Open access

BM) Open
Diabetes

Research
& Care

To cite: Lingvay |, Hansen T,
Macura S, et al. Superior
weight loss with once-
weekly semaglutide

versus other glucagon-

like peptide-1 receptor
agonists is independent of

gastrointestinal adverse events.

BMJ Open Diab Res Care
2020;8:€001706. doi:10.1136/
bmijdrc-2020-001706

» Supplemental material is
published online only. To view,
please visit the journal online
(http://dx.doi.org/10.1136/
bmjdrc-2020-001706).

Received 19 June 2020
Revised 8 September 2020
Accepted 8 September 2020

I '.) Check for updates

© Author(s) (or their
employer(s)) 2020. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr lidiko Lingvay;
ldiko.Lingvay@
UTSouthwestern.edu

Original research

Superior weight loss with once-weekly
semaglutide versus other glucagon-like
peptide-1 receptor agonists is independent
of gastrointestinal adverse events

lldiko Lingvay

,! Thomas Hansen,? Stanislava Macura,? Michel Marre,>*

Michael A Nauck,® Raymond de la Rosa,® Vincent Woo,” Emre Yildirim,?

John Wilding @ 8

ABSTRACT

Introduction Gastrointestinal (Gl) adverse events (AES)
are the most common AEs with glucagon-like peptide-1
receptor agonists (GLP-1RAs). Weight loss (WL) is slightly
greater in people who experience Gl AEs than those who
do not. A previous mediation analysis of the SUSTAIN 1-5
trials indicated minor contribution of nausea/vomiting

to the greater WL with once-weekly semaglutide versus
comparators. Semaglutide demonstrated superior
glycated hemoglobin and body weight (BW) reductions
versus other GLP-1RAs in SUSTAIN 3 (versus exenatide
extended release 2.0 mg), SUSTAIN 7 (versus dulaglutide)
and SUSTAIN 10 (liraglutide 1.2 mg). The objective of

this analysis was to assess if significantly greater WL
with semaglutide versus other GLP-1RAs is mediated by
nausea/vomiting and other Gl AEs (diarrhea, constipation,
dyspepsia) during dose escalation (baseline to week

12, when Gl AEs are generally most prevalent) and from
baseline to end of treatment (EOT: week 56 (SUSTAIN 3),
40 (SUSTAIN 7) or 30 (SUSTAIN 10)).

Research design and methods Subjects within trials
were subdivided into those who reported (yes/no) nausea/
vomiting or any other Gl AE. Change from baseline in BW
was assessed within each trial and subgroup. A mediation
analysis separated WL into direct or indirect (mediated by
Gl AEs) effects.

Results From baseline to week 12 or EOT, the nausea/
vomiting-mediated difference in WL was, respectively: 0.05
or 0.09 kg of 3.78 kg at EOT (SUSTAIN 3); 0.06 or 0.03 kg
of 2.26 kg at EOT (low-dose comparison) and 0.08 or 0.04
kg of 3.55 kg at EQOT (high-dose comparison) (SUSTAIN 7)
and 0.05 or 0.09 kg of 3.82 kg at EOT (SUSTAIN 10).
Conclusions In SUSTAIN 3, 7 and 10, nausea/vomiting by
week 12 (end of dose escalation) or throughout treatment
contributed minimally (<0.1 kg) to the superior WL with
semaglutide versus GLP-1RA comparators at EOT.

INTRODUCTION

The association between type 2 diabetes
(T2D) and overweight/obesity is well estab-
lished,' * with more than 90% of people with
T2D being overweight.” Individuals with T2D
and overweight/obesity are at increased risk
of developing T2D complications compared

Significance of this study

What is already known about this subject?

» A previous mediation analysis, which evaluated
the effect of nausea/vomiting on weight loss in the
SUSTAIN 1-5 trials, showed that nausea/vomiting
contributed only minimally to the superior weight
loss with once-weekly semaglutide, a glucagon-
like peptide-1 receptor agonist, versus mixed-class
comparators.

What are the new findings?

» In this mediation analysis, we investigated the effect
of nausea/vomiting within the glucagon-like pep-
tide-1 receptor agonist (GLP-1RA) class (semaglu-
tide versus other GLP-1RAs), which is known for its
common but transient gastrointestinal (Gl) adverse
events (AEs).

