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2015 - EMPA-REG OUTCOME: Die groRe Uberraschung
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Zinman, Wanner et al. N Engl J Med 2015;373:2117-28



SGLT2i CVQOTs: baseline characteristics

EMPA-REG DECLARE-

OUTCOME"! TIMI 582 CANVAS Program’
N=7020 N=17,160 SREe

Age,y 63.1 63.8 £6.8 63.31+8.3
Male 72% 63% 64%
Diabetes duration, y diff terminology* 11.8+7.8 13.5+7.8
HbAlc, % 8.1 83%+1.2 8.2+0.9
BMI, kg/m? 30.6 32.1+6.0 32.0+5.9
sBP, mmHg 135.4 135 + 15.5 137 + 15.8
dBP, mmHg 76.7 78 £9.1 78 £9.7
UACR mg/g, median (1QR) NR 13.1 (6, 44) 12.3 (6.7, 42)

Macroalbuminuria 769 (11.0) 1169 (6.8) 760 (7.6)
eGFR ml/min/1.73 m2 74.0 86 22 77 £21

NEJM - 2015;373:2117 - 2019;380:347-357 - 2017;377:644-657 - 2019;380:2295-2306 - 2019;381:1995-2008



EMPA-REG Outcome: Effekte auf eGFR
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Baseline
Week

Patfients analyzed
Placebo 2323 2205 2121 1927 1763 1262 Q77 448
Empadgliflozin = 4644 4451 4318 4018 3710 2654 2087 1037

Mixed model repeated measures andlysis in the freated set (OC-AD) Wanner et al. NEJM 2016; 375:323-334



EMPA-REG OUTCOME
Kidney disease progression

Rate per 1000

Events/ ptyears
participants SGLT2i Placebo Hazard ratio (95% CI)
EMPA-REG OUTCOME!  152/7020 6.3 115 ¢——— 0.54 (0.40-0.75)

T T T 1
0.5 075 1 15 2

SGLT2i better Placebo better

Qutcomes
T = Doubling of creatinine or ESRD

NEJM - 2015;373:2117 - 2019;380:347-357 - 2017;377:644-657



First three large SGLT2i trials in type 2 diabetes:
Kidney disease progression

Rate per 1000

Events/ ptyears
participants SGLT2i Placebo Hazard ratio (95% CI)
EMPA-REG OUTCOMEt  152/7020 6.3 115 ¢—@—— 0.54 (0.40-0.75)
CANVAS Program* 249/10142 5.5 9.0 —@— 0.60 (0.47-0.77)
DECLARE-TIMI58* 365/17160 3.7 70 —— 0.53 (0.43-0.66)

T T T 1
0.5 075 1 15 2

SGLT2i better Placebo better

Qutcomes
T = Doubling of creatinine or ESRD

* = 40% decline in eGFR or ESRD

NEJM - 2015;373:2117 - 2019;380:347-357 - 2017;377:644-657



Age,y

Diabetes duration, y

SGLT2i CVOTs/Renal trials: baseline characteristics

EMPA-REG

OUTCOME"?

DECLARE-
TIMI 582

N=7020

63.1
72%

diff terminology*

HbA1lc, % 8.1
BMI, kg/m? 30.6
sBP, mmHg 135.4
dBP, mmHg 76.7
UACR mg/g, median (1QR) NR
Macroalbuminuria 769 (11.0)
eGFR ml/min/1.73 m? 74.0

NEJM - 2015;373:2117 - 2019;380:347-357 -

N=17,160

63.8 +6.8
63%

11.8+7.8

8.3+1.2
32.1+6.0
135 + 15.5

78 +9.1
13.1 (6, 44)
1169 (6.8)

86 + 22

2017;377:644-657 -

CANVAS Program? CREDENCE
N=10,142 e
63.3+8.3 63.2+9.2
64% 66%
13.5+7.8 15.8 + 8.7
8.2+0.9 83+1.3
32.0+5.9 31.3+6.2
137 +15.8 140 + 15.6
78 £9.7 78 £9.4
12.3 (6.7, 42) 927 (463, 1833)
760 (7.6) 3371 (76.6)% **
77 ¥21 56 + 18

