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www.kidney-international.org clinical investigation

Risk of end-stage renal disease in Japanese patients
with chronic kidney disease increases proportionately
to decline in estimated glomerular filtration rate

Kunihiro Matsushita', Jingsha Chen ', Yingying Sang', Shoshana H. Ballew'?, Ryutaro Shimazaki’,
Masafumi Fukagawa”, Enyu Imai’, Josef Coresh'~” and Akira Hishida®

'Department of Epidemiology, Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, USA; ?Welch Center for
Prevention, Epidemiology, and Clinical Research, Baltimore, Maryland, USA; *R&D Division, Kyowa Hakko Kirin Co., Ltd., Tokyo, Japan;
*Division of Nephrology, Endocrinology and Metabolism, Tokai University School of Medicine, Isehara, Japan; *Nakayamadera Imai
Clinic, Takarazuka, Japan; and ®Yaizu City Hospital, Yaizu, Japan

Predominantly based on North American and European KEYWORDS: chronic kidney disease progression; end-stage renal disease;
studies, 30% to 40% declines in estimated glomerular glomerular filtration rate; prospective study; surrogate endpoints
filtration rate (eGFR) over a few years are strongly
associated with the risk of end-stage renal disease (ESRD)
and have been proposed as surrogate endpoints of ESRD
for clinical research. However, this association has not been
systematically quantified in Asian populations. To do this

we studied adult Japanese patients with baseline eGFR I
10-59 ml/min/1.73m?. Changes in eGFR from baseline
measured by centrally assessed serum creatinine were
linked to subsequent ESRD in 2410 patients after one year
and in 2079 patients after year 2. After year 1, 1.4%

Copyright © 2016, International Society of Nephrology. Published by
Elsevier Inc. All rights reserved.

n 2014, an international collaborative working group
sponsored by the US National Kidney Foundation (NKF)
and the US Food and Drug Administration (FDA) pub-
lished a series of papers exploring the possibility of using de-
clines in estimated glomerular filtration rate (eGFR) smaller
than what has been accepted (i.e., halving corresponding to

Anriihlina AF cavirma ~Avantinina) ac crivvacata anAdnainte AF and

Matsushita K, et al. Kidney International, 2016
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ﬁ)\ﬂ%,'.ﬁ“w%AeGFRaeGFm MNoHERIENS
DEIE (%)

3

FLUNDBHE

u\
Baseline ?ﬂfrvfa?f %AeGFR during past 2 years
eGFR 1 eGFR(y) -30 -25 -20 -10 0 10 25
/\ 1 19 (15,24) | 14(11,18) | 11(8.9,14) | 6.4(4.0,9.6) | 6.7(4.7,9.2) | 6.9(3.5,11) | 9.2 (3.4, 20)
XO 2 7.1, 36)
n ; eGFR{E T 3 (%L0eGFR) foe
ﬂ‘ 1 I S o o T 2 T T a e wr{1.4, 10)
25 2 39 (31,49) \| 22(17,28) | 16(12,21) | 12(9.8,16) | 7.2(4.9,10) | 7.5(5.3,10) | 7.7 (3.7, 12) 10 (3.5, 19)
A 3 45(36,57) | 26(20,34) | 19(14,26) | 15(11,20) | 8.7(5.8,13) | 9.0(6.6,12) | 9.3 (4.5,14) | 12 (4.1, 24)
H# 1 23(17,33) | 10(7.8,14) | 5.2(3.8,7.3) | 3.7(2.7,5.2) | 2.8(2.2,4.0) | 1.6 (1.1, 2.5) | 1.7 (1.2, 2.5) | 1.7 (.94, 3.1) | 2.4 (.75, 5.1)
30 2 22(16,30) | 11(8.2,15) | 8.2(5.8,11) | 6.3 (4.9,8.6) | 3.6 (2.5,5.4) | 3.8(2.9,5.5) | 3.9(2.1,6.2) | 5.3 (1.8, 10)
a) 3 25(19,34) | 14(9.6,19) | 9.8(6.8,14) | 7.5(5.5,11) | 4.4(3.0,6.7) | 4.6 (3.5, 6.5) | 4.7 (2.5,7.5) | 6.4(2.0,12)
1 12(8.2,19) | 5.2(3.8,8.0) | 2.6 (1.9,4.0) | 1.8(1.3,2.9) | 1.4 (1.0, 2.2) 1.2 (.37, 2.6)
e 35 2 26 (17,40) | 11(7.7,17) | 5.8(4.1,8.7) | 4.1(2.8,6.2) | 3.2(2.4,4.7) | 1.8(1.2,2.9) | 1.9 (1.4,2.9) | 2.0 (1.1, 3.3) | 2.6 (.88, 5.4)
3 30(20,45) | 14(9.2,21) | 7.0(4.7,11) | 5.0(3.2,7.5) | 3.8 (2.6, 5.6) | 2.2(1.5,3.6) | 2.3 (1.8,3.7) | 2.4 (1.3,4.1) | 3.2 (1.0, 6.3)
G 1 6.3(3.8,11) | 2.6 (1.8,4.4) | 1.3 (.90, 2.2)
40 2 14 (8.5,24) | 5.8(3.8,9.9) | 2.9 (1.9,4.8) | 2.1(1.3,3.3) | 1.6 (1.1, 2.5) 1.3 (.44, 2.9)
F 3 16 (9.7, 28) | 7.0(4.6,13) | 3.5(2.3,6.2) | 2.5(1.5,4.3) | 1.9(1.3,3.1) 1.6 (.50, 3.4)
R 1 3.2(1.7,5.8) | 1.3 (.82, 2.4)
. 5 2 7.0 (4.0,14) | 2.9 (1.8,5.5) | 1.5(.91, 2.7)
f 3 8.5(4.5,16) | 3.5(2.1,6.7) | 1.8 (1.1, 3.3)
( 1 | 1.6(7835)
50 2 3.6 (1.8, 7.9) | 1.5 (.84, 3.0)
3 4.3(2.1,9.0 | 1.8(.98,3.7)

