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EMPA-REG OUTCOME:

v’ the renal composite outcome of end-stage kidney disease and
doubling of serum creatinine

CANVAS Program:
v the renal composite outcome
DECLARE-TIMI:

v'the composite renal outcome of sustained eGFR decline of >40%,
ESKD, renal death
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v'msfnw1 randomized controlled trial (RCT)

vssduiarasen SGLT2 inhibitors lunsdesinns
dewzesln (Nnephroprotective effect)

v lugihelsalai3ass (chronic kidney disease, CKD)

> CREDENCE 2019
» DAPA-CRD 2020
> ENMPA-KIDNEY 2022
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Credence Sfmlz, (W.F. 2562)

— —

RCT; n =4,401 patients: DM type 2 (158y), CKD, and albuminuria
11 690 010w 34 Uszine; § gieanaeide saeas 19.3

2.62 [#deAalng 0.02, 4.53] 1

Canagliflozin 100 #a8n33 /7% WeuiugInasn @3

ACEI %58 ARB Tuawianefiagnitas 4 sUA1% Nawad1998n15/nen

[

(aw1agegarsazwIAn lldNIwsAUNsina1nsgsAeenyinlinusaenlals)

CREDENCE 2019

> 62.94+9.2y.0.

» Type 2 DM (HbA1C: 6.5-12%)
» BMI 31.4+6.2 nn./as.x.

Persistent albuminuria categories,
description and range
~ Al A2 A3
Prognosis of CKD by GFR
and albuminuria categories: """"';';I'," Moderately Severely
increased incraased
KDIGO 2012 -
<30 mglg 30-300 mglg >300 mglg
<3 mg/mmol 3-30 mg/mmol | >30 mg/mmol
G1 Normal or high 280
E
2 g G2 Mildly decreased 60-89
E E Mildly to moderately
% E | disiy 45-50
2 . Moderately to
t% % G3b | ceversly decreased
52 | G4 | Severelydecreased | 15-20
5
G5 Kidney failure <15

green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk;
orange, high risk; red, very high risk.
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eGFR UACR
(wa./w1#1/1.73 m3.a) (wn./n3n)
CKDG1 100 - - 5,000
ckpG2 0
80 L 4,000
70
S L 3,000
CKDG3a 0 | A 563
50 A +18.2
CKDG3b 4 | L 2,000
ckDGa 0 T
20 - 923 B 1,000
CKDG5 10 - i [QrR459-1,794]
0 [ 0
CREDENCE 2019
9
Credence Shudy (n.a. 2562)
—— N —
Outcomes: HAANGIINIDY
» ESKD
v andamauin 30 Tuauly,
v'dgndeln, wia
v'eGFR #1011 15 wa./w1#/1.73 9.4, uazadagaenoios 30 Tu
» Scr inanwiln 2 Muazregag19ios 30 T
> navdedInainannniale
> nadedInanannnieiilanasnaseaiion
10
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Oulcome) : uasnssaanan

WAANS lUN1SANEN CREDENCE
2019

HAANSSAUNEN
&1 SGLT2 inhibitors (man13a] /100 Au-U) | 4.32

gvasn (mpn1sal /100 Au-U) 6.12

Hazard ratio (95% CI) 0.70 (0.59-0.82D)|
p- value W

11

Credence Sfuﬂl’ (W.A. 2562)

e -

Outcomes: HAANGTINID

e

» ESKD HR 0.68 (95% CI: 0.54-0.86) i;

v Nandanwin 30 Tudwly,

v dandels, vl eGFR decline: -3.19 ¥a./#1%1/1.73 #3.4. (control group: -4.71)

AINI7 15 §8./W191/1.73 A9.4. LATAIDELDENIDE 30 T4
v'eGFR 15 1.73 el 30
» Scr iinawdn 2 wuazasagagieias 30 9 | HR 0.60 (95% CI: 0.48-0.76)