2019;380:2295-2306 - 2019;381:1995-2008



All four large SGLT2i trials in type 2 diabetes:
Kidney disease progression

Rate per 1000

Events/ ptyears

participants SGLT2i Placebo Hazard ratio (95% CI)
EMPA-REG OUTCOMET  152/7020 6.3 11.5 ¢—@— 0.54 (0.40-0.75)
CANVAS Program* 249/10142 5.5 9.0 —I— 0.60 (0.47-0.77)
DECLARE-TIMI58* 365/17160 3.7 7.0 —@H— 0.53 (0.43-0.66)
CREDENCET 377/4401 270 404 ——— 0.66 (0.53-0.81)
All 4 trials > 0.59 (0.52-0.66)

1 1 1 1

0.5 075 1 15 2

Between trial heterogeneity p=0.50

Outcomes
T = Doubling of creatinine or ESRD
* = 40% decline in eGFR or ESRD

SGLT2i better Placebo better

Wanner NEJM 2016: 375: 323-334; Neal NEJM 2017; 377: 644-
57; Wiviott NEJM 2018; Nov 10; Percovic NEJM 2019; Apr 14.
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The Kidney Endpoint: ESKD, 2 x SCr, or renal death
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weeks since randomization
No. at risk

Placebo 2199 2178 2131 2046 1724 1129 621 170

Canagliflozin 2202 2181 2144 2080 1786 1211 646 196



CREDENCE: Effekte auf eGFR

Canagliflozin Placebo
Baseline 56.4 56.0

UACR 927 mg/g
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Acute eGFR slope (3 weeks)
Difference: —3.17 (95% Cl, —3.87, —2.47)
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Chronic eGFR slope
Difference: 2.74/year (95% Cl, 2.37-3.11)

N
o

26 52 78 104 130 156 182
Weeks since randomization

o

No. of Participants
Placebo2178 2084 1985 1882 1720 1536 1006 583 210

Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241
On treatment

NEJM 2019;380:2295-2306



Projizierte Effekte auf die Nierenfunktion

\ Average CREDENCE patient W

' Age = 63 years
h\ | eGFR = 56

eGFR < 10 mL/min/1.73 m?

ntermediates Trials Renal CoraovascuSH



Projizierte Effekte auf die Nierenfunktion

Average CREDENCE patient L
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Herzinsuffizienz (HRrEF/HFpEF)



4 grosse SGLT2i Studien bei T2D:
Heart failure Hospitalisierung

Rate per 1000

Events/ ptyears
participants SGLT2i Placebo Hazard ratio (95% CI)
EMPA-REG OUTCOME  221/7020 94 145 —— 0.65 (0.50-0.85)
CANVAS Program 243/10142 5.5 8.7 —— 0.67 (0.52-0.87)
DECLARE-TIMI58 498/17160 6.2 8.5 —— 0.73 (0.61-0.88)
CREDENCE 230/4401 15.7 253 —|—-— 0.61 (0.47-0.80)
All 4 trials <> 0.68 (0.60-0.76)
1 1 1 1

0.5 075 1 15 2

SGLT2i better Placebo better
Between trial heterogeneity p=0.72

NEJM - 2015;373:2117 - 2019;380:347-357 - 2017;377:644-657 - 2019;380:2295-2306



SGLT2i CVOTs/Renal/HF trials:

Age,y
Male

Diabetes duration, y

HbAlc, %

BMI, kg/m?

sBP, mmHg

dBP, mmHg

UACR mg/g, median (1QR)
Macroalbuminuria

eGFR ml/min/1.73 m?

EMPA-REG

OUTCOME"?
N=7020

63.1
72%

diff terminology*

8.1
30.6

1354
76.7

NR
769 (11.0)
74.0

DECLARE-
TIMI 582
N=17,160

63.8 +6.8
63%

11.8+7.8

8.3+1.2
32.1+6.0
135 + 15.5
78 +9.1
13.1 (6, 44)
1169 (6.8)
86 + 22

CANVAS Program3

N=10,142

63.3+8.3
64%

13.5+7.8

8.2+0.9
32.0%£5.9
137 +15.8

78 £9.7

12.3 (6.7, 42)