Matsushita K, et al. Kidney International, 2016
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Clin Exp Nephrol (2011) 15:861-867
DOI 10.1007/s10157-011-0523-0

ORIGINAL ARTICLE

Validation of the equations for estimating daily sodium excretion
from spot urine in patients with chronic kidney disease

Enyu Imai - Yoshinari Yasuda - Masaru Horio - Kanako Shibata -
Sawako Kato *+ Yu Mizutani * Junko Imai + Mutsuharu Hayashi -

Hideki Kamiya * Yutaka Oiso - Toyoaki Murohara * Shoichi Maruyama -
Seiichi Matsuo

In conclusion, Tanaka’s equation for estimating Na
excretion was accurate for a CKD population when the first
morning urine was used. The accuracy of this equation
means that 1t can be applied to_estimate Na excretion in
clinical practice, and the value of the estimated salt intake
from this equation can be used to persuade patients with
CKD to reduced their salt intake.
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Articles

Effects of dapagliflozin on development and progression of
kidney disease in patients with type 2 diabetes: an analysis
from the DECLARE-TIMI 58 randomised trial

Ofri Mosenzon, Stephen D Wiviott, Avivit Cahn, Aliza Rozenberg, llan Yanuv, Erica L Goodrich, Sabina A Murphy, Hiddo | L Heerspink,
Thomas A Zefniker, Jamie P Duiyer, Deepak L Bhatt, Lawrence A Leiter, Darren K McGuire, john P HWilding, Eri T Kato, Ingrid A M Gause-Nilsson,

Martin Fredniksson, Peter A Johansson, Anna Maria Langkilde, Marc S Sabatine, ftamar Raz

Summary

Background Sod Incose P 2 (SGLT2) inhil have shown beneficial effects on renal outcomes
mainly in patients with established atherosclerotic cardiovascular disease. Here we report analyses of renal outcomes.
with the SGLT2 inhibitor dapaglifiozin in the DECLARE-TIMI 58 cardiovascular outcomes trial, which included
patients with type 2 diabetes both with and without established atherosclerolic cardiovascular discase and mostly with

preserved renal fanction.

Methods In DECLARE=TIMI 58, patients with type 2 diabetes, HbA, 6.5-12.0% (47-5-113.1 mmoljmol), with either
established atherosclerotic cardiovascular disease or multiple risk factors, and creatinine clearance of at least
G0 mLjmin were randomly assigned (1:1} to 10 mg dapaglifiozin or placeho once daily. A prespecified secondary
cardiorenal composite outcome was defined as a sustained decline of at least 40% in estimated glomerular filtration
rate [eGFR] to lexs than 60 mL/min per 1. 73m?, end-stage renal disease (defined as dialysis for at least 90 days, kidney
transplantation, or confirmed sustained eGER <1SmLfmin per1.73 m2), or death from renal or cardiovascular canses;
a prespecified renal-specific composite ontcome was the xame but excluding death from cardiovascular causes. In this

renal amalysis, we report [indings for the components of these composile oulcomes, subgroup analysis of these

*®

Cromtck

Lancet Diabetes Endocrinel 2013

il ot e 15 161R]
S20HE G-y

Diabetes Unit, Hadassah
tedical Conter, Faculty of
edicine, Hebrew University of
Jersalem,Jensalem, brscl

Cardiovascular Medicine,

composite outcomes, and changes in eGFR at different timepoints. DECLARE-TIMI 58 is regi: with
ClinicalI'tials.gov, number NC101730534.

Findings'The Lrial ook place between April 25, 2013, and Sept 18, 2018; median follow-up was 4.2 years (IQR 3-9-4-4).
Ofthe 17160 participants who were randomly assigned, 8162 (47- 6%) had an cGFR ol at least 90 mLjmin per 1.73 m2,
7732 (45-19%) had an €GFR of 60 to less than 90 mL/min per 1.73 m2, and 1265 {7-4%) had an eGFR of less than
60 mL/min per 1.73 m2 at baseline (one participant had missing data for €GFR); 6974 (40+6%) had established
atheroscleratic cardiovascular discase and 10186 (59-4%) bad multiple risk factors. As previously reporied, the
cardiorenal secondary composile outcome was significantly reduced with dapagliflozin versus placebo (hazard ratio
[HR] 0-76, 95% C1 0-67-0.87; p<0-0001); excluding death from cardiovascular causes, the HR for the renal-specific
otticotme was 0-53 (0-43-0.66; p<0-0001). We identilied a 46% reduction in sustained decline in ¢GER by at least
40% Loless than 60 ml/rmin per 1-73 m? (120 [1-4% s 221]2-6%]; HR 0-54 [95% C10-43-0.67]; p<0-0001). Ihe risk
of end-stage renal discase or renal death was lower in the dapagliflozin group than in the placebo group (11 [0-19] vs
27(0-3%]; HR 0-41 [95% C1 0-20-0-82); p=0-012). Both the cardiorenal and renal-specific composite outcomes were
improved with dapagliflozin versus plcebo across vatious prespecificd subgeoups, including those defined by
bascline CGER (cardiorena] OUICORIE Py 4,=0-97; renalspeciic otlome p,,=0-87) aod the presence or abscnce
of established atherosclerotic cardi lar discase iorenal outcome p,....=0-67; renakspecific outcome
Purcwsnn=0-72). 6 months alicr randomisation, the mean decrease in ¢GFR was larger in the dapaglillozin group than
in the placebo group. The mean change cqualised by 2 ycars, and at 3 and 4 years the mean decrcase in ¢GER was less
with dapagliflozin than with placebo.

