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SCALE phase 3 clinical development programme
Overview

Phase 3a Phase 3b

SCALE Obesity and Prediabetes 1

Liraglutide 3.0 mg n=2487

Placebo n=1244

Weight management and delayed 
onset of diabetes 

SCALE Diabetes2

Weight management in type 2 dia
betes

Liraglutide 3.0 mg n=423

Liraglutide 1.8 mg n=211

Placebo n=212 

SCALE Maintenance 3

Liraglutide 3.0 mg n=212

Placebo n=210

Prevention of
weight regain 

SCALE Sleep Apnoea 4

Liraglutide 3.0 mg n=180

Placebo n=179

Effect of liraglutide in subjects wit
h obesity and moderate to severe 

OSA

SCALE-Insulin5

Liraglutide 3.0 mg + IBT + basal insulin n=198

Placebo + IBT + basal insulin
n=198

Clinical benefit of Liraglutide + IBT 
in patients taking basal insulin 

SCALE-IBT6

Liraglutide 3.0 mg + IBT
n=142

Placebo + IBT 
n=140

Weight management with liragluti
de 3.0 mg used as adjunct to IBT
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SCALE Phase 3a primary publications

SCALE
Obesity and 
Prediabetes
160 weeks

SCALE 
Diabetes 

SCALE
Obesity and 
Prediabetes

56 weeks

SCALE Maintenance SCALE 
Sleep Apnoea



Data are observed means; last observation carried forward at end of trial; N, number of individuals contributing to the analysis 
*Low calorie diet (total energy intake 1200–1400 kcal/day)
1. Pi-Sunyer et al. N Engl J Med 2015;373:11–22; 2. le Roux CW et al. Lancet. 2017;389:1399–1409; 3. Davies et al. JAMA 2015;314:687–99; 4. Blackman et al. Int J Obes (Lond) 2016;40:1310–19; 5. Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Weight loss across Phase 3a trials

SCALE Obesity and Prediabetes1,2

56 weeks       160 weeks
n=3652         n=2254

SCALE Maintenance5

12-week run-in*; 56-weeks; n=382

SCALE Diabetes3

56 weeks
n=623 

SCALE Sleep Apnoea4

32 weeks
n=353 

Phase 3a trials

-8.0%
-6.1%

-1.9%

-6.0%

-0.2%

-2.6%
-1.6%

-5.7%

-6.2%

-2.0%
Run-in weight loss:

6.0%

Weight loss at end of trial: Liraglutide 3.0 mg Placebo



Data are observed means; last observation carried forward at end of trial; N, number of individuals contributing to the analysis 
*Low calorie diet (total energy intake 1200–1400 kcal/day)
1.. Garvey et al. Diabetes Care 2020; 43(5): 1085-1093; 2. Wadden et al. Obesity (Silver Spring) 2020; 28(3): 529-536

Weight loss across Phase 3b trials

-5.8%

-1.5%

-7.5%

-4.0%

SCALE Insulin1

56 weeks
n=396 

SCALE IBT2

56 weeks
n=282 

Phase 3b trials

Weight loss at end of trial: Liraglutide 3.0 mg Placebo



*p<0.001. Data are observed proportions (except SCALE Diabetes, which is estimated proportions) with LOCF at end of trial; 
†, individuals with prediabetes at trial entry; ‡, low calorie diet (total energy intake 1200–1400 kcal/day);
LOCF, last observation carried forward; N, number contributing to the analysis
1. Pi-Sunyer et al. N Engl J Med 2015;373:11–22; 2. le Roux CW et al. Lancet. 2017;389:1399–1409; 3. Davies et al. JAMA 2015;314:687–99; 
4. Blackman et al. Int J Obes (Lond) 2016;40:1310–19; 5. Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Categorical weight loss across Phase 3a trials

