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Detailed summary of the impacts of incretin therapies on body weight

Liraglutide

An early study involving Lira investigated body weight changes in 564 middle-aged (46 yr)
individuals with obesity (BMI = 30-40 kg/m?). This 20-week trial revealed that daily Lira doses
of 1.2, 1.8, 2.4 and 3.0 mg induced weight loss of 5% (-4.8 kg), 5.6% (-5.5 kg), 6.4% (-6.3 kg),
and 7.4% (-7.2 kg), respectively, whereas the placebo group had an average weight loss of
2.9% (2.8 kg) (1). A subsequent trial of daily Lira at 3.0 mg over 2 years in 472 middle-aged
(46 yr) individuals with obesity showed that Lira was safe and well tolerated, and induced
weight loss of ~8% (-7.8 kg) after the first year, which was sustained during the second year
(placebo loss was ~2% or -2 kg) (2). Wadden and colleagues (3) studied body weight
maintenance and additional weight loss with Lira after diet-induced weight loss in 422 adults
(46 yr) with overweight or obesity (BMI > 30 kg/m? or > 27 kg/m? with comorbidities) and
reported weight loss of 6.2% (-6 kg) after a 56-week daily Lira dose of 3.0 mg; placebo body
weight loss was 0.2% or -0.1 kg. Another study (3.0 mg for 56 weeks in 3731 middle-aged
adults, BMI >30 kg/m? or >27 kg/m? with untreated dyslipidaemia or hypertension) showed
body weight reduction of 8% (-8.4 kg) (placebo =2.7% or -2.8 kg) (4). Similarly, Davies and
colleagues (5) used daily doses of 3.0 and 1.8 mg in 846 individuals (55 yr) with type 2 diabetes
over a 56-week protocol. In addition to Lira, individuals were encouraged to reduce their
energy intake by 500 kcal/d and increase physical activity by >150 min/week. Individuals
taking 3.0 mg reduced body weight by 6% (-6.4 kg), while a dosage of 1.8 mg induced a loss
of 4.7% (-5.0 kg). The placebo group showed a modest weight loss of 2% (-2.2 kg). As in the
other Lira trials, both treatment and placebo groups received counselling sessions about diet
and exercise. The most common side effects associated with Lira administration were mild-to

moderate transient gastrointestinal disorders such as nausea, diarrhea, and vomiting. These



studies of Lira indicate that it is associated with effective, if not impressive, levels of weight

reduction relative to placebo.

Semaglutide

A series of trials (the STEP and PIONEER trials) have been conducted to assess the efficacy
and safety of Sema administration in individuals with excess weight. The PIONEER trials
investigated type 2 diabetes-related outcomes after oral Sema administration at different doses.
PIONEER 1 assessed the efficacy and safety of different doses of Sema as monotherapy in 703
patients with type 2 diabetes (HbAlc of 7.0-9.5%) (6). After a 26-week intervention, Sema
induced a weight reduction of 2% (-1.7 kg), 2.8 (-2.5 kg), and 4.7% (-4.1 kg) at 3, 7 and 14
mg, respectively, compared to a loss of 1.7% (-1.5 kg) in the placebo group. Sema induced
clinically relevant improvement in HbA 1c, regardless of the dose (6). Subsequently, PIONEER
2 compared the efficacy and safety of oral Sema administration (14 mg) and empagliflozin (25
mg) in 822 individuals with type 2 diabetes (HbAlc of 7-10.5% on stable metformin) across a
52-week trial. Sema induced body weight reduction of 4.1% (-3.8 kg), while the empagliflozin
group had a reduction of 3.9% (-3.6 kg). Sema was associated with a greater HbAlc reduction,
compared to empagliflozin (7). Rosenstock and colleagues (8) studied the effects of additional
oral Sema versus sitagliptin in 1864 adults with uncontrolled type 2 diabetes (HbAlc of 7.0-
10.5% on stable metformin, with or without sulfonylurea). This 26-week trial (PIONEER 3)
demonstrated that Sema decreased body weight by 1.3% (-1.2 kg), 2.4% (-2.2 kg), and 3.4% (-
3.1 kg) at 3 mg, 7 mg, and 14 mg doses, respectively, while sitagliptin reduced body weight by
0.67% (-0.6 kg). Sema at 7 mg and 14 mg was associated with a greater reduction in HbAlc in

comparison with sitagliptin (8).



