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Subgroup Canagliflozin Placebo Canagliflozin Placebo
no. of patients/total no.  events/1000 patient-yr

Primary composite outcome of ESKD,
doubling of serum creatinine,
or renal or CV death

Screening estimated GFR

30 to <45 ml/min/1.73 m?2 119/657  153/656 72.2

45 to <60 ml/min/1.73 m2 56/640  102/639 33.4

60 to <90 ml/min/1.73 m? 70/905 85/904 29.9
Baseline UACR

<1000 69/1185  88/1163 22.0

~1000 176/1017  252/1036 69.6

Renal-specific composite outcome
of ESKD, doubling of serum
creatinine, or renal death

Screening estimated GFR

30 to <45 ml/min/1.73 m? 85/657 115/656 51.6

45 to <60 ml/min/1.73 m? 33/640 66/639 19.7

60 to <90 ml/min/1.73 m? 35/905 43/904 14.9
Baseline UACR
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Subgroup Dapagliflozin Placebo Hazard Ratio (95% Cl)
no. of participants/total no.
ORIGINAL ARTICLE All participants 197/2152 312/2152 —.— 0.61 (0.51-0.72)
Age i
<65 yr 122/1247 191/1239 —.— 0.64 (0.51-0.80)
. ﬂ . . . >65 yr 75/905 121/913 —— 0.58 (0.43-0.77)
Sex !
Dapagll 0zZIin 1n Patlel’lts Male 126/1443 209/1436 —— 0.57 (0.46—0.72)
1 1 1 : Ferale 71/709 103/716 —— 0.65 (0.48-0.88)
with Chronic Kidney Disease ,
) . ) White 110/1124 174/1166 —— 0.62 (0.49-0.79)
H|dd0J.L. Heersplﬂk, Ph.D‘, Bergur V. Stefaﬂsson, M.D., Black 7/104 14/87 I » i 0.33 (0.13-0.81)
Ricardo Correa-Rotter, M.D., Glenn M. Chertow, M DAPA-CKD population Asian 53/749 77/718 —— 0.66 (0.46-0.93)
. . ) ) Other 27/175 47/181 —_— 0.54 (0.33—0.86)
Fan-Fan Hqu::]fgﬂ.D.,Johannes F.E. qun, M.D., Jo Patients with or without DKD e |
Magnus Lindberg, M.Sc,, Pet.er Rossmg, M.D., C. and eGER >25 to <75 Acia 50/692 69/654 - . 0.70 (0.48-1.00)
Roberto D. Toto, M.D., Anna-Maria Langkilde, M.D., a] ml/min/1.73 m? and UACR e 57/610 89/623 — 0.60 (0.43-0.85)
for the DAPA-CKD Trial Committees and N < North America 35/401 69/412 — ! 0.51 (0.34-0.76)
N Engl ) Med 2020,383:1436-46 2200 mg/g to <5000 mg/g Latin America 55/449 85/463 —— 0.61 (0.43-0.86)
" ’ Type 2 diabetes |
Yes 152/1455 229/1451 —— 0.64 (0.52—0.79)
No 45/697 83/701 — 0.50 (0.35-0.72)
Estimated GFR :
<45 ml/min/1.73 m2 152/1272 217/1250 —— 0.63 (0.51-0.78)
=45 ml/min/1.73 m? 45/330 95/902 — 0.49 (0.34—0.69)
0 Urinary albumin-to-creatinine ratio !
P :; Placebo <1000 44/1104 84/1121 —— . 0.54 (0.37-0.77)
sE 5 >1000 153/1048 228/1031 —.— ! 0.62 (0.50—0.76)
gz 4 o Systolic blood pressure i
SE s Dapaglifiozin =130 mm Hg 46/793 96/749 —— ! 0.44 (0.31-0.63)
§ ;E :g >130 mm Hg 151/1359 216/1403 ——— 0.68 (0.56—0.84)
2= 5 01 os 10 20
gu g
s U
é.-g -10 Dapagliflozin Better Placebo Better
2 1
BE
J& 13
-14 Kidney outcome
BT T 0 ) " 7 " 5 M Overal w1k WM 31 58 e 056 (0.45, 0.66) 47(30.64)
Months since Randomization UACR <113.0 mg/mmol 21104 51121 09 23 —e— 042(0.25,070) 059 26(1.2,41) 0002
No. of Participants UACR >113.010 <395.5 mg/mmol 711861  130/883 4.1 1.1 . 0.52 (0.39, 0.69) 6.7(3.7.96)
Placebo 2152 2029 1931 1866 1795 1753 1672 1443 935 447 157
Dapagliflozin 2152 2031 2001 1896 1832 1785 1705 1482 978 496 157 UACR >385.5 mg/g 50167 62148 16.7 a1 —— 062 (0.42,0.90) 120(14,229)
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EMPA-KIDNEY population
The EMPA-KIDNEY Collaborative Gr{Patients with or without DKD and
eGFR 220 to <45 ml/min/1.73 m?

