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Off-target Safety Signals of DM Drugs
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 Diabetes common and increasing
 >10% of US adult population and >350 million worldwide

 Increasing awareness of the cardiovascular consequences of DM

 Proliferation of glucose-lowering therapeutic alternatives
 Before 1995:  insulin, sulfonylureas
 1995: acarbose; metformin
 Now:  >40 formulations representing 12 classes

 Lessons learned from failed/withdrawn medications

 HbA1c as target for CVD risk reduction
 Failure of hypothesis?
 On target adverse effects?
 Off target adverse effects?
 Too little, too late?

Converging Pressures for Regulatory Change for DM 

Drugs: Beyond HbA1c

5
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Trends in Age-Adjusted Diagnosed Diabetes  

Geiss et al JAMA.2014:312: 1218-1226
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Diabetes and Survival, According to Sex and 
Diabetes Status.

The Emerging Risk Factors Collaboration. N Engl J Med 2011;364:829-841
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T2DM Increases CVD Mortality

Patients with

Type 2 Diabetes1

70%

30% 70% 30%

General

Population2

CVD deaths Other deaths

1. CDC. National diabetes fact sheet, 2007

2. WHO. http://www.who.int/mediacentre/factsheets/fs317/en/print.html

CVD deaths Other deaths
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Gore MO, et al. Circ QCO 5:791; 2012
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While it is true that modern health care has favorably altered CV survival for 
patients with and without diabetes, there remains an unyielding “incremental
CV risk” for patients with T2DM.

 2-4 fold Increased Risk

 Death, MI, Stroke

 Unmet need
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Is tight glycemic control associated 
with improved CV outcomes in 
patients with T2DM?
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UKPDS

 An intensive glucose control policy HbA1c 7.0% vs. 

7.9% reduces risk of 

 Any diabetes-related endpoints 12% P = 0.030

 Microvascular endpoints 25% P = 0.010

 Myocardial infarction 16% P = 0.052
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Ray et al.  Lancet 2009;373:1765-1772

 5 prospective randomized controlled trials (UKPDS, PROactive, ADVANCE, VADT, 

ACCORD)

 33,040 patients

 MACE

 All cause mortality(2892)

 Non-fatal MI(1497)

 Stroke (1127)

 CHD (fatal and non-fatal MI, stroke, 2318)
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Ray et al. Lancet 2009;373:1765-1772

All Cause Mortality Analysis Intensive vs Standard Glucose Lowering 
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Nonfatal MI Analysis Intensive vs Standard Glucose Lowering 

Ray et al. Lancet 2009;373:1765-1772



Are drugs to manage hyperglycemia 
safe?
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Mortality Impact of Glycemic Control:  
University Group Diabetes Program
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Associations between Insulin Secretagogues
and Mortality

N=107,806 Danish Adults Initiating Glucose-lowering Therapy

F/U up to 9 yrs (mean 3.3 yrs)

9505 Deaths for Analysis

Schramm et al EHJ 2011;32:1900-08

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/Danish mortality of DM agents relative to metformin.pdf
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 42 Trials: 

 Treatment for 24 weeks to 52 weeks

 Randomized design with active group receiving 

rosiglitazone

 Death or MI outcome

 116 studies, 42 trials used

 158 nonfatal myocardial infarctions

 Fixed effects model

 56 years, HbA1c 8.2%

Rosiglitazone Meta-Analysis

Nissen et al.  N Engl J Med; 2007;356:2457-2471
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Rates of MI and Death from Cardiovascular 
Causes

Study Rosiglitazone 

Group

Control Group Odds Ratio 

(95% CI)

P-Value

No. of events/total no. (%)