PIONEER 4 compared the effects of oral Sema versus Lira in 711 individuals with type 2
diabetes (HbAlc of 7-9.5% and stable metformin). This 52-week study revealed that oral Sema
(14 mg) induced body weight reduction of 5.4% (-5 kg), whilst Lira (1.8 mg) and placebo
induced reductions of 3.2% (-3.1 kg) and 1.3% (-1.2 kg). In addition, Sema was associated with
a greater decrease in HbAlc, in comparison with Lira (9). PIONEER 5 studied the efficacy and
safety of oral Sema administration (14 mg) in 324 patients (70 yr) with type 2 diabetes and
moderate renal impairment (HbAlc of 7.0-9.5%, glomerular filtration rate of 30-59 mL/min
per 1.73 m?) (10). After a 26-week trial, the Sema group showed a mean weight loss of 4.1%
(-3.7 kg), compared to 1.2% (-1.1 kg) for the placebo group. Furthermore, Sema induced a
significant reduction of HbAlc (10). Husain and colleagues reported cardiovascular outcomes
associated with oral Sema in PIONEER 6 (11). They randomised 3183 patients with type 2
diabetes to Sema at 14 mg or placebo for a median of 68 weeks. Body weight reductions of
4.6% (-4.2 kg) and 0.8% (-0.8 kg) were evident for Sema and placebo, with no differences in
cardiovascular outcomes between groups (11). PIONEER 7 investigated the efficacy and safety
of daily oral Sema with doses of 3, 7 or 14 mg versus sitagliptin (100 mg) in 504 individuals
(57 yr) with type 2 diabetes (HbAlc of 7.5-9.5%) for 52 weeks (12). They reported a body
weight reduction of 3.3% (-2.9 kg) and 0.9% (-0.8 kg) for Sema and placebo, respectively (12).
PIONEER 8 subsequently investigated the efficacy, safety, and tolerability of oral Sema or
placebo in 731 individuals with type 2 diabetes (HbAlc of 7-9.5%) during a 52-week trial (13).
Sema induced body weight reductions of 1.2% (-1 kg), 3.3% (-2.9 kg), and 5.1% (-4.3 kg) at
3, 7 and 14 mg doses, respectively (placebo 0.7% or +0.6 kg) (13). PIONEER 9 studied the
dose-response, efficacy, and safety of oral Sema versus Lira (0.9 mg) in 243 Japanese patients
with type 2 diabetes (HbAlc of 6.5-9.5%) for 52 weeks and reported decreased body weight
of 0.8% (-0.6 kg) and 4.1% (-2.8 kg) for Sema at 7 and 14 mg, respectively (placebo 1.4% or -

1 kg) (14). Lira increased body weight by 0.5% (+0.4 kg). Moreover, this study reported a



significant decrease in HbA 1c¢ compared with placebo, and Sema demonstrated a safety similar
to other GLP-1 agonists (14). The final study from this series (PIONEER 10) investigated oral
Sema versus dulaglutide in 458 Japanese individuals with type 2 diabetes (HbAlc of 7.0-
10.5%). After the 52-week trial, they reported a body weight reduction of 0.1% (-0.1 kg), 1.7%
(-1.2 kg), 3.2% (-2.3 kg), for Sema at 3, 7 and 14 mg, respectively. In contrast, dulaglutide

increased body weight by 0.4% (+0.3 kg). Sema was well tolerated and reduced HbAlc (15).

The STEP trials aimed to assess the efficacy and safety of Sema, administered as weekly
subcutaneous injections, for the treatment of obesity. STEP 1 assessed the effects of 2.4 mg
Sema weekly versus placebo in 1961 adults with overweight or obesity (> 30 kg/m? or >27
kg/m? with at least one weight-related comorbidity). Sema reduced body weight by 14.9%, or
-15.3 kg, whilst the placebo group showed weight loss of 2.4%, or -2.6 kg (16). STEP 2
compared different doses of Sema (2.4 vs 1.0 mg) and placebo for 68 weeks on body weight in
1210 individuals (55 yr) with excess weight and type 2 diabetes (BMI > 27 kg/m?* and HbA1c
of 7-10%). Both doses induced significant weight loss of 9.6% (-9.6 kg) and 7.0% (-7.0 kg),

versus placebo reduction of 3.4% (-3.4 kg) (17).

