 2021, and June 13, 2022, we screened
534 participants for eligibility and randomly assigned
45 participants to the placebo group, 46 to the 1-5 mg
dulaglutide group, and 47 to the retatrutide 0-5 mg group,
23 to the 4 mg escalation group, 24 to the 4 mg
group, 26 to the 8 mg slow escalation group, 24 to the 8 mg
fast escalation group, and 46 to the 12 mg escalation group.
All 281 participants were included in the safety analyses
and 275 participants were included in the efficacy analyses,
excluding six (one each in the retatrutide 0-5 mg group,
4 mg escalation group, and 8 mg slow escalation group,
and three in the 12 mg escalation group) who were
inadvertently enrolled (figure 1). In the retatrutide groups,
the lowest rate of discontinuation was in the 8 mg slow
escalation group, with 25 (96%) participants completing
the study, and the highest rate of discontinuation was in
the 12 mg escalation group, with 11 (24%) of 46 participants
not completing the study. 11 (24%) of 45 participants in the
placebo group and six (13%) of 46 participants in the
1-5 mg dulaglutide group did not complete the study
(figure 1). The most common reason for study
discontinuation was participant withdrawal. Overall,
222 (79%) participants completed the study on treatment
(figure 1). Baseline characteristics are shown in
table 1. Mean age was 56-2 years (SD 9-7), mean duration
of diabetes 8-1 years (7-0), 156 (56%) participants were
female, and 235 (84%) were White. Mean HDA, was
8-3% (SD 1-1; 66-9 mmol/mol [11-9]), mean BMI
was 35-0 kg/m2 (6-3), and mean bodyweight was
98-2kg (21-1).

At 24 weeks, in all retatrutide groups, HbA, decreased
significantly from baseline, with the largest least-squares
mean decrease in the 12 mg escalation group
(2:02% [SE 0-11; 22-07 mmol/mol [1-21]; table 2;
figure 2A). Retatrutide HbA, reductions were
significantly greater than placebo in all but the lowest
0-5 mg group (all p<0-0001) and greater than 1-5 mg
dulaglutide in the 8 mg slow escalation group (p=0-0019)
and 12 mg escalation group (p=0-0002). Similarly, at
36 weeks, the largest HbA, least-squares mean decrease
occurred in the retatrutide 12 mg group (2-16% [SE 0-13;
23-59 mmol/mol [1-39]).

At 36 weeks, more participants in the retatrutide 4 mg
groups, 8 mg groups, and 12 mg escalation group reached
an HbA, of less than 7-0% (53 -0 mmol/mol) than in the
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(Table 2 continues on next page)

