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3P-MACE LEADER4

(liraglutide)
SUSTAIN-65

(semaglutide)
Harmony Outcomes6

(albiglutide)

CV death
HR 0.87

(95% CI 0.78, 0.97)
p=0.01

HR 0.74
(95% CI 0.58, 0.95)

p=0.02§

HR 0.78
(95% CI 0.68, 0.90)

p=0.0006

HHF
HR 0.78

(95% CI 0.66, 0.93)
p=0.007*

HR 0.98
(95% CI 0.65, 1.48)

p=0.92*

HR 0.93
(95% CI 0.73, 1.19)

p=0.578*

CV death or HHF
HR 0.87

(95% CI 0.73, 1.05)
p=0.14*

HR 1.11
(95% CI 0.77, 1.61)

p=0.57*
N/R 

Non-fatal stroke N/R N/R
HR 0.85

(95% CI 0.70, 1.04)
p=0.113*

Fatal/non-fatal MI
HR 0.89

(95% CI 0.72, 1.11)
p=0.30*

HR 0.61
(95% CI 0.38, 0.99)

p=0.04*
N/R 

3P-MACE
HR 0.88

(95% CI 0.75, 1.03)
p=0.11*

HR 0.74
(95% CI 0.51, 1.08)

p=0.12*

HR 0.75
(95% CI 0.61, 0.90)

p=0.003*

Comparison of trials should be interpreted with caution due to differences in study design, populations and methodology. p-values are for superiority
*Nominal p-value; †Testing for superiority for 3P-MACE was part of the statistical analysis plan, but was not part of the hierarchical testing strategy; ‡Exploratory outcome, no p-value is reported – only 

nominal effect estimate is given; §Testing for superiority was neither pre-specified nor adjusted for multiplicity. See slide notes for abbreviations
1. Zinman B et al. N Engl J Med 2015;373:2117; 2. Neal B et al. N Engl J Med 2017;377:644; 3. Wiviott S et al. N Engl J Med 2019;380:347; 4. Marso SP et al. N Engl J Med 2016;375:1834; 

5. Marso SP et al. N Engl J Med 2016;375:311; 6. Hernandez AF et al. Lancet 2018;392:1519

Evidence from CVOTs has shown that some glucose-lowering agents have
beneficial effects on CV outcomes
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• Adulti di età tra i 40–
75 anni con diabete
mellito tipo 2
• HbA1c: 7.0-10.0% 
• BMI ≤45 kg/m2

• Metformina e/o SU*
• Scompenso cardiaco
classe II /III NYHA e/o 
LVEF < 45%
• Massima terapia
medica per lo
scompenso cardiaco da
almeno 30 giorni prima
della randomizzazione

Liraglutide
0.6 mg 

* Metformina e/o SU
modificando la dose in
base alla glicemia

1.8 mg/die

Glargine 
(10 UI/die)

Screening

10 2 26
Tempo (settimane)

Randomizzazione
Valutazioni 
intermedie

52-1 3

Liraglutide
1.2 mg 

Liraglutide

Glargine 
(secondo schema)

Sitagliptin 100 mg/die

Titolazione dose di 
Liraglutide
Incremento dose  di 
Glargine

Terapia standard

126

Arturi & Succurro et al Endocrine 2016

Liraglutide improves cardiac function in patients with type 2 diabetes and HF



Arturi & Succurro et al Endocrine 2016

Liraglutide improves cardiac function in patients with type 2 diabetes and HF



DPP-4, dipeptidyl peptidase-4; GLP-1, glucagon-like peptide-1; SNAC, Sodium N-(8-(2-hydroxybenzoyl) amino) caprylate; t½, half-life. 
1. Lau J et al. J Med Chem 2015;58:7370-80; 2. Kapitza C et al. J Clin Pharmacol 2015;55:497-504; 3. Marbury TC et al. Diabetologia 2014;57:S358; 4. Connor et al. Poster 1195–P. ADA 77th 
Scientific Sessions. June 9–13, 2017; 5. Buckley ST et al. Sci Transl Med 2018;10:eaar7047.

