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1 | INTRODUCTION
Delayed gastric emptying (GE) is a well-known effect of glucagon-
like peptide-1 (GLP-1).%? Similarly, glucagon (GCG) has been

shown to slow GE in rodents and humans,*

while glucose-
dependent insulinotropic polypeptide (GIP) does not appear to
impact GE.»2

Retatrutide (LY3437943) is a novel GIP/GLP-1/GCG receptor
agonist (RA) under investigation for chronic weight management
and its complications. It is more potent at the human GIP receptor
and less potent at GCG and GLP-1 receptors versus the native hor-
mones, with a half-life of approximately 6 days supporting once-
weekly dosing.® In adults with type 2 diabetes, retatrutide reduced
glycated hemoglobin (HbA1c) and body weight versus placebo and
dulaglutide 1.5 mg after 12 weeks of treatment, with mild or mod-
erate gastrointestinal events being the most common treatment-
emergent adverse events.®

GE is a major determinant of glycemic response after food
intake.” Delayed GE may reduce food intake and subsequently impact
While GLP-1 RAs and the GIP/GLP-1 RA
tirzepatide transiently delay GE, the effects of retatrutide are

weight  loss.®

unknown.
We investigated the effect of retatrutide versus selective GLP-1
RAs on GE in non-clinical and clinical studies.

2 | METHODS

21 | Non-clinical methodology

C57/B16 male obese mice (Jackson) were singly housed and maintained
on a standardized diet (TD95217; Teklad) with ad libitum water; 16 h
before the assessment of acute GE, mice were fasted overnight and
treated subcutaneously with either vehicle (10 ml/kg; 40 mM Tris
pH 8), long-acting GCG RA (Table S1), semaglutide, retatrutide, or com-
bined semaglutide and long-acting GCG RA. Mice were administered
0.5 ml of semi-liquid by oral gavage and GE was subsequently assessed
(Additional Methods S1). GE delay, body weight, and food intake were
also assessed following chronic (daily for 10 days) treatment with vehi-
cle, semaglutide, long-acting GCG RA, retatrutide, or combined sema-
glutide and long-acting GCG RA. The mice were studied and maintained
in accordance with the Institutional Animal Care and Use Committee of
Eli Lilly and Company and the Guide for the Use and Care of Laboratory
Animals by the National Institutes of Health.

2.2 | Clinical study design and participants

GE was assessed within a phase 1b, randomized, multiple-ascending
dose study in adults with type 2 diabetes who received once-weekly
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. Control

[ Long-acting GCG RA (10 nmolikg)
A Semaglutide (10 nmol/kg)
@ Retatrutide (10 nmollkg)

@ semagiutide + long-acting GCG RA (3 + 3 nmol/kg)

Acute and chronic effects of retatrutide, semaglutide and long-acting GCG RA on GE in mice. Data are mean * SE with five mice

per group. Gastric emptying data are percentage emptied from the stomach at 2 h. (A) Acute effect of ascending doses of retatrutide on

GE. (B) Acute effect of long-acting GCG RA, semaglutide, retatrutide, or semaglutide combined with long-acting GCG RA on GE. (C) Percentage of
baseline body weight at Day 10 after chronic (daily for 10 days) treatment with long-acting GCG RA, semaglutide, retatrutide, or semaglutide
combined with long-acting GCG RA. (D) Cumulative food intake after chronic treatment. (E) Chronic effect on gastric emptying. *p < .05 versus
control and Tp < .05 versus retatrutide. GCG, glucagon; GE, gastric emptying; RA, receptor agonist; SE, standard error.

retatrutide (0.5, 1.5, 3, 3/6 and 3/6/9/12 mg), placebo, or dulaglutide
1.5 mg, with study design and primary results published previ-
ously.® Retatrutide 0.5, 1.5 and 3 mg were fixed dose regimens for
12 weeks. The 3/6 mg group received 3 mg for Weeks 1-4, then
6 mg for Weeks 5-12. The 3/6/9/12 mg group received 3 mg for
Weeks 1-2, 6 mg for Weeks 3-4, 9 mg for Weeks 5-8 and 12 mg
for Weeks 9-12. GE was assessed pre-treatment at Day —2, and
approximately 24 h after dose at Day 2, Day 30 and Day 79 using
acetaminophen (Additional Methods S1 and Figure S1). The acet-
aminophen maximum concentration (Cax), time to Cihax (Tmax), and
area under the concentration versus time curve from time O to the
last time point with a measurable concentration (24 h) (AUCo_ 1ast)

were key variables.

The trial (NCT04143802) was conducted in accordance with the
Declaration of Helsinki. Ethical approval was obtained and all partici-
pants provided written informed consent before their participation.

2.3 | Statistical methods

In the non-clinical studies, between-group data were analysed using
one-way analysis of variance followed by Tukey's multiple comparison
test. The effects on body weight were calculated as the percentage of
baseline body weight at Day 10. In the clinical study, the impact of
retatrutide on GE was compared with dulaglutide 1.5 mg and placebo

using the ratio of acetaminophen C,,.x and AUCq.; o5t €stimated on
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Days 2, 30 and 79 over baseline (Day —2). A mixed-model repeated
measure with responses of log-transformed postbaseline C,., and
AUCq_; 1ast Was performed using treatment, day, and treatment-by-day
interaction as fixed effects, participant as random effect, and log-
transformed baseline as covariate. The Wilcoxon rank-sum test was
used to analyse and compare the acetaminophen T, across treat-

ment groups.

