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Abstract

Obijective: Obesity is a growing global concern compounded by limited availability of
effective treatment options. The SURMOUNT development program aims to evalu-
ate the efficacy and safety of tirzepatide as an adjunct to lifestyle intervention com-
pared with placebo on chronic weight management in adults with BMI = 27 kg/m?
with or without type 2 diabetes.

Methods: The SURMOUNT program includes four global phase 3 trials
NCT04184622 (SURMOUNT-1), NCT04657003 (SURMOUNT-2), NCT04657016
(SURMOUNT-3), and NCT04660643 (SURMOUNT-4). Participants are randomized
to once-weekly subcutaneous tirzepatide versus placebo in a double-blind manner.
The primary end point in all trials is the percentage change in body weight from ran-
domization to end of treatment. Results for the primary end point for SURMOUNT-1
were published recently and results for the other trials are expected in 2023.

Results: Across trials, participants have a mean age of 44.9 to 54.2 years, are mostly
female (50.7% to 69.7%), and have a mean BMI of 36.1 to 38.9.

Conclusions: The extensive assessment of once-weekly tirzepatide in the global
SURMOUNT program will detail the clinical effects of this first-in-class glucose-
dependent insulinotropic polypeptide and glucagon-like peptide-1 receptor agonist

in chronic weight management.

activity, and behavioral counseling [4, 5]. This type of intervention typi-
cally leads to relatively moderate weight reduction (5% to 10%), which

Obesity is a chronic, progressive disease affecting more than 13% of the
adult population worldwide [1]. Not only does it affect health-related
quality of life, but obesity is also a major contributor to morbidity and
mortality by increasing the risk of type 2 diabetes (T2D), cardiovascular
disease (CVD), nonalcoholic steatohepatitis, renal disease, osteoarthritis,
obstructive sleep apnea, malignancies, and premature death [2, 3].
Foundational to weight management in obesity is lifestyle-based

therapy that combines personalized reduced-calorie diet, physical

may provide some clinical benefit, but greater weight reduction yields
more clinically meaningful benefits [4, 6-9]. Although most people with
obesity attempt lifestyle interventions, only approximately 20% to 40%
achieve durable (i.e., >1 year), clinically meaningful weight reduction
(25%) [10-13], and, for those who do, the degree of weight reduction
does not conclusively show long-term benefit on survival [14, 15].
Metabolic surgery is currently the most effective therapy for

chronic weight management (CWM), providing long-term benefits on
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GLOBAL SURMOUNT TRIALS OF TIRZEPATIDE FOR OBESITY

survival, cardiovascular outcomes, and other complications [16-19].
Although it is generally indicated for people with class 2 obesity (BMI
»35 kg/m?) with 21 obesity-related complication or class 3 obesity
(BMI = 40 kg/m?), less than 2% of people with class 2 or class 3 obesity
undergo metabolic surgery [20, 21]. With the limited efficacy and dura-
bility of lifestyle-based monotherapy, and limited scalability of surgical
treatments, there is an urgent need for pharmacological treatment
options that yield safe, substantial, and sustained weight reduction.

Pharmacotherapy as an adjunct to lifestyle intervention is recom-
mended by current treatment guidelines in people with BMI 2 30 or
BMI = 27 with at least one obesity-related complication [3, 22]. Histori-
cally, though, most approved antiobesity medications (AOMs) have
been shown to provide modest placebo-subtracted weight reduction of
3% to 9%, with some drugs being significantly limited by their propen-
sity for side effects [23, 24]. However, the most recently approved
glucagon-like peptide-1 (GLP-1) receptor agonist, semaglutide 2.4 mg,
exhibits greater efficacy compared with existing AOMs [25, 26].

Tirzepatide is a 39-amino acid synthetic peptide with agonist
activity at the glucose-dependent insulinotropic polypeptide (GIP)
and GLP-1 receptors. Preclinical data demonstrated that tirzepa-
tide had equal affinity for GIP receptors compared with native GIP
while it bound GLP-1 receptors with approximately fivefold
weaker affinity than native GLP-1 [27]. As a GIP and GLP-1 recep-
tor agonist, tirzepatide could result in weight reduction beyond
that achieved with selective GLP-1 receptor agonists by affecting
tissues not targeted by these mono-agonist agents and integrating
the activation signals of both GIP and GLP-1 receptor pathways in
the brain [27,28]. In two clinical trials comparing tirzepatide with
semaglutide 1 mg and dulaglutide 1.5 mg in people with T2D, tirze-
patide 5 to 15 mg doses were associated with dose-dependent
weight reduction, significantly greater than the weight reduction
observed with the selective GLP-1 receptor agonists [29, 30]. Tir-
zepatide was recently approved by the Food and Drug Administra-
tion (FDA) as an adjunct to diet and exercise to improve glycemic
control in adults with T2D.

The SURMOUNT clinical development program is evaluating tir-
zepatide administered subcutaneously once weekly for CWM in peo-
ple with obesity. The purpose of the program is to demonstrate the
safety, tolerability, and efficacy of tirzepatide and to support regula-
tory approval of tirzepatide for CWM. Overall, the program seeks to
determine whether tirzepatide results in clinically meaningful weight
reduction for people with obesity and improves obesity-related cardi-
ometabolic risk factors and physical function. It further aims to deter-
mine the degree to which treatment with tirzepatide adds to the
weight reduction achieved through intensive lifestyle therapy and
maintains weight reduction over time. This article presents the trial
designs, objectives, end points, and baseline characteristics of the
global SURMOUNT clinical development program.

METHODS

The SURMOUNT program includes the following trials:
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Study Importance
What is already known?

e Current guidelines for the treatment of obesity recom-
mend combining antiobesity medications with lifestyle
intervention; therapies that provide substantial and sus-
tained weight reduction are expected to provide more
clinically meaningful benefits for people with obesity.

e The selective glucagon-like peptide-1 (GLP-1) receptor
agonist semaglutide has shown greater efficacy than
older antiobesity medications and was recently approved
for chronic weight management in adults with obesity.

o Tirzepatide, a novel glucose-dependent insulinotropic
polypeptide and GLP-1 receptor agonist, showed greater
weight reduction than selective GLP-1 receptor agonists

in type 2 diabetes studies.

