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Residual Risk Factors in ASCVD Patients

DM patients (n=2,117) Non-DM patients (n = 3,366)
Parameter
Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Age 1.02 (1.00-1.04) 0.12 1.02 (1.00-1.04) 0.07
Male (vs. female) 0.88 (0.49-1.56) 0.66 0.75 (0.44-1.27) 0.28

BMI (kg/m?) (vs. 23 -<27.5)

<23 1.31 (0.74-2.32) 0.35 1.53 (0.95-2.46) 0.08

227.5 0.99 (0.60-1.65) 0.97 0.93 (0.56-1.56) 0.79
Systolic blood pressure (mmHQ) 1.01 (1.00-1.02) 0.11 1.00 (0.99-1.01) 0.66
HbALc (%) 1.04 (0.90-1.19) 0.61 — —
History of myocardial infarction 0.98 (0.54-1.79) 0.95 2.44 (1.27-4.69) <0.01
History of ischemic stroke or TIA 1.03 (0.58-1.84) 0.92 1.76 (1.00-3.11) 0.05
Heart failure (NYHA class I-11) 2.23(1.31-3.77) <0.01 1.97 (1.17-3.31) <0.05

Chronic kidney disease (vs. Stage 1-2)

Stage 3 1.44 (0.85-2.47) 0.18 1.37 (0.85-2.20) 0.20

Stage 4-5 3.03 (1.49-6.16) <0.01 3.02 (1.18-7.69) <0.05

Lin FJ et al. Sci Rep 7:9179, 2017



Triad of Diabetes, CHF, and CKD

Population Costs
(n =24,786,580; mean age 76.1) (total: $249,823,775,798)

CKD 18.29
CKD 9.2%

DM 34.4%

CHF 9.5%

DM 23.9%
CHF 21.9%

None: 67.1% None: 49.6%

USRDS 2013 Annual Data Report



Exclusion of CKD Patients from CV Trials 2006-2014

@ Exclusion by intervention category

B-Blocker
(n=7)
PCI
(n=33)
Thrombectomy
(n=15)
Device
(n=35)
Exercise
(n=5)
Remote ischemic postconditioning
(n=5)
Management plans Exclusion by diagnostic category
(n=56)
Antiplatelet agent Myocardial infarction and heart failure
(n=45) (n=3)
Fibrinolysis Myocardial infarction (mixed only)
(n=9) (n=19)
Cell therapy NSTEMI and STEMI
(n=8) (n=14)
Supplement HFrEF
(n=20) (n=72)
Other? STEMI
(n=74) (n=124)
Statin UA, NSTEMI, and STEMI
(n=13) (n=31)
‘ RAAS antagonist UA and NSTEMI
(n=20) (n=25)
Anticoagulant NSTEMI
(n=17) (n=11)
‘ Diuretics HFpEF
(n=7)

Calcium channel blockers
(n=2)
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Konstantinidis | et al. JAMA 176:121-124, 2016



Metformin Use in Advanced CKD

Cumulative incidence (%)

Number at risk
Metformin non-user
Metformin user

A All-cause mortality
80— —— Metformin non-user
—— Metformin user t
40 -
20—
0 | I | |
0 2 4 6 8
2439 1270 587 236 30
813 414 206 80 14

Hung SC et al. Lancet Diabetes Endocrinol 3:605-614, 2015
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Effect of Rosiglitazone on the Risk of Myocardial Infarction
and Death from Cardiovascular Causes

Steven E. Nissen, M.D., and Kathy Wolski, M.P.H.

RESULTS
Data were combined by means of a fixed-effects model. In the 42 trials, the mean
age of the subjects was approximately 56 years, and the mean baseline glycated
hemoglobin level was approximately 8.2%. In the rosiglitazone group, as compared
with the control group, the odds ratio for myocardial infarction was 1.43 (95%
confidence interval [CI], 1.03 to 1.98; P=0.03), and the odds ratio for death from
cardiovascular causes was 1.64 (95% CI, 0.98 to 2.74; P=0.00).