Placebo group Retatrutide Retatrutide 4 mg  Retatrutide4mg  Retatrutide8mg  Retatrutide8 mg  Retatrutide12mg 1.5mg
(n=45) 0-5 mg group escalation group*  group (n=24) slow escalation fast escalation escalation group§  dulaglutide
(n=46) (n=22) groupt (n=25) groupi (n=24) (n=43) group (n=46)
HbA,, %
Baseline 839 (0-17) 838 (0-17) 8.01(0-18) 820 (0-24) 830 (0-22) 820 (0-25) 828 (0-16) 8.22(0-13)
Change at 24 weeks ~ -0-01(0-21); -0-43 (0-20); -139 (0-14); -1:30 (0-22); -1.99 (0-15); -1.88(0-21); -2:02 (0-11); -1.41(0-12);
p=0-9580 p=0-0298 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus placebo -0-42 -138 -1.29 -1.98 -1.87 -2.01
(-0-98t0015);  (-1-88t0-0-89);  (-1-89t0-0-69);  (-249t0-1-48); (-2-46 t0-1-28); (-2-48t0-1.54);
p=0-1470 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus dulaglutide 0-98 0-01 0-11 -0-58 -0-47 -0-61
15mg (0-53t0 1-43); (-0-34t0 0-37); (-0-39 to 0-60); (-0-95 t0-0-22); (-0-95 to 0-01); (-0-93 t0-0-29)
p<0-0001 p=0-9370 p=0-6655 p=0-0019 p=0-0558 p=0-0002
Changeat36 weeks  -0-30 (0-24); -0-54 (0-20); -130 (0-20); -1:50 (0-19); -213(0-17); -1-93 (0-22); -2:16 (0-13); -1:36 (0-13);
p=0-2091 p=0-0057 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus placebo -0-24 -0-99 -1.20 -1.83 -1.63 -1.85
(-0-85t00-38);  (-1-60t0-0-38);  (-1-80t0-0-59);  (-2-41to-124); (-227t0-0-99);  (-2:39to-1:31);
p=0-4481 p=0-0014 p=0-0001 p<0-0001 p<0-0001 p<0-0001
Versus dulaglutide 0-82 (0-35to 0-06 -0-14 -077 -0-57 -0-80 (-1-16 to
15mg 1.29); p=0-0006  (~0-41t0 0-53); (-0-61t0 0-32); (-119t0-0-36); (-1:08t0-0-07);  -0-44); p<0-0001
p=07964 p=0-5483 p=0-0003 p=0-0250
HbA,, mmol/mol
Baseline 68-24 (1-84) 68-05 (1-86) 64-09 (1-94) 6613 (2:64) 67-26 (2:41) 6613 (2-75) 66-99 (1.75) 6636 (1-46)
Change at 24 weeks ~ -0-12 (2-27); -4-68 (2-15); -15-24 (1.56); -14-20 (2-44); -21.78 (1-60); -20-52 (2:34); -22:07 (1-21); -15:40 (1-29);
p=0-9580 p=0-0298 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus placebo -4-56 -15-12 -14-08 -21-66 -20-40 -21-95
(-1072t01:60);  (-20-52t0-9:72);  (-20-62t0-7-55);  (-27-18t0-16-14);  (-26-84t0-13-96); (-27-06 to-16-84);
p=0-1470 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus dulaglutide 1072 0-16 119 -6-38 -5.12 -6.67
1.5mg (576t015-68);  (-3-75t0 4-06); (42110 6-60); (-10-40t0-2:36);  (-10-37t0 0-13); (-10-16 to -3-19);
p<0-0001 p=0-9370 p=0-6655 p=0-0019 p=0-0558 p=0-0002
Change at 36 weeks  -3-32 (2-65); -5.92 (2-14); -14-19 (218); -16-42 (2-11); -23:30 (1-84); 2115 (2-36); 2359 (1-39); -14-86 (1-48);
p=0-2091 p=0-0057 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus placebo -2-60 -10-87 -13-09 -19.98 -17-82 -20-26
(-932t0412);  (-17-53t0-4-20);  (-19-72t0-6-47);  (-26-35t0-13-61);  (-24-79t0-10-86); (-26-17t0-14-36);
p=0-4481 p=0-0014 p=0-0001 p<0-0001 p<0-0001 p<0-0001
Versus dulaglutide 8-94 0-68 -1.55 -8-44 -6-28 -8.72
15mg (3:81t014-07);  (-4-46t05-81); (-6-61t03-51); (-13:00t0-3-88)  (-11.77t0-0-79);  (-12:66 to-4-78);
p=0-0006 p=0-7964 p=0-5483 p=0-0003 p=0-0250 p<0-0001
Fasting serum glucose, mg/dL
Baseline 184-42 (9-05) 175-80 (9-59) 168-91 (10-19) 174-29 (10-44) 179-60 (10-00) 152:96 (7-38) 177:09 (8-34) 152:09 (578)
Change at 36 weeks ~ -17-26 (10-87); -17-51(5-59); -21.46 (12:54); -38.72 (10-81); -69-10 (4-68); -41-20 (14-43); -67-84 (479); -27-53(9-07);
p=0-1126 p=0.0017 p=0-0869 p=0-0003 p<0-0001 p=0-0043 p<0-0001 p=0-0024
Versus placebo -025 -4-20 -21-47 -51-84 -23:94 -50-58
(-24-57t024-07); (-37-441029-03);  (-51-91t08-98);  (-76:09t0-27:59); (-57-94t010-06);  (-74-94t0-26-22);
p=0-9839 p=0-8042 p=0-1670 p<0-0001 p=0-1676 p<0-0001
Versus dulaglutide 10-02 6-07 -1119 -41.57 -13-67 -40-31
1.5mg (-11.55t031:60);  (-2434t036:48);  (-39:38t016-99); (-62:89t0-20-25); (-4675t019-42);  (-60-77t0-19-85);
p=0-3624 p=0-6957 p=0-4363 p=0-0001 p=0-4182 p=0-0001
Fasting serum glucose, mmol/L
Baseline 10-24 (0-50) 9:76 (0-53) 938 (0:57) 967 (0:58) 9:97 (0:56) 849 (0-41) 9-83(0-46) 844(0-32)
Change at 36 weeks -0-96 (0-60); -0-97 (0:31); -1.19 (0-70); -215 (0-60); -3:84(0-26); -2:29 (0-80); -3:77(0-:27); -1.53 (0-50);
p=0-1126 p=0-0017 p=0-0869 p=0-0003 p<0-0001 p=0-0043 p<0-0001 p=0-0024
Versus placebo -0-01 -0-23 -119 -2-88 -133 -2:81
(-136t01:34);  (-2:08t01-61); (-2-88t0 0-50); (-422t0-153); (32210 0-56); (-416 t0 -1-46);
p=0-9840 p=0-8042 p=0-1670 p<0-0001 p=0-1676 p<0-0001
Versus dulaglutide 0-56 0-34 -0-62 231 -0-76 -2:24
15mg (-0-64 to 1-75); (-135t02-02); (-2:19 to 0:94); (-3-49to-1-12); (-2:60t0 1-08); (-3-37to-1-10);
p=03624 p=0-6957 p=0-4363 p=0-0001 p=0-4182 p=0-0001
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Placebo group Retatrutide Retatrutide4 mg  Retatrutide4 mg  Retatrutide8 mg  Retatrutide8 mg  Retatrutide12mg 1.5mg
(n=45) 0-5 mg group escalation group*  group (n=24) slow escalation fast escalation escalation group§  dulaglutide
(n=46) (n=22) groupt (n=25) groupi (n=24) (n=43) group (n=46)
(Continued from previous page)
Self-monitored blood glucose daily mean, mg/dL
Baseline 19092 (7-61) 186-88 (6-63) 18477 (10-14) 20227 (13-06) 18518 (7-64) 184-00 (10-96) 19678 (8-41) 180-10 (6:79)
Change at 36 weeks  -16-45 (6-31); -25-88 (6:38); -50-89 (4-76); -46-97 (7-48); -64-58 (5-49); -59-20 (7-25); -67-45 (5-92); -51-13 (2:94);
p=0-0092 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus placebo -9-43 -34-45 -30-53 -48-14 -42.76 -51.00
(-2716t08-29);  (-49-98t0-18.92); (-49-73t0-11-32); (-64-65t0-31-63); (-61.59t0-23-92); (-67-97 to-34-04);
p=0-2969 p<0-0001 p=0-0018 p<0-0001 p<0-0001 p<0-0001
Versus dulaglutide 2525 024 416 -13-45 -8.07 -16-31
1.5mg (1176 t038-75);  (-10-56 to 11-04); (-11-61t019-94);  (-25-54to-1-36); (-23-39t0 7-25); (-29-04 to-3:59);
p=0-0002 p=0-9653 p=0-6051 p=0-0293 p=0-3018 p=0-0120
Self-monitored blood glucose daily mean, mmol/L
Baseline 10-60 (0-42) 10-37 (0:37) 10-26 (0-56) 1123 (0-72) 10-28 (0-42) 10-21 (0-61) 10-92 (0-47) 10-00 (0-38)
Change at 36 weeks ~ -0-91 (0-35); -1-44 (0-35); -2:83(0-26); -2:61(0-42); -3.58 (0-31); -3:29 (0-40); -3.74 (0-33); -2:84(0-16);
p=0-0092 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus placebo -0-52 -1.91 -1-69 -2:67 -2:37 -2-83
(-1.51to0 0-46); (-2-77 to-1-05); (-2:76t0-0-63); (-3:59to-1.76); (-3-42t0-1-33); (-3-77t0-1-89);
p=0-2969 p<0-0001 p=0-0018 p<0-0001 p<0-0001 p<0-0001
Versus dulaglutide 1-40 0-01 0-23 -0-75 -0-45 -0-91
1.5 mg (0-65t0 2:15); (-0-59 to 0-61); (-0-64 to 1-11); (-1-42t0 -0-08); (-1:30t0 0-40); (-1-61t0-0-20);
p=0-0002 p=0-9653 p=0-6051 p=0-0293 p=0-3018 p=0-0120
Fasting insulin, mU/L
Baseline 14-35(1-82) 15-91(1-26) 15-44 (1.55) 1641 (2:35) 19-36 (3-04) 17-46 (2-00) 1635 (1-68) 18-95 (1-75)
Percentage change  -22:17% (6-65); 5.01% (13-22);  -1-84% (14-16);  -20-42% (12:20);  -36:92% (11.00);  —-41-65% (6-49); -36-33% (5-20); 35-68% (12-02);
at 36 weeks p=0-0033 p=0-6975 p=0-8977 p=0-1363 p=0-0082 p<0-0001 p<0-0001 p=0-0006
Versus placebo 3493 2613 226 -18.95 -25.02 -18-19
(0-10to 81-88); (-9-01to 74-83); (-27-44t0 44-10);  (-44-55t018-47);  (-43-05t0-129);  (-34-95t02-88);
p=0-0493 p=0-1635 p=0-8986 p=0-2780 p=0-0401 p=0-0859
Versus dulaglutide -22-60 -27-65 -41-35 -53-51 -56-99 -53-07
15mg (-42:49t0 416);  (-4821t01:06);  (-58-54t0-17-03); (-68-28t0-31-85); (-67-44t0-43-19); (-63-08 to-40-36);
p=0-0908 p=0-0577 p=0-0026 p<0-0001 p<0-0001 p<0-0001
Fasting glucagon, pmol/L
Baseline 9-70 (1:00) 818 (0-82) 968 (1.09) 8.80 (1-08) 10-53 (1-25) 912 (0-86) 938(0:74) 7:57 (0-80)
Percentage change -27:36% (6:76);  -17-85% (10:51);  -71.95% (7-30); -60-42% (7-65); -86-22% (2:91); -83-57% (3:99); -83-92% (3-09); -9-86% (7-48);
at 36 weeks p=0-0006 p=0-1241 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p=02111
Versus placebo 13-09 -61-39 -45-51 -81.02 -77-38 -77-87
(-16-60t05334); (-77-52t0-33-68);  (-64-20t0-17-07); (-87-93t0-7017);  (-86:40t0-62-40); (-85-46 t0-66-30);
p=0-4285 p=0-0006 p=0-0046 p<0-0001 p<0-0001 p<0-0001
Versus dulaglutide -8.87 -68-89 -56-09 -84.71 -8178 -8217
1.5mg (-32:89t023.76); (-81-85t0-46-66); (-70-98t0-33-56); (-90-19t0-76-16); (-88-99t0-69-83); (-88-13t0-73-21);
0-5520 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Bodyweight, kg
Baseline 9456 (2-44) 9674 (2:67) 109-85 (5-46) 93-09 (3-94) 99-43 (4-09) 95-88 (4-20) 99-83(3:53) 100-27 (3-42)
Changeat36 weeks  -3-28(0-92); -331(0-62); -7-28 (1:39); -10:37 (1-49); -16-48 (1.55); -16-12 (1-63); -17-18 (1:32); -1.97 (0-87);
p=0-0004 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p<0-0001 p=0-0242
Versus placebo -0-03 -4-00 -7-09 -13-20 -12-84 -13-91
(-2:18t02-12); (-732t0-0-68);  (-10-46t0-371);  (-16:74t0-9:66);  (-16-50t0-9-18);  (-17-10t0-10-71);
p=0-9789 p=0-0181 p<0-0001 p<0-0001 p<0-0001 p<0-0001
Versus dulaglutide -1-34 -531 -840 -14-51 -14-15 -15-22
15mg (345t0077);  (-8:66t0-1.97);  (-1176t0-5:04);  (-18-:00t0-11-01); (-17-77t0-10-54); (-18-36to-12-07);
p=0-2133 p=0-0019 p<0-0001 p<0-0001 p<0-0001 p<0-0001