What does this study add?

e The SURMOUNT clinical development program is
designed to demonstrate whether tirzepatide adminis-
tered subcutaneously once weekly is effective in patients
with or without diabetes as an adjunct to lifestyle inter-
vention for chronic weight management.

e In the SURMOUNT-1 trial, once-weekly tirzepatide pro-
vided substantial, clinically meaningful, and sustained

reductions in body weight in participants without diabetes.

How might these results change the direction of
research or the focus of clinical practice?

e The SURMOUNT trials will provide data on the efficacy
and safety of tirzepatide for chronic weight management;
initial data for tirzepatide support greater efficacy for
clinically meaningful weight reduction beyond that

achieved with agents currently approved for obesity.

o Fixed-dose efficacy and safety studies, SURMOUNT-1 and -2.
e Clinically relevant maximum tolerated dose studies, SURMOUNT-3
and -4.

The SURMOUNT clinical trials are phase 3, multicenter, ran-
domized, placebo-controlled, double-blind studies assessing the
safety and efficacy of tirzepatide administered subcutaneously once
weekly compared with placebo, when used in conjunction with a
reduced-calorie diet and increased physical activity for weight man-
agement, in participants with BMI 230 kg/m or BMI 227 kg/m? with
>1 obesity-related complication (Tables 1 and 2). Assignment to
treatment groups is determined by a computer-generated, random

seqguence using an interactive web response system.
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TABLE 1 Trial designs, objectives, and end points

SURMOUNT-1, SURMOUNT-2, SURMOUNT-3, SURMOUNT-4,
NCT04184622 NCT04657003 NCT04657016 NCT04660643
Participants enrolled, N 2539 938° 806 783
Trial design: randomized, X X X X
double-blind, placebo-
controlled

Treatment arms,
randomization

TZP 5, 10, and 15 mg and TZP 10 and 15 mg and PBO,
PBO, 1:1:1:1 1:1:1

MTD (TZP 10 or 15 mg)
and PBO, 1:1

Country, sex, and % WL
at end of lead-in
(<10% or 210%)

MTD (TZP 10 or 15 mg)
and PBO, 1:1

Country, sex, TZP MTD
dose at 36 weeks
(10 mg or 15 mg),
and % WL at end of
lead-in (<10% or
210%)

Randomization stratification Country, sex, and

prediabetes status

Country, sex, and weight
effect of AHM used at
randomization

Treatment duration 72 weeks to primary end 72 weeks 72 weeks 88 weeks total: 36-week
point; 176 weeks to final open-label lead-in on
end point if diagnosed TZP then 52-week
with prediabetes at double-blind
baseline treatment period

Safety follow-up period 4 weeks for participants with 4 weeks 4 weeks 4 weeks

normoglycemia at
randomization and those
with prediabetes who
discontinue during the
first 72 weeks; 17 weeks
for participants with
prediabetes at
randomization

Trial objectives To demonstrate that TZP is To demonstrate that TZP is To evaluate WL with TZP  To evaluate maintained

Primary end point

Percentage change in body
weight

Percentage of participants
achieving 25% WL

Key secondary end point
Weight loss at 1 year
Change in body weight

Percentage of participants
with 210% WL

Percentage of participants
with 215% WL

Percentage of participants
with 220% WL

Change in waist
circumference

Weight loss at 3 years®

Percentage change in body
weight from

superior to PBO on WL superior to PBO on WL compared with effect of TZP

and compare safety in and compare safety in placebo in compared with PBO
participants without T2D participants with T2D participants without on WL after

but who have obesity or who have obesity or T2D but who have 36-week open-label
overweight overweight obesity or overweight TZP lead-in in

and who responded
to an intensive
lifestyle modification
program

NA®

NA

participants without
T2D but who have
obesity or
overweight

NAP

Xd

Xd

Xd

NA

(Continues)
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TABLE 1 (Continued)

SURMOUNT-1,
NCT04184622

randomization to
176 weeks®
Weight maintenance
Percentage of participants NA NA
maintaining 280% of
body weight lost during
lead-in

Time after randomization (in  NA NA
weeks) to regain of
>95% weight lost during
lead-in
Cardiometabolic
Change in triglycerides, non- X X

HDL cholesterol, and
HDL cholesterol

Change in systolic blood X X
pressure
Physical function
Change in SF-36v2 acute X NAC®
form physical
functioning domain
score
Glycemia-related
Change in fasting glucose NAC X
Change in HbA1c NA®

Percentage of participants NA X
with HbAlc < 7%

Change in fasting insulin X NA®©

Time to onset of T2D at the X NA
end of 176 weeks or
193 weeks®

SURMOUNT-2,
NCT04657003
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SURMOUNT-3,
NCT04657016

SURMOUNT-4,
NCT04660643

NA X

NA NA

NAC® NA°

NA® NA®

NA® NA®
NA® NA°©
NA NA

NA® NA®
NA NA

Note: Primary and secondary end points are from randomization to week 72 (SURMOUNT-1, -2, and -3) or week 88 (SURMOUNT-4), unless otherwise

stated.

Abbreviations: HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; MTD, maximum tolerated dose; PBO, placebo; SF-36v2, the short form (36)
health survey version; T2D, type 2 diabetes mellitus; TZP, tirzepatide; WL; weight loss.

Number of participants enrolled is the same as the number randomized.

PPercentage of participants who achieve 25% body weight loss from Week O to the end of the double-blind treatment period (week 88) is included as a

key secondary end point.
Included as an additional secondary end point.

dpercentage of participants who achieve 210%, 215%, and 220% body weight loss from week O to week 88.

€Assessed in participants with prediabetes at randomization.

