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SGLT2 inhibitors in CVOTs consistently redug@d the risk
of kidney composite endpoints comparedbwuh placebo
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1. Wanner C, et al. N Engl J Med 2016;375@—334, 2. Neal B, et al. N Engl J Med 2017;377:644—657; 3. Mosenzon O, et al. Lancet Diabetes Endocrinol 2019;7:606—617;
4. Cherney DZI, et al. Diabetologia 202@@ 2561267
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Kidney outcomes using generally consistent definitions: o
. . f \
Sustained >40% decline in eGFR, ESKD or renal death NN
(s ‘\\’0‘
Kidney composite outcomes ) \8\@
‘é&o% HR (95% Cl)
nc’\? >
Sustained 240% reduction in eGFR, renal-r e therapy 0.55
- 1
EMPA-REG OUTCOME { (dialysis or transplantation), or deagg%n@&al causes } [ (0.41, 0.73)
é‘y
5 Sustained 240% reduction &Fﬂb naI replacement therapy 0.60
CANVAS Program [ (dialysis ortranspg@ 10 Q,%? death from renal causes (0.47,0.77)
SN
%& \®
Sustai @;2410 %crease in eGFR to <60 mL/min/1.73 m? 0.53
) 3
DECLARE-TIMI 58 [ /O@Qd -stage renal disease and/or renal death } [ (0.43, 0.66)
@\
R\
VERTIS CV* > %D@amed >40% reduction in eGFR, renal-replacement therapy 0.66
{2)\' 1% » (dialysis or transplantation), or death from renal causes (0.50, 0.88)
&P
*Pre-specified exploratory, ?ntlor\&reat analysis set, 95.0% Cl. CV, cardiovascular; Cl, confidence interval; eGFR, estimated glomerular
filtration rate; ESKD, en K2y disease; HR, hazard ratio. 1Post-hoc exploratory, Perkovic V et al. Nephrol Dial Transplant (2019) 1-9; ;#VERT‘S CV a3
2Pre-specified explg et al. N Engl ) Med 2017;377:644-657; 3Pre-specified secondary, Wiviott SD et al. N Engl J Med

2019-380-347- 2';2-0\
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Large clinical trials of SGLT-2 mh@(ors
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CREDENCE - Primary Outcomes™
ESKD, Doubling of Serum Creatinine, or Relal or CV Death
NN
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9 Hazard ratio, 0.70 (95% CI, 0.59-0.82) Oc‘)\qf\(z’}\’b 340 participants
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DAPA-CKD - Primary Composite Outcgine:

Sustained 250% eGFR Decline, ESKD, Renal.or CV Death
D

NN\
24— NG ~~\(0
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Heerspink HJL et al. N Engl J Med. 2020; 383:1436-1446
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In DAPA-CKD, the effect of dapagliflozin on the ri§Roof the primary
endpoint was consistent in patients with ag@iwithout 12D

Q
The effect of dapagliflozin on the primary composite outcome? compared w@%
N

Patients with T2D
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S
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J\g&bo, stratified by diabetes status
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Patients without T2D

50%
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ARR: 5.3%
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No. at risk (72) N No. at risk
Dapagliflozin 1455 1383 1349 1307 12@? (155 910 580 215 Dapagliflozin 697
Placebo 1451 1360 1321 1275 4‘2224Q®I130 868 545 190 Placebo 701
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4 8 12 16 20 24 28 32
Time from randomization (months)
Median follow-up of 2.4 years

618 606 591 579 546 378 251 94
633 615 583 567 534 364 229 80

Wheeler DC, et al. Lancet Diabetes Endocrinol 2021;9:22—-31
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Empagliflozin in Patients with Chronic
Kidney Disease

The EMPA-KIDNEY Collaborative Group™ Q\\Q.@

ABSTRACT 5\('0'

BACKGROUND (@)
The effects of empagliflozin in patients with chronic kidney disease w% a é.a\lt
risk for disease progression are not well understood. The EMPA-KIDN @tria as
designed to assess the effects of treatment with empagliflozin in a br rzibge of
such patients. (b \0

METHODS & . %Q
We enrolled patients with chronic kidney disease who had an e@¥Ym ﬁé glomeru-
lar filtration rate (e GFR) of at least 20 but less than 45 ml per in% per 1.73 m?
of body-surface area, or who had an eGFR of at least 45 ullies ‘\t an 90 ml per
minute per 1.73 m?2 with a urinary albumin-to-creatinine tho ( albumin mea-
sured in milligrams and creatinine measured in gram %sast 200. Patients
were randomly assigned to receive empagliflozin (10 o aily) or matching
placebo. The primary outcome was a composite of r ion of kidney disease
(defined as end-stage kidney disease, a sustained ea;ﬁ n eGFR to <10 ml per
minute per 1.73 m?, a sustained decrease in eGFR: = from baseline, or death
from renal causes) or death from cardiovascul@ u$

N

RESULTS Q
- .