STEP 3 investigated the combined effect of Sema (2.4 mg) with an intensive behavioural
therapy, which also included an initial 8-week meal replacement diet, on body weight in 611
middle-aged adults (46 yr) with overweight (>27 kg/m? with at least one weight-related
comorbidity) or obesity (> 30 kg/m?) (18). After the 68-week treatment, there was a significant
body weight reduction of 16% (-17 kg) in the Sema group, compared to 5.7% (-5.9 kg) for the
placebo group. In STEP 4, continued Sema treatment was compared to placebo in middle-aged
adults (46 yr) with overweight (>27 kg/m? with at least one weight-related comorbidity) or

obesity (> 30 kg/m?). After an initial 20-week Sema run-in and lifestyle intervention (500-kcal



deficit diet and physical activity recommendation of 150 min/wk), 803 individuals were
randomised to Sema at 2.4 mg or placebo for another 48 weeks (19). The run-in period induced
a mean body weight loss of 10.6% (-11.1 kg). Thereafter, individuals in the Sema treatment
group reported additional weight loss of 7.9% (-7.1 kg) (19). The longer-term effects of Sema
treatment were investigated in STEP 5, which assessed the 2-year effects of Sema (2.4 mg) in
304 middle-aged adults with overweight (>27 kg/m? with at least one weight-related
comorbidity) or obesity (> 30 kg/m?) (20). Both groups received a lifestyle intervention of 500-
kcal deficit diet and physical activity counselling. After 104 weeks, Sema induced a significant
mean weight loss of 15.2% (-16.1 kg), while the placebo group reduced weight by 2.6% (-3.2
kg). This study also demonstrated a positive effect of Sema on cardiometabolic risk factors

such as waist circumference, blood pressure, and HbAlc (20).

Given the known phenotypic differences between Asian and non-Asian populations in terms
of obesity and body composition, STEP 6 investigated the effects of Sema in 401 middle-aged
adults from Japan and South Korea with overweight (>27 kg/m? with at least one weight-related
comorbidity) or obesity (> 30 kg/m?), with or without type 2 diabetes, and who had experienced
at least one unsuccessful diet-based intervention to lose weight (21). At week 68, Sema at 2.4
mg and 1.7 mg induced body weight reductions of 13.2% (-11.5 kg) and 9.6% (-8.3 kg),
respectively, whilst the placebo group lost an average of 2.1% (-1.9 kg). In addition, Sema
promoted significant reductions in abdominal visceral fat (21). Rubino and colleagues (22)
compared the efficacy of weekly Sema (2.4 mg) vs daily Lira (3.0 mg) in 338 individuals with
overweight (>27 kg/m? with at least one weight-related comorbidity) or obesity (> 30 kg/m?)
in a 68-week randomised controlled trial (STEP 8). Although both drugs promoted reductions
in body weight, Sema induced a body weight reduction of 15.8% (-16.2 kg), compared to Lira

6.4% (-6.6 kg). The pooled placebo group showed a body weight reduction of 1.9% (-2.1 kg).



A lifestyle intervention (diet- and exercise-based counselling intervention) was undertaken
alongside the pharmacological treatments (22). Mild-to-moderate transient gastrointestinal
events have been also reported after Sema use, being nausea and constipation the most

common.

