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Learning Objectives

• Evaluate data from glucagon-like peptide (GLP)-1 receptor 
agonist (RA) cardiovascular outcome trials (CVOTs) and apply 
implications to patient care

• Describe proposed mechanisms by which GLP-1 RAs reduce 
cardiovascular risk in patients with type 2 diabetes mellitus 
(T2DM)

• Recall agent-specific GLP-1 RA indications for use in addition  
to improving glycemic control in the management of T2DM

Hirshberg, et al. Diabetes Care. 2011;34(Suppl 2):S101-6.; U.S. Department 

of HHS; FDA. Guidance for industry. Diabetes mellitus – evaluating 

cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. 

https://www.fda.gov/media/71297/download/. Published December 2008. 

https://www.fda.gov/media/71297/download/


New FDA Requirement
Hirshberg, et al. Diabetes Care. 2011;34(Suppl 2):S101-6.; U.S. Department 

of HHS; FDA. Guidance for industry. Diabetes mellitus – evaluating 

cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. 

https://www.fda.gov/media/71297/download/. Published December 2008. 

https://www.fda.gov/media/71297/download/


1. Bergenstal RM, et al. Am J Med. 2010;123(4):374.e9-18.; 2. UKPDS Group. Lancet. 1998;352(9131):854-65.; 3. Holman RR, et al. N Engl 

J Med. 2008;359(15):1577-89.; 4. DCCT. N Engl J Med. 1993;329(14):977-86.; 5. Nathan DM, et al. N Engl J Med. 2005;353(25):2643-53.; 

6. ACCORD Study Group. N Engl J Med. 2008;358(24):2545-59.; 7. ACCORD Study Group. N Engl J Med. 2010;363(3):233-44.; 8. 

ADVANCE Collaborative Group. N Engl J Med. 2008;358(24):2560-72.; 9. Duckworth W, et al. N Engl J Med. 2009;360(2):129-39.

Microvascular CVD Mortality

Study A1Ca

Initial 
trial

Long-term 
follow-up

Initial 
trial

Long-term 
follow-up

Initial 
trial

Long-term 
follow-up

UKPDS2,3 7.9 vs. 7.0 ↓ ↓ — ↓ — ↓

DCCT/EDIC4,5 9.1 vs. 7.0 ↓ ↓ — ↓ — —

ACCORD6,7 7.5 vs. 6.4 ? — ↑

ADVANCE8 7.3 vs. 6.5 ↓ — —

VADT9 8.4 vs. 6.9 ↓ — —

aValues presented are for conventional/standard therapy group vs. intensive therapy group at the end of initial trial

Historic CVOTs in Diabetes and Their Implications1

CVD, cardiovascular disease.



0.5 1     1.3               1.8 2

Favors intervention Favors control

Risk ratio and 95% CI

Not approvable

Approvable; need 
post-marketing study

Approvable; post-marketing 
study not needed 

“To ensure that a new 
[antihyperglycemic] therapy does not 

increase cardiovascular risk to an 
unacceptable extent….”

Criteria
1. Include patients at higher risk for 
CV events
• Advanced disease
• Elderly
• Renal impairment

2. Sufficient size & duration
• Minimum of 2 years

3. Endpoints
• CV death, MI, stroke (MACE) 
• +/- other endpoints Hirshberg, et al. Diabetes Care. 2011;34(Suppl 2):S101-6.; U.S. Department 

of HHS; FDA. Guidance for industry. Diabetes mellitus – evaluating 

cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. 

https://www.fda.gov/media/71297/download/. Published December 2008. 

FDA Guidance for Industry

CI, confidence interval; CV, cardiovascular; FDA, United States Food and Drug 

Administration; MACE, major adverse cardiovascular event; MI, myocardial infarction.

https://www.fda.gov/media/71297/download/


• FDA-Approved GLP-1RA Medications

Agent Date of
FDA approval

Formulations Route Dosing 
frequency

Exenatide April 2005 5-mcg and 10-mcg pens SC Twice daily

Lixisenatide July 2016 10-mcg and 20-mcg pens SC Daily

Liraglutide January 2010 6-mg/mL (3 mL) pen SC Daily

Exenatide XR October 2017 2-mg vial for reconstitution, 
2-mg pen

SC Weekly

Dulaglutide September 2014 0.75-mg and 1.5-mg pens SC Weekly

Semaglutide December 2017 0.25-mg, 0.5-mg, and 1-mg pens SC Weekly

Semaglutide September 2019 3-mg, 7-mg, and 14-mg tablets PO Daily 

Adlyxin [package insert]. 2016.; Byetta [package insert]. 2015.; Bydureon

[package insert]. 2018.; Trulicity [package insert]. 2017.; Ozempic [package 

insert]. 2017.; Rybelsus [package insert]. 2019.; Victoza [package insert]. 2017.