≥5% >10% ≥5% >10%
≥5% >10%≥5% >10%

OR 6.8*

OR 7.1*

OR 4.8*

OR 4.3*

OR 3.9*

OR 19.0*

Weight loss
≥5% >10%

OR 3.2*

OR 3.1*

63.2

27.1
33.1

10.6 9.9

24.823.7

49.6
54.3

21.4
25.2

6.7

46.3

18.5
23.4

1.7

OR 3.9*

OR 5.3*

Additional weight loss
after run-in

50.5

21.8
26.1

6.3

SCALE Obesity and Prediabetes1,2 SCALE Diabetes3 SCALE Sleep Apnoea4

56 weeks; 
n=3652

160 weeks; 
n=2210†

SCALE Maintenance5

12-week run-in‡;
56-weeks; 

n=382

32 weeks; 
n=353

56 weeks; 
n=623

Liraglutide 3.0 mg Placebo



61.5

30.5

18.1

38.8

19.8

8.9
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≥5% >10% >15%
*p<0.001. Full analysis set. Graphs are estimated proportions. Statistical analysis is logistic regression with J2R-MI
CI, confidence interval; J2R-MI, jump-to-reference multiple imputation; OR, odds ratio
1. Garvey et al. Diabetes Care 2020; 43(5): 1085-1093; 2. Wadden et al. Obesity (Silver Spring) 2020; 28(3): 529-536

Categorical weight loss across Phase 3b trials
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≥5% >10%

51.8

24.0 22.8

6.6

OR 4.2*

SCALE Insulin1 SCALE IBT2

56 weeks 
n=396

56 weeks
n=282

OR 3.4*

OR 2.5
p=0.0003

OR 1.8
p=0.0469

OR 2.3
p=0.0311

Liraglutide 3.0 mg Placebo



Real World Data?

Obesity (2019) 27, 917-924.





−7.28 −6.5%



Data are observed means; last observation carried forward at end of trial; N, number of individuals contributing to the analysis 
*Low calorie diet (total energy intake 1200–1400 kcal/day)
1. Pi-Sunyer et al. N Engl J Med 2015;373:11–22; 2. le Roux CW et al. Lancet. 2017;389:1399–1409; 3. Davies et al. JAMA 2015;314:687–99; 4. Blackman et al. Int J Obes (Lond) 2016;40:1310–19; 5. Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Weight loss across Phase 3a trials

SCALE Obesity and Prediabetes1,2

56 weeks       160 weeks
n=3652         n=2254

SCALE Maintenance5

12-week run-in*; 56-weeks; n=382

SCALE Diabetes3

56 weeks
n=623 

SCALE Sleep Apnoea4

32 weeks
n=353 

Phase 3a trials

-8.0%
-6.1%

-1.9%

-6.0%

-0.2%

-2.6%
-1.6%

-5.7%

-6.2%

-2.0%
Run-in weight loss:

6.0%

Weight loss at end of trial: Liraglutide 3.0 mg Placebo



*p<0.001. Data are observed proportions (except SCALE Diabetes, which is estimated proportions) with LOCF at end of trial; 
†, individuals with prediabetes at trial entry; ‡, low calorie diet (total energy intake 1200–1400 kcal/day);
LOCF, last observation carried forward; N, number contributing to the analysis
1. Pi-Sunyer et al. N Engl J Med 2015;373:11–22; 2. le Roux CW et al. Lancet. 2017;389:1399–1409; 3. Davies et al. JAMA 2015;314:687–99; 
4. Blackman et al. Int J Obes (Lond) 2016;40:1310–19; 5. Wadden et al. Int J Obes (Lond) 2013;37:1443–51
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SCALE Obesity and Prediabetes1,2 SCALE Diabetes3 SCALE Sleep Apnoea4

56 weeks; 
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160 weeks; 
n=2210†

SCALE Maintenance5

12-week run-in‡;
56-weeks; 

n=382

32 weeks; 
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56 weeks; 
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Liraglutide 3.0 mg Placebo



Contents

1

2

Efficacy of Liraglutide

How to increase adherence

3

4 Better GLP-1s

5 Q & A

How to maximize efficacy



Non-adherences



Obesity, Volume28, Issue10, Pages 1889-1901







Non-adherences



GI, gastrointestinal; HR, hazard ratio; MACE, major adverse cardiac events; MTC, medullary thyroid carcinoma; 
1. Novo Nordisk Briefing Document: Liraglutide 3.0 mg for weight management NDA 206-321. FDA Endocrinologic and Metabolic Drugs Advisory Committee Meeting. September 11, 2014; 2. le Roux et al. Lancet 2017;389:1399–4092. 3. Davies et al. Diabetes Obes Metab 2018; 20(3): 734-739; 4. O'Neil et a
l. Diabetes Obes Metab 2017; 19(11): 1529-1536; 5. Garvey et al. Diabetes Care 2020; 43(5): 1085-1093 ; 6. Wadden et al. Obesity (Silver Spring) 2020; 28(3): 529-536