Semaglutide
94% homology to human GLP-11

t½ of approximately 1 week2–4

Sodium N-(8-(2-hydroxybenzoyl) Amino) Caprylate 

+ Absorption enhancer (SNAC)
Increases bioavailability of
oral administration5
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26

34

Amino acid substitution prevents C-18 fatty 
acid binding at wrong site1

Amino acid substitution protects 
against DPP-4 degradation1

Spacer and C-18 fatty di-acid chain 
provide strong binding to albumin1
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Absorption of oral Semaglutide occurs in the stomach

SNAC, sodium N-(8-(2-hydroxybenzoyl) amino) caprylate.
Buckley ST et al. Sci Transl Med. 2018;10(467).

Gastric absorption of Semaglutide due to co-
formulation with SNAC

SNAC determines a local increase in pH which 
favors greater solubility of the tablet and 
protects against proteolytic degradation



Dosing instructions for oral semaglutide

Used in Phase 2 and Phase 3a (PIONEER) programme. 
1. Buckley ST et al. Sci Transl Med 2018;10(467); 2. Bækdal TA et al. Clin Pharmacokinet 2019;58:1193–1203.

Wake up fasting and take 
your semaglutide tablet with 

up to half a glass of water 
(approximately 120 mL/4 fl oz)

1
+

Wait at least 30 minutes before 
eating, drinking or taking any other 

oral medication

2

Have your first meal and drink of 
the day and take any other 

medications 
you need

3



-26%

Marso SP et al N Engl J Med 2016

Semaglutide reduces MACE in type 2 diabetic subjects at high CV risk 
SUSTAIN 6

Primary Endpoint : CV death, AMI, Stroke



Marso SP et al N Engl J Med 2016

Semaglutide reduces Stroke in type 2 diabetic subjects at high CV risk 
SUSTAIN 6

Stroke

-39%



• Data are estimated means for the trial product estimand (on trial product without rescue medication use). Changes from baseline were analyzed using a mixed model for repeated measurements model with treatment, region, baseline glucose-lowering background 
and interaction between treatment and baseline glucose-lowering background as categorical fixed effects and baseline value as covariate, all nested within visit, and an unstructured residual covariance matrix.
ADA, American Diabetes Association; BW, body weight. Pratley R, et al. Poster 927-P. ADA 80th Scientific Sessions Virtual Meeting. June 12–16, 2020.

In addition to SGLT2i therapy, oral semaglutide further reduced 
HbA1c and body weight
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74 73 36 211 211 106

8.1 7.9 8.1 7.9 8.0 7.8Baseline HbA1c, %:

Patients, N: 74 73 36 211 211 106

95.2 98.0 97.4 92.1 94.6 91.7Baseline BW, kg:

Patients, N:

SGLT2i No SGLT2i

PIONEER 4 patient subgroup with Met + SGLT2i at baseline 
Results at 52 weeks



*Treatment policy estimands; change from baseline at Week 26. † p <0.05 ; † †Up arrow indicates significantly greater increase vs. comparator; down arrow indicates significantly greater decrease
Sema, semaglutide; PBO, placebo; empa, empagliflozin; sita, sitagliptin; lira, liraglutide; BMI, body mass index ; n/a, not applicable; TC, total cholesterol, LDL, low-density lipoprotein cholesterol; TG, triglycerides.
1. Rodbard HW et al. Diabetes Care 2019;42:2272–2281; 2. Rosenstock J et al. JAMA 2019;321:1466–80; 3. Pratley R et al. Lancet 2019;394:39–50. Pieber TR et al. Lancet Diabetes Endocrinol 2019;7:528–39.19

PIONEER 3
(vs sitagliptin) 

PIONEER 4
(vs placebo & liraglutide) 

PIONEER 7 
(vs sitagliptin)

PIONEER 2
(vs empagliflozin) 

Sema -1.3† -3.8 -5 TC↓, LDL↓ 0.67† -3.7†

Empa -0.9 -3.7 -5 0.74 -3.0

Sema -1.3† -3.1† -3 TC↓, LDL↓, TG↓ n/a -2.3†

Sita -0.8 -0.6 -2 -0.6

Sema -1.2 -4.4† -4 TG↓ n/a -4.2†

Lira -1.1 -3.1 -3 -2.9

Sema -1.3† -2.6† -4 TC↓, LDL↓ n/a n/a

Sita -0.8 -0.7 -2

Change at Week 26 in*: Lipid 
Profile † †Body Weight (kg) Systolic Blood 

Pressure (mmHg)HbA1c (%)
hsCRP

(Ratio to baseline)
Waist Circumference 

(cm)

Semaglutide reduces endpoints related to cardiovascular risk 





The Incretin Hormones GIP and GLP-1 Signal to the Pancreas

GIP = gastric inhibitory polypeptide; GLP-1 = glucagon‐like peptide‐1; PPG = postprandial glucose.

