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The rapidly increasing prevalence of obesity and obesity-associated morbidity is causing an ever-increasing
global burden. Beyond lifestyle modifications, pharmacological approaches to losing body weight to achieve a
decrease in cardiometabolic complications are in the spotlight. Pre-existing anti-obesity medications (AOMs)
approved for long-term prescription use showed a weight reduction of around 5% more than placebo. In con-
trast to the modest efficacy of pre-existing AOMs, two newly developed, weekly-administered injectable drugs,
semaglutide and tirzepatide, exhibited outstanding weight-loss effects in a series of multinational randomized
phase lll trials. Considering that these two peptides are the most promising candidates for the upcoming battle
in the anti-obesity market, comparison of their efficacy and safety is essential. This review summarizes the body
weight reduction efficacy, glycemic control, and safety of semaglutide up to a 2.4-mg dose and tirzepatide up to
a 15-mg dose, focusing on the Semaglutide Treatment Effect in People with Obesity (STEP) 2, SURPASS-1, and
SURPASS-2 trials, the subjects of which were all patients with type 2 diabetes mellitus.
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INTRODUCTION

The global prevalence of obesity has rapidly tripled since 1975,
regardless of gender, age, and nation."” In 2016, the worldwide pro-
portions of overweight and obese adults were approximately 39%
and 13%, reaching 1.9 billion and 650 million, respectively.' Be-
yond its literal meaning of excess body weight, obesity is consid-
ered to be a serious disease associated with numerous non-com-
municable disorders such as type 2 diabetes mellitus (T2DM), hy-
pertension, myocardial infarction, stroke, fatty liver disease, demen-
tia, osteoarthritis, depression, and several cancers.**

The U.S. Food and Drug Administration (FDA) approved phar-
macotherapy for obesity with concomitant dietary and physical
lifestyle modifications in subjects with a body mass index (BMI)) of
at least 30 kg/m” or 27 kg/m” in conjunction with any of the fol-
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lowing obesity-related comorbidities: T2DM, hypertension, or
dyslipidemia.*® The 2020 Korean Society for the Study of Obesity
recommends anti-obesity medication (AOM) for the failure to re-
duce weight after lifestyle interventions in individuals with a BMI
of at least 25 kg/m’."

The market for AOM is facing a new phase with the introduc-
tion of two highly effective peptides, semaglutide and tirzepatide.
Semaglutide Treatment Effect in People with Obesity (STEP)
phase III trials found a substantial weight reduction with semaglu-
tide 2.4 mg given once weekly in both diabetic and non-diabetic
obese patients.'"* The SURPASS trials validated the weight-losing
effect of weekly tirzepatide up to a 15-mg dose only in T2DM pa-

tients; >

a phase III tirzepatide study restricted to non-diabetic
participants, SURMOUNT-1, is still ongoing. Although tirzepatide

demonstrated its superiority in reducing weight at doses of 5 mg,
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10 mg, and 15 mg compared to semaglutide at 1 mg in SUR-
PASS-2,'¢ a comparison of tirzepatide with semaglutide at a dose of
2.4 mg has yet to be performed.

This review aims to discuss the weight-loss efficacy, as well as the
glycemic control and safety, of semaglutide and tirzepatide. To
compare the two drugs within equivalent subjects, we focused on
the STEP 2, SURPASS-1, and SURPASS-2 trials. STEP 2 was the
only study of semaglutide 2.4 mg to target obese T2DM subjects,
and no tirzepatide trial targeting non-diabetic obese subjects has

been concluded.

