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Causes of death in people with T2D

CVD

52–80%

Renal disease

10–20%

Cerebrovascular

15%

T2D doubles the risk of 
CVD compared with 
adults without T2D1

61. Nwaneri et al. Br J Diabetes Vasc Dis 2013;13:192

% of deaths of people 
with T2D1

2×





VADT2UKPDS1

ADVANCE4

ACCORD3

Major T2D CV outcome trials focused on intensive 
vs conventional glycemic control

• 1. UKPDS 33. Lancet 1998;352:837–53. 2. Duckworth et al. N Engl J Med 2009;360:129–39. 3. Gerstein for 
ACCORD. N Engl J Med 2008;358:2545–59. 4. Patel for ADVANCE. N Engl J Med 2008;358:2560–72 
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Number of events

More 
intensive

Less
intensive

Difference in 
HbA1c (%)

HR (95% CI)

All-cause mortality 980 884 -0.88 1.04 (0.90,1.20)

CV death 497 441 -0.88 1.10 (0.84,1.42)

Non-CV death 476 432 -0.88 1.02 (0.89,1.18)

Meta-analysis of intensive glucose control in 
T2DM: mortality
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Favors more intensive Favors less intensive

• Meta-analysis of 27,049 participants and 2,370 major vascular events from
– ADVANCE
– UKPDS
– ACCORD
– VADT

HR, hazard ratio; CV, cardiovascular
Turnbull FM et al. Diabetologia 2009;52:2288–2298



Upper bound of a 2-sided 95% confidence interval for 
estimated CV risk

>1.8 The data are inadequate to support approval.  
A large safety trial should be conducted

1.3 – 1.8 The potential for CV harm may still exist.  
An adequately powered and designed post-marketing 
trial is necessary to show an upper bound < 1.3*

<1.3 A post-marketing trial is generally not needed*

*with a reassuring point estimate for overall CV risk

FDA Guidance for Industry: Diabetes Mellitus – Evaluating CV risk in new antidiabetic therapies to treat type 2 diabetes.  
www.fda.gov

FDA Guidance for CVD Risk



CV safety trials are being conducted for each 
compound within the newer classes

• Timings represent estimated completion dates as per ClinicalTrials.gov 

• Adapted from Johansen. World J Diabetes 2015; in press (references 1–18 expanded in slide notes)
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CANVAS-R8

(n = 5700)
Albuminuria

2013 2014 2015 2016 2017 2018 2019

SAVOR-TIMI 531

(n = 16,492)
1,222 3P-MACE

EXAMINE2

(n = 5380)
621 3P-MACE

TECOS4

(n = 14,724)
≥ 1300 4P-MACE

LEADER6

(n = 9340)
≥ 611 3P-MACE

SUSTAIN-67

(n = 3297)
3P-MACE

DECLARE-TIMI 5815

(n = 17,150)
≥ 1390 3P-MACE

EMPA-REG 
OUTCOME®5

(n = 7034)
≥ 691 3P-MACE

CANVAS10

(n = 4365)
≥ 420 3P-MACE

CREDENCE17

(n = 3700)
Renal + 5P-MACE

CAROLINA®11

(n = 6000)
≥ 631 4P-MACE

ITCA CVOT9

(n = 4000)
4P-MACE

EXSCEL14

(n = 14,000)
≥ 1591 3P-MACE

DPP4 inhibitor 
CVOTs

SGLT2 inhibitor 
CVOTs

GLP1 CVOTs
Ertugliflozin CVOT18

(n = 3900)
3P-MACE

OMNEON13

(n = 4000)
4P-MACE

CARMELINA12

(n = 8300)
4P-MACE + renal

REWIND16

(n = 9622)
≥ 1067 3P-MACE

2021

ELIXA3

(n = 6068)
≥ 844 4P-MACE



Cardiovascular Outcomes Trials

Name of trial Drug Estimated enrollment

SAVOR TIMI-53 Saxagliptin 18,206
CAROLINA Linagliptin 6,000
CARMELINA Linagliptin 8,300
TECOS Sitagliptin 14,000
EXAMINE Alogliptin 5,380
EXSCEL Exenatide-QW 14,000
REWIND Dulaglutide 9,622
LEADER Liraglutide 9,340
SUSTAIN Semaglutide 3,297
ELIXA Lixisenatide 6,000
DECLARE TIMI-58 Dapagliflozin 27,000
CANVAS Canagliflozin 4,335
CANVAS-R Canagliflozin 5,700
CREDENCE Canagliflozin 3,627
EMPA-REG OUTCOME Empagliflozin 7,000
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SGLT, sodium glucose cotransporter.
*Loss of ~ 80 g of glucose per day = 240 cal/day.
1. Bakris GL, et al. Kidney Int. 2009;75;1272–1277.

Urinary glucose excretion via SGLT2 
inhibition1

SGLT2SGLT2
inhibitor

SGLT1

SGLT2 inhibitors 
reduce glucose 
re-absorption 

in the proximal 
tubule, leading to 

urinary glucose 
excretion* and 

osmotic diuresis

Filtered glucose 
load > 180 g/day
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Initial CVOT Trials completed
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*Upper boundary of 1-sided repeated CI.

†Total event rate, %.

1. Scirica et al. N Engl J Med 2013;369:1317–26.  2. White et al. N Engl J Med 2013;369:1327–35.  
3. Green et al. N Engl J Med 2015; DOI: 10.1056/NEJMoa1501352.  4. Pfeffer et al. ADA, 8 Jun 2015, Boston, USA (oral presentation).