Nauck MA, Meier JJ. Diabetes. 2019;68(5):897-900.

• Nutrient load in the 
gut stimulates release of the 
incretin hormones GIP and GLP-1

• GIP and GLP-1 signal to 
pancreatic islets 
to enhance 
glucose-dependent insulin 
secretion and subsequent PPG 
clearance in healthy people

Islet of Langerhans (endocrine 
pancreas)

GIP ~44%

Substrate absorption

Neural transmission

Jejunal mucosa

Duodenal mucosa

K cells

L cells

Jejunum Glucose ~33%

Negligible

β cells (insulin)

α cells (glucagon)

δ cells (somatostatin)

Pancreatic polypeptide cells 

Capillaries 

Increased nutrient 
load

Relative contribution to 
augmentation of insulin release 

GLP-1 ~22%



Tirzepatide

This 3-dimensional rendering of tirzepatide is not an exact reproduction of the molecule and should be used for representative purposes only.
GIP = glucose-dependent insulinotropic polypeptide; GIPR = glucose-dependent insulinotropic polypeptide receptor; GLP-1R = glucagon-like peptide-1 receptor. 

1. Coskun T, et al. Mol Metab. 2018;18:3-14. 2. Urva S, et al. Diabetes. 2020;69(suppl 1):Abstract 971-P.

• Structure: linear peptide, 39 amino acids 
based on the GIP sequence1

• Binds to both GIPR and GLP-1R
• Includes a C20 fatty diacid moiety

• Mean half-life: approximately 5 days1

• Plasma concentrations in people with 
renal impairment do not differ vs healthy 
people2






SURPASS Clinical Trial Programme

OAM = oral antihyperglycaemic medication; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SU = sulphonylurea; TID = thrice daily; T2D = type 2 diabetes.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Eli Lilly and Company, 2021. Accessed 5 June 2021. https://investor.lilly.com/news-releases/news-
release-details/lillys-tirzepatide-achieves-all-primary-and-key-secondary-study 5. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021. 6. SURPASS-CVOT. Accessed 1 April 2021. Available at: 
https://clinicaltrials.gov/ct2/show/NCT04255433 7. SURPASS-6. Accessed 1 April 2021. Available at: https://clinicaltrials.gov/ct2/show/NCT04537923

Monotherapy
Combination
With Insulin

SURPASS-1
vs placebo1

(mean T2D duration: 4.7 y)

SURPASS-2
vs semaglutide2

Add-on to metformin
(mean T2D duration: 8.6 y)

SURPASS-3
vs insulin degludec3

Add-on to metformin with or 
without SGLT2i

(mean T2D duration: 8.4 y)

SURPASS-5
vs placebo5

Add-on to insulin glargine with 
or without metformin

(mean T2D duration: 13.3 y)

SURPASS-67

vs insulin lispro (TID)
Add-on to insulin glargine with 

or without metformin
(ongoing)

Combination With OAMs

SURPASS-4
vs insulin glargine4

Add-on to ≥1 and ≤3 OAMs 
(metformin, SGLT2i, or SU)

(mean T2D duration: 11.8 y)

SURPASS-CVOT vs dulaglutide (ongoing)6



Tirzepatide: Dosing in Phase 3 SURPASS Clinical Trial Programme

QW = once-weekly; TZP = tirzepatide.

1. Eli Lilly and Company. Diabetes – 2019 Business Update. 2. Frias JP, et al. Diabetes Obes Metab. 2020;22(6):938-946. 
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Simulation of dose escalation1

• Model predicts incidence of nausea with slow, step-wise 
escalation and supports improved tolerability profile from 
phase 2 to phase 31,2

Time (wk)

• 2.5-mg increments allow gradual introduction and improved 
tolerability profile

• Dosing was informed by phase 2 studies and exposure modelling

5 mg 10 mg 15 mg

TZP 5 mg QW

TZP 10 mg QW

TZP 15 mg QW

5 mg2.5 mg

2.5 mg

2.5 mg

5 mg 7.5 mg 10 mg

5 mg 7.5 mg 10 mg 15 mg12.5 mg

0 4 8 12 16 20

Time (wk)



Efficacy

Tirzepatide
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Tirzepatide: HbA1c Change From Baseline to Primary Endpoint
Efficacy Estimand 

Data are LSM (SE). mITT population (efficacy analysis set). MMRM analysis. Data labels are % HbA1c.
HbA1c = glycated haemoglobin; LSM = least squares mean; MET = metformin; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SEMA = semaglutide; 
SU = sulphonylurea; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Eli Lilly and Company, 2021. Accessed 5 June 2021. https://investor.lilly.com/news-
releases/news-release-details/lillys-tirzepatide-achieves-all-primary-and-key-secondary-study 5. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.