Data are least-squares mean (SE) and least-squares mean difference (95% Cl) from mixed model repeated measures in the efficacy analysis set. Fasting insulin and glucagon data are estimate (SE) and estimate
difference (95% Cl) from mixed model repeated measures with log transformation in the efficacy analysis set. p values were calculated with the Wald test. HbA, =glycated haemoglobin. *Starting dose 2 mg.
tStarting dose 2 mg, followed by escalation to 4 mg, and then to the maintenance dose of 8 mg. #Starting dose 4 mg. SStarting dose 2 mg, followed by escalation to 4 mg, then 8 mg, and then the maintenance

dose of 12 mg.

Table 2: Efficacy measures
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-@- Placebo group Retatrutide 0-5mg group ~ —A— Retatrutide 4 mg escalation group*  —@- Retatrutide 4 mggroup ~ ~¥- Retatrutide 8 mg slow escalation groupt
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Figure 2: HbA,, bodyweight, blood pressure, and lipids

Data are least-squares means (with error bars showing SEs) from the efficacy analysis set, unless otherwise noted. (A) Change from baseline in HbA,_ over time from the MMRM analysis. (B) Proportion of
participants reaching HbA,, targets at week 36 from the logistic regression analysis with imputed missing values. (C) Percentage change from baseline in bodyweight over time from the MMRM