Tirzepatide

Tz is a recent incretin hormone therapy developed for obesity treatment and management. In
contrast to other drugs mentioned above, it acts as a dual agonist for both GIP and GLP-1
receptors, so is referred to as a “twincretin” (23). Initial studies (the SURPASS trials) assessed
the efficacy of Tz, administered as a weekly subcutaneous injection, for the treatment of type
2 diabetes. SURPASS 1 assessed Tz administration in 478 patients with type 2 diabetes (HbAlc
7.0% to 9.5%) and BMI of 23 kg/m? or higher) during a 40-week Tz treatment at 5, 10, and 15
mg. These Tz doses induced weight loss of 7.9% (-7 kg), 9.3% (-7.8 kg), and 11% (-9.5 kg),
respectively (placebo 1% or -0.7 kg). This study also reported a reduction in HbAlc following
Tz treatment with no increase in hypoglycaemia risk, and mild-to-moderate side effects (e.g.,
nausea, diarrhoea, vomiting) (24). SURPASS 2 compared the efficacy and safety of Tz (5, 10,
or 15 mg) and Sema (1 mg) in 1879 individuals with type 2 diabetes (HbAlc 7-10.5% and BMI
at least 25 kg/m?) across a 40-week trial. Weight losses of 8.5% (-7.8 kg), 11% (-10.3 kg), and
13.1% (-12.4 kg) were reported for Tz at 5, 10 and 15 mg doses, while Sema reduced weight
by 6.7% (-6.2 kg). Tz was also superior to Sema in reducing HbAlc levels.(25) Ludvik and
colleagues (26) (SURPASS 3) studied the effects of weekly Tz (5, 10 and 15 mg) versus daily
administration of insulin degludec as an add-on to metformin in 1444 individuals with type 2
diabetes (HbAlc 7-10.5%, stable metformin treatment and BMI of at least 25 kg/m?). After the
52-weeks of treatment, Tz at 5, 10 and 15 mg induced weight reductions of 8% (-7.5 kg), 11.3%

(-10.7 kg) and 13.6% (-12.9 kg), respectively, whilst the insulin degludec increased weight by



2.4% (-2.3 kg). Tz was superior for the reduction of HbAlc levels, with lower risks of
hypoglycaemia in comparison with insulin degludec (26). SURPASS 4 focused on the
cardiovascular safety of Tz when assessing the efficacy and safety of weekly Tz administration
and glargine (100 U/mL) treatment in 2002 individuals with type 2 diabetes (T2D) and
increased cardiovascular risk (HbAlc of 7.5-20.5%, BMI of at least 25 kg/m? and increased
risk of cardiovascular events) (27). After the 52-week intervention, the Tz groups had reduced
weight by 7.9% (-7.1 kg), 10.5% (-9.5 kg), and 13% (11.7kg), in response to 5, 10 and 15 mg
doses respectively, whereas glargine treatment was associated with an increase in body weight
of 2.1% (+1.9 kg). Tz demonstrated superior HbAlc reduction and a lower hypoglycaemia risk,

with no apparent increase in cardiovascular risk compared to glargine (27).

SURPASS 5 studied Tz added to insulin glargine in 475 individuals with T2D and inadequate
glycaemic control (HbAlc 7.0-10.5%, BMI >23 kg/m?, on stable doses of insulin glargine >20
IU/d or >0.25 TU/kg/d), with or without metformin (>1500 mg/d) (28). Body weight reductions
of 5.6% (-5.4 kg), 7.9% (-7.5 kg), and 9.1% (-8.8 kg) occurred after 40 weeks of Tz
administration at 5, 10 and 15mg. The placebo group showed an increase in body weight of
1.7% (+1.6 kg). This study also reported significant improvements in glycaemic control when

Tz was added to insulin glargine (28).

Given the significant weight loss found in trials assessing the efficacy of Tz for the treatment
of T2D, Tz was investigated for the treatment of obesity per se. A recently published trial
(SURMOUNT-1) showed that weekly Tz administration over a 72-week period in 2539
individuals with obesity, induced a body weight loss of 15% (-15.4 kg) at a dose of 5 mg,
19.5% (-20.6 kg) at 10 mg, and 20.9% (-22.1 kg) at 15 mg (29). The placebo group had a mean

body weight change of 3.1% (-3.2 kg) (29). In addition, SURMOUNT-2 used weekly



subcutaneous Tz administration (10 and 15 mg) for 72 weeks in 938 individuals with obesity
and T2D, and reported significant weight loss of 13.4% and 15.7%, respectively, while the
placebo group presented a weight loss of 3.3% (30). Less weight loss in SURMOUNT-2 in
comparison to SURMOUNT-1 is consistent with these patients having T2D in addition to
obesity. The side effects reported for Tz were mild-to-moderate gastrointestinal events with

nausea, vomiting and diarrhea as the most common.

