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A BS T R AC T
BACKGROUND

The cardiovascular effects of adding once-weekly treatment with exenatide to usual
care in patients with type 2 diabetes are unknown.
METHODS

We randomly assigned patients with type 2 diabetes, with or without previous cardiovascular disease, to receive subcutaneous injections of extended-release exenatide
at a dose of 2 mg or matching placebo once weekly. The primary composite outcome was the first occurrence of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke. The coprimary hypotheses were that exenatide, administered once weekly, would be noninferior to placebo with respect to
safety and superior to placebo with respect to efficacy.
RESULTS

In all, 14,752 patients (of whom 10,782 [73.1%] had previous cardiovascular disease)
were followed for a median of 3.2 years (interquartile range, 2.2 to 4.4). A primary composite outcome event occurred in 839 of 7356 patients (11.4%; 3.7 events
per 100 person-years) in the exenatide group and in 905 of 7396 patients (12.2%;
4.0 events per 100 person-years) in the placebo group (hazard ratio, 0.91; 95%
confidence interval [CI], 0.83 to 1.00), with the intention-to-treat analysis indicating that exenatide, administered once weekly, was noninferior to placebo with
respect to safety (P<0.001 for noninferiority) but was not superior to placebo with
respect to efficacy (P = 0.06 for superiority). The rates of death from cardiovascular
causes, fatal or nonfatal myocardial infarction, fatal or nonfatal stroke, hospitalization for heart failure, and hospitalization for acute coronary syndrome, and the
incidence of acute pancreatitis, pancreatic cancer, medullary thyroid carcinoma,
and serious adverse events did not differ significantly between the two groups.
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CONCLUSIONS

Among patients with type 2 diabetes with or without previous cardiovascular
disease, the incidence of major adverse cardiovascular events did not differ significantly between patients who received exenatide and those who received placebo. (Funded by Amylin Pharmaceuticals; EXSCEL ClinicalTrials.gov number,
NCT01144338.)
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he risk of death from any cause
among persons with type 2 diabetes is up
to twice that of the general population,1
and the risk of death from cardiovascular causes
is up to four times that of the general population.2,3 Improved glycemic control has been shown
to improve microvascular outcomes,4,5 but a beneficial effect on macrovascular outcomes is less
certain.6 In trials that assessed cardiovascular
outcomes associated with the use of newer glucoselowering agents, no effect on major adverse
cardiovascular events (MACE) was shown with
three dipeptidyl peptidase 4 (DPP-4) inhibitors
(saxagliptin, alogliptin, and sitagliptin)7-9 and one
exendin-4–based glucagon-like peptide-1 (GLP-1)
receptor agonist (lixisenatide),10 but a lower risk
of MACE was shown with two GLP-1 receptor
agonists (liraglutide and semaglutide)11,12 and
two sodium-glucose cotransporter 2 (SGLT-2)
inhibitors (empagliflozin and canagliflozin).13,14
A once-weekly, injectable, extended-release formulation of exenatide, an exendin-4–based GLP-1
receptor agonist approved for the treatment of
type 2 diabetes, has been shown to lower blood
glucose and induce modest decreases in body
weight, blood pressure, and lipid levels15,16 but
has also been shown to increase heart rate.17,18
In accordance with regulatory guidance,19,20 the
Exenatide Study of Cardiovascular Event Lowering (EXSCEL) assessed the long-term cardiovascular safety and efficacy of exenatide, administered
once weekly, in patients with type 2 diabetes
who had a wide range of cardiovascular risk.

Me thods
Trial Oversight

We conducted this pragmatic, randomized, doubleblind, placebo-controlled, event-driven trial at
687 sites in 35 countries. The design of this academically led trial has been reported previously.21
A diagram showing the overall design is provided
in Figure S1 in the Supplementary Appendix, available with the full text of this article at NEJM.org.
The trial was conducted jointly by the Duke
Clinical Research Institute and the University of
Oxford Diabetes Trials Unit in collaboration with
the sponsor, Amylin Pharmaceuticals, a wholly
owned subsidiary of AstraZeneca. The protocol,
which was approved by the ethics committee at
each participating site, and the statistical analysis plan are available at NEJM.org. The statistical
analyses were performed by the Duke Clinical
2
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Research Institute, independent of the sponsor.
Details of the trial organization and a complete
list of the investigators are provided in the Supplementary Appendix.
All the patients provided written informed
consent. Our trial was designed and overseen by
a steering committee composed of nine investigators and two employees of the sponsor. An
independent data and safety monitoring committee, who had access to unblinded data, performed
regular safety surveillance. All the authors had
access to the final trial results and vouch for the
accuracy and completeness of the data and
analyses and for the fidelity of the trial to the
protocol. The manuscript, drafted by the second
and third authors, was revised and approved by
all the authors, who assume responsibility for its
accuracy and completeness and made the decision to submit the manuscript for publication.
Trial Population