SCALE Safety Summary
Key safety outcomes with liraglutide 3.0 mg

Pancreatitis

10 
events
vs. 2 events 

with placebo we
re recorded over 

172 wks2

0 
events

of MTC or 
confirmed C-cell 
hyperplasia with 

liraglutide or
placebo2

MTC

68%1, 62%5

and 71%6

events

vs. 39%1, 47%5

and 49%6 in 
placebo. 

Severe events 
were <5%1,5,6

GI adverse 
events

MACE

1.54 
events

per 1000 years o
bservation

vs. 3.65 events 
of adjudication-conf
irmed MACE with pl
acebo. HR, 0.42 (95

% CI 0.17-1.08)3

Similar 
rates vs. pl

acebo

Neuro-
psychiatric

observed in the S
CALE 

programme4

vs. 0 events 
with placebo 

were recorded ov
er 172 wks2

10 
events

Breast neoplasms

2.9
events

gallbladder 
events 

PYO vs. 1.2 events 
PYO2

3 events vs. 
2 events6

2 events vs. 
1 event5
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SCALE Phase 3a trials 

SCALE
Obesity and 
Prediabetes
160 weeks

SCALE 
Diabetes 

SCALE
Obesity and 
Prediabetes

56 weeks

SCALE 
Sleep Apnoea

SCALE 
Maintenance



BW, body weight; EOT, end of treatment; FPG, fasting plasma glucose; FU, follow-up; LCD, low-calorie diet; WL, weight loss
Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Trial design: SCALE Maintenance
Weight maintenance with liraglutide 3.0 mg after LCD-induced weight loss

Liraglutide 3.0 mg (n=212)

Placebo (n=210)

Treatment duration 
52 weeks

Randomisation 
(1:1)

EOT

Off-drug 
12-week FU

−12 weeks
Run-in

Dose
escalation
0–4 weeks

−500 kcal/day diet + ñ physical activityLCD + 150 min/week 
physical activity

Target: lost ≥5% BW

Trial objective
Efficacy of liraglutide 3.0 mg in maintaining weight loss achieved with a LCD (1200–1400 kcal/day) and increased physical 
activity (150 min/week) during run-in

Inclusion criteria

• ≥18 years

• Stable BW

• BMI ≥30 kg/m2

or 
≥27 kg/m2 + 
comorbidities

Trial information

• October 2008 to January 2009

• Randomised controlled 
double-blind study

• 36 sites (US and Canada)



BW, body weight; EOT, end of treatment; FPG, fasting plasma glucose; FU, follow-up; LCD, low-calorie diet; WL, weight loss
Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Trial design: SCALE Maintenance
Weight maintenance with liraglutide 3.0 mg after LCD-induced weight loss

• ≥18 years

• Stable BW

• BMI ≥30 kg/m2

or 
≥27 kg/m2 + comorbidities

• Three co-primary: change in BW; 
maintenance of ≥5% WL from LCD run-in; 
≥5% WL after randomisation

• Secondary: weight change; >10% WL; 
maintenance >50% and >75% of WL 
achieved during LCD run-in period

Inclusion criteria Key endpoints



Liraglutide 3.0 mg 
n=212

Placebo 
n=210

n (%/SD) n (%/SD)

Age, years (SD) 45.9 (11.9) 46.5 (11)

Men/women 34/178 (16/84) 44/166 (21/79)

Race
White, n (%)
Black or African-American, n (%)
Asian or other, n (%)

170
32
10

(80)
(15)
(5)

185
24
1

(88)
(11)
(1)

Comorbidities present, n (%)
Hypertension, n (%)
Dyslipidaemia, n (%)

94
71
59

(44)
(33)
(28)

96
61
65

(46)
(29)
(31)

Weight, kg (SD) 100.4 (20.8) 98.7 (21.2)

BMI, kg/m2 (SD) 36.0 (5.9) 35.2 (5.9)

Waist circumference, cm (SD) 109.4 (15.3) 107.8 (15.2)
Data are means. Full analysis set 
BMI, body mass index; SD, standard deviation
Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Subject characteristics at randomisation
SCALE Maintenance
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8