A total of 6609 patients underwent rando ati During a median of 2.0 years
of follow-up, progression of kidney disefNe or ath from cardiovascular causes
occurred in 432 of 3304 patients (13.1%% t empagliflozin group and in 558 of
3305 patients (16.9%) in the placebo u Q azard ratio, 0.72; 95% confidence
interval [CI], 0.64 to 0.82; P<0.001) S were comnsistent among patients with
or without diabetes and across su up§<defined according to eGFR ranges. The
rate of hospitalization from any c s lower in the empagliflozin group than
in the placebo group (hazard ra&?, 0ARG: 95% CI, 0.78 to 0.95; P=0.003), but there
were no significant berween- P ferences with respect to the composite out
come of hospitalization fo ea @fai[ure or death from cardiovascular causes
(which occurred in 4.0% K th mpagliflozin group and 4.6% in the placebo
group) or death from an %us@ in 4.5% and 5.1%, respectively). The rates of seri-
ous adverse events wer Nar in the two groups.

COMNCLUSIONS QK
Among a wide ran oi%@tients with chronic kidney disease who were at risk for
disease progress , empagliflozin therapy led to a lower risk of progression of
kidney disease death from cardiovascular causes than placebo. (Funded by
Boehringer 1 lheim and others; EMPA-KIDNEY ClinicalTrials.gov number,
NCT03594].\]¢9. EudraCT number, 2017-002971-24.)

Q)

The members of the writing committee
(W.G. Herrington, M. Staplin, C. Wanner,
J.B. Green, S5.). Hauske, J.R. Emberson,
D. Preiss, P. Judge, K_J. Mayne, S Y.A. Ng,
E. Sammons, D. Zhu, M. Hill, W. Stevens,
K. Wallendszus, S. Brenner, ALK. Cheung,
Z.-H. Liu, J. Li, L.5. Hooi, W. Liu, T. Kad-
owaki, M. Mangaku, A. Levin, D. Cherney,
AP. Maggioni, R. Pontremoli, R. Deo, S.
Goto, X. Rossello, K.R. Tuttle, D. Steubl,
M. Petrini, D. Massey, J. Eilbracht, M.
Brueckmann, M.). Landray, C. Baigent,
and R. Haynes) assume responsibility for
the overall content and integrity of this
article. The full names, academic de-
grees, and affiliations of the members of
the writing committee are listed in the
Appendix. Dr. Herrington can be contact-
ed at cco.empakidney@ndph.ox.ac.uk or
at the EMPA-KIDNEY Central Coordinat-
ing Office, Richard Doll Building, Old
Road Campus, Roosewvelt Dr.,, Oxford
OX3 7LF, United Kingdom.

*A complete list of members of the EMPA-
KIDNEY <Collaborative Group is pro-
vided in the Supplementary Appendix,
available at NEJM.org.

Drs. Herrington and Staplin and Drs.
Landray, Baigent, and Haynes contrib-
uted equally to this article.

This article was published on Movember
4, 2022, at NE|M.org.

DOI: 10.1056f/NEJMoaZ2204233
Copyright & 2022 Massachusetts Medical Society.



he NEW ENGLAND JOURNAL of MEDICINE

[ I

Empagliflozin in Patients with Chronic
Kidney Disease

The EMPA-KIDNEY Collaborative Group

ABSTRACT

such patiens.
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We enrolled patients with chronic kidney disease who had an estimated glomeru- &
lar filtration rate (eGFR) of at least 20 but less than 45 ml per mim

inine ratio (with albumin mea- 5
rams) of at least 200. Patients
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were no nt bets respect
come of hospitalization for heart failure death from cardiovascular
(which occurred in 4.0% in the empagliflozin group and 4.6% in the placebo ©

f patients with chronic kidney disease who were at risk fo
mpagliflozin therapy led to a lower risk of progressi

th from cardiovascular causes than placebo. by
Boehringer Ingelheim and others; EMPA-KIDNEY ClinicalTrials.gov number,
NCT03594110; EudraCT number, 2017-002971-24,)

HR 0.72
(0.64-0.80)
P<0.001
RR 28%

>
30— é,\o\
\(5,0 Placebo
100-— . O
20+
= 90—
2
(] 80 %
-
= N\
= 70— -
= 10— s
_-":I:; 604 o Empagliflozin
= 50— 9.
s 40— - \\,(bf'q;
@ O——==¢ T T T 1
80 30 0x2 é& 1.0 1.5 20 25
£ b\} R Placebo
S 207 Hazard®ai, 0.72 (95% Cl, 0.64—0.82)
L 10 : .
- pé{@%]&) B PR Empagliflozin
O— ®O Cb = T T T 1
0(0 ’ QQ 0.5 1.0 1.5 2.0 2.5
&Q‘ o Years of Follow-up
No. at Risk O% (&Q
Placebo Q .3R05 3250 3129 2243 1496 592
Empagliﬂoz(@ o 04 3252 3163 2275 1538 624
& 2

N

NN
Figure@P&ression of Kidney Disease or Death from Cardiovascular Causes.