> mil,ﬁa?i"’mmﬂml,mma"[m

> mmﬁa?ﬁmmﬂmmr;;mﬁﬁ'ﬂml,awaaml,ﬁam

The geometric mean of the UACR was lower by 31% (95% Cl 26-36)

12
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DAPA

13

DAPA-CKD wadl’ (W.Fl. 2563)

e ———

RCT; n = 4,304 CKD patients with albuminuria

T 386 d011% 21 Uszine; § guiezneide saeas 34.8

2.4 [Wiemalna 2.0, 4.53] 1
* Dapagliflozin 10 #aan38/3% ingunuevaan E@D

D
ACEI %38 ARB Tuauinmefageiiog 4 dUA1% nawn1sAnLaantandI

nsAnwl (eniuivseifanliannsasuenls)

14
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Prognosis of CKD by GFR
and albuminuria categories:

KDIGO 2012

CREDENCE 2019

> 62.9+9.2y.0.

> Type 2 DM (HbAIC: 6.512%)

» BMI 31.4+6.2 nn./ms.a.

DAPA-CKD 2020 <o

> 61.8+12.1y.0.
> DM67.6% =4

» BMI 29.446.0 nn./ms.a.

G5 Kidney failure

G1 Normal or high 280
E
2 3 G2 | Mildly decreased 60-89
jc
R
B Mildly to moderately
% R disiy 45-50
H i Moderately to
E E G3b | ceversly decreased
52 | G4 | Severelydecreased | 15-20
o
™
]

<15

green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk;

orange, high risk; red, very high risk.

15
eGFR
(wa./w1#1/1.73 ms.a)
CKDG1 100 -
ckpGz 0 7
80
70
CKDG3a 0 - 56.3
50 +18.2
CKDG3b 4
CkpGa 20
20 1 923
CKDG5 10 - I [QR459-1,794]
0
CREDENCE 2019
16

Persistent albuminuria categories, Persistent albuminuria categories,
description and range description and range
Al Az A3 Az A3
m“ Moderately Severely Moderately
S Increased incraased increased incroased
<30 mglg 30-300 mglg >300 mg/g 30-300 mgig >300 mglg
<Img/mmol | 3-30 mg/mmol | >30 mg/mmol <3mgimmol | 3-30 mg/mmol | >30 mgimmol
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43.2
+12.3

4

DAPA-CKD 2020

[1IQrR472-1,903]

Chronic glomerulonephritis

UACR

(wn./n3u)

- 5,000

L 4,000

- 3,000

- 2,000

- 1,000
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DAPA-CKD wal‘l’ (W.FA. 2563)

e -

Outcomes: NARNGIINTD
> eGFR anassoeaz 50 duly
» ESKD
v andanuin 28 Tutuly,
v Ugndnele, n3e

v eGFR #1ni1 15 s8./w11/1.73 na.u.uazniagadoias 28

A\

ﬂ'ﬁlﬁ&l%"’;ﬁﬁ]ﬂﬂﬂﬂl,mwwvlm

> ﬂ'ﬁlﬁ&l?ﬁmmﬂmmr;;mﬁﬁ'ﬂml,awaaml,ﬁam
17
Oujl'cohm ! NAAWSIINUAN
—— I —
WAANS luN1SANEN CREDENCE DAPA-CKD
2019 2020
NAANSSAUNAN
&1 SGLT2 inhibitors (man13a] /100 Au-U) | 4.32 4.6
gvasn (mpn1sal /100 Au-U) 6.12 7.5
Hazard ratio (95% Cl) 0.70 (0.59-0.82) €0.61(0.51-0.72) )
p- value 0.00001 <0.001
Reduction by 39% (NNT =19)
* T2DM: HR 0.64 (95% Cl 0.52-0.79)
* Without T2DM: HR 0.50 (95% Cl 0.35-0.72)
18
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DAPA-CKD wadl’ (W.Fl. 2563)

e ————

Outcomes: HAANETINADY

» eGFR anastosas 50 swld | risk anas 47%
K.
> ESKD risk amas 36% ic

v damiaaww 28 Tuanll,

‘/Ugﬂﬂqﬂ‘llﬂ, eGFR decline from baseline to month 30 : —2.86 Ha./W111/1.73 »9.4. (control group: —3.79)

v'eGFR #1171 15 §8./#111/1.73 A3.4.4azAI0E8191408 28 1%

a

N3LEYINIINGN m'i!mﬁvm risk for hospitalization for HF or cardiovascular anad 29% '