analysis. (D) Proportion of participants reaching bodyweight reduction targets at week 36 from the logistic regression analysis with imputed missing values. (E) Percentage change from baseline in fasting
triglycerides and non-HDL cholesterol at week 36 from the MMRM analysis with log transformation. (F) Change from baseline in systolic and diastolic blood pressure at week 36 from the MMRM analysis
in the safety analysis set. HbA, =glycated haemoglobin. MMRM=mixed model repeated measures. *Starting dose 2 mg. tStarting dose 2 mg, followed by escalation to 4 mg, and then to the maintenance
dose of 8 mg. #Starting dose 4 mg. SStarting dose 2 mg, followed by escalation to 4 mg, then 8 mg, and then the maintenance dose of 12 mg.
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placebo group (group mean 61% [SE 10] in
the 4 mg escalation group, 59% [9] in the 4 mg group,
82% [7] in the 8 mg slow escalation group, 78% [8] in
the 8 mg fast escalation group, and 80% (7) in the 12 mg
escalation group vs 22% [7] in the placebo group;
p=0-0013 for the 4 mg escalation group, p=0-0019 for the
4 mg group, and p<0-0001 for others; figure 2B;
appendix p 5). Significantly more participants in the
8 mg slow escalation group and the 12 mg escalation
group also reached this HbA,_ target than participants in
the 1-5 mg dulaglutide group (group mean 60% [SE 7];
p=0-0329 for the 8 mg slow escalation group and
p=0-0437 for the 12 mg escalation group; figure 2B;
appendix p 5). More participants in the retatrutide 4 mg
groups, 8 mg groups, and 12 mg group reached an HbA
of 6-5% (47-5 mmol/mol) or less than in the placebo
group (group mean 45% [SE 10] in the 4 mg escalation
group, 52% [10] in the 4 mg group, 82% [7] in the 8 mg
slow escalation group, 79% [8] in the 8 mg fast escalation
group, and 77% [7] in the 12 mg escalation group vs 8% [5]
in the placebo group; p=0-0011 for the 4 mg escalation
group; p<0-0001 for the other retatrutide =4 mg groups).
Differences in the proportion reaching HDA,
6-5% (47-5 mmol/mol) or less versus 1.5 mg dulaglutide
(group mean 43% [SE 7]) were also significantly greater
for the 8 mg groups (p=0-0001 for the 8 mg slow
escalation group and p=0-0011 for the 8 mg fast
escalation group) and 12 mg escalation group (p=0-0005).
An HbA, of less than 5-7% (38-8 mmol/mol), an
indication of normoglycaemia, was reached by more
participants with retatrutide maintenance doses of 4 mg
or higher (group mean 13% [SE 7] in the 4 mg escalation
group, 19% [8] in the 4 mg group, 16% [8] in the 8 mg
slow escalation group, 31% [11] in the 8 mg fast escalation
group, and 27% [7] in the 12 mg escalation group)
compared with placebo (3% [3]) and 1-5 mg dulaglutide
(3% [3]), with these differences being significantly greater
in the 8 mg fast escalation group (p=0-0110 vs placebo
and p=0-0103 vs 1-5 mg dulaglutide) and 12 mg escalation
group (p=0-0020 vs placebo and p=0-0018 vs 1-5 mg
dulaglutide; appendix pp 5-6).

Fasting serum glucose decreased from baseline to
36 weeks, with decreases ranging from a least-squares
mean of 21-46 mg/dL (SE 12-54) to 69-10 mg/dL (4-68;
1-19 mmol/L [0-70] to 3-84 mmol/L [0-26]) in the
retatrutide 4 mg groups, 8 mg groups, and 12 mg escalation
group, 17-26 mg/dL (10-87; 0-96 mmol/L [0-60]) with
placebo, and 27-53 mg/dL (9-07; 1-53 mmol/L [0-50])
with 1.5 mg dulaglutide (table 2). In the 8 mg slow
escalation group and 12 mg escalation group, differences
were significantly greater than placebo (both p<0-0001)
and 1-5 mg dulaglutide (both p=0-0001). At week 36,
daily mean self-‘monitored blood glucose decreased from
baseline in a dose-dependent manner with retatrutide (all
p<0-0001), with the greatest decrease in the 12 mg
escalation group (least-squares mean 67-45 mg/dL
[SE 5-92]; 3-74 mmol/L [0-33]; table 2). Findings were

consistent for self-monitored blood glucose pre-meal and
post-meal daily means (appendix p 32). Glycaemia data at
the earlier timepoint of 24 weeks were generally consistent
with data at 36 weeks (appendix p 7).

Bodyweight decreased significantly from baseline to
36 weeks in the retatrutide groups (up to a least-squares
mean of 16-94% [SE 1-30]), placebo group (3-00% [0-86]),
and 1.5 mg dulaglutide group (2-02% [0-72]; all p<0-0001;
table 2; figure 2C; appendix p 10). Except for the retatrutide
0-5 mg group, decreases with retatrutide were significant
relative to placebo (p=0-0017 for the 4 mg escalation group,
p<0-0001 for all other retatrutide groups) and 1-5 mg
dulaglutide (p<0-0001 for all other retatrutide groups).
Higher percentages of participants in the retatrutide groups
reached the bodyweight reduction goals of at least 5%, at
least 10%, and at least 15% (prespecified), and at least
20% (post-hoc) at week 36, with a dose-dependent effect,
compared with placebo and 1-5 mg dulaglutide (figure 2D;
appendix p 11). A group mean of 71% (SE 10) of participants
in the retatrutide 8 mg slow escalation group, 75% (10) in
the 8 mg fast escalation group, and 71% (7) in the 12 mg
escalation group reached weight reduction of at least
10% versus 2% (2) in the placebo group and 2% (2) in the
1-5 mg dulaglutide group (all p<0-0001). Furthermore, a
group mean of 57% (SE 11) of participants in the retatrutide
8 mg slow escalation group, 63% (11) in the 8 mg fast
escalation group, and 58% (8) in the 12 mg escalation
group reached the bodyweight reduction target of at least
15% and 39% (11), 39% (10), and 40% (8), respectively,
reached the target of at least 20%. In a post-hoc analysis, a
significant dose-dependent decrease in BMI relative to
placebo and dulaglutide 1.5 mg was seen in all retatrutide
groups except the 0-5 mg group and a significant decrease
in waist circumference was seen in the retatrutide 8 mg
groups and 12 mg escalation group relative to placebo and
1-5 mg dulaglutide at 36 weeks (appendix pp 13, 33).
Bodyweight and BMI continued to decrease from the
earlier timepoint of 24 weeks to the end of treatment at
36 weeks (appendix pp 7, 10, 33).

At 36 weeks, treatment with retatrutide increased
insulin sensitivity, as indicated by decreases of
up to 41-65% (SE 6-49; p<0-0001 in the 8 mg fast
escalation group) in fasting insulin concentrations
(table 2), 30-55% (6-34; p<0-0001 in the 8 mg fast
escalation group) in fasting C-peptide concentrations,
and 38-90% (10-52; p=0-0042 in the 8 mg slow escalation
group) in homoeostasis model assessment of insulin
resistance (HOMAZ2-IR, computed with insulin)," and by
increases of up to 53-46% (12-27; p<0-0001 in the 8 mg
fast escalation group) in adiponectin concentrations
(appendix p 14). These changes were generally dose-
dependent and significantly larger in the higher dose
retatrutide groups than observed with dulaglutide.