Sho

af® the results of the primary composite outcome of progression of

kidRey\@isease or death from cardiovascular causes. Over a median of 2 years
ﬂ:dé)w-up, progression of kidney disease or death from cardiovascular
‘&a@%es occurred in 432 patients (13.126) in the empagliflozin group and in

@R 555

y@outcome events per 1000 patients in the empagliflozin group than in the

patients (16.926) in the placebo group, representing 42 fewer primary-

placebo group over 2 years. The inset shows the same data on an enlarged
y axis.
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EMPA-KIDNEY enrolled a CKD population wﬂlbé? broqd range of

eGFR, with and without albuminuria’ @ Q}\Q,
D .
Prognosis of CKD by eGFR and albuminuria categories? \@\ ‘%\8\\

Albuminuria stage, description and fong.e ‘myg/g) EMPA-KIDNEY population’
-\ Patients with or without
Al - A2 A\\(b Q}% A3 diabetes and eGFR 245 to
Normal to mildly Modera’relys{b Mseverely increased <90 mL/min/1.73m2 and
increased mcreosgﬁ) Y UACR 2200 mg/g
or
<30 30300 6\9 >300 6GFR 220 fo <45
V' D mL/min/1.73m?2
o G1 >90 N>
(o) I :
E, t G2 60-89 A Q)"o\ CREDENCE population?
- 0'2 & Patients with 72D ondQ%KD
o™ B PN and eGFR 230 fo <
8,% G3a 4559 mL/min/1.73m? and
o .S
L2 G3b 30-44 Q,Q’ K UACR >300 mg/g
O :
- G4 15-29 DAPA-CKD population
O~ Patients with or without T2D
o and eGFR 225 to <75
G5 <15 mL/min/1.73m? and UACR
’0 2 >200 mg/g
. Low risk* Moderc@&y{&reosed risk High risk . Very high risk
*If no other markers of kidney disease, no CKD. A Q ‘

CKD, chronic kidney disease; eGFR, estimated g'? erulorﬂlfrohon rate; UACR, urine albumin-to-creatinine ratio; 72D, type 2 diabetes.
1. The EMPA-KIDNEY Collaborative Group. [P ed online ahead of print March 3 2022]. Nephrol Dial Transplant. 2022. DOI:10.1093/ndt/gfac054 2. KDIGO 2012 Clinical Practice Guideline for the Evaluation and
Management of Chronic Kidney Disease; k y Int Suppl. 2013;3(1):1-150. 3. Perkovic V, et al. N Engl J Med. 2019; 380:2295-2306 4. Wheeler DC, et al. Nephrol Dial Transplant 2020;35:1700.
-
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The residual risk in RAASI treated DKD psftients:
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minute per 1.73 m*

sured in milligrams

were randomly assigned o re
o. Th

ebo g; ce
interval [CI], 0.64 to 0.82; P<0.001). Results were consistent among patients with
o without diabeces and across subgroups defined according 1o eGFR ranges The
rate

vhich occurred in 4.0% in the empagliflozin group and 4.6% in the placebo
group) or death from any cause (in 4.5% and 5.1%, respectively). The rates of seri-
ous adverse events were similar in the two groups.

Among 2 wnd e range of patints with chronie kidney discase who were at risk for

ipagliflozin therapy led to a lower risk of progression of
from cardiovascular causes than placebo. (Funded by
Boehringer Ingelhe
NCT03594110; EudraC

others; EMPA-KIDNEY ClinicalTrials.gov number,
iber, 2017-002971-24,)

Benefit independent
of diabetes status,
eGFR at baseline

N

)Q
O
Hax&Ratio for Progression of Kidney Disease
Subgroup Empagliflozin Placebo ot®eath from Cardiovascular Causes (95% Cl)
no. of patients with event ftotal no. 6\ X
Diabetes mellitus (\(b \\(0' i
Present 218/1525  306/1515 N 8\\, . 0.64 (0.54-0.77)
Absent 2141779 252/1790 N\ _ N + 0.82 (0.68-0.99)
Estimated GFR \,"0 > |
<30 ml/min/1.73 m2 247/1131 317/115100\ \(g\ —— 0.73 (0.62-0.86)
=30 to <45 ml/min/1.73 m2 140/1467 17514 b\ —— 0.78 (0.62-0.97)
245 ml/min/1.73 m? 45/706 @@93 2> -—— 0.64 (0.44-0.93)
Urinary albumin-to-creatinine ratio !
<30 42/@) 42%63 . B 1.01 (0.66-1.55)
230 to <300 61%27 %o 78/937 —0 0.91 (0.65-1.26)
5300 G230 438/1705 — - 0.67 (0.58-0.78)
All patients O\’ @3304 558/3305 <> 0.72 (0.64-0.82)
| ] 1
(<,® Q\ 0.5 1.0 L5 20
&Q‘ 5N = >
% \& Empagliflozin Better ~ Placebo Better

P

Figure 2. Prin(@O % in Key Prespecified Subgroups.