1.0 2.00.80.6

HR (95% CI)

1.3

FDA mandated upper 95% 
CI for CV safety

Number of events
(event rate, % per 100 person-years)

Placebo
+ usual care 

Comparator 
+ usual care 

DPP4 inhibitor trials
SAVOR-TIMI 531 609 (3.7%) 613 (3.7%)

GLP1 agonist trials
ELIXA4 406 (13.4†%) 399 (13.2†%)

EXAMINE2 316 (11.8%†) 305 (11.3%†)

TECOS3 851 (4.17%) 839 (4.06%)

Favors 
comparator

Favors placebo

*



EMPA-REG OUTCOME®

Participating countries 

North America, Australia, New Zealand

Latin America

Asia

Africa

Europe 

590 sites in 42 countries
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Trial design

• Study medication was given in addition to standard of care

• Glucose-lowering therapy was to remain unchanged for first 12 weeks

• Treatment assignment double-masked

• The trial was to continue until at least 691 patients experienced an adjudicated primary outcome event
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Randomized and 
treated

(n=7020)

Empagliflozin 10 mg
(n=2345) 

Empagliflozin 25 mg 
(n=2342) 

Placebo 
(n=2333)

Screening
(n=11531)



Key inclusion and exclusion criteria

• Key inclusion criteria
– Adults with type 2 diabetes

– BMI ≤45 kg/m2

– HbA1c 7–10%* 

– Established cardiovascular disease

• Prior myocardial infarction, coronary artery disease, stroke, unstable angina or occlusive 
peripheral arterial disease

• Key exclusion criteria
– eGFR <30 mL/min/1.73 m2 (MDRD) 
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BMI, body mass index; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease
*No glucose-lowering therapy for ≥12 weeks prior to randomization or no change in dose for ≥12 weeks prior 

to randomization or, in the case of insulin, unchanged by >10% compared with the dose at randomization 
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Primary outcome: 3-point MACE
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HR 0.86
(95.02% CI 0.74, 0.99)

p=0.0382*

Cumulative incidence function. MACE, major adverse cardiovascular event; HR, hazard ratio 
* Two-sided tests for superiority were conducted (statistical significance was indicated if p≤0.0498)



CV death  
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HR 0.62
(95% CI 0.49, 0.77)

p<0.0001

Cumulative incidence function. HR, hazard ratio 



CV death: Early and sustained reduction 
in the risk versus placebo

As early as DAY 
59,
there were 
statistically 
fewer CV deaths 
with 
empagliflozin vs. 
placebo2

No. of patients

Empagliflozin 4687 4651 4608 4556 4128 3079 2617 1722 414

Placebo 2333 2303 2280 2243 2012 1503 1281 825 177
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HR 0.62
(95% CI 0.49, 0.77)

p<0.0001
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Empagliflozin

Placebo

DAY 
59

HR 0.55
(95% CI 0.35, 0.86)

HR 0.57
(95% CI 0.40, 0.80)

HR 0.54
(95% CI 0.40, 0.72)

HR 0.62
(95% CI 0.48, 0.80)

HR 0.64
(95% CI 0.50, 0.82)

HR 0.64
(95% CI 0.51, 0.80)

1. van de Borne et al. Presented at: Heart Failure 2016 & 3rd World Congress on Acute Heart Failure; 
May 21-24, 2016; Florence, Italy; 2. Data on File, Boehringer Ingelheim Pharmaceuticals, Inc.



All-cause mortality
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HR 0.68
(95% CI 0.57, 0.82)

p<0.0001

Kaplan-Meier estimate. HR, hazard ratio 



Hospitalization for heart failure

25For Internal Training Purposes Only. Not for use externally.



0.13 0.25 0.50 1.00 2.00 4.00

n event/n analyzed HR (95% CI) p-value for 
interactionEmpagliflozin Placebo

Age (years) 0.0939
<65 127/2596 81/1297 0.78 (0.59, 1.03)
≥65 138/2091 117/1036 0.57 (0.44, 0.72)
Sex 0.7021
Male 197/3336 145/1680 0.67 (0.54, 0.83)
Female 68/1351,  53/ 653 0.62 (0.43, 0.88)
Race 0.7167
White 204/3403 145/1678 0.68 (0.55, 0.85)
Black/African American 19/ 237 16/ 120 0.59 (0.30, 1.14)
Asian 39/1006 35/ 511 0.57 (0.36, 0.89)
Ethnicity 0.3156
Hispanic/Latino 40/ 847 35/ 418 0.53 (0.34, 0.83)
Not Hispanic/Latino 225/3835, 163/1912 0.68 (0.56, 0.84)
Region 0.3130
Europe 112/1926 82/959 0.68 (0.51, 0.90)
North America 73/ 932 42/462 0.87 (0.60, 1.28)
Latin America 30/ 721 29/360 0.48 (0.29, 0.79)
Africa 16/ 211 14/102 0.51 (0.25, 1.04)
Asia 34/ 897 31/450 0.55 (0.34, 0.89)

Hospitalization for heart failure or CV death by                  
subgroups
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Cox regression analysis in the treated set. 
HR, hazard ratio. 

Favors empagliflozin Favors placebo

Age at baseline, sex, race, ethnicity and region



0.13 0.25 0.50 1.00 2.00 4.00

n event/n analyzed HR (95% CI) p-value for 
interactionEmpagliflozin Placebo

HbA1c (%) 0.8289

<8.5 171/3212 131/1607 0.65 (0.51, 0.81)

≥8.5 94/1475 67/ 726 0.67 (0.49, 0.92)

BMI (kg/m2) 0.1559

<30 108/2279 93/1120 0.56 (0.43, 0.74)

≥30 157/2408 105/1213 0.74 (0.58, 0.94)

BP (mmHg) 0.3086

SBP ≥140 and/or DBP ≥90 105/1780 89/ 934 0.59 (0.44, 0.78)

SBP <140 and DBP <90 160/2907 109/1399 0.71 (0.56, 0.91)

Time since diagnosis of T2DM 
(years)

0.9019

≤5 42/ 840 31/ 423 0.67 (0.42, 1.06)

>5 to 10 51/1175 36/ 571 0.65 (0.42, 0.99)

>10 172/2672 131/1339 0.66 (0.53, 0.83)

Hospitalization for heart failure or CV death by subgroups 

HbA1c, BMI, BP and time since diagnosis of T2DM at baseline
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Cox regression analysis in the treated set. 
T2DM, type 2 diabetes; HR, hazard ratio; BMI, body mass index; 

SBP, systolic blood pressure; DBP, diastolic blood pressure.