A\

Y

mm?{a‘?ﬁmmnmmr;lwmﬁ"ﬂa]l,l,azmaﬂl,ﬁam

19

ENPA-KIDNEY Trial
~ The EMPA-KIDNEY Collaborative Group. Empagliflozin
sease. N Engl J Med. 2023 Jan 12;388(2

www.nejm.org/doi/full/10.1056/NEJMoa2:

20
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E"PA-K“)NEQ S‘l'udn(, (W.A. 25686)

e -

* RCT; n=6,609 CKD patients with albuminuria

(included patients with glomerular disease and hypertensive/renovascular disease)

o T 241 do11d% 8 Uszine; & diaeaeide soeaz 19.3
* 2.0 [Rdemialng 1.5,2.4] U

« Empagliflozin 10 #adn3u/3% ineuiugmvaan

s

* RAS inhibitor luawiaiwanzaaniaadasin nawensannisinen (anrinwnsiingiae
szyAnaAnIlafidousldnsaaranusaelals)

21

CREDENCE 2019 DAPA-CKD 2020 EMPA-KIDNEY 2022
> 62.9+9.2v.0. > 61.8+12.1v.0. > 63.9+139v.0.
| > Type 2 DM #baic:6512%)  » DM 67.6% » DM 44.5% |
» BMI 31.4+6.2 nn./ms.a. » BMI 29.4+6.0 nn./ms.x. » BMI 29.746.7 nn./s.a.
Persistent albuminuria categories, Persistent albuminuria categories, Persistent albuminuria categories,
description and range description and range description and range
Prognosis of CKD by GFR M M - A = » E, i e
and albuminuria categories: """"';';r'," Mderatey Severely "“:""m" Moderately Saversly "‘,"_'“"m" Moderately Sevarsiy
KDIGO 2012 e Simen ncreaseg | emied | inereamad Increased e || e
<30 mglg 30-300 mg/g >300 mg/g <30 mgig 30-300 mg'g >300 mglg <30 mgig 30-300 mglg. >300 mg/g
<ymg/mmol | 3-30 mg/mmol | >30 mg/mmol <Img/mmol | 3-30 mg/mmol | >30 mgimmol <3mg/mmol | 3-30 mg/mmol | >30 mg/mmal
- G1 | Normal or high 200
E" [ G2 Mildly decreased 60-89
%E G3a :‘.':'::.:""“"""’ 45-59
e==E -
£
EE G4 | Severely decreased | 15-20
&

G5 Kidney failure <15

green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk;
orange, high risk; red, very high risk.

22
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eGFR

(wa./w1#1/1.73 m3.a)

CKD G1 100
CKD G2 %0
80

70

CKD G3a 60

50
CKD G3b 4
CKD G4

CKDG5 10

23

90

56.3
+18.2

923
I [QR459-1,794]

CREDENCE 2019

E"PA-K'DNE” S‘l'udn(, (W.A. 2566)

43.2
+12.3

25 965

i [1QR 472-1,903]

DAPA-CKD 2020

v

ENPA-KIDNEY 2022

45

4
374

O 14.5

20 332

5

[IQrR 46-1,061]

*

UACR

(wn./n3n)

