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Cardiovascular Outcome Trials (CVOTs)

FDA guidance for cardiovascular outcome data: meta-analysis limits and outcome trial requirements

http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf 
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Cardiovascular Outcome Trials (CVOTs)
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Algorithm for anti-hyperglycemic therapy in adults with type 2 diabetes

Linee Guida Associazione Medici Diabetologi (AMD) e Società Italiana di Diabetologia (SID)

AMD-SID. Standard Italiani per la Cura del Diabete Mellito, 2018
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Algorithm for anti-hyperglycemic therapy in adults with type 2 diabetes

American Association of Clinical Endocrinologists (AACE) and  American College of Endocrinology (ACE) Guidelines

AACE/ACE Comprehensive Type 2 Diabetes Management Algorithm, 2019
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Algorithm for anti-hyperglycemic therapy in adults with type 2 diabetes

American Diabetes Association (ADA) Standard of Medical Care in Diabetes

American Diabetes Association. Diabetes Care. 2018;41(Suppl.1):S73-S85
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Algorithm for anti-hyperglycemic therapy in adults with type 2 diabetes

Davies MJ et al. Diabetologia. 2018;61:2461-2498

American Diabetes Association (ADA) and European Association for the Study of Diabetes (EASD) Consensus Report 
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1. Marso SP et al. N Engl J Med. 2016;375;311-322; 2. Gerstein H et al. Lancet. 2019; June 10;
3. Wanner C et al. N Engl J Med. 2016;375:323-334; 4. Perkovic V et al. Lancet Diabetes Endocrinol. 2018;6:691–704;

5. Mosenzon O et al. Lancet Diabetes Endocrinol. 2019 June 9; 6. Perkovic V et al. N Engl J Med. 2019;80:2295-2306

Drug Liraglutide Dulaglutide Empagliflozin Canagliflozin Dapagliflozin Canagliflozin

N 9,340 9,901 7,020 10,142 17,160 4,401

Follow-up (years) 3.8 5.4 3.1 2.4 4.2 2.6

Prevalence of any DKD (%) 47.6 48.9 52.2 42.1 34.4 100

Prevalence of ↓ eGFR (%) 23.1 22.8 25.9 19.8 7.4 60

Prevention of macroalbuminuria 0.74 (0.60–0.91) 0.77 (0.68–0.87) 0.95 (0.87–1.04) 0.80 (0.73-0.87) 0.77 (0.68–0.87) NA

Progression of albuminuria NA NA 0.62 (0.54-0.72) 0.58 (0.50-0.68) 0.73 (0.67–0.79) NA

Regression of albuminuria NA NA 1.61 (1.34-1.94) 1.70 (1.51-1.91) 1.41 (1.27–1.56) NA

Doubling of serum creatinine 0.89 (0.67–1.19) NA 0.56 (0.39–0.79) 0.50 (0.30–0.84) NA 0.60 (0.48–0.76)

40% eGFR reduction NA 0.70 (0.57–0.85) NA 0·60 (0·47–0·78) 0.54 (0.43–0.67) NA

ESRD/RRT 0.87 (0.61–1.24) 0.75 (0.39–1.44) 0.45 (0.21–0.97) 0.77 (0.30–1.97) 0.31 (0.13–0.79) 0.68 (0.54–0.86)

Death due to renal cause 1.59 (0.52–4.87) NA NA NA 0.60 (0.22–1.65) NA

(3) (4) (5) (6)(1) REWIND
Dulaglutide CV Outcome Trial

(2)

Renal protection with GLP-1 receptor agonists and SGLT2 inhibitors
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Renal protection with GLP-1 receptor agonists and SGLT2 inhibitors

1. Marso SP et al. N Engl J Med. 2016;375;311-322
2. Marso SP et al. N Engl J Med. 2016;375:1834–1844
3. Gerstein H et al. Lancet. 2019; June 10