Participants are adults 218 years of age with a history of 21 self-
reported unsuccessful dietary effort to lose weight, excluding those
with type 1 diabetes and adults with a self-reported change in body
weight >5 kg within 90 days before screening. Further trial-specific
eligibility criteria are shown in Table 2. To ensure a sufficient popula-
tion of males, female enrollment is capped at 70% in each trial. All tri-
als are being conducted in accordance with good clinical practice
guidelines and the principles of the Declaration of Helsinki. Indepen-
dent Ethics Committee or Institutional Review Board approval was
received for each of the participating sites. All participants provided

written informed consent prior to trial participation.

Participants are receiving lifestyle intervention throughout
the studies. This includes regular lifestyle counseling sessions
delivered by a dietitian or qualified health care professional,
focused on healthy, balanced meals with a 500-kcal/d deficit, and
at least 150 min/wk of physical activity in accordance with guide-
lines [5]. Participants have the option to use food and exercise
logs and a Fitbit activity tracker to facilitate self-monitoring and
behavioral change.

Tirzepatide doses of 5, 10, and 15 mg once weekly are being eval-
uated in the SURMOUNT program. These doses and associated dose-
escalation schemes were selected based on assessment of safety,
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TABLE 2 Key eligibility criteria for SURMOUNT trials

Eligibility Criteria
Key inclusion criteria
Adult male or female aged > 18 years®

BMI 2= 27 with T2D according to WHO classification

BMI 2 30 or 227 with 21 previously diagnosed comorbidity:

hypertension, dyslipidemia, obstructive sleep apnea,
CVD

History of 21 self-reported unsuccessful dietary effort to
lose weight

HbA1lc > 7% to <10%
On stable diabetes therapy 23 months prior to screening
Key exclusion criteria
Diabetes-related
History of T1D
History of T2D
Obesity-related

Change in body weight >5 kg within 3 months prior to
screening

Obesity induced by other endocrinologic disorders or
monogenetic or syndromic forms of obesity

Medical
Renal impairment, eGFR < 30 mL/min/1.73 m?
History of pancreatitis

Uncontrolled thyroid disease: thyroid-stimulating
hormone outside of 0.4 to 6.0 mIU/L at screening

Uncontrolled hypertension (SBP > 160 mm Hg and/or
DBP = 100 mm Hg)

Acute MI, cerebrovascular accident (stroke), unstable

angina, or hospitalization due to CHF within 3 months

prior to randomization
NYHA Functional Classification IV CHF

Calcitonin level 220 ng/L at screening, if eGFR > 60 mL/
min/1.73 m?, or 35 ng/L, if eGFR < 60
mL/min/1.73 m?

Acute or chronic hepatitis or other liver disease (excluding

NAFLD)

ALT level > 3 times the ULN for the reference range or

ALP level > 1.5 times the ULN or TBL > 1.2 times the

ULN (except for Gilbert syndrome)

History of or in remission from malignancy (other than

basal- or squamous-cell skin cancer, in situ carcinomas

of the cervix, or in situ prostate cancer) for <5 years

Family or personal history of MTC or MEN syndrome
type 2

Psychiatric

History of significant active or unstable MDD or other
severe psychiatric disorder within the last 2 years

Any lifetime history of a suicide attempt

Concomitant therapy (current or within 3 months prior to
screening)

DPP-4 inhibitors, oral GLP-1R agonist, or any injectable
therapy for T2D

GLOBAL SURMOUNT TRIALS OF TIRZEPATIDE FOR OBESITY

SURMOUNT-1

NA

NA
NA

X

NA

SURMOUNT-2

Xb

X
NA

NA

SURMOUNT-3

NA

NA
NA

NA

SURMOUNT-4

NA

NA
NA

NA

(Continues)
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SURMOUNT-2

TABLE 2 (Continued)

Eligibility Criteria SURMOUNT-1 SURMOUNT-3 SURMOUNT-4
Metformin or any other glucose-lowering medication X NA X X

(whether prescribed for PCOS or diabetes prevention)
Systemic glucocorticoid therapy

Medications that may cause weight gain such as tricyclic X X X X
antidepressants, atypical antipsychotics, and mood
stabilizers

Medication or alternative therapies that promote weight X X X X
loss

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; CHF, congestive heart failure; CVD, cardiovascular disease; DBP, diastolic blood
pressure; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1R, glucagon-like peptide-1 receptor; HbA1c, glycated
hemoglobin; MDD, major depressive disorder; MEN, multiple endocrine neoplasia; MI, myocardial infarction; MTC, medullary thyroid carcinoma; NAFLD,
nonalcoholic fatty liver disease; NYHA, New York Heart Association; PCOS, polycystic ovary syndrome; SBP, systolic blood pressure; T1D, type 1 diabetes
mellitus; T2D, type 2 diabetes mellitus; TBL, total bilirubin; ULN, upper limit of normal; WHO, World Health Organization.

?Male participants with partners of childbearing potential should be willing to use reliable contraceptive methods throughout the study and for five half-
lives of study drug plus 90 days; female participants of childbearing potential require negative screening for pregnancy before randomization, and
contraception counseling is provided to avoid pregnancy during the trial and soon after the trial is completed; female participants of childbearing potential
and who are sexually active must agree to use two forms of effective contraception, of which at least one form is highly effective for the duration of the

trial plus 30 days, corresponding to 2 months after the last injection.