Mean (±SD); Full analysis set. S, screening period; SD, standard deviation
Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Change in body weight (%)
SCALE Maintenance

–6.0%
–0.2%

–6.2%

–4.1%

+0.3%

-14 -6 -4 -2 0 2 4 6 10 14 18 22 26 30 34 38 44 50 56 60 64 68

Treatment periodRun-in Follow-upS

Time (weeks)
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)

Mean baseline weight: 99.6 kg
Liraglutide 3.0 mg Placebo

-12 -10 -8

n=156
n=144

n=207
n=206

Total 
-12.2%



Full analysis set; LOCF at week 56. LOCF, last observation carried forward
Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Individuals maintaining or regaining weight loss
SCALE Maintenance: At week 56

81.4

48.9

0

20

40

60

80

100

Liraglutide 3.0 mg Placebo

p<0.0001

Maintaining run-in weight loss

In
di

vi
du

al
s (

%
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1.9

17.5

0

20

40
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80

100

Liraglutide 3.0 mg Placebo

≥5% weight regain

p<0.0001
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s (
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Mean baseline weight: 99.6 kg



Full analysis set; LOCF at week 56
Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Individuals achieving additional weight loss 
SCALE Maintenance: At week 56

50.5

21.8

0

20

40

60

80

100

Liraglutide 3.0 mg Placebo

p<0.0001

26.1

6.3
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Liraglutide 3.0 mg Placebo

p<0.0001

Mean baseline weight: 99.6 kg

≥5% weight loss >10% weight loss
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AE, adverse event; GI, gastrointestinal 
Wadden et al. Int J Obes (Lond) 2013;37:1443–51

Summary
SCALE Maintenance

Clinical Efficacy

Risk factors

Safety profile

From randomization to week 56, 
weight decreased an additional 
mean 6.2% with liraglutide and 
0.2% with placebo • Maintained diet-induced weight 

loss in 81% of subjects
• Induced additional ≥5% body 

weight loss in 51% of subjects 
and an additional >10% body 
weight loss in 26% of subjects

Liraglutide 3.0 mg was well tolerated, with few 
withdrawals
• Nausea was the most common GI AE in both 

groups but was of mild to moderate severity 
and generally transient



N Engl J Med 2021;384:1719-30



Study design

Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730

Trial information

• Randomized, double-blind, controlled parallel groups study conducted in Denmark

• 200 Participants were recruited in the study

Key inclusion criteria

• Age >18 years < 65 years

• BMI >32 kg/m2 and < 40 kg/m2 *

• Safe contraceptive method

Key exclusion criteria

• Serious chronic illness including type 1 or 2 diabetes (or a randomly 
measured fasting plasma glucose > 7 mmol/l)

• Angina pectoris, coronary heart disease, congestive heart failure 
(NYHA III-IV)

• Severe renal impairment (creatinine clearance (GFR) <30 mL/min)

• Severe hepatic impairment

• Psychiatric disease, a history of major depressive or other severe 
psychiatric disorders

• The use of medications that cause clinically significant weight gain or 
loss

Weight loss 
(800 kcal/day

Tests

Liraglutide 3 mg/day
40 persons

Placebo
40 persons

Liraglutide 3mg/day+exercise
40 persons

Placebo+exercise
40 persons

30 persons

30 persons

30 persons

30 persons

Tests Tests

180 
Persons

160 
Persons

Week - 8 Week 0 4 9 13 17 22 26 39 52

End V3Mid V2Baseline V1Screening V0

Weight consultation Weight consultation and blood samples Blood samples and fad biopsi



Study intervention: Liraglutide or place
bo intervention

Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730

• Liraglutide (at a concentration of 6 mg per milliliter) or volume-matched 
placebo was injected subcutaneously

• Starting dose was of 0.6 mg per day, with supervised weekly increments of 
0.6 mg per day; the dose was intended to eventually reach 3.0 mg per day

• Participants who had unacceptable adverse effects at a given dose 
received the maximum dose at which they did not have such effects



Study intervention: Exercise intervention

Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730

• The exercise program was designed to meet the World Health Organization (WHO) recommendations on 
physical activity for health
• A minimum of 150 minutes per week of moderate-intensity aerobic physical activity, or 75 minutes 

per week of vigorous-intensity aerobic physical activity, or an equivalent combination of both 

• Each participant was assigned to an instructor who planned and monitored individualized programs. 