» Nausea/vomiting contributed minimally to the sig-
nificantly greater body weight (BW) reductions with
semaglutide versus exenatide extended release
(SUSTAIN 3; 56 weeks), dulaglutide (SUSTAIN 7; 40
weeks) or liraglutide (SUSTAIN 10; 30 weeks); these
reductions were predominantly independent of the
Gl AEs of nausea, vomiting, diarrhea, dyspepsia and
constipation.

» From baseline to week 12 (end of dose escalation)
or to end of treatment (EOT), the nausea-/vomiting-
mediated difference in BW loss was, respectively:
0.05 kg or 0.09 kg of 3.78 kg seen at EOT (SUSTAIN
3); 0.06 kg or 0.03 kg of 2.26 kg seen at EOT (low-
dose comparison) and 0.08 kg or 0.04 kg of 3.55 kg
seen at EQT high-dose comparison) (SUSTAIN 7) and
0.05 kg or 0.09 kg of 3.82 kg seen at EOT (SUSTAIN
10).

» Similarly, a minimal amount of the greater weight
loss at EOT observed with semaglutide versus other
GLP-1RAs was mediated by the individual GI AEs of
nausea, vomiting, diarrhea, dyspepsia or constipa-
tion reported from baseline to week 12 and from
baseline to EOT.

with people who are not overweight/obese.*
Body weight (BW) reductions of 25%
improve glycemic control, lipid levels and
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Significance of this study

How might these results change the focus of research or

clinical practice?

» The results of this analysis indicate that the superior weight loss
observed with semaglutide versus GLP-1RA class comparators is
mostly independent of Gl AEs, the most common AEs in this class.
These results are consistent with the previous findings in SUSTAIN
1-5 trials.

blood pressure.” BW control is an important component
of an individualized, multifactorial approach to T2D
management, as recommended in current treatment
guidelines.®”

Glucagon-like peptide-1 receptor agonists (GLP-1RAs)
are recommended as second-line therapy (add-on to
metformin) where minimizing weight gain, promoting
weight loss or when hypoglycemia and cardiovascular risk
reduction are considerations.”? All available GLP-1RAs
(dulaglutide, exenatide, liraglutide and lixisenatide)
have demonstrated weight loss in people with T2D.'""
Semaglutide (Novo Nordisk, Denmark) is a GLP-1RA
approved for the treatment of T2D as once-weekly
(OW) subcutaneous'” and once-daily oral formula-
tions."* The efficacy and safety of OW semaglutide have
been established in the global phase 3 SUSTAIN clinical
trial program, encompassing subjects from across the
continuum of T2D care."”* In addition to significantly
greater reductions in glycated hemoglobin (HbA, ),
semaglutide demonstrated superior reductions in BW
versus all comparators across all SUSTAIN trials.'”*

The SUSTAIN 3, 7 and 10 trials compared semaglu-
tide with the GLP-1RAs OW exenatide extended release
(exenatide ER), OW dulaglutide and once-daily lira-
glutide, respectively. In these trials, mean BW loss was
significantly greater with semaglutide versus compara-
tors at end of treatment (EOT: weeks 56, 40 and 30 for
SUSTAIN 3, 7 and 10, respectively): SUSTAIN 3: -5.6 kg
vs —1.9 kg with semaglutide 1.0 mg vs exenatide ER 2.0
mg; SUSTAIN 7: —4.6 kg vs —2.3 kg with semaglutide 0.5
mg vs dulaglutide 0.75 mg and —6.5 kg vs —3.0 kg with
semaglutide 1.0 mg vs dulaglutide 1.5 mg; SUSTAIN 10:
-5.8 kg vs —1.9 kg with semaglutide 1.0 mg vs liraglutide
1.2 mg; all p<0.0001.'72' *