Adults with type 2 diabetes (defined as a glycated
hemoglobin level of 6.5 to 10.0% [48 to 96 mmol
per mole]) were eligible for participation in the
trial. The trial was designed such that approximately 70% of enrolled patients would have had
previous cardiovascular events and 30% would
not have had previous cardiovascular events.
Previous cardiovascular events were defined as a
history of major clinical manifestation of coronary artery disease, ischemic cerebrovascular disease, or atherosclerotic peripheral arterial disease.
Patients were permitted to receive up to three
oral glucose-lowering agents or to receive insulin,
either alone or in combination with up to two
oral glucose-lowering agents. Key exclusion criteria were a history of two or more episodes of
severe hypoglycemia (defined as hypoglycemia for
which a patient received third-party assistance)
during the preceding 12 months, end-stage kidney disease or an estimated glomerular filtration rate (eGFR) at entry of less than 30 ml per
minute per 1.73 m2 of body-surface area, a personal or family history of medullary thyroid carcinoma or multiple endocrine neoplasia type 2,
a baseline calcitonin level of greater than 40 ng
per liter, or previous treatment with a GLP-1
receptor agonist.
Randomization and Trial Regimen

Patients were randomly assigned in a 1:1 ratio
to receive subcutaneous injections of extendedrelease exenatide at a dose of 2 mg or matching
nejm.org

The New England Journal of Medicine
Downloaded from nejm.org on September 14, 2017. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.

Exenatide and Cardiovascular Outcomes in Diabetes

placebo once weekly. An interactive voice-response
system assigned patients on the basis of computergenerated block randomization within each site,
with stratification according to history of cardiovascular disease. Patients were required to
discontinue the trial regimen if they had two or
more occurrences of severe hypoglycemia between trial visits (despite adjustment of other
glucose-lowering agents), if they had irreversible
kidney dysfunction (confirmed by two consecutive eGFR values of <30 ml per minute per 1.73 m2)
or received renal-replacement therapy, or if they
were found to have an elevated calcitonin level
(>40 ng per liter at baseline or ≥50 ng per liter
thereafter). Calcitonin levels were measured at a
central laboratory at baseline and annually thereafter. Other laboratory values were obtained from
usual-care blood sampling, which was consistent
with the pragmatic design of the trial. In order to
minimize potential confounding effects of differential glycemic levels on trial outcomes, the
use of open-label glucose-lowering agents (including DPP-4 inhibitors but not including GLP-1
receptor agonists) was encouraged to promote
glycemic equipoise between the two trial groups
and to help patients reach clinically appropriate
glycated hemoglobin targets.
Outcomes

The primary outcome was defined as the first
occurrence of any component of the composite
outcome of death from cardiovascular causes,
nonfatal myocardial infarction, or nonfatal stroke
(three-component MACE outcome), in a time-toevent analysis. Secondary outcomes included
death from any cause, death from cardiovascular
causes, and the first occurrence of nonfatal or
fatal myocardial infarction, nonfatal or fatal
stroke, hospitalization for acute coronary syndrome, and hospitalization for heart failure, in
time-to-event analyses. An independent clinical
events classification committee whose members
were unaware of the trial-group assignments adjudicated all the components of the primary composite outcome, secondary outcomes, ventricular
arrhythmias that led to intervention, neoplasms,
and pancreatitis; these events are defined in the
Clinical Event Definitions section in the Supplementary Appendix.
Additional outcomes that were prespecified
in the protocol included a composite of death
from cardiovascular causes or hospitalization for
heart failure, the first confirmed revascularizan engl j med

tion procedure, initiation of the first interventional glucose-lowering medication received during the trial other than the trial regimen, and
absolute values and changes from baseline in
glycated hemoglobin level, body weight, blood
pressure, and lipid levels. Prespecified events of
clinical interest for which information was collected systematically at every follow-up visit,
regardless of seriousness, were pancreatitis, neoplasm, severe hypoglycemia, and expected cardiovascular or diabetes-related complications.
Information on other nonserious adverse events
was not collected (details are provided in Section
10.3 in the protocol).
Patients were followed for adverse events until the end of the trial or 70 days after discontinuation of the trial regimen. For patients who
were either lost to follow-up or had withdrawn
consent, vital status was ascertained during the
70-day washout period by searches conducted
with the use of local or national electronic
health records, death registries, or other publicly
available sources (as permitted by local ethics
approvals).
Statistical Analysis

Information on sample size and power calculations has been published previously21; we estimated that with 1360 patients with a confirmed
primary composite outcome event, the trial would
have 85% power to detect a risk of a primary
composite outcome event that was 15% lower
with once-weekly administration of exenatide
than with placebo, at a two-sided alpha level of
0.05. The time-to-event analyses were performed
with the use of a Cox proportional-hazards
model for primary, secondary, and exploratory
outcomes in the intention-to-treat population,
stratified according to history of cardiovascular
disease, with trial regimen as an explanatory
variable. The intention-to-treat population included all patients who underwent randomization.
The Kaplan–Meier method was used to calculate
event rates. The primary safety hypothesis was
that exenatide, administered once weekly, would
be noninferior to placebo for the primary outcome, with a noninferiority margin of 1.3 for the
upper limit of the two-sided 95% confidence
interval of the hazard ratio. The primary efficacy
hypothesis was that exenatide, administered once
weekly, would be superior to placebo, with a
superiority margin of less than 1.0 for the upper
limit of the two-sided 95% confidence interval.
nejm.org

The New England Journal of Medicine
Downloaded from nejm.org on September 14, 2017. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.

