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2015-2023: In nur 8 Jahren wurde eine neue Geschichte
ZU einer organprotektiven Behandlung geschrieben
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Kardiovaskularer Tod

9 - Placebo
HR 0,62
p<0,0001
7-
B
— 6_
K%,
5, 5. Empagliflozin
o
T 4-
-
c 3
Q@
- -
o °
O ] -
o
O-
| | | | | | 1 1 |
0 6 12 18 24 30 36 42 48
Monate
Anzahl Patienten
Empaglifiozin - 4687 4651 4608 4556 4128 3079 2617 1722 414
Placebo 2333 2303 2280 2243 2012 1503 1281 825 177

Kumulative Inzidenzfunktfion. HR, Hazard Ratio
Zinman B et al. New England Journal of Medicine Sep 2015, DOI: 10.1056/NEJMoa1504720.



Hospitalization aufgrund Herzinsuffizienz bei CK

All patients ——

10 €GFR mL/min/1.73m? § HR 0.59

>40 ) (95% Cl 0.39, 088) Placebo
9 - g E—

<60
8=
= 0.25 0.50 1.00 2.00
6- «— —

Favours Favours Empagliflozin

empagliflozin placebo

Patients with event (%)
o

0
T T | T T T T T 1
0 6 12 18 24 30 36 42 48
Months
No. of patients
Empagliflozin 1212 1185 1158 1126 996 758 627 413 112
Placebo 607 583 562 542 486 362 307 202 46

Patients with e GFR <60 mL/min/1.73m? at baseline.

Cox regression analysis. HR, hazard ratio.




Neu Auftreten oder Verschlechterung der Nephropathy

New onset or
worsening of
nephropathy
New onset
macroalbuminuria

Doubling of serum-
creatininet

Initiation of renal
replacement therapy

n with event/n analysed HR (95% CI)

Empa

525/4124

459/4091

70/4645

13/4687

Placebo

388/2061

330/2033

60/2323

14/2333

0.61 (0.53,0.70)

0.62 (0.54,0.72)

0.56 (0.39, 0.79)

0.45 (0.21, 0.97)

0,13

p-value
@ <0.0001
-@- <0.0001
—@— 0.0009
o 0.0409
:O,|25 O,|50 1,00 2,|OO

Favours empagliflozin

Favours placebo

NEJM 2016; 375:323-334



13 Studien: Charakteristika

Mean eGFR, Median Number (%)
: : : , follow-up, : Total
Population Trials ml/min/1.73m without ..
years . participants
(range) diabetes
(range)
Type 2 diabetes & 0
high CV risk 4 74-85 3.0-4.2 0 (0%) 42,568
Heart failure 5 50-66 1.3-2.6 10,985 (50%) 21,947
Chronic kidney 4 37-56 0.8-22 4968 (19%) 25 898