Shown an‘ h@g’d ratios for the primary outcome in key prespecified subgroups defined according to baseline characteristics. Hazard

ratio co@@ence intervals were estimated with the use of Cox proportional-hazards regression models, with adjustment for age,

segl'risto\@ofdlabetes, estimated glomerular filtration rate (GFR), urinary albumin-to-creatinine ratio (with albumin measured in milli-
me@nd creatinine measured in grams), and geographic region. The area of each box is proportional to the inverse of the variance of

" the®@g hazard ratios. The arrow indicates that the boundary of the 95% confidence interval is outside the graphed area. The diamond

resents the result of the primary analysis, with the width of the diamond indicating the 95% confidence interval. The dashed line in-
dicates the hazard ratio in the overall population.

2
(b{&\
R &F
N é\
R
N
O




Is albuminuria a prerequisite for DKD 2° g

B>
Patients DM Follow-up Renal . Q\ Non-albuminuric
n. % years impairm *\\, renal impairment
UKPDS » 0 0
Diabetes 55: 1832-1839, 2006 4,006 100 15 \,b‘%%\”\\(b 67% (51%)
DCCT/EDIC 100 NCH 0
Diabetes Care 33: 1536-1543, 2010 1,439 (type 1) 19 ¢ Q\' AN /o 24%
AMD Annals 100 &7 [ & 0a ro 0
Diabetes Metab Res Rev 2017 in press 20’464 (T1DM) 1\\90 mcp\ 23.5% 49 A
T D
D> <9
o @\
Maclsaac RJ et al., bQ «\° 0 0
Diabetes Care 27: 195-200, 2004 301 1 OO ()Q) 60&\- 36 /0 39 /0
S INN
Kramer HJ et al., NHANES Il 1.197 18® fbb . 13% 36%
JAMA 289: 3273-3277, 2003 NS
AN
Thomas MC et al., NEFRON —_ () )
Diabetes Care 32: 1497-1502, 2009 3’893 \/Q‘ 01§& 23 /o 55 /0
. . \ A ‘-,‘
Ninomiya T et al.,'ADVANCE 10,6 \Q(b 100 —_— 19% 62%
J Am Soc Nephrol 20: 1813-1821, 2009 P &\(},
Bakris GL et al., ACCOMPLISH &\4&\) 60 9 5% 47%
Lancet 375: 1173-1181, 2010 o) )
/\@ "0\
Tube SW et al., ONTARGET/ & @
TRASCEND > 3,422 37 --- 24% 68%
Circulation 123: 1098-1107, 2011 ‘ mb a\
AR\
Drury PL et al., FIELD > @ o 0 0
Diabetologia 54: 32-43, 2011 nQ(bK‘ @A 9’765 100 5.3% 59%
A \\

RIACE Study Group, RIRCE X o ) 0
) Hyporions 20, 1802-1{@2??Q® 15,773 100 18.8% 57%
AMD ANNAES

116,77 1 100 21% 48%

NDT 2015~




e T A WD A B A & il Gy A Aak \
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Contans fats availabie & ScunceDisect Q\
m Joumal of Diabetes and Its Complications ’ O Normoalbuminuria 3 (50 = 17,160 patients
journal homepage: WWW.JDCJOURNAL.COM 40% B Albuminuria 6\ .§' u Age: 64+9 years
~\\f0~' ® Diabetes duration: 118 years
X0 " 59% male

Association of kidney disease measures with risk of renal function

worsening in patients with hypertension and type 2 diabetes

30%

Francesca Viazz *“*, Pamela Piscitelli ®, Carlo Giorda ©, Antonio Ceriello **, Stefano Genovese °,
Giuseppina T. Russo, Paola Fioretto*, Pietro Guida ", Salvatore De Cosmo ®,
Roberto Pontremoli “, the AMD-Annals Study Group
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34,3%
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developing stage 3 CKD. The presence of albumin@tﬁ e@@s a greater

renal risk at any given GFR value. However, d g\@%’ater occurrence GER 600
ofpthe nnn-ialbuminurir: phe nnt}{pe at basg@e p@ﬁessinq to QKD stage e I 60-
3 is more likely to be observed in paiats without albuminuria. 43,2%

eGFR >90
N ALB+
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< Nei pazienti con normale escrezm‘n;e urinaria di albumina il

beneficio del trattamement%M%GLTZI e irrilevante:

%\?J
Q\Q

1. Si, il prmc:paleébgﬁeflc:o deriva dalla riduzione
dell’ Ibum:r;ﬁ

@&

2. No, ng%GiTZ: dovrebbero comunque essere impiegati

&
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Annual rate of change in eGFR by key sugb%roups
— Chronic slope ,0%

