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Abstract

The full licensing of dipeptidyl peptidase-4 (DPP-4) inhibitors in the USA and Europe requires demonstration of cardiovascular (CV) safety with an upper boundary of harm of less than 30%. We report a total of 3334 CV events during 86 716 person-years of follow-up in 36 543 patients, when combining data from 3 trials with formal and prospectively assessed endpoints. Fixed effect meta-analysis demonstrated that compared with placebo, DPP-4 inhibition did not increase the upper boundary of risk for the composite endpoint, nor any individual component by greater than 30%: relative risks were 0.99 for composite CV death, non-fatal MI and non-fatal stroke (CI 0.93 to 1.06); 1.01 for CV death (CI, 0.91 to 1.12); 0.98 for non-fatal MI (CI, 0.89 to 1.09); and 1.00 for non-fatal stroke (CI, 0.86 to 1.16). Risk of acute pancreatitis was increased (RR 1.79, CI 1.13 to 2.81) equating to 5.5 extra cases/10 000 patients/year (weighted mean) and a number needed to harm of 1940/year. These data provide reassurance about the safety of DPP-4 inhibitors on individual atherothrombotic events and a safety signal for pancreatitis.


Background

Type 2 diabetes mellitus (T2DM) is characterised by chronic hyperglycaemia and increased cardiovascular (CV) risk.1 Indeed, CV disease accounts for the majority of deaths in diabetic patients2, but despite several classes of oral hypoglycaemic agents being widely available there is still mixed evidence regarding whether tight glycaemic control with these agents modulates improved CV outcomes.1,3 Good glycaemic control is still however essential to reduce other micro-vascular endpoints such as retinopathy, nephropathy and neuropathy4 but side effects of existing therapies have necessitated the search for novel agents. In 2008 the Food and Drug Administration (FDA) mandated that all new diabetes drugs must demonstrate CV safety with an upper boundary of risk less than 1.3, for the composite endpoint of CV death, non-fatal myocardial infarction (MI) and non-fatal stroke.5 To date the dipeptidyl peptidase-4 (DPP-4) inhibitors are the first class of drugs to report prospective trial data since the FDA guidance. This innovative class of oral hypoglycaemics offer several advantages over existing therapies including a once daily preparation, weight neutrality and glucose dependent release of insulin.6,7   Meta-analyses of some early phase 2 and 3 trials suggested that DPP-4 inhibitors may offer considerable CV benefit8,9  however, the lack of long-term CV outcome trial data has been a considerable limitation. Furthermore, previous trials did not have blinded end-point adjudication of CV events and reported on only a few hundred broad composite endpoints. Recently several randomised trials with long-term follow-up have been completed.10-12 Although, each of these trials have met the FDA requirement for safety (<1.3) for the composite endpoint, there remains uncertainty with respect to the effect of DDP-4 inhibition on the individual components. Our specific aim was to provide more reliable data, than hitherto possible, regarding not only the overall CV safety but also the effect DPP-4 inhibitors have on specific cardiovascular and important non-cardiovascular endpoints by conducting a systematic review and meta-analysis of all prospective CV outcome trials assessing DDP-4 inhibitors. 


Methods

Studies were eligible if they were randomised, double-blind trials of a single DPP-4 inhibitor versus placebo and included participants with T2DM and established CV disease or those with multiple risk factors for vascular disease. Trials needed to report on a composite primary end point, which included at least CV death, non-fatal MI and non-fatal stroke, with at least 5000 person-years of follow-up and 500 CV events. Only trials with formal standardised endpoints and pre-specified blinded endpoint adjudication were included. We also assessed for major non-CV outcomes that had been attributed to this drug class in case studies or anecdotal reports such a pancreatitis, pancreatic cancer and serious hypoglycaemia (defined as requiring third party assistance). Trials conducted with patients with chronic kidney disease of severe levels (or where patients required long-term dialysis), those with New York Heart Association class IV and above heart failure at baseline were excluded. Studies with post-hoc analyses only were also excluded.

We searched the electronic databases Medline (via PubMed), Cochrane Library (trials) and Embase (via OvidSP) from 2012 to June 2015, using terms including “dipeptidyl peptidase-4 inhibitor”, “gliptins”, the names of individual agents, “CV safety”, “CV outcomes”, “heart failure” “pancreatitis” and “pancreatic cancer”. Additionally, we consulted clinical trials registries websites. No language restrictions were applied. Data from intention-to-treat analyses was assessed and dual extracted independently (ASA, HMD) with arbitration by an expert (KKR). The search and screening performed are described in detail in Figure 1.