PParticipants are at least 18 years of age and age of majority per local laws and regulations.

efficacy, and gastrointestinal tolerability data, followed by exposure-
response modeling of data in participants in phase 1 and phase 2 stud-
ies [27, 29, 31]. In the phase 1 study, doses from 0.25 mg escalated
up to 15 mg once weekly were evaluated for safety and tolerability
[27]. Results from the study supported further development of tirze-
patide in the phase 2 studies. In participants with T2D, once-weekly
tirzepatide 5 to 15 mg demonstrated significantly greater reduction
in glycated hemoglobin (HbA1c) and weight compared with dulaglu-
tide 1.5 mg [29]. The phase 2b dose titration study further demon-
strated that gastrointestinal tolerability of tirzepatide was improved
with a low starting dose and smaller dose increments [31]. As such, a
20-week dose-escalation period was included in the phase 3 SURPASS
clinical trials that investigated the efficacy and safety of tirzepatide for
the treatment of T2D. The same dose-escalation scheme is included in
all the SURMOUNT trials, with a starting dose of 2.5 mg once weekly
(or matching placebo), increased by 2.5 mg (or matching placebo) every
4 weeks up to 20 weeks as the assigned dose requires. During the dou-
ble-blind treatment phase, if study drug is interrupted for three or more
consecutive weekly doses for any reason, participants restart escalation
from 5 mg up to the assigned dose (SURMOUNT-1 and -2) or maximum
tolerated dose (SURMOUNT-3 and -4).

Discontinuation of study drug is decided by the participant or
the investigator. Clinical considerations for discontinuation of study
drug include initiation of open-label GLP-1 receptor agonist or
dipeptidyl peptidase-4 inhibitor, significantly elevated calcitonin
levels, diagnosis of pancreatitis, or pregnancy. Participants who stop
study drug permanently during the double-blind treatment period
are encouraged to continue to attend all scheduled study visits to
collect all planned efficacy and safety measurements, unless preg-
nant. A participant is considered lost to follow-up if he or she
repeatedly fails to return for scheduled visits and cannot be con-
tacted by the study site.

In each trial, the effects of drug cessation will be assessed in a
safety follow-up period following completion of the treatment phase
or study drug discontinuation (Table 1).

Fixed-dose efficacy and safety studies
Study design

The primary study period of SURMOUNT-1 (NCT04184622) was com-
pleted and included 2539 adults without diabetes. Participants were
randomized in a 1:1:1:1 ratio to tirzepatide (5, 10, or 15 mg) or pla-
cebo to study the effects of tirzepatide on CWM (Figure 1,
Table 1). Randomization was stratified by country, sex, and glyce-
mic status (normoglycemia vs. prediabetes) as defined by the 2019
American Diabetes Association Standards of Medical Care in Diabetes
[32]. All randomized participants were planned to undergo a 72-week
treatment period (primary study period) that included a dose-escalation
period of up to 20 weeks and allowed for 52 weeks of follow-up on the
highest dose (15 mg). A subset of participants (n = 255) underwent fur-
ther assessment to evaluate effects of tirzepatide on body composition.
Heart rate and blood pressure were assessed in more detail in an addi-
tional subset of participants owing to potential effects of GLP-1 receptor
agonists on hemodynamics.

Participants with prediabetes at randomization will be studied for
a total of 176 weeks of treatment to provide sufficient follow-up time
to detect potential differences in progression to T2D. In addition, the
extended treatment phase will allow investigators to evaluate tirzepa-
tide'’s effects on long-term body weight changes.

Evidence suggests that, compared with people without diabetes,
people with T2D and obesity often respond less robustly to weight
management treatments and therefore warrant dedicated clinical trials
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4-week follow-up
Normoglycemia at
randomization*
|

17-week follow-up:
Prediabetes at
randomization

Tirzepatide 15 mg QW

5mg 7-5mg 10 mg 12-5mg

2-5mg
Tirzepatide 10 mg QW

7-5mg 10 mg

Tirzepatide 5 mg QW

-5 mg 5 mg

2-week
Screening

2:5mg 5mg

Injectable Placebo QW

Adjunct to a reduced calorie diet and increased physical activity

-2 0 4 8 12 16 20 72 76 176 193
t Dose escalation Maintenance t
Randomization Primary end point Final end point
1:1:1:1 End of treatment for End of treatment for
participants with participants with prediabetes

normoglycemia at
randomization

at randomization

FIGURE 1 SURMOUNT-1 study design. This is a phase 3, multicenter, randomized, placebo-controlled, double-blind clinical trial investigating
the safety and efficacy of 5, 10, and 15 mg tirzepatide administered QW subcutaneously compared with placebo for weight management as an
adjunct to a reduced-calorie diet and increased physical activity in participants with BMI = 30 or 227 with obesity-related complications
(excluding type 2 diabetes).*Participants who had prediabetes at randomization but discontinued the study during the 72-week treatment period
were included in the 4-week safety follow-up. QW, once weekly

Study Period | Study Period Il Study Period 111
3-week 72-week treatment 4-week safety
screening follow-up

Tirzepatide 15 mg QW

(Al 7.5 mg 10 mg 12.5 mg 15 mg

2.5mg

Tirzepatide 10 mg QW

2.5 mg 5 mg [ e} 10 mg

Injectable Placebo QW

Adjunct to a reduced calorie diet and increased physical activity

3 -2 0 4 8 12 16 20 72 76
f Dose escalation Maintenance

- Primary end point
Rand1o.r1n.|12at|on End of treatment period

FIGURE 2 SURMOUNT-2 study design. This is a phase 3, multicenter, randomized, placebo-controlled, double-blind, 72-week clinical trial
investigating the safety and efficacy of tirzepatide 10 and 15 mg administered QW subcutaneously compared with placebo on weight
management, as an adjunct to a reduced-calorie diet and increased physical activity, in participants with type 2 diabetes and BMI = 27. QW, once
weekly

[33]. As such, SURMOUNT-2 (NCT04657003) includes 938 adults
with T2D, BMI = 27, and HbA1c 7% to 10% and on stable treatment
>3 months prior to screening (excluding dipeptidyl peptidase-4 inhibi-
tors, oral GLP-1 receptor agonist, or any injectable therapy for T2D).
Participants are randomized to 72 weeks of treatment in a 1:1:1 ratio

to tirzepatide (10 or 15 mg) or placebo to assess the effects of tirzepa-
tide on CWM in the T2D population (Figure 2, Table 1). Randomiza-
tion is stratified by country, sex, and potential weight effect of
concomitant antihyperglycemic medications (AHMs; categorized as
promoting weight gain, weight reduction, or weight neutral). An upper
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Study Study Period Il
Period | 12-week lead-in
2-week

screening

.5mg

1200 kcal/day Diet (women)