SEMAGLUTIDE

Semaglutide is an analog with 94% homology to human gluca-
gon-like peptide-1 (GLP-1)."” Three major structural modifica-
tions to native GLP-1, including two amino acid substitutions and
one acylation, improve its resistance to dipeptidyl peptidase-4
(DPP-4) cleavage and its affinity for albumin." Unlike the short
half-life of one to two minutes for human GLP-1, which is rapidly
inactivated by DPP-4, the half-life of semaglutide is 165 to 184
hours.'”*” This longer duration enables weekly administration.
Semaglutide engages in glucose-dependent insulin secretion and

glucagon suppression, a feature of GLP-1 receptor agonists.” > The

Table 1. Study outlines of STEP 2, SURPASS-1, and SURPASS-2

jomes

primary mechanism of weight loss by semaglutide is thought to be
reduced energy consumption via interference with food preference,
inhibition of appetite, and intensification of satiety. Semaglutide

also has a minimal effect on energy expenditure and gastric empty-

ing***

In a randomized, double-blinded, phase II trial involving non-di-
abetic adults with a BMI of at least 30 kg/m’, the mean weight loss
at week 52 was 13.8% for 0.4 mg semaglutide given once daily. This
is equivalent to 2.8 mg weekly and was compared to a 7.8% loss for
liraglutide therapy or 2.3% loss for placebo.”” STEP was a global
phase III study that defined the weight-loss efficacy of semaglutide
24 mg once per week. Six STEP trials have been completed, four
of which have been published so far."'** The substantial weight re-
duction of semaglutide 2.4 mg weekly demonstrated in the STEP
trials resulted in FDA approval for semaglutide as a long-term
AOM adjunct to calorie restriction and physical activity.

STEP 2 was a randomized, double-blind trial with a 1:1:1 ran-
dom allocation to semaglutide 2.4 mg, semaglutide 1.0 mg, and
placebo groups (Table 1)."> A double-dummy design was used in
which all subjects were administered two injections weekly of sema-
glutide plus a placebo or two placebos. From 12 countries, 1,210
adult patients with T2DM, a BMI of at least 27 kg/m? and a glyco-
sylated hemoglobin (HbA1c) of 7%-10% were recruited. The mean

Variable STEP 22 (n=1,210) SURPASS-1% (n=478) SURPASS-2" (n=1,879)
Study arm Placebo vs. Semaglutide 1, 2.4 mg Placebo vs. Tirzepatide 5, 10, 15 mg Semaglutide 1 mg vs. Tirzepatide 5, 10, 15 mg
Study duration (wk) 68 40 40
Baseline characteristics
Age (yr) 55+11 541+119 56.6+10.4
Male (%) 4911 517 470
Duration of diabetes (yr) 8.0+6.1 47+54 86+6.5
Body weight (kg) 998+215 859+198 937+219
BMI (kg/m?) 35763 319466 342469
HbA1c (%) 8.1+08 79409 83+10
FPG (mg/dL*) 155.0+41.4 153.6+39.8 17294515
Blood pressure (mmHg)
Systolic 130+14 127.6+14.1 130.6+138
Diastolic 80+9 794+88 792+90
eGFR (mL/min/1.73 m?) 933+224 94.1+19.7 96.0+17.1

Values are presented as mean + standard deviation unless otherwise indicated.
*FPG levels presented only in mmol/L were converted to mg/dL by multiplying 18.018.

STEP, Semaglutide Treatment Effect in People with Obesity; BMI, body mass index; HbATc, glycosylated hemoglobin; FPG, fasting plasma glucose; eGFR, estimated glomerular filtra-

tion rate.
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age and BMI were 55 years and 35.7 kg/m?, respectively, with men
accounting for 49.1% of participants (Table 1). The participants
were required to be on a steady dose of up to three oral antidiabet-
ics (OAD) including metformin, sulfonylureas, sodium-glucose co-
transporter-2 inhibitors, or thiazolidinediones for a minimum of
90 days prior to screening. In addition to counseling on diet and
physical activity, weekly injections of the allocated drugs were sus-
tained for 68 weeks followed by an off-drug period of 7 weeks. Ti-
tration increases from a starting dose of 0.25 mg occurred every
4 weeks, requiring 16 weeks to achieve the final 2.4-mg dose. The
sulfonylurea doses were approximately halved at the start of treat-

ment in accordance with a decision by the researcher.