Favors empagliflozin Favors placebo



0.25 0.50 1.00 2.00 4.00

n event/n analyzed HR (95% CI) p-value for 
interaction

Empagliflozin Placebo

CV risk 0.8889

Only cerebrovascular disease 29/ 635 18/ 325 0.82 (0.46, 1.48)

Only coronary artery disease 135/2732 102/1340 0.65 (0.50, 0.83)

Only peripheral artery disease 17/ 412 12/ 191 0.61 (0.29, 1.29)

2 or 3 CV high risk categories 82/ 878 63/ 451 0.64 (0.46, 0.88)

Hospitalization for heart failure or CV death by subgroups
CV risk at baseline
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Favors empagliflozin Favors placebo

Cox regression analysis in the treated set. HR, hazard ratio; CV, cardiovascular.



n event/n analyzed HR (95% CI) p-value for 
interactionEmpagliflozin Placebo

Statins/ezetemibe 0.4697
No 52/1029 48/ 551 0.58 (0.39, 0.85)
Yes 213/3658 150/1782 0.68 (0.55, 0.84)
Mineralocorticoid receptor antagonist 0.1953
No 49/ 305 23/ 136 0.61 (0.50, 0.75)

Yes 216/4382 175/2197 0.87 (0.53, 1.43)

ACE inhibitor/ARB 0.6295
No 47/ 889 34/ 465 0.72 (0.47, 1.12)

Yes 218/3798 164/1868 0.64 (0.52, 0.79)
Calcium channel blockers 0.7006
No 173/3158 125/1545 0.67 (0.54, 0.85)
Yes 92/1529 73/ 788 0.62 (0.46, 0.85)
Beta blockers 0.6259
No 82/1631 59/ 835 0.70 (0.50, 0.98)
Yes 183/3056 139/1498 0.64 (0.51, 0.79)
Diuretics 0.6165
No 93/2640 77/1345 0.61 (0.45, 0.82)
Yes 172/2047 121/ 988 0.67 (0.53, 0.85)
Acetylsalicylic acid 0.6839
No 53/ 811 41/ 406 0.61 (0.40, 0.91)
Yes 212/3876 157/1927 0.67 (0.54, 0.82)

Hospitalization for heart failure or CV death by subgroups
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CV medication at baseline

Cox regression analysis in the treated set. 
HR, hazard ratio; ACE, angiotensin-converting-enzyme; ARB, angiotensin receptor blocker; 

Favors empagliflozin Favors placebo

0.25 0.50 1.00 2.00 4.00

Subgroup by antihypertensive medication: 
HR and 95% CI were not analyzed as there was ≥1 group with <14 events. 



0.25 0.50 1.00 2.00 4.00

n event/n analyzed HR (95% CI) p-value for 
interactionEmpagliflozin Placebo

Metformin 0.1769

No 92/1228 75/ 599 0.55 (0.40, 

0.74)

Yes 173/3459 123/1734 0.71 (0.57, 

0.90)

Sulphonylurea 0.6946

No 169/2673 131/1341 0.64 (0.51, 0.80)

Yes 96/2014 67/ 992 0.69 (0.51, 0.94)

Insulin 0.8721

No 105/2435 80/1198 0.64 (0.48, 0.86)

Yes 160/2252 118/1135 0.66 (0.52, 0.84)

DPP-4 inhibitor 0.3315

No 243/4158 185/2066 0.64 (0.53, 0.77)

Yes 22/ 529 13/ 267 0.91 (0.46, 1.80)

Hospitalization for heart failure or CV death by subgroups
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Favors empagliflozin Favors placebo

Glucose-lowering medication at baseline

Cox regression analysis in the treated set. HR, hazard ratio. 



0.25 0.50 1.00 2.00 4.00

n event/n analyzed HR (95% CI) p-value for 
interaction

Empagliflozin Placebo

eGFR (MDRD; mL/min/1.73m2)* 0.6948

≥90 (normal) 36/1050 25/ 488 0.67 (0.40, 1.12)

60 to <90 (mild) 117/2425 96/1238 0.60 (0.46, 0.79)

<60 (moderate/severe) 112/1212 77/ 607 0.72 (0.54, 0.96)

eGFR (CKD-EPI; mL/min/1.73m2)* 0.7290

≥90 (normal) 43/1294 29/ 627 0.71 (0.44, 1.14)

60 to <90 (mild) 119/2325 95/1162 0.61 (0.46, 0.79)

<60 (moderate/severe) 103/1066 74/ 544 0.70 (0.52, 0.95)

UACR (mg/g)† 0.1942

Normal (<30) 112/2789 70/1382 0.79 (0.59, 1.07)
Microalbuminuria
(≥30 to 300)

84/1338 78/ 675 0.54 (0.40, 0.74)

Macroalbuminuria (>300) 67/ 509 50/ 260 0.59 (0.41, 0.86)

Hospitalization for heart failure or CV death by subgroups

Cox regression analysis in the treated set. HR, hazard ratio; 
eGFR, estimated glomerular filtration rate; MDRD, Modification of 
Diet in Renal Disease;  CKD-EPI, chronic kidney disease 
epidemiology collaboration;  UACR, urine albumin−to−creatinine ratio.
*2 patients were excluded as the subgroup variable was missing. 
†67 patients were excluded as the subgroup variable was missing.

Favors empagliflozin Favors placebo
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eGFR and UACR at baseline



-0.35

-0.33

-0.51

-0.51

-0.6 -0.1

All patients 

HbA1c (%)
Change† from Baseline 

HbA1c  (%)
Categories

<7.0 
(n=424)

7.0 to <8.0
(n=3071)

8.0 to <9.0
(n=2329)

>=9.0 
(n=1194) 

† HbA1c (%) placebo-adjusted mean +/- SE of weighted HbA1c change from baseline
Cox regression analysis in the treated set. HR, hazard ratio. CI, confidence interval. 