Consistent with the GLP-IRA class,” " gastrointes-
tinal (GI) adverse events (AEs) were the most frequently
reported AEs in the SUSTAIN 3, 7 and 10 trials: 42%
with semaglutide 1.0 mg vs 33% with exenatide ER 2.0
mg in SUSTAIN 3; 43% with semaglutide 0.5 mg vs 33%
with dulaglutide 0.75 mg and 44% with semaglutide 1.0
mg vs 48% with dulaglutide 1.5 mg in SUSTAIN 7; 44%
with semaglutide 1.0 mg vs 38% with liraglutide 1.2 mg
in SUSTAIN 10."7#' #* The five most commonly reported
GI AEs in SUSTAIN 3, 7 and 10 were: nausea (23% with
semaglutide 0.5 mg, 21%—-22% with semaglutide 1.0 mg
and 12%-20% with comparators); vomiting (10% with
semaglutide 0.5 mg, 7%-10% with semaglutide 1.0 mg

and 4%-10% with comparators); diarrhea (14% with
semaglutide 0.5 mg, 11%-16% with semaglutide 1.0 mg
and 8%-18% with comparators); dyspepsia (3% with
semaglutide 0.5 mg, 4%-7% with semaglutide 1.0 mg
and 3%-5% with comparators) and constipation (5%
with semaglutide 0.5 mg, 5%-6% with semaglutide 1.0
mg and 3%-5% with comparators).'” 2! 242

Given the clinical significance of weight loss in T2D
management, it is important to understand the mecha-
nism by which semaglutide provides greater weight loss
versus class comparators and, in particular, whether it is
mediated by GI AEs. A previous mediation analysis exam-
ining superior weight loss with semaglutide versus mixed
class comparators by GI AEs in the SUSTAIN 1-5 trials
showed that only 0.07 kg of 2.3 kg (semaglutide 0.5 mg)
and 0.5 kg of 6.3 kg (semaglutide 1.0 mg) of the treat-
ment difference in weight loss was mediated by nausea/
vomiting.*

To further determine if GI AEs of nausea/vomiting and
others are associated with weight loss, we performed a post
hoc mediation analysis to examine the extent to which the
treatment difference with semaglutide versus the other
GLP-1RAs in the SUSTAIN 3, 7 and 10 trials might be
driven by a difference in GI AEs (indirect effects) or treat-
ment (direct effect). Data on nausea and/or vomiting
were pooled and data on nausea, vomiting, diarrhea,
constipation and dyspepsia were analyzed individually.

MATERIALS AND METHODS

SUSTAIN 3, 7 and 10 trial designs

The designs of the SUSTAIN 3, 7 and 10 trials have been
previously published.'” #' #* Briefly, subjects with inad-
equately controlled T2D were randomized to receive:
(1) in SUSTAIN 3, semaglutide 1.0 mg or exenatide ER
2.0 mg, in addition to existing oral antidiabetes drugs,
over 56 weeks;'” (2) in SUSTAIN 7, semaglutide 0.5 mg
or 1.0 mg, or dulaglutide 0.75 mg or 1.5 mg in addi-
tion to metformin monotherapy, over 40 weeks;*' (3) in
SUSTAIN 10, semaglutide 1.0 mg or liraglutide 1.2 mg, in
addition to 1-3 oral antidiabetes drugs, over 30 weeks.**

Semaglutide-treated subjects followed a fixed dose-
escalation regimen:'” *' #* the 0.5 mg maintenance dose
was reached after 4 weeks of 0.25 mg OW and the 1.0
mg maintenance dose was reached after 4 weeks of 0.25
mg OW, followed by 4 weeks of 0.5 mg OW. Exenatide
ER was administered in accordance with its prescribing
information® (ie, no dose escalation) and dulaglutide
was administered in accordance with its phase III clinical
trial program (ie, no dose escalation).”’ The liraglutide
1.2 mg maintenance dose was reached after 1 week of 0.6
mg once daily.**

For all three trials, prior to trial initiation, the protocol,
the consent form and the subject information sheet were
reviewed and approved according to local regulations by
appropriate health authorities and by an independent
ethics committee/institutional review board. Written
informed consent was obtained from all participants.
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Post hoc analyses

Subjects in the SUSTAIN 3, 7 and 10 trials were subdi-
vided according to whether or not they had reported
either nausea or vomiting or both nausea and
vomiting (nausea/vomiting), regardless of severity or
duration. In addition, the subjects were subdivided
according to whether or not they had reported any of
the five most common GI AEs associated with sema-
glutide (nausea, vomiting, diarrhea, constipation or

dyspepsia).