FDA-Approved GLP-1 RA Medications

PO, by mouth; SC, subcutaneously.



PIONEER 618

(n≈3176)
3-pt MACE

TOSCA IT20

(n≈3371)
4-pt MACE

ORIGIN6

(n=12,537)
3-pt MACE

2013 2015 2016 2017 2018 2019 2020

SAVOR-TIMI 533

(n=16,492)
1222 3-pt MACE

EXAMINE2

(n=5380)
621 3-pt MACE

TECOS4

(n=14,671)
≥1300 4-pt MACE

LEADER8

(n=9341)
≥611 3-pt MACE

DECLARE-TIMI 5822

(n≈17,150)
≥1390 3-pt MACE

EMPA-REG OUTCOME7

(n=7028)
≥691 3-pt MACE

CREDENCE23

(n≈4200)
Renal + 5-pt MACE

CAROLINA21

(n≈6041)
≥631 4-pt MACE

FREEDOM CVO10

(n=4156)
4-pt MACE

VERTIS CV Study24

(n≈8000)
3-pt MACE

CARMELINA14

(n≈7053)
4-pt MACE + renal

REWIND16,17

(n=9901)
≥1200 3-pt MACE

ELIXA5

(n=6068)
≥805 4-pt MACE

STELLA-LONG TERM19

(n≈11,412)
3-pt MACE + tumors

HARMONY Outcomes15

(n≈9400) 3-pt MACE

DPP-4i

SGLT-2i

SC GLP-1 RA

Insulin 

TZD

Oral GLP-1 RA

DEVOTE11

(n=7637)
3-pt MACE

CANVAS-R12

(n=5812)
Albuminuria

CANVAS12

(n=4330)
≥420 3-pt MACE

EXSCEL13

(n≥14,000)
≥1591 3-pt MACE

SUSTAIN-69

(n=3297)
3-pt MACE

Note: Dates represent estimated completion dates according to ClinicalTrials.gov.

Timeline of Recent Type 2 Diabetes CVOTs1

1. Johansen OE. World J Diabetes. 2015;6(9):1092-6.; 2. White WB, et al. N Engl J Med. 2013;369(14):1327-35.; 3. Scirica BM, et al. N Engl J Med. 2013;369(14):1317-26.; 4. Green JB, et al. N Engl J Med.

2015;373(3):232-42.; 5. Pfeffer MA, et al. N Engl J Med. 2015;373(23):2247-57.; 6. The ORIGIN Trial Investigators. N Engl J Med. 2012;367(4):319-28.; 7. Zinman B, et al. N Engl J Med. 2015;373(22):2117-28.;

8. Marso SP, et al. N Engl J Med. 2016;375(4):311-22.; 9. Marso SP, et al. N Engl J Med. 2016;375(19):1834-44.; 10. ClinicalTrials.gov. NCT01455896.; 11. Marso SP, et al. N Engl J Med. 2017;377(8):723-32.;

12. Neal B, et al. N Engl J Med. 2017;377(7):644-57.; 13. Holman RR, et al. N Engl J Med. 2017;377(13):1228-39.; 14. Rosenstock J, et al. JAMA. 2019;321(1):69-79.; 15. Hernandez AF, et al. Lancet.

2018;392(10157):1519-29.; 16. Gerstein HC, et al. Lancet. 2019;394(10193):121-30.; 17. Gerstein HC, et al. Lancet. 2019;394(10193):131-8.; 18. Husain M, et al. N Engl J Med. 2019;381(9):841-51.; 19.

Nakamura I, et al. Adv Ther. 2019;36(4):923-49.; 20. ClinicalTrials.gov. NCT00700856.; 21. Rosenstock J, et al. JAMA. 2019.; 22. Wiviott SD, et al. N Engl J Med. 2019;380(4):347-57.; 23. Perkovic V, et al. N

Engl J Med. 2019;380(24):2295-306.; 24. ClinicalTrials.gov. NCT01986881.

DPP-4i, dipeptidyl peptidase 4 inhibitor; SGLT-2i, sodium 

glucose transport protein 2 inhibitor.; TZD, thiazolidinedione.



Which of the following is TRUE regarding conclusions from the 
published CVOTs for GLP-1 RAs?