4. Wanner C et al. N Engl J Med. 2016;375:323-334
5. Perkovic V et al. Lancet Diabetes Endocrinol. 2018;6:691–704

Active drug

Placebo

In
ci

d
en

ce
(x

1
,0

0
0

 p
at

ie
n

ts
-y

ea
r)

(3)

0.85
(0.77–0.93)

REWIND
Dulaglutide CV Outcome Trial

15,0
18,6

34,7

47,8

15,1
19,0

30,6

40,7

76,0

27,4

0

10

20

30

40

50

60

70

80

New-onset macroalbuminuria, doubling of serum creatinine
or eGFR reduction, ESRD (and renal death)

(5)

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



1. Wanner C et al. N Engl J Med. 2016;375:323-334
2. Perkovic V et al. Lancet Diabetes Endocrinol. 2018;6:691–704

(4)

6,3
1,5

27,0

11,5

2,8

40,4

0

10

20

30

40

50

Doubling of serum creatinine,
ESRD, renal death

(1) (2)

In
ci

d
en

ce
(x

1
,0

0
0

 p
at

ie
n

ts
-y

ea
r)

0.54 (0.40–0.75) 0.66 (0.53–0.81)0·53 (0·33–0·84)
Active drug

Placebo

5,5

3,7

9,0

7,0

00

02

04

06

08

10

40% eGFR reduction, 
ESRD, renal death

(2) (3)

0·60 (0·47–0·77) 0.53 (0.43–0.66) 

In
ci

d
en

ce
(x

1
,0

0
0

 p
at

ie
n

ts
-y

ea
r)

16,9

10,8

21,6

14,1

00

05

10

15

20

25

40% eGFR reduction, ESRD, 
renal death + CVD death

(2) (3)

0·77 (0·66–0·89) 0.76 (0.67–0.87)

In
ci

d
en

ce
(x

1
,0

0
0

 p
at

ie
n

ts
-y

ea
r)

13,2

43,2

15,8

61,2

00

20

40

60

80

Doubling of serum creatinine, ESRD,
renal death + CVD death

(4)(2)

0·82 (0·68–0·97) 0.70 (0.59–0.82)

In
ci

d
en

ce
(x

1
,0

0
0

 p
at

ie
n

ts
-y

ea
r)

Renal protection with SGLT2 inhibitors

3. Wiviott SD et al. N Engl J Med. 2019;380:347-357
4. Perkovic V et al. N Engl J Med. 2019;80:2295-2306
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Zelniker TA et al.  Circulation. 2019;139:2022-2031

Renal protection with GLP-1 receptor agonists versus SGLT2 inhibitors

Renal composite
(new-onset macroalbuminuria, sustained doubling of serum creatinine or eGFR decrease ≥40%, ESRD, or renal death)
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Renal protection with GLP-1 receptor agonists versus SGLT2 inhibitors

Renal composite
(sustained doubling of serum creatinine or eGFR decrease ≥40%, ESRD, or renal death)

Zelniker TA et al.  Circulation. 2019;139:2022-2031
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Guidelines for diabetic kidney disease (DKD): future perspectives

Lowering of eGFR threshold 
for SGLT2-i treatment

Use of agents with proven 
DKD benefit in primary 

prevention of DKD 

Use of agents with proven 
DKD benefit in patients with 

type 1 diabetes 

Threshold and dosage

Definition of  high renal risk

Trials with renal endpoints
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Renal protection with SGLT2 inhibitors by eGFR

Zelniker TA et al. Lancet. 2019;393:31–39

Renal composite (worsening eGFR, ESRD, or renal death)

Events per 1000 patient-years

HR (95% CI)

0.66 (0.41, 1.07)

0.74 (0.48, 1.15)

0.60 (0.35, 1.02)

0.67 (0.51, 0.89)FE model for eGFR <60 (p=0.0054)
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CANVAS Program
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NA
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8.9
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EMPA-REG OUTCOME

CANVAS Program

DECLARE-TIMI 58

NA

4.6

4.2

NA

7.4

7.8

eGFR 60 to <90 mL/min/m2

0.21 (0.09, 0.53)