Fasting  endogenous  glucagon  concentrations
decreased significantly from baseline in all but the
retatrutide 0-5 mg group (table 2). These changes were
significant relative to placebo and 1-5 mg dulaglutide in
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the 4 mg or higher-dose retatrutide groups and consistent
with glucagon receptor target engagement. Observed
reductions in circulating amino acid concentrations,
additional indicators of glucagon receptor activation,
were generally larger in higher-dose groups of retatrutide
at 36 weeks than in dulaglutide or placebo groups
(appendix p 16).

At 36 weeks, treatment with retatrutide improved the
fasting lipid profile in a dose-dependent manner
(figure 2E; appendix pp 21-23). Total cholesterol
decreased in the 8 mg and 12 mg escalation retatrutide
groups by up to 16-67% (SE 3-17), compared with 2-23%
(2-72) with placebo and 0-93% (2-60) with 1-5 mg
dulaglutide (p=0-0007 for the 8 mg slow escalation group
and p=0-0056 for the 12 mg escalation group vs placebo;
p=0-0002 for the 8 mg slow escalation group and
p=0-0025 for the 12 mg escalation group vs 1-5 mg
dulaglutide). Triglyceride concentrations decreased in
the retatrutide 8 mg groups and 12 mg escalation group
by up to 35-02% (SE 4-41) versus 9-89% (6-15) with
placebo (p=0-0006 for the 8 mg slow escalation group,
p=0-0055 for the 8 mg fast escalation group, and
p=0-0006 for the 12 mg escalation group) and 4-29%
(5-09) with 1-5 mg dulaglutide (p=0-0002 for the 8 mg
fast escalation group and p<0-0001 for the 8 mg slow
escalation group and the 12 mg escalation group).
Retatrutide treatment decreased non-HDL cholesterol by
up to 20-71% (SE 4-21), with decreases of 3-90% (3-56)
with placebo and 0-67% (3-62) with 1-5 mg dulaglutide.
Differences were significantly greater than placebo with
retatrutide 8 mg slow escalation (p=0-0028) and 12 mg
escalation (p=0-0068) and greater than 1.5 mg
dulaglutide with retatrutide 8 mg slow escalation
(p=0-0005), 8 mg fast escalation (p=0-0221), and 12 mg
escalation (p=0-0015). These changes in non-HDL
cholesterol were driven by reductions in VLDL cholesterol
concentrations of up to 33-76% (SE 4-06) with retatrutide
treatment. Changes in LDL cholesterol, HDL cholesterol,
and free fatty acids with retatrutide were generally not
significantly different versus placebo or dulaglutide.
B-hydroxybutyrate concentration increased by up to
66-17% (SE 25-12) in the retatrutide groups at 36 weeks.
Differences were significantly greater than placebo with
retatrutide 12 mg escalation (p=0-0048) and greater than
1-5 mg dulaglutide with retatrutide 8 mg slow escalation
(p=0-0262), 8 mg fast escalation (p=0-0256), and 12 mg
escalation (p=0-0006).

Systolic blood pressure decreased from baseline to
36 weeks with retatrutide treatment, with the largest
least-squares mean decrease occurring in the 12 mg
escalation group (8-79 mm Hg [SE 1-47]). Systolic blood
pressure increased by 1-499 mm Hg (SE 2-08) with
placebo (p=0-0153 for the 4 mg group, p=0-0438 for the
8 mg slow escalation group, p=0-0028 for the 8 mg fast
escalation group, and p<0-0001 for the 12 mg escalation
group for retatrutide vs placebo) and decreased by
1-53 mm Hg (1-90) with 1-5 mg dulaglutide (p=0-0335

for the 8 mg fast escalation group and p=0-0027 for the
12 mg escalation group for retatrutide vs dulaglutide;
figure 2F; appendix pp 24, 34). Diastolic blood pressure
also decreased from baseline during the study in the
4 mg escalation, 8 mg, and 12 mg retatrutide groups,
with a change of up to —3-89 mm Hg (SE 0-88) in
the 12 mg escalation group, —1-16 mm Hg (1-03) with
placebo, and 0-02 mm Hg (1-22) with 1-5 mg dulaglutide
(p=0-0418 for 12 mg escalation vs placebo, p=0-047 for
8 mg fast escalation vs 1-5 mg dulaglutide, and p=0-0097
for 12 mg escalation vs 1-5 mg dulaglutide) at 36 weeks.
At this timepoint, pulse rate changes with retatrutide
were 0-03 beats per min (bpm; SE 1-56) to
4-34 bpm (1-68), compared with —3-16 bpm (0-95) with
placebo and 1-76 bpm (1-26) with 1.5 mg dulaglutide. In
all retatrutide groups increases in pulse were not
significantly different relative to 1.5 mg dulaglutide
(all p>0-05), but differed significantly from placebo in all
retatrutide groups except the 4 mg escalation group
(p=0-0819; appendix pp 24, 34).

Overall, at least one treatment-emergent adverse event
was reported in 129 (68%) of 190 participants in the
retatrutide groups (from 26 [55%)] of 47 in the 0-5 mg
group to 19 [79%] of 24 in the 4 mg group) versus
28 (62%) of 45 in the placebo group and 31 (67%) of 46 in
the 1-5 mg dulaglutide group. (table 3; appendix p 25).
The most frequently reported treatment-emergent
adverse events with retatrutide treatment were
gastrointestinal, most commonly nausea, diarrhoea,
vomiting, and constipation. These gastrointestinal
treatment-emergent adverse events occurred in more
participants in the retatrutide groups (from six [13%]
of 47 in the 0-5 mg group to 12 [50%] of 24 in the
8 mg fast escalation group) than in those in the placebo
group (six [13%)] of 45) and 1-5 mg dulaglutide group
(16 [35%] of 46). Gastrointestinal treatment-emergent
adverse events were generally more common with higher
retatrutide doses and occurred more frequently in the
4 mg rather than the 2 mg starting dose groups
(appendix pp 35-36). Most gastrointestinal treatment-
emergent adverse events were mild to moderate in
severity. Overall, 16 (8%) of 190 participants in the
retatrutide groups discontinued treatment due to an
adverse event, most frequently gastrointestinal adverse
events (six [3%] participants).

