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Guidance for Diabetes Drug Development 1990-2008

• ICH Guidelines:
– 1500 patients exposed

– 300-600 x 6 months 

– 100 x 1 year

• Approval based on as little as 250 patient-years of exposure



Paradigm Shift Underpinning Regulatory Change

• Increasing incidence/prevalence of T2DM

– >10% of US adult population

• Growing awareness of CV impact of T2DM

• Proliferation of medications available

• Numerous examples of adverse drug effects

– On target

– Off target



Half-Century of HTN & T2DM Medications in US



Present FDA Regulatory Guidance for Drugs for             

Type 2 Diabetes

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/2008/ucm116994.htm

“…sponsors should demonstrate that the 
therapy will not result in an unacceptable 

increase in cardiovascular risk.”

Requires ~15,000 pt-yrs of exposure



The sky is falling…



2008

FDA guidance

…it was just an acorn that fell.

Holman RR et al. Lancet 2014; 383: 2008–17.

25 Trials Ongoing/Completed

8 classes of medications

>200,000 planned participants



SAVOR-TIMI 53 Enrollment 
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The Incretin System:

Key Regulator of Post-Prandial 

Glucose Metabolism

peripheral
glucose 
uptake hepatic 

glucose 
production

insulin
secretion

GLP-1
GIP

glucagon
secretion

gastric
emptying

DPP-4

GLP-1
GIP

Inhibitor

Courtesy, Silvio Inzucchi, MD



Incretin Modulators on US Market

DPP4-inhibitors Sitagliptin

Saxagliptin

Alogliptin

Linagliptin

GLP1-receptor agonists Exenatide

Liraglutide

Albiglutide

Exenatide ER

Dulaglutide



SAVOR TIMI 53-Primary Endpoint
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Scirica BM, et aI. N Engl J Med 2013; 369: 1317-1326.

N = 16,492

1222 Primary MACE Events



Primary Endpoint

White WB, et. al. N Engl J Med. 2013; 369:1327

N = 5380



Primary Composite Cardiovascular Outcome* 
Per Protocol Analysis for Noninferiority

Green JB et al. NEJM 2015;373: 232-42



ELIXA: Lixisenatide* vs. Placebo Effects on CV 

Outcomes

Pfeffer MA et al. NEJM 2015; 373: 2247-57. *Not FDA approved



Rare But Serious Adverse Drug Reactions 

Require Large Exposure…

• Taspoglutide* (~600 pt years)

– Nausea

– Vomiting

– Antibody formation

– Anaphylactoid reactions

• Aleglitazar* (>14,000 patient years)

– HF

– Decline in eGFR

– Bone fracture

– GI Bleeds

• Fasiglifam* (~2000 patient years)

– Drug-associated liver injury (10-fold increase in elevated LFTs)

Rosenstock J et al. Diabetes Care 2013; 36: 498–504.
Lincoff AM et al. JAMA 2014; 311: 1515-1525.

*Not FDA approved; development halted.



SAVOR TIMI 53-Hospitalization for Heart Failure

Time to the 1st occurrence of any hospitalization for heart failure;

517 events

Scirica BM, et al. Circulation 2014; 130:1579-88.
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SAVOR-TIMI 53, EXAMINE, and TECOS:

Hospitalization for Heart Failure

Test for heterogeneity for 3 trials:

p=0.16, I2=44.9
McGuire DK, et al. ESC 2015



Normal Renal Glucose Handling

Majority of glucose is 

reabsorbed by SGLT2 (90%)

Proximal tubule

Remaining 

glucose is 

reabsorbed by 

SGLT1 (10%)Glucose

Filtration

~180g/day

Minimal to 

no glucose 

excretion

Wright EM. Am J Physiol Renal Physiol 2001; 280:F10–18;
Lee YJ, et al. Kidney Int Suppl 2007;106:S27–35; 
Hummel CS, et al. Am J Physiol Cell Physiol 2011;300:C14–21. 



SGLT2 Antagonists on US Market

Canagliflozin

Dapagliflozin

Empagliflozin



Primary Outcome:

3-point MACE

Zinman B et al. N Engl J Med 2015; 373: 2117-28



CV Death 

Zinman B et al. N Engl J Med 2015; 373: 2117-28



CV Death 

Zinman B et al. N Engl J Med 2015; 373: 2117-28



Hospitalization for Heart Failure

Zinman B et al. N Engl J Med 2015. 10.1056/NEJMoa1504720



Composite Analyses of MACE Events: Canagliflozin

Canagliflozin Advisory Committee Meeting presentation. January 10, 2013. Available at: 
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/EndocrinologicandMetabolicDrugsAdvisoryCommittee/UCM336236.pdf



Component Analyses of MACE Events: Dapagliflozin

http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs/
endocrinologicandmetabolicdrugsadvisorycommittee/ucm262994.pdf



Component Analyses of MACE Events: Dapagliflozin

http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/drugs
/endocrinologicandmetabolicdrugsadvisorycommittee/ucm262994.pdf



IRIS Primary Outcome
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Hot off the Press…



Conclusions

• Diabetes has significant associated CV morbidity and mortality

• Role of glucose control in CVD risk mitigation remains 

uncertain
• What drugs/strategies; what intensity; what timing

• Side effects-both on- and off-target

• Imperative to at a minimum establish CV safety

• Evolution of regulatory guidance has dramatically altered the 

trial landscape of drug development for type 2 diabetes 

mellitus
• >200,000 patients enrolled/planned in CV outcomes trials

• 4 trials now reported demonstrating CV safety

• EMPA REG outcome has reported CV efficacy with empagliflozin
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