1500 kcal/day Diet (men)
+

Increased Physical Activity
Program

Tirzepatide MTD 10 mg or 15 mg QW

ELuCR7.5 mg10 mg12.5:mg 10-mg or15:mg

Injectable Placebo QW

Obesity [o EMRYY |5 A'd B

Study Period IlI
72-week treatment

Study Period IV
4-week safety
follow-up

Adjunct to a reduced calorie diet and increased physical activity
I T

-14 -12 0 4 8 12 16 20
f Dose escalation
Randomization
11

72 76
Maintenance
Primary end point
End of treatment period

FIGURE 3 SURMOUNT-3 study design. This is a phase 3, multicenter, randomized, placebo-controlled, double-blind, 84-week clinical trial
investigating the safety and efficacy of the MTD of tirzepatide (10 or 15 mg), administered subcutaneously QW, compared with placebo, on body
weight management in participants who have BMI = 30 or 227 with obesity-related complications (excluding type 2 diabetes) and achieve 25.0%
weight reduction after a 12-week lead-in period on an intensive lifestyle modification program. MTD, maximum tolerated dose; QW, once weekly

limit of 30% enrollment of participants treated with sulfonylureas is
used to allow a sufficient number of participants treated with other
AHMs. To minimize the risk of hypoglycemia, participants taking sul-
fonylureas at randomization will have their dose halved (or stopped if
already on the lowest dose). Rescue therapy for the management of

severe, persistent hyperglycemia may be introduced during the study.

Dose modification

Limited study drug dose modification is permitted during the treat-
ment period specifically for management of intolerable gastrointesti-
nal symptoms. Participants experiencing intolerable gastrointestinal
symptoms are offered the following mitigations in a stepwise fashion:
dietary counseling, symptomatic treatment (e.g., antidiarrheal, antie-
metic) per investigator's discretion, temporary drug interruption for
one dose followed by reinitiation, or, if these measures do not resolve
symptoms, a de-escalation of blinded study drug to the next-lowest
maintenance dose. If all these measures fail, the participant is discon-
tinued from study drug.

If BMI <22 is reached any time during the study, the recom-
mended energy intake is recalculated with no caloric deficit for the
remainder of the trial. If BMI reaches < 18.5 during any treatment
period, study drug is discontinued.

In SURMOUNT-1, during the additional 2-year treatment period,
if weight reduction continues despite these measures, drug dose
reduction may be considered if the dose was not already reduced in

the 72-week primary treatment phase because of gastrointestinal

adverse events.

Outcome measures

Table 1 describes the primary and key secondary end points. The co-
primary end points for SURMOUNT-1 and SURMOUNT-2 are mean
percentage change in body weight and the percentage of study partic-
ipants achieving 25% body weight reduction from randomization to
72 weeks.

Key secondary end points include the proportion of participants
achieving a body weight reduction 210%, >215%, or 220%, mean
change in weight, waist circumference, selected lipid parameters, and
systolic blood pressure from randomization to 72 weeks, and, for
SURMOUNT-1, the time to onset of T2D from randomization to
176 weeks.

Maximum tolerated dose studies

Study design

SURMOUNT-3 (NCT04657016) includes 806 enrolled adults without
diabetes undergoing a 12-week lead-in period on an intensive lifestyle

modification program. The program includes recommendations for

150 min/wk of physical activity and dietary intervention with partial
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FIGURE 4 SURMOUNT-4 study design. This is a phase 3, multicenter, randomized, placebo-controlled, double-blind, 88-week clinical trial
investigating the safety and efficacy of the MTD of tirzepatide (10 or 15 mg), administered subcutaneously QW, compared with placebo, on the
maintenance of weight reduction after an initial 36-week open-label tirzepatide lead-in treatment period in participants with BMI > 30 or 227
with obesity-related complications (excluding type 2 diabetes). MTD, maximum tolerated dose; QW, once weekly

meal replacements (<2 meal replacements/d) to achieve a daily caloric
goal of 1200 kcal for women and 1500 kcal for men. In addition,
behavioral counseling with a registered dietitian or equivalent practi-
tioner is provided. Individuals achieving 25% weight reduction after
completing the entire 12-week lead-in (~600 participants) are ran-
domized to 72 weeks of treatment in a 1:1 ratio to the maximum tol-
erated dose of tirzepatide (10 mg or 15 mg) or placebo (Figure 3,
Table 1) to assess the degree to which tirzepatide adds to or maintains
the weight reduction achieved with intensive lifestyle intervention.
Randomization is stratified by country, sex, and weight reduction
response to intensive lifestyle modification during lead-in (<10% or
>10% weight reduction).

SURMOUNT-4 (NCT04660643) includes 783 enrolled adults
without diabetes undergoing a 36-week, open-label, lead-in period
on tirzepatide to achieve a maximum tolerated dose of 10 or
15 mg. Those completing lead-in (~600 participants) are random-
ized in a 1:1 ratio to either continue tirzepatide at the maximum
tolerated dose or switch to placebo for an additional 52 weeks to
assess maintenance of weight reduction (Figure 4, Table 1). Ran-
domization is stratified by country, sex, maximum tolerated dose
achieved at the end of lead-in (10 or 15 mg), and weight reduction
response to open-label tirzepatide at the end of lead-in (<10% or
>10% weight reduction).