Major SGLT2i Studies Include CKD Patients

EMPA-REG CANVAS/

Name of the Study OUTCOME CANVAS R DECLARE CREDENCE DAPA-CKD EMPA-KIDNEY
. Empagliflozin Canagliflozin Dapagliflozin Canagliflozin Dapagliflozin Empagliflozin
Intervention
versus placebo versus placebo versus placebo versus placebo versus placebo versus placebo
Patient population ~ CVD history CVD risk or history CVD risk or history High CV risk High CV risk High CV risk
Kidney function eGFR 30-90, eGFR 25-75, eGFR 20-45 or 45-
> > >
inclusion criteria SIEIAR =0 SIEIAR =0 Gy Macro-albuminuria  UACR 200-5000 90 with albuminuria
Patient number 7020 10,142 17,160 4401 4000 5000
%CKD (eGFR <60) 25.9% 20.1% 7% 60% 90%
. Secondary: . . . ) Primary:
Progression to Progre?ssu_)n of 40% decrease ana_ry ) Pnrr;ary. .. Composite of
.~ . albuminuria, . Doubling of SCr,  250% reduction in
. macroalbuminuria, Do in eGFR to <60 ; (eGFR <10, renal
Prespecified renal . 40% reduction in ESRD, renal or CV eGFR or reaching N
- doubling of SCr, eGER RRT. renal (CKD-EPI) and/or death = ESRD or CV death death, or 240%
endpoints RRT, renal death (= " : ESRD and/or renal —— of renal death _ reduction in eGFR)
(MARE) or CV death (MARCE) or CV death
(MARE) (MARCE)
(MARCE) (MARCE)

Pecoits-Filho R et al. CJASN 13:318-320, 2018



Landmark Events in Diabetes Drug Development

SGLT-2 inhibitors also show | HHF in diabetic patients e
Dapagliflozin FDA

DPP-4 GLP-1 agonists and SGLT-2 inhibitors shows: Updates
FDA Guidance to Industry: | inhibitors show | MACE among diabetic patients . HHF Guidance
CV Adjudication Committee show: 1 CV death to Industry
br-mrket uppr 15 | < MACE forvrrer s | "%
: 5 Post-market upperCI <1-3% but T HHF Regard[ess of Solicits
W[LIGENE T ELGEIGEEEL LI RPN | |nclude high CV risk patients diabetes Feedback

Trials underpowered for CV outcomes

ymes Trials Found |

ﬁﬂ? 2008 ??E?IF?E?
Meta-Analysis Meta-Analysis SAVOR EMPA-REG DECLARE
Muraglitazar TIMI 53 OUTCOME LEADER CANVAS e DAPA-HF VERTIS-CV

Liraglutide Canagliflozin Dapagliflozin [ Ertugliflozin

CEVEL a0 W Empagliflozin Dapagliflozin
< MACE 1 MACE 1 MACE 1 MACE © MACE < MACE

4 CV Death
*
T HHF L HHF © HHF | HHF LcvDeath [ 2ndHHF © CV Death
and HHF* and HHF
Pharmacologic | Drugs Studied Mechanism 4 MARE 4 MARE CREDENCE
Category in CVOTs of Action

4 MARCE Canagliflozin < MARCE

Canagliflozin EXAMINE ELIXA SUSTAIN-6 EXSCEL 1 MARCE 4 HHF
SGLT-2 Dapaglifiozin « Renal Proximal Tubule: Alogliptin Lixisenatide Semaglutide Exenatide EMPEROR

Inhibitors Empagliflozin i géﬁ?g::::::rﬁéf: © MACE < MACE { MACE « MACE REWIND

-Reduced
Ertugliflozin 1 HHF < HHF < HHF < HHF Dulaglutide Empagliflozin

Exenatide Endocrine Pancreas 4 CV Death
i i : and HHF*
GLP-1 ?_?r?gll::ég: T Insulin, | Glucagon Production =
Agonists Lixisgnatide « Stomach: | Gastric Emptying e { MARE
Semaglutide. |” Brain: | Appetite