SURPASS-55

40 weeks
8.3 (67)

Add-on to insulin 
glargine ± MET

SURPASS-11

40 weeks
7.9 (63)

Monotherapy

SURPASS-33

52 weeks
8.2 (66)

Add-on to MET
or MET + SGLT2i

SURPASS-22

40 weeks
8.3 (67)

Add-on to MET

*P<.001
superiority vs SEMA 1 mg

*P<.001
superiority vs placebo

*P<.001
superiority vs

insulin degludec

*P<.001
superiority vs placebo

SURPASS-44

52 weeks
8.5 (69)

Add-on to MET,
SGLT2i, or SU

*Superiority
vs insulin glargine

Mean baseline
HbA1c: % (mmol/mol)

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo

H
bA1c change from

 baseline (m
m

ol/m
ol)
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TREATMENT



Tirzepatide: HbA1c Over Time (SURPASS-2)
Efficacy Estimand

Data are LSM (SE); mITT population (efficacy analysis set). ANOVA analysis (week 0) and MMRM analysis (week 40). Arrows indicate when the dose of TZP 5 mg, 10 mg, 15 mg, and SEMA 1 mg were achieved. Data labels are % HbA1c.
ANOVA = analysis of variance; HbA1c = glycated haemoglobin; LSM = least squares mean; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; SEMA = semaglutide; TZP = tirzepatide.
Frias JP, et al. N Engl J Med. Published online June 25, 2021.
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Tirzepatide: HbA1c Over Time (SURPASS-3)
Efficacy Estimand 

Data are LSM (SE); mITT population (efficacy analysis set). MMRM analysis (week 52). Arrows indicate when the dose of TZP 5 mg, 10 mg, and 15 mg were achieved. Data labels are % HbA1c.
HbA1c = glycated haemoglobin; LSM = least squares mean; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; TZP = tirzepatide.
Ludvik B, et al. Lancet. 2021; In press.
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Proportion of Patients Achieving HbA1c <7.0% 
Efficacy Estimand

Data are estimated mean; mITT population (efficacy analysis set). Logistic regression.
HbA1c = glycated haemoglobin; MET = metformin; mITT = modified intent-to-treat; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SEMA = semaglutide; SU = sulphonylurea; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Eli Lilly and Company, 2021. Accessed 5 June 2021. https://investor.lilly.com/news-
releases/news-release-details/lillys-tirzepatide-achieves-all-primary-and-key-secondary-study 5. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.
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SURPASS-55

40 weeks
Add-on to insulin 
glargine ± MET

SURPASS-11

40 weeks
Monotherapy

SURPASS-33

52 weeks
Add-on to MET

or MET + SGLT2i

SURPASS-22

40 weeks
Add-on to MET

*P<.001, †P<.05
superiority vs SEMA 1 mg

*P<.001
superiority vs placebo

*P<.001
superiority vs insulin 

degludec

*P<.001
superiority vs placebo

SURPASS-44

52 weeks
Add-on to MET,
SGLT2i, or SU

*Superiority
vs insulin glargine

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo

TREATMENT



Proportion of Patients Achieving HbA1c ≤6.5% 
Efficacy Estimand

Data are estimated mean; mITT population (efficacy analysis set). Logistic regression.
HbA1c = glycated haemoglobin; MET = metformin; mITT = modified intent-to-treat; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SEMA = semaglutide; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.
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*P<.001
vs placebo