Myocardial infarction

Small trials combined 44/10,280 (0.43) 22/6105 (0.36) 1.45 (0.88-2.39) 0.15

DREAM 15/2635 (0.57) 9/2634 (0.34) 1.65 (0.74-3.68) 0.22

ADOPT 27/1456 (1.85) 41/2895 (1.44) 1.33 (0.80-2.21) 0.27

Overall 86 72 1.43 (1.03-1.98) 0.03

Death from cardiovascular causes

Small trials combined 25/6557 (0.38) 7/3700 (0.19) 2.40 (1.17-4.91) 0.02

DREAM 12/2365 (0.51) 10/2634 (0.38) 1.20 (0.52-2.78) 0.67

ADOPT 2/1456 (0.14) 5/2854 (0.18) 0.80 (0.17-3.86) 0.78

Overall 1.64 (0.98-2.74) 0.06

Nissen et al.  N Engl J Med; 2007;356:2457-2471
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 Studies have suggested that the use of rosiglitazone may be associated with an 

increased risk of serious cardiovascular events compared with other treatments for 

type 2 diabetes. 

 In mid-2007, a meta-analysis of 42 randomized controlled trials involving 

rosiglitazone reported a 1.4-fold increase in risk of acute myocardial infarction (AMI) 

compared with non-thiazolidinedione therapies. (Nissen et al. N Engl J Med 2007;356:2457-2471)

 Subsequently, a meta-analysis of 19 randomized controlled trials with pioglitazone 

found a statistically significant reduction in the composite outcome of nonfatal AMI, 

stroke, and all-cause mortality and a nearly statistically significant reduction in 

nonfatal AMI alone,2 thereby suggesting a potential difference in cardiovascular risk 

between the 2 thiazolidinediones. 

TZDs and CV Risk

Lincoff et al. J Am Med Asoc 2007:298:1180-88
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Events, No.

Incidence

Rate 

per 100 

Person-Years

Attributable Risk 

(85% CI) per 100 

person-years

No. Needed 

to Harm 

(95% CI), 

Person-

Years

HR (95% CI)

End Point Rosi Pio Rosi Pio Unadjusted Adjusteda

AMI 523 1223 1.83 1.68 0.15 (-0.03 to 0.33) NAb 1.07 (0.97-1.19) 1.06 (0.96-1.18)

Stroke 363 689 1.27 0.95 0.32 (0.71-0.47) 313 (213-588) 1.31 (1.15-1.49) 1.27 (1.12-1.45)

Heart failure 1125 2182 3.94 3.00 0.94 (0.68-1.20) 106 (83-147) 1.27 (1.18-1.37) 1.25 (1.16-1.34)

All-cause mortality 814 1748 2.85 2.40 0.45 (0.22-0.67) 222 (149-455) 1.17 (1.07-1.27) 1.14 (1.05-1.24)c

AMI, stroke, heart 

failure or all-cause 

mortality

2593 5386 9.10 7.42 1.68 (1.27-2.08) 60 (48-79) 1.20 (1.14-1.26) 1.18 (1.12-1.23)c

CMS Beneficiary Analysis:

Rosiglitazone vs Pioglitazone

a Cox proportional hazards model stratified by history of cardiovascular end point.
b Attributable risk was not statistically significant.
c Test of proportional hazards assumption not met.

Graham et al. JAMA 2010;304:411-418

1999-2009

2.84 M years of rosi use
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Use of Rosiglitazone and Pioglitazone in Medicare Part D Beneficiaries, 2006–2009

Rosen CJ. N Engl J Med 2010;363:803-806

Difference of 14 events

Rose n CJ. N Engl J Med 2010;363:803-806



 In December 2008, the US FDA issued 

guidance to industry for evaluating CV 

safety in diabetes drugs

 Industry should demonstrate new therapy 

will not results in an unacceptable increase 

in CV risk

 The upper bound of the two-sided 95% CI of 

the risk ratio should be <1.8

FDA guidance for industry

•FDA. Guidance for Industry: Diabetes Mellitus – Evaluating Cardiovascular Risk in New Antidiabetic Therapies 
to Treat Type 2 Diabetes. 2008. 
www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/2008 FDA draft guidance for industry regarding diabetes drugs in development .pdf
//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/2008 FDA draft guidance for industry regarding diabetes drugs in development .pdf
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Outcome study Drug Development Program