Favors empagliflozin Favors placebo

Empagliflozin vs placebo 
HR (95% CI)

0.62 (0.49,0.77)

0.30 (0.12,0.80)

0.59 (0.42,0.83)

0.67 (0.45,0.99)

0.76 (0.44,1.31)

0.1 0.2 0.4 0.8 1.6

p-value for interaction 0.41

CV Death Reduction:
Independent of Baseline HbA1c



Factors related to CV risk that are modified by 
empagliflozin

Adapted from Inzucchi SE, Zinman B, Wanner C, et al. Diab Vasc Dis Res 2015;12:90-100
33

BP
Arterial stiffness

Glucose
Insulin

Osmotic
Diuresis

Uric acid

Other

Shift in Energy 
Metabolism

Oxidative stress

Sympathetic nervous 
system activity

Weight
Visceral adiposity



Adjusted mean weight

2285
2290
2283

Placebo
Empagliflozin 10 mg
Empagliflozin 25 mg

1915
1893
1891

2215
2238
2226

2138
2174
2178

1598
1673
1678

1239
1298
1335
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Week

Placebo

Empagliflozin 10 
mg

Empagliflozin 25 
mg

28 52 1080 164 22012

All patients (including those who discontinued study drug or initiated new therapies) were included in this mixed model repeated measures 
analysis (intent-to-treat).
X-axis: time points with reasonable amount of data available for prescheduled measurements.
Zinman et al. N Engl J Med. 2015;373(22):2117-28.



Changes in adjusted mean systolic blood pressure
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MMRM in the treated set (OC-AD). SBP, systolic blood pressure.
1. Zinman et al N Engl J Med 2015; doi: 10.1056/NEJMoa1504720; 2. Data on File. For Internal Use Only.  

2322

2322

2323

Placebo

Empagliflozin 10 mg

Empagliflozin 25 mg

2235

2250

2247

2203

2235

2221

2161

2193

2197

2133

2174

2169

2073

2125

2129

2024

2095

2102

1974

2072

2066

1771

1853

1878

1492

1556

1571

1274

1327

1351

1126

1189

1212

981

1034

1070

735

790

842

450

518

528

171

199

216

Placebo

Empagliflozin 10 mg

Empagliflozin 25 mg

12 28 52 94 10880 12266 1360 150 164 178 192 20640

At study end, the observed difference in mean 
systolic blood pressure between empagliflozin 
and placebo was approximately 4 mmHg2



Changes in heart rate

MMRM in the treated set (OC-AD).
Zinman et al N Engl J Med 2015; doi: 10.1056/NEJMoa1504720
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1002

1045

1086
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Placebo
Empagliflozin 10 mg

Empagliflozin 25 mg

28 52 10880 1360 164 192



• Empagliflozin increases
β-HB production in the liver 

• Increased β-HB and FFA uptake 
into the heart

• Meanwhile, empagliflozin
increases hematocrit increasing 
oxygen delivery to the heart

Potential MOA CV effect:
Shift from glucose to lipid metabolism

β-HB, beta-hydroxybutyrate; FFA, free fatty acids.

Ferrannini et al. Diabetes Care. 2016;39(7):1108-14.



Safety and tolerability 
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0%

20%

40%

60%

80%

Patients with any AE AE leading to discontinuation SAE

Empagliflozin – safety profile

Overall AEs, AEs leading to discontinuation and serious AEs [% of patients]

8.2 9.3
7.5

0.0
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AEs consistent with UTIs [% of patients] AEs consistent with genital infections [% of patients]
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4.0

5.0

Empagliflozin 10 mg

Empagliflozin 25 mg

Placebo



Confirmed hypoglycemic adverse events 

Placebo 
(n=2333)

Empagliflozin 
10 mg 

(n=2345)

Empagliflozin 
25 mg 

(n=2342)

n (%)

Confirmed hypoglycemic adverse 
events

650 (27.9%) 656 (28.0%) 647 (27.6%)

Events requiring assistance 36 (1.5%) 33 (1.4%) 30 (1.3%)

Patients taking insulin at baseline

Total 483 (42.6%) 494 (43.6%) 464 (41.4%)

Events requiring assistance 28 (2.5%) 27 (2.4%) 25 (2.2%)
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Patients treated with ≥1 dose of study drug  
Plasma glucose <3.9 mmol/L (70 mg/dL) and/or requiring 

assistance



EMPA-REG OUTCOME®: Summary

• Empagliflozin reduced risk for 3-point MACE by 14%

• Empagliflozin reduced CV death by 38%

• Empagliflozin improved survival by reducing all-cause mortality by 32%

• Empagliflozin reduced hospitalization for heart failure by 35% 

• Empagliflozin was associated with an increase in genital infections but was 
otherwise well tolerated

41
MACE, major adverse cardiovascular event; HDL, high-density 

lipoprotein; LDL, low-density lipoprotein



LEADER TRIAL:  Liraglutide vs Placebo



Primary outcome
CV death, non-fatal myocardial infarction, or non-fatal stroke

The primary composite outcome in the time-to-event analysis was the first occurrence of death from cardiovascular causes, non-fatal

myocardial infarction, or non-fatal stroke. The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the

hazard ratios with the use of the Cox proportional-hazard regression model. The data analyses are truncated at 54 months, because less

than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; CV: cardiovascular; HR: hazard ratio.

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



CV death

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. The 

data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months.

CI: confidence interval; CV: cardiovascular; HR: hazard ratio.

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



Hospitalization for heart failure

The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression 

model. The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; HR: 

hazard ratio.

Presented at the American Diabetes Association 76th Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA. 
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DECLARE-TIMI 58 Primary Endpoints

MACE
8.8% vs 9.4%
HR 0.93 (0.84-1.03)
P(Noninferiority) <0.001
P(Superiority) 0.17

CVD/HHF
4.9% vs 5.8%
HR 0.83 (0.73-0.95)
P(Superiority) 0.005







Increasing Incidence and Prevalence of ESKD: 
US Data

Kirchhoff S. Medicare coverage of end-stage renal disease (ESRD). https://fas.org/sgp/crs/misc/R45290.pdf. Accessed February 13, 2019.