Change from baseline in BW by Gl AEs

The change in BW from baseline to EOT (week 56
for SUSTAIN 3; week 40 for SUSTAIN 7; week 30 for
SUSTAIN 10) in subjects who experienced GI AEs
versus those who did not experience GI AEs was esti-
mated from a mixed model for repeated measure-
ments. The effect of GI AEs on the change from
baseline in BW at EOT was compared in subjects
with versus without GI AEs from baseline to week
12 (when GI AEs were found to peak and decline
thereafter) and from baseline to EOT. The effect on
the change in BW was analyzed by each of the five
common GI AEs (nausea, vomiting, diarrhea, consti-
pation or dyspepsia) individually and by nausea/
vomiting. Analyses for BW change were performed
on the full analysis set. Subjects who discontinued
treatment/initiated rescue medication contributed to
the analysis based on the data observed prior to their
discontinuation of treatment or initiation of rescue
medication.

Mediation analysis

As with the previous analysis,” a mediation analysis was
performed to separate the overall effect of the GLP-1RAs on
BW into direct or indirect (mediated by nausea or vomiting)
effects, estimated using natural effect models with imputation-
based estimation.” Missing BW data were imputed using
observed data within the same treatment group assuming
that data were missing at random. The question assessed by
the direct effect was: what is the effect of changing the treat-
ment from comparator to semaglutide while maintaining
the mediator at a value observed in the comparator arm?
Conversely, the question assessed by the indirect effect was:
what is the effect of changing the level of mediator between
semaglutide and comparator (exenatide ER, dulaglutide
or liraglutide)? As some of these factors are counterfactual
(ie, things that did not occur but were possible) and non-
observable, a model was required to obtain estimates of the
direct and indirect effects. The natural effect model for the
estimation of direct and indirect effects included the interac-
tion between treatment and GI AEs together with the base-
line variables of BW and country as main effects, assuming
no interaction between natural effects and baseline variables;
standard errors of treatment differences were estimated by
the bootstrap method. The model used to impute counter-
factual values of BW also included the interaction between

treatment and each baseline variable and the interaction
between any GI AE and each baseline variable.

RESULTS

The presented results of the SUSTAIN 3, 7 and 10 trials
focus on the category of subjects with/without nausea/
vomiting, regardless of severity or duration (table 1;
figures 1 and 2). The results, according to the common
individual GI AEs associated with semaglutide (nausea,
vomiting, diarrhea, constipation or dyspepsia), are
provided in detail in the online supplemental material 1.

Subject disposition and baseline characteristics by nausea/
vomiting

Overall baseline characteristics, which have been previ-
ously published, were broadly similar between the three
trials, with the exception of a longer diabetes duration in
subjects in SUSTAIN 3 and SUSTAIN 10 versus SUSTAIN
7 (minimum/maximum of the mean across treatment
groups: 9.0-9.4 years and 8.9-9.6 years vs 7.0-7.7 years,
respectively).'” 2! #* Greater proportions of subjects with
nausea/vomiting (occurring from baseline to week 12
and from baseline to EOT) discontinued treatment than
subjects without. Subjects with nausea/vomiting gener-
ally had lower baseline BW than subjects without. There
were no other differences in baseline characteristics for
subjects with or without nausea/vomiting (table 1).

Change from baseline in body weight in subjects with and
without nausea/vomiting

BW reductions with all four GLP-1RAs were consistently
greater in subjects who experienced nausea/vomiting
than in those who did not, and reductions with sema-
glutide were consistently greater than those seen with
exenatide ER, dulaglutide or liraglutide, regardless of
nausea/vomiting (figure 1).

SUSTAIN 3 (semaglutide versus exenatide ER)

At EOT, a weight change of —7.0 kg was observed in
subjects treated with semaglutide 1.0 mg experiencing
nausea/vomiting from baseline to week 12 vs 5.3 kg in
those who did not experience these events (p=0.0274).
The corresponding values for exenatide ER were —2.5 vs
—1.8 kg (p=0.4322; figure 1A).