disease (CKD)
TOTAL 13

15,953 (18%) 90,413

Lancet. 2022;400:1788-1801



Kidney disease progression

Mean Events/participants Event rate RR
T H E L A N C E T ::De,l,l:: :eG,T,'Bmz per 1000 patient-years (95% Cl)
2022’400 1788-1801 SGLT2i Placebo SGLT2i Placebo
Diabetes
DECLARE-TIMI S8 85 56/8582 102/8578 16 3.0 —— 0-55 (0-39-0-76)
CANVAS Program 77 80/5795 81/4347 36 58 —a— 0-61 (0-45-0-83)
VERTIS CV 76 49/5499 32/2747 26 34 —& 076 (0-49-1-19)
EMPA-REG OUTCOME 74 S14645  47/233 40 76 = —@—— 051 (0:35-076)
DAPA-HF 63 18/1075 24/1064 12 16 - 073 (0:39-1-34)
EMPEROR-REDUCED 61 13/927 23/929 13 24 = 0-52 (0-26-1-03)
EMPEROR-PRESERVED 60 38/1466 44/1472 15 18 - 0-82 (0-53-1-27)
DELIVER 60 33/1578 371572 95 11 — 0-87 (0-54-1-39)
CREDENCE 153/2202 230/2199 0-64 (0-52-0-79)
SOLOIST-WHF NA/NA NA/NA :
SCORED 37/5292 52/5292 5 : ‘ 071(0-46-1-08)
DAPA-CKD 103/1455 173/1451 0-57 (0-45-0-73)
EMPA-KIDNEY 108/1525 175/1515 : 0-55 (0-44-0-71)
Subtotal: diabetes 67 739/40041 1020/33489 - - <G 0-62 (0-56-0-68)
No diabetes |
DAPA-HF 68 10/1298 15/1307 50 8.0 - 0-67 (0-30-1-49)
EMPEROR-REDUCED 63 5/936 10/938 52 10 = - 0-50 (0-17-1-48)
DELIVER* 63 17/1551 171557 50 49 #—» 1.01(0-51-1.97)
EMPEROR-PRESERVED 62 12/1531 18/1519 45 6-9 B 0-68 (0-33-1-40)
DAPA-CKD 39/697 70/701 : 0-51(0-34-0-75)
EMPA-KIDNEY 119/1779 157/1790 s 0-74 (0-59-0-95)
Subtotal: no diabetes 56 202/7792  287/7812 - - e 0-69 (0-57-0-82)
Total: overall 65 941/47833 1307/41301 - - < 0-63 (0-58-0-69)
Trend across trials sorted by eGFR: f T T 1
Diabetes p=0-87; 0-25 050 075100 150
No diabetes p=0-86; < '

Heterogeneity by diabetes status: p=0-31 SGLT2i better Placebo better



DAPA-CKD - Primary Composite Outcome:
Sustained 250% eGFR Decline, ESKD, Renal or CV Death

24—
Placebo
DAPA Placebo HR (95% Cl) p-value? 312 events
20 9.2% 14.5% 0.61 (0.51-0.72) 0.000000028
f 39%
Q 164 RRR .
S
o
= 5.3% ARR
2 NNT=19
= DAPA 10 mg
E 4 197 events
O
4—
O_I-lm-l-d_._llh--- I I I I I I |
0 4 8 12 16 20 24 28 32
N at Risk Months from Randomization
DAPA 10 mg 2152 2001 1955 1898 1841 1701 1288 831 309
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270

Heerspink HJL et al, NEJM 2020;383:1436-1446



EMPA KIDNEY: Primary Composite

Outcome

N
-

W
-

=
-

Participants with Event (%)
o S

Hazard ratio (95% Cl): 0.72 (0.64-0.82)
P < 0.000001

—— Placebo 558 (16.9%)
—— Empagliflozin 432 (13.1%)

F’,_/”/_'

0.5 1 1.5 2 2.5
Years of Follow-up

NEJM 2023;388:117-127



Die EMPA KIDNEY Studie

EMPA KIDNEY hat eine breitere Population (KDIGO heatmap) von 6609
Teilnehmern mit anderen Charakteristika der Population im Vergleich zu
Credence und Dapa CKD, vor allem im Hinblick auf:

* Nierenfunktion (eGFR >20 ml/min/1.73m?)
* Albuminurie (A1, < 30 mg/g),
 Keine vorbestehende kardiovaskulare Erkrankung und Herzinsuffizienz

 Mehr als die Halfte der Teilnehmer mit nichtdiabetischer Nierenerkrankung



Designs der SGLT-2i CKD Progressions Studien

criteria

and UACR >300 mg/g

and UACR =200 mg/g

CREDENCE Dapa-CKD EMPA-KIDNEY
DIABETIC KIDNEY PROTEINURIC CKD* CKD
DISEASE v'T2DM v'T2DM

Population v'T2DM v'"Non-DM v'"Non-DM
X X v'"Non-Albuminuric
X

No. of patients 4401 4304 6609

Key inclusion eGFR 230 to <90 eGFR 225 to <75 eGFR 220 to <45

or eGFR 245 to <90
and UACR =200 mg/g

Primary composite
outcome

ESKD, doubling of
S-creatinine, or renal/
CV death

ESKD, 250% sustained
eGFR decline, or
renal/CV death

ESKD, 240% sustained
eGFR decline, or

renal/CV death

Trial completion

Publiziert April 2019

Publiziert Sept 2020

Publiziert Nov 2022




Anteil der Patienten mit eGFR < 60 mi/min/1.73m2und UACR 2 300 mg/g

eGFR 43
Renal outcome trials | ACR 965 eGFR 37 mimini.73m?