Interpretation Dapagliflozin seetmed 1o prevent and reduce progression of kidney disease compared with placebo in
this large and diverse population of patients with type 2 diabetes with and without established atherosclerotic
cardiovascular discase, most ol whom had presceeved renal [unction.

Funding AslraZencca.
Copyright © 2019 Elsevier Lid. All rights reserved.
Introduction

T'or many years, oplimal glucose control plus blood
pressure control with angiolensin-converling cnzyme

{ACL) inhibilors or an sin receplor  blockers
{ARDBs)* has been the basis of weaunent of diabetic
kidney discase.™* Larly identilication of renal impairment

-endstincingy Published onl 92019 http:ffd.doi.org/10.1016/52213-8587(19120180-3
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Articles

Dulaglutide and cardiovascular outcomes in type 2 diabetes
(REWIND): a double-blind, randomised placebo-controlled
trial

Hertzel C Gerstein, Helen M Colhoon, Gilles R L Rafae! Diaz, & s, effrey Probstfield wyn,wm\,m er,
latthew C Riddle, Lars Rydén, Denis Xavier, Ch essan Atisso, Lea Hall, Purnima Rao-
Alvaro A m, Jan Basile, Namsik Chun William € Cushman, Edward Franek, N

Petr jansky, Matyas Keltai, Fernando Lanas, Lawrence A Leiter, Patricio Lopez-jaramillo, Ermesta German Cardona Munoz, ’ﬂ\d‘t,r irags,
Nana Pagosova, Peter | Raubenheimer, Jonat] E Shaw, Wayne H-H Sheu, Theodora Temelkova-Kurktschiev, for the REWIND Ir

Summary

Background Three different glucagon-like peptide-1 (GLP-1) receptor agonists reduce
people with type 2 diabetes at high cardiovascular risk with high glycated | lobin A_ (HbA ) ¢

We assessed the effect of the GLP-1 receptor agonist dulaglutide on major adverse cardiovascular ev

to the existing antihyperglycaemic regimens of individuals with type 2 diabetes with and withont previous

cardiovascular disease and 3 wide range of glycaemic control.

Methods This multicentre, randomised, double-blind, placeho-controlled trial was done at 371 sites in 24 countries. Men
and women aged at least 50 years with type 2 diabetes who had either a previous cardiovascular event or cardiovascular
risk factors were randomly assigned (1:1) o either weekly submtaneous injection of dulaghutide (15 mg) or placebo.
Randormisation was done by a computergenerated random code with i ion by site. All i i and
participants were masked 1o Lreatment assignment. Participants were followed up at least every 6 months for incident
cardiovascular and other serious clinical oulcomes. 'The primary oulcome was the first occurrence of the composile
endpoint of non-fatal myocardial infarction, non-fatal stroke, or death from ca scular causes (incduding unknown
causes), which was assessed in the intention-lo-treal ig ‘This study is wilh Clinical'lrials.gov,
umber NCLO1394952.

Findings Between Aug 18, 2011, and Aug 14, 2013, 9901 participanls {mcan age 66-2 years [SD 6-5|, median HbA
7-2% [IQR 6-6-8-1], 4589 [46.39%] women) were enrolled and randomly assigned to receive dulaglutide (n=4949) or
placebo (n=4952). During a median follow-up of 54 years (IQR 5.1-5-9), the primary composite outcome oceurred
in 594 (12.0%) participants at an incidence rate of 2-4 per 100 person-years in the dulaglutide gronp and in
663 {13-4%) participants atan incidence rate of 2.7 per 100 person-years in the placelso group (hazard ralio [HR] 088,
95% C10-79-0-99; p=0-026}. All-camse mortality did not differ between groups (536 [10-8%] in the dulaghtide group
S s')z 12-0%] in the placebo group; HR 0-90, 95% C10-80-1-01; p=0-067). 2347 (47-49%) participants assigned to

ide reporied a adverse event during follow-up compared with 1687 (34-1%) participants
assigued 1o placebo {p<0-0001),

Dulaglutide could be considered for the Tt ol glycacmie control in middle-aged and older
pmph with type 2 diabetes with cither previous cardiovaseular disease or cardiovascular risk factors.

Funding Eli Lilly and Company.

Copyright @ 2019 Elsevier Ltd. Al rights reserved.

Introduction
Despite the widespread use of many proven cardio-

prolective therapics and a concomilant fall in risk of

cardiovascular events' during the past 20 years, diabetes
conlinues Lo increase the risk of death and cardiovascular
events by 1-3-2 times.* Although reasons for this higher
incidence are debated, the importance of knowing
whether glucosc-lowering drugs aller these outcormes
has justificd many large cardiovascular irials in this
population.* Lvidence that three glucagon-like peptide-1
(GLP-1} receplor agonists™ and three sodium-glucose

co-lransporler-2  {SGLL2) inhibilors™ reduce cardio-
vascular events in middle-aged and older (=50 years)
people withs lype 2 diabeles and mean alycaled hacmo-
globin A, (HbA,) concentealions of 8-0% or more has
changed dlinical practice guidelines** and fuelled debate
regarding mechanisms linking diabeles Lo cardiovase
discase.

Dulaglutide is a GLP-1 receplor agonist approved
for the management ol hyperglycacmia in people
with type 2 diabetles in many countries. IL comprises
two meodificd human GLP-1 molecules covalently linked
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DPP4AfHEHI:UF45)TF> CAROLINA Trial

SAVOR-TIMI 53 EXAMINE?