A. All demonstrated at least CV safety compared to placebo

B. All demonstrated reduced CV risk of stroke compared to 
placebo

C. All demonstrated improved efficacy by reducing the risk of 
CV death

D. All demonstrated improved efficacy by reducing the risk of 
MACE

ARS Question 1



Study identifier No. of patients Study design
Primary 

endpoint
Results

HR (95% CI)

ELIXA1

ACS < 180 days; 
A1C 5.5%-11%

6068
Lixisenatide
Placebo

4-pt MACE
1.02 (0.89-1.17)

P<0.001 (non-inferiority)
p=0.81 (superiority)

LEADER2

CV risk/CVD; 
A1C ≥ 7.0%

9340
Liraglutide
Placebo

3-pt MACE
0.87 (0.78-0.97)

p=0.01 (superiority)

SUSTAIN 63

CVD; 
A1C ≥ 7.0%

3297
Semaglutide (SC)
Placebo

3-pt MACE
0.74 (0.58-0.95)

p=0.02 (superiority)

PIONEER 64

CVD or CKD
3183

Semaglutide (PO)
Placebo

3-pt MACE
0.79 (0.57-1.11)

P<0.001 (non-inferiority)
P=0.17 (superiority)

EXSCEL5

High CV risk/CVD; 
A1C 6.5%-10.0%

14,752
Exenatide ER
Placebo

3-pt MACE
0.91 (0.83-1.00)

P<0.001 (non-inferiority)
p=0.06 (superiority)

REWIND6

High CV risk; 
A1C ≤ 9.5%

9901
Dulaglutide
Placebo

3-pt MACE
0.88 (0.79-0.99)

p=0.026 (superiority)

Overview of GLP-1 RA CVOTs 
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Medication CV FDA indication Guideline recommendation

Liraglutide (Victoza) “…reduce the risk of major 
adverse CV events in adults 

with type 2 diabetes and 
established CVD”

In people with T2D with ASCVD 
or increased risk for ASCVD, the 
addition of liraglutide decreased 

MACE and mortality…

Semaglutide (Ozempic) None …Semaglutide also had favorable 
effects on CV end points in high-

risk subjects

Semaglutide (Rybelsus) None GLP1-RA strongest evidence for:

Liraglutide > Semaglutide SC > 
Exenatide ER

Exenatide XR (Bydureon, 
Bydureon BCise) 

None

Dulaglutide (Trulicity) None

Adlyxin [package insert]. 2016; American Diabetes Association. Diabetes Care. 2019;42(Suppl. 1):S90-S102.; American Diabetes Association. Diabetes Care. 2019;42(Suppl 
1):S94.; Bydureon [package insert]. 2018; Byetta [package insert]. 2015; Ozempic [package insert]. 2017.; Trulicity [package insert]. 2017; Victoza [package insert]. 2017.

GLP-1 RA FDA-Approved Cardiovascular Indications

ASCVD, atherosclerotic cardiovascular disease.



ELIXA 
Lixisenatide in Patients with Type 2 Diabetes 

and Acute Coronary Syndrome



• Study design: Multicenter, randomized, double-blind, parallel-group, placebo-controlled study

• Primary objective: To evaluate the effects of lixisenatide on CV morbidity and mortality (composite endpoint 
of CV death, nonfatal MI, nonfatal stroke, hospitalization for UA) compared to placebo in T2DM patients who 
recently experienced an ACS event

aDose could be increased to a maximum of 20 mcg/day at the investigator’s discretion

Pfeffer MA, et al. N Engl J Med. 2015;373(23):2247-57.

Eligibility criteria
• T2DM 
• A1C 5.5%-11%
• Experienced a 

spontaneous ACS event 
within 180 days prior to 
randomization 

Lixisenatide (10 mcg/day)a +
standard care

N=3034

Placebo +
standard care

N=3034

R
1:1

Baseline characteristics

Median time to follow-up: 2.1 years
Mean age: 60 years
Mean BMI: 32.5 kg/m2

Previous CVD: 100% 
Mean duration of T2DM: 9.3 years
Mean A1C: 7.7%

ELIXA:
Study Design, Objectives, and Enrolled Patients

ACS, acute coronary syndrome; BMI, body mass index; UA, unstable angina.
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HR: 1.02 (95% CI: 0.89-1.17); p=0.81

Lixisenatide

Placebo

CI upper limit < 1.3

Lixisenatide met the 

non-inferiority criterion

CI upper limit > 1.0

Lixisenatide did not 

demonstrate superiority

No. at Risk:

Lixisenatide 3034 2785 1558 484

Placebo 3034 2759 1566 476

ELIXA: Primary Outcome 
First Occurrence of 4-Point MACE
(CV Death, Nonfatal MI, Nonfatal Stroke, or Unstable Angina)

Pfeffer MA, et al. N Engl J Med. 2015;373(23):2247-57.



HR (95% CI)

Primary composite
4-point MACE

CV death

Myocardial 
infarction

Stroke

Unstable angina

P

0.81

0.85

0.71

0.54

0.81

0.5 

0.4  0.6  0.8  1.0  1.2  1.4  1.6

Outcome HR (95% CI)

1.02 (0.89-1.17)

0.98 (0.78-1.22)

1.03 (0.87-1.22)

1.12 (0.79-1.58)

1.11 (0.47-2.62)

0.94 (0.78-1.13)All-cause death

ELIXA: Individual Components of 4-Pt MACE 

Pfeffer MA, et al. N Engl J Med. 2015;373(23):2247-57.