No participants died during the study. Overall,
20 serious adverse events occurred in 15 (5%) of
281 participants (13 events in 11 [6%] of 190 in the
retatrutide groups, six events in three [/%] of
45 participants in the placebo group, and one event in
one [2%)] of 46 participants in the 1-5 mg dulaglutide 1-5
mg group; appendix p 26). In the retatrutide groups,
three serious adverse events were attributed to study
drug by the site investigator: one case of cholecystitis (in
the 8 mg fast escalation group), one case of acute
pancreatitis (in the 8 mg slow escalation group, 7 days
after the initial and only dose), and one case of diabetic

www.thelancet.com Published online June 26, 2023 https://doi.org/10.1016/5S0140-6736(23)01053-X



Articles

Placebo Retatrutide Retatrutide Retatrutide Retatrutide Retatrutide Retatrutide 1.5mg Total
group (n=45) 0-5mggroup 4 mg 4 mg group 8 mg slow 8 mg fast 12 mg dulaglutide  (n=281)
(n=47) escalation (n=24) escalation escalation escalation group (n=46)
group* (n=23) groupt (n=26)  groupi (n=24) groupS§ (n=46)
Participants with =1 treatment- 28 (62%) 26 (55%) 13 (57%) 19 (79%) 19 (73%) 17 (71%) 35 (76%) 31(67%) 188 (67%)
emergent adverse event
Serious adverse events 3 (7%) 3(6%) 1(4%) 2 (8%) 2 (8%) 1(4%) 2 (4%) 1(2%) 15 (5%)
Death 0 0 0 0 0 0 0
Adverse events leading to 2 (4%) 1(2%) 1(4%) 3(12%) 4(17%) 7 (15%) 1(2%) 19 (7%)
discontinuation of study drug
Vomitingql 0 0 0 1(4%) 1 (4%) 1(2%) 0 3(1%)
Diarrhoea 0 0 1(4%) 0 1(4%) 0 2 (1%)
Acute pancreatitisq 0 0 0 0 1(4%) 0 1(<1%)
Treatment-emergent adverse events occurring in 5% of total participants
Nausea 2 (4%) 2 (4%) 2(9%) 6 (25%) 7 (27%) 10 (42%) 9 (20%) 8 (17%) 46 (16%)
Diarrhoea 2 (4%) 1(2%) 2(9%) 6 (25%) 5 (19%) 7 (29%) 7 (15%) 4(9%) 34 (12%)
Decreased appetite 0 2 (4%) 1(4%) 5 (21%) 5(19%) 4 (17%) 9 (20%) 6 (13%) 32 (11%)
Constipation 1(2%) 3 (6%) 2 (9%) 4 (17%) 3 (12%) 2 (8%) 5(11%) 3 (7%) 23 (8%)
COVID-19 3 (7%) 5 (11%) 3 (13%) 1(4%) 1(4%) 1(4%) 2 (4%) 4(9%) 20 (7%)
Vomiting 1(2%) 1(2%) 1(4%) 0 2 (8%) 4(17%) 5 (11%) 4(9%) 18 (6%)
Headache 2 (4%) 2 (4%) 1(4%) 1(4%) 3 (12%) 1(4%) 1(2%) 3 (7%) 14 (5%)
Lipase increased 2 (4%) 1(2%) 1 (4%) 2 (8%) 3(12%) 1(4%) 2 (4%) 1(2%) 13 (5%)
Urinary tract infection 2 (4%) 0 0 1(4%) 1(4%) 3(13%) 5(11%) 1(2%) 13 (5%)
Adverse events of special interest||
Hypersensitivity events** 1(2%) 2 (4%) 3(13%) 0 2 (8%) 2 (8%) 8 (17%) 3(7%) 21 (8%)
Treatment-emergent antidrug 0 3(7%) 1(5%) 3(13%) 5(19%) 3 (13%) 4(9%) 2 (5%) 21 (7%)
antibodies
Supraventricular arrhythmias 1(2%) 2 (4%) 1(4%) 1(4%) 2 (8%) 2 (8%) 3(7%) 2 (4%) 14 (5%)
and cardiac conduction
disorders
Injection site reactions 2 (4%) 0 1(4%) 1(4%) 1(4%) 0 1(2%) 1(2%) 7 (2%)
Hepatic or biliary disorders 1(2%) 0 0 1(4%) 1(4%) 1(4%) 0 0 4 (1%)
Hyperaesthesia and related 0 0 1(4%) 0 0 1(4%) 1(2%) 0 3(1%)
adverse events
Hypoglycaemia (<54 mg/dL or 0 0 0 1(4%) 1(4%) 0 1(2%) 0 3(1%)
severe)
Severe gastrointestinal adverse 0 0 0 0 1(4%) 0 1(2%) 0 2 (<1%)
events
Pancreatitistf 0 1(2%) 1(4%) 0 0 2 (<1%)
Major adverse cardiovascular 0 1(2%) 0 0 0 1(<1%)
eventstt
Acute renal events 1(2%) 0 0 0 0 0 0 0 1(<1%)

Data are n (%). MedDRA=Medical Dictionary for Regulatory Activities. *Starting dose 2 mg. tStarting dose 2 mg, followed by escalation to 4 mg, and then to the maintenance dose of 8 mg. fStarting dose 4 mg.
SStarting dose 2 mg, followed by escalation to 4 mg, then 8 mg, and then the maintenance dose of 12 mg. §/Adverse events in the gastrointestinal disorders system organ class leading to discontinuation of
study drug. ||With the exception of antidrug antibody incidence, adverse events of special interest were evaluated using predefined standardised MedDRA search queries or customised clusters of preferred terms.
Adverse events of special interest with zero events are described in the main text. **Hypersensitivity was assessed using MedDRA search criteria including narrow and broad standardised MedDRA queries of
anaphylactic reaction, hypersensitivity, and angio-oedema. There were no serious or generalised reactions and no association between treatment-emergent antidrug antibodies and hypersensitivity reactions.

ttAdjudicated-confirmed.

