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Renal dysfunction is common in patients with T2DM

The RIACE Study: 15,773 patients with T2DM

Penno G et al. J Hypertens 29: 1802-1809, 2011
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Renal dysfunction is common in patients with T2DM

The RIACE Study: 15,773 patients with T2DM
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Methods: microvascular and renal outcomes

• Composite microvascular outcomes (secondary outcomes): initiation of retinal 
photocoagulation, vitreous hemorrhage, diabetes-related blindness, incident or 
worsening nephropathy*

*incident or worsening nephropathy was defined as:

− Progression to macroalbuminuria (UACR >300 mg/g) or

− Doubling of serum creatinine accompanied by eGFR (MDRD) ≤45 mL/min/1.73m2 or

− Initiation of renal replacement therapy or

− Death due to renal disease

• Prespecified Renal Endpoints in the statistical analysis plan

- Incident or worsening nephropathy (individual components); 

- Incident or worsening nephropathy or CV death (composite)

- doubling of serum creatinine, initiation of renal replacement therapy, or death due to renal disease 
(composite)

- incident albuminuria (UACR ≥30 mg/g) in patients with normoalbuminuria at baseline

- eGFR (CKD-EPI) over time

7

UACR, urine albumin-to-creatinine ratio; eGFR, estimated glomerular fi ltration rate; MDRD, Modification of Diet in Renal Disease; 
CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration.

Christoph Wanner et al. published online June 14, 2016, at NEJM.org





Doubling of serum creatinine, initiation of renal 
replacement therapy, or death due to renal diseaseIncident or worsening nephropathy







Number of Patients per Time Point

Placebo

DAPA 5 mg

56 49 31 25

53 50 39 20

DAPA 10 mg 56 52 40 29

Baseline UACR 

698.0 mg/g

727.1 mg/g
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Placebo DAPA 5 mg DAPA 10 mg

−26.4 (−55.0, 20.5)
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• Post-hoc analysis of 
data from a 
randomised, placebo-
controlled, double 
blinded Phase 3 trial in 
patients with T2DM, 
CK3D and  albuminuria

• 104 weeks in duration
• Patients received 

dapagliflozin 5 mg 
(n=53) or 10 mg (n=56) 
or placebo (n=57)



The UACR reduction remains after adjustments for changes in blood pressure, HbA1c 
and eGFR indicating direct renal effect independent of changes in these variables1

The UACR reduction by dapagliflozin is independent of changes in 
blood pressure, HbA1C and eGFR1

NOT including covariates for 

ΔHbA1c, ΔSBP, ΔDBP and ΔeGFR

Including covariates for ΔHbA1c, 

ΔSBP, ΔDBP and ΔeGFR
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Liraglutide 0.6–1.8 mg OD + standard of care

Placebo + standard of care

Duration 3.5–5 years

9340 patients

• Double blinded

• 2-week placebo run-in

Randomisation (1:1) End of treatment

Key exclusion criteria

• T1DM

• Use of GLP-1RAs, DPP-4i, pramlintide, or rapid-acting 
insulin

• Familial or personal history of MEN-2 or MTC

Key inclusion criteria

• T2DM, HbA1c ≥7.0%

• Antidiabetic drug naïve; 

• OADs and/or basal/premix insulin

• Age ≥50 years and established CV disease or chronic 
renal failure 
or

• Age ≥60 years and risk factors for CV disease

Placebo 
run-in

Safety follow-up

Safety follow-up

30 days2 weeks

Screening



Baseline renal function

Liraglutide (N=4668) Placebo (N=4672)

Normal renal function  (eGFR ≥90 mL/min/1.73 m2) 1620 (34.7) 1655 (35.4)

Mild impairment          (eGFR 60–89 mL/min/1.73 m2) 1932 (41.4) 1975 (42.3)

Moderate impairment  (eGFR 30–59 mL/min/1.73 m2) 999 (21.4) 935 (20.0)

Severe impairment      (eGFR <30 mL/min/1.73 m2) 117 (2.5) 107 (2.3)

Full analysis set. Data are number of patients (percentage of either liraglutide-treated or placebo-treated group). Percentage data refer to proportion of patients
eGFR, estimated glomerular filtration rate.

Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1603827.

Liraglutide Placebo

Microalbuminuria 26.4% 26.6%

Macroalbuminuria 10.0% 11.0%

eGFR <60 mL/min/1.73 m2 23.9% 22.3%
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ETD at month 36: -0.40% 
95% CI (-0.45 ; -0.34)

Number of patients at each visit
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Data are estimated mean values from randomisation to EOT. 
CI, confidence interval; EOT, end of trial; ETD, estimated treatment difference; HbA1c, glycosylated haemoglobin.
Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1603827.
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Microvascular event definitions

*and eGFR ≤45 mL/min/1.73 m2 per MDRD

eGFR: estimated glomerular filtration rate; MDRD, modification of diet in renal disease.