Duration of follow up
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FDA Criteria – Postmarketing

CV Outcomes Trial  

Upper limit 

of 95% CI

Noninferiority 

boundary

HR 1.8

Noninferiority 

boundary

HR 1.3

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2.0 2.2

Hazard ratio

Superiority

Noninferiority

Noninferiority

Inferior

Underpowered

Approvable: no need for 

postmarketing study

Approvable: need for 

postmarketing study

Not approvable

Hirshberg & Raz. Diabetes Care 2011;34(Suppl. 2):S101–6
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insulin
sulfonylureas

Biguanides

angiotensin II 
receptor
blockers

ACE 
InhibitorsCa2+ channel 

blockers

β-blockers

diuretics

central
α-2 agonists

peripheral
α-1 blockers

adrenergic
neuronal 
blockers

renin inhibitors

vasodilators

Half-Century of HTN & T2DM Medications in U.S.
SGLT-2

inhibitors

α-glucosidase
inhibitors

thiazolidinediones

meglitinides

GLP-1 
analogues

DPP-4 
inhibitors

amylin mimetics

biguanides

bile acid
sequestrants

dopamine agonists12

Courtesy of Silvio Inzucchi, MD, Yale University
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ORIGIN: Design

Gerstein et al. N Engl J Med 2012;367:319-328

15,392
Screened

13,765
Run-in

12,612
Randomized

• 1,627 Excluded
• 322 (19.8%) Not Eligible
• 10 (0.6%) Withdrew Consent
• 1,295 (79.6%) Other

• 1,153 Excluded
• 356 (30.9%) Ineligible Glycemia
• 42 (3.6%) Ineligible Other
• 397 (34.4%) Nonadherent Run-in
• 264 (22.9%) Withdrew Consent
• 94 (8.2%) Other

Standard Care
N=6,312

Insulin Glargine
N=6,300

Analyzed
N=6,273

Analyzed
N=6,264

39 Excluded by health authorities

• 6,225 (99.2%) Outcome Status Known
• 48 (0.8%) No Final Outcome Status
• 30 No Consent to Extensions
• 12 Withdrew Consent
• 6 Lost

36 Excluded by health authorities

• 6,218 (99.3%) Outcome Status Known
• 46 (0.7%) No Final Outcome Status
• 22 No Consent to Extensions
• 13 Withdrew Consent
• 11 Lost



ORIGIN: 1st co-primary: MI, stroke, or CV death

Adj. HR 1.02 (0.94, 1.11), Log Rank P = 0.63
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Time to Adjudicated Primary Outcome 1 - CV Death MI Stroke
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Incretion Hormones Biology

Campbell & Drucker Cell metabolism 2013



43PSAP 2013

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/review diabetes new therapies 2013 aacp.pdf
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Trial Drug Start-end Duration Patients MACE Endpoint 

EXAMINE Alogliptin 2009 – 13 up to  4.75 yrs 5400 CV death, MI, Stroke

SAVOR-

TIMI 53
Saxagliptin 2010 –13 4 yrs 16,500 CV death, MI, Stroke

Recently completed CV outcome trials
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SAXAGLIPTIN

5 mg/d PLACEBO

Type 2 Diabetes

1o Endpoint:

CV Death, MI, Ischemic Stroke

Event-driven: 1040 endpoints

(or median f/u>2 years)

45

Established CV Disease or Multiple Risk Factors

N Engl J Med 2013; 369:1317-1326

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/savor TIMI 53 saxigliptin NEJM 2013 paper .pdf
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Savor TIMI 53

N Engl J Med 2013; 369:1317-1326

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/savor TIMI 53 saxigliptin NEJM 2013 paper .pdf
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N Engl J Med 2013; 369:1317-1326