Dose modification

Dose de-escalation and subsequent re-escalation is allowed during

the first 24 weeks after randomization in SURMOUNT-3 and dur-
ing the 36-week open-label period in SURMOUNT-4 in order to

allow participants greater opportunity to achieve the maximum tol-
erated dose. The de-escalation and subsequent re-escalation are
allowed only for the management of intolerable gastrointestinal
symptoms when other mitigations such as dietary counseling,
symptomatic treatment, or temporary drug interruption for one
dose have failed. If intolerable gastrointestinal symptoms persist
with the 15 mg dose (or the 12.5 mg step-through dose) despite
de-escalation and re-escalation, 10 mg is chosen as the maximum
tolerated dose. In SURMOUNT-3, if 10 mg is not tolerated despite
de-escalation and re-escalation, then study drug is discontinued
through the interactive web response system while maintaining
blinding. In SURMOUNT-4, if 10 mg is not tolerated the participant
is discontinued from the study in the open-label period. Dose modi-
fication beyond 24 weeks in SURMOUNT-3 or after randomization
in SURMOUNT-4 is not permitted.

As with the fixed-dose studies, if BMI < 22 is reached during
these trials, the recommended energy intake is recalculated with no
caloric deficit for the remainder of the trial. If BMI reaches <18.5,
study drug is discontinued.

Outcome measures

The primary end point in SURMOUNT-3 and SURMOUNT-4 is the
mean percentage change in body weight from randomization to end
of treatment. The percentage of study participants achieving 25% or
>10% body weight reduction from randomization to end of treatment
are either co-primary or key secondary end points. In addition, SUR-
MOUNT-3 and SURMOUNT-4 evaluate weight maintenance as the
percentage of study participants who maintain 280% of the body
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weight lost during the 12-week intensive lifestyle lead-in period
(SURMOUNT-3) or the 36-week open-label tirzepatide period
(SURMOUNT-4). The 80% cutoff is based on prior studies that dem-
onstrated that a regain of ~20% of lost weight results in clinically
meaningful worsening of cardiometabolic risk factors [34, 35].
SURMOUNT-4 further evaluates time to near-complete weight
regain, defined as the time to regain >95% of the weight lost during
the lead-in period (Table 1).

Assessments

Efficacy assessments of all randomized participants are collected
throughout the SURMOUNT trials as specified in the protocols and
they include fasting body weight, BMI, waist circumference, glucose
metabolism (fasting insulin, HbA1lc, and fasting glucose), blood pres-
sure, and fasting lipids. A central laboratory is used for all laboratory
assessments. In SURMOUNT-1, in addition to other glucose metabo-
lism assessments, glycemic status is assessed in all participants with
2-hour oral glucose tolerance tests (comprising 75 g of glucose) before
Additionally, in
SURMOUNT-1, body composition is assessed by dual-energy x-ray

randomization and throughout the trial.
absorptiometry in the dual-energy x-ray absorptiometry substudy,
while an ambulatory blood pressure monitoring device is used for
detailed analysis of blood pressure and heart rate in the ambulatory
blood pressure monitoring substudy.

Patient-reported outcome assessments are carried out through-
out the duration of the SURMOUNT trials and include the following
self-administered questionnaires: Short Form 36 version 2, acute,
1-week recall version [36], Impact of Weight on Quality of Life-Lite
Clinical Trials Version [37], EQ-5D-5L [38], and the Patient Global
Impression of Status for Physical Activity.

Safety assessments are carried out throughout the SURMOUNT
trials as specified in the protocols and they include physical examina-
tions, pulse, electrocardiograms (ECG), and laboratory assessments
(including hepatic, renal, pancreatic, calcitonin, hematology, and
immunogenicity assessments). In addition, participants are monitored
for depression and suicidal ideation and behavior risk through mental
health questionnaires (Patient Health Questionnaire-9, Columbia-
Suicide Severity Rating Scale, and Columbia-Suicide Severity Rating
Scale Self-Harm Form). Adverse event and concomitant medication
information is collected throughout the trial periods, including the
safety follow-up.

Statistical analysis

Sample sizes in each SURMOUNT trial were selected to provide
>90% power to establish superiority of tirzepatide over placebo for
the primary efficacy end points (and co-primary end points in SUR-
MOUNT-1, -2, and -3), with assumptions of a dropout rate of 25%,
common SD of 10% (8% for SURMOUNT-4), and that the evaluation
of superiority of tirzepatide to placebo will be conducted at a two-
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sided significance level of 0.025 for SURMOUNT-1 and
SURMOUNT-2 and 0.05 for SURMOUNT-3 and SURMOUNT-4.

Efficacy end points will be analyzed using data obtained during
the treatment period from all randomized participants exposed to at
least one treatment dose (modified intention-to-treat [mITT] popula-
tion). Safety end points will be analyzed using data obtained during
the treatment and safety follow-up periods from the miITT
population.

In general, efficacy analysis is guided by the “efficacy” estimand,
which represents “on-treatment” efficacy of tirzepatide relative to
placebo. This analysis will be conducted using data obtained during
the treatment period from the mITT population and it excludes data
after discontinuation of study drug. A mixed model for repeated mea-
sures will be used to analyze percentage change in body weight over
time for all trials and logistic regression analysis for percentage of par-
ticipants achieving 25% body weight reduction.

A further analysis will assess the primary and key secondary end
points guided by the “treatment-regimen” estimand. This estimand
represents the average treatment effect of tirzepatide relative to
placebo regardless of premature study drug discontinuation. As
such, the analysis will be conducted using data from the mITT popu-
lation during treatment period, regardless of adherence to study
drug. An ANCOVA model will be used to analyze percentage change
in body weight in all trials and logistic regression analysis for the
percentage of participants achieving 25% body weight reduction.
For analysis guided by the treatment-regimen estimand, if a missing
body weight value is solely due to COVID-19, the missing data will
be imputed assuming missing at random; for missing due to other
reasons, the missing data will be imputed by multiple imputation
based on retrieved dropouts in the same treatment arm (defined as
the observed primary outcome measurements from participants in
the same treatment group who had their efficacy assessed after
early discontinuation of study drug).

Mixed model for repeated measures models will include terms of
treatment, visit, treatment-by-visit interaction, stratification factors,
and baseline measurement as a covariate. Logistic regression and
ANCOVA models will include terms of treatment, stratification fac-
tors, and baseline measurement as a covariate. Fisher's exact test will
be used to examine the treatment difference for categorical measures

if there is no need to adjust for covariates.