Dialysis Survival Compared to Common Cancers

Unadjusted 10-year survival for all-cause mortality in Canada
N = 33,500 incident maintenance dialysis patients; 532,452 incident cancer patients 

Naylor KL, et al. Am J Kidney Dis. 2019. Epub ahead of print. doi:10.1053/j.ajkd.2018.12.011.
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The Only Proven Treatment for 
Renoprotection in T2DM: RENAAL & IDNT

Brenner B, et al. N Engl J Med. 2001;345(12):861-869.

Risk reduction, 16%

P = 0.02

RENAAL

Risk reduction, 20%

P = 0.02

Lewis EJ, et al. N Eng J Med. 2001;345(12):851-860.

IDNT

Doubling of serum creatinine, ESKD, or death



Since RENAAL and IDNT, New Therapeutic Strategies 
for Patients With T2DM and CKD Have Failed

1. Tuttle KR, et al. Clin J Am Soc Nephrol. 2007;2(4):631-636.
2. Mann JFE, et al. J Am Soc Nephrol. 2010;21(3):527-535.
3. Sharma K, et al. J Am Soc Nephrol. 2011;22(6):1144-1151.
4. Packham DK, et al. J Am Soc Nephrol. 2012;23(1);123-130. 

Sulodexide

Various suggested 
MoAs4

Ruboxistaurin

PKC-ß inhibitor1

Pirfenidone

TGF-ß production 
inhibitor3

Bardoxolone methyl

Kept1-Nrf2 
pathway activator7

Aliskerin

Renin inhibitor5

Lisinopril/lorsartan

Dual ACEi/ARB6

Avosentan

Endothelin 
antagonist2

2007

2010

2011

2012

2013

5. Parving HH, et al. N Engl J Med. 2012;367(23):2204-2213.
6. Fried LF, et al. N Engl J Med. 2013;369(20):1892-1903.
7. de Zeeuw D, et al. N Engl J Med. 2013;369(26):2492-2503.



Renal function: eGFR (CKD-EPI formula) over time
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Placebo Empagliflozin 10 mg Empagliflozin 25 mg

120 4 28 52 94 10880 12266 136 150 164 178 192

eGFR calculated with CKD-EPI formula. MMRM analysis following the intention-to-treat principle. 
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; MMRM, mixed-model repeated measure; SE, standard error.

Wanner et al. N Engl J Med. 2016;375(4):323-34.

2323

2322

2322

2267

2264

2269

2205

2235

2216

2121

2162

2156

2295

2290

2288

Empagliflozin 10 mg

Empagliflozin 25 mg

Placebo
No. of Patients

2064

2114

2111

1927

2012

2006

1981

2064

2067

1763

1839

1871

1479

1540

1563

1262

1314

1340

1123

1180

1207

977

1024

1063

731

785

838

448

513

524



CREDENCE TRIAL:
Canagliflozin vs Placebo



Study Design

Participants continued treatment if eGFR was <30 mL/min/1.73 m2 until chronic dialysis was 
initiated or kidney transplant occurred. 

Key inclusion criteria
• ≥30 years of age 
• T2DM and HbA1c 6.5% to 12.0%
• eGFR 30 to 90 mL/min/1.73 m2

• UACR 300 to 5000 mg/g
• Stable max tolerated labelled dose of

ACEi or ARB for ≥4 weeks

Key exclusion criteria
• Other kidney diseases, dialysis, or kidney transplant

• Dual ACEi and ARB; direct renin inhibitor; MRA
• Serum K+ >5.5 mmol/L
• CV events within 12 weeks of screening 
• NYHA class IV heart failure
• Diabetic ketoacidosis or T1DM

2-week placebo run-in

Placebo

Canagliflozin 100 mg 

R
Double-blind 

randomization
(1:1)

Follow-up at Weeks 3, 13, and 26 (F2F) 
then every 13 weeks (alternating phone/F2F)

Jardine MJ, et al. Am J Nephrol. 2017;46(6):462-472.



Primary Endpoint Definitions

• ESKD

• Chronic dialysis for ≥30 days

• Kidney transplantation

• eGFR <15 mL/min/1.73 m2 sustained for ≥30 days by central laboratory assessment

• Doubling of serum creatinine

• Doubling from the baseline average sustained for ≥30 days by central laboratory 
assessment

• Renal death

• Deaths in patients who have reached ESKD who die prior to initiating renal 
replacement therapy and no other cause of death is adjudicated

• CV death

• Death due to MI, stroke, heart failure, sudden death, death during a CV procedure or 
as a result of procedure-related complications, presumed sudden CV death, death of 
unknown cause, or death resulting from a documented CV cause other than those 
listed



Interim Analysis

• Planned interim analysis to occur after 405 confirmed primary efficacy endpoints 
and 2 years of exposure

• Reviewed by an Independent Data Monitoring Committee 

• Prespecified stopping guidance included
• Primary composite: 2-sided P <0.01

AND

Composite of ESKD, renal death, or CV death: 2-sided P <0.025

• Global assessment of benefit and safety

Jardine MJ, et al. Am J Nephrol. 2017;46(6):462-472.



Primary Outcome:
ESKD, Doubling of Serum Creatinine, or Renal or CV Death
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ESKD, Doubling of Serum Creatinine, or Renal Death
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Months since randomization

No. at risk

Placebo 2199 2178 2131 2046 1724 1129 621 170

Canagliflozin 2202 2181 2144 2080 1786 1211 646 196

Hazard ratio, 0.66 (95% CI, 0.53–0.81)
P <0.001
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End-stage Kidney Disease
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P = 0.002
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No. at risk

Placebo 2199 2182 2141 2063 1752 1152 641 178

Canagliflozin 2202 2182 2146 2091 1798 1217 654 199

Placebo

Canagliflozin



Dialysis, Kidney Transplantation, or Renal Death
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Months since randomization

Hazard ratio, 0.72 (95% CI, 0.54–0.97)

105 participants

78 participants

No. at risk

Placebo 2199 2183 2147 2077 1776 1178 653 180

Canagliflozin 2202 2184 2148 2100 1811 1236 661 199
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*Post hoc analysis.