3

5567
5561

2
3

4

1238
1324

5

n engl j med

4901
4996

3743
3802

3030
3095

1970
2081

679
791

0

6853
6841

1

2
3

4

nejm.org

The New England Journal of Medicine
Downloaded from nejm.org on September 14, 2017. For personal use only. No other uses without permission.
Copyright © 2017 Massachusetts Medical Society. All rights reserved.
5732
5818

4419
4547

3390
3489

2785
2878

2244
2396

1464
1590

804
968

No. of Patients
6074
6166

Placebo
Exenatide

6420
6502

Placebo
Exenatide

7381
7346

No. of Patients

Years since Randomization

0

7351
7320

0
5

70

72

74

76

78

0

Exenatide

132

6798
6783

6378
6452

2

3

6022
6108

5678
5777

4381
4501

3365
3464

6818
6804

6389
6460

1

2

3

6048
6119

5700
5780

4381
4508

3364
3462

2765
2861

Years since Randomization

2761
2867

Years since Randomization

80 Overall least-squares mean difference,
2.51 beats/min (95% CI, 2.28 to 2.74); P<0.001

130

Placebo

D Heart Rate

7372
7334

1

2230
2378

4

2227
2387

4

793
960

1454
1580

794
961

5

Placebo

Exenatide

1451
1581

5

of

134

2396
2486

0

Exenatide

Placebo

n e w e ng l a n d j o u r na l

136

138

140 Overall least-squares mean difference,
–1.57 mm Hg (95% CI, –1.92 to –1.21); P<0.001

C Systolic Blood Pressure

5100
5095

Placebo
Exenatide

Systolic Blood Pressure (mm Hg)

5359
5342

No. of Patients

7362
7313

Placebo
Exenatide

Years since Randomization

0

1

0.0

91

92

93

94

95 Overall least-squares mean difference,
–1.27 kg (95% CI, –1.40 to –1.13); P<0.001

90

0

Exenatide

Placebo

B Body Weight

6.5

7.0

7.5

8.0

8.5 Overall least-squares mean difference,
–0.53% (95% CI, –0.57 to –0.50); P<0.001

No. of Patients

Glycated Hemoglobin (%)

A Glycated Hemoglobin

Weight (kg)

4
Heart Rate (beats/min)

The

m e dic i n e

Exenatide and Cardiovascular Outcomes in Diabetes

Figure 1 (facing page). Effects of Once-Weekly Exenatide.
Shown are the effects of once-weekly administration of
exenatide on glycated hemoglobin levels, body weight,
systolic blood pressure, and heart rate. Overall leastsquares mean differences were estimated from the model
that included only the patients in whom a baseline value
and at least one postbaseline value were obtained.

The statistical analysis plan prespecified the use
of hierarchical testing in the following order:
noninferiority for the primary composite outcome, superiority for the primary composite
outcome, superiority for all-cause mortality, superiority for each component of the cardiovascular
composite (tested with the use of the Hochberg
procedure), and finally, if all three components
were superior, superiority for hospitalization for
acute coronary syndrome and for hospitalization
for heart failure (tested with the use of the Hoch
berg procedure). In accordance with the hierarchical testing plan, if a significant difference was
not found for an outcome, formal hypothesis
testing was not to be conducted for the remaining ordered outcomes.
Sensitivity analyses of the primary efficacy
outcome were performed in the per-protocol
population, which included all randomized patients who received at least one dose of the trial
regimen and had no major protocol violations
(see the protocol for further details). The safety
analyses were performed in patients who underwent randomization and received at least one
dose of exenatide or placebo.
Baseline characteristics were summarized as
means and standard deviations, medians and
interquartile ranges, or percentages. The primary
composite outcome was analyzed in prespecified
subgroups that were defined according to baseline characteristics, including age at randomization, sex, race, geographic region, type of glucoselowering therapy, duration of diabetes, history
or no history of a cardiovascular event or heart
failure, body-mass index, glycated hemoglobin
level, and kidney function. Repeated measures,
such as glycated hemoglobin level and body
weight, were analyzed with the use of longitudinal models with mixed effects, with differences
between the trial groups estimated by leastsquares mean differences with 95% confidence
intervals. Analyses were conducted with the use
of SAS software, version 9.4 (SAS Institute).
n engl j med