We evaluated 9 overall outcomes (see Table 1, supplementary appendix for definitions), our primary outcome was a composite of CV death, non-fatal MI and non-fatal stroke, and we additionally evaluated these events as independent outcomes. Other outcomes assessed were hospitalisation for heart failure, acute pancreatitis, pancreatic cancer, serious hypoglycaemia and any hypoglycaemia.

Statistical analyses were performed using R, version 3.0.2, with the package Meta.



Results

Three randomised controlled trials conformed to our inclusion criteria and were included in the final meta-analysis: SAVOR10, EXAMINE11 and TECOS12. All three trials were large, prospective, multi-centred randomised, placebo-controlled trials with blinded-end point adjudication and adequate follow-up time (range: 8070 to 44 013 person-years of follow-up years). The included studies had good comparability of baseline demographics between treatment and placebo-control arms (summary of clinical characteristics for each trial is shown in Table 2 supplementary appendix).  The randomisation processes were described adequately in either the manuscript or additional referenced sources of the studies and loss to follow up or discontinuation of treatment rates were less than 10% in TECOS and SAVOR and 22% in EXAMINE. We concluded that all three included trials were of high quality.

During 86 716 person-years of follow-up 36 543 patients with T2DM experienced 3334 CV events. Over a median follow-up of 2.5 years, DPP-4 inhibition reduced HbA1c by 0.3% vs placebo (weighted mean). Fixed effect meta-analysis demonstrated that compared with placebo, DPP-4 inhibition did not increase the upper boundary of risk for the composite endpoint nor any individual component by greater than 30% in line with the FDA licensing guidelines (Figure 2): relative risks were 0.99 for CV death, non-fatal MI and non-fatal stroke (CI 0.93 to 1.06); 1.01 for CV death (CI, 0.91 to 1.12); 0.98 for non-fatal MI (CI, 0.89 to 1.09); and 1.00 for non-fatal stroke (CI, 0.86 to 1.16). Hospitalisation for heart failure was of borderline significance (RR 1.12, CI 1.00 to 1.25), sensitivity analysis using random effect models demonstrated this outcome would not have met the FDA standard with upper limit of 1.30.  Risk of acute pancreatitis was increased (RR 1.79, CI 1.13 to 2.81) equating to 5.5 extra cases per 10 000 patients/year (weighted mean) and a number needed to harm (NNH) of 1940/year. Risk of any hypoglycaemic episode was also increased (RR 1.12, CI 1.05-1.20) NNH 234/year, but serious hypoglycaemia was not (CI 0.95-1.38). In contrast a signal for protection against pancreatic cancer was observed which may warrant further study (RR 0.55, CI 0.29 to 1.03). There was no statistically significant heterogeneity across studies for any endpoint supporting a class effect for benefit and harm. 
 

Discussion

In our analysis of prospective CV outcome studies, which compared DDP-4 inhibitors to placebo, in high-risk patients with diabetes we report a total of 3334 cardiovascular events and confirm the safety of DPP-4 inhibitors as a class on individual components of atherothrombotic risk, with each component having an upper boundary of risk of far less than 1.3. An upper boundary of safety of 30% still represents substantial uncertainty when we consider the prevalence of diabetes globally, hence the present data should provide considerable reassurance to the medical community for the safety of this class on CV death, coronary and cerebrovascular events separately. We observed the risk of heart failure hospitalisation to be of borderline statistical significance and interestingly with no significant heterogeneity between trials, supporting a class effect. Additionally we demonstrate that there is a significantly increased risk of acute pancreatitis, which again, appears to be a class effect with an increased risk of 79%. This potential adverse event was originally suggested in case reports13, but subsequently refuted by the safety findings of individual studies such as SAVOR10 and EXAMINE.11 Given that this is a relatively rare event occurring in about 5 cases per 10 000 years of follow-up in the placebo group, it is unsurprising that individual studies may have been underpowered. Given the seriousness of acute pancreatitis we believe this novel observation is of considerable interest to the medical community and further study is warranted.