- 5,000

L 4,000

- 3,000

- 2,000

- 1,000

Outcomes: HAANTIINYDY

> i luzadlsale

e

—

v ESKD naneielasunisvenideawuuanisvioUgndiels,

v  eGFR #1ni1 10 wa./w1#1/1.73 mau. uazmsag,

v eGFR anasedneiassosas 40, vi5e

v \Wedimananngnisle

> miLﬁﬁl%"’mmnmmﬁ;maﬁ’ﬁmmwaamﬁaﬂ

24
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E"PA-K'DNEU S‘l'wdx’ (W.A. 25686)

e -

Outcomes: HAANTIINYDY

> nsaniuluzalsals risk amas 29%

v ESKD naneielasunisvenideawuuanisvioUgnaiels,

v eGFR #1011 10 wa./w1#i/1.73 as.u. uazasas, | risk anas 31%

v eGFR anatadneiassosas 40, v5e

v a%ﬁmmﬂmmﬁ;mﬂm an risk of hospitalization for any cause 14%

> miLﬁﬁl%"’mmnmmﬁ;maﬁ’ﬂmmzmamﬁaﬂ

The geometric mean of the UACR was lower by 19% (95% Cl 15-23)

25
Outcome) : uasnssauman
— -
naanslunisine CREDENCE DAPA-CKD EMPA-KIDNEY
2019 2020 2022
HAAWSTIUWAN
81 SGLT2 inhibitors (man13ai /100 Au-) | 4.32 4.6 6.85
gvaan (wansal /100 Au-U) 6.12 7.5 8.96
Hazard ratio (95% Cl) 0.70 (0.59-0.82) | 0.61(0.51-0.72) | 0.72 (0.64-0.82)
p- value 0.00001 <0.001 <0.001
* Results were consistent among patients with or without diabetes and
ACross subgroups defined according to @GFR ranges (<30, >30t0<45, and >45).
* Rates of serious adverse events were similar in the two groups.
26
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Subgroup

Diabetes mellitus
Present
Absent
Estimated GFR
<30 ml/min/1.73 m?
=30 to <45 ml/min/1.73 m?
245 ml/min/1.73 m?
Urinary albumin-to-creatinine ratio

Empagliflozin Placebo
no. of patients with event/total no.

218/1525 306/1515
214/1779  252/1790

247/1131  317/1151
140/1467  175/1461
45/706  66/693

Hazard Ratio for Progression of Kidney Disease
or Death from Cardiovascular Causes (95% Cl)

0.64 (0.54-0.77)
0.82 (0.68-0.99)

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

<30 42/665  42/663 : 1.01 (0.66-1.55)
>30 to =300 67/927 78/937 —a—— 0.91 (0.65-1.26)
>300 32371712 438/1705 B 0.67 (0.58-0.78)
All patients 432/3304  558/3305 <> 0.72 (0.64-0.82)
1.0 11,5 210
Empagliflozin Better Placebo Better
27
o o as
Oulcome) : uaswssaansn
N —
NAANS lUNTSANEN CREDENCE DAPA-CKD EMPA-KIDNEY
2019 2020 2022
NAANSSIUNAN
81 SGLT2 inhibitors (An15ad /100 Au-U)] | 4.32 4.6 6.85
gvaan (wansal /100 Au-U) 6.12 7.5 8.96
Hazard ratio (95% Cl) 0.70 (0.59-0.82) | 0.61(0.51-0.72) | 0.72 (0.64-0.82)
p- value 0.00001 <0.001 <0.001
28
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Ouk comeN : nsLaedin

— —
uaanslun1sAny CREDENCE DAPA-CKD EMPA-KIDNEY
2019 2020 2022
n1sidedinanauameaialauasvaanidan
81 SGLT2 inhibitors (wan1sai /100 Au-U) | 1.90 1.4 0.91
gvaen (wansal /100 Au-) 244 1.7 1.06

Hazard ratio (95% Cl)

0.78 (0.61-1.00)

0.81(0.58-1.12)

0.84 (0.60-1.19)

p- value

0.05

N/A

N/A

nsidedinnnnnava

81 SGLT2 inhibitors (wAn13ai /100 Au-U)

2.90

22

2.28

g vaen (wansal /100 Au-)

3.50

31

2.58

Hazard ratio (95% Cl)

0.83 (0.68-1.02)

0.69 (0.53-0.88)

0.87 (0.70-1.08)

p- value

N/A

0.004

0.21

Bylimmated Glomerular Fifhvalion Rate (¢6FR)

0
Change in \r\
eGFR -5

mi/min/1.73 m?
-10

-15

SGLT2 inhibitor

Placebo

0 12
Months

36

(ml/minf1.73 m?)