R e sult s
Trial Patients

In all, 14,752 patients (of whom 10,782 [73.1%]
had previous cardiovascular disease) underwent
randomization from June 18, 2010, through September 16, 2015, and were included in the intention-to-treat population; 7356 patients were assigned to receive exenatide and 7396 to receive
placebo once weekly (Fig. S2 in the Supplementary Appendix).22 The planned closeout of followup of the patients was from December 5, 2016,
to May 11, 2017, after the prespecified required
minimum of 1360 patients were confirmed to
have had a primary composite outcome event.
The demographic, disease, and clinical characteristics of the patients did not differ significantly between the groups, nor did the use of
glucose-lowering agents or medications to reduce
the risk of cardiovascular disease, with the exception of lipid-lowering medications and SGLT-2
inhibitors (Table S1 in the Supplementary Appendix).22 At baseline, the median length of time
that patients had had diabetes was 12.0 years
(interquartile range, 7.0 to 18.0), the median
glycated hemoglobin level was 8.0% (interquartile range, 7.3 to 8.9) (63.9 mmol per mole [interquartile range, 56.3 to 73.8]), and 2389 patients
(16.2%) had a history of heart failure.
A total of 14,187 patients (96.2%) completed
the trial, and vital status was obtained for 98.8%
of the patients. The median duration of followup was 3.2 years (interquartile range, 2.2 to 4.4;
maximum, 6.8) and was similar in the two
groups. The median duration of exposure to the
trial regimen was 2.4 years (interquartile range,
1.4 to 3.8) in the exenatide group and 2.3 years
(interquartile range, 1.2 to 3.6) in the placebo
group. The mean percentage of time that participants received the trial regimen (i.e., the duration of time that participants received the trial
regimen relative to the duration of time that they
were expected to receive the regimen during the
trial) was 76.0% and 75.0%, respectively. Premature discontinuation of the trial regimen was
primarily the result of decision by the patient
(Table S2 in the Supplementary Appendix).
Changes in Risk Factors

At 6 months, the mean glycated hemoglobin
level was 0.7 percentage points lower in the exenatide group than in the placebo group (95%
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Figure 2 (facing page). Trial Outcomes.
Shown are the rates of the primary cardiovascular outcome (a composite of death from cardiovascular causes,
nonfatal myocardial infarction, or nonfatal stroke), death
from any cause, death from cardiovascular causes, and
hospitalization for heart failure in the exenatide and
placebo groups. The inset in each panel shows the same
data on an enlarged y axis.

confidence interval [CI], −0.7 to −0.6). This difference narrowed during the course of the trial
(overall least-squares mean difference, −0.53%;
95% CI, −0.57 to −0.50; P<0.001) (Fig. 1). Overall
least-squares mean values were also lower with
exenatide than with placebo with respect to body
weight (difference of −1.27 kg), systolic blood
pressure (−1.57 mm Hg), low-density lipoprotein
cholesterol (−1.5 mg per deciliter [−0.04 mmol
per liter]), and triglycerides (−1.8 mg per deciliter
[−0.02 mmol per liter]); values were higher in the
exenatide group than in the placebo group with
respect to diastolic blood pressure (difference of
0.25 mm Hg) and heart rate (difference of 2.51

beats per minute) (Fig. 1, and Figs. S3 through
S5 in the Supplementary Appendix).
Primary and Secondary Cardiovascular
Outcomes

A primary composite outcome event occurred in
839 of 7356 patients (11.4%; 3.7 events per 100
person-years) in the exenatide group and in 905 of
7396 patients (12.2%; 4.0 events per 100 personyears) in the placebo group (hazard ratio, 0.91;
95% CI, 0.83 to 1.00), with the intention-to-treat
analysis indicating that exenatide, administered
once weekly, was noninferior to placebo with
respect to safety (P<0.001 for noninferiority) and
was not superior to placebo with respect to efficacy (P = 0.06 for superiority) (Table 1 and Fig. 2,
and Fig. S6 in the Supplementary Appendix).
There was no evidence of heterogeneity among
the three components of the composite outcome
(Table S3 in the Supplementary Appendix). The
per-protocol primary analysis resulted in a hazard
ratio that was similar to that of the intention-totreat analysis (hazard ratio, 0.95; 95% CI, 0.85 to
1.07; P<0.001 for noninferiority, P = 0.39 for supe-

Table 1. Rates of the Primary Composite Outcome and Key Secondary Outcomes.*
Outcome

Exenatide (N = 7356)

Placebo (N = 7396)

Hazard Ratio (95% CI)†

Patients
with Event

Incidence Rate
of First Event

Patients
with Event

Incidence Rate
of First Event

no. (%)

no. of events/
100 patient-yr

no. (%)

no. of events/
100 patient-yr

839 (11.4)

3.7

905 (12.2)

4.0

0.91 (0.83−1.00)

Death from any cause

507 (6.9)

2.0

584 (7.9)

2.3

0.86 (0.77−0.97)

Death from cardiovascular causes‡

340 (4.6)

1.4

383 (5.2)

1.5

0.88 (0.76−1.02)

Fatal or nonfatal myocardial infarction

483 (6.6)