0.44 (0.25, 0.78)

0.50 (0.34, 0.73)

0.44 (0.32, 0.59)FE model for eGFR ≥90 (p<0.0001)

EMPA-REG OUTCOME

CANVAS Program

DECLARE-TIMI 58

NA

3.8

2.5

NA

8.1

4.9

eGFR ≥90 mL/min/m2

0.10 0.25 0.50 1.00 2.50

Favors placeboFavors treatment

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Renal protection with SGLT2 inhibitors by renal function

Perkovic V et al. N Engl J Med. 2019;80:2295-2306
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2. Hernandez HF et al. Lancet. 2018;392:1519–1529

(1)

(2)

Cardiovascular protection with GLP-1 receptor agonists by eGFR

1. Marso SP et al. N Engl J Med. 2016;375;311-322
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2. Neal B et al. N Engl J Med. 2017;377:644-657
3. Wiviott SD et al. N Engl J Med. 2019;380:347-357

(1)

(2)

(3)

Cardiovascular protection with SGLT2 inhibitors by eGFR

1. Zinman B et al. N Engl J Med. 2015; 373:2117-2128
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Renal protection with SGLT2 inhibitors by prior CVD

Renal composite (worsening eGFR, ESRD, or renal death)

Events per 1000 patient-years

FE model for ASCVD (p<0.0001)

EMPA-REG OUTCOME

CANVAS Program
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11.5

10.5

8.6

Treatment Placebo
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0.59 (0.44, 0.79)

0.55 (0.41, 0.75)

0.56 (0.47, 0.67)

0.63 (0.39, 1.02)

0.51 (0.37, 0.69)

0.54 (0.42, 0.71)FE model for MRF (p<0.0001)

CANVAS Program

DECLARE-TIMI 58

4.1

3.0

6.6

5.9

Patients with MRF

0.35 0.50 1.00 2.50

Favors placeboFavors treatment

Zelniker TA et al. Lancet. 2019;393:31–39
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eGFR decline in type 1 and 2 diabetes

Skupien J et al. Diabetes Care. 2016;39:2262–2269 Jiang G et al. Kidney Int. 2019;95:178-187

The Joslin Kidney Studies The Hong Kong Diabetes Register

Class 1: slow eGFR decline; Class 2: curvilinear eGFR decline;
Class 3: progressive eGFR decline; Class 4: accelerated eGFR decline.Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 
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Guidelines for diabetic kidney disease (DKD): future perspectives

Mew drugs for 
renal protection

Pathogenic therapies

Glucose, blood pressure
and lipid targets

Reconsidering targets

Biomarkers for prediction of 
kidney function loss

Prediction improvement

Effective treatment for the 
new phenotypes

Specific clinical trials
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New «pathogenic» drugs for renal protection

Sulodexide

Various suggested 
MoAs4

Ruboxistaurin

PKC-ß inhibitor1

Pirfenidone

TGF-ß production 
inhibitor3

Bardoxolone methyl

Kept1-Nrf2 
pathway activator7

Aliskiren

Renin inhibitor5

Lisinopril/lorsartan

Dual ACEi/ARB6

Avosentan

Endothelin 
antagonist2

2007

2010

2011

2012

2013

Atrasentan

Endothelin 
antagonist8

2019

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

5. Parving HH et al. N Engl J Med. 2012;367:2204-2213
6. Fried LF et al. N Engl J Med. 2013;369:1892-1903

7. de Zeeuw D et al. N Engl J Med. 2013;369:2492-2503
8. Heerspink HJL et al. Lancet. 2019;393:1937-1947
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Glycemic targets in DKD

Inzucchi SE et al. Diabetes Care 2015;38:140–149

More 
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Intensive glycemic control and renal outcomes