Presented at 52nd EASD Annual Meeting, 14 September 2016, Munich, Germany



LEADER: Time to first renal event
Macroalbuminuria, doubling of serum creatinine*, ESRD, renal death

*and eGFR ≤45 mL/min/1.73 m2 per MDRD. The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the HRs 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; ESRD: end-stage renal disease; HR: hazard ratio

Presented at 52nd EASD Annual Meeting, 14 September 2016, Munich, Germany.
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HR: 0.78

95% CI (0.67 ; 0.92)
p=0.003
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LEADER: Time to new onset of persistent macroalbuminuria

Full analysis set. EAC-confirmed index events from randomisation to follow-up. The cumulative incidences were estimated with the use of the Kaplan–Meier method, and the HRs 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. Macroalbuminuria was defined as 
urine albumin >300 mg/g creatinine
CI, confidence interval; EAC, event adjudication committee; HR, hazard ratio
Presented at ASN Kidney Week, 19 November 2016, Chicago, USA
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LEADER: Time to first microvascular endpoints

Full analysis set. EAC-confirmed microvascular events, including events with onset between date of randomisation and date of follow-up. Cox proportional-hazard model adjusted for treatment. 
Development of diabetes-related blindness was not analysed as an individual component as only one event was observed
*New onset of persistent macroalbuminuria: urine albumin ≥300 mg/g creatinine. †Persistent doubling of serum creatinine level and eGFR ≤45 mL/min/1.73m2

per MDRD
CI, confidence interval; EAC, event adjudication committee; eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease
Presented at ASN Kidney Week, 19 November 2016, Chicago, USA

Hazard ratio
(95% CI)

Liraglutide Placebo

N % N %

Number of patients 4668 100 4672 100

Microvascular endpoint 0.84 (0.73 ; 0.97) 355 7.6 416 8.9

Nephropathy 0.78 (0.67 ; 0.92) 268 5.7 337 7.2

New onset of persistent macroalbuminuria* 0.74 (0.60 ; 0.91) 161 3.4 215 4.6

Persistent doubling of serum creatinine† 0.89 (0.67 ; 1.19) 87 1.9 97 2.1

Need for continuous renal replacement therapy 0.87 (0.61 ; 1.24) 56 1.2 64 1.4

Death due to renal disease 1.59 (0.52 ; 4.87) 8 0.2 5 0.1

Hazard ratio (95% CI)

Favours placeboFavours liraglutide

1.0 10.00.1



Estimated treatment ratio (95% CI)

Total 0.81 (0.76 ; 0.86)

Without renal impairment
(eGFR-MDRD ≥90)

0.78 (0.70 ; 0.87)

Mild renal impairment
(eGFR-MDRD ≥60 to <90)

0.80 (0.73 ; 0.89)

Moderate renal impairment
(eGFR-MDRD ≥30 to <60)

0.82 (0.72 ; 0.95)

Severe renal impairment
(eGFR-MDRD <30)

0.83 (0.55 ; 1.26)

1 .10 .9 1 .0 1 .3 1 .50 .80 .70 .60 .5

LEADER: Urinary albumin–creatinine ratio at 3 years

CI: confidence interval; eGFR: estimated glomerular filtration rate; MDRD, modification of diet in renal disease

Presented at 52nd EASD Annual Meeting, 14 September 2016, Munich, Germany.

Favours Liraglutide Favours Placebo

Estimated treatment ratio (95% CI)



LEADER: Change in eGFR (MDRD)

Full analysis set. Estimated means ± standard error. Change from baseline to last assessment analysed using a linear mixed model for log-transformed assessment accounting for repeated measures. 
Analyses truncated at 48 months as <10% of patients had an observation time beyond 48 months. CI, confidence interval; 
eGFR, estimated glomerular filtration rate; ETR, estimated treatment ratio; MDRD, modification of diet in renal disease
Presented at ASN Kidney Week, 19 November 2016, Chicago, USA
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3297 subjects 
with T2D

Inclusion criteria
• HbA1c ≥7.0%
• Previously on 0–2 OADs, basal or pre-mix insulin ± 0–2 OADs
• Age ≥50 years with established CVD (prior cardio-, cerebro- or peripheral vascular disease, chronic 

heart failure [NYHA class II–III]), or CKD stage 3 or worse 
or
• Age ≥60 years with at least one cardiovascular risk factor