Retatrutide

Reta is the most recent incretin hormone studied for obesity treatment and management. It is
the first of its class that acts as a triple-incretin, being an agonist for GLP-1, GIP, and glucagon
receptors GLP-1, GIP, and glucagon receptors (31). An introductory study has investigated the
effect of 24- and 48-week Reta therapy on body weight in 338 middle-aged individuals (48 yr)
with overweight or obesity (i.e. BMI ranging from 27 to 29.9 kg/m* with at least one weight-
related comorbidity or BMI from 30 to 50 kg/m?, respectively). After 24 weeks of weekly Reta
administration, Reta induced a weight loss of 7.2% (-7.7 kg) at 1 mg dose, 11.8% (-12.7 kg) at
4 mg dose with an initial dose of 2 mg, 13.9% (-14.9 kg) at 4 mg dose with an initial dose of 4
mg, 16.7% (-17.8 kg) at 8 mg with an initial dose of 2 mg, 17.9% (-19.4 kg) at § mg with an
initial dose of 4 mg, and 17.5% (-18.9 kg) at 12 mg with an initial dose of 2 mg. The placebo
group achieved a modest weight loss of 1.6% (-1.7 kg). After 48 weeks, Reta therapy induced
a body weight reduction of 8.7% (-8 kg) at 1 mg dose, 16.3% (-17.5 kg) at 4 mg dose with an
initial dose of 2 mg, 17.8% (-18.4 kg) at 4 mg dose with an initial dose of 4 mg, 21.7% (-22.3
kg) at 8 mg with an initial dose of 2 mg, 23.9% (-26.7 kg) at 8 mg dose with an initial dose of
4 mg, 24.2% (-26.4 kg) at 12 mg dose with an initial dose of 2 mg. The placebo group achieved

a mean weight loss of 2.1% (-3.3 kg) (32).



Another study investigated the effect of weekly Reta administration at different doses on 281
middle-aged individuals with type 2 diabetes (HbA1c of 7 —10.5% or 53 — 91.3 mmol/mol and
BMI of 25 — 50 kg/m?) using 24 and 36 weeks as endpoints. After 24 weeks, they reported a
weight loss of 2.4% (-2.36 kg) at 0.5 mg Reta dose, 5.6% (-6.11 kg) at 4 mg with initial Reta
dose of 2 mg, 9.3% (-8.64 kg) at 4 mg Reta dose, 12.6% (-12.37 kg) at 8 mg with initial Reta
dose of 2 mg, 14.5% (-13.95 kg) at 8 mg with initial Reta dose of 4 mg, and 13% (-13.03 kg)
at 12 mg Reta dose. Placebo recipients experienced a weight reduction of 2.1% (-1.97 kg),
while Dulaglutide at 1.5 mg dose reduced body weight by 1.3% (-1.27 kg) (33). After 36 weeks
of treatment, Reta induced a weight loss of 3.2% (-3.3 kg) at 0.5 mg, 7.9% (-7.3 kg) at 4 mg
with initial dose of 2 mg, 10.4% (-10.4 kg) at 4 mg, 16.8% (-16.5 kg) at 8 mg with initial dose
of 2 mg, 16.3% (-16.1 kg) at 8 mg with initial dose of 4 mg, and 16.9% (-17.2 kg) at 12 mg.
Dulaglutide 1.5 mg and placebo resulted in weight loss of 2% (-2 kg) and 3% (-3.3 kg),
respectively (33). In addition, Urva and colleagues (34) investigated the effect of different
doses of weekly Reta treatment in 72 individuals with type 2 diabetes over a 12-week period.
Inclusion criteria included type 2 diabetes diagnosis of at least 3 months, HbA . value of 7 —
10.5%, BMI of 23 — 50 kg/m?, and stable body weight (<5% weight change 3 months prior to
the beginning of the treatment). Weight loss of 2.5% (-2.1 kg) at Reta 1.5 mg, 5.2% (-4.4 kg)
at Reta 3 mg dose, 8.1% (-7.5 kg) at Reta 6 mg dose with initial dose of 3 mg, and 10.2% (-8.6
kg) at Reta 12 mg dose. Increases in body weight of 0.5% (+0.4 kg) and 0.4% (+0.3 kg) were
observed for Dulaglutide 1.5 mg dose and placebo, respectively. Mild-to moderate
gastrointestinal events including nausea, diarrhea, vomiting, and constipation were reported