UAC R 337 mg/g

Cardiovascular outcome trials
100

eGFR 56

80 UACR 927

eGFR 60

<60
40

20

UACR 40

>300

60 -
NDT 2020;35:274

80 4 NDT 2022 37:1317

100 -

CREDENCE DAPA-CKD EMPA-KIDNEY

Diabetic Kidney Chronic Kidney Disease
Disease (with/without diabetes)

EMPA-REG CANVAS DECLARE-
OUTCOME TIMI 58

1
I



Baseline Charakteristika

Nephrol Dial Transplant (2022) 37: 1317-1329

Diabetes Mellitus

Yes No
Characteristics (n = 3039) (n = 3570)
Demographics
Age at randomization (years)
Mean (SD) 68.6 (9.9) 59.8 (15.4)
<60 545 (18) 1707 (48)
>60-<70 969 (32) 751 (21)

>70 1525 (50) 1112 (31)



Participants with Event (%)

Komponenten des primaren Endpunktes

40 .

30.

20 |

10 .

Kidney disease

progression

HR (95% Cl): 0.71 (0.62-0.81)

— Placebo 504 (15.2%)
— Empagliflozin 384 (11.6%)

I
0.5 1 1.5 2 2.5
Years of Follow-up

40 .

30.

20 |

10 .

CV death

HR (95% CI): 0.84 (0.60-1.19)
__ Placebo 69 (2.1%)
— Empagliflozin 59 (1.8%)
o -
T T | | | |
0 0.5 1 1.5 2 2.5

Years of Follow-up

NEJM 2023;388:117-127



Plazebo-Inzidenzraten in CKD-Studienpopulationen mit SGLT2i

s

0 5 EMPA-REG OUTCOME
= | CKD population!
= N=2250

Q |

S

~ CREDENCE?

3 []

G N=440]1

8

0

S . DAPA-CKD3

s B -4304

S

g EMPA-KIDNEY*
N=6609

CV Tod HHI oder CV Gesamtsterblich
Tod keit

Wanner et al. Circulation. 2018;137:119-129 + Data on file; 2. Percovic V et al. N Engl J Med 2019 380(24):2295-2306; 3. Heerspink H et al. N Engl J Med. 2020 Oct
8;383(15):1436-1446; 4. . The EMPA-KIDNEY Collaborative Group. N Engl J Med 2022; in press, DOI: 10.1056/NEJM0a2204233



Primarer Endpunkt entsprechend der Nierenfunktion

eGFR

No. of events / participants

mL/min/1.73m? Empagliflozin Placebo

< 30
> 30 <45
> 45
All participants

247/1131 317/1151 -
140/1467 175/1461 —»—

45/706  66/693 <=
<

Hazard Ratio (95% Cl)

0.5

1.0

Trend P value= 0.78

0.73 (0.62-0.86)
0.78 (0.62-0.97)
0.64 (0.44-0.93)
0.72 (0.64-0.82)

2.0

NEJM 2023;388:117-127



eGFR, mL/min/1.73m?2

40

35

30

25

Jahrliche Rate der eGFR Anderung

m Empaglifiozin

Il Placebo

|
Chronic slope in mL/min/1.73m?2 per year

Empagliflozin Difference (95% CI

1.37 (1.16, 1.59)

4 -1.37(0.08) -2.75 (0.08)

—
0 2

6

12

18
Months

24

30

36

NEJM 2023;388:117-127



Primarer Endpunkt entsprechend der Albuminurie

UACR No. of events / participants y 4 Ratio (95% Cl

mg/g Empagliflozin Placebo azqrd Ratio ’

<30 (Al) 42/665 42/663 1.01 (0.66-1.55)

>30 <300 (A2) 67/927  78/937 — 0.91 (0.65-1.26)

>300 (A3) 323/1712 438/1705 =& 0.67 (0.58-0.78)
All participants < 0.72 (0.64-0.82)