O AN
\\"’ b\@
\
Empagliflozin Placebo
subarou - Absolute di (p'e Absolute difference
group Annual |:a’re of change in eGFR, (956 |)\(b (95% CI)
ml/min/1.73m2, mean (SE)
Diabetes \\’0 (09\ i
No 11,66 (0.11) 2.75(0.11) \‘br o%@m 1.39) N B
Yes -1.05 (0.12) -2.73 (0.12) Q,b 0&%8 (1.36, 2.00) +
C .9 |
\¢ & :
eGFR, ml/min/1.73m? O\’Q)Q’O |
<30 11,84 (0.14) —2.8@k(5 1.01 (0.63, 1.39) —@—
>30 to <45 1118 (0.12) @0 (%? 1,32 (0.99, 1.65) +>
>45 -1.58 (0.17) Q- &Q{QJ 7) 2.01 (1.53, 2.49) —Y
QO & |
UACR, mg/g Q,Q‘ O(\Q’ |
Al (<30) normal to mildly increased -0.11 (0, Q)@\ -0.89 (0.16) 0.78 (0.32, 1.23) ——
A2 (230 to <300) moderately increased 0.4%4@ 4@ -1.69 (0.14) 1.20 (0.81, 1.59) —@-—)
A3 (>300) severely increased %& (O‘@') -4.11 (0.11) 1.76 (1.46, 2.05) : '—.—
Q |
All parficipants Q\Q’ h<f~§7 (0.08) -2.75 (0.08) 1.37(1.16, 1.59) <>
Mean annual rates of change in eGFR from Q%The final follow—up visit (‘chronic slopes’) by treatment allocation were _'1 0 1 2

estimated using shared parameter mod%
eGFR, estimated glomerular filiration rg@ UACR, urine albumin-to-creatinine rafio.

The EMPA-KIDNEY Collaborative Gr N Engl J Med 2022; DOI: 10.1056/NEJM0a2204233 Favours FAVOUrs

0\(0 placebo empagliflozin
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o
)
o9
GFR Slope as a Surrogate End Point for.\&idney Disease
Progression in Clinical Trials: A Meta-4 2 \Iysis of
Treatment Effects of Randomized C(g@%@—olled Trials
NI\

Lesley AL Inker,'" Hiddo J. L. Heerspink,2 Hocine Tighiouar@ . Nndrew S. Levey,‘I
Josef Coresh,® Ron T. Gansevoort,® Andrew L. Simon,' J n’\\‘9‘|ng,7 Gerald J. Beck,®
Christoph Wanner,® Jargen Floege,1o Philip Kam-Tao i N ado Perkovic,'2
Edward F. Vonesh,’'2 and Tom Greene”’ \(b %\6
>
Total Slope over 3 years A@n i#pe
_ O
1.9 — 1.9 — S
AGR 2 O e RASB v Control

O
Results Across all studies, the treatment effect on 3—@%r m&tal GFR slope (median R?=0.97: 95% Bayesian
credible interval [BCI], 0.78 to 1.00) and on the ¢ n'@q’g‘]c}pe (R? 0.96: 95% BCI, 0.63 to 1.00) accurately

.

predicted treatment effects on the clinical enc@o,@?. With a sufficient sample size, a treatment effect of

0.75 ml/min per 1.73 m?/yr or greater on tot&a@@e@ over 3 years or chronic slope predicts a clinical benefit
on CKD progress with at least 96% prob@b(ﬁ'g?f

Conclusions With large enough sam%‘@Q_%l@-«Qa, GFR slope may be a viable surrogate for clinical end pointsin
Q
)
CKD RCTs. L @
@t‘:n@*gﬁeci on GFR Slope (Mean Difference)
O
\Q Q
>3Q%
Q0 R
N
© JASN 30: 1735-1745, 2019. doi: https://doi.org/10.1681/ASN.2019010007



< Quale e il principale meccamsmofgslopatologlco di
nefroprotezione degli SGLTZ@*\ S

Ofo

1. Migliorament@zeﬁ emodinamica glomerulare (TGF)
Q‘ 4
2. Protez:on@ gbl danno tubulare (molteplici meccanismi)

&Q)Q &\QQ
2R Q%
o %

3. In@z:one di bilancio idrico negativo
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Kidney protective effects of SGLT2 inhibitors could@e mediated by
different mechanisms

Reduction in sodium and
glucose reabsorption induced by
SGLT2 inhibitors reduces tubular
workload and could ameliorate
renal hypoxia, resulting in
improvements in tubular cell
structural integrity and

possibly function’

SGLT2 inhibitors have beneficial
effects on anti-inflammatory,

anti-oxidant and an’ri-fibroﬁcw&,}@
markers! ’0, %)
Ll
£ Q7

LT2 inhibitors increase distal

C’sodium delivery, thereby activating

tubuloglomerular feedback and

reducing hyperfiltration!

v

This leads to:

» Decreased infraglomerular
pressure23

» Decreased proteinuria3

* SGLT2 inhibitors reduce body
weight and fat mass along with
improvement  of  endothelial
function4