RESULTS

The 72-week primary study period of the SURMOUNT-1 trial was
completed and results are published elsewhere [39]. The other SUR-
MOUNT trials are ongoing and expected to read out by mid-2023. A
total of 5066 participants were enrolled across the four trials. Table 3
presents the baseline demographic and clinical characteristics of par-
ticipants in each trial. Across the SURMOUNT trials, mean age was
44.9 to 54.2 years with BMI of 36.1 to 38.9. Most participants were
female (50.7%-69.7%) and White (70.6%-82.6%). In SURMOUNT-1,
40.6% of participants had prediabetes at baseline. Mean triglycerides
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TABLE 3 Key baseline demographics and clinical characteristics of enrolled participants

Age (y)
Age < 65y, n (%)
Age = 65Yy,n (%)
Female, n (%)
Race, n (%)
White
Asian
Black or African American
Hispanic or Latino, n (%)
Body weight (kg)
BMI (kg/m?)
BMI category, n (%)
<30
230 to <35
235 to <40
240
Waist circumference (cm)
Blood pressure (mmHg)
Systolic
Diastolic
Cholesterol (mg/dL)
Total
HDL
LDL
VLDL
Triglycerides (mg/dL)
Free fatty acids (mEq/L)
HbA1c (%)

Overall eGFR (mL/min/1.73 m?)

Duration of diabetes (y)
Comorbidities,? n (%)
Hypertension
Dyslipidemia
ASCVD

Polycystic ovary syndrome®

Obstructive sleep apnea
Osteoarthritis
Anxiety/depression
NAFLD

Asthma or COPD

Gout

Number of obesity-related complications, n (%)

None
1-2

SURMOUNT-1,

N = 2539
449 +12.5

2387 (94.0)
152 (6.0)

1714 (67.5)

1792 (70.6)
276 (10.9)
201 (7.9)

1214 (47.8)

104.8 + 22.1
38.0+ 6.8

140 (5.5)
876 (34.5)
720 (28.4)
803 (31.6)
1141 £ 15.2

123.3 +12.7
79.5+82

191.7 + 38.8
48.9 £ 13.0
114.2 + 32.7
63.9 + 29.6
145.7 +£ 105.1
0.51 +£0.21
56 +04
98.1 + 18.0

N/A

819 (32.3)
757 (29.8)
78 (3.1)
39 (2.3)
197 (7.8)
326 (12.8)
422 (16.6)
180(7.1)
267 (10.5)

136 (5.4)

944 (37.2)
1153 (45.4)

SURMOUNT-2,

N =938
54.2 + 10.6
773 (82.4)
165 (17.6)
476 (50.7)

710 (75.7)
125(13.3)
77 (8.2)
561 (59.8)
100.7 £ 21.1
36.1+ 6.6

162 (17.3)
312(33.3)
250 (26.7)
214 (22.8)
115.0 + 14.4

130.5 +£12.1
79.8 + 8.4

176.8 £ 42.0
443 £ 11.5
96.5 + 34.7
77.7 + 33.6

184.4 + 127.9
0.60 + 0.23

80+09
952 +18.2
85+£65

616 (65.7)
570 (60.8)
10.2)
3)
1)
15.0)
11.6)
17.0)
1)
5.8)

6 (
6 (1.
76 (8.
141 (
109 (
159 (
76 (8.
4 (

0
358(38.2)

SURMOUNT-3,

N =806
449 +12.5
763 (94.7)
43 (5.3)
534 (66.3)

666 (82.6)
6(0.7)
109 (13.5)
426 (52.9)
109.7 + 24.2
389+71

27 (3.3)
248 (30.8)
231(28.7)
300 (37.2)

116.2 + 16.2

125.6 +13.3
813+ 8.8

194.6 + 37.4
50.3 + 13.9
116.8 + 31.1
60.8 + 28.4
138.2 + 87.9
0.55 +0.22
55+04
100.1 + 16.8
N/A

259 (32.1)
186 (23.1)
24 (3.0)
20 (3.7)
50 (6.2)
88 (10.9)
172 (21.3)
32 (4.0)
75(9.3)
14 (1.7)

298 (37.0)
394 (48.9)

SURMOUNT-4,
N =783

47.6 +£12.9

701 (89.5)
82 (10.5)

546 (69.7)

628 (80.2)
57 (7.3)
88(11.2)

343 (43.8)

107.0 £ 22.5

383+ 6.6

23(2.9)
254 (32.4)
250 (31.9)
256 (32.7)

115.1 + 14.6

126.1 +13.0
80.9 +8.3

191.9 £ 39.2
51.1+13.1
113.8 + 32.9
60.4 + 27.9
135.7 £ 78.6
0.53 +0.22
55+04
97.6 +17.5

N/A

274 (35.0)
250 (31.9)
38 (4.9)
2(22)
55(7.0)
106 (13.5)
176 (22.5)
37(4.7)
79 (10.1)
32(4.1)

260 (33.2)
369 (47.1)

(Continues)
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TABLE 3 (Continued)
SURMOUNT-1, SURMOUNT-2, SURMOUNT-3, SURMOUNT-4,
N = 2539 N =938 N =806 N =783
3-4 379 (14.9) 448 (47.8) 102 (12.7) 134 (17.1)
25 63(2.5) 132(14.1) 12 (1.5) 20 (2.6)

Note: Data are mean £ SD unless otherwise stated.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate;
HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; VLDL, very low-density

lipoprotein.
#Comorbidities were assessed through a review of medical history.

bPercentage is based on total number of female participants in the respective trial.