I I |
0.5 1.0 2.0

Trend P value= 0.02

NEJM 2023;388:117-127



Chronische eGFR slopes nach Albuminurie

UACR Mean slope
- 2
mg/g (mL/min/1.73m?/year) Difference between
Empagliflozin Placebo mean slopes(95% Cl)
<30 -0.11 (0.17) -0.89 (0.16) — 0.78 (0.32, 1.23)
>30 <300 -0.49 (0.14)-1.69 (0.14) . 1.20 (0.81, 1.59)
>300 -2.35(0.11)-4.11 (0.11) —%> 1.76 (1.46, 2.05)
All -1.37 (0.08) -2.75 (0.08) <  1.37 (1.16, 1.59)

-1-05 0 051 152
Placebo better Empagliflozin better

NEJM 2023;388:117-127
Prespecified exploratory analyses



GFR, mL/min/1.73 m?
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Wilmer WA et al. J Am Soc Nephrol. 2003;14:3217-3232.




SGLT2 Inhibitoren fur alle CKD Patienten !
Wen mussen Sie nicht behandeln ?

JEIN bei Alteren ohne Albuminurie, ohne HFpEF, ohne AKI Risiko. Kbnnen
Sie die Slopekurve des Individuums interpretieren?

Zu ADPKD und Nierentransplantation gibt es keine umfangreichen
Studiendaten (Ausschlusskriterium in Studien)

Eine Studie zu NTX und Dialysepatienten (HD+PD) rekrutiert zur Zeit
Bei TIDM wird die Therapie nicht empfohlen

Es bestehen Fragen bei Sarcopenie, niedrigem BMI, Gebrechlichkeit, bei

Alten, bei Harnwegsinfektionen, in Kombination mit Schleifendiuretika, in
Kombination mit RAASI



Acute kidney Injury

Events/participants

SGLT2i Placebo Relative risk (95% CI)

DIABETES 766/40669 856/34090 @ 0.79 (0.72, 0.88)

NO DIABETES 155/7789 233/7811 < 0.66 (0.54, 0.81)

OVERALL 918/48458 1092/41901 @ 0.77 (0.70, 0.84)
| | | |

0.25 0.5 0.75 1 1.5
SGLT2i better Placebo better

Heterogeneity by diabetes status: p=0.12

Lancet. 2022;400:1788-1801



KETOAZIDOSE & AMPUTATION

Events/participants

SGLT?2i Placebo Relative risk (95% CI)

DIABETES 120/40666 47/34085 = 2.12 (1.49, 3.04)
KETOACIDOSIS

NO DIABETES 1/7788 0/7807

DIABETES 680/40661 460/34082 <> 1.15(1.02, 1.30)
LOWER LIMB NO DIABETES 12/7788 13/7807 — 0.98 (0.43, 2.25)
AMPUTATION OVERALL 692/48449 473/41889 < 1.15 (1.02, 1.30)

OVERALL

Excl. CANVAS 552/42659 426/37545 . ' - 1.06 (0.93, 1.21)

025 05 1 2 345

SGLT2i better Placebo better

Lancet. 2022;400:1788-1801



EMPA-REG Outcome: Effekte auf_die eGFR

/8 - ——Placebo

76 -

/4

/2

70 ~

Adjusted mean (SE) eGFR
(ML/min/1.73m?)

68

—e—Empagliflozin

4 W

after stop

v

4
L4
4
L4

"

66

412 28 52 46 80 94
Baseline
Week

Patients analyzed
Placebo 2323 2205 2121 1927

Empagliflozin = 4644 4451 4318 4018

Mixed model repeated measures analysis in the tfreated set (OC-AD)

108 122 136 150 164 1

1763 1262 977
3710 2654 2087

NEJM 2016; 375:323-334

/8

448
1037




Empagliflozin causes shift towards more ‘eGFR dipper’

Placebo Empagliflozin

Participants experiencing a more
pronounced eGFR decline >30%:

« 1.4% with empaglifiozin

47%

39% :
’ * 0.9% with placebo
m 'eGFR dipper' 'eGFR intermediate’ m 'eGFR dipper' = 'eGFR intermediate™ > 1 O%'so% eG F R deCI | ne
-------- 0-10%
'eGFR non-dipper’ 'eGFR non-dipper NO deCIine or increase
(n=2225) (n=4443)