Primary End Point

Hazard ratio, 1.00 (95% CI, 0.89-1.12) ‘ Hazard ratio, 0.96 (upper boundary of the
P<0.001 for noninferiority ) one-sided repeated CI, 1.16)
Suml P=099 for superiority
2yr Kaplan—-Meier rate:
Saxagliptin, 7.3%

Placebo, 7.2%

* CAR
glime
— HF

= No.at Risk No. at Risk
Placebo 21 1267 851 Placebo
Saxagliptin Alogliptin

Patients with End Point (%)
Cumulative Incidence of Primary
End-Point Events (%)

CARMELINA4

HR, 1.02; 95% Cl, 0.89-1
for noninferiority
superiority

17;

atients With Event,

Patients with Event (%6)

CV, cardiovascula Momh
No. of patients
6386 457 146 2058 248 \P .:A‘hu 1485 3 3 3243 62 1285 /58 251 AROL'NA

6292 441 3272 2034 Linagliptin 3494 3373 325 2634 1306 269
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Diabetic kidney disease in 2018: current therapies and novel targets.

' i RAS inhibitors
GLP1 agonists SGLT2 inhibitors (e.g. ACE inhibitors, ARBs)

N { Metabolic factors J { Haemodynamic factors ]

(e.g. high glucose levels) (e.g. high blood pressure)

A
P el e i) R
signalling pathways Inflammation || Oxidative stress (edeleff)f;Ent:{ﬂ\(/)vr; ) & histonea

(e.g. PKC, MAPK) 9 P Y'1| DNA methylation)

y J k.

\ 4
I — . e . Inhibit fH3K27me3
ASK1 inhibitors LDmbetlc kidney dlseaseJ ik (;eonrwse(t)hylation e

Agents in preclinical studies Current therapies

Cooper and Warren. Nature Reviews Nephrology volume 15, FEBRUARY 2019 69



BREN)TILTIE—DRELD
GLP-1 22 {&FEFHE



iba

GLP-1DE R#EFERH (BBKRBLD) D5 FHlE

GLP-1 o
wﬁs ENE
4

T, HORE

cAMP?

NF-kB

V

ICAM-1 &
typelV collagen $

REARE §

GLP-11d, BB IVMERNKR MR LICHLIZEARZEZNLT E
cCAMPRZEEMIZERIHTHLIKY. ZDEREZRET S,

bal
i
|
(=






SEETIERKR S IED&IE R

63k ZiE NEERE BYElla

i ¥ e “® JEEGFR [29.71~~155.49]
50 ;l, E £ - [REB/Cre [1.20~2416]

TN YITLFEERE | eGFR
50 Y- N ) JK pi

e

(%

P
O

u

=
[=]

N3
o
A
LLJ.
=
J
IS
|~<
—
M

10'5‘ ) i A... ( - IIIIIIIIIIIIII

0-
2009,/04/20 2010/01/05 2010/11/02 20‘1/08/09 2012/05/15

eGFR 8.0 HED ZEHTE A [B] 5 !

3 s Lo
201148 B <12 BEHBAILS | | BURER SRR ;

O IMAP ikttt vz







U%’J“)LELP@%{%* ERIZEE9 5
A DEERIFZEERI (2013 4F)

Tohoku J. Exp. Med.. 2013, 2

The Glucagon-Like Peptide-1 Receptor Agonist, Liraglutide,
Attenuates the Progression of Overt Diabetic Nephropathy in
Type 2 Diabetic Patients

Shigeki Imamura,' Keiji Hirai' and Aizan Hirai'
1Depamnmlt of Internal Medicine, Chiba Prefectural Togane Hospital. Togane. Chiba. Japan

Diabetic nephropathy (DN) is the leading cause of end-stage renal disease. Glucagon-like peptide-1
(GLP-1) is one of the incretins, gut hormones released from the intestine in response to food intake. GLP-1
receptor (GLP-1R) agonists have been used to treat type 2 diabetes. Here, we studied the effect of the
administration of a GLP-1R agonist, liraglutide, on proteinuria and the progression of overt DN in type 2
diabetic patients. Twenty-three type 2 diabetic patients with overt DN, who had already been treated with
blockade of renin-angiotensin system under dietary sodium restriction, were given liraglutide for a period of
12 months. Treatment with liraglutide caused a significant decrease in HbA1c from 7.4 £ 0.2% to 6.9 +
0.3% (p = 0.04), and in body mass index (BMI) from 27.6 + 0.9 kg/m? to 26.5 + 0.8 kg/m? after 12 months
(p < 0.001), while systolic blood pressure did not change. The progression of DN was determined as the
rate of decline in estimated glomerular filtration rate (eGFR). The 12-month administration of liraglutide
caused a significant decrease in proteinuria from 2.53 + 0.48 g/g creatinine to 1.47 + 0.28 g/g creatinine
(p = 0.002). The administration of liraglutide also substantially diminished the rate of decline in eGFR from
6.6 £ 1.5 mL/min/1.73 m?/year to 0.3 + 1.9 mL/min/1.73 m?/year (p = 0.003). Liraglutide can be used not
only for reducing HbA1c and BMI, but also for attenuating the progression of nephropathy in type 2 diabetic
patients.

Keywords: diabetic nephropathy: extra-pancreatic actions: glucagon-like peptide-1 receptor agonist: liraglutide: overt
proteinuria
Tohoku J. Exp. Med., 2013 September, 231 (1). 57-61. © 2013 Tohoku University Medical Press
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C Estimated GFR 30-59 ml/min/1.73 m?2

48.5
47.5
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(ml/minf1.73 m?)