LEADER
Liraglutide Effect and Action in Diabetes: 

Evaluation of Cardiovascular Outcome Results Trial 



• Study design: International, randomized, placebo-controlled study

• Primary objective: To evaluate the effect of liraglutide compared to placebo on the incidence of 
CV events in adults with T2DM

Selected eligibility criteria
• T2DM with 

A1C ≥ 7.0%
• Age ≥ 50 years with 

≥ 1 coexisting CV condition 
or

• Age ≥ 60 years with 
≥ 1 CV risk factor

Liraglutide (0.6-1.8 mg) +
standard care

N=4668

Placebo +
standard care

N=4672

R
1:1

Baseline characteristics

Median time to follow-up: 3.8 years
Mean age: 65 years
Mean BMI: 32.5 kg/m2

Previous CVD: 81% 
Mean duration of T2DM: 12.8 years
Mean A1C: 8.7%

LEADER: 
Study Design, Objectives, and Enrolled Patients

Marso SP, et al. Am Heart J. 2013;166:823-30.e5.



No. at risk

Liraglutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424

Placebo 4672 4588 4473 4352 4237 4123 4010 3914 1543 407

CI upper limit < 1.3
Liraglutide met the non-
inferiority criterion

CI upper limit < 1.0
Liraglutide demonstrated 
superiority vs. placebo
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Time from randomization (months)

6 12 24 36 480 423018 54

HR: 0.87 (95% CI: 0.78-0.97)
p<0.001 for non-inferiority
p=0.01 for superiority

Liraglutide

Placebo

Marso SP, et al. N Engl J Med. 2016;375(4):311-22.

LEADER: Primary Outcome
First Occurrence of MACE 
(CV Death, Nonfatal MI, or Nonfatal Stroke)



HR (95% CI)

CV death

Myocardial 
infarction

Stroke

P

0.01

0.007

0.11

0.30

0.02 

0.6       0.8       1.0       1.2       1.4

Outcome HR (95% CI)

0.87 (0.78-0.97)

0.78 (0.66-0.93)

0.88 (0.75-1.03)

0.89 (0.72-1.11)

0.85 (0.74-0.97)All-cause death

LEADER: Individual Components of 3-Pt MACE 

Marso SP, et al. N Engl J Med. 2016;375(4):311-22.

Primary composite
3-point MACE



LEADER: Microvascular Outcomes

*Retinopathy defined as the need for retinal photocoagulation or treatment with intravitreal agents, vitreous hemorrhage, or the onset of diabetes-related blindness.

^Nephropathy defined as the new onset of macroalbuminuria or a doubling of the serum creatinine level and an estimated glomerular filtration rate of ≤ 45 mL/min/1.73 

m2, the need for continuous renal-replacement therapy, or death from renal disease.

Liraglutide (N=4668) Placebo (N=4672)

Outcome n (%)
Incidence 

rate n (%)
Incidence 

rate HR (95% CI)
p-

value

Microvascular 
composite

355 
(7.6)

2.0
416 
(8.9)

2.3
0.84 

(0.73-0.97)
0.02

Retinopathy*
106 
(2.3)

0.6
92

(2.0)
0.5

1.15 
(0.87-1.52)

0.33

Nephropathy^
268 
(5.7)

1.5
337 
(7.2)

1.9
0.78 

(0.67-0.92)
0.003

Marso SP, et al. N Engl J Med. 2016;375(4):311-22.



SUSTAIN-6
Semaglutide and Cardiovascular Outcomes in Patients with Type 2 Diabetes



• Study design: Multicenter, randomized, placebo-controlled, double-blind study

• Primary objective: To evaluate CV and other long-term outcomes with semaglutide in subjects 
with T2DM

Eligibility Criteria:
• T2DM with A1C ≥ 7.0%
• Age ≥ 50 years with 

evidence of CVD 
or

• Age ≥ 60 years with 
subclinical evidence of CVD

• Drug naïve or treated with 
1-2 OADs or insulin

Semaglutide
(0.5 mg or 1.0 mg once a week) 

+ standard care
(N=1648)

Volume-matched placebo 
+ standard care

(N=1649)

R
1:1:1:1

Baseline characteristics

Median time to follow-up: 2.1 years
Mean age: 64.6 years
Mean BMI: 32.8 kg/m2

Previous CVD: 83% 
Mean duration of T2DM: 13.9 years
Mean A1C: 8.7%

Marso SP, et al. N Engl J Med. 2016;375(19):1834-44.

SUSTAIN-6: 
Study Design, Objectives, and Enrolled Patients

OAD, oral antidiabetic drug.