1. Dekkers CCJ et al. Curr Diab Rep 2018;18:27; Q\&‘mos MC et al. Diabetologia 2018;61:2098; 3. Heerspink HJL et al. Kidney Int 2018;94:26; 4. Sugyama S et al. Infern Med 2018;57:2147
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SGLT2 inhibition activates tubuloglomerular fegﬁ“back
reducing intraglomerular pressure Q@

e Tubuloglomerular feedback is rest@re

’b’
\fz}\

(

Afferent arteriole

: . 2) densa is increased
is constricted .M

0 Empagliflozin inhibits Na* q[

and glucose reabsorption
in proximal tubule

Na* delivery to macula

GFR, glomerular filtration rate; SGLT2, so $n %wose co-transporter-2
Cherney DZI et al. Circulation 2014; 129@7

%\ Glucosuria
O\Q’Q

24



o>
Direct and indirect actions of SGLT2 inhilgyigrs are

likely to produce CRM benefits'~> WSS

. (b,‘
N\
.Q}\ S
. ‘\é\' ’\@ q -
| Cardiac preload l RAAS L .\Q} 1 Endothelial function
| Ventricular remodelling © 6 » | Vascular stiffness

| Systemic blood pressure
| Fluid overload

1 Haematocrit / O, supply

| Atrial remodelling
| Systolic dysfunction
| Diastolic abnormalities

| Fibrosis
| SNS | Oxidative
stress
| Uric acid 1 Natriuresis
| Body mass 1 Tubuloglomerular feedback
1 Ketones | Albuminuria

T Lipolysis / Triglycerides | Fluid retention / Edema

| Inflammation

| Glucose and insulin resistance QA
Q%

ATP, adenosine triphosphate; CRM, cardiovascular, renal, X etabolit; eGFR, estimated glomerular filtration rate; RAAS, renin-angiotensin-aldosterone system; SNS, sympathetic nervous system.

1. Givens RC, Schulze PC. Molecular changes in heart f: €. In: Eisen H, ed. Heart Failure: A Comprehensive Guide to Pathophysiology and Clinical Care. London: Springer Verlag; 2017:1-26. 2. Ronco C et al. J Am Coll Cardiol. 2008;52:1527. 3. Santos-

Ferreira D et al. Cardiology. 2020;145:311-20. 4. Co , Fisher M. Nat Rev Cardiol. 2020;17:761-72. 5. Scheen AJ. Nat Rev Endocrinol. 2020;16:556-77.
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Effects of Empagliflozin on Fluid Overlcad, ¥WWeight

and Blood Pressure in Chronic Kidney Disease

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

METHODS @i? MES

O &
. PRIMARY » TERTIARY
EMPA-KIDNEY trial (n=6609) % 6 _
Bioimpedance substudy (n=660) “Fluid Overlo Effects on “Fluid Overload™ were
(excess extracell consistent across subgroups:
Sex, diabetes, eGFR, NTpro-BNP,
Fresenius Body Composition Monitor -0.24 (-0.38,% 1}1‘ L Eaccling furd cbstie o dqu;etic e
(BCM) bioimpedance spectroscopy device: SECONDARY \6 6\
three-compartment model s .
Effects wer@t@d over time: Significant |, total body water:
BCM at randomization, 2 & 18 months 2 mon \Q 18 months T Extracellular
: i otal body water
= Weight & blood pressure at every visit @ -0.49 L (060, -030)
(- g P y -0. &G -0.26 L -0.82 L Intracellular
®E (-YR0.0 (-0.46, -0.06) (-1.24, -0.40)
: : N\ -0.30 L (057, -003)
|@@ Mixed model repeated measures analysis: &\Q) _
O Systolic BP No significant effect on adiposity:
OUTCOMES e -3.3 mmHg . . . .
Prlmary Study average “Fluid Overload” 2 Weight u (65, -12) Fat tissue index Lean tissue index
I]H[Q excess extracellular water in lean and/or adipose tissue) R\ -0.7 kg Diastolic BP -0.07 l(gh'l'l2 -0.14 kglm2
Secondary: “Fluid Overload” by time O (pe— (13, -0.1) -0.2 mmHg (-0.35, 0.20) (-0.39, 0.10)
Tertiary assessments: subgroup effects on “Fluid Overload”; (5\@ ®\® (-14, 1.0)
extra- & intracellular water; BCM-derived fat & lean tissue mdi?§ N\ Results are between-group difference (95% Cl): empagliflozin — placebo. Negative differences favour empagliflozin.
weight & blood pressure in the substudy population Q . ()® eGFR = estimated glomerular filtration rate; NTpro-BNP = N-terminal-pro B-type natriuretic peptide; BP = blood pressure.

Conclusion

In a broad range of patients with CKD, ernpagliflozin resulted in a sustained reduction in bioimpedance-derived estimates of
body water, with no statistically significant effect on fat mass. doi: 10.1681/ASN.