SAVOR TIMI 53

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/savor TIMI 53 saxigliptin NEJM 2013 paper .pdf
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 Primary objective: To demonstrate that major CV event rates are not 
higher with alogliptin than with placebo in type 2 diabetes patients 
with recent ACS who are receiving standard of care for diabetes and 
secondary CV prevention 
 Primary end point: composite of first occurrence of CV death, nonfatal 

MI, and nonfatal stroke 
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EXAMINE: Population

 T2DM receiving antihyperglycemic therapy

 DPP-4i and GLP-1 agonists excluded

 ACS within 15-90 days

 Unstable CV symptoms were excluded

White et al. NEJM 2013

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/Examine alogliptine NEJM 2013.pdf
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Examine: Results 

White et al. NEJM 2013

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/Examine alogliptine NEJM 2013.pdf
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Examine: Summary

 MACE was similar in alogliptin compared with 

placebo in T2DM pts with recent ACS

 HbA1c reduced 0.36% with alogliptin

 11% event rate over 18 months

 No difference in hypo, malignancies, pancreatitis

White et al. NEJM 2013

//localhost/Users/stevemarso/Documents/Master Files/Work/Diabetes/Glycemic Therapies/Papers/Examine alogliptine NEJM 2013.pdf
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Hospitalized Heart Failure in PROactive, SAVOR and EXAMINE
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Dormandy JA, et al. Lancet. 2005;366:1279-1289

Scirica BM, et aI. N Engl J Med 369: 1317-1326.

White WB et al. EASD Barcelona 10/2013

Annualized

Absolute Risk 0.45% 0.33% (0.40%)

Increment
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CV Outcomes Trials in Type 2 DM

>200,000 

patients

Trial Drug Sample Size Stage

ORIGIN Insulin glargine 12,500 Completed

TOSCA IT Pio vs. SU 3371 Started 9/2008

TECOS Sitagliptin 14,000 Started 12/2008

ACE Acarbose 7500 Started 2/2009

TIDE Rosi/Pio 16,000 Halted

EXAMINE Alogliptin 5,400 Completed

CANVAS Canagliflozin 4500 Completed

T-emerge 8 Taspoglutide 2,000 Halted

AleCardio Aleglitazar 7,000 Halted

SAVOR TIMI-53 Saxagliptin 16,500 Completed

ELIXA Lixisenatide 6000 Started 6/2010

EXSCEL Exenatide LAR 12,000 Started 6/2010

EMPA-REG Outcome Empagliflozin 7000 Started 7/2010

CAROLINA Linagliptin 6000 Started 10/2010

LEADER Liraglutide 8723 Started 8/2010

GRAND 306 Tak 875 5000 Halted

AlePrevent Aleglitazar 19,000 Halted

REWIND Dulaglutide 9622 Started 7/2011

SUSTAIN 6 Semaglutide 3260 Started 2/2013

DECLARE TIMI 58 Dapaglifozin 17,000 Started 4/2013

CARMELINA Linagliptin 8300 Started 7/2013

DEVOTE Insulin Degludec 7500 Started 10/2013

MK-8835-004 Ertugliflozin 3900 Started 11/2013

CANVAS-R Canagliflozin 5700 Started 12/2013

CREDENCE Canagliflozin 3700 Started 2/2014
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Conclusions
 CV outcomes trials are necessary to ensure new therapies do not result in unacceptable CV 

risk

 When designing a CV outcomes study, it is necessary 

to ensure:

 Adequate event accrual to rule out unacceptable CV risk

 Patients remain in the study to avoid incomplete data

 FDA guidance has been developed to guide the industry in the CV risk assessment of 

developed or in-development products

 This has resulted in a large number of CV outcome trials being initiated in recent years

 Studies completed to date are “negative”.

 No Harm

 No Benefit

 Many, many more to come.