• After an initial 6-week ramp-up phase, per week participants were encouraged to attend 2 supervised 
group exercise sessions and 2 sessions of moderate-to vigorous– intensity exercise carried out 
individually.

• The exercise program was structured and flexible to substitute group exercise with individual exercise or 
vice versa; or to reduce exercise frequency if duration was prolonged or the intensity was increased.

• Participants randomized to the placebo or liraglutide group were instructed to maintain usual physical 
activity.



Primary endpoints
• Change in body weight (in kilograms) from 

randomization to week 52

Secondary endpoint 
• Change in the percentage of body fat (calculated 

as the fat mass [in kilograms] divided by the body 
weight [in kilograms], times 100) from 
randomization to week 52

Pre-specified metabolic health related endpoints
changes from randomization to week 52 in 
• fat mass
• lean mass

• cardiorespiratory fitness

• glycated hemoglobin level

• indexes of insulin

• resistance during fasting (liver insulin resistance, as assessed by the homeostatic 
model assessment of insulin resistance [HOMA-IR]) and during meal intake (whole-
body insulin resistance, as assessed by the Matsuda index28)

• lipid levels

• quality of life

• waist and hip circumferences
• waist-to-hip ratio, blood pressure 

• resting heart rate

Endpoints

Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730



Baseline demographics and clinical characteristics

Plus–minus values are observed means±SD. To convert the values for cholesterol to milligrams per deciliter, divide by 0.02586. To convert the values for triglycerides to milligrams per deciliter, divide by 0.01129.
†Cardiorespiratory fitness was assessed as the peak oxygen consumption (in milliliters of oxygen per minute per kilogram of body weight). ‡ The homeostatic model assessment of insulin resistance (HOMA-IR) was calculated as the fasting
insulin level (in milliunits per milliliter) times the fasting glucose level (in millimoles per liter), divided by 22.5. The conversion factor used for insulin was 1 μU/mL = 6.00 pmol/L and the conversion factor
used for glucose was 1 mg/dL = 0.05551 mmol/L. § The Matsuda index was calculated as 10,000 divided by the square root of the following value: the fasting glucose level times the fasting insulin level times the mean glucose level times the mean insulin level. ¶ Scores on each domain of the RAND 36-Item Health Survey (RAND-36) range from 0 to 100, with higher scores indicating better health.
Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730

Placebo 
(n = 49)

Exercise
(n = 48)

Liraglutide
(n = 49)

Exercise + liraglutide
(n = 49)

Men/women, n (%) 18/31 (37/63) 17/31 (35/65) 18/31 (37/63) 18/31 (37/63)

Age, years 43±12 43±12 43±12 42±12

Weight, kg 96.7±12.7 96.8±13.2 95.1±12.8 98.3±11.5

BMI, kg/m2 32.3±3.0 32.7±3.0 32.7±3.1 32.8±2.4

Body fat percentage, percentage 37.9±7.1 37.8±7.0 39.3±6.7 39.5±6.7

Fat mass, kg 37.0±6.8 37.1±8.8 37.7±6.9 39.0±6.2

Lean mass, kg 61.5±12.6 61.0±10.5 58.9±11.9 60.5±11.6

Waist circumference, cm 99.6±10.4 99.0±9.0 100.7±11.8 102.0±8.3

Hip circumference, cm 112.6±6.9 114.1±8.8 113.5±6.9 115.4±6.3

Waist/Hip Ratio 0.89±0.10 0.87±0.09 0.89±0.11 0.89±0.09

Cardiorespiratory fitness mL/min/kg † 24.9±5.6 26.6±6.1 24.6±4.7 23.5±4.6

Glycated hemoglobin, mmol/mol 34±4 34±4 34±4 34±3

Systolic blood pressure, mmHg 122±15 122±14 122±12 122±13

Diastolic blood pressure, mmHg 79±7 78±8 79±8 79±9

Resting heart rate, beats per minute 71±12 66±12 69±9 70±12



Placebo 
(n = 49)

Exercise
(n = 48)

Liraglutide
(n = 49)