N
Effects of Empagliflozin on Fluid Overload, Weight and Blood Pressure in Chronic Kidney Disease: the EMS@%(IDNEY Bioimpedance Substudy
X

The EMPA-KIDNEY Bioimpedance Substudy Group, . ,b‘oe
on behalf of the EMPA-KIDNEY Collaborative Group . O\
JASN 2023, in press IR

D 0
Figure 1: Effects of empaglifiozin on mean bioimpedance-derived abso‘l,& “(ﬁuid Overload™ by
tme ‘&\ . 8\\
N S

7oy . .
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- ?npagllfI02|n
= > lacebo
£ o4
L
o
=
=
L 0.2 A
£
-
=
D
g Q.0 -
5 N
O Q' @
E T T T T T Y Y T 1

O 30 60 90 180 ,,0O" . 360 540

Q ‘(Sf‘\ime (Days)
Empagliflozin 311 290 &O é\ 231
Placebo 300 288 Q‘ %] 238
Empagliflozir Placebo Absolute Difference
Mean (SE) Mean (SE) (95% CI)
| Study average 0.10+0.05 AA 0.34+0. 05 L -0.24 (-0.38, -0.11) L |
O \9

The treatment group-specific est tect%arginal mean (and standard error) absolute “Fluid Overload” extracted from the mixed

model repeated measures is

absolute “Fluid Overload™, . $&\, diabetes, eGFR and uACR. Participants with included measurements at each time poini
7 lyses exciuded 40 consenting participants with no valid follow-up measurements (3 deaths

ed at the median follow-up day in each ime window_  Analyses are adjusted Tor baseline

are shown beneath the x @(
before first follow-up M re nt, 28 with no measurement performed and 9 excluded due o Inadequate data quality). Study
averages are shown i%\lhe table (see Table 2 for differences in ime windows separately). There was no significant interaction

between h'eatrnen(tbQroaﬁon and ime (p=0.11).

0\
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Benefits and harms of SGLT2i in patientgaﬁith CKD
S n

Diabetes

Mean eGFR: 45 mL/min per 1.73m’

“é‘_ 5= 1-3 11
L O I T —— ]
2c . -4 ‘ ‘
45 -10
o7 -15- 11 S
5 < Q
- ¥ =20 &
S o <&
= 3 =254 QY 9
o q % \@
2t - (O
T o -30 Q7 &
85 i O
SE -3 & e°
o -404 <& 8

- ¥ P

= -45 I I Q-l\\“' | |

>
Placebo population ,@6 @\Q}
mean event rate: 29 19 fb@ éb?) 12 7
@ ©®
2202

The Nuffield Department of Populat§

0\’0

? @

) \b@tes

R
> &

Mea%%@%f\%ﬁo mL/min per 1-73m

N
O

Kidney disease progression

[ Acute kidney injury

[ Cardiovascular death or hospitalisation
for heart failure

[ Ketoacidosis

[ Lower limb amputationt

48

16 11 0-6

Health Renal Studies Group™* and the SGLT2 inhibitor Meta-Analysis Cardio-Renal Trialists’ Consortium, Lancet nov 5 2022



2022 KDIGO Approach for Improving Outcomes in

People With Diabetes and CKD

Lifestyle ‘ i

Healthy Diet Physical Activity
SGLT2i
) ) (initiate eGFR =20;
First-line continue until dialysis or ~ Metformin
drug therapy transplant) (if eGFR =30)

Regular ‘ ’ ° ‘ °

reassessment
of glycemia,
album_inuria, El_F',_
CVD nsk and lipids GLP-1 RA if needed Nonsteroidal
Additional to achieve individualized MRA if ACR
risk-based glycemic target mg/g and
therapy §8eQ potas
<& @
Other glucose-lowering Q)Q/ .\OQ
' 9
OT2D only drugs If needed to Q‘O @\
DAl Patients achleve individulaized 2 )
(T1D and T2D) glycemic target @E} @\fb
NN
> @
O

. - , Q. 0@
Note: eGFR is presented in units of mL/min/1.73 m2. %Q ﬁ\

*Maximum tolerated ACEi or ARB should be first-line |
all three classes are often needed to attain BP targefg)
ACEi = angiotensin-converting enzyme inhibitorg@
disease; BP = blood pressure; CCB = calcium

&

Smoking Cessation wgighéﬁ :

foo‘)oé\s\\
N

>
RAS inhibit Dhaxj
tnlerr:a.ted 3@{@&3*?
b\&

N\
¥ 2

Q/ . &QQ) Dihydropyridine
Q~ o CCB and/or diuretic*

al ®® if needed to achieve

individualized BP target

¢m

Steroidal MBA if
needed for resistant HTN
if eGFR =45

=

Moderate- or
high-intensity statin

¢

Antiplatelet agent
for clinical ASCVD

¢

Ezetimibe, PCSKAi,

or icosapent ethyl if

indicated based on
ASCVD rigk and lipids

TN when albuminuria is present. Otherwise, dihydropyridine CCB or diuretic can also be considered;