Boussageon R et al. BMJ 2011; 343:d4169

Meta-analysis of 13 randomized clinical trials

ACCORD ADVANCE UKPDS VADT Total 

HbA1c -1.01 -0.72 -0.66 -1.16 -0.88

Major micro-vascular
events 1.00/0.95 0.86 0.75 -- --

Renal events 1.05/1.02# 0.79* -- 0.62 --

1. Newly-diagnosed
microalbuminuria 0.79/0.85 0.91 0.71

0.90

(0.85 - 0.96)

2. Newly-diagnosed
macroalbuminuria 0.69/0.72 0.70 0.66 0.64 --

3. Doubling of serum
creatinine 1.07/1.04 1.15 0.26 1.00

4. ESRD or renal
death 0.95/0.92 0.64 0.73 0.63

5. Composite § -- 0.35 -- --

* Newly-diagnosed or worsening
nephropathy;

# any 2, 3 or 4;

§ dialysis, transplant, renal
death, serum creatinine >200 
mol/L, persistent doubling of 
serume creatinine
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Blood pressure targets in DKD

Inzucchi SE et al. Diabetes Care 2015;38:140–149

KDIGO 2012 JCN-8 2014 ACC/AHA 2017

Reduced eGFR without albuminuria <140/90 <140/90 <130/80

Albuminuria with or without reduced eGFR <130/80 <140/90 <130/80

Chang AR & Appel LJ. Clin J Am Soc Nephrol. 2018;13:1572–1574

European Society of Cardiology (ESC) and European Association for the Study of Diabetes (EASD) Guidelines
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Intensive blood pressure control and mortality and cardiovascular outcomes

Aggarwal R et al. Hypertension. 2019;73:1275-1282

Pooled data analysis from the African American Study of Kidney Disease and Hypertension (AASK), Action to Control Cardiovascular 
Risk in Diabetes (ACCORD), Modification of Diet in Renal Disease (MDRD), and Systolic Blood Pressure Intervention Trial (SPRINT )
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Intensive blood pressure control and incident chronic kidney disease

Beddhu S et al. Lancet Diabetes Endocrinol. 2018;6:555–563

Secondary analysis from participants without chronic kidney disease at baseline from the Systolic Blood Pressure Intervention
Trial (SPRINT, without diabetes) and the Action to Control Cardiovascular Risk in Diabetes (ACCORD, with diabetes)

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Progressive renal decline

Krolewski AS et al. Kidney Int. 2017;91:1300–1311

eGFR decline
ml/min/year

Normo
albuminuria

% (n)

Micro
albuminuria

% (n)

Macro
albuminuria

% (n)

Total
% (n)

T1D

<2.9 91 78 49 81

3-4.9 6 11 16 8

5-9.9 2 7 19 7

>10 1 4 16 4

Total 100 (932) 100 (525) 100 (275) 100 (1,732)

T2D

<2.9 80 67 32 72

3-4.9 13 18 17 15

5-9.9 6 12 30 10

>10 1 3 21 3

Total 100 (681) 100 (418) 100 (82) 100 (1,181)

The Joslin Kidney Studies

Normo Macro

CKD3 5 1

ESRD        1 5
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Renal protection with GLP-1 receptor agonists

Dulaglutide versus insulin glargine in patients with type 2 diabetes and moderate-to-severe chronic kidney disease 
(AWARD-7)

Tuttle KR et al. Lancet Diabetes Endocrinol. 2018;6:605-617
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Renal protection with SGLT2 inhibitors by albuminuria

Cherney DZI et al. Lancet Diabetes Endocrinol. 2017;5:610–621

eGFR >60 ml/min/1.73 m2 3,322 (79.6%)
eGFR <60 ml/min/1.73 m2 849 (20.4%)

eGFR >60 ml/min/1.73 m2 1,396 (62.2%)
eGFR <60 ml/min/1.73 m2 849 (37.8%)

eGFR >60 ml/min/1.73 m2 431 (56.0%)
eGFR <60 ml/min/1.73 m2 338 (44.0%)
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Trials with GLP-1 receptor agonists or SGLT2 inhibitors in DKD patients

Albuminuria stage, description and range (mg/g)