Exercise + liraglutide
(n = 49)

HOMA-IR ‡ 2.0±1.4 1.5±0.8 1.5±0.7 1.9±0.9

Matsuda Index § 4.3±1.6 5.7±2.7 5.5±3.4 4.5±2.5

Total cholesterol, mmol/L 4.1±0.8 4.0±0.8 4.3±0.8 3.8±0.9

Cholesterol LDL, mmol/L 2.5±0.6 2.4±0.8 2.8±0.8 2.2±0.8

Cholesterol HDL, mmol/L 1.2±0.2 1.2±0.3 1.1±0.3 1.1±0.3

Triglycerides, mmol/L 1.1±0.5 1.0±0.3 1.0±0.3 1.1±0.5

General health perception,
RAND-36 score 82±14 77±18 78±14 79±14

Physical functioning,
RAND-36 score 92±11 92±10 88±13 90±8

Emotional well-being,
RAND-36 score 86±11 83±13 83±11 83±11

Plus–minus values are observed means±SD. To convert the values for cholesterol to milligrams per deciliter, divide by 0.02586. To convert the values for triglycerides to milligrams per deciliter, divide by 0.01129.
†Cardiorespiratory fitness was assessed as the peak oxygen consumption (in milliliters of oxygen per minute per kilogram of body weight). ‡ The homeostatic model assessment of insulin resistance (HOMA-IR) was calculated as the fasting
insulin level (in milliunits per milliliter) times the fasting glucose level (in millimoles per liter), divided by 22.5. The conversion factor used for insulin was 1 μU/mL = 6.00 pmol/L and the conversion factor
used for glucose was 1 mg/dL = 0.05551 mmol/L. § The Matsuda index was calculated as 10,000 divided by the square root of the following value: the fasting glucose level times the fasting insulin level times the mean glucose level times the mean insulin level. ¶ Scores on each domain of the RAND 36-Item Health Survey (RAND-36) range from 0 to 100, with higher scores indicating better health.
Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730

Baseline demographics and clinical characteristics



Characteristics before and after 8 Weeks of a LCD

• Plus–minus values are observed means ±SD. Among the 215 enrolled participants who began the low-calorie diet, those who had a weight loss at 8 weeks of at least 5% of their baseline body weight (195 participants) underwent randomization. The estimated mean changes (with 95% confidence intervals) during the low-calorie diet are shown in Table S2. To convert the values for cholesterol to milligrams per deciliter, divide by 0.02586. To convert t
he values for triglycerides to milligrams per deciliter, divide by 0.01129. † Cardiorespiratory fitness was assessed as the peak oxygen consumption (in milliliters of oxygen per minute per kilogram of body weight). ‡ The homeostatic model assessment of insulin resistance (HOMA-IR) was calculated as the fasting insulin level (in milliunits per milliliter) times the fasting glucose level (in millimoles per liter), divided by 22.5. The conversion factor that was 
used for insulin was that 1 μU per milliliter was equal to 6.00 pmol per liter. The conversion factor that was used for glucose was that 1 mg per deciliter was equal to 0.05551 mmol per liter. § The Matsuda index was calculated as 10,000 divided by the square root of the following value: the fasting glucose level times the fasting insulin level times the mean glucose level times the mean insulin level. ¶ Scores on each domain of the RAND 36-Item He
alth Survey (RAND-36) range from 0 to 100, with higher scores indicating better health.

• Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730

Characteristic
Before Low-Ca

lorie Diet
(N = 215)

After Low-CalorieDiet, a
t Randomization

(N = 195)

Sex – no. (%)

Male 80 (37) 71 (36)

Female 135 (63) 124 (64)

Age ȫ5 yr 42±12 43±12

Body weight — kg 109.7±14.9 96.7±12.5

Body-mass index 37.0±2.9 32.6±2.9

Body-fat percentage — % 41.1±6.1 38.6±6.9

Fat mass — kg 44.9±7.2 37.7±7.2

Lean mass — kg 65.3±12.9 60.4±11.6

Waist circumference — cm 110.6±11.3 100.3±10.0

Hip circumference — cm 121.4±7.5 113.9±7.3

Waist-to-hip ratio 0.91±0.10 0.88±0.10

Cardiorespiratory fitness — ml/min/kg† 22.9±4.2 24.9±5.4

Glycated hemoglobin — mmol/mol 36±4 34±3

Characteristic
Before Low-Ca

lorie Diet
(N = 215)