12

Months since Randomization

| No. at Risk
" Placebo 919 865 821 725

I

Liraglutide 986 912 896 326
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B | ancet Diabetes Endocrinol 2018;6:605-617 AWARD-7

Open label RCT 144

KRaiE L

B k~UI>7T415mg
~ — ~ — —
MLUST41.5mg vs RILUST40.75mg vs S 3 X MLUS740.75mg
. i B 542
Primary endpointlXHbAlc
TIL2XFR Biae
C Macroa Ibuminuria No macroal Ibuminuria B Macroalbuminuria . No macroalbuminuria
1 AIbER=300mg/gCr i AlbBR<300mg/gCr “ Albﬁ>300mg/gCr Alb R <300mg/gCr
20 T w 2- . T T T
. . T ~ .
iz O TTTEE ) & T |
g % . 1 [ 5 . 734 : % ] p:&%ﬁr’zs_w: A6
%i —40 [ \ o o 180 537 g -6 p= ~0.02721 p= 00092 p-00i73"
£ :o?gi%)z* ~29-0 ' “ ~4-0
- Jp p-gggéz@: ' p=0-0003* LT 11F
o oot M L | BEETEEERETS
MU T PIL 2SS R RSS 10 pro0om |
0 26 weeks 52 weeks 26 weeks ‘ 52 weeks I 26 weeks 52 weeks 26 weeks 52 weeks
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The CANVAS Program
(CANagliflozin cardioVascular
Assessment Study)

SGLT2fRERI-BHFREEH

Presented at the 77t Scientific Sessions of the American Diabetes
June 12, 2017; San Diego, CA. N
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Inhibition of Renal Glucose Reabsorption

SGLT2
\ inhibitors

Less glucose
reabsorbed

\

: Increased
urinary
glucose
Adapted from Bays H. Curr Med Res Opin. 2009;25(3):671-681. excretion
Presented at the 77 Scientific Sessions of the American Diabetes Association; \ v

June 12, 2017; San Diego, CA.

CANVAS Program



Composite of 40% Reduction in eGFR,
End-stage Renal Disease, or Renal Death

20 7| Hazard ratio 0.60 (95% CI, 0.47-0.77)  — Placebo
18 - - Canagliflozin
Events (n)
16 =
14 - 40% eGFR reduction 239
- End-stage renal
12
disease/renal death 21

10

PR
1 1 1 I | 1

0 1 2 3 4 5 6
Years since randomization

Patients with an event (%)

l

O N & O ®
l

No. of patients
Placebo 4347

- 4227 3029 1274 1229 1173 819
Canagliflozin 5795 5664 4454 2654 2576 2495 1781
Intent-to-treat analysis

Presented at the 77 Scientific Sessions of the American Diabetes Association; v
June 12, 2017; San Diego, CA. O) 7—_‘_ 9 %ﬁ{r CANVAS Program




CREDENCE

Study Design and Population
Meg J. Jardine, MBBS, PhD, F

CREDENCE



Study Design

Key inclusion criteria

« 230 years of age

« T2DM and HbA1c 6.5% to 12.0%

« eGFR 30 to 90 mL/min/1.73 m?

« UACR 300 to 5000 mg/g

« Stable max tolerated labelled dose of
ACEi or ARB for =24 weeks

Key exclusion criteria
+ Other kidney diseases, dialysis, or kidney transplant

* Dual ACEi and ARB; direct renin inhibitor; MRA
» Serum K* >5.5 mmoI/L
« CV events within 12 weeks of screening

*» NYHA class IV heart failure
* Diabetic ketoacidosis or T1DM

2-week placebo run-in

Double-blind

randomizatio
n

(1:1)

Canaglifiozin 100 mg

Placebo

Participants continued treatment if eGFR was <30 mL/min/1.73 m2 until chronic dialysis was
initiated or kidney transplant occurred.

CREDENCE



34 Countries, 690 Sites, 4401 Participants

North America (n = 1182) Europe (n = 1368)

. PN S « Bulgaria (29) * Romania (59)
vanada ek &\‘ = . Czech (57) - Serbia (40)
United States  (707) S S S Republic (61) - Slovakia (66)

N 3 4+ France (11) * Spain (141)
- " | . Germany (135) - Russia* (133)
y t}‘}: - Hungary (90) « Ukraine* (371)
« Italy (7) * United (118)

« Lithuania (50) Kingdom

'«4 * Poland
| ‘? - ;ﬁw“

) N

- & - - = gm
Central/South America { Asia Pacific* (n = 848)
(n =941) I - Australia (38) + New Zealand (61)
« Argentina (426) ’ + China (129) - Philippines (71)
. Brazil (314) < . India (144) -« Taiwan (37)
« Chile (52) Africa (n = 62 + Japan (110) - United Arab (1)
« Colombia (94) rica ( _ ) + Korea (122) Emirates
« Guatemala (55) * South Africa* (62) - Malaysia (135)

CREDENCE




Enroliment and Follow-up

12,900 screened

8499 excluded

4401 randomized
|

2199 placebo 2202 canagliflozin

25 (1.1%) did not complete 15 (0.7%) did not complete
11 (0.5%) withdrew consent 5 (0.2%) withdrew consent
v v v v
2197 (99.9%) 2174 (98.9%) 2198 (99.8%) 2187 (99.3%)
vital status known completed study vital status known completed study

4395 (99.9%) vital status known; 4361 (99.1% ) completed study*

CREDENCE




Primary Outcome:
ESKD, Doubling of Serum Creatinine, or Renal or CV Death

25 -
- Hazard ratio, 0.70 (95% CI, 0.59-0.82) 340
% 20 - P = 0.00001 participants
c
] 15 - 245
:,-C: - participants
=0
n—10 -
c
a
0 5 1 — Placebo
':I'E' — Canagliflozin
n 0 I I I I I I 1
0 6 12 18 24 30 36 42
Months since randomization
No. at risk
Placebo 2199 2178 2132 2047 1725 1129 621 170
Canaglifiozin 2202 2181 2145 2081 1786 1211 646 196



ESKD, Doubling of Serum Creatinine, or Renal Death

Hazard ratio, 0.66 (95% CI, 0.53-0.81) — Placebo
P <0.001 —— Canagliflozin

224 parti nts

153 parti nts

Participants with an event

0 6 12 18 - 24 30 - 36 - 42
Months since randomization
No. at risk
Placebo 2199 2178 2131 2046 1724 1129 621 170
Canagliflozin 2202 2181 2144 2080 1786 1211 646 196