3 | RESULTS
3.1 | Acute and chronic effects of retatrutide on
GE in mice

While a long-acting GCG RA had no statistically significant effect on
GE (Figure S2), retatrutide dose-dependently delayed GE in mice
(Figure 1A,B). Semaglutide also delayed GE (Figure 1A,B). The effects
of acute combination treatment with semaglutide plus long-acting
GCG RA on GE did not differ statistically from retatrutide (Figure 1B).

Over 10 days, retatrutide 10 nmol/kg reduced body weight and
these decreases were greater than with semaglutide, long-acting GCG
RA, and combined semaglutide plus long-acting GCG RA (Figure 1C).
The combination dose of semaglutide 3 nmol/kg and long-acting GCG
RA 3 nmol/kg was selected to achieve a similar body weight reduction
to semaglutide 10 nmol/kg alone (p = .0825). Similarly, the largest
decreases in food intake were observed with retatrutide treatment
(Figure 1D). Effects of retatrutide on GE were attenuated after
chronic treatment for 10 days (Figure 1E).

3.2 | Effects of retatrutide on GE in humans

In the clinical study, 72 participants were enrolled and received 21
dose of study drug and 43 completed the study. The COVID-19 pan-
demic was the most common reason for study discontinuation, which
impacted the two lowest dose cohorts (retatrutide 0.5 mg and 1.5 mg)
(Figure S$3).° The mean (standard deviation) age was 58.4 (7.4) years,
index 321 (5.1)kg/m? HbAlc 8.66 (0.92)%

[71 (10) mmol/mol], and 51% were women.®

body mass

On Day —2, before study treatment, the acetaminophen pharma-
cokinetic profiles were similar among groups (Figure 2 and Table S2).
Within retatrutide-treated participants, the acetaminophen C,,.. gen-
erally decreased during treatment. The magnitude of decrease was
greatest following the first retatrutide dose (Day 2) in the >1.5 mg
groups. In the fixed dose 1.5 and 3 mg groups, the acetaminophen
Chax did not decrease further following subsequent doses, but rather

appeared to be increasing, although it did not reach pre-treatment

levels by the last measurements. Similarly, in the 3/6 and 3/6/9/12 mg
groups at Day 30, despite ongoing dose escalation (to the first 6 and
9 mg dose, respectively), the magnitude of acetaminophen C, .«
decrease was not greater than that noted at Day 2 and appeared to
trend upwards to Day 79, when GE was measured after the last 6 and
12 mg dose, respectively. In the dulaglutide group, C.,.x decreased
somewhat from Day —2 to Day 2, with little change thereafter.

The T...x appeared unaffected in the dulaglutide 1.5 mg group
but was delayed by approximately 1 h at Day 2 in the 23 mg retatru-
tide groups and remained delayed at Days 30 and 79. AUCq.t st Was
not affected.

4 | DISCUSSION

The effect of GLP-1 receptor agonism on GE delay has been exten-
sively studied, while corresponding data with GIP and GCG are
limited.>=* While GIP appears to have no impact,> GCG may acutely
delay GE and intestinal transit.>*?"1! We investigated the impact of
the GIP/GLP-1/GCG RA retatrutide on GE.

We examined the effects of long-acting GCG RA in mice to inves-
tigate the contribution of GCG RA in retatrutide to GE. We used a
long-acting GCG RA that had similar molecular properties (C20 fatty
acid moiety to enable albumin binding), in vitro functional receptor
activity, and pharmacokinetic properties as retatrutide.”> The long-
acting GCG RA had no apparent effect on GE in mice, although it has
been shown that short-acting GCG could delay GE in humans.'®
Semaglutide and retatrutide both inhibited GE to a similar extent at
the 10 nmol/kg dose; however, retatrutide effectively delayed GE at

t.22 Chronic reta-

0.3 nmol/kg, at which dose semaglutide had no effec
trutide treatment resulted in tachyphylaxis of the GE effect in mice.

In our clinical study, the greatest effect on GE occurred after the
first retatrutide dose. The maximum extent of GE delay observed with
retatrutide was similar to that previously noted with tirzepatide.'?
The magnitude of GE inhibition was lower following subsequent reta-
trutide doses and appeared to be diminishing at Days 30 and
79, despite ongoing dose escalation in the two highest dose retatru-
tide groups. Similar reports of tachyphylaxis of GE delay have been
reported for liraglutide based on assessments at 16 weeks versus an
earlier time point of 5 weeks.®

Limitations include the small sample size and our use of an acet-
aminophen test, rather than scintigraphy or breath tests to assess GE,
as these methods were not feasible in this study.'* Confirming our
findings on the effects of retatrutide on GE following a solid meal may
be of interest. The GE delay observed with dulaglutide was smaller

d,12'15

than previously observe which may reflect cohort-specific

features.

FIGURE 2

Effects of retatrutide, dulaglutide, and placebo on gastric emptying in participants with type 2 diabetes. Data are mean (standard

deviation) acetaminophen concentration over time with (A) retatrutide 0.5 mg, (B) retatrutide 1.5 mg, (C) retatrutide 3 mg, (D) retatrutide 3/6 mg,
(E) retatrutide 3/6/9/12 mg, (F) dulaglutide 1.5 mg, and (G) placebo. Largely because of COVID-19 related pandemic restrictions, no participants
in the 0.5 mg retatrutide group and only one participant in the 1.5 mg retatrutide group completed the study. In these groups participants

received treatment for an average of 10 weeks and 5 weeks, respectively.
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These data suggest that the maximum extent of GE delay follow-
ing initial retatrutide treatment is similar to observations with selec-
tive GLP-1 and GIP/GLP-1 RAs. The time course of tachyphylaxis of
GE delay may be longer with retatrutide compared with previously

studied incretins.*?13
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