No. at risk

Semaglutide 1648 1619 1601 1584 1568 1543 1524

Placebo 1649 1616 1586 1567 1534 1508 1479
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Time from randomization (weeks)

HR: 0.74 (95% CI: 0.58-0.95)
p<0.001 for non-inferiority
p=0.02 for superiority

Semaglutide

Placebo

0 -

20 -

40 -

50 -

8 16 48 72 960 886440

10 -

30 -

60 -

70 -

80 -
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24 32 56 80 104109

0 -

2 -

4 -
5 -

8 16 48 72 960 886440

1 -

3 -

6 -
7 -
8 -
9 -

10 -

24 32 56 80 104109

CI upper limit < 1.3
Semaglutide met the non-
inferiority criterion 

CI upper limit < 1.0
Semaglutide demonstrated 
superiority vs. placebo

SUSTAIN-6: Primary Outcome
First Occurrence of MACE 
(CV Death, Nonfatal MI, or Nonfatal Stroke)

Marso SP, et al. N Engl J Med. 2016;375(19):1834-44.



No. at risk

Sema 0.5 mg 826 811 803 794 783 769 759

Sema 1.0 mg 822 808 798 790 785 774 765

PBO 0.5 mg 824 809 791 778 760 746 732

PBO 1.0 mg 825 807 795 789 774 762 747

Semaglutide 0.5 mg Semaglutide 1.0 mg
HR: 0.77 (95% CI: 0.55-1.08); p=0.13 HR: 0.71 (95% CI: 0.49-1.02); p=0.06

Time from randomization (weeks)
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SUSTAIN-6: Primary Outcome by Dose
First Occurrence of MACE 
(CV Death, Nonfatal MI, or Nonfatal Stroke)

Marso SP, et al. N Engl J Med. 2016;375(19):1834-44.



HR (95% CI)

CV death

Myocardial 
infarction

Stroke

P

0.02

0.92

0.12

0.04

0.79 

0.4  0.6  0.8  1.0  1.2 1.4  1.6

Outcome HR (95% CI)

0.74 (0.58-0.95)

0.98 (0.65-1.48)

0.74 (0.51-1.08)

0.61 (0.38-0.99)

1.05 (0.74-1.5)All-cause death

SUSTAIN-6: Individual Components of 3-Pt MACE 

Marso SP, et al. N Engl J Med. 2016;375(19):1834-44.

Primary composite
3-point MACE



*Retinopathy complications include vitreous hemorrhage, onset of diabetes-related blindness, and the need for treatment with an intravitreal agent or retinal 
photocoagulation.
^New or worsening nephropathy includes persistent macroalbuminuria, persistent doubling of the serum creatinine level and a creatinine clearance of less than 45 ml 
per minute per 1.73 m2 of body-surface area (according to the Modification of Diet in Renal Disease criteria), or the need for continuous renal-replacement therapy

Semaglutide (N=1648) Placebo (N=1649)

Outcome n (%)
Incidence 

ratea n (%)
Incidence

rate HR (95% CI)
p-

value

Retinopathy 
complications*

50 
(3.0)

1.49
29

(1.8)
0.86

1.76
(1.11-2.78)

0.02

New or 
worsening 
nephropathy^

62 
(3.8)

1.86
100 
(6.1)

3.06
0.64

(0.46-0.88)
0.005

SUSTAIN-6: Microvascular Outcomes

Marso SP, et al. N Engl J Med. 2016;375(19):1834-44.



Pioneer 6
Oral Semaglutide and Cardiovascular Outcomes 

in Patients with Type 2 Diabetes

•



• Study design: Randomized, double-blind, placebo-controlled study

• Primary objective: To investigate the CV safety of oral semaglutide in subjects with T2DM

Eligibility criteria
• T2DM 
• Age ≥ 50 years with CVD or 

CKD 
or

• Age ≥ 60 years with ≥ 1 CV 
risk factor

• Excluded patients with 
previous retinopathy

Oral semaglutide
(14-mg tablet PO daily)

+ standard of care
(N=1591)

Placebo +
standard of care

(N=1592)

R
1:1

Baseline characteristics

Median time to follow-up: 1.3 years
Mean age: 66 years
Mean BMI: 32.6 kg/m2

Previous CVD: 84.7%
Mean duration of T2DM: 14.9 years
Mean A1C: 8.2%

Husain M, et al. N Engl J Med. 2019;381(9):841-51.

