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2008 FDA guidelines substantially raised the 
threshold for approval of antidiabetes drugs 

from proof of glucose lowering to robust 
assessment of cardiovascular safety

CV risk assessment on phase 2/3 data for all 
marketed and pipeline antidiabetes 

treatments: requisite upper bound of two-
sided 95% CI for estimated risk ratio

>1.8: the data are inadequate to support approval; a 
large safety trial should be conducted

1.3–1.8: potential for CV harm might still exist; an 
adequately powered and designed post-marketing 
trial is necessary to show an upper bound <1.3

<1.3: overall risk-benefit analysis supports approval; a 
post-marketing trial is generally not necessary

FDA Requirements for Cardio-Vascular Outcome 
(CVOT) Studies for New Antidiabetic Agents

CV, cardiovascular; CI, confidence interval. 
FDA Guidance for Industry. Diabetes mellitus – evaluating cardiovascular risk in new antidiabetic therapies to treat type 2 diabetes. Available from: 

www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf [Accessed: July 2016].



1. White WB, et al. N Engl J Med. 2013;369:1327–1335; 2. Scirica BM, et al. N Engl J Med. 2013;369:13171326;
3. Green JB, et al. Am Heart J. 2013;166:983–989.e7; 4. Bentley-Lewis R, et al. Am J Heart 2015;0:18.

The primary objectives of the three major CVOTs

for DPP4 inhibitors were different 

Demonstrate the 
non-inferiority of 

MACE on 
alogliptin versus 
placebo in a high-
risk CV patients 

with T2D

EXAMINE1 Alogliptin

Determine if 
saxagliptin as add 
on is non-inferior 
to placebo for the 

composite 
endpoint of CV 
death, non-fatal 
MI, or non-fatal 

ischaemic stroke

SAVOR-TIMI2 Saxagliptin

Demonstrate that 
the risk of CV 

events with 
sitagliptin in 

addition to usual 
care was non-
inferior to the 

treatment without

TECOS3 Sitagliptin



Time from 
randomization to the 
first occurrence of any 
event in the primary 
MACE composite:

• CV death

• Nonfatal myocardial 
infarction (MI)

• Nonfatal stroke

EXAMINE1

Composite of nonfatal 
MI, nonfatal ischemic 
stroke, or CV death

SAVOR-TIMI2

Time from 
randomization to
the first confirmed CV-
related death, nonfatal 
MI, nonfatal stroke, or 
unstable angina 
requiring 
hospitalization

TECOS3

Primary end points were not the same

1. White WB, et al. N Engl J Med. 2013;369:1327–1335; 2. Scirica BM, et al. N Engl J Med. 2013;369:13171326;
3. Green JB, et al. Am Heart J. 2013;166:983–989.e7.



History of ACS within 15 to 
90 days prior to 
randomization

EXAMINE1

History of established CV 
disease

• ≥40 yrs

• Documented atherosclerosis 
(coronary, cerebrovascular, pe
ripheral vascular disease)

OR

Multiple risk factors

• ≥55 yrs (male) or ≥60 yrs 
(female) 

• ≥1 additional risk factor 
(dyslipidemia, hypertension, s
moking)

SAVOR-TIMI2

Pre-existing vascular 
disease defined as having:

• History of myocardial infarction

• Prior coronary 
revascularization

• Coronary angiography with at 
least one ≥50% stenosis

• History of ischemic stroke

• Carotid arterial disease with 
≥50% carotid stenosis

• Peripheral arterial disease with 
objective evidence

TECOS3

Only EXAMINE specifically studied post ACS 

patients

1. White WB, et al. N Engl J Med. 2013;369:1327–1335; 2. Scirica BM, et al. N Engl J Med. 2013;369:1317–1326;
3. Green JB, et al. Am Heart J. 2013;166:983–989.e7.

CV, cardiovascular; T2D, type 2 diabetes



Rates of Risk of Hospitalization for HF Over Time

Scirica BM, et al. American Heart Association Scientific Sessions. November 2013. 
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Saxagliptin Placebo

Overall HR 1.27
(1.07-1.51)
P=0.007 

3.5%

2.8%

HR 1.80 
(1.29-2.54)
P=0.001

1.1%

0.6%

HR 1.48 
(1.14-1.87)
P=0.003

1.9%

1.3%

n = 16,492

HR: hazard ratio



EXAMINE: HF & CV death in all patients & 

according to prior HF 

Zannad et al. Lancet 2015; 385:2067–76

Patients without Hx of HF seem to contribute significantly to HF outcomes!

But what about undiagnosed HF?