After Low-CalorieDiet, a
t Randomization

(N = 195)

Blood pressure — mm Hg

Systolic 132±16 122±13

Diastolic 86±10 79±8

Resting heart rate — beats/min 73±10 69±12

HOMA-IR‡ 3.9±2.4 1.7±1.0

Matsuda index§ 2.7±1.8 4.9±2.7

Cholesterol — mmol/liter

Total 5.0±1.0 4.1±0.8

Low-density lipoprotein 3.1±0.8 2.5±0.8

High-density lipoprotein 1.3±0.3 1.1±0.3

Triglycerides — mmol/liter 1.5±0.9 1.1±0.4

RAND-36 score

General health perception 71±16 79±15

Physical functioning 86±13 91±11

Emotional well-being 81±12 84±11



Primary endpoint: Mean changes in Bwt

Shown are the mean changes in body weight (primary end point; during a low-calorie diet (weeks −8 to 0, shaded area) and during 1 year of subsequent treatment (from randomization [week 0] to week 52). All the means were estimated from a repeated measures linear regression model with time, group, sex, age, and a time–group interaction as explanatory variable
s in the intention-to treat population. I bars indicate the standard error, and the dashed lines indicate baseline at randomization (week 0). The results from the prespecified hypotheses of changes in body weight from week 0 to 52 are shown in the bar charts as estimated mean differences with 95% confidence intervals. (See the Hypothesis: Analysis Results and Claims 
section in the Supplementary Appendix.)
Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730



Change in body weight from wk −8 to wk 52

bar chart of the percentages of participants in each trial group who had a total weight loss from baseline at enrollment (week −8) to the end of the trial (week 52) of at least 5%, 10%, 15%, and 20% of the initial body weight (left graph) and also shows a box plot of the percentage weight loss from baseline (dashed line) to the end of the trial in each group (right gra
ph). In the box plot, the diamonds indicate means; the black horizontal bars medians; the tops and bottoms of the boxes the upper and lower quartiles, respectively; and the whiskers ±1.5 times the interquartile range or the smallest or highest observation. Dots indicate individual observations
Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730



Secondary end point: Changes in BFP change 

Shown are the mean changes in body fat percentage (secondary end point; during a low-calorie diet (weeks −8 to 0, shaded area) and during 1 year of subsequent treatment (from randomization [week 0] to week 52). All the means were estimated from a repeated measures linear regression model with time, group, sex, age, and a time–group interaction as explanato
ry variables in the intention-to treat population. I bars indicate the standard error, and the dashed lines indicate baseline at randomization (week 0). The results from the prespecified hypotheses of changes in body fat percentage from week 0 to 52 are shown in the bar charts as estimated mean differences with 95% confidence intervals. (See the Hypothesis: Analysis 
Results and Claims section in the Supplementary Appendix.)
Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730



Conclusions

• Diet-induced weight loss was maintained with exercise or liraglutide and weight was further reduced with the co
mbined treatment

• After the 8-week low-calorie diet, 195 participants had a mean decrease in body weight of 13.1 kg. At 1 year, all 
the active-treatment strategies led to greater weight loss than placebo: difference in the exercise group, −4.1 kg 
(95% confidence interval [CI], −7.8 to −0.4; P = 0.03); in the liraglutide group, −6.8 kg (95% CI, −10.4 to −3.1; P
<0.001); and in the combination group, −9.5 kg (95% CI, −13.1 to −5.9; P<0.001).

• The combination strategy led to greater weight loss than exercise (difference, −5.4 kg; 95% CI, −9.0 to −1.7; P 
= 0.004) but not liraglutide (−2.7 kg; 95% CI, −6.3 to 0.8; P = 0.13). The combination strategy decreased body-f
at percentage by 3.9 percentage points, which was approximately twice the decrease in the exercise group (−1.7 
percentage points; 95% CI, −3.2 to −0.2; P = 0.02) and the liraglutide group (−1.9 percentage points; 95% CI, −
3.3 to −0.5; P = 0.009).

• Only the combination strategy was associated with improvements in the glycated hemoglobin level, insulin sensi
tivity, and cardiorespiratory fitness.