CREDENCE




End-stage Kidney Disease (iB{TEA)

Hazard ratio, 0.68 (95% CI, 0.54-0.86) — Placebo
P = 0.002 —— Canagliflozin

Participants with an event
(%)
i

) -
; -
) = T T T T T
0 6 12 18 24 30 36 42
Months since randomization
No. at risk
Placebo 2199 2182 2141 2063 1752 1152 641 178
Canagliflozin 2202 2182 2146 2091 1798 1217 654 199
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Updated Renal Management Guidelines %1%;% SBEIZDOLNT

Based on the CREDENCE results, ADA now recommends as part of section 11
(Microvascular Complications and Foot Care):

¢ 111 At least once a year, assess urinary albumin (eg, spot urinary albumin-
to-creatine ratio) and estimated glomerular filtration (eGFR) rate in patients
with type 1 diabetes with duration of > 5 years; in all patients with type 2
diabetes, regardless of treatment; and in all patients with comorbid
hypertension. Grade of evidence: B

11.3 For patients with type 2 diabetes and diabetic kidney disease,

consider use of an SGLT2 inhibitor in patients with an eGFR > 30
mL/min/1.73m? and particularly in those with > 300 mg/g albuminuria to

reduce risk of CKD progression, cardiovascular events, or both. Grade of
evidence: A

In patients with CKD who are at increased risk for cardiovascular events,
use of a glucagon-like peptide 1 (GLP-1) receptor agonist may reduce risk
of progression of albuminuria, cardiovascular events, or both. Grade of
evidence: C

Section 11.8 (continued monitoring of urinary albumin-to-creatinine ratio in
patients with albuminuria treated with an ACE inhibitor or an angiotensin
receptor blocker is reasonable to assess the response to treatment and
progression of CKD) has been removed.
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News > Medscape Medical News > FDA Approvals

FDA OKs Canagliflozin to Curtail Diabetic Kidney
Disease

2019-09-30

Megan Brooks
DISCLOSURES | September 30, 2019

-0 Read Comments n m @ [E]

The US Food and Drug Administration (FDA) has approved canagliflozin
(Invokana, Janssen) to reduce the risk of end-stage kidney disease, worsening
of kidney function, cardiovascular death, and heart failure hospitalization, in
adults with type 2 diabetes and diabetic kidney disease.

The new indication for the sodium-glucose cotransporter-2 (SGLT2) inhibitor
follows results of the landmark CREDENCE trial, says Janssen.

"CREDENCE was a really ambitious trial because it specifically targeted
individuals with significant chronic kidney disease — a group typically excluded
from clinical trials," commented Medscape Medical News contributor and
nephrologist F. Perry Wilson, MD, MSCE, Yale School of Medicine, New Haven,
Connecticut.

"That ambition seems to have paid off with this new FDA indication. Of course,
docs often prescribe meds 'off-label' — and many of us nephrologists have
been prescribing SGLT2 inhibitors in this patient population already, but the
approval from the FDA is a welcome show of support,” said Wilson.

"Clearly, there is a new weapon in our diabetic kidney disease
armamentarium," he added.
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G PR ER 44 EMPA-REG CANVAS DECLARE-TIMI CREDENCE
A% Empagliflozin Canagliflozin Dapagliflozin Canagliflozin
BEHEN) 7020 10142 17160 4401
F i (%) 63.1 63.3 63.9 63.0
B1E®%) 71.5 64.2 62.6 66.1
DI S5 B OBEE®%) 99.0 65.8 40.6 50.4
RAZBHEZE(%) 80.7 80.0 81.3 99.9
= HARI(5E) 3.1 2.4 4.2 2.6
eGFR (ml/min/1.73 m?) 74.1 76.5 85.3 56.2
=90 (%) 21.9 24.4 47.6 0.0
eGFR 60-90 (%) 52.2 55.5 45.1 41.1
(ml/min/1.73 m?)| 45-60 (%) 17.8 14.6 7.4 29.1
<45 (%) 8.1 5.5 0.0 29.8
- | <30(%) 59.4 69.1 67.9 0.0
?n?;zrgj:/ 30-300 (%) 28.7 22.3 23.5 0.0
> 300 (%) 11.0 7.5 6.8 100.0
—noi Sy [f S
e o L 145D 145D AREAEL 20% b
IR SN 35% 4 33%w A 27%@ 39% 4
AN & == hvd
,%51%? 1%’4: é%i%;g; 46% > 40% 47% > 3%

Lancet Diabetes Endocrinol 2019;7:845—-854, Clin J Am Soc Nephrol 2019;14:1667-1669 £ Y5/ - K %
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B [ancet Diabetes Endocrinol 2019,7:845-854

IRRERBEEICEITASCGLT2HEED AN G REL-BE A
LB i ERAR(EMPA-REG, CANVAS, DECLARE, CREDENCE)

SGLT2EZED BT AN MIFHIhERZE A2 82 8T TERML 1=

RARBEEXESHY
CREDENCE 377 4401 —— 0-66 (0-53-0-81)
DECLARE-TIMI 58 317 13950 —a— 0-50 (0-39-0-63)
CANVAS Programt 209 8113 S 0-59 (0-45-078)
EMPA-REG OUTCOME 125 5627 0-52 (0-37-0-74)
| Subtotal <> 0-58 (0-50-0-66; p<0-0001) |
['=8. %; eterogeneit =0- >
7K Py =035 BA R 429405
RARIERLGL
DECLARE-TIMI 58 48 3210 = 0-77 (0-44-1:37)
CANVAS Program 40 2021 L 0-67 (0-36-1-27)
EMPA-REG OUTCOME 27 1341 & 0-65(0-30-139)
Subtota - 0-71(0-49-1-02; p=0-065
btotal ( p=0:065)
F:O'O%; pheterogeneityzo'gz = f'~
Pheterogeneity FOT Use of RAS inhibition=0-31 ﬁﬁ:.% d(]/ :
03 05 1.0 15
< >