Table 3: Safety analysis in patients who received at least one dose of study treatment

12

and starvation ketoacidosis (in the 12 mg escalation
group). One other case of adjudication-confirmed
pancreatitis was reported in the retatrutide 0-5 mg group
and not attributed to study drug by the site investigator.
Moderate hypoglycaemia (glucose <54 mg/dL [3-0
mmol/L]) was reported in one participant in each of the
retatrutide 4 mg, 8 mg slow escalation, and 12 mg
escalation groups. In terms of adverse events of special

interest, no severe or serious events of hypoglycaemia
occurred, and no events of severe persistent hyper-
glycaemia, thyroid malignancies, or C-cell hyperplasia
were reported. Mean alanine aminotransferase and
aspartate aminotransferase generally decreased from
baseline with retatrutide treatment, with little change in
bilirubin (appendix p 28). Additional safety measures are
in table 3 and the appendix (p 30).
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Discussion

In this phase 2 trial, retatrutide reduced HbA, and
bodyweight in participants with type 2 diabetes compared
with placebo and 1-5 mg dulaglutide. We also observed
meaningful reductions in blood pressure, triglycerides,
and non-HDL cholesterol. These results confirm our
observations from an earlier 12-week phase 1 study in a
similar population and support phase 3 development of
retatrutide.”” Glucagon receptor activation, with either
GLP-1 or GIP plus GLP-1 receptor activation, might
complement the bodyweight-lowering efficacy of these
injectable treatments, potentially due to the effect of
glucagon on substrate use in the liver and effects on
energy expenditure.””” One concern with glucagon
receptor activation is the potential for hyperglycaemia by
increasing hepatic glucose production, as occurs with the
counter-regulatory response to hypoglycaemia. However,
the actions of glucagon under normoglycaemic and
hyperglycaemic conditions are less well characterised,
given historically focused investigation on hypo-
glycaemia.” Findings from development programmes of
incretin agents with glucagon receptor activity are
variable.® Differences in efficacy and safety between these
agents are potentially related to relatively greater or lower
glucagon receptor activity or a differential degree of
activation of GLP-1 and GIP receptors. For example,
cotadutide and SAR425899 showed meaningful
glycaemic efficacy, but effects on bodyweight were
similar to GLP-1 receptor agonists, potentially relating to
relatively lower glucagon activity.* By contrast,
pemvidutide had meaningful bodyweight reductions but
no apparent effect on HbA,.” Retatrutide has similar
glucagon and GLP-1 receptor activity, with more GIP
receptor activity.’ Data so far suggest that the ratios of
receptor activities provided by retatrutide might strike a
favourable balance between safety, glucose-lowering
efficacy, and bodyweight-lowering efficacy.””

In this trial, HDbA, reductions of up to
2-16% (23 -59 mmol/mol) were observed with retatrutide
(12 mg escalation group) after 36 weeks of treatment.
Decreases were robust with doses of 4 mg and higher
and showed dose dependency up to 8 mg, with smaller
differences between the 8 mg and 12 mg groups,
suggesting a maximal effect or perhaps requiring more
time on treatment to further differentiate at higher doses.
A similar effect was also observed with fasting serum
glucose. Notably, although the proportion of participants
reaching HbA, of less than 7-0% (53-0 mmol/mol;
82% vs 78%) and 6-5% (47-5 mmol/mol) or less
(82% vs 79%) were similar in the 8 mg slow and fast
escalation groups, there was a larger difference in the
proportions reaching less than 5-7% (38-8 mmol/mol)
between these groups (16% vs 31%). Initiating retatrutide
at 4 mg might cause a numerically higher responder rate
at this relatively early timepoint than 12 mg, with
treatment initiated at 2 mg. Glycaemic efficacy with
retatrutide 4 mg was similar to 1-5 mg dulaglutide and

was significantly greater with the 8 mg and
12 mg retatrutide doses. However, retatrutide has not
been tested in head-to-head studies against higher doses
of dulaglutide or other selective GLP-1 receptor agonists
or GIP and GLP-1 receptor agonists, because the higher
doses of dulaglutide (3-0 mg or 4-5 mg) and tirzepatide
were not available when this study was being planned. In
phase 3 studies in people with type 2 diabetes after
treatment periods of 40-52 weeks, HbA, reductions of
1-8% (20-0 mmol/mol) were reported with 4.5 mg
dulaglutide,” 2-2% (24-1 mmol/mol) with semaglutide
2-0mg (SUSTAIN FORTE),” and 2 5% (26 -9 mmol/mol)
with tirzepatide 15 mg (SURPASS-2),* indicating that
retatrutide is likely to be an effective treatment for
type 2 diabetes, with glycaemic control efficacy on par
with currently approved incretin-based therapies.
Retatrutide improves glycaemic efficacy through multiple
mechanisms, including enhancing glucose-dependent
insulin secretion and improving insulin sensitivity, as
shown by decreasing fasting insulin and C-peptide
concentrations and HOMA2-IR indices, while increasing
adiponectin concentrations all in the setting of substantial
weight reduction, with a pattern distinct from results
with dulaglutide.”

Robust  bodyweight reduction is increasingly
recognised as a crucial component of type 2 diabetes
treatment.”* We observed dose-dependent bodyweight
reductions of up to 16-94% with retatrutide (12 mg
escalation group) at 36 weeks, which did not appear to
have reached nadir, as participants were still losing
weight. This magnitude of bodyweight reduction has not
been reported so far in any other phase 2 or 3 trials
testing weekly GLP-1 or GIP and GLP-1receptor agonists
in people with type 2 diabetes.***** For context, although
not directly comparable due to study design and
population differences, weight reduction of up to
approximately 5% was observed with 4- 5 mg dulaglutide,®
7-2% with 2 mg semaglutide,” 10-6% with 2-4 mg
semaglutide (STEP 2), and 12% with 15 mg tirzepatide,*
after treatment periods of 40—-68 weeks. Additionally, up
to 63% of retatrutide-treated participants lost at least
15% of bodyweight at 36 weeks, whereas 40% reached
this target at 40 weeks with 15 mg tirzepatide in
SURPASS-2.* A bodyweight reduction of 15% or more
can have disease-modifying effects and potentially lead to
type 2 diabetes remission.’ In a preclinical study, we
showed that the glucagon activity of retatrutide provided
additional weight reduction that was attributable to
increased energy expenditure.” Although our study did
not assess energy expenditure, we hypothesise that the
potentially greater weight reduction effect observed with
retatrutide relative to GLP-1 receptor agonists and GIP
and GLP-1 receptor agonists might in part be due to the
effects of glucagon pharmacology to increase energy
expenditure and fatty acid oxidation, and provide additive
effects to the GLP-1 and GIP receptor activation in
reducing food intake’*#* Observed increases in
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B-hydroxybutyrate concentration with higher retatrutide
doses were consistent with increased fatty acid oxidation.