PIONEER-6: 
Study Design, Objectives, and Enrolled Patients
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Time from randomization (weeks)

HR: 0.79 (95% CI: 0.57-1.11)
p<0.001 for non-inferiority
p=0.17 for superiority

Semaglutide (61 / 1,591)

Placebo (76 / 1,592)

0 -

20 -

40 -

0 6345

60 -

80 -

100 -

9 83

0 -

9 450

2 -

4 -

6 -

27 83

27

8 -

10 -

63

No. at risk

Semaglutide 1591 1583 1575 1564 1557 1547 1512 1062 735 16

Placebo 1592 1577 1565 1551 1538 1528 1489 1032 713 11

CI upper limit < 1.3
Semaglutide met the 
non-inferiority 
criterion

CI upper limit > 1.0
Semaglutide did not 
demonstrate 
superiority vs. placebo

Husain M, et al. N Engl J Med. 2019;381(9):841-51.

72543618

725418 36

PIONEER-6: Primary Outcome
First Occurrence of MACE 
(CV Death, Nonfatal MI, or Nonfatal Stroke)



HR (95% CI)

CV death

Myocardial 
infarction

Stroke

P value

0.17

ss

ns 

ns

ss 

0.5      0.75       1.0       1.5       2.0

HR (95% CI)

0.79 (0.57-1.11)

0.49 (0.27-0.92)*

1.18 (0.73-1.09)*

0.74 (0.35-1.57)*

0.51 (0.31-0.84)* 

Outcome

*Not controlled for 
multiple comparisons; 
interpreted as exploratory

All-cause death

PIONEER-6: Individual Components of 3-Pt MACE 

Husain M, et al. N Engl J Med. 2019;381(9):841-51.

Primary composite
3-point MACE



EXSCEL
Effects of Once-Weekly Exenatide on 

Cardiovascular Outcomes in Type 2 Diabetes 

•



• Study design: International, randomized, placebo-controlled pragmatic study

• Primary objective: To evaluate the long-term CV safety and efficacy of once-weekly exenatide in 
adults with T2DM with a wide range of CV risks

• Rate of non-completers: 43% exenatide, 45.2% placebo

• Outcomes resulted in change of the delivery device used to BCise

Eligibility criteria
• Age ≥ 18 years 
• T2DM 
• With or without CVD
• A1C 6.5%-10%

Exenatide ER (2 mg) QW +
standard care

N=7356

Placebo +
standard care

N=7396

R
1:1

Baseline characteristics

Median time to follow-up: 3.2 years
Mean age: 62 years
Mean BMI: 31.8 kg/m2

Previous CVD: 73% (27% without)
Mean duration of T2DM: 12 years
Mean A1C: 8%

Holman RR, et al. N Engl J Med. 2017;377(13):1228-39.

EXSCEL: 
Study Design, Objectives, and Enrolled Patients

QW, weekly.
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Time from randomization (years)

HR: 0.91 (95% CI, 0.83-1.00)
p<0.001 for non-inferiority
p=0.06 for superiority

Exenatide XR (839/7356)

Placebo (905/7396)

0 -

20 -

40 -

0 43

60 -

80 -

100 -

1 5

0 -
1 30

3 -

6 -

9 -

12 -

2 5

2

15 -

18 -

4

No. at risk

Exenatide 7356 7101 6893 6580 5912 4475 3595 3053 2281 1417 727

Placebo 7396 7120 6897 6565 5908 4468 3565 2961 2209 1366 687

CI upper limit < 1.3
Exenatide met the non-
inferiority criterion

CI upper limit > 1.0
Exenatide did not 
demonstrate superiority 
vs. placebo

EXSCEL: Primary Outcome
First Occurrence of MACE 
(CV Death, Nonfatal MI, or Nonfatal Stroke)

Holman RR, et al. N Engl J Med. 2017;377(13):1228-39.



HR (95% CI)

CV death

Myocardial 
infarction

Stroke

P

0.06

ns

ns

ns

ns* 

0.4  0.6  0.8 1.0  1.2  1.4  1.6

Outcome HR (95% CI)

0.91 (0.83-1.00)

0.88 (0.78-1.02)

0.97 (0.85-1.10)

0.85 (0.70-1.03)

0.86 (0.77-0.97)*

*Not statistically significant 
due to hierarchical testing

All-cause death

EXSCEL: Individual Components of 3-Pt MACE 

Holman RR, et al. N Engl J Med. 2017;377(13):1228-39.

Primary composite
3-point MACE



REWIND
The Effect of Dulaglutide on Major Cardiovascular Events in Patients with Type 2 Diabetes:

Researching Cardiovascular Events with a Weekly Incretin in Diabetes 

•



• Study design: International, multicenter, randomized, placebo-controlled study

• Primary objective: To evaluate the long-term CV safety and efficacy of once-weekly dulaglutide in 
adults with T2DM with a wide range of CV risks

Eligibility criteria
• Age ≥ 50 years
• CVD or risk factors
• T2DM 
• A1C ≤ 9.5%
• Without CV or CVA event 

within previous 2 months
• eGFR ≥ 15 mL/min/1.73 m2

• Excluded patients on 
dialysis

Dulaglutide (1.5 mg) QW +
standard care

Placebo +
standard care

R
1:1

Baseline characteristics

Median time to follow-up: 5.4 years
Mean age: 66.2 years
Mean BMI: 32.3 kg/m2

Previous CVD: 31% (69% without)
Mean duration of T2DM: 10 years
Mean A1C: 7.3%

Gerstein HC, et al. Diabetes Obes Metab. 2018;20(1):42-9.;

Gerstein HC, et al. Lancet. 2019;394(10193):121-30.