In subjects treated with semaglutide 1.0 mg experi-
encing nausea/vomiting at any time from baseline to
EOT, a weight change of —6.8 kg vs —5.3 kg at EOT was
observed versus those who did not experience these
events (p=0.0447). The corresponding values for exen-
atide ER were —3.3 vs —1.6 kg (p=0.0632).

Estimated treatment differences (ETDs) (95% ClIs)
favored semaglutide versus exenatide ER in all compar-
isons (figure 1A).

SUSTAIN 7 (semaglutide versus dulaglutide)

At EOT, the weight change in subjects experiencing
nausea/vomiting from baseline to week 12 versus
those who did not experience these events was —5.5
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Semaglutide 1.0 mg vs exenatide ER 2.0 mg Semaglutide 0.5 mg vs dulaglutide 0.75 mg (low-dose comparison)
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Figure 1 Absolute change from baseline in BW at EOT by nausea/vomiting occurring at any time from baseline to week 12

and at any time from baseline to EOT in SUSTAIN 3 (A), SUSTAIN 7 (B,C) and SUSTAIN 10 (D). *P<0.05; **p<0.01; **p<0.0001.
EOT was at week 56 for SUSTAIN 3, week 40 for SUSTAIN 7 and week 30 for SUSTAIN 10. Values are estimated means from a
mixed model for repeated measurements analysis using ‘on-treatment without rescue medication’ data from subjects in the full
analysis set. Values in square brackets indicate 95% Cls. BW, body weight; Akg, differences in body weight within treatment
arms; EOT, end of treatment; ETD, estimated treatment difference; exenatide ER, exenatide extended release.

kg vs —4.3 kg (p=0.0542) for semaglutide 0.5 mg and
—7.9 kg vs —6.2 kg (p=0.0074) for semaglutide 1.0 mg
(figure 1B,C). The corresponding values for dulaglu-
tide 0.75 mg and dulaglutide 1.5 mg were —3.3 kg vs

-2.2 kg (p=0.1153) and —4.1 kg vs 2.7 kg (p=0.0340),
respectively.

In subjects experiencing nausea/vomiting at any time
from baseline to EOT versus those who did not experience
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Figure 2 Mediation analysis of direct (due to treatment) and indirect (due to nausea or vomiting) effects on weight loss for
subjects treated with semaglutide from baseline to week 12 (A) and from baseline to end of treatment (B) in the SUSTAIN 3,

7 and 10 trials. Data are ‘on-treatment without rescue medication’ ETDs (95% Cls) for the change from baseline at (A) at any
time in the first 12 weeks and (B) week 56 (SUSTAIN 3), week 40 (SUSTAIN 7) or week 30 (SUSTAIN 10) from all randomized
patients exposed to at least one dose of trial product (full analysis set). Post-baseline data were analyzed using a mixed model
for repeated measurements that included the interaction of treatment and any nausea/vomiting. ETD, estimated treatment
difference; exenatide ER, exenatide extended release.
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these events, the weight change was —5.6 kg vs —4.2 kg at
EOT (p=0.0236) for semaglutide 0.5 mg and —7.9 kg vs
—6.2 kg for semaglutide 1.0 mg (p=0.0051; figure 1B,C).
The corresponding values for dulaglutide 0.75 mg and
dulaglutide 1.5 mg were —3.4 kg vs —2.1 kg (p=0.0375)
and —4.0 kg vs 2.7 kg (p=0.226), respectively.

ETDs (95% ClIs) favored semaglutide versus dulaglu-
tide in all comparisons (figure 1B,C).

SUSTAIN 10 (semaglutide versus liraglutide)

At EOT, a weight change of —6.8 kg was observed in
subjects treated with semaglutide 1.0 mg experiencing
nausea/vomiting from randomization to week 12 vs
—-5.4 kg in those who did not experience these events
(p=0.0071). The corresponding values for liraglutide
were —2.9 vs —1.7 kg (p=0.0295; figure 1D).

In subjects treated with semaglutide 1.0 mg experi-
encing nausea/vomiting at any time from randomization
to EOT, a weight change of —6.9 kg vs —5.4 kg at EOT
was observed versus those who did not experience these
events (p=0.0021). The corresponding values for liraglu-
tide were —2.7 vs —1.8 kg (p=0.0528; figure 1D).