TIRZEPATIDE

Tirzepatide is a dual receptor agonist of the glucose-dependent
insulinotropic polypeptide (GIP) and GLP-1 and is therefore re-
ferred to as a “twincretin”**® Tirzepatide is a 39 amino acid-long
synthetic peptide, the structure of which is based on that of the na-
tive GIP*® A 20-carbon fatty diacid moiety of tirzepatide increases
its half-life to S days, allowing for once-weekly injection.”® Animal
models of obesity and diabetes have demonstrated that GIP and
GLP-1 co-administration has synergistic effects in lowering body
weight, food consumption, and fat mass.”

The phase II trial of weekly tirzepatide 1 mg, S mg, 10 mg, and
15 mg for 26 weeks in patients with T2DM exhibited a dose-de-
pendent weight reduction of 0.9 kg, 4.8 kg, 8.7 kg, and 11.3 kg, re-
spectively, compared to 0.4 kg for placebo or 2.7 kg for dulaglutide
1.5 mg.** SURPASS was a randomized, phase III trial that aimed to
determine the efficacy of tirzepatide in patients with T2DM in
terms of both glycemic control and weight reduction. Referring to
the findings of the phase II study, doses of S mg, 10 mg, and 15 mg
every week were assessed in this series of studies. Six global and
two Japanese SURPASS studies were concluded, and four global
programs have been published.'s*

SURPASS-1 was a double-blind, placebo-controlled trial distrib-
uting the subjects equally among weekly tirzepatide S mg, 10 mg,
and 15 mg, and placebo groups (Table 1)." The participants were
478 adult patients with T2DM who had an HbAlc level of 7%-9.5%,
a BMI of at least 23 kg/m? no prior experience with injectable drugs,
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and no history of OAD use within the preceding 3 months. The
mean age and BMI of the included subjects were 54.1 years and
31.9kg/m, respectively (Table 1). The treatment period was 40 weeks
and was continued for an additional 4 weeks for continued safety
monitoring. The initial dose was 2.5 mg, followed by the gradual
addition of 2.5 mg at 4-week intervals. Consequently, target doses
of 5 mg, 10 mg, and 15 mg were reached after 4, 12, and 20 weeks,
respectively. This gradual dosing titration was selected based on the
findings that nearly a quarter of participants allocated to the tirz-
epatide 15 mg group discontinued the treatment due to gastroin-
testinal adverse events.***'

SURPASS-2 was an active-controlled trial in which subjects were
randomized 1:1:1:1 to once-weekly tirzepatide 5 mg, 10 mg, or 15
mg and semaglutide 1 mg groups (Table 1).! Contrary to the dou-
ble-blind design of STEP 2 or SURPASS-1,">"> SURPASS-2 em-
ployed an open-label setting due to different devices and dose ad-
justment schedules. This study involved 1,879 adult patients with
T2DM, BMI of > 25 kg/m? and HbAlc of 7%-10.5% despite tak-
ing at least a 1,500-mg dose of metformin. For the 3 months prior
to study initiation, treatment with metformin was the only thera-
peutic measure allowed. Mean participant age was 56.6 years old
and their BMI was 34.2 kg/m? on average (Table 1). SURPASS-2
complied with SURPASS-1’s study duration and dose increment
regimen for tirzepatide." Dose titration for semaglutide was

achieved as in STEP 2 up to 1 mg."

BODY WEIGHT REDUCTION

In STEP 2, 68-week treatment with semaglutide at a dose of
2.4 mg reduced the absolute body weight by 9.7 kg, which corre-
sponded to a 9.6% decrease from baseline (Fig. 1)."> The estimated
treatment difference (ETD) of semaglutide 2.4 mg was 2.7% and
6.2% compared to semaglutide 1.0 mg and placebo, respectively.”?
SURPASS-1 revealed that tirzepatide 15 mg at week 40 displayed
9.5 kg of absolute weight loss with a 10.1% greater decrease than
placebo.” Injection of tirzepatide at 15 mg for the same duration
lowered the body weight by 13.1% in SURPASS-2 with an ETD of
6.4% compared to semaglutide 1 mg treatment.'®

Fig. 2 shows the target body weight loss of 5%, 10%, and 15%

from baseline. The proportion of patients who attained at least a
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Figure 1. Comparison of the mean change in body weight (BW) in Semaglutide Treatment Effect in People with Obesity (STEP) 2, SURPASS-1, and SURPASS-2. (A) Abso-
lute change of BW (kg) from baseline. (B) Percentage change of BW (%) from baseline.