N=9901

REWIND: 
Study Design, Objectives, and Enrolled Patients

CVA, cerebrovascular; eGFR, estimated glomerular filtration rate.



HR: 0.88 (95% CI: 0.79-0.99)
P=0.026 for superiority

REWIND: Primary Outcome
First Occurrence of MACE 
(CV Death, Nonfatal MI, or Nonfatal Stroke)

Gerstein HC, et al. Lancet. 2019;394(10193):121-30.



HR (95% CI)

Primary composite
3-point MACE

CV death

Myocardial 
infarction

Stroke*

P value

0.026

0.21

0.63

0.010

0.41

0.067 

0.5      0.75       1.0       1.5       2.0

Unstable angina

Outcome HR (95% CI)

0.88 (0.79-0.99)

0.91 (0.78-1.06)

0.96 (0.79-1.16)

0.76 (0.61-0.95)

1.14 (0.84-1.54)

0.90 (0.8-1.01)All-cause death

*Not statistically significant 

due to alpha spreading and 

distribution of the p-value 

among secondary endpoints

Gerstein HC, et al. Lancet. 2019;394(10193):121-30.

REWIND: Individual Components of 3-Pt MACE 



*Diabetic retinopathy defined as photocoagulation, anti-vascular endothelial growth factor therapy, or vitrectomy.
^Renal disease defined as development of a urinary albumin-to-creatinine ratio centration, a sustained 30% or greater decline in eGRF, or chronic renal 
replacement therapy.

Dulaglutide (N=4949) Placebo (N=4952)

Outcome n (%)
Incidence 

ratea n (%)
Incidence 

rate HR (95% CI)
p-

value

Eye outcome*
95 

(1.9)
0.37

76 
(1.5)

0.30
1.24 

(0.92-1.68)
0.16

Renal outcome^
848 

(17.1)
3.47

970 
(19.6)

4.07
0.85 

(0.77-0.93)
0.0004

REWIND: Microvascular Outcomes

Gerstein HC, et al. Lancet. 2019;394(10193):121-30.



HR (95% CI)

Renal composite

New macroalbuminuria

Sustained decline in 
eGFR of ≥ 30%

Chronic renal replacement

P value

0.0004

<0.0001

0.066

0.39

0.46 Serious renal adverse event

Outcome HR (95% CI)

0.85 (0.77-0.93)

0.77 (0.68-0.87)

0.89 (0.78-1.01)

0.75 (0.39-1.44)

0.90 (0.67-1.20)

0.4  0.6  0.8  1.0  1.2 1.4  1.6

Exploratory REWIND Renal Components

Gerstein HC, et al. Lancet. 2019;394(10193):131-8.



How can data from GLP-1 RA CVOTs best be applied to patient 
care?

A. Consider the enrolled population for achieving the desired 
outcome

B. Identify the desired outcome of interest

C. Recommend the GLP-1 RA with the most robust primary 
endpoint

D. Compare the numbers needed to treat and harm (NNT and 
NNH) when choosing the best GLP-1 RA

ARS Question 2



TRIAL
Drug

ELIXA1

Lixisenatide
LEADER2

Liraglutide
SUSTAIN 63

Semaglutide
PIONEER 64

Semaglutide
EXSCEL5

Exenatide ER
REWIND6

Dulaglutide

Median follow-up time, y 2.1 3.8 2.1 1.3 3.2 5.4

Trial participants, n 6068 9340 3297 3183 14752 9901

Mean age, y 60.3 64.3 64.6 66 62 66

Female sex, n (%) 2894 (30.7) 3337 (35.7) 1295 (39.3) 1007 (31.6) 5603 (38.0) 4589 (46.3)

Established ASCVD, n (%) 6068 (100) 6775 (72.5) 2735 (83.0) 2695 (84.7) 10,782 (73.1) 3114 (31.5)

History of heart failure, n (%) 1922 (20.3) 1667 (17.8) 777 (23.6) 388 (12.2) 2389 (16.2) 853 (8.6)

eGFR < 60 mL/min/1.73 m2, 
n (%)

1407 (23.2) 2158 (23.1) 939 (28.5) 875 (27.5) 3191 (21.6) 2199 (22.6)