• Increased heart rate and cholelithiasis were observed more often in the liraglutide group than in the combinatio
n group.

Lundgren et al. N Engl J Med. 2021 May 6;384(18):1719-1730
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STEP programme: Four pivotal trials 
at a glance

Lifestyle intervention: –500 kcal/day diet + 150 min/week physical activity. IBT, intensive behavioural therapy; LCD, low-calorie diet; OW, once weekly; STEP, Semaglutide Treatment Effect in People with obesity; T2D, type 2 diabetes.
Kushner et al. Obesity (Silver Spring) 2020;28:1050–61.

STEP 1: Weight Management STEP 2: Weight Management in T2D

Lifestyle intervention
68 weeks

Lifestyle intervention
68 weeks

STEP 3: Weight Management with IBT

IBT
68 weeks

LCD
8 weeks

STEP 4: Sustained Weight Management

Semaglutide

Lifestyle intervention
68 weeks

20-week run
-in

Semaglutide 2.4 mg OW (n=1306)

Placebo (n=655)

Semaglutide 2.4 mg OW (n=407)

Placebo (n=204)

Semaglutide 1.0 mg OW (n=403)

Semaglutide 2.4 mg OW (n=404)

Placebo 2.4 mg OW/Placebo 1 mg OW (n=403)

Semaglutide 2.4 mg OW (n=535)

Placebo (n=268)

4,700 PATIENTS IN TOTAL

Semaglutide 2.4 mg is not approved for weight management in Korea



STEP 1–4: Mean weight loss

Trial product estimand data. *Statistically significant vs placebo. BW, body weight; IBT, intensive behavioural therapy. 
Wilding JPH et al. NEJM 2021; doi: 10.1056/NEJMoa2032183. Online ahead of print; Davies M et al. Lancet 2021; doi: 10.1016/S0140-6736(21)00213-0. Online ahead of print; Wadden TA et al. JAMA 2021; doi: 10.1001/jama.2021.1831. Online ahead of print; Rubin
o DM et al. JAMA. 2021;325(14):1414–1425
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Semaglutide 2.4 mg
Placebo
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*
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Semaglutide 2.4 mg is not approved for weight management in Korea



STEP 1–4: Subjects achieving 
≥10% weight loss

Proportions are based observed (in trial) data. BW, body weight; IBT, intensive behavioural therapy.
Wilding JPH et al. NEJM 2021; doi: 10.1056/NEJMoa2032183. Online ahead of print; Davies M et al. Lancet 2021; doi: 10.1016/S0140-6736(21)00213-0. Online ahead of print; Wadden TA et al. JAMA 2021; doi: 10.1001/jama.2021.1831. Online ahead of print;  Rubi
no DM et al. JAMA. 2021;325(14):1414–1425
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Semaglutide 2.4 mg is not approved for weight management in Korea



Key findings from STEP 1–4

*when treatment was taken as intended

s.c., subcutaneous; T2D, type 2 diabetes; Wilding et al. N Engl J Med 2021 doi: 10.1056/NEJMoa2032183 [Epub]; Wadden et al. JAMA 2021 doi:10.1001/jama.2021.1831 [Epub]; Davies et al. Lancet 2021 doi: 10.1016/S0140-6736(21)00213-0 [Epub]; Kushner et al. Obesity (Silver Spring) 2020;28:1050–61; Wing 
et al. Diabetes Care 2011;34:1481–6; Rubino DM et al. Rubino DM et al. JAMA. 2021;325(14):1414–1425

68 weeks of treatment with once weekly s.c. semaglutide 2.4 mg resulted in:

Substantial and clinically meaningful weight loss of 17–18%* on average in people with overw
eight or obesity and 10% in those with T2D

Increased number of patients meeting categorical weight-loss targets vs placebo 

Improvements in physical functioning and cardiometabolic risk factors

Semaglutide 2.4 mg is not approved for weight management in Korea



Tirzepatide

DOI: 10.1056/NEJMoa2206038











Wt change & A1c change



Lancet 2021; 397: 1736–48







Take Home Message

• Liraglutide showed moderate efficacy in various clinical trials

• We can maximize its clinical value by
• Increasing compliance 
• Reducing adverse effect
• Adding intensive LSM

• Other good GLP-1 agonists are coming!
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