Semaglutide 1.0 mg

Semaglutide 0.5 mg

Placebo 1.0 mg

Treatment duration 104 weeks

Dose 
escalation*

4–8 weeks

Placebo 0.5 mg

Follow-up
5 weeks

Randomisation
(1:1:1:1)

Treatment maintenance 
96–100 weeks

Key endpoints
• Primary: time to first occurrence of death from cardiovascular causes, non-fatal myocardial infarction 

or non-fatal stroke

• Secondary: time to first occurrence of revascularisation, unstable angina requiring hospitalisation, 

hospitalisation for heart failure, all-cause death, 

non-fatal MI or non-fatal stroke; time to each individual component

Trial information

• Randomised, double-blind, 

placebo-controlled, four-armed 

parallel-group trial

• Additional glucose-lowering medication could 

be added to achieve glycaemic control at the 

discretion of investigator



Baseline characteristics 

30Table 1. *Means and standard deviations. †Geometric means and coefficients of variation. ‡Number of patients (N) and percentage (%). LDL, low-density lipoprotein; SD, standard deviation.
Marso et al. NEJM [in press]

Semaglutide 
0.5 mg

Semaglutide 
1.0 mg

Placebo 
0.5 mg

Placebo 
1.0 mg

Total

(n=826) (n=822) (n=824) (n=825) (N=3297)

Age (years) 64.6 (7.3) 64.7 (7.1) 64.8 (7.6) 64.4 (7.5) 64.6 (7.4)

Sex (N, %)

Male 495 (59.9) 518 (63.0) 482 (58.5) 507 (61.5) 2002 (60.7)

Body weight (kg)* 91.8 (20.3) 92.9 (21.1) 91.8 (20.4) 91.9 (20.8) 92.1 (20.6)

Type 2 diabetes, 
mean (SD)

Diabetes duration (years) 14.3 (8.2) 14.1 (8.2) 14.0 (8.5) 13.2 (7.4) 13.9 (8.1)

Glycated haemoglobin (%) 8.7 (1.4) 8.7 (1.5) 8.7 (1.5) 8.7 (1.5) 8.7 (1.5)

Cardiovascular risk factors 

Systolic blood pressure (mmHg)* 136.1 (18.0) 135.8 (17.0) 135.8 (16.2) 134.8 (17.5) 135.6 (17.2)

Diastolic blood pressure (mmHg)* 77.1 (9.8) 76.9 (10.2) 77.5 (9.9) 76.7 (10.2) 77.0 (10.0)

LDL cholesterol (mg/dl)† 81.6 (47.1) 83.3 (41.2) 80.9 (48.1) 83.6 (45.9) 82.3 (45.6)

Never smoked‡ 390 (47.2) 364 (44.3) 391 (47.5) 348 (42.2) 1493 (45.3)
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Figure 2A. Data are estimated mean plus or minus standard error of the mean based on in-trial data for scheduled visits from the full analysis set, analysed by a mixed model for repeated measures with treatment group (semaglutide 0.5 and 1.0 mg and comparable placebo doses) and stratification (9 levels) 
as fixed factors and the corresponding baseline value as fixed factors and the corresponding baseline value as a covariate, all nested within visit. *Indicates significance (p-value <0.0001). CI, confidence interval; ETD, estimated treatment difference.
Marso et al. NEJM [in press]
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Microvascular outcomes

32
Supplementary Table 9. †The primary composite outcome in the time-to-event analysis consisted of the first occurrence of either death from cardiovascular causes, non-fatal myocardial infarction or non-fatal stroke. ‡The expanded composite outcome included death from cardiovascular causes, non-fatal 
myocardial infarction, non-fatal stroke, revascularisation (coronary and peripheral), hospitalisation for unstable angina or heart failure. CI, confidence interval; HR, hazard ratio; PYR, patient years of risk time (time from randomisation until first event or censoring). 
Marso et al. NEJM [in press] 

Semaglutide Placebo HR

(95% CI)
P valueNo. (%) Incidence rate per 

100 PYR
No. (%) Incidence rate per 

100 PYR

Retinopathy complications 50 (3.0) 1.49 29 (1.8) 0.86 1.76 1.11; 2.78 0.02

Need for retinal photocoagulation 38 (2.3) 1.13 20 (1.2) 0.59 1.91 1.11; 3.28 0.02