Summary
• Canagliflozin reduced the risk of the primary outcome of ESKD, 

doubling of serum creatinine, or renal or CV death by 30% (P = 0.00001)
• The results were consistent across a broad range of prespecified 

subgroups

• Canagliflozin also reduced the risk of the secondary outcome of ESKD, 
doubling of serum creatinine, or renal death by 34% (P <0.001)

• Similar risk reductions were seen for exploratory outcomes assessing 
components of the primary outcome
• ESKD: 32% lower (95% CI, 14–46)
• Dialysis, transplantation, or renal death: 28% lower (95% CI, 3–46)

• Canagliflozin attenuated the slope of chronic eGFR decline 
by 2.7 mL/min/1.73 m2/year (1.9 vs 4.6)



2 to 5 times higher risk of developing 
heart failure1

In diabetes + heart failure
60–80% greater probability of 

cardiovascular death and all-cause 
mortality2,3

*Synthesized based on data from two clinical studies

2-5

Type 2 diabetes and heart failure

1. Kannel et al. Am J Cardiol. 1974;34:29-34
2. Cubbon et al. Diab Vasc Dis Res. 2013;10:330-6
3. MacDonald et al. Eur Heart J. 2008;29:1377-85.

2 times
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DAPA HF
(Dapagliflozin)
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(Canagliflozin)

POSITIVE



ADA & EASD Guidelines

New recommendations call for use of a glucose lowering agent with proven 
cardiovascular benefit such as the GLP-1 Liraglutide and or one with mortality 
reduction such as that observed with the SGLT-2 inhibitor Empagliflozin in type 2 
diabetes patients with established ASCVD who do not meet glycemic targets with 
lifestyle modification and Metformin.

81



82

American College of Cardiology 

recommends empagliflozin as preferred 

SGLT2 inhibitor for adults with type 2 

diabetes and established cardiovascular 

disease in new Expert Consensus 
Decision Pathway

Nov 27th, 2018



Cardiometabolic Center  
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Back up Slides
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Primary Endpoint Definitions
• ESKD

• Chronic dialysis for ≥30 days
• Kidney transplantation
• eGFR <15 mL/min/1.73 m2 sustained for ≥30 days by central laboratory assessment

• Doubling of serum creatinine
• Doubling from the baseline average sustained for ≥30 days by central laboratory assessment

• Renal death
• Deaths in patients who have reached ESKD who die prior to initiating renal replacement 

therapy and no other cause of death is adjudicated

• CV death
• Death due to MI, stroke, heart failure, sudden death, death during a CV procedure or as a 

result of procedure-related complications, presumed sudden CV death, death of unknown 
cause, or death resulting from a documented CV cause other than those listed



Primary Outcome:
ESKD, Doubling of Serum Creatinine, or Renal or CV Death
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ESKD, Doubling of Serum Creatinine, or Renal Death
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Months since randomization

No. at risk

Placebo 2199 2178 2131 2046 1724 1129 621 170

Canagliflozin 2202 2181 2144 2080 1786 1211 646 196

Hazard ratio, 0.66 (95% CI, 0.53–0.81)
P <0.001
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End-stage Kidney Disease
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P = 0.002
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Canagliflozin 2202 2182 2146 2091 1798 1217 654 199
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Dialysis, Kidney Transplantation, or Renal Death
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*Post hoc analysis.



Hazard ratio 
(95% CI) P value

Primary composite outcome 0.70 (0.59–0.82) 0.00001

Doubling of serum creatinine 0.60 (0.48–0.76) <0.001

ESKD 0.68 (0.54–0.86) 0.002

eGFR <15 mL/min/1.73 m2 0.60 (0.45–0.80) –

Dialysis initiated or kidney transplantation 0.74 (0.55–1.00) –

Renal death 0.39 (0.08–2.03) –

CV death 0.78 (0.61–1.00) 0.0502

ESKD, doubling of serum creatinine, or renal death 0.66 (0.53–0.81) <0.001

Dialysis, kidney transplantation, or renal death* 0.72 (0.54–0.97) –

Summary Forest Plot

Favors Canagliflozin Favors Placebo

0.25 0.5 1.0 2.0 4.0

*Post hoc analysis.



Primary Outcome by Screening eGFR and Albuminuria
Hazard ratio 

(95% CI)
Interaction

P value

Screening eGFR 0.11

30 to <45 mL/min/1.73 m2 0.75 (0.59–0.95)

45 to <60 mL/min/1.73 m2 0.52 (0.38–0.72)

60 to <90 mL/min/1.73 m2 0.82 (0.60–1.12)

Baseline UACR 0.49

≤1000 mg/g 0.76 (0.55–1.04)

>1000 mg/g 0.67 (0.55–0.81)

Favors Canagliflozin Favors Placebo

0.25 0.5 1.0 2.0 4.0













































Rewind Study

• CVOT trial to assess Dulaglutide

• 9901 patients enrolled

• 2/3 of patients had no history of CV disease

• Primary endpoint CV death, nonfatal stroke, nonfatal MI

• 5 year duration

• Top line data released 11-4-18 and superiority met

118



Summary

Primary
Hazard ratio

(95% CI)
P value

1. ESKD, doubling of serum creatinine, or renal or CV death 0.70 (0.59–0.82) 0.00001

Secondary

2. CV death or hospitalization for heart failure 0.69 (0.57–0.83) <0.001

3. CV death, MI, or stroke 0.80 (0.67–0.95) 0.01

4. Hospitalization for heart failure 0.61 (0.47–0.80) <0.001

5. ESKD, doubling of serum creatinine, or renal death 0.66 (0.53–0.81) <0.001

6. CV death 0.78 (0.61–1.00) 0.0502

7. All-cause mortality 0.83 (0.68–1.02) –

8. CV death, MI, stroke, hospitalization for heart failure, or 
hospitalization for unstable angina

0.74 (0.63–0.86) –

Not formally 
tested

Not formally 
tested

✔

✔

✔

✔

✔

Not significant



Glucose-lowering medication*

Metformin 1734 (74.3) 1729 (73.7) 1730 (73.9)