*P<.001
vs placebo

*P<.001, †P<.05
vs SEMA 1 mg

*P<.001
vs insulin degludec

SURPASS-54

40 weeks
Add-on to insulin
glargine ± MET

SURPASS-11

40 weeks
Monotherapy

SURPASS-33

52 weeks
Add-on to MET

or MET + SGLT2i

SURPASS-22

40 weeks
Add-on to MET

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo

TREATMENT



Proportion of Patients Achieving HbA1c <5.7% 
Efficacy Estimand

Data are estimated mean; mITT population (efficacy analysis set). Logistic regression.
HbA1c = glycated haemoglobin; MET = metformin; mITT = modified intent-to-treat; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SEMA = semaglutide; SU = sulphonylurea; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Eli Lilly and Company, 2021. https://investor.lilly.com/news-releases/news-release-
details/lillys-tirzepatide-achieves-all-primary-and-key-secondary-study. Accessed 5 June 2021. 5. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.
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SURPASS-55

40 weeks
Add-on to insulin
glargine ± MET

SURPASS-11

40 weeks
Monotherapy

SURPASS-33

52 weeks
Add-on to MET

or MET + SGLT2i

SURPASS-22

40 weeks
Add-on to MET

SURPASS-44

52 weeks
Add-on to MET,
SGLT2i, or SU

*P<.001
superiority (10 mg, 15 mg)  

vs SEMA 1 mg

*P<.001
superiority vs placebo

*P<.001
vs insulin degludec

*P<.001
superiority (10 mg, 15 mg) 

vs placebo

*Statistically significant
vs insulin glargine

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo

TREATMENT



FSG Change From Baseline to Primary Endpoint
Treatment Regimen Estimand 

Data are LSM (SE); mITT population (full analysis set) MMRM analysis. Data labels are in mg/dL.
FSG = fasting serum glucose; LSM = least squares mean; MET = metformin; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.
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SURPASS-54

40 weeks
163 (9.1)

Add-on to insulin
glargine ± MET

SURPASS-11

40 weeks
154 (8.5)

Monotherapy

*P<.001
superiority vs placebo

*P<.001
superiority vs placebo

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo
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7-Point SMBG at Baseline and at 52 Weeks (SURPASS-3)
TZP 5 mg
TZP 10 mg
TZP 15 mg
SEMA 1 mg

Data are LSM (SE); mITT population (efficacy analysis set) ANOVA analysis (baseline) and MMRM analysis (week 40). Data labels are in mg/dL.
ANOVA = analysis of variance; LSM = least squares mean; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; SMBG = self-monitored blood glucose; SEMA = semaglutide; TZP = tirzepatide.
Frias JP, et al. N Engl J Med. Published online June 25, 2021.
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Body Weight Change From Baseline to Primary Endpoint
Efficacy Estimand

Data are LSM (SE); mITT population (efficacy analysis set). MMRM analysis. 
LSM = least squares mean; MET = metformin; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SEMA = semaglutide; SU = sulphonylurea; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Eli Lilly and Company, 2021. Accessed 5 June 2021. https://investor.lilly.com/news-
releases/news-release-details/lillys-tirzepatide-achieves-all-primary-and-key-secondary-study. 5. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.

SURPASS-55

40 weeks
95.3

Add-on to insulin
glargine ± MET

SURPASS-11

40 weeks
85.9

Monotherapy
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weight (kg)
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52 weeks
94.3

Add-on to MET 
or MET + SGLT2i
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*P<.001
superiority vs SEMA 1 mg

*P<.001
superiority vs placebo

*P<.001
superiority vs insulin 

degludec

*P<.001
superiority vs placebo

SURPASS-44

52 weeks
90.3

Add-on to MET,
SGLT2i, or SU

*Superiority
vs insulin glargine

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo
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(-9.3%)

(-11.0%)

(-0.9%)

(-8.5%)

(-11.0%)

(-13.1%)

(-6.7%)

(-8.1%)

(-11.4%)

(-13.9%)

(2.7%)

(-6.6%)

(-8.9%)

(-11.6%)

(1.7%)

(-8.1%)

(-10.7%)

(-13.0%)

(2.2%)

TREATMENT



Body Weight Change Over Time (SURPASS-2)
Efficacy Estimand

Data are LSM (SE); mITT population (efficacy analysis set). ANOVA analysis (week 0) and MMRM analysis (week 40). Arrows indicate when the dose of TZP 5 mg, 10 mg, 15 mg, and SEMA 1 mg were achieved.
Data labels are weight in kg (% change from baseline).
*P<.001 vs SEMA.
ANOVA = analysis of variance; LSM = least squares mean; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; SEMA = semaglutide; TZP = tirzepatide.
Frias JP, et al. N Engl J Med. Published online June 25, 2021.
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Proportion of Patients Achieving ≥5% Weight Loss

Data are estimated mean; mITT population (efficacy analysis set). Logistic regression.
MET = metformin; mITT = modified intent-to-treat; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SEMA = semaglutide; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.