DAPA-CKD
DPP-4 Alogliptin ~ » Small Intestine: Dapagliflozin
Inhibitors Saxagliptin | Degradation of GLP-1

= 4 MARCE
: * Nuclear Transcription Factors
Apzlfl\i:ts ;’(‘) l;:'ag::zagra‘re 1 Triglycerides, T HDL (PPAR o)
9 9 7 Insulin Sensitivity (PPAR 7)

Ferro EG et al. J Am Coll Cardiol 76:2522-2526, 2020




CVOTs with SGLT2 Inhibitor

Patients Events Events per Weight HR HR (95% Cl)
1000 patient-years (%)
Treatment (n/N) Placebo (n/N) Treatment Placebo

Patients with atherosclerotic cardiovascular disease

EMPA-REG OUTCOME 4687/7020 2333/7020 772 374 439 29-4 —— 0-86 (0-74-0-99)
CANVAS Program 3756/6656 2900/6656 796 341 413 324 —i— 0-82 (0-72-0-95)
DECLARE-TIMI 58 3474/6974 3500/6974 1020  36-8 410 382 — 0-90 (0-79-1-02)
Fixed effects model for atherosclerotic cardiovascular disease (p=0-0002) - 0-86 (0-80-0-93)

Patients with multiple risk factors

CANVAS Program 2039/3486 1447/3486 215 15-8 15.5 25.9 0-98 (0-74-1-30)
DECLARE-TIMI 58 5108/10186 5078/10186 539 13-4 133 741 1.01 (0-86-1-20)
Fixed effects model for multiple risk factors (p=0-98) 1-00 (0-87-1-16)
0~:I’,5 OJSO 1~60 2~:50
—
Favours treatment Favours placebo

Figure 1: Meta-analysis of SGLT2i trials on the composite of myocardial infarction, stroke, and cardiovascular death (major adverse cardiovascular events)
stratified by the presence of established atherosclerotic cardiovascular disease

No heterogeneity was found in terms of between-study variance in the subgroups (atherosclerotic cardiovascular disease: Q statistic=0-94, p=0-63, I’=0%; multiple risk
factors: Q statistic=0-03, p=0-86, ’=0%). Tests for subgroup differences were based on F tests in a random effect meta-regression estimated using restricted maximum
likelihood and Hartung Knapp adjustment. The p value for subgroup differences was 0-0501. HR=hazard ratio. SGLT2i=sodium-glucose cotransporter-2 inhibitors.