ETDs (95% Cls) favored semaglutide versus liraglutide
in all comparisons (figure 1D).

Mediation analyses of BW reduction by nausea/vomiting
SUSTAIN 3 (semaglutide versus exenatide ER)

Mediation analyses showed that 0.05 kg of a total of 3.78
kg weight loss at EOT (week 56) observed with semaglu-
tide versus exenatide ER in SUSTAIN 3 was mediated by
nausea/vomiting from baseline to week 12 (p<0.0001;
figure 2A). Similarly, only 0.09 kg of a total of 3.78 kg was
mediated by nausea/vomiting at any time from baseline
to EOT (p<0.0001; figure 2B).

SUSTAIN 7 (semaglutide versus dulaglutide)

In SUSTAIN 7, 0.06 kg of a total of 2.26 kg of the greater
weight loss at EOT (week 40) observed with semaglutide
0.5 mg vs dulaglutide 0.75 mg and 0.08 kg of a total of
3.55 kg for semaglutide 1.0 mg vs dulaglutide 1.5 mg was
mediated by nausea/vomiting from baseline to week 12
(both p<0.0001; figure 2A). In SUSTAIN 7, 0.03 kg of
2.26 kg of the greater weight loss at EOT observed with
semaglutide 0.5 mg vs dulaglutide 0.75 mg and 0.04 kg of
a total of 3.55 kg for semaglutide 1.0 mg vs dulaglutide
1.5 mg was mediated by nausea/vomiting at any time up
to the EOT (both p<0.0001; figure 2B).

SUSTAIN 10 (semaglutide versus liraglutide)

Mediation analysis showed that 0.05 kg of a total of 3.82
kg weight loss at EOT (week 30) observed with sema-
glutide 1.0 mg vs liraglutide 1.2 mg in SUSTAIN 10 was
mediated by nausea/vomiting from baseline to week 12
(p<0.0001; figure 2A). Similarly, only 0.09 kg of the total
of 3.82 kg weight loss observed with semaglutide versus
liraglutide at EOT was mediated by nausea/vomiting at
any time up to the EOT (p<0.0001; figure 2B).

DISCUSSION

The rationale for conducting this posthoc analysis of
SUSTAIN 3, 7 and 10 trials was to investigate whether GI
AEs contributed to the superior weight loss observed with
semaglutide versus the other GLP-1RAs, exenatide ER, dula-
glutide or liraglutide. In this posthoc analysis, we found that
in SUSTAIN 3, 7 and 10, subjects who experienced nausea,/
vomiting, or any of the five evaluated commonly reported
GI AEs, generally had slightly greater weight loss compared
with subjects who did not experience these symptoms (with
some exceptions). In addition, treatment with semaglutide
resulted in a significantly greater weight loss than with exen-
atide ER, dulaglutide or liraglutide, also in subjects who did
not experience nausea/vomiting, suggesting that the supe-
rior weight loss observed with semaglutide was not related to
the occurrence of these events. Mediation analyses support
this observation and establish that the superior weight loss
seen with semaglutide (2.26 to 3.82 kg) versus exenatide ER,
dulaglutide or liraglutide was independent of GI AEs (only
0.03 to 0.09 kg due to nausea/vomiting). This is consistent
with the previous analysis of the SUSTAIN 1-5 trials, which
showed that a small amount (0.07 to 0.5 kg) of the total
ETD (2.3 to 6.3 kg) in weight loss at EOT versus mixed-
class comparators was due to nausea/vomiting®—thus, the
majority of the weightloss effect for semaglutide was not
mediated by GI AEs such as nausea/vomiting.

Furthermore, in this analysis, there was no evidence of a
temporal association between the incidence of GI AEs and
weight loss at EOT. The prevalence of GI AEs with GLP-1RA
treatment was previously found to peak within the initial
12 weeks of treatment and decline thereafter.® However,
subjects in all treatment arms experienced weight loss
between baseline and week 12, and from baseline to EOT
(SUSTAIN 3, week 56; SUSTAIN 7, week 40; SUSTAIN 10,
week 30).