5% weight reduction with semaglutide 2.4 mg was 69% over the
68 weeks of STEP 2, which was higher than either semaglutide 1.0
mg or placebo."” All doses of tirzepatide for the 40-week duration
of SURPASS-1 produced even larger differences from placebo than
did semaglutide 2.4 mg in STEP 2.">"* Treatment with semaglutide
24 mg in STEP 2 and tirzepatide 15 mg in SURPASS-1 showed
similar percentages of 46%-47% and 26%-27% for those who
reached at least 10% and 15% weight loss, respectively.'>"* In SUR-
PASS-2, tirzepatide also displayed a dose-dependent increase in
target achievement, with a 15-mg dose attaining 57% and 36% for
HbAIc targets of 10% and 15%, respectively.'

As of 2021, five AOMs have been authorized for long-term ad-
ministration in the United States: orlistat, phentermine/topiramate,
naltrexone/bupropion, liraglutide 3.0 mg, and semaglutide 2.4 mg,*

? of which four, excluding semaglutide, have been approved in Ko-

J Obes Metab Syndr 2022;31:28-36

rea.”> With the exception of the recently authorized semaglutide,
these actively prescribed AOMs generally result in 3%-7% greater
weight loss than placebo.” The weight-losing effects of semaglutide
2.4 mg and tirzepatide 15 mg are highly significant in light of this.
While reducing 5% of baseline weight is conventionally regarded as
clinically significant,* a greater amount of weight loss influences
different organs to varying extents.** Moderate weight loss of 5 to
10% ameliorates cardiovascular risk factors such as hyperglycemia,
hypertension, or dyslipidemia;* and 70% to 80% of patients treat-
ed with semaglutide 2.4 mg and tirzepatide 15 mg reached this goal
(Fig. 2). A greater weight loss of up to 10% is associated with im-
provements in obstructive sleep apnea or non-alcoholic steatohepa-
titis, and a 15% loss is associated with T2DM remission and mor-
tality reduction.** Approximately half and one-quarter of patients
treated with semaglutide 2.4 mg or tirzepatide 15 mg experienced
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Figure 2. Comparison of the proportion of patients (%) reaching weight loss tar-
gets of 5%, 10%, and 15% in Semaglutide Treatment Effect in People with Obesi-
ty (STEP) 2 (A), SURPASS-1 (B), and SURPASS-2 (C).

body weight losses of at least 10% and 15%, respectively (Fig. 2).
Achieving a healthy body composition rather than merely losing
weight is the ultimate goal of AOMs. The risk of comorbidities, in-
cluding T2DM, cardiovascular disease, dyslipidemia, and athero-
sclerosis, is independently correlated with visceral fat mass that is
inadequately distinguished by BMI or total body fat.**” Sub-popu-
lation analysis in STEP 1, which involved only non-diabetic obese
patients, revealed that weekly semaglutide 2.4 mg eliminated 6.99 kg
and 0.27 kg more total and visceral fat mass, respectively, than pla-

cebo as measured by dual emission X-ray absorptiometry."" Sema-
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glutide 2.4 mg also increased the relative percentage of lean body
mass to total body mass.'' However, the effects of semaglutide
2.4 mg or tirzepatide 15 mg on body composition of diabetic pa-
tients have not been examined in STEP 2 or the SURPASS series.
Further investigation into the change in body composition and the

corresponding complications of obesity is required.