2.1

493 (6.7)

2.1

0.97 (0.85−1.10)

Primary composite outcome
Secondary outcomes

Fatal myocardial infarction§
Fatal or nonfatal stroke
Fatal stroke§

17 (0.2)

—

13 (0.2)

—

1.29 (0.63−2.66)

187 (2.5)

0.8

218 (2.9)

0.9

0.85 (0.70−1.03)

18 (0.2)

—

25 (0.3)

—

0.71 (0.39−1.30)

Hospitalization for heart failure

219 (3.0)

0.9

231 (3.1)

1.0

0.94 (0.78−1.13)

Hospitalization for acute coronary
syndrome

602 (8.2)

2.6

570 (7.7)

2.5

1.05 (0.94−1.18)

*	The primary outcome was the first occurrence of any component of the composite outcome of death from cardiovascular causes, nonfatal
myocardial infarction, or nonfatal stroke, in a time-to-event analysis. This analysis was conducted in the intention-to-treat population, which
consisted of all patients who underwent randomization.
†	Hazard ratios (exenatide vs. placebo) and confidence intervals were estimated with the use of a Cox proportional-hazards regression model,
stratified according to history of cardiovascular disease, with trial regimen as the sole explanatory variable.
‡	Death from cardiovascular causes includes death from unknown cause.
§	The incidence rate was not calculated because this outcome was not prespecified in the statistical analysis plan as a trial outcome.
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Hazard Ratio (95% CI)

P Value for
Interaction

no. of events/total no. (%)
Age
<65 yr
≥65 yr

0.005
413/4392 (9.4)
426/2964 (14.4)

393/4421 (8.9)
512/2975 (17.2)

1.05 (0.92–1.21)
0.80 (0.71–0.91)

719/6747 (10.7)
120/609 (19.7)

760/6755 (11.3)
145/641 (22.6)

0.93 (0.84–1.03)
0.82 (0.64–1.05)

599/4562 (13.1)
240/2794 (8.6)

634/4587 (13.8)
271/2809 (9.6)

0.94 (0.84–1.05)
0.86 (0.73–1.03)

683/5554 (12.3)
43/442 (9.7)
60/725 (8.3)
3/38 (7.9)
3/18 (16.7)
47/577 (8.1)

712/5621 (12.7)
62/436 (14.2)
74/727 (10.2)
4/35 (11.4)
3/17 (17.6)
49/557 (8.8)

0.95 (0.85–1.05)
0.67 (0.45–0.99)
0.81 (0.57–1.14)
0.69 (0.16–3.10)
1.11 (0.23–5.51)
0.93 (0.62–1.38)

391/3389 (11.5)
303/1834 (16.5)
76/1364 (5.6)
69/769 (9.0)

390/3399 (11.5)
354/1874 (18.9)
81/1363 (5.9)
80/760 (10.5)

1.00 (0.87–1.15)
0.84 (0.72–0.97)
0.92 (0.67–1.26)
0.85 (0.62–1.18)

160/1374 (11.6)
231/2015 (11.5)

164/1399 (11.7)
226/2000 (11.3)

0.98 (0.79–1.22)
1.01 (0.84–1.21)

62/1032 (6.0)
392/3612 (10.9)
381/2687 (14.2)

83/980 (8.5)
399/3654 (10.9)
419/2734 (15.3)

0.70 (0.50–0.97)
0.98 (0.85–1.12)
0.90 (0.79–1.04)

660/6213 (10.6)
179/1143 (15.7)

703/6278 (11.2)
202/1118 (18.1)

0.93 (0.84–1.04)
0.84 (0.69–1.03)

467/3397 (13.7)
372/3959 (9.4)

519/3439 (15.1)
386/3957 (9.8)

0.89 (0.78–1.00)
0.95 (0.83–1.10)

126/1118 (11.3)
713/6238 (11.4)

113/1085 (10.4)
792/6311 (12.5)

1.08 (0.84–1.39)
0.89 (0.80–0.99)

227/1161 (19.6)
612/6194 (9.9)

237/1228 (19.3)
668/6168 (10.8)

0.97 (0.81–1.16)
0.90 (0.81–1.00)

382/3546 (10.8)
452/3767 (12.0)

418/3625 (11.5)
484/3737 (13.0)

0.91 (0.80–1.05)
0.91 (0.80–1.04)

549/5769 (9.5)
283/1565 (18.1)

620/5745 (10.8)
284/1626 (17.5)

0.86 (0.77–0.97)
1.01 (0.86–1.19)

181/2127 (8.5)
368/3642 (10.1)
280/1557 (18.0)
181/1140 (15.9)
99/417 (23.7)
3/8 (37.5)
0

208/2141 (9.7)
412/3604 (11.4)
282/1620 (17.4)
182/1148 (15.9)
100/472 (21.2)
2/6 (33.3)
0

0.87 (0.71–1.06)
0.86 (0.75–0.99)
1.01 (0.86–1.19)
0.97 (0.79–1.20)
1.11 (0.84–1.47)
1.26 (0.21–7.52)