Excess weight is an important contributing factor in the
complex etiology of T2D,* and BW control is an important
factor in the individualized management of T2D.*®” GLP-
1RAs are established and effective therapies for T2D and can
be prescribed at all stages of T2D. In addition to managing
glucose levels, GLP-1RAs also reduce BW,7 33 and this
potential for weight loss has been reflected by the GLP-1IRA
liraglutide (3.0 mg once daily) gaining approval as a treat-
ment for obesity.” * Because GI AEs including nausea,
vomiting or diarrhea are the most common type of AE with
GLP-1RAs,”* itis important to establish whether the weight
loss difference between treatment is mediated through the
occurrence of GI AEs.

The previous mediation analysis of the SUSTAIN 1-5 trials
showed that only a small component of the superior weight
loss with semaglutide was associated with GI AEs.*’ Although
GI AEs tend to be more common with semaglutide versus
GLP-1RA comparators, they are usually reported during the
dose-escalation phase of the trial®® and, consistent with the
GLP-1RA class, are generally mild to moderate in severity
and transient in nature.”’

In this analysis, the fact that greater weight loss with sema-
glutide versus class comparators was minimally affected by
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GI AEs indicates involvement of alternative mechanisms.
The unique physicochemical properties of semaglutide
may contribute to the greater weight loss observed versus
exenatide ER, dulaglutide or liraglutide. In a randomized
controlled trial, semaglutide was associated with lower energy
intake and higher BW loss versus placebo, the mechanisms
likely being less appetite and food cravings, better control of
eating and lower preference for fat-rich foods.” Other GLP-
1RAs promote weight loss through a similar mechanism of
action;40 hence, the difference between semaglutide and
other GLP-IRAs may just be quantitative. Although current
evidence is limited to animal studies, the data suggest that
semaglutide-associated weight loss is centrally mediated
through the activation of areas of the brain involved in appe-
tite control and reward, including the hypothalamus neural
circuits, the arcuate nucleus, the pro-opiomelanocortin
neurons and the nucleus of the tractus solitarius.* ™

Subjects experiencing nausea/vomiting had a lower base-
line BW and were more likely to discontinue treatment
compared with subjects not experiencing them. Of note,
despite the lower baseline BW, these subjects still experi-
enced greater weight loss with semaglutide; this could be
because semaglutide produces weight loss, irrespective of
baseline BW, across a range of exposures.*

The strengths of this study are: GI AEs were analyzed in
week 12, which is the time-point when they peak, as well as
any time from baseline to EOT; itis an intention-to-treat anal-
ysis; mediation analysis of BW reduction was used to calculate
differences between groups (not only for nausea/vomiting
but also for other GI AEs); semaglutide treatment resulted
in significantly greater weight loss than comparators even
in subjects who did not experience GI AEs which supports
the hypothesis; similar results from SUSTAIN 1-5 trials also
support the hypothesis.

Potential limitations of this post hoc analysis include its
inherent retrospective nature and that it was not sufficiently
powered to detect the effects assessed. For example, the
small number of subjects per treatment arm in the groups
that experienced GI AE; therefore, results should be inter-
preted in this context. Another possible limitation is the
different durations of follow-up for subjects with GI AE in all
three trials. In addition, the results should be viewed in the
context that SUSTAIN 3, 7 and 10 were open-label trials and
nausea is a subjective symptom. Furthermore, in the media-
tion analysis, the effect of ‘one unit’ mediator was assumed
to be the same in the treatment arms being compared. Medi-
ation analyses rely on strong, unverifiable assumptions, and
the results of the analysis may be biased in case of potential
unknown confounders that affect the risk of experiencing GI
AEs as well as change in BW.

CONCLUSION

In this post hoc analysis of SUSTAIN 3, 7 and 10, nausea/
vomiting contributed minimally to the significantly greater
BW reductions with semaglutide versus exenatide ER, dula-
glutide or liraglutide. These reductions were independent of
the individual GI AEs of nausea, vomiting, diarrhea, dyspepsia

and constipation in a subset of GLP-IRA class comparators
with which GI AEs are the most commonly observed AEs.
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