760 (7.6)
77 £21

CREDENCE*

N=4401

63.2 +9.2
66%

15.8 + 8.7

83+%13
31.3%6.2
140 + 15.6
78+9.4

927 (463, 1833)
3371 (76.6)% **

56 +18

baseline characteristics

DAPA-HF>

N=4744

66.2 +11.0
76%

41.8% Diabetes

28.2+6.0
122 £ 16.3

66 + 20

NEJM - 2015;373:2117 - 2019;380:347-357 - 2017;377:644-657 - 2019;380:2295-2306 - 2019;381:1995-2008



DAPA-HF: Primarer zusammengesetzter Endpunkt
Verschlechterung HF oder CV Tod

Diabetiker und

Dapagliflozin Placebo Nicht-Diabetiker
N=2373 N=2371
n with event Rate/ n with event Rla ;;/
(%) 100 PY (%) PY HR (95% Cl) p-value

Primary composite
outcome 386 (16.3) 11.6 502 (21.2) 15.6 0.74 (0.65, 0.85) o <0.001

Hospitalisation or

an urgent visit for 237 (10.0) 7.1 326 (13.7) 10.1 0.70(0.59, 0.83) —@— NAY

HF

:‘F’sp'ta"satm" for 310977 69 318(13.4) 9.8 0.70(0.59, 0.83) —@— NAT

Urgent HF visit 10 (0.4) 0.3 23 (1.0) 0.7 0.43(0.20, 0.90) | ® | NA?

CV death 227(9.6) 6.5 273(11.5) 7.9 0.82(0.69, 0.98) —@— NA?

0,125 0,25 0,5 1
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N Engl J Med 2019; 381:1995-2008 dapazéf%%iirﬁ E%Y:%%f



LEItl | N |e N in public review 1/2020

ANTI-HYPERGLYCEMIC THERAPIES IN PATIENTS WITH DIABETES
AND CKD (SGLT21)

Recommendation 4.2.1. In patients with Type 2 diabetes, CKD, and eGFR 230
ml/min/1.73 m2, we recommend including an SGLT-2 inhibitor (SGLT2i) in the
antihyperglycemic treatment regimen (1A).

Idem: Diabetes Care 2020;43 (Suppl1):S1-S213. ADA Standards of Medical Care in Diabetes 2020

T2D and atherosclerotic cardiovascular; kidney disease, or heart failure A



IMPACT DER OUTCOME TRIALS AUF BEHANDLUNGSLEITLINIEN

Endpunkt Studien (Outcome trials) haben dramatisch
unser Wissen verbessert hinsichtlich non-HbA, . Effekte

der SGLT2 Inhibitoren

Der CV Benefit der SGLT2 Inhibitoren ist gut
untersucht und die Verwendung dieser Substanzen

wurden in Leitlinien implementiert

Die Nieren Benefits dieser neuen Glukose senkenden
Medikamente sind beim T2D belegt, werden aber weiter
ausfuhrlich in klinischen Studien untersucht

Dramatische Veranderungen fiir die Nephrologie




Diabetologen

[CKD is classified based on:

Albuminuria catego
Description and ran

:

Cause (O) Al A2 A3
GFR (G)
Albuminuria (A) Normal to mildly Moderately .
i 2 Severely increased
increased increased
<30 mg/g 30-299 mg/g >300 mg/g
<3 mg/mmol 3-29 mg/mmol >30 mg/mmeol
Treat " Refer*
G1 |[Normal or high >90 1if CKD 1
o Treat
G2 [Mildly decreased 60-89 1if CKD 1
GFR categories ildly to moderately 45-59 Tl'“t
(ml/min/1.73m?) ecreased 1 2
Description and oderately to Treat
range b 30-44 =
everely decreased W 4
G4 ISeverer decreased 15-29
G5 |Kidney failure <15

Nephrologen

Diabetes Care 2020;43 (Suppl1):51-S213




Effects of Empagliflozin vs placebo on
%HbA1c, by eGFR

Number of measurements %HbALlc difference p value for
Empagliflozin Placebo (95% ClI) interaction
eGFR (mL/min/1.73m?)
>90 348 343 I -0.84 (-0.95, -0.72)
>60 to <90 518 516 I} -0.60 (-0.70, -0.51)
<0.001
>30 to <60 234 239 i -0.38 (-0.52, -0.24)
<30 42 46 —a—— -0.04 (-0.37, 0.29)
1 1 1

-1.0% -0.5% 0 +0.5%
%HbAlcC

Kidney International 2018; 93: 231-244
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2015 Plan: Nierenstudie - 4000 T2D, 4 Jahre
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Renal MOA +/- Diabetes: Increased renal sodium reabsorption