Concurrently with reductions in glycaemia and
bodyweight, retatrutide dose-dependently reduced
systolic and diastolic blood pressure and improved lipid
measures, notably reducing non-HDL cholesterol
concentrations, while decreasing triglycerides by up
to 35%. In a separate study in people with type 2 diabetes,
40 weeks of tirzepatide treatment reduced triglycerides
by up to 25%.* Retatrutide and other molecules
containing glucagon activity might reduce liver fat and
improve lipid profiles through multiple potential
mechanisms, including glucagon receptor-mediated
increases in hepatic fatty acid oxidation and reductions
in hepatic lipogenesis.®* Furthermore, retatrutide might
increase lipolysis in adipose tissue through GIP receptor
activation.” The potential for glucagon and GIP receptor
agonism to reduce circulating lipid concentrations and
increase fatty acid oxidation might also contribute to
reductions in ectopic fat and improved cellular health in
multiple tissues.”*** GLP-1 receptor agonists reduce
cardiovascular risk in people with type 2 diabetes” and
tirzepatide has shown cardiovascular safety with no
evidence of increased cardiovascular risk.” Potential for
benefit, as indicated by reductions in cardiovascular risk-
related measures* is being assessed in a large scale
cardiovascular ~ outcomes trial (SURPASS-CVOT,
NCT04255433). Additional clinical trials will be needed to
assess the effect of retatrutide treatment on long-term
clinical outcomes.

We assessed glucagon receptor target engagement by
measuring fasting endogenous glucagon and circulating
amino acid concentrations. Reductions in endogenous
glucagon concentrations in response to higher doses of
retatrutide were much larger (up to 86%) than expected
from previously observed reductions in clinical trials
with GLP-1 receptor agonists or tirzepatide.**** This
pattern probably represents compensatory regulation of
endogenous glucagon secretion in the setting of chronic
glucagon receptor agonism. Retatrutide treatment also
decreased concentrations of circulating amino acids,
indicative of adaptive regulation of hepatic amino acid
metabolism in response to glucagon receptor activation.
We observed significant dose-related decreases in
concentrations of gluconeogenic amino acids, including
alanine and arginine, and smaller reductions in
concentrations of some essential amino acids, such as
phenylalanine and histidine. Retatrutide, similar to
tirzepatide, significantly reduced concentrations of the
branched-chain amino acids leucine, isoleucine, and
valine, which have been associated with insulin
resistance and metabolic dysfunction in many cohorts.”
To better interpret potential clinical implications of these
patterns of amino acid reductions in the context of
substantial weight reduction, additional studies
evaluating corresponding changes in relative fat and
lean body mass in conjunction with functional

assessments of muscle strength and physical
performance might be of interest. Changes in amino
acid concentrations have also been observed in many
cohorts with weight reduction from bariatric surgery or
dietary restriction.* Reductions in lean mass and grip
strength observed after gastric bypass surgery have been
accompanied by improvements in relative muscle
strength and physical function.”

The safety profile of retatrutide in this study is
consistent with that of tirzepatide and GLP-1 receptor
agonists in people with type 2 diabetes.**™* Transient
and mostly mild-to-moderate gastrointestinal events
were the most frequently reported adverse events and
occurred more frequently with the 4 mg starting dose
groups rather than the 2 mg starting dose groups.
Glucagon and GLP-1 can exert positive chronotropic and
inotropic effects on the heart.”* In the retatrutide phase
1 multiple-ascending dose study, an increase in pulse rate
was observed, with the peak occurring at 12 weeks in the
higher-dose groups.” In this phase 2 study, an increase in
pulse rate, up to approximately 7 bpm, was observed
early in treatment, but this decreased by 36 weeks, at
which time the changes with retatrutide were not
significantly different to those with dulaglutide
1-5 mg. The increases in heart rate are also consistent
with those observed for other GLP-1 receptor agonists
and GIP and GLP-1 receptor agonists in people with
type 2 diabetes.**"*

Strengths of this study include the detailed study
design testing multiple titration regimens and different
starting doses to assess safety and tolerability to help
inform dose selection for the phase 3 clinical programme.
The extended 36-week design was unique for a
phase 2 study in people with type 2 diabetes, allowing
accumulation of sufficient data to assess the initial
robustness of the glucose-lowering and weight-lowering
properties and other cardiometabolic risk measures, and
the safety profile.

Study limitations include a relatively smaller sample
size and homogeneous population conducted only in
the USA as compared with larger phase 3 studies, which
limits generalisability to a broader population of people
with type 2 diabetes. Although the decrease in HbA,
appeared to have plateaued at 36 weeks, the trial duration
might not have captured the full effect of retatrutide on
bodyweight, which did not appear to have plateaued by
study completion. The study was not designed to
measure contributions of energy intake or expenditure to
overall bodyweight reduction. Although glycaemic
time in range is of increasing interest, it was not
feasible to include assessment of continuous glucose
monitoring in this study. As this is a relatively small
phase 2 study, adjustment for multiple comparisons was
not possible and data should be viewed as exploratory in
nature, with phase 3 studies required to confirm our
findings.

These data, the first phase 2 data for retatrutide in
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people with type 2 diabetes, show clinically meaningful
improvements in glycaemic control. Robust bodyweight
reductions were also observed, which exceeded what has
previously been achieved by incretin-based therapies in
type 2 diabetes in studies of similar duration in this
population. The safety profile was similar to that observed
with GLP-1receptor agonists and GIP and GLP-1 receptor
agonists. These results suggest that retatrutide is a
promising therapeutic agent for the management of
hyperglycaemia and obesity in the setting of
type 2 diabetes, and support phase 3 clinical development.
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