Kidney International (2021) 99, 750-762

6,668 participants of the EMPA-REG OUTCOME trial treated with =1 dose of study drug (placebo, empagliflozin 10 mg or 25 mg) and eGFR evaluated at baseline and Week 4. All analyses compared the placebo and pooled
empagliflozin (10 mg and 25 mg) groups.



eGFR over time by initial eGFR dip categories in EMPA

3 82 -
£ 78 -
E
&=
® 74 -
»
H eGFR non-dipper
g 70 - :
g —+ 0% -+ €GFR intermediate
o)
= 66 1 L eGFR dipper
62
58 1 1 1 1 1 1 1 1 1 1 1 1 1 1
14 12 28 52 66 80 94 108 122 136 150 164 178 192
Baseline Week
eGFR non-dipper (n) 31% 7/ 1201 1065 866 790 686 672 555 429 358 308 268 189 108
eGFR intermediate (n) 41% 7 1607 1388 1105 1004 900 844 704 550 449 377 338 251 151
eGFR dipper (n) 28% 258 1120 928 740 655 552 528 437 349 282 233 199 143 78

MMRM results of eGFR (CKD-EPI) on-treatment over time by categories for % change in all participants treated with at least one dose of study drug who have a baseline and week 4
value for eGFR available. Model includes baseline eGFR, baseline HbAlc as linear covariate(s) and geographical region, baseline BMI categorical, treatment, visit, visit by treatment
interaction, baseline HbA1c by visit interaction, baseline eGFR by visit interaction as fixed effect(s) applied by each eGFR dipping category. MMRM, mixed-model repeated measures
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Key Publications from DAPA-CKD

I PRSI *250% decline in eGFR/ESKD/

'(Dgﬂsfz/'dg)outcome* HR o 1%2373) o 1‘;-52217) renal death or CV cause
) .12, O. 1/, 2.
Composite kidney 0.24 0.67 IBAN = 6/ 137 vs 20/ 133
endpoint* HR (95% ClI) (0.09, 0.65) (0.19, 2.44) FSGS = 4/45 vs 11/59
Chronic eGFR slope
between-group 1.2 2.0 - -
difference (0.12 to 2.51) (0.6 to 3.5) ¥250% decline in eGFR/ESKD/
mL/min/1.73m?/year renal death

, Mean reduction Befjw;:en group IgAN =5 / 137 vs 20 / 133
UACR results 26% ifference

(37.0% to 14.0%) 19.7% (SE 9) FSGS = 4/45 VS 6/59 )

MRC Population
Health Research
Unit

Kidney Int 2021;100:215-224, NDT 2022;37: 1647-1656



Kidney disease progression: by DIAGNOSIS

Events/participants

SGLT2i  Placebo Relative risk (95% CI)
Diabetic kidney disease/nephropathy :
CREDENCE ——
SCORED —i
DAPA-CKD —il—
EMPA-KIDNEY ——
Subtotal 368/9797 572/9755 <= 0.60 (0.53, 0.69)
Ischaemic and hypertensive kidney disease
DAPA-CKD o
EMPA-KIDNEY -, :
Subtotal 55/1030 78/1102 — 0.70 (0.50, 1.00) Hleterogeneity across
Glomerular disease | groups of primary
DAPA-CKD - kidney disease: p=0.67
EMPA-KIDNEY ——
Subtotal 90/1196 141/1168 — 0.60 (0.46, 0.78)
Other disease/unknown
DAPA-CKD = >
EMPA-KIDNEY -
Subtotal 46/927 66/923 e 0.74 (0.51, 1.08)
TOTAL 559/12950 857/12948 <> 0.62 (0.56, 0.69)

0.25 050751 15

SGLT2i Placebo

better better Lancet. 2022;400:1788-1801



Kidney disease progression: by GN

Events/participants

SGLT2i  Placebo Relative risk (95% CI)
IgA nephropathy
DAPA-CKD <
EMPA-KIDNEY —
Subtotal 37/550 68/537 e 0.49 (0.32, 0.74)
Focal segmental glomerulosclerosis
DAPA-CKD < = >
EMPA-KIDNEY >
Subtotal 13/151 15/159 — 0.89 (0.42, 1.92)
Other glomeronephritis (GN)
DAPA-CKD 0
EMPA-KIDNEY -
Subtotal 40/495 58/472 _ 0.68 (0.46, 1.02)
ANY GLOMERULAR DISEASE 90/1196 141/1168 e 0.60 (0.46, 0.78)