GLYCEMIC CONTROL

Contrary to the dose-dependent increment in the extent of
weight loss observed in STEP 2, SURPASS-1, and SURPASS-2,
each increment of semaglutide 1 mg to 2.4 mg and tirzepatide 5 mg
to 15 mg added only a slight improvement in glycemic control (Fig.
3).!2191¢ In STEP 2, the difference in the HbAlc change at week 68
was —0.1% between semaglutide 1 mg and 2.4 mg. Both doses low-
ered HbAlc by more than 1% compared to placebo.” Tirzepatide
15 mg reduced HbAlc by 2.1% and 2.3% in SURPASS-1 and
SURPASS-2, respectively.'>'¢ These differences were only 0.2% to
0.3% greater than that of the S-mg dose.'>'¢

STEP 2 participants who reached an HbAc level below 7% ac-
counted for 78.5% of all patients with semaglutide 2.4 mg in con-
trast to 26.5% with placebo.'> The same HbAlc target was attained
in a higher percentage of patients by tirzepatide 15 mg in SUR-
PASS-1 (88% for tirzepatide 15 mg vs. 19% for placebo) and SUR-
PASS-2 (92% for tirzepatide 15 mg).'>'¢ Semaglutide 2.4 mg in
STEP 2 achieved the lower HbAlc goal of at least 6.5% in 67.5% of
subjects,' while tirzepatide 15 mg in SURPASS-1 and SURPASS-2
achieved this goal in 86% and 87% of subjects, respectively.">'¢

Hypoglycemic events defined as blood glucose levels less than
56 mg/dL were reported in 5.7% of patients on semaglutide 2.4 mg
and 3% on placebo in STEP 2." Episodes of glucose below 70 mg/dL
occurred in 6.6% of cases with tirzepatide 15 mg in contrast to only
0.9% with placebo in SURPASS-1."* However, in SURPASS-2 an
overall low rate of hypoglycemia was displayed despite the low glu-
cose level (less than 54 mg/dL) for confirming hypoglycemia (1.7%
for tirzepatide 15 mg vs. 0.4% for semaglutide 1 mg)."®

SAFETY

Participants who experienced any adverse events accounted for

J Obes Metab Syndr 2022;31:28-36
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Figure 3. Comparison of the mean change in glycosylated hemoglobin (HbA1c; %) from baseline in Semaglutide Treatment Effect in People with Obesity (STEP) 2 (A),

SURPASS-1 (B), and SURPASS-2 (C).

Table 2. Summary of adverse events in STEP 2, SURPASS-1, and SURPASS-2

Variable Placebo Semaglutide 1mg  Semaglutide 2.4 mg Tirzepatide 5 mg Tirzepatide 10 mg Tirzepatide 15mg

All AEs (%) 66.1%-76.9' 64.2-81.8" 87.6" 63.668.6* 66.9*—68.7* 63.6*-68.9*

Serious AE (%) 26*-92' 2877 99 41%-70 1.7*-5.3 08*5.7

All G AEs (%) 19.1%-34.3" 42575 635 38.0*—40.0° MN.3*-46.1 4.3*-44.9*
Nausea 6.1*-9.2' 179321 37 11.6%-17.4* 13.2%-19.2* 18.2%-22.1*
Vomiting 1727 8.3-13.4' 78 3357 25*-85* 58*-9.8

Discontinuation due to AE (%) 26%-35' 41501 6.2" 3.3*6.0° 50%-8.5" 6.6*-8.5'

*Derived from SURPASS-1; 'Derived from STEP 2; *Derived from SURPASS-2.

STEP, Semaglutide Treatment Effect in People with Obesity; AE, adverse event; Gl, gastrointestinal.

87.6% with semaglutide 2.4 mg, 81.8% with semaglutide 1 mg, and
76.9% with placebo in STEP 2."> The proportion of any adverse
events for tirzepatide 15 mg was 63.6% compared to 66.1% for pla-
cebo in SURPASS-1."* In SURPASS-2, 68.9% and 64.2% of patients
with tirzepatide 15 mg and semaglutide 1 mg, respectively, reported
any adverse events.'® In all trials, gastrointestinal events were the
most common adverse events. These were mostly tolerable and oc-
curred temporarily in the early phases of the trials."*'*'¢ The com-
posite gastrointestinal events and nausea occurred more frequently
with semaglutide 2.4 mg and tirzepatide 15 mg compared to place-
bo (proportion of all gastrointestinal events and nausea, 63.5% and
33.7%, respectively, for semaglutide 2.4 mg vs. 34.3% and 9.2%, re-
spectively, for placebo in STEP 2; and 41.3% and 18.2%, respective-
ly, for tirzepatide 15 mg vs. 19.1% and 6.1%, respectively, for place-
bo in SURPASS-1).">* Those treated with tirzepatide 15 mg re-
ported more gastrointestinal and nausea events than those treated

