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            Abstract
Glucagon-like peptide 1 receptor agonists (GLP-1RAs) injected periodically have been shown to not increase and, for some members of this class, decrease the risk of cardiovascular events. The cardiovascular safety of delivering a continuous subcutaneous infusion of the GLP-1RA exenatide (ITCA 650) is unknown. Here, we randomly assigned patients with type 2 diabetes with, or at risk for, atherosclerotic cardiovascular disease (ASCVD) to receive ITCA 650 or placebo to assess cardiovascular safety in a pre-approval trial (NCT01455896). The primary outcome was a composite of cardiovascular death, non-fatal myocardial infarction, non-fatal stroke or hospitalization for unstable angina. On the basis of 2008 guidance from the US Food and Drug Administration, a non-inferiority margin of 1.8 for the upper bound of the 95% confidence interval (CI) of the hazard ratio (HR) was used. We randomized 4,156 patients (2,075 assigned to receive ITCA 650 and 2,081 assigned to receive placebo) who were followed for a median of 16 months. The primary outcome occurred in 4.6% (95/2,075) of patients in the ITCA 650 group and 3.8% (79/2,081) of patients in the placebo group, meeting the pre-specified non-inferiority criterion (HR = 1.21, 95% CI, 0.90–1.63, Pnon-inferiority = 0.004). Serious adverse events were similar between the two groups. Adverse events were more frequent in the ITCA 650 group (72%, 1,491/2,074) than in the placebo group (63.9%, 1,325/2,070), mainly due to an increase in gastrointestinal events and disorders while on ITCA 650. In patients with type 2 diabetes with, or at risk for, ASCVD, ITCA 650 was non-inferior to placebo. A larger and longer-duration cardiovascular outcomes trial is needed to define more precisely the cardiovascular effects of ITCA 650 in this population.
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Fig. 2: Cardiovascular death, non-fatal myocardial infarction, non-fatal stroke or hospitalization for unstable angina.[image: ]


Fig. 3: Glycated hemoglobin and body weight.[image: ]
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                Data availability

              
              Data from these analyses cannot be made publicly available owing to contractual obligations with the sponsor. We encourage parties interested in collaboration and data sharing to submit an application for non-commercial use to the corresponding author (C.T.R.). Applications should outline specifically what data they are interested in receiving and how the data will be used. Any data that can be shared will need approval from the sponsor and require a material transfer agreement. All data shared will be de-identified.

            

Code availability

              
              Detailed descriptions of analyses and methods are provided in the Trial Protocol and the Statistical Analysis Plan, which have been provided as separate documents. All statistical computations were performed with SAS software, version 9.4 (SAS Institute).
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Extended data

Extended Data Fig. 1 ITCA 650.
ITCA 650 delivers a continuous subcutaneous infusion of exenatide by an osmotic mini-pump, which releases the drug at a predetermined rate based on the principle of osmosis.


Extended Data Fig. 2 Subgroup Analysis for Cardiovascular Death, Non-Fatal Myocardial Infarction, Non-Fatal Stroke, or Hospitalization for Unstable Angina.
Shown are hazard ratios, 95% confidence intervals, and two-sided p-values derived from a stratified Cox proportional-hazards model for the primary efficacy outcome of cardiovascular death, myocardial infarction, stroke, or hospitalization for unstable angina. There was no adjustment for multiple testing.


Extended Data Fig. 3 Additional Trials Included in Meta-Analysis.
Primary outcome: CV death, non-fatal myocardial infarction, non-fatal stroke, or hospitalization for unstable angina. Key secondary outcome: CV death, non-fatal myocardial infarction, or non-fatal stroke.


Extended Data Fig. 4 IPD Meta-Analysis: Cardiovascular Death, Non-Fatal Myocardial Infarction, Non-Fatal Stroke, or Hospitalization for Unstable Angina.
Shown is the cumulative incidence of the primary efficacy outcome of cardiovascular death, non-fatal myocardial infarction, non-fatal stroke, or hospitalization for unstable angina.


Extended Data Fig. 5 IPD Meta-Analysis: Cardiovascular Death, Non-Fatal Myocardial Infarction, or Non-Fatal Stroke.
Shown is the cumulative incidence of the key secondary outcome of cardiovascular death, non-fatal myocardial infarction, or non-fatal stroke.


Extended Data Fig. 6 Initiation of New Antihyperglycemic Medication.
Shown is cumulative incidence of initiation of new antihyperglycemic medication.
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