ea BP cuff, BP lowering

é glucometer, glucose lowering
“ heart, cardioprotection

’ kidney, kidney protection

n scale, weight management

= algmin-creatinine ratio; ARB = angiotensin Il receptor blocker; ADA = American Diabetes Association: ASCVD = atherosclerotic cardiovascular
nel blocker; CKD = chronic kidney disease; CVD = cardiovascular disease; eGFR = estimated glomerular filtration rate; GLP-1 RA = glucagon-like

peptide-1 receptor agonist; HTN = hypertensighy KDIGO = Kidney Disease: Improving Global Outcomes; MRA = mineralocorticoid-receptor antagonist; PCSK9i= proprotein convertase subtilisin/kexin type
9 inhibitor; RAS = renin-angiotensin SQ@GLTZ = sodium-glucose cotransporter 2 inhibitor; T1D = type 1 diabetes; T2D = type 2 diabetes.

Rossing P et al. Kidney Int. 2022;102 0-999.




2023 ERA Consensus Paper: &
Algorithm for Selection of SGLT2i in Patients W|th¢@l(D HF, or T2D

\
@ 6\\’0
N
> ©
Yes : : 0 ( o
CKD? or HF® 5 To improve CV and/or kidney outcomes [ R - Dapagliflozin
consider: L « Empagliflozind
{ + Canagliflozin® ]
(. Dapagliflozin R
_ + Canagliflozin
| + Empagliflozin
Yes \ ° Ertugliflozin )
4 )
0 improve CV and/or kidney outcomes . Dapadliflozin
< in patients with high CV or renal riskd > pagiroz
G - » Empagliflozin
consider:
&b A \- Y,
aeGFR <60 mL/min/1.73 m2 or UACR >30 mg/g; PWit QB\ preserved ejection fraction; cStart if eGFR =25 mL/min/1.73 m2 and continue until start of KRT; dStart if eGFR
>20 mL/min/1.73 mZ2; eStart if eGFR >30 mL/min/1. 7 ntlnue until start of KRT; \While all 4 drugs may be used for glycemic control with eGFR 245 mL/min/1.73 m2, an

SGLT2i that has improved outcomes in CKD rand |ze§‘controlled trials would be preferable if eGFR is 45-60 mL/min/1.73 mZ2; 9Established atherosclerotic CV disease
(coronary, peripheral vascular, or cerebral ar
Mark PB et al. Online ahead of print. Nephg&y D/al Transplant. 2023;gfad112.

O
)

Ad esclusivo uso del Medical Affairs. 0\
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DIABETIC KIDNEY DISEASE IN 2021

O\O
Expanding the therapy options "™~ & YEARINREVIEW

hd

for diabetic kidney disease NAPURE REVIEWS | NEPHROLOGY
Paola Fioretto@ and Roberto Pontremolid® \\(bo &

0 . \\'
— DKD w'\\bab@?‘linuria — 20% RRR

(aver loss:
6 wﬁdﬁcgﬁ m’/year) 40% RRR
Q

A@ei‘g’g—associated decline Potential

\}6(1@&1.2 ml/min/1.73 m?) additional benefit
5 P RAAS ~ SGLT2 C
X control inhibition b inhibition MRA

EN

)

GFR decline (ml/min/1.73 m?’/year)

< N .
2°R% Follow-up time to kidney failure



	Diapositiva numero 1
	Diapositiva numero 2
	Diapositiva numero 3
	SGLT2 inhibitors in CVOTs consistently reduced the risk�of kidney composite endpoints compared with placebo
	Diapositiva numero 5
	Diapositiva numero 6
	Large clinical trials of SGLT-2 inhibitors
	CREDENCE - Primary Outcome:�ESKD, Doubling of Serum Creatinine, or Renal or CV Death
	DAPA-CKD - Primary Composite Outcome: �Sustained ≥50% eGFR Decline, ESKD, Renal or CV Death
	In DAPA-CKD, the effect of dapagliflozin on the risk of the primary endpoint was consistent in patients with and without T2D 
	Diapositiva numero 11
	Diapositiva numero 12
	EMPA-KIDNEY enrolled a CKD population with a broad range of eGFR, with and without albuminuria1
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Diapositiva numero 17
	Diapositiva numero 18
	Diapositiva numero 19
	Annual rate of change in eGFR by key subgroups� – Chronic slope
	Diapositiva numero 21
	Diapositiva numero 22
	Kidney protective effects of SGLT2 inhibitors could be mediated by different mechanisms
	SGLT2 inhibition activates tubuloglomerular feedback, reducing intraglomerular pressure
	Direct and indirect actions of SGLT2 inhibitors are likely to produce CRM benefits1–5
	Diapositiva numero 26
	Diapositiva numero 27
	Benefits and harms of SGLT2i in patients with CKD��Diabetes                                    no diabetes
	2022 KDIGO Approach for Improving Outcomes in �People With Diabetes and CKD
	2023 ERA Consensus Paper:�Algorithm for Selection of SGLT2i in Patients With CKD, HF, or T2D
	Diapositiva numero 32