Sulfonylurea 992 (42.5) 985 (42.0) 1029 (43.9)

Thiazolidinedione 101 (4.3) 96 (4.1) 102 (4.4)

Insulin 1135 (48.6) 1132 (48.3) 1120 (47.8)

Mean daily dose, U** 65 (50.6) 65 (47.9) 66 (48.9)

Placebo 
(n=2333)

Empagliflozin
10 mg 

(n=2345)

Empagliflozin
25 mg 

(n=2342)

HbA1c, % 8.08 (0.84) 8.07 (0.86) 8.06 (0.84)

Time since diagnosis of type 2 diabetes, years

≤5 423 (18.1) 406 (17.3) 434 (18.6)

>5 to 10 571 (24.5) 585 (24.9) 590 (25.2)

>10 1339 (57.4) 1354 (57.7) 1318 (56.3)

Baseline characteristics: type 2 diabetes

Data are n (%) or mean (SD) in patients treated with ≥1 dose of study drug 

128

*Medication taken alone or in combination
**Placebo, n=1135; empagliflozin 10 mg, n=1132; 

empagliflozin 25 mg, n=1120



Number needed to treat (NNT) to prevent one patient death across                        
landmark trials in patients with high CV risk

129

1. 4S investigator. Lancet 1994; 344: 1383-89, 
http://www.trialresultscenter.org/study2590-4S.htm; 2. HOPE 

investigator N Engl J Med 2000;342:145-53, EBM2000;5:47 
http://www.trialresultscenter.org/study2606-HOPE.htm

Simvastatin1

for 5.4 years

High CV risk  
5% diabetes, 26% hypertension

1994 2000 2015  

Pre-statin era

High CV risk
38% diabetes, 46% hypertension   

Ramipril2

for 5 years

Pre-ACEi/ARB era 

< 29% Statin

Empagliflozin 
for 3 years

T2DM with high CV risk 
92% hypertension 

>80% ACEi/ARB  

> 75% Statin

http://www.trialresultscenter.org/study2590-4S.htm
http://www.trialresultscenter.org/study2606-HOPE.htm
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Ongoing CV Clinical Trials with Empagliflozin

Emperor Trials 
-HFrEF
-HFpEF

132



eGFR calculated with CKD-EPI formula. MMRM analysis following the intention-to-treat principle. 
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate; MMRM, mixed-model repeated measure; SE, standard error.
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2235
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2290
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Empagliflozin 10 mg

Empagliflozin 25 mg

Placebo
No. of Patients

Renal function: eGFR (CKD-EPI formula) over time   

Wanner et al. N Engl J Med. 2016;375(4):323-34.





Primary Outcome by Screening eGFR and Albuminuria

Hazard ratio 
(95% CI)

Interaction
P value

Screening eGFR 0.11

30 to <45 mL/min/1.73 m2 0.75 (0.59–0.95)

45 to <60 mL/min/1.73 m2 0.52 (0.38–0.72)

60 to <90 mL/min/1.73 m2 0.82 (0.60–1.12)

Baseline UACR 0.49

≤1000 mg/g 0.76 (0.55–1.04)

>1000 mg/g 0.67 (0.55–0.81)

Favors Canagliflozin Favors Placebo

0.25 0.5 1.0 2.0 4.0



Primary Outcome: Demographic and Risk Factor Subgroups 

Hazard ratio 
(95% CI)

Interaction
P value

Sex 0.84

Male 0.69 (0.56–0.84)

Female 0.71 (0.54–0.95)

Age 0.83

<65 years 0.64 (0.51–0.79)

≥65 years 0.77 (0.60–1.00)

Baseline BMI 0.26

<30 kg/m2 0.71 (0.56–0.89)

≥30 kg/m2 0.68 (0.54–0.86)

Baseline HbA1c 0.22

<8% 0.77 (0.61–0.99)

≥8% 0.63 (0.51–0.79)

Systolic BP 0.61

≤Median 0.67 (0.52–0.85)

>Median 0.72 (0.58–0.90)

Favors Canagliflozin Favors Placebo

0.25 0.5 1.0 2.0



Primary Outcome: Demographic Subgroups

Hazard ratio 
(95% CI)

Interaction
P value

Race 0.91

White 0.70 (0.57–0.86)

Black or African American 0.83 (0.43–1.60)

Asian 0.66 (0.46–0.95)

Other 0.71 (0.43–1.18)

Ethnicity 0.55

Hispanic or Latino 0.62 (0.47–0.81)

Not Hispanic or Latino 0.74 (0.60–0.91)

Not reported/unknown –*

Region 0.18

North America 0.84 (0.63–1.13)

Central/South America 0.61 (0.43–0.88)

Europe 0.82 (0.54–1.24)

Rest of world 0.58 (0.43–0.78)

0.25 0.5 1.0 2.0

Favors Canagliflozin Favors Placebo

*Hazard ratios and 95% CIs were calculated for outcomes with >10 events.