Scirica et al Circulation. 2014;130:1579-88

Huge subgroup of 50% with

suspected HF on top of 12%

with known HF history 



EXAMINE: Composite outcome of CV death & HF

according to BNP levels at baseline 

Zannad et al. Lancet 2015; 385:2067–76



AHA

• A meta-analysis of all randomized trials of 
vildagliptin, sitagliptin, saxagliptin, alogliptin, linagliptin, and dutogliptin found an 
elevated overall risk of acute HF in those patients taking any dipeptidyl 
peptidase-4 inhibitor (OR, 1.19; 95% CI, 1.03–1.37), suggesting a possible class 
effect.55 

The true mechanism of this potential increase in HF hospitalization remains unknown. 



Kaplan–Meier curves showing 

HHF-free survival in the three 

groups of patients on DPP-4 

inhibitors (DPP-4i), glitazones, or 

sulphonylureas in matched 

samples. Owing to the low 

absolute rate of HHF, curves are 

indistinguishable when the Y-axis is 

set from 0 to 1. The plot has been 

therefore exploded in the insert 

graph with Y-axis set from 0.95 to 

1.00.

Risk of hospitalization for heart failure in patients with type 2 diabetes 

newly treated with DPP-4 inhibitors or other oral glucose-lowering 

medications: a retrospective registry study on 127,555 patients from 

the Nationwide OsMed Health-DB Database

Conclusion: In a very large observational study, the use of 

DPP-4i was associated with a reduced risk of HHF when 

compared with sulphonylureas.

Fadini GP et al. Eur Heart J. 2015; 36:2454-62



Patients with event/analysed

Empagliflozin Placebo HR (95% CI) p-value

3-point MACE 490/4687 282/2333 0.86
(0.74, 

0.99)*
0.0382

CV death 172/4687 137/2333 0.62 (0.49, 0.77) <0.0001

Non-fatal MI 213/4687 121/2333 0.87 (0.70, 1.09) 0.2189

Non-fatal stroke 150/4687 60/2333 1.24 (0.92, 1.67) 0.1638

4-point MACE 599/4687 333/2333 0.89
(0.78, 

1.01)*
0.0795

3-point MACE and 4-point MACE

12

Favours empagliflozin Favours placebo

Cox regression analysis. MACE, Major Adverse Cardiovascular Event; 

HR, hazard ratio; CV, cardiovascular; MI, myocardial infarction

*95.02% CI

EMPAREG OUTCOME TRIAL

Zinman at al. published on September 17, 2015, at NEJM.org.DOI: 10.1056/NEJMoa1504720



EMPA-REG OUTCOME®

Hospitalization for heart failure

HR 0.65
(95% CI 0.50, 0.85)

p=0.0017

Cumulative incidence function. HR, hazard ratio 



Possible explanation? Need to be explored!

BP

Arterial stiffness

Glucose

Insulin

Albuminuria

Uric acid

Other

↑LDL-C

↑HDL-C

Triglycerides

Oxidative stress

Sympathetic 

nervous system 

activity

Weight

Visceral adiposity

Keton bodies?

↑Glugacon?

Adapted from Inzucchi SE,Zinman, et al. Diab Vasc Dis Res 2015;12:90-100, Ceriello A, et al. Lancet Diabetes Endocrinol. 2015;3:929-30, Ferrannini E, et al.CV
Protection in the EMPA-REG OUTCOME Trial: A "Thrifty Substrate" Hypothesis. Diabetes Care 2016 Jun 11. pii: dc160330. [Epub ahead of print]
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Divergent action of DPP4i and SGLT2i on

Glucagon

Ferrannini E et al. J Clin Invest 2014; 124: 499-508. 
Erratum in: J Clin Invest 2014;124:1868

Ahrén B et al. J Clin Endocrinol Metab. 
1.2004 May;89(5):2078-84

DPP4i Empagliflozin



Glucagon and its effects on the heart

-Key hormone in glucose metabolism in cardiomyocites1

-Inotropic effect mediated through cAMP2

-Chronotropic and natriuretic effects2,3

1. Harney JA et al. Am J Physiol Endocrinol Metab 2008; 295: E155–E161. 2. Jones BJ et al.  
Endocrinology. 2012; 153: 1049-54. 3. Parving HH et al.. 1980 Oct;19(4):350-4. Murtagh JG et al. 
British Heart Journal 1970;70:307-315

For these reasons, glucagon was used in the 60’-70’ in the 
treatment of heart failure, acute MI and cardiogenic shock4. 



Understanding EMPA-REG OUTCOME

Ceriello A, Genovese S, Mannucci E, 

Gronda E.