0.25 05 0751 1.5

SGLT2i better

Placebo better

Heterogeneity across
three subtypes of
glomerular disease:
p=0.30

Lancet. 2022;400:1788-1801



KDIGO 2022 CLINICAL PRACTICE GUIDELINE FOR
DIABETES MANGEMENT IN CHRONIC KIDNEY
DISEASE

Kidney Int 2022;102:990-999

www.KDIGO.org

< Global Action. Local Change.

Diabetes Care

Ll

Diabetes Management in Chronic
Kidney Disease: A Consensus
Report by the American Diabetes
Association (ADA) and Kidney
Disease: Improving Global
Outcomes (KDIGO)

https://doi.org/10.2337/dci22-0027



KIDNEY-HEART RISK
FACTOR MANAGEMENT

COMPREHENSIVE CARE

PRACTICE POINT 1.1.1.

o Smoking

Kidney Int 2020;98:849-859
Kidney Int 2022;102:990-999

> ¥
0;’ -
Blood
pressure control
/ a H Goal-directed
Glycemic Lipid therapy

control management

é‘) &c

GLP-1R ns-MRA Antiplatelet
(T2D, (T2D, residual therapies
glycemia) albuminuria)

'/ | : | \ ! ".—-
o/ '~ ! r"_‘"rf-l )

L ) /I \ 7 - Q.p
b,'\ ,) - ——— \'(' “" s'~/|

S

Metformin SGLT2 inhibitors RAS blockade Statin
(T2D) (T2D) (HTN)

Diet Exercise cessation

Diabetes with CKD

First-line
drug therapy



Warum so gute neue Nierenhypothesen unter SGLT2

* Veranderung der intraglomerularen Hamodynamik: geringere Einzelnephron
Hyperfiltration und geringerer intraglomerularer Druck

* Reprogrammierung von Transportmechanismen und des Stoffwechsel auf
zellularer Ebene: ein metabolischer Switch in den Nieren fuhrt zu vermehrter
renaler Glukoneogenese, einem Aufbau des Glykogenspeichers und Nutzung von
kurzkettigen freien Fett- und Aminosauren

* Hypometabolismus: weniger Glukosereabsorption und dadurch weniger
Energiebedart (ATP). Eine Verminderung der oxidativen Phosphorylierung und
freie Sauerstoffradikale ernohen die Langlebigkeit der Zelle

Marton A et al. Nature Rev Nephrology 2021;17:65-77



Zusammenfassung

Blockade der Glukosereabsorption verbessert die Energiebilanz in den
Nieren. Osmotischer Diurese & Natriurese vermindert das zirkulatorische
Volumen, den LVEDP & die venose renale Kongestion, begleitend ein
Ruckgang der Herzfrequenz

VO” der Hyperfiltration und Hypermetabolismus zu ‘Normofiltration’,

Hypometabolismus, weniger tubularer Stress und Aestivation

SGLT2 Inhibitoren haben Nierenschutz demonstriert, auch bei Patienten mit
HFrEF, HFpEF, mit oder ohne Diabetes und CKD, zusatzlich zu
Standardtherapie




EMPA KIDNEY Studienbeteiligung

Couniry N sites __Scroened __ Randomized_

Cﬂuna
Italy
Japan
Canada
UK
Malaysia
Germany
USA
TOTAL

21
25
20
53
21
34
48
241

1198
301
682
658
1611
747
1588
1762
8547

246
612
483
1133
646
1269
1229
6609
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Standard-of-care: Ansatze zur Remission

6 alive
2001 2019 2020 ~2024 ~2025  ~2030
Remission der - -
c
CKD +- T2DM O 5 17 _
- 5 T S S L
Zur Heilung der . - = > S S
< = £ < 5 =
DKD werden 8 = ~ i o = <
- : : c :
Interventionen o 5 > % » o
e . < (7p = O < N
bendtigt
Residual Risk
Ralph DeFronzo: to exit
the dark Ages Live style & Salt
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