67* 69†
66*

54*

78*
82* 84*

65*

77*

86* 88*
85*

14

58

6 6

0

20

40

60

80

100

Pa
tie

nt
s 

ac
hi

ev
in

g 
bo

dy
 w

ei
gh

t l
os

s 
ta

rg
et

 (%
) 

SURPASS-54

40 weeks
Add-on to insulin
glargine ± MET

SURPASS-11

40 weeks
Monotherapy

SURPASS-33

52 weeks
Add-on to MET

or MET + SGLT2i

SURPASS-22

40 weeks
Add-on to MET

*P<.001
vs placebo

*P<.001
vs placebo

*P<.001, †P<.05 
vs SEMA 1 mg

*P<.001
vs insulin degludec

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo

TREATMENT



Proportion of Patients Achieving ≥10% Weight Loss

Data are estimated mean; mITT population (efficacy analysis set). Logistic regression.
MET = metformin; mITT = modified intent-to-treat; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SEMA = semaglutide; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.
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SURPASS-54

40 weeks
Add-on to insulin
glargine ± MET

SURPASS-11

40 weeks
Monotherapy

SURPASS-33

52 weeks
Add-on to MET

or MET + SGLT2i

SURPASS-22

40 weeks
Add-on to MET

*P<.001
vs placebo

*P<.001
vs placebo

*P<.001
vs SEMA 1 mg

*P<.001
vs insulin degludec

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo

TREATMENT



Proportion of Patients Achieving ≥15% Weight Loss

Data are estimated mean; mITT population (efficacy analysis set). Logistic regression.
MET = metformin; mITT = modified intent-to-treat; SGLT2i = sodium-glucose co-transporter-2 inhibitor; SEMA = semaglutide; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.
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†P<.05
vs placebo

*P<.001, †P<.05
vs placebo

*P<.001, †P<.05
vs SEMA 1 mg

*P<.001
vs insulin degludec

SURPASS-54

40 weeks
Add-on to insulin
glargine ± MET

SURPASS-11

40 weeks
Monotherapy

SURPASS-33

52 weeks
Add-on to MET

or MET + SGLT2i

SURPASS-22

40 weeks
Add-on to MET

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo

TREATMENT



Insulin-sensitizing effects of tirzepatide
HOMA2-IR

aHOMA-IR measures were estimated using the HOMA2 calculator (licensed from Oxford University) that uses fasting insulin levels for the calculations.
Data are estimate (SE) from MMRM analysis using log transformation, mITT population (efficacy analysis set). Computed with fasting insulin.
HOMA2-IR = homeostasis model assessment of insulin resistance; MET = metformin; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; SEMA = semaglutide; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021.
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Tirzepatide improves beta-cell function, increases adiponectin and 
decreases glucagon levels

Thomas MK, et al. J Clin Endocrinol Metab 2021



Insulin-sensitizing effects of tirzepatide

Thomas MK, et al. J Clin Endocrinol Metab 2021



Lipid Profile at 40 Weeks (SURPASS-2)

Data are estimated percentage means (SE) from MMRM analysis using log transformation; mITT population (efficacy analysis set).
HDL = high-density lipoprotein; LDL = low-density lipoprotein; MET = metformin; mITT = modified intent-to-treat; MMRM = mixed model repeated measures; SEMA = semaglutide; TZP = tirzepatide; VLDL = very-low-density lipoprotein.
Frias JP, et al. N Engl J Med. Published online June 25, 2021.
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vs SEMA 1 mg

TZP 5 mg
TZP 10 mg
TZP 15 mg
SEMA 1 mg

HDL cholesterol
40 weeks

42.9     42.7      42.9      42.7
(1.11)   (1.10)    (1.11)   (1.10)

Add-on to MET

Total cholesterol
40 weeks

171.5   171.3    168.6    170.9
(4.44)   (4.43)    (4.36)   (4.42)

LDL cholesterol
40 weeks

88.2     88.4      86.4      88.2
(2.28)   (2.29)    (2.23)   (2.28)

VLDL cholesterol
40 weeks

32.5      32.8      32.3      32.7
(0.84)   (0.85)    (0.83)   (0.84)



Blood Pressure Over Time (SURPASS-2)