Least-Squares Mean Change

T
03 6

T T T v T
12 13 24 30 36 42

Estimated GFR (ml/min/L.73 m?)

1 lunnsusseneulsrgadang 25 AamnAN 2566

Maonths since Randomirstion

Empaglificsin  Placebo

iffeconce
(95%

<y

Total -216:008 2922008 075 (054-0.96)
275:0.08 137 (1.16-1.59)

Long-Term _-1.3720.08

& 12 1 2 0

Months after First Dose of Empaglifiazin or Placebo
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Renal Nechanirims

—

» Osmotic diuresis, natriuretic, and hypovolemia

» Tubuloglomerular feedback

» Tubular oxygenation

» Tubular energetics and sodium-hydrogen exchange

> Inflammation and fibrosis
> ...

31

Sajety

-
* Increased incidence of genital mycotic infection was observed.

* No increase in serious volume depletion, hypotension, or hypoglycemia
was observed in CREDENCE or DAPA-CKD.

* In CREDENCE, the incidence of diabetic ketoacidosis (DKA) was higher
with canagliflozin treatment (2.2 versus 0.2 per 1000 patient-year in
canagliflozin vs control group, respectively).

* In DAPA-CKD, no cases of DKA were reported in dapagliflozin group.

* In EMPA-KIDNEY, the incidence of DKA was 0.9 versus 0.2 per 1000
patient-year in canagliflozin vs control group, respectively

32
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Conchvion

8/21/2023

*lmprerdive benepit of SCLT2 imhib

—

iford on harrd

renal el poinky in patientsy with CKD with or
withoul albuminuria w,f,owdw» o} diabetic
Matud had been defermined.
* There remaind an wumel need Fo reduce
remaining rizk in CKD patients.

33

CREDENCE 2019
> 62.9+92 v.0.

DAPA-CKD 2020

> 61.8+12.1v.0.

EMPA-KIDNEY 2022
> 63.9+139 v.0.

> Type 2 DM (HbAIC: 6.512%)

> DM 67.6%

> DM 44.5% |

» BMI 31.4+6.2 nn./ms.a.

» BMI 29.4+6.0 nn./ms.x.

» BMI 29.746.7 nn./s.a.

Persistent albuminuria categories, Persistent albuminuria categories, Persistent albuminuria categories,
description and range and range description and range
_ Al A2 A3 Al A2 A3 At Az A3
Prognosis of CKD by GFR
and albuminuria categories: """M'“;r','" Moderately Severely Mossaal o Moderately Savarsly el Moderately Seversly
Increasad incraased s increased increased ey increased increased
KDIGO 2012 e increased increase
<30 mglg 30-300 mg/g >300 mg/g <30 mgig 30-300 mg'g >300 mglg <30 mglg 30-300 mgig >300 mglg
<3 mg/mmol 3-30 mg/mmol | >30 mg/mmol <3 mg/mmol 3-30 mg/mmol | >30 mgimmol <3 mg/mmol 3-30 mgimmol | >30 mg/mmol
G1 | Normal or high 260
E
Qg |62 | Midydecreased 60-89
E E Mildly to moderately
% E | disiy 45-50
H Moderately to
t?! % - —— _
52 | G4 | Severelydecreased | 15-20
5
G5 | Kidney failure <15

green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk;
orange, high risk; red, very high risk.

34
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Msastnaanssulsanetuia U 33 iU 2 (WeuAIAN-TINIAN 2566)

— —

navasedueadneainlunistasiunisidenveslalugiislsalatass
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