Lancet Diabetes Endocrinol. 2015;3:929-30. 

The reduced risk of hospitalization for heart failure with empagliflozin 
can be partly explained by a direct enhancement of myocardial 
function, determined by the increased levels of glucagon. 

In addition, the beneficial effect of glucagon on disturbances of 
cardiac rhythm could be partly responsible for the reduction of 
cardiovascular mortality with empagliflozin. 

In the case of the DPPIV inhibitors, a reduction of circulating levels of glucagon 

could precipitate a heart failure in in individuals with unstable hemodynamic 

compensation, 

. 



Bewsher PD, Ashmore J. 

Ketogenic and lipolytic effects of glucagon on liver. 

Biochem Biophys Res Commun 1966 Aug 

12;24(3):431-6
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EMPA-REG, The Thrifty Hypothesis and 

Glucagon.

Presentation title Date

Ceriello A et al, Diabetes Care, in press

GLUCAGON and HEART in Type 2 

Diabetes: New Perspectives.

Ceriello A et al, Cardiov Diabetol, 2016 Aug 27;15:123. 



ELIXA

• CV death, MI, stroke, or hospitalization for 

unstable angina: 13.4% of the lixisenatide 

group vs. 13.2% of the placebo group (p for 

non-inferiority < 0.05; p for superiority = NS)

Trial design: Patients with type 2 diabetes and prior acute coronary syndrome were 

randomized to daily injection of lixisenatide vs. placebo.

Results

Conclusions

• Among patients with type 2 diabetes and prior 

acute coronary syndrome, lixisenatide was 

noninferior to placebo

• While this agent failed to demonstrate 

superiority compared with placebo, 

cardiovascular safety for this agent was 

established

Pfeffer MA et al.N Engl J Med. 2015; 373: 2247-57

Lixisenatide Placebo

%

(p for non-

inferiority < 0.05)

13.4 13.2









Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1607141

Cardiovascular Outcomes.



Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1607141

Characteristics of the Patients at Baseline.



Potential impact of DPP4 inhibition and the incretin system on various organs

↓ Insulin 
sensitivity (direct 
or indirect?)

↑ Insulin secretion
↓ Glucagon secretion
↑ Insulin biosynthesis
↑ β-cell proliferation
↓ β -cell apoptosis

↑ Cardioprotection

↑ Endothelial function

↑ Nitric oxide production

↑ Myocardial contractility

↑ Systolic function in myocardial 
infarction

↑ Systolic function in 
cardiomyopathy

↓ Infarct size

↑ Ischaemic preconditioning

↑ Post-ischaemic recovery

↑ Myocardial glucose uptake

Heart
↓ Appetite
↑ Neuroprotection

↓ Glucose output

BrainPancreas

Liver Muscle and 
adipose tissue

Jax T. Clin Res Cardiol. 2009;98:75–79; 
Grieve DJ. Br J Pharmacol. 2009;157:1340–1351 (modified).

Incretin 
hormone

GLP-1 has various potential effects on the 
cardiovascular system 



Protective effect of GLP-1 during both 
hypoglycemia and hyperglycemia in T1DM

Ceriello A, et al.Diabetes Care  2013 ; 36: 2346-50
.

Both hyperglycemia and 
hypoglycemia acutely 
induced oxidative stress, 
inflammation and 
endothelial dysfunction.

GLP-1 significantly 
counterbalanced these 
effects.



Among the possible explanations, the 

most convincing one is linked to the 

half life of the molecules as currently 

used in the clinical practice: almost 24 

hours for Liraglutide, 1 week for 

Semaglutide versus 2.7-4.3 hours for 

Lixisenatide. 

Clearly the beneficial actions of the 

GLP-1 RAs on the cardiovascular 

system are linked to their presence in 

the bloodstream. 



Antihyperglycemic medication at baseline

TZD: thiazolidinediones.

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 



Antihyperglycemic medications introduced during trial

DPP-4: dipeptidyl peptidase-4; GLP-1RA: glucagon-like peptide-1 receptor agonist; SGLT-2: sodium-glucose co-transporter-2; TZD: thiazolidinedione.

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 

43%

51%



Hypoglycemia

Confirmed hypoglycemia was defined as plasma glucose level of less than 56 mg per deciliter (3.1 mmol per liter) or a severe event. Severe hypoglycemia was 

defined as hypoglycemia for which the patient required assistance from a third party. Analyzed using a negative binomial regression model.

CI: confidence interval; PG: plasma glucose.

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 



Cardiovascular Diabetology 2016; 15: 139



Grazie!

GRACIAS
GRAZIE