Mean duration of diabetes, y 9.3 12.9 13.9 14.9 12.0 10.0

Mean baseline A1C, % 7.7 8.7 8.7 8.2 8.0 7.3

Summary of CVOTs for GLP-1 RAs

1. Pfeffer MA et al. N Engl J Med. 2015;373(23):2247-57.; 2. Marso SP, et al. N Engl J Med. 2016;375(4):311-22.; 3. Marso SP, et al. N Engl J Med. 2016;375(19):1834-44.; 
4. Husain M, et al. N Engl J Med. 2019;381(9):841-51.; 5. Holman RR, et al. N Engl J Med. 2017;377(13):1228-39.; 6. Gerstein HC, et al. Lancet. 2019;394(10193):121-30.



Primary Outcome Comparison 
Among GLP-1 RA CVOTs

Gerstein HC, et al. Lancet. 2019;394(10193):121-30.;

Husain M, et al. N Engl J Med. 2019;381(9):841-51.

MACEGLP-1 RA Placebo HR (95% CI) P-value

Test for heterogeneity: p=0.11, 
I2=50%

ELIXA

LEADER

SUSTAIN 6

EXSCEL

Overall

PIONEER 6

REWIND

400/3034 (13%)

608/4668 (13%)

108/1648 (7%)

839/7356 (11%)

61/1591 (3.8%)

594/4949 (12%)

392/3034 (13%)

694/4672 (15%)

146/1649 (9%)

905/7396 (12%)

78/1592 (4.8%)

663/4952 (13.4%)

1.02 (0.98, 1.17) 0.776

0.87 (0.78, 0.97) 0.015

0.74 (0.58, 0.95) 0.016

0.91 (0.83, 1.00) 0.061

0.90 (0.82, 0.99) 0.033

0.79 (0.57, 1.11) 0.17

0.88 (0.79, 0.99) 0.026

Bethel MA, et al. Lancet Diabetes Endocrinol. 2018;6(2):105-13.



Drucker DJ. Cell Metab. 2016;24(1):15-30.; 

Nauck MA, et al. Circulation. 2017;136(9):849-70.; 

Zhang Z, et al. Cardiovasc Diabetol. 2017;16(1):31.

Attenuation of 
cardiac and 

vascular 
inflammation Improved 

vasodilation

Modified progression 
of atherosclerotic 
vascular disease 

Time to benefit: 
approximately 12 

months

Proposed Mechanism of 
GLP1-RA on CV Benefit

Drucker DJ. Cell Metab. 2016;24(1):15-30.; 

Nauck MA, et al. Circulation. 2017;136(9):849-70.; 

Zhang Z, et al. Cardiovasc Diabetol. 2017;16(1):31.

Attenuation of 
cardiac and 

vascular 
inflammation Improved 

vasodilation

Modified progression 
of atherosclerotic 
vascular disease 

Time to benefit:
approximately 12 

months

Proposed Mechanism of 
GLP1-RA on CV Benefit



• Near double risk of CVD in those 
living with diabetes mellitus

• Shift in trial focus from glycemic 
control to CV safety for new 
T2DM medications 

• Studied populations expanded to 
include:

• Longer-standing T2DM

• Higher baseline CV risk

• Decreased renal function

• ALL CVOTs for GLP-1 RAs have proven CV 
safety

• Some GLP-1 RAs associated with improved 
lower CV event risk in studied populations

• Liraglutide (Victoza)

• New FDA indication

• Semaglutide (Ozempic)

• Dulaglutide (Trulicity)

• Selective GLP-1 RA use provides benefit
• Improved glycemic control

• Reduced risk of MACE

• Possibly provide improved renal protection

GLP-1 RAs in CVOTs: Overall Summary



• Clear benefit of CV risk reduction in patients with T2DM — with 
and without ASCVD — in addition to glycemic benefit 

• In-depth analysis of CVOT allows for connecting the patient in 
the study to YOUR patient

• What comes next…
• Will class effects on CV safety/benefit be concluded for long-acting GLP-1 RA?

• Will other GLP-1 RAs gain FDA-approved CV indications?

• What is the impact of combining SGLT2 inhibitor and GLP-1 RA therapy? 

• Will there be more oral GLP-1 RAs or possibly new oral GLP-1 RA combination medications?

• How will patient preference influence use of oral versus injectable GLP-1 RAs?

• Will there be a role for these medications in patients with type 1 diabetes and ASCVD?

• How will the new CVOT data impact guidelines?

Conclusions



Question & Answer



Thank you!
Please Join Us Thursday, January 16, 2020 at 1:00PM Eastern

For Part 3 of This Series
The Role of GLP-1 RAs in the Management of Type 2 Diabetes and 

Cardiovascular Risk: Putting it All Together
presented by Dr Joshua Neumiller