275/2659 (10.3)
546/4628 (11.8)

297/2704 (11.0)
596/4611 (12.9)

0.94 (0.79–1.10)
0.89 (0.79–1.00)

0.34
<75 yr
≥75 yr
Sex
Male
Female
Race or ethnic group
White
Black
Asian
Indian (American) or Alaskan Native
Native Hawaiian or Other Pacific Islander
Hispanic
Region
Europe
North America
Latin America
Asia–Pacific
European subcategories
Western Europe
Eastern Europe
Duration of diabetes
<5 yr
≥5 to <15 yr
≥15 yr
Antihyperglycemic oral agent therapy
Yes
No
Insulin therapy
Yes
No
DPP-4 inhibitor therapy
Yes
No
History of congestive heart failure
Yes
No
Glycated hemoglobin level
<8%
≥8%
Estimated GFR
≥60 ml/min/1.73 m2
<60 ml/min/1.73 m2
Estimated GFR renal function stage
Stage 1: ≥90 ml/min/1.73 m2
Stage 2: 60–89 ml/min/1.73 m2
Stage 3: 30–59 ml/min/1.73 m2
Stage 3a: 45–59 ml/min/1.73 m2
Stage 3b: 30–44 ml/min/1.73 m2
Stage 4: 15–29 ml/min/1.73 m2
Stage 5: <15 ml/min/1.73 m2
Body-mass index
<30
≥30
Previous cardiovascular event
at randomization
Yes
No

0.44

0.61

0.39

0.85

0.18

0.37

0.45

0.17

0.50

0.97

0.12

0.51

0.59

0.50
722/5394 (13.4)
117/1962 (6.0)

0.90 (0.82–1.00)
0.99 (0.77–1.28)

786/5388 (14.6)
119/2008 (5.9)
0.25

0.50

1.00

2.00

4.00

Exenatide Better Placebo Better
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Figure 3 (facing page). Primary Composite Outcome
According to Prespecified Subgroups.
Race or ethnic group was reported by the patient. The
body-mass index is the weight in kilograms divided by
the square of the height in meters. DPP-4 denotes dipeptidyl peptidase 4, and GFR glomerular filtration
rate.

riority), also without evidence of heterogeneity
among the composite components.
The risk of death from any cause was 6.9% in
the exenatide group and 7.9% in the placebo
group (hazard ratio, 0.86; 95% CI, 0.77 to 0.97);
this difference was not considered to be statistically significant on the basis of the hierarchical
testing plan (Table 1 and Fig. 2). Causes of death
were adjudicated as cardiovascular in 45.4% of
the patients in the exenatide group and in 41.3%
of the patients in the placebo group, as noncardiovascular in 32.9% and 34.4% of the patients,
respectively, and as unknown in 21.7% and 24.3%
of the patients (Table S4 in the Supplementary
Appendix). The rates of the first fatal or nonfatal
myocardial infarction, fatal or nonfatal stroke
(Figs. S7 and S8 in the Supplementary Appendix),
and other secondary outcomes did not differ significantly between the two groups. In univariate
analyses of the primary composite outcome in
16 prespecified subgroups that were defined according to baseline characteristics, only the subgroup of patients characterized by a baseline age
of younger than 65 years versus 65 years or older
showed heterogeneity (P = 0.005, unadjusted for
multiplicity) (Fig. 3). Results of the prespecified
sensitivity analyses for the primary composite
outcome are shown in Figure S9 in the Supplementary Appendix.
Additional Efficacy Outcomes

The rate of cardiovascular or peripheral revascularization procedures was similar in the two
groups (hazard ratio, 0.94; 95% CI, 0.85 to 1.05).
Patients randomly assigned to exenatide, administered once weekly, had a lower risk of receiving
an additional cointerventional glucose-lowering
agent than patients in the placebo group (hazard
ratio, 0.67; 95% CI, 0.63 to 0.71; P<0.001) and a
lower risk of initiating long-term insulin therapy
(hazard ratio, 0.61; 95% CI, 0.54 to 0.68; P<0.001),
with less open-label use of SGLT-2 inhibitors (in
6.5% vs. 9.4% of the patients) and GLP-1 recepn engl j med

tor agonists (2.5% vs. 3.6%) during follow-up
(Table S5 in the Supplementary Appendix). New
concomitant cardiovascular and other medications administered during follow-up are listed in
Table S6 in the Supplementary Appendix.
Safety Outcomes

No clinically relevant between-group differences
were seen in the incidence of serious adverse
events or events of clinical interest (Table 2, and
Table S7 in the Supplementary Appendix). Confirmed events of acute pancreatitis were uncommon, and the number of patients who had confirmed acute pancreatitis was similar in the
exenatide group and the placebo group (26 and 22,
respectively), as were the number of patients
who had cancers overall (355 and 361) and the
numbers of patients who had pancreatic cancer
(15 and 16) and medullary thyroid carcinoma
(2 and 1). More patients in the exenatide group
than in the placebo group had thyroid papillary
carcinomas (10 vs. 4).
The rate of severe hypoglycemia did not differ
significantly between the two groups, either
when measured as the first event only (1.0 events
per 100 patient-years in the exenatide group and
0.9 events per 100 patient-years in the placebo
group) or when recurrent events were included
(1.6 events per 100 patient-years and 1.8 events
per 100 patient-years, respectively; risk ratio,
0.85; 95% CI, 0.67 to 1.08) (Table 2).