or

eGFR 245 to <90 ml/min/1.73 m?

and UACR >200 mg/g

Subgroup

Diabetes mellitus
Present
Absent
Estimated GFR
<30 ml/min/1.73 m?
=30 to <45 ml/min/1.73 m?
=45 ml/min/1.73 m?
Urinary albumin-to-creatinine ratio
<30
=30 to =300
=300
All patients

Empagliflozin Placebo

no. of patients with event ftotal no.

218/1525
214/1779

247/1131
140/1467
45/706
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323/1712
432/3304

306/1515
2521790
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Months after First Dose of Empagliflozin or Placebo

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

0.5 1.0

Empagliflozin Better

Placebo Better

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)

1.01 (0.66-1.55)
0.91 (0.65-1.26)
0.67 (0.58-0.78)
0.72 (0.64-0.82)



Evaluation of Glomerular Hemodynamic
Function by Empagliflozin in Diabetic Mice
Using In Vivo Imaging

Before medication 30 min after medication
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Vascular Signaling by Free Radicals
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The definition, classification, and prognosis of
chronic kidney disease: a KDIGO Controversies
Conference report
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Composite ranking for
relative risks by GFR
and albuminuria
(KDIGO 2009)

Albuminuria stages,

description and range (mg/q)

A

A2

A3

Optimal and
high-normal

High

Very high and
nephrotic

a1 ngl"l and
optimal
GFR .
stages, G2 Mild
descrip-
tion and Mild-
range G3a moderate
(ml/min Moderate-
per G3b | severe
1.73 m"%)
G4 Severe
Kidney
G5 failure

<10 10-29




Albuminuria toxicity in renal proximal tubular epithelial cells
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LIPID PEROXIDATION
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Human
RPTECs

4-Phenylbutirate Tauroursodeoxycholic BSA BSA BSA

(4-PBA) (TUDCA) 30 mg/mlL 4-PBA TUDCA
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Glucose toxicity in renal proximal tubular epithelial cells
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A Unifying Mechanism
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NEPHROLOGY - ORIGINAL PAPER

Activation of general control nonderepressible 2 kinase
protects human glomerular endothelial cells from harmful
high-glucose-induced molecular pathways

Theodoros Eleftheriadis'® - Konstantina Tsogka' - Georgios Pissas' -
Georgia Antoniadi' - Vassilios Liak poul 1 is Stefanidis'
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A unifying model of glucotoxicity in human renal proximal tubular
epithelial cells and the effect of the SGLT2 inhibitor dapagliflozin
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loannis Stefanidis’

Human
RPTECs

5.5 mM Glc
15 ng/mL DAPA

25 mM Glc

5.5 mM Glc

24 hours

Cell proteins
SGLT2

Cell based assays
ROS
LDH release assay

Cell lysates
GAPDH activity
PKC activity
D-sorbitol
MGO

Cleaved caspase 3
O-GIcNAC-proteins

a7 S

I ALY R
P .;‘ R ]' \ 3 .r. |
R AN,

25 mM Glc
15 ng/mL DAPA

Supernatants

Glc

IL-8

TGF-B1



Glucose consumption (ing/dL)