@ Renal sodium reabsorption ]}—» @ Glomerular pressure ]

Afferent

arteriole
Key drivers for
% RAAS and
@ SNS activation
( 1. CKD )
( 2. Obesitx )

( 4. Heart failure )
( 5. Diabetes )

Loop of Henle @ Activation @ Increase @

Adapted from: Cherney D et al. Circulation 2014;129:587

Blockade of

SGLT2

SGLT2

arteriole




Weitere Mechanismen ‘

Glom/Tub function preservation =

Transport work Kidney growth
Renal O, consumptionl Albuminuria l Blood l
Albuminuria Inflammation glucose
arteriole f /
afferent  efferent P
constriction dilatation GFR ¥ ’ Eowt —] Bgi% B
U ot
—_ L@; Renal gluc.o-‘ )
[Na*/CI-/K*]yp t iy Cortex
__________________________________________________ J[I N LN R
Glucosuria  Natriuresis g:tjeur”a
Insulin need/levels | Osmotic diuresis Uricosuria
Core metabolic ’ Glucagon 1 HIF o] < Poz |

regulation is & EPO

maintained = Lipolysis and hepatic 4

gluconeogenesis v
Protects from & ECV / blood pressure
hypoglycemia | | _ - Uric acid levels l
Mild ketosis ™ [EJQEI Body weight
4

Vallon & Thomson, Diabetologia 2017;60:215-225, updated 2019
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Boehringer Ingelheim and Lilly announce an academic
collaboration with University of Oxford to investigate the effects
of empagliflozin in people with chronic kidney disease

e University of Oxford to assess effect of empagliflozin on heart and kidney disease in people with chronic kidney disease

e EMPA-KIDNEY will be part of the empagliflozin clinical development programme which explores the efficacy and safety of empagliflozin
across a broad spectrum of patients and clinical conditions

16 April 2018

) EMPA-KIDNEY

The study of heart and kidney protection
with empagliflozin

Boehringer Ingelheim. Press release. 2018. www.boehringer-ingelheim.com/EMPA-KIDNEY (accessed July 2018)
Empagiliflozin ist bisher zugelassen zur Therapie des unzureichend kontrollierten Typ-2-Diabetes - siehe aktuelle Fachinformation




Primary cardio—-renal composite outcome

} |
CV death Kidney disease progression
|

! !

Clinical outcomes eGFR-based outcomes
ESKD defined as: Kidney function loss defined as:
* Initiation of chronic dialysis * Sustained 240% eGFR decline
* Kidney transplant * Sustained eGFR <10 ml/min/1.73 m?
Renal death*

EMPA-KIDNEY (n=6000 Diabetes und Nicht-Diabetes CKD
eGFR 220 to <45 ml/min/1.73 m?

eGFR 245 to <90 ml/min/1.73 m?
and UACR 2200 mg/g

ClinicalTrials.gov. NCT03594110 (accessed July 2018)



EMPA-KIDNEY: International scientific and operational
leaders™

Germany
Christoph Wanner
Susanne Brenner

UK -
Richard Haynes *

Canada w Will Herrington China
Adeera Levin David Preiss Zhihong Liu
David Cherney Lixin Jiang
Japan

USA. A WP oy Masaomi Nangaku
Jennifer Green : Takashi Kadowaki
Alfred Cheung Malaysia

Hooi Lai Seong

Liu Wen Jiun

B North America (USA, Canada) B Europe (UK, Germany) B Asia (China, Japan, Malaysia)

EMPA-KIDNEY study website. 2018. Available at: www.empakidney.org (accessed July 2018)



http://www.empakidney.org/

Zentren in Deutschland

" EMPA-KIDNEY

&

z.B. 32 Zentren

1250 Patienten
Karlsruhe

Villingen/Schwenningen
Freiburg



EMPA-Kidney Deutschland
Aktueller Stand Screening und Randomisierung (16.01.2020)
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ONGOING AND UPCOMING KIDNEY OUTCOME TRIALS

EMPA-KIDNEY (J’\ DAPACKD

The study of heart and kidney protection
with empagliflozin

- FLOW (9] FIDELIO-DKD

CREDENCE semaglutlde renal

outcomes trial
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