Data are LSM (SE); mITT population (safety analysis set). Arrows indicate when the dose of TZP 5 mg, 10 mg, 15 mg, and SEMA 1 mg were achieved. Prevalence refers to the proportion of subjects who have an event during a time interval.
DBP = diastolic blood pressure; LSM = least squares mean; mITT = modified intent-to-treat; SBP = systolic blood pressure; SEMA = semaglutide; TZP = tirzepatide.
Frias JP, et al. N Engl J Med. Published online June 25, 2021.
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Pulse Rate Over Time (SURPASS-2)

Data are LSM (SE); mITT population (safety analysis set). Arrows indicate when the dose of TZP 5 mg, 10 mg, 15 mg, and SEMA 1 mg were achieved. Prevalence refers to the proportion of subjects who have an event during a time interval.
bpm = beats per minute; LSM = least squares mean; mITT = modified intent-to-treat; SEMA = semaglutide; TZP = tirzepatide.
Frias JP, et al. N Engl J Med. Published online June 25, 2021.
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Incidence of Nausea Over Time Through 40 Weeks (SURPASS-2)

Data are percentage of participants who reported a new event relative to participants at risk during a time interval; mITT population (safety analysis set). Shaded areas indicate the period of time before reaching the maintenance dose of the study treatments. 
Incidence refers to the proportion of participants who have a new event during a time interval.
mITT = modified intent-to-treat; SEMA = semaglutide; TZP = tirzepatide.
Frias JP, et al. N Engl J Med. Published online June 25, 2021.
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SURPASS-44

52 weeks
Add-on to MET,
SGLT2i, or SU

*Statistically significant
vs insulin glargine

TZP 5 mg
TZP 10 mg
TZP 15 mg
Active comparator
Placebo

Del Prato S et al Lancet 2021

CV Safety SURPASS-4

Proportion of Patients
Achieving HbA1c ≤6.5% 

Proportion of Patients
Achieving HbA1c <5.7% 



CV Safety SURPASS-4

HR=0·74 (CI 0·51–1·08) 

Del Prato S et al Lancet 2021

Time to first occurrence of MACE-4 nonfatal myocardial infarction, non-fatal stroke, 
cardiovascular death and hospital admission for angina



CV Safety Meta-Analysis

• Conducted across the clinical programme once a predefined number of 
MACE occurred

• Consisted of 116 participants with adjudicated MACE
• Composite endpoint of death from CV or undetermined causes, MI, 

stroke and hospitalisation for unstable angina

• The SURPASS clinical trial programme has now met regulatory submission 
requirements for evaluating CV risk

CV = cardiovascular; HR = hazard ratio; MACE = major adverse cardiovascular events; MI = myocardial infarction; TZP = tirzepatide.
Eli Lilly and Company, 2021. Accessed 5 June 2021. https://investor.lilly.com/news-releases/news-release-details/lillys-tirzepatide-achieves-all-primary-and-key-secondary-study

HR=0.81 (97.85% CI, 0.52 to 1.26)
of pooled TZP vs pooled comparators



Hypoglycaemia

Data are n (%); mITT population (safety analysis set). Note: Patients may be counted in more than 1 level. Data after initiation of new glucose lowering therapy are not included.
aSevere event characterised by altered mental and/or physical status requiring assistance for treatment of hypoglycaemia; b1 patient randomised to TZP 15 mg had an event of hypoglycaemia that was not considered severe by the investigator but was reported as an SAE; 
c1 episode of severe hypoglycaemia was reported during the study for a patient assigned to the TZP 15-mg group during the escalation period (day 28).
mITT = modified intent-to-treat; SAE = severe adverse event; SEMA = semaglutide; TZP = tirzepatide.
1. Rosenstock J, et al. Lancet. Published online June 26, 2021. 2. Frias JP, et al. N Engl J Med. Published online June 25, 2021. 3. Ludvik B, et al. Lancet. 2021; In press. 4. Dahl D, et al. Presented at the 81st Scientific Sessions of the ADA. 2021.