ROS (signal intensity)

200

-

w

S
1

=

=3

S
|

e

S *== SGLI2
oD TR T e -octin

Ctrl Ctrl High Glc
Dapa
50—
0
Control Control High glucose High Jllcose
Dapagliflozin Dapagli
1207 1004
1007 -
'§ 80
e
)
80 ¥
=y
@ 60—
1
607 E
g
® 40
=
407 g
(&
20
20
0 0

Control

Dapagli

ozin

High glucose

High glucose

Dapagli

lozin

Dapa,hﬂom\

High glucose

High glucose
Dapagliflozin

High Glc
Dapa

SGLT2 relative expression

D-sorbitol (nmeol)

4—

(3]
|

12

10—

0
|

6=

Control

Control

Dapagliflozin

l _ #

High glucose

*H#

High glucose
Dapagliflozin

*H#

Control
Dapagliflozin

High glucose

High glucose
Dapagliflozin



20— 200

*
*
1504

| | O-GleNAc

proteins * H 1004

#
=

| #

B-actin

Ctrl :).:'I:“ High Gle llilg)::lfilr # #
- s | | o - .
Control Control High glucose High g,lucos_e

Control Control High glucose High glucose
Dapagliflozin Dapagliflozin

,_.
w
1

MGO (ng/mL)

O-GlcNAc-proteins relative expression
i i

Dapagliflozin Dapagliflozin

20—

o
1

> e WP e

Cytotoxicity (%0)
=
I
Activated caspase-3 relative expression

*
# ” 4 #
R S actin 4
Ctrl Ctrl High Gle  High Glc 1—
Dapa Dapa
SH "
0 — 0——

Control Control High glucose High glucose Control Control High glucose High glucose
Dapagliflozin Dapagliflozin Dapagliflozin Dapagliflozin



*
300
%\ 200
B
=
i
g
=
)
=
100
4 —_—
# # # o &
-- 300—
Control Control High glucose High glucose
Dapagliflozin Dapagliflozin a
2
% 200—
=
100

# #
Control Control High glucose High glucose
Dapagliflozin Dapagliflozin




Dapagliflozin \'

é}ildosc Dchsodxxbiwl
Glucose % Sorbitol A R e Fructose
NADPH N:\DP’ NAD " NADH

Polyol pathway

\

Glucose-6-phosphate

Glutamate  Glutamine %

Hexosamine Glucosamine-
Sathiway 6-phosphate ~#—— Fructose-6-phosphate

GFAT
Lipid synthesis
pathway
' Dihydroxy acetone Glycerol
Intermediates Glyceraldehyde-3-phosphate <_'__> phosphate ——% 3 _phosphate
GAPDH '
i NADH  NAD  Phosphatidate

o Dridine Methyglyoxal DVAG
gty | 2> 1

glucosamine, 5
and other \ AGEs | = = = > PKC

hexosamines . /'/ /
Spl ——> TGF-f1 mmmmm) | Fibrosis _ TGF-p1 \\

Proinflammatory

Inflammation Sz cytokines &—— NF-kB
(IL-8,...)




International Journal of

N
Molecular Sciences MD\Py

Article

Dapagliflozin Prevents High-Glucose-Induced Cellular
Senescence in Renal Tubular Epithelial Cells

Theodoros Eleftheriadis ** , Georgios Pissas *, Georgios Filippidis, Maria Efthymiadi, Vassilios Liakopoulos
and loannis Stefanidis
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* 6 months after nephrectomy the GFR is stabilized at the 70% of its initial value

In case of decreased renal mass, the single nephron GFR increases
upregulating glucose load per nephron. Thus, it is likely that the
dapagliflozin protection against glucotoxicity is extended in CKD patients
without diabetes mellitus.
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