Vitreous haemorrhage 16 (1.0) 0.47 7 (0.4) 0.21 2.29 0.94; 5.57 0.07

Need for treatment with 

intravitreal agent
16 (1.0) 0.47 13 (0.8) 0.38 1.25 0.59; 2.56 0.58

Onset of diabetes-related 

blindness
5 (0.3) 0.15 1 (0.1) 0.03 5.01 0.59; 42.88 0.14

New or worsening nephropathy 62 (3.8) 1.86 100 (6.1) 3.06 0.64 0.46; 0.88 0.005

Persistent macroalbuminuria 44 (2.7) 1.31 81 (4.9) 2.47 0.54 0.37; 0.77 0.001

Persistent doubling of serum 

creatinine level and creatinine 

clearance per MDRD 

<45 ml/min/1.73m2 

18 (1.1) 0.53 14 (0.8) 0.41 1.28 0.64; 2.58 0.48

Need for continuous 

renal-replacement therapy
11 (0.7) 0.32 12 (0.7) 0.35 0.91 0.40; 2.07 0.83



New or worsening nephropathy

33
Supplementary Figure 5B. Kaplan Meier plot for time from randomisation to first EAC-confirmed new or worsening nephropathy using ‘in-trial’ data from subjects in the full analysis set. HR is from a proportional hazard model. CI, confidence interval; EAC, (external) event 
adjudication committee; HR, hazard ratio.
Marso et al. NEJM [in press]
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Stages of “Diabetic 

nephropathy”

Normo 73,1%

Micro 22,2%

Macro 4,7%

eGFR strata 

(ml/min/1.73 m2)

≥90 29,6%

60-89 51,7%

30-59 17,1%

<30 1,7%

NKF’s KDOQI 

CKD stages

No CKD 62,5%

Stage 1

≥90*
6,7%

Stage 2

60-89*
12,0%

Stage 3 

30-59
17,1%

Stages 4, 5

<30
1,7%

* Plus “kidney damage”

MDRD

The RIACE (Renal Insufficiency and Cardiovascular 
Events) study

15,773 patients with type 2 diabetes from Italy

Penno G et al. J Hypertens 29: 1802-1809, 2011









Liraglutide (N=4668) Placebo (N=4672)

Male sex, N (%) 3011 (64.5) 2992 (64.0)

Age, years 64.2 ± 7.2 64.4 ± 7.2

Diabetes duration, years 12.8 ± 8.0 12.9 ± 8.1

Geographic region

Europe 1639 (35.1) 1657 (35.5)

North America 1401 (30.0) 1446 (31.0)

Asia 360 (7.7) 351 (7.5)

Rest of the world 1268 (27.2) 1218 (26.1)

HbA1c, % 8.7 ± 1.6 8.7 ± 1.5

BMI, kg/m2 32.5 ± 6.3 32.5 ± 6.3

Body weight, kg 91.9 ±21.2 91.6 ± 20.8

Systolic blood pressure, mmHg 135.9 ± 17.8 135.9 ± 17.7

Diastolic blood pressure, mmHg 77.2 ± 10.3 77.0 ± 10.1

Heart failure*, N (%) NYHA I,II,III. 835 (17.9) 832 (17.8)

Baseline characteristics

Full analysis set. Data are means ± standard deviations or number of patients (percentage of either liraglutide-treated or placebo-treated group). Percentage data refer 
to proportion of patients. *Heart failure includes NYHA class I, II and III.

BMI, body mass index; HbA1c, glycosylated haemoglobin; NYHA, New York Heart Association.
Marso SP et al. N Engl J Med 2016. DOI: 10.1056/NEJMoa1603827.



Primary outcome: Subgroup analyses

Prespecified Cox proportional-hazard regression analyses were performed for subgroups of patients with respect to the primary outcome (first occurrence of death from 
cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke). P values signify tests of homogeneity for between-group differences with no adjustment for 
multiple testing. The percentages of patients with a first primary outcome between the randomization date and the date of las t follow-up are shown. Renal function was 
assessed by means of the estimated glomerular filtration rate, as calculated by the Modification of Diet in Renal Disease equation.
CI, confidence interval.

Marso SP et al. N Engl J Med 2016. In press.

Subgroup
Hazard ratio

(95% CI)
p-value for 
interaction

No. of 
patients

Liraglutide Placebo

no. of events/no. of patients (%)

Primary analysis 0.87 (0.78 ; 0.97) 9340 608/4668 (13.0) 694/4672 (14.9)

Renal function 0.01

<60 mL/min/1.73 m2 0.69 (0.57 ; 0.85) 2158 172/1116 (15.4) 223/1042 (21.4)

>/=60 mL/min/1.73 m2 0.94 (0.83 ; 1.07) 7182 436/3552 (12.3) 471/3630 (13.0)

Renal function 0.93

<30 mL/min/1.73 m2 0.89 (0.51 ; 1.54) 224 25/117 (21.4) 26/107 (24.3)

>/=30 mL/min/1.73 m2 0.87 (0.77 ; 0.97) 9116 583/4551 (12.8) 668/4565 (14.6)

0 .2 21

Favours Liraglutide Favours Placebo

Hazard ratio (95% CI)