Discussion
In this pragmatic, multinational, cardiovascular
outcomes trial, which was performed in a usualcare setting among patients with type 2 diabetes,
with or without previous cardiovascular disease,
the addition of once-weekly extended-release
exenatide to usual care was compared with usual
care alone for the management of diabetes and
cardiovascular risk factors over a median of
3.2 years of follow-up; the results showed that
exenatide was noninferior to placebo with respect
to cardiovascular safety but was not superior to
placebo with respect to efficacy. The risk of death
from any cause was 6.9% in the exenatide group
and 7.9% in the placebo group (hazard ratio, 0.86;
95% CI, 0.77 to 0.97); this difference was not
considered to be statistically significant on the
basis of the hierarchical testing plan. Events of
acute pancreatitis, pancreatic cancer, and medulnejm.org
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Table 2. Serious Adverse Events and Events of Clinical Interest.*
Event

Exenatide (N = 7344) Placebo (N = 7372)

Serious adverse events — no. of patients (%)†
Any serious adverse event

1234 (16.8)

Serious adverse event related to trial regimen
Serious adverse event that resulted in permanent discontinuation of trial regimen

1222 (16.6)

56 (0.8)

38 (0.5)

108 (1.5)

104 (1.4)

26 (0.4)

22 (0.3)

23 (0.3)

20 (0.3)

Events of clinical interest
Adjudicated pancreatitis‡
Patients with event — no. (%)
Severity of event — no. of patients (%)
Mild
Severe

2 (<0.1)

Unknown

1 (<0.1)

First-event rate per 100 patient-years
No. of events

2 (<0.1)
0

0.11

0.09

28

23

No. of events per patient
1

24

2

2

1

≥3

0

0

0.12

0.10

355 (4.8)

361 (4.9)

Event rate per 100 patient-years

21

Adjudicated charter-defined cancer‡§
Patients with event — no. (%)
First-event rate per 100 patient-years

1.5

1.6

No. of events

429

442

Event rate per 100 patient-years

1.8

1.9

Adjudicated cancers of interest — no. (%)‡
Patients with medullary thyroid carcinoma

2 (<0.1)

Patients with pancreatic cancer

15 (0.2)

1 (<0.1)
16 (0.2)

Severe hypoglycemia¶
247 (3.4)

219 (3.0)

First-event rate per 100 patient-years

Patients with event — no. (%)

1.0

0.9

No. of events

404

450

Event rate per 100 patient-years

1.6

1.8

*	This analysis was conducted in the safety population, which consisted of all patients who underwent randomization and
received at least one dose of the trial regimen.
†	This category included all patients who had at least one serious adverse event that was reported during the overall period,
which was defined as the period from the date of randomization through the last date that the patient was known to be alive.
‡	The time period for the reporting of adjudicated events was from the date of randomization through the trial termination
visit or the date of the last event assessed, whichever was earlier.
§	The term “charter-defined cancers” refers to definitions that were used by the clinical events classification committee in
the adjudication of cancers. A cancer was considered to have occurred if the patient either had evidence of a new cancer
or had the first recurrence (during the trial period) of a previous cancer.
¶	Severe hypoglycemia was defined as hypoglycemia for which the patient received medical assistance. This category included all patients who had at least one event of severe hypoglycemia that was reported during the overall period, which
was defined as the period from the date of randomization through the last date that the patient was known to be alive.