Favours SGLT2 inhibtor  Favours placebo
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Type 2 diabetic patients with
eGFR <45 mL/min/1.73 m? and
UACR =2 0.5 g/g Cr
(n=175)

Taking SGLT-2 inhibitors

Not taking SGLT-2 inhibitors

Not meeting the inclusion criteria
- not taking a RAS blocker (n=32)

(n=24) (n=151)
Not meeting the inclusion criteria
- insuffic_ie_ntduration of SGLT-2 |
inhibitors (n=2)
- not taking a RAS blocker (n=2)
—>

Exclusion criteria

- malignancy (n=3)

- steroid therapy (n=5)

* initiation of renal replacement
therapy (n=10)

1:1 propensity score matching

l

l

SGLT-2 inhibitor group
(n=20)

Control group
(n=20)




de 2
BEER

SGLT2 inhibitor group Control group
(n=20) (n=20) P value
Age (years) 65.611.7 67.1£16.0 0.50
Gender (male/female) 15/5 17/3 0.70
Body weight (kg) 71.8+16.3 75.9+225 0.60
Body mass index (kg/m2) 26.6+5.1 28.6+8.5 0.74
Systolic blood pressure (mmHg) 138.2+14.2 131.7+13.7 0.21
Diastolic blood pressure (mmHg) 72.3x11.0 69.21+13.5 0.24
Serum creatinine (mg/dL) 25+0.38 25+1.1 0.88
eGFR (ml/min/1.73m2) 22.8+9.7 244+10.0 0.49
G3b 5 (25.0%) 6 (30.0%)
CKD stage (number, %) G4 11 (55.0%) 11 (55.0%) 1.00
G5 4 (20.0%) 3 (15.0%)
Urinary protein excretion (g/gCr) 3.2+3.1 20+24 0.06
HbA1c (%) 6.9%0.7 7.0%x=0.9 0.97
LDL-cholesterol (mg/dL) 9451535 79.8+19.8 0.51
HDL-cholesterol (mg/dL) 46.6X+14.1 43.71+8.8 0.60
Triglyceride (mg/dL) 21001714 174.5+136.9 0.88
Uric acid (mg/dL) 6.1x14 6.7x1.1 0.05
Albumin (g/dL) 3.7x0.6 40=x0.5 0.10
DPP-4 inhibitor (number, %) 9 (45.0%) 13 (65.0%) 0.34
GLP-1 receptor agonists (number, %) 6 (30.0%) 4 (20.0%) 0.72
Sulfonylurea (number, %) 2 (10.0%) 1 (5.0%) 1.00
Glinide (number, %) 3 (15.0%) 4 (20.0%) 1.00
o —glucosidase inhibitor (number, %) 2 (10.0%) 4 (20.0%) 0.66
Insulin (number, %) 9 (45.0%) 6 (30.0%) 0.51
RAS blocker (number, %) 20 (100%) 20 (100%) —=




SGLT2AZEZEDOHNEREE E=

Dose Number of
SGLT2 inhibitor patients
(mg/day) )
(%)

(;:;?fnﬁfj;@) 10mg/day 1 (5%)

Canagliflozin 50mg/day 4 (20%)

hFTIL7) 100mg/day 4 (20%)

Tofogliflozin 10mg/day 9 (45%)

(TAILH) 20mg/day 2 (10%)




AeGFRMDZ 1t

SGLT-2 inhibitor group Control group
(ml/min/1.73 m?/year) (n:20) (n:20) *’ p <0.05
0 NS, not significant
5 X | -
SGLT2HERFEICKYBREETEEIFECHH ST
0 . .
-5 r
-10 *F 1
~2.6£5.0 ~4.9+5.4
o -5.7+6.5
-20 |
-8.6£t12.5
-25 L | |
% NS

Before After Before After
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CREDENCEGEREARHZTLED LLER

SRER A CREDENCE AT
HEI A Canagliflozin SGLT2 inhibitors
BEEN) 4401 40
Fn (%) 63.0 66.3
B (%) 66.1 80.0
RAZREZEE (%) 99.9 100.0
EREHAR () 2.6 1.0
eGFR (ml/min/1.73 m?) 56.2 23.5
=90 (%) 0.0 0.0
eGFR 60-90 (%) 41.1 0.0
(ml/min/1.73 m2)| 45-60 (%) 29.1 0.0
<45 (%) 208
. <30 (%) 0.0 0.0
E;;’gjz/ 30-300 (%) 0.0 0.0
> 300 (%) 100.0 100.0




Least-Squares Mean Change
(ml/min/1.73 m?2)
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eGFR 56.2 ml/min/1.73 m2
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24

4
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-10-
-12-
-144 X
_16- Placebo . -
-18+ —47 ml/min/1.73 mz_/Lyear
20+ | T T | T |

0 3 6 12 18 24 30 36 42

Months since Randomization

A

eGFR 23.5 ml/min/1.73 m?

(mlimin/1.73 m?)

45 +
- SGLT-2 inhibitor group (n=20)

-4-Control group (n=20)

40 -+

35 T

30

% —49 m!/min/1.73 m2/year

------------
-

-
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00 = |\ ===

1 —2.6 njiimin/1.73 m2/year
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0 |
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(manths)
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QO O - «= g= «Control group (n=20)
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22 104
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6
-21.2/min/year

ARB

XISV BRTPLASY AINTFI 72TV 5

g/gCr (FRER)

mL/min/1.73m?2 (B HgE

-4.1/min/year

~—o
-~
-~

0 12 N
A ILAT9% 40 mg/day

GLP-1Z &R EEE

V99D R.