e
SURMOUNT-1 3
(NCT04184622) SURMOUNT-2 (SI\}J(T‘(I)'EE:(Y)T(S)) SURMOUNT-4 SURMOUNT-CN SURMOUNT-J
Non-T2D Obesity (NCT04657003) Wciulyll management (NCT04660643) (NCT05024032) (NCT04844918)
including additional a0 P Maintained Non-T2D Obesity Non-T2D Obesity
OBESITY 2-year treatment period 2D Obesity gsginiensive liesty'e weight loss in China in Japan
(diabetes prevention) modification program 2
~—
TIRZEPATIDE FOR CHRONIC WEIGHT MANAGEMENT AND OBESITY-RELATED OUTCOMES
e

OBESITY-RELATED
COMPLICATIONS

—
e

OBESITY-RELATED
OUTCOMES

SUMMIT-HFpEF
(NCT04847557)

Will assess the benefit of
tirzepatide in participants with
heart failure with preserved
ejection fraction and obesity

SURMOUNT-OSA
(NCT05412004)

Will assess the benefit of
tirzepatide in the treatment of
obstructive sleep apnea in
participants with obesity

SYNERGY-NASH
(NCT04166773)
Will assess the benefit of
tirzepatide in the treatment of
non-alcoholic steatohepatitis in
participants with obesity

TREASURE-CKD MoA
(NCT05536804)
Will assess the mechanism of
action of tirzepatide in chronic
kidney disease

SURMOUNT-MMO (NCT05556512)
MORBIDITY AND MORTALITY IN OBESITY

This 3 to 5 year morbidity and mortality outcomes trial will provide outcomes
data for multiple metabolic conditions including CVD, CKD, T2D, and NAFLD
for participants with obesity treated with tirzepatide

FIGURE 5 Schematic presentation of trials in the global obesity program. CKD, chronic kidney disease; CVD, cardiovascular disease; NAFLD,

nonalcoholic fatty liver disease; T2D, type 2 diabetes

and HbA1c were higher in SURMOUNT-2, whereas other lipid levels,
waist circumference, and blood pressure were generally similar across
trials.

DISCUSSION

There remains an unmet need in the pharmacological treatment of
obesity for drugs that are safe, efficacious, and well-tolerated. The

SURMOUNT program aims to evaluate the efficacy of the novel,
GIP/GLP-1 receptor agonist tirzepatide, administered subcutaneously
once weekly, on CWM in people with obesity.

Across the SURMOUNT trials, the relatively high percentage of His-
panic or Latino participants is expected given the participation of Central
and South American countries in the trials. Overall, the proportion of
men (30%-49%) is high compared with other CWM trials [40, 41], likely
owing to capping female enrollment in the SURMOUNT trials at 70%.
Baseline mean BMI and waist circumference were comparable to those
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observed in the STEP trials for semaglutide 2.4 mg and satiety and clini-
cal adiposity-liraglutide evidence trial for liraglutide 3.0 mg [40, 41].

Achieving and sustaining clinically meaningful weight reduction
remains a key goal in obesity treatment. Several trials have demonstrated
the promising effects of tirzepatide on weight management in people with
T2D [29, 30, 42-45]. Efficacy of tirzepatide for CWM in people with T2D
is further being evaluated in the SURMOUNT-2 trial. Of note, in this trial,
randomization to treatment is stratified by the potential weight effects of
background T2D therapy. AHMs are known to have varying effects on
weight, which has not always been considered in CWM studies. It will be
important to determine if concomitant administration of AHMs has an
impact on outcomes in people with T2D.

Long-term maintenance of lost weight is the desired goal of weight
management, but it is often prevented by a myriad of factors [11]. Recent
guidelines recommend the addition of AOMs in those responding to life-
style intervention who require additional weight reduction or are unable
to maintain the weight reduction. The SURMOUNT-3 trial investigates
whether treatment with tirzepatide promotes maintenance and/or aug-
ments weight reduction after initial success with lifestyle intervention.
Notably, in prior studies investigating AOM efficacy after lead-in with
intensive lifestyle modification, lead-in duration was variable, with weight
reduction fixed at 5% and participants randomized to treatment soon after
attaining 5% weight reduction. In contrast, SURMOUNT-3 has a fixed
duration lead-in of 12 weeks, allowing participants to complete the inten-
sive lifestyle modification program and potentially lose beyond 5% body
weight. As a result, a fuller effect of the lifestyle intervention is captured,
against which the benefit of AOMs can be more accurately assessed. Simi-
larly, in SURMOUNT-4, a long 36-week lead-in period on tirzepatide treat-
ment affords participants the potential to achieve substantial weight
reduction prior to randomized tirzepatide withdrawal. The benefit of con-
tinued tirzepatide treatment versus discontinuation is then more accu-
rately assessed. By design, results from the primary end point in
SURMOUNT-4, that is the percentage change in body weight from ran-
domization to end of treatment, will not reflect the full weight reduction
potential expected to be observed in the other trials.

Obesity is a complex, progressive disease impacting morbidity and
mortality. For people living with obesity, reducing the risk of complica-
tions such as CVD, T2D, renal disease, obstructive sleep apnea, and
malignancies is a necessity. It is posited that tirzepatide, through both
direct and indirect actions, will meaningfully impact obesity-related
complications. Cardiometabolic risk factors for obesity-related compli-
cations such as systolic blood pressure and lipid levels are being moni-
tored in SURMOUNT-1 and -2. Furthermore, in the SURMOUNT-1
trial, participants with prediabetes at randomization continue for an
additional 2 years after the 72-week primary end point to assess the
effects of tirzepatide on preventing progression to T2D. Several studies
are underway that evaluate the impact of tirzepatide on other obesity-

related complications and these are briefly described in Figure 5.

CONCLUSION

Given the rising prevalence of obesity and the limited options of safe,
effective therapies, it is more important now than ever to find

efficacious treatments that provide substantial and sustained results
for people with obesity. The extensive assessment of once-weekly
subcutaneous administration of tirzepatide in the SURMOUNT pro-
gram will provide relevant evidence into its safety and efficacy in
weight reduction and maintenance in adults with obesity. We antici-
pate that the results of the SURMOUNT program will demonstrate
that tirzepatide represents a novel and effective pharmacological

intervention with positive outcomes for adults with obesity.O
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