In contrast to previous meta-analyses8,9 which describe substantial reductions in major adverse cardiovascular events for DPP-4 inhibitors as a class, for example Monami et al reported odds ratios 0.71 (CI 0.59 to 0.86, p<0.001), we report non-inferiority alone and confirm overall cardiovascular safety. Monami et al also report significant reductions in CV events for individual agents such as saxagliptin (odds ratio 0.67, CI 0.45 to 0.99, p=0.047).8 This conclusion was however based on only  108 total events, which also included heart failure and unstable angina. Furthermore although 12 trials were included the total number of participants were not reported but presumed to be in the hundreds8, rather than the thousands as in the definitive trial10, which reported over 2000 total CV events with no significant difference with saxagliptin use when compared to placebo (HR 1.02, CI 0.94 to 1.11, p=0.66). Previous meta-analyses8,9 used trials with as little as 10 participants per arm, and events were based on clinician reported adverse events rather than blinded endpoint adjudication. We used stringent inclusion criteria including placebo-controlled, large participant studies with at least 5000 person-years of follow-up, to ensure reliable assessment of class effects and the review of rare outcomes such as pancreatitis with more power than previously possible.

This meta-analysis provides robust reassurance about the CV safety of DPP-4 inhibitors on individual atherothrombotic events. This should be weighed against the small absolute risk of acute pancreatitis, any hypoglycaemia and heart failure on a case-by-case basis. Further investigation into identifying those most at risk of rare but potentially serious acute pancreatitis secondary to DPP-4 inhibition may further inform the medical community.
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Figure 2 Legend 

Meta-analysis of the effects of dipeptidyl peptidase-4 inhibitors on cardiovascular and non-cardiovascular endpoints. Primary analyses were performed using fixed effects and reported as relative risk with 95% confidence intervals and heterogeneity assessed using the I2 statistic. Random effects models are also provided for comparison.









References

1. Bianchi C, Miccoli R, Daniele G, et al. Is there evidence that oral hypoglycemic agents reduce cardiovascular morbidity/mortality? Yes. Diabetes Care. 2009 Nov;32 Suppl 2:S342-8.
2. Mozaffarian D, Benjamin EJ, Go AS, et al. Heart Disease and Stroke Statistics-2015 Update: A Report From the American Heart Association. Circulation 2015;131 (4):e29-322.
3. Ray KK, Seshasai SR, Wijesuriya S, Sivakumaran R, Nethercott S, Preiss D, Erqou S, Sattar N:Effect of intensive control of glucose on cardiovascular outcomes and death in patients with diabetes mellitus: a meta-analysis of randomised controlled trials. Lancet 2009, 373(9677):1765-1772.
4. Nathan DM, Cleary PA,Backlund JY et al. Intensive diabetes treatment and cardiovascular disease in patients with type 1 diabetes. N Engl J Med 2005; 353: 2643–2653
5. Department of Health and Human Services, Food and Drug Administration, Center for Drug Evaluation and Research. Guidance for industry: diabetes mellitus — evaluating cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. December 2008. (http://www.fda.gov/downloads/Drugs/GuidanceCompliance RegulatoryInformation/Guidances/ucm071627.pdf).
6. Karagiannis T, Paschos P, Paletas K, et al. Dipeptidyl peptidase-4 inhibitors for treatment of type 2 diabetes mellitus in the clinical setting: systematic review and meta-analysis. BMJ. 2012 Mar 12;344:e1369.
7. Gerrald KR, Van Scoyoc E, Wines RC, et al. Saxagliptin and sitagliptin in adult patients with type 2 diabetes: a systematic review and meta-analysis. Diabetes Obes Metab. 2012 Jun;14(6):481-92.
8. Monami M, Ahrén B, Dicembrini I, Mannucci E. Dipeptidyl peptidase-4 inhibitors and cardiovascular risk: a meta-analysis of randomized clinical trials. Diabetes Obes Metab. 2013 Feb;15(2):112-20.
9. Patil HR, Al Badarin FJ, Al Shami HA, et al. Meta-analysis of effect of dipeptidyl peptidase-4 inhibitors on cardiovascular risk in type 2 diabetes mellitus. Am J Cardiol 2012;110:826–833.
10. Scirica BM, Bhatt DL, Braunwald E, et al. Saxagliptin and cardiovascular outcomes in patients with type 2 diabetes mellitus. N Engl J Med. 2013 Oct 3;369(14):1317-26.
11. White WB, Cannon CP, Heller SR, et al. Alogliptin after acute coronary syndrome in patients with type 2 diabetes. N Engl J Med. 2013 Oct 3;369(14):1327-35.
12. Green JB, Bethel MA, Armstrong P, et al. Effect of Sitagliptin on Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med. 2015 Jun 8. [Epub ahead of print].
13. Elashoff M, Matveyenko AV, Gier B, et al. Pancreatitis, pancreatic, and thyroid cancer with glucagon-like peptide-1–based therapies. Gastroenterology 2011; 141: 150–156.


 