SURPASS-11 TZP 5 mg 
N=121

TZP 10 mg
N=121

TZP 15 mg
N=121

Placebo
N=115

Hypoglycaemia (blood glucose <54 mg/dL [3.0 mmol/L]) 0 0 0 1 (1)

Severe hypoglycaemiaa 0 0 0 0

SURPASS-22 TZP 5 mg 
N=470

TZP 10 mg
N=469

TZP 15 mg
N=470

SEMA 1 mg
N=469

Hypoglycaemia (blood glucose <54 mg/dL [3.0 mmol/L]) 3 (0.6) 1 (0.2) 8 (1.7) 2 (0.4)

Severe hypoglycaemiaa 1 (0.2) 0 1 (0.2)b 0

SURPASS-33 TZP 5 mg 
N=358

TZP 10 mg
N=360

TZP 15 mg
N=359

Insulin degludec
N=360

Hypoglycaemia (blood glucose <54 mg/dL [3.0 mmol/L]) 5 (1.4) 4 (1.1) 7 (1.9) 26 (7.3)

Severe hypoglycaemiaa 0 0 1 (0.3)c 0

SURPASS-54 TZP 5 mg 
N=116

TZP 10 mg
N=119

TZP 15 mg
N=120

Placebo
N=120

Hypoglycaemia (blood glucose <54 mg/dL [3.0 mmol/L]) 18 (15.5) 23 (19.3) 17 (14.2) 15 (12.5)

Severe hypoglycaemiaa 0 2 (1.6) 1 (0.8) 0
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Hepatic: ALT and AST at 40 Weeks (SURPASS-2)

Analysis with log-transformation; mITT population (safety analysis set).
ALT = alanine transaminase;  AST = aspartate aminotransferase; MET = metformin; mITT = modified intent-to-treat; SEMA = semaglutide; TZP = tirzepatide.

Frias JP, et al. N Engl J Med.2021.

Baseline IU/L

ALT                                                                         AST
40 weeks

24.6                 25.8                24.0                 25.1 20.2                 21.3                 20.2                 20.6

Add-on to MET

vs SEMA 1 mg

TZP 5 mg
TZP 10 mg
TZP 15 mg
SEMA 1 mg



Potential MOAs of Tirzepatide Under Investigation

CNS = central nervous system; GI = gastrointestinal; GLP-1 = glucagon-like peptide-1; MOA = mechanism of action; RA = receptor agonist.

Skeletal muscle
Insulin sensitivity and 
glucose disposal

GI tract: stomach
Delayed gastric emptyingLiver

Insulin sensitivity, lipid 
metabolism, and 
energy expenditure

Adipose tissue
Lipid metabolism and 
insulin sensitivityPancreas: islets

Secretion of insulin and 
glucagon

CNS
Appetite, feeding 
behaviour, energy 
expenditure, and nausea

Increase insulin sensitivity
Improve β-cell function

Reduce food intake
Increase energy expenditure

Improve metabolic flexibility and nutrient partitioning
Alter adverse event profile vs GLP-1 RA

Cardiovascular
Plasma lipids, 
inflammation, and 
endothelial function



Samms RJ, et al. Trends Endocrinol Metab 2020





Take home messages

Nauck MA Cardiovascular Diabetology 2022 



Kendall DM, et al. Am J Med 2009

Years

Re
la

tiv
e 

A
m

ou
nt

-10 -5 0 5 10 15 20 25 30

Insulin resistance

Insulin levels

0
50

100
150
200
250

-15

β-cell failure

Onset 
Diabetes 

-10 -5 0 5 10 15 20 25 30-15
Years

0

G
lu

co
se

 (m
g/

dL
)

Diabetes Diagnosis

50
100
150
200
250
300
350

Fasting glucose

Prediabetes 
(Obesity, IFG, IGT)

Post-meal glucose

Bergenstal RM, et al. In: Degroot LJ, Jameson J (eds). Endocrinology 2001; 821–35.

Microvascular Complications

Macrovascular Complications

30

Natural history of type 2 diabetes





50

100

150

200

250

0 1 2 3 4 5 6 7 81998–
1999

2000–
2001

2002–
2003

2004–
2005

2006–
2007

2008–
2009

2010–
2011

2012–
2013

2014

St
an

da
rd

is
ed

 in
ci

de
nc

e 
ra

te
(p

er
 1

0,
00

0 
pa

tie
nt

-y
ea

rs
)

T2D No T2D

Despite falling mortality rates, patients with T2D remain at increased risk of CV mortality

Data from 457,473 patients with T2D from the Swedish National Diabetes Register. Bars represent 95% confidence intervals
*Controls were matched for age, sex and country
CV, cardiovascular; T2D, type 2 diabetes
Rawshani A et al. N Engl J Med 2017;376:1407

Death from CV disease in patients with T2D versus matched controls*
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