lary thyroid carcinoma were uncommon, with integration with usual care and wide-ranging
similar rates in the two groups.
eligibility criteria. For example, patients with any
The pragmatic design of the trial included degree of cardiovascular risk who were at least
10
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18 years of age (with no upper age limit) were
eligible. To further augment the potential generalizability of any findings, we evaluated the
cardiovascular effect of once-weekly extendedrelease exenatide in the usual-care setting by
maintaining the focus of management of diabetes and cardiovascular risk with the usual-care
provider. There was no run-in period to preferentially enhance adherence to the trial regimen.
All open-label medications for diabetes were
permitted (except for GLP-1 receptor agonists),
including SGLT-2 and DPP-4 inhibitors.
In the Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results
(LEADER) trial,11 a randomized trial in which
patients with type 2 diabetes (mean glycated
hemoglobin level, 8.7%) who had established
cardiovascular disease (81% of enrolled patients)
or cardiovascular risk factors were assigned to
receive liraglutide or placebo, the risk of a threecomponent MACE outcome event was lower with
liraglutide than with placebo (hazard ratio, 0.87;
95% CI, 0.78 to 0.97). Similar results were observed in the Trial to Evaluate Cardiovascular and
Other Long-term Outcomes with Semaglutide in
Subjects with Type 2 Diabetes (SUSTAIN-6),12 a
randomized trial in which patients with type 2
diabetes (mean glycated hemoglobin level, 8.7%)
who had established cardiovascular disease (83%
of enrolled patients) or cardiovascular risk factors were assigned to receive semaglutide or
placebo; the risk of a three-component MACE
outcome was lower with semaglutide than with
placebo (hazard ratio, 0.74; 95% CI, 0.58 to
0.95). In the LEADER trial, the risk of death
from any cause was 15% lower with liraglutide
than with placebo (similar to the 14% difference
seen in our trial), but no such difference was
seen with semaglutide in SUSTAIN-6. In our
trial, statistical significance for the primary composite outcome was not achieved, but the direction and magnitude of the cardiovascular outcomes observed were not inconsistent with those
seen in the LEADER and SUSTAIN-6 trials. In
contrast, the Evaluation of Lixisenatide in Acute
Coronary Syndrome (ELIXA) trial,10 which compared lixisenatide with placebo in patients who
had had a recent acute coronary syndrome and
who were followed for a median of 2.1 years,
showed no significant difference between the
groups in a four-component MACE outcome, nor
in the rate of death from any cause.
n engl j med

The lack of cardiovascular efficacy in the current trial may be related to multiple factors. The
median follow-up time in our trial was shorter
than that in the LEADER trial (3.2 years vs. 3.8
years), as was the duration of exposure to the
trial regimen (2.4 years vs. 3.5 years); in addition, the baseline glycated hemoglobin level in
our trial was lower than that in the LEADER
trial (8.0% vs. 8.7%), and the rate of discontinuation of the trial regimen was higher. The effect
of exenatide, administered once weekly, on modifiable cardiovascular risk factors was modest.
The disproportionate use in the placebo group of
diabetes therapies known to reduce cardiovascular risk, such as SGLT-2 inhibitors13,14 and GLP-1
receptor agonists,11 may have preferentially resulted in lower event rates in the placebo group.
Also, the four GLP-1 receptor agonists evaluated
to date may not all be bioequivalent.
We did not observe any specific safety issues
during our trial; there was no adverse signal
with respect to heart failure, despite the higher
mean heart rate in the exenatide group than in
the placebo group, and events of acute pancreatitis and pancreatic cancer were rare, with similar
rates in the two groups. Studies in animals have
suggested a higher incidence of thyroid C-cell
adenomas and carcinomas with once-weekly administration of extended-release exenatide than
with placebo,23 but that finding has not been
replicated in humans. In our trial, medullary
thyroid carcinoma was reported in two patients
in the exenatide group, as compared with one
patient in the placebo group; all three patients
in whom medullary thyroid carcinomas occurred had elevated calcitonin levels at baseline.
A major limitation of our trial was the rate of
premature discontinuation of the trial regimen,
which was driven primarily by patient decision.
We speculate that probable factors for discontinuation were the complexity of the first-generation injection device that was used24 and the
fact that our trial had no run-in period. Another
possible limitation was that usual-care regimens
were not standardized and therefore may have
introduced variability. The difference between
the two groups in the rate of death from any
cause may have been influenced by the modest
between-group difference in glycated hemoglobin levels.
In summary, our results show that onceweekly administration of extended-release exenanejm.org
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tide in patients with type 2 diabetes at a wide
range of cardiovascular risk appeared not to cause
an increase in their overall cardiovascular risk.
Supported by Amylin Pharmaceuticals, a wholly owned subsidiary of AstraZeneca.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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From the Diabetes Trials Unit, Oxford Centre for Diabetes, Endocrinology, and Metabolism, University of Oxford, Oxford (R.R.H.,
M.A.B.), and the International Centre for Circulatory Health, Imperial College London, London (N.P.) — both in the United Kingdom;
Duke Clinical Research Institute, Duke University School of Medicine, Durham (R.J.M., V.P.T., Y.L., N.J.P., A.F.H.), and the Division of
Endocrinology, University of North Carolina School of Medicine, Chapel Hill (J.B.B.) — both in North Carolina; the Department of
Medicine and Therapeutics, Chinese University of Hong Kong, Hong Kong (J.C.C.); AstraZeneca Research and Development, Gaithersburg, MD (J.C., S.M.G., N.I., P.Ö.); Associazione Nazionale Medici Cardiologi Ospedalieri (ANMCO) Research Center, Florence, Italy
(A.P.M.); the Department of Cardiology, University of Texas Southwestern Medical Center, Dallas (S.P.M.); the India Diabetes Research
Foundation and Dr. A. Ramachandran’s Diabetes Hospitals, Chennai, India (A.R.); and the Lunenfeld–Tanenbaum Research Institute,
Mount Sinai Hospital and University of Toronto, Toronto (B.Z.).
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