with semaglutide 1 mg (44.9% and 22.1%, respectively, for tirzepa-

J Obes Metab Syndr 2022;31:28-36

tide 15 mg vs. 41.2% and 17.9%, respectively, for semaglutide 1 mg
in SURPASS-2).' Additionally, the premature discontinuation rate
due to adverse events was higher with semaglutide 2.4 mg and tirz-
epatide 15 mg than with placebo (6.2% vs. 3.5% in STEP 2, and
6.6% vs. 2.6% in SURPASS-1)."!S In SURPASS-2, patients treated
with tirzepatide 15 mg experienced approximately twice as many
adverse events leading to early termination as those treated with
semaglutide 1 mg (8.5% vs. 4.1%).'® Table 2 summarizes the safety
profile of all treatments in STEP 2, SURPASS-1, and SURPASS-2.

STEP VS. SURPASS

A randomized trial capable of directly comparing semaglutide
and tirzepatide is currently difficult to conceive; and the heteroge-
neous study designs among STEP 2, SURPASS-1, and SURPASS-2
make any indirect comparisons complicated despite all three being
restricted to diabetic patients. STEP 2 and SURPASS-1 adopted a
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double-blind design, but SURPASS-2 used an open-label system.'>''¢
Semaglutide treatment for 68 weeks in STEP 2 allowed for 52 weeks
on a full dose of 2.4 mg after stepwise up-titration."” However, tirz-
epatide at a 15-mg dose was administered for only 20 weeks, an in-
adequate duration to attain a plateau for weight reduction in SUR-
PASS-1 and SURPASS-2.'3'¢

Two types of estimands were introduced in all trials: a policy-ori-
ented estimand averaging all assigned subjects and a product-orient-
ed estimand encompassing patients who adhered to medication
during the trial without rescue therapy. The former was the main
estimand used to evaluate efficacy in STEP 2 and SURPASS-2 ex-
cept for percentage change of body weight in SURPASS-2,>'® while
the latter estimand was chiefly used in SURPASS-1." A consistent
estimand used in all of the trials may have resulted in different find-
ings.

The differences in the baseline characteristics of the participants
also needs to be scrutinized. Patients in SURPASS-1 tended to be
in better condition than those in STEP 2 or SURPASS-2, with a
shorter duration of T2DM, lower average body weight, lower mean
HbAIc level, and lower fasting plasma glucose level (Table 1).
Moreover, the antidiabetics used prior to study inclusion were dis-
similar. STEP 2 permitted combinations of a maximum of three
OADs; none were allowed in SURPASS-1, and only metformin
was allowed in SURPASS-2 within 3 months of enrollment.'>'¢

The implications of these heterogeneities are difficult to pin-
point. Nonetheless, comparisons of semaglutide and tirzepatide
under similar settings is inevitable considering the upcoming battle

for supremacy in the anti-obesity treatment market.

CONCLUSION

Despite recognition of the severe medical and socioeconomic
burden of obesity, the weight-loss effects of pre-existing AOMs are
insufficient to overcome obesity-associated complications. The re-
cently introduced peptides semaglutide and tirzepatide can be ad-
ministered once weekly and have demonstrated substantially im-
proved weight-losing effects within a tolerable safety margin in a
series of STEP and SURPASS trials. These highly effective medica-
tions enable a considerable proportion of their users to achieve suf-

ficient weight loss to alleviate obesity-associated metabolic diseases.
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This review summarized the efficacy and safety of semaglutide
and tirzepatide based on the STEP 2, SURPASS-1, and SURPASS-2
trials, all of which were conducted with T2DM subjects. Consider-
ing the dissimilar backgrounds and methods of these studies, a di-
rect comparison of the two medications is still required. Also, fur-
ther investigation into their effects on body composition, cardio-
metabolic comorbidities, as well as their cost-effectiveness, will al-

low for personalized utilization.
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