after Reta utilization.



References
Astrup A, Rossner S, Van Gaal L, Rissanen A, Niskanen L, Al Hakim M, et al. Effects of liraglutide
in the treatment of obesity: a randomised, double-blind, placebo-controlled study. Lancet
2009;374:1606-16.
Astrup A, Carraro R, Finer N, Harper A, Kunesova M, Lean MEJ, et al. Safety, tolerability and
sustained weight loss over 2 years with the once-daily human GLP-1 analog, liraglutide. Int J Obes
(Lond) 2012;36:843-54.
Wadden TA, Hollander P, Klein S, Niswender K, Woo V, Hale PM, et al. Weight maintenance and
additional weight loss with liraglutide after low-calorie-diet-induced weight loss: the SCALE
Maintenance randomized study. Int J Obes (Lond) 2013;37:1443-51.
Pi-Sunyer X, Astrup A, Fujioka K, Greenway F, Halpern A, Krempf M, et al. A Randomized,
Controlled Trial of 3.0 mg of Liraglutide in Weight Management. N Engl J Med 2015;373:11-22.
Davies MJ, Bergenstal R, Bode B, Kushner RF, Lewin A, Skjath TV, et al. Efficacy of Liraglutide
for Weight Loss Among Patients With Type 2 Diabetes. JAMA 2015;314:687-99.
Aroda VR, Rosenstock J, Terauchi Y, Altuntas Y, Lalic NM, Morales Villegas EC, et al. PIONEER
1: Randomized Clinical Trial of the Efficacy and Safety of Oral Semaglutide Monotherapy in
Comparison With Placebo in Patients With Type 2 Diabetes. Diabetes Care 2019;42:1724-32.
Rodbard HW, Rosenstock J, Canani LH, Deerochanawong C, Gumprecht J, Lindberg S@, et al. Oral
Semaglutide Versus Empagliflozin in Patients With Type 2 Diabetes Uncontrolled on Metformin: The
PIONEER 2 Trial. Diabetes Care 2019;42:2272-81.
Rosenstock J, Allison D, Birkenfeld AL, Blicher TM, Deenadayalan S, Jacobsen JB, et al. Effect of
Additional Oral Semaglutide vs Sitagliptin on Glycated Hemoglobin in Adults With Type 2 Diabetes
Uncontrolled With Metformin Alone or With Sulfonylurea. JAMA 2019;321:1466-1480.
Pratley R, Amod A, Hoff ST, Kadowaki T, Lingvay I, Nauck M, et al. Oral semaglutide versus
subcutaneous liraglutide and placebo in type 2 diabetes (PIONEER 4): a randomised, double-blind,

phase 3a trial. Lancet 2019;394:39-50.



10.

11.

12.

13.

14.

15.

16.

17.

18.

Mosenzon O, Blicher TM, Rosenlund S, Eriksson JW, Heller S, Hels OH, et al. Efficacy and safety
of oral semaglutide in patients with type 2 diabetes and moderate renal impairment (PIONEER 5): a
placebo-controlled, randomised, phase 3a trial. Lancet Diabetes Endocrinol 2019;7:515-27.

Husain M, Birkenfeld AL, Donsmark M, Dungan K, Eliaschewitz FG, Franco DR, et al. Oral
Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes. N Engl J Med
2019;381:841-51.