Primary Outcome: Disease History Subgroups

Hazard ratio 
(95% CI)

Interaction
P value

Diabetes duration ≥median 0.86

Yes 0.71 (0.57–0.88)

No 0.68 (0.53–0.87)

History of CV disease 0.91

Yes 0.70 (0.56–0.88)

No 0.69 (0.54–0.88)

History of amputation 0.37

Yes 0.59 (0.33–1.04)

No 0.71 (0.60–0.84)

History of heart failure 0.16

Yes 0.89 (0.61–1.31)

No 0.66 (0.55–0.79)

0.25 0.5 1.0 2.0

Favors Canagliflozin Favors Placebo



Effects on eGFR
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Months since randomization
No. of Participants

Placebo 2178 2084 1985 1882 1720 1536 1006 583 210

Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241

56.4 56.0

Canagliflozin Placebo

Chronic eGFR slope
Difference: 2.74/year (95% CI, 2.37–3.11)

–4.59/year

6 12 18 24 30 36 42

Baseline

–3.72

Acute eGFR slope (3 weeks)
Difference: –3.17 (95% CI, –3.87, –2.47)

On treatment

–0.55

–1.85/year



CV outcomes in patients with or without history of cardiac 
failure at baseline

CI, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio; 
MACE, major adverse cardiovascular event

Favors 
placebo

Favors
empagliflozin

0.2 1 5

140

Empagliflozin Placebo
HR 95% CI HR (95% CI)

n/N n/N

HHF

Overall 126/4687 95/2333 0.65 0.55, 0.85

No cardiac failure at BL 78/4225 65/2089 0.59 0.43, 0.82

Cardiac failure at BL 48/462 30/244 0.75 0.48, 1.19

CV 
death

Overall 172/4687 137/2333 0.62 0.49, 0.79

No cardiac failure at BL 134/4225 110/2089 0.60 0.47, 0.77

Cardiac failure at BL 38/462 27/244 0.71 0.43, 1.16

HHF+ 
CV 
death 

Overall 265/4687 198/2333 0.66 0.55, 0.79

No cardiac failure at BL 190/4225 149/2089 0.63 0.51, 0.78

Cardiac failure at BL 75/462 49/244 0.72 0.50, 1.04

3P 
MACE 

Overall 490/4687 282/2333 0.86 0.74, 0.99

No cardiac failure at BL 412/4225 237/2089 0.86 0.73, 1.01

Cardiac failure at BL 78/462 45/244 0.85 0.59, 1.22

All-
cause 
death 

Overall 269/4687 194/2333 0.68 0.57, 0.82

No cardiac failure at BL 213/4225 159/2089 0.66 0.54, 0.81

Cardiac failure at BL 56/462 35/244 0.79 0.52, 1.20



Empagliflozin Placebo

Patients 
with Events

Rate/
100 PY

Patients 
with Events

Rate/
100 PY HR (95% CI) p-value

New onset or worsening of 
nephropathy

525/4124
(12.7%)

4.78
388/2061
(18.8%)

7.6 0.61 (0.53, 0.70) <0.0001

New onset 
macroalbuminuria*

459/4091
(11.2%)

4.18
330/2033
(16.2%)

6.49 0.62 (0.54, 0.72) <0.0001

Doubling of 
serum-creatinine†

70/4645
(1.5%)

0.55
60/2323
(2.6%)

0.97 0.56 (0.39, 0.79) 0.0009

Initiation of renal 
replacement therapy

13/4687
(0.3%)

0.10
14/2333
(0.6%)

0.21 0.45 (0.21, 0.97) 0.0409

Death due to 
renal disease‡

3/4687
(0.1%)

-
0/2333
(0.0%)

- –

Cox regression analysis in the treated set. Nominal p values reported.
PY, patient years; CI, confidence interval; HR, hazard ratio. 
*Macroalbuminuria defined as UACR >300 mg/g;
†Accompanied by estimated glomerular filtration rate (MDRD) ≤45 mL/min/1.73m2;
‡HR and 95% CI were not analysed as the total number of events was <7.

Favors 
empagliflozin

Favors 
placebo

0.125 0.25 0.5 1 2

Pre-specified endpoint: New or worsening nephropathy

Data on File, Boehringer Ingelheim Pharmaceuticals.
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Adjusted mean weight
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Empagliflozin 10 mg
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Empagliflozin 25 
mg

28 52 1080 164 22012

All patients (including those who discontinued study drug or initiated new therapies) were included in this mixed model repeated measures 
analysis (intent-to-treat).
X-axis: time points with reasonable amount of data available for prescheduled measurements.
Zinman et al. N Engl J Med. 2015;373(22):2117-28.



Changes in adjusted mean systolic blood pressure
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MMRM in the treated set (OC-AD). SBP, systolic blood pressure.
1. Zinman et al N Engl J Med 2015; doi: 10.1056/NEJMoa1504720; 2. Data on File. For Internal Use Only.  
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Empagliflozin 25 mg

2235
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1189

1212

981

1034

1070

735

790

842

450

518

528

171

199

216

Placebo

Empagliflozin 10 mg

Empagliflozin 25 mg

12 28 52 94 10880 12266 1360 150 164 178 192 20640

At study end, the observed difference in mean 
systolic blood pressure between empagliflozin 
and placebo was approximately 4 mmHg2



Changes in heart rate

MMRM in the treated set (OC-AD).
Zinman et al N Engl J Med 2015; doi: 10.1056/NEJMoa1504720

145

65

66

67

68

69

70

71

72

73

74

75

A
d

ju
st

ed
 m

ea
n

 (
SE

) 
h

ea
rt

 r
at

e 
(b

p
m

)

Week

2174

2205

2192

Placebo

Empagliflozin 10 mg

Empagliflozin 25 mg

2127

2137

2127

2032

2064

2066

1928

2006

2006

1796

1877

1907

1300

1366

1383

1002

1045

1086

552

597

633

Placebo
Empagliflozin 10 mg

Empagliflozin 25 mg
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• Empagliflozin increases
β-HB production in the liver 

• Increased β-HB and FFA uptake 
into the heart

• Meanwhile, empagliflozin
increases hematocrit increasing 
oxygen delivery to the heart

Potential MOA CV effect:
Shift from glucose to lipid metabolism

β-HB, beta-hydroxybutyrate; FFA, free fatty acids.

Ferrannini et al. Diabetes Care. 2016;39(7):1108-14.