(59 = ;El ll‘/'_)

—a—krS54F. LR —JL, FREYS TSE VY X [Z4Z1B chikih

—--eGFR W REH

-1.4/min/year

+0.1/min/year

48 o

E 4~ k—% 0.9 mg/day
SGLT2fHE %

months
60 72

TARJLH10 mg/day
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H22 5 3 0 2 0 0 0 0 0 0
H23 3 2 0 1 0 0 0 0 0 0
H24 3 3 0 0 0 0 0 0 0
H25 3 2 0 0 0 1 0 0 0
H26 2 0 2 0 0 0 0 0 0
H27 2 1 0 0 0 1 0 0 0
H28 2 1 0 0 0 1 0 0 0
H29 3 0 0 0 0 1 0 1 0
H30 2 1 0 0 0 0 0 0 1
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100 INEIKR :NDBM (1)

[ jt;ﬁiﬁ - %jt %\ﬁ/—ﬁ ,J__—l& ﬁ@i-l- 01 02 06 07
— BRI . L tEE | BHR ke | EER
H27 (113013610 |MR&=ZEFFHisEesmy | 350 | 121,645 | 7,526 | 1,173 629 | 830
H28  [113013610 |MR&=ZFFHmEEmEE | 350 | 121,063 | 6,712 | 1,246 588 | 808
H29  [113013610 |MR&ZFFHiEEES | 350 | 122,153 | 6,358 | 1,067 670 | 853
H28 [113018370 |BF2fiZmEisdmy 100 1,078 - - -
H29 [113018370 |BFafiZEicEmy 100 1,225 - - -
| o g . 08 09 10 T 12 13 14
EE K BRiTA RE | B poe [ 5AR | BER | SER | TER | 208 @SR
H27 (113013610 |MR&=ZFTHmEEmEs | 350 | 121,645 | 3,026 | 989 | 2,193 | 3,735 | 4,902 [15,132 | 8,220
H28  [113013610 |MR&SEHFTHiE@E®mE | 350 | 121,063 | 2,428 | 1,016 | 2,259 | 3,103 | 4,315 14,853 | 9,103
H29  [113013610 |MR&EZEFFisEeEms | 350 | 122,153 | 2,856 | 1,177 | 2,469 | 2,311 | 2,786 |15,664 | 9,609
H2g8 [113018370 |BF2iimEisdmy 100 1,078 - - -| 56 32 108 -
H29 [113018370 |BF2fisEisEmy 100 1,225 1 -| 28 64 17 69 -
un. N
N ¢n|; iiﬁ = _ = 15 16 17 18 19 20 21 22 23 24
-—F BRITH RE | ®BF [gem [ muR | GIR | BHER | LRR | EHR | RER | BER | 208 | ZER
H27  [113013610 |MER#ME# FRismems | 350 | 121,645 | 1,441 | 1,936 | 1,890 | 659 | 1,032 | 3,614 | 2,273 | 1,677 | 7,045 | 1,232
H28  |113013610 |MERMEW Frissames | 350 | 121,063 | 1,577 | 2,073 | 2,338 | 686 | 1,003 | 2,976 | 2,026 | 1,490 | 7,092 | 1,443
H29  [113013610 |MERmE#rFmismEms | 350 | 122,153 | 1,402 | 2,104 | 2,556 | 531 | 807 | 2.874 | 1.671 | 1,222 | 6,941 | 1,423
H28 113018370 |BR&mmEfs®EmE | 100 | 1,078 T 82 - - 1 77 I
H29 113018370 |BFR2MmEf®ME | 100 | 1,225 - - B B 32 | 120 s
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H27 (113013610 |SR&\BHFIEEE=E | 350 | 121,645 | 1,290 8, 141 547 | 395
H28 (113013610 |SR&SBHFIEEEEE | 350 | 121,063 | 1,197 8467 | 285 | 511
H29  [113013610 |MmmstPrimseme | 350 | 122,153 | 1,408 8,304 | 338 | 350
H28 (113018370 |EBFrsemEEisEmE 100 1,078 159 - -
H29  [113018370 |BFeHimEisEmE 100 1,225 124 - -
1 EI:I . o - 31 32 33 31 35 36 37 38 39
—F RRIT A RE | BEF [Teme | gER | MUR | GBR | WOR | GBE | SR | 2ER | BaR
H27  [113013610 |MmsEfmPmmse®s | 350 | 121,645 | 165 | 416 | 1,750 | 939 | 554 | 244 | 367 | 1,165 | 1,395
H28  [113013610 |WmsBEmFmEeE®Es | 350 | 121,063 | 400 | 379 | 1,731 | 1,139 | 636 | 401 | 521 | 1,660 | 419
H29 113013610 ERAENMTHIEEEEY 350 122, 153 430 458 1, 765 1,175 593 590 665 3,433 375
H28 113018370 EreiEEREMNE 100 1,078 - - 51 - - - -
H29 [113018370 |EFemmEEEmE | 100 | 1,225 - | 2 - - - I
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H27 (113013610 |SRmEH FsismEms | 350 | 121,645 | 6,067 | 687 | 938 | 5,072 | 1,449 91 | 2,563 | 771
H28 113013610 |SEmsE# FHismeEms | 350 | 121,063 | 5696 | 653 | 1,386 | 4,260 | 1,324 | 123 | 2,530 | 979
H29 113013610 |MRMEN FHiEEEES | 350 | 122,153 | 5,020 | 767 | 1,508 | 4,025 | 1,369 | 109 | 2,946 | 966
H28 (113018370 |BF&mE=iE®MmME | 100 | 1,078 | 241 - - - - - - -
H29  [113018370 |BFRLmmEiE®mE | 100 | 1,225 | 284 — — — — — — —
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