Pieber TR, Bode B, Mertens A, Cho YM, Christiansen E, Hertz CL, et al. Efficacy and safety of oral
semaglutide with flexible dose adjustment versus sitagliptin in type 2 diabetes (PIONEER 7): a
multicentre, open-label, randomised, phase 3a trial. Lancet Diabetes Endocrinol 2019;7:528-39.
Zinman B, Aroda VR, Buse JB, Cariou B, Harris SB, Hoff ST, et al. Efficacy, Safety, and Tolerability
of Oral Semaglutide Versus Placebo Added to Insulin With or Without Metformin in Patients With
Type 2 Diabetes: The PIONEER 8 Trial. Diabetes Care 2019;42:2262-71.

Yamada Y, Katagiri H, Hamamoto Y, Deenadayalan S, Navarria A, Nishijima K, et al. Dose-response,
efficacy, and safety of oral semaglutide monotherapy in Japanese patients with type 2 diabetes
(PIONEER 9): a 52-week, phase 2/3a, randomised, controlled trial. Lancet Diabetes Endocrinol
2020;8:377-91.

Yabe D, Nakamura J, Kaneto H, Deenadayalan S, Navarria A, Gislum M, et al. Safety and efficacy
of oral semaglutide versus dulaglutide in Japanese patients with type 2 diabetes (PIONEER 10): an
open-label, randomised, active-controlled, phase 3a trial. Lancet Diabetes Endocrinol 2020;8:392-
406.

Wilding JPH, Batterham RL, Calanna S, Davies M, Van Gaal LF, Lingvay I, et al. Once-Weekly
Semaglutide in Adults with Overweight or Obesity. N Engl J Med 2021;384:989-1002.

Davies M, Farch L, Jeppesen OK, Pakseresht A, Pedersen SD, Perreault L, et al. Semaglutide 2-4 mg
once a week in adults with overweight or obesity, and type 2 diabetes (STEP 2): a randomised, double-
blind, double-dummy, placebo-controlled, phase 3 trial. Lancet 2021;397:971-84.

Wadden TA, Bailey TS, Billings LK, Davies M, Frias JP, Koroleva A, et al. Effect of Subcutaneous
Semaglutide vs Placebo as an Adjunct to Intensive Behavioral Therapy on Body Weight in Adults

With Overweight or Obesity: The STEP 3 Randomized Clinical Trial. JAMA 2021;325:1403-13.



19.

20.

21.

22.

23.

24.

25.

26.

27.

Rubino D, Abrahamsson N, Davies M, Hesse D, Greenway FL, Jensen C, et al. Effect of Continued
Weekly Subcutaneous Semaglutide vs Placebo on Weight Loss Maintenance in Adults With
Overweight or Obesity: The STEP 4 Randomized Clinical Trial. JAMA 2021;325:1414-25.

Garvey WT, Batterham RL, Bhatta M, Buscemi S, Christensen LN, Frias JP, et al. Two-year effects
of semaglutide in adults with overweight or obesity: the STEP 5 trial. Nat Med 2022;28:2083-91.
Kadowaki T, Isendahl J, Khalid U, Lee SY, Nishida T, Ogawa W, et al. Semaglutide once a week in
adults with overweight or obesity, with or without type 2 diabetes in an east Asian population (STEP
6): a randomised, double-blind, double-dummy, placebo-controlled, phase 3a trial. Lancet Diabetes
Endocrinol 2022;10:193-206.

Rubino DM, Greenway FL, Khalid U, O’Neil PM, Rosenstock J, Serrig R, et al. Effect of Weekly
Subcutaneous Semaglutide vs Daily Liraglutide on Body Weight in Adults With Overweight or
Obesity Without Diabetes. JAMA 2022;327:138-150.

Coskun T, Sloop KW, Loghin C, Alsina-Fernandez J, Urva S, Bokvist KB, et al. LY3298176, a novel
dual GIP and GLP-1 receptor agonist for the treatment of type 2 diabetes mellitus: From discovery to
clinical proof of concept. Mol Metab 2018;18:3-14.

Rosenstock J, Wysham C, Frias JP, Kaneko S, Lee CJ, Fernandez Land¢ L, et al. Efficacy and safety
of a novel dual GIP and GLP-1 receptor agonist tirzepatide in patients with type 2 diabetes
(SURPASS-1): a double-blind, randomised, phase 3 trial. Lancet 2021;398:143-55.