A1 A2 A3

No albuminuria Microalbuminuria Macroalbuminuria

<30 30–300 >300

G
F

R
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a
te

g
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ry
 a

n
d

 

ra
n

g
e

 (
m

l/
m

in
/1

.7
3

 m
2
)

Stage 1 ≥90

Stage 2 60–89

Stage 3a 45–59

Stage 3b 30–44

Stage 4 15–29

ESKD 5 <15

Low CKD risk Moderately increased CKD risk High CKD risk Very high CKD risk

CREDENCE population1

eGFR ≥30 to <90 ml/min/1.73 m2

and UACR >300 mg/g 

CREDENCE population1

eGFR ≥30 to <90 ml/min/1.73 m2

and UACR >300 mg/g 

DAPA-CKD population2

eGFR >25 to <75 ml/min/1.73 m2 

and UACR >200 mg/g 

EMPA-KIDNEY population3

eGFR ≥20 to <45 ml/min/1.73 m2

eGFR ≥45 to <90 ml/min/1.73 m2 

and UACR ≥200 mg/g 

CREDENCE population1

eGFR ≥30 to <90 ml/min/1.73 m2

and UACR >300 mg/g 

CREDENCE population1

eGFR ≥30 to <90 ml/min/1.73 m2

and UACR >300 mg/g 

DAPA-CKD population2

eGFR >25 to <75 ml/min/1.73 m2 

and UACR >200 mg/g 

EMPA-KIDNEY population3

eGFR ≥20 to <45 ml/min/1.73 m2

eGFR ≥45 to <90 ml/min/1.73 m2 

and UACR ≥200 mg/g 

CREDENCE population1

eGFR ≥30 to <90 ml/min/1.73 m2

and UACR >300 mg/g 

CREDENCE population1

eGFR ≥30 to <90 ml/min/1.73 m2

and UACR >300 mg/g 

DAPA-CKD population2

eGFR >25 to <75 ml/min/1.73 m2 

and UACR >200 mg/g 

EMPA-KIDNEY population3

eGFR ≥20 to <45 ml/min/1.73 m2

eGFR ≥45 to <90 ml/min/1.73 m2 

and UACR ≥200 mg/g 

FLOW population
eGFR ≤75 to ≥50 ml/min/1.73 m2

and UACR >300 to <5000 mg/g 
eGFR <50 to ≥25 ml/min/1.73 m2

and UACR >100 to <5000 mg/g  
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eGFR slope versus albuminuria change as a surrogate enpoint in clinical trials

Levey AS et al. Am J Kidney Dis. 2019 Aug 23

Hierarchy of End Points for Kidney Disease Progression for Phase 3 RCTs
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Biomarkers for DKD prediction

High-normal 
serum uric acid 

levels

Markers of 
inflammation

(TNFR1 & 
TNFR2)

Markers of 
tubular 
damage

(KIM-1 & β2-
microglobulin)

Pena MJ et al. Nephrol Dial Transplant. 2015;30:86–95

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Biomarkers for DKD prediction

Pena MJ et al. Nephrol Dial Transplant. 2015;30:86–95

Diapositiva preparata da GIUSEPPE PUGLIESE e ceduta alla Società Italiana di Diabetologia. 

Per ric
evere la versione originale si prega di scrivere a siditalia@siditalia.it



Biomarkers for DKD prediction

Zurbig P et al. Diabetes. 2012;61:3304–3313
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Conclusions

Results from studies on cardiorenal protection with new classes of anti-hyperglycemic

drugs may prompt:

❖ lowering of eGFR threshold for SGLT2-i treatment;

❖ use of agents with proven DKD benefit in primary prevention of DKD;

❖ utilization of these drugs for renal protection also in patients with type 1 diabetes.

Future studies may provide evidence for:

❖ new «pathogenic» drugs for renal protection;

❖ reconsideration of treatment targets;

❖ effective treatment for the new DKD phenotypes;

❖ Biomarkers for improving DKD prediction beyond albuminuria and eGFR.
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