Frias JP, Davies MJ, Rosenstock J, Pérez Manghi FC, Fernandez Land6 L, Bergman BK, et al.
Tirzepatide versus Semaglutide Once Weekly in Patients with Type 2 Diabetes. N Engl J Med
2021;385:503-15.

Ludvik B, Giorgino F, Jodar E, Frias JP, Fernandez Lando6 L, Brown K, et al. Once-weekly tirzepatide
versus once-daily insulin degludec as add-on to metformin with or without SGLT2 inhibitors in
patients with type 2 diabetes (SURPASS-3): a randomised, open-label, parallel-group, phase 3 trial.
Lancet 2021;398:583-98.

Del Prato S, Kahn SE, Pavo I, Weerakkody GJ, Yang Z, Doupis J, et al. Tirzepatide versus insulin
glargine in type 2 diabetes and increased cardiovascular risk (SURPASS-4): a randomised, open-label,

parallel-group, multicentre, phase 3 trial. Lancet 2021;398:1811-24.



28.

29.

30.

31.

32.

33.

34.

Dahl D, Onishi Y, Norwood P, Huh R, Bray R, Patel H, et al. Effect of Subcutaneous Tirzepatide vs
Placebo Added to Titrated Insulin Glargine on Glycemic Control in Patients With Type 2 Diabetes.
JAMA 2022;327:534-545.

Jastreboff AM, Aronne LJ, Ahmad NN, Wharton S, Connery L, Alves B, et al. Tirzepatide Once
Weekly for the Treatment of Obesity. N Engl J Med 2022;387:205-16.

Garvey WT, Frias JP, Jastreboff AM, le Roux CW, Sattar N, Aizenberg D, et al. Tirzepatide once
weekly for the treatment of obesity in people with type 2 diabetes (SURMOUNT-2): a double-blind,
randomised, multicentre, placebo-controlled, phase 3 trial. Lancet 2023;402:613-26.

Coskun T, Urva S, Roell WC, Qu H, Loghin C, Moyers JS, et al. LY3437943, a novel triple glucagon,
GIP, and GLP-1 receptor agonist for glycemic control and weight loss: From discovery to clinical
proof of concept. Cell Metab 2022;34:1234-47 ¢9.

Jastreboff AM, Kaplan LM, Frias JP, Wu Q, Du'Y, Gurbuz S, et al. Triple-Hormone-Receptor Agonist
Retatrutide for Obesity - A Phase 2 Trial. N Engl J Med 2023;389:514-526.

Rosenstock J, Frias J, Jastreboff AM, Du Y, Lou J, Gurbuz S, et al. 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. Lancet 2023;402:529-544.
Urva S, Coskun T, Loh MT, Du Y, Thomas MK, Gurbuz S, et al. LY3437943, a novel triple GIP,
GLP-1, and glucagon receptor agonist in people with type 2 diabetes: a phase 1b, multicentre, double-

blind, placebo-controlled, randomised, multiple-ascending dose trial. Lancet 2022;400:1869-81.



Wilding et al. Huang etal.  Jastreboffetal. Guinametal. Booketal. Jungetal. Polen-De etal
0 (2021) (2019) (2022) (2018) (2009) (2019) (2023)
- -5%**
. -6.7% >.6%
-11.3%* -10.9% Rk Ovarian u
\

Lean mass (%)
g

-13.9% Head and cancer
Rheumatoid "k cancer
arthritis
-104 Oesophageal
Non-metastatic  Tirzepatide cancer B
nasopharyngeal 3,10, 15 mg I:I Incretin therapy
Semaglutide  carcinoma
154 24mg D Other forms of
lean mass loss ‘

Supplementary Figure 1. Incretin therapy-based loss of lean mass and its comparison with
other forms of lean mass loss. The loss of lean mass induced by incretin therapies is similar in
magnitude to some major diseases. Data presented regarding decrease in muscle area
assessed by computed tomography; ““Data presented regarding decrease in skeletal muscle

index assessed by computed tomography.
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Supplementary Figure 2. Moderators of the impact of exercise training on lean mass.