Zelniker TA et al. Lancet 393:31-39, 2019



CVOTs with SGLT2 Inhibitor

Hospitalization for heart failure

eGFR <60 mL/min per m?
EMPA-REG OUTCOME 1212/1819 607/1819 94 14-9 25-8 365 —_— 0-59 (0-39-0-88)
CANVAS Program NA/2039 NA/2039 98 116 213 361 —_— 0-55(0-37-0-83)
DECLARE-TIMI58 606/1265 659/1265 77 123 193 27-4 —_—— 0-70 (0-44-1-12)
Fixed effects model for eGFR <60 (p<0-0001) —— 0-60 (0-47-0-77)
eGFR 60 to <90 mL/min per m?
EMPA-REG OUTCOME 2423/3661 1238/3661 100 84 117 213 —_— 0-72 (0-48-1-07)
CANVAS Program NA/5625 NA/5625 108 4.6 61 234 —_—— 076 (0-52-1-12)
DECLARE-TIMI 58 3838/7732 3894/7732 251 65 99 55-2 —— 0-65 (0-51-0-84)
Fixed effects model for eGFR 60 to <90 (p<0-0001) i 0-69 (0-57-0-83)
eGFR =90 mL/min per m?
EMPA-REG OUTCOME 1050/1538 488/1538 27 54 79 113 - 0-67 (0-31-1-44)
CANVAS Program NA/2476 NA/2476 37 37 51 15.7 = 0-76 (0-40-1-47)
DECLARE-TIMI 58 4137/8162  4025/8162 170 51 54 730 —— 0-94 (0-69-1-26)
Fixed effects model for eGFR 290 (p=0-31) e 0-88 (0-68-1-13)
025 050 1.00 2:50
MACE
eGFR <60 mL/min per m?
EMPA-REG OUTCOME 1212/1819 607/1819 275 527 605 36-2 g 0-88 (0-69-1-13)
CANVAS Program NA/2039 NA/2039 261 363 49.5 366 —— 0-69 (0-54-0-89)
DECLARE-TIMI 58 606/1265  659/1265 189 373 431 272 — 0-92 (0-69-1-23)
Fixed effects model for eGFR <60 (p=0-0077) R e 0-82 (0-70-0-95)
eGFR 60 to <90 mL/min per m?
EMPA-REG OUTCOME 2423/3661  1238/3661 351 30-8 40-6 225 — 0.76 (0-61-0-94)
CANVAS Program NA/5625 NA/5625 563 268 290 328 —-— 0-95 (0-80-1-13)
DECLARE-TIMI 58 3838/7732  3894/7732 757 245 258 447 —— 0-95 (0-82-1:09)
Fixed effects model for eGFR 60 to <90 (p=0-0520) < 0-91(0-82-1-00)
eGFR =90 mL/min per m?
EMPA-REG OUTCOME 1050/1538 488/1538 146 354 322 151 —_— 1-10 (0-77-1-57)
CANVAS Program NA/2476 NA/2476 187 208 236 211 —_— 0-84(0-62-1.13)
DECLARE-TIMI 58 4137/8162  4025/8162 613 18-8 197 637 —— 0-94 (0-80-1-10)
Fixed effects model for eGFR =90 (p=0-35) - 0-94 (0-82-1-07)
0-I25 0'150 1 IOO 2'150
Favours treatment Favours placebo

Zelniker TA et al. Lancet 393:31-39, 2019




LEADER No. of P Value for
Subgroup Patients  Liraglutide Placebo Hazard Ratio (95% ClI) Interaction
lE:;iuTufnt ::tﬂdmm:nﬁxfm no. of events/no. of patients (%) .

Primary analysis 9340 608/4668 (13.0)  694/4672 (14.9) | 0.87 (0.78-0.97)

Sex 0.84
Female 3337 183/1657 (11.0)  209/1680 (12.4) 0.88 (0.72-1.08)

Male 6003 425/3011 (14.1)  485/2992 (16.2) 0.86 (0.75-0.98)

Age 0.27
<60 yr 2321 140/1197 (11.7)  166/1124 (14.8) 0.78 (0.62-0.97)
=60 yr 7019 468/3471 (13.5)  528/3548 (14.9) 0.90 (0.79-1.02)

Geographic region 0.20
Europe 3296 207/1639 (12.6)  252/1657 (15.2) | 0.82 (0.68-0.98)

North America 2847 212/1401 (15.1)  216/1446 (14.9) o 1.01 (0.84-1.22)
Asia 711 24/360 (6.7) 37/351 (10.5) b—————— 0.62 (0.37-1.04)
Rest of the world 2486 165/1268 (13.0)  189/1218 (15.5) —o—i 0.83 (0.68-1.03)

Race 0.32
White 7238 494/3616 (13.7)  543/3622 (15.0) o4 0.90 (0.80-1.02)

Black 777 47/370 (12.7) 59/407 (14.5) —— 0.87 (0.59-1.27)
Asian 936  40/471 (8.5) 56/465 (12.0) ——e—H 0.70 (0.46-1.04)
Other 389 27/211 (12.8) 36/178 (202) +———— 0.61 (0.37-1.00)

Ethnic group : 0.30
Hispanic 1134 68/580 (11.7) 86/554 (15.5) —e— 0.74 (0.54-1.02)
Non-Hispanic 8206 540/4088 (13.2)  608/4118 (14.8) o 0.89 (0.79-1.00)

Body-mass index E 0.15
<30 3574 241/1743 (13.8)  261/1831 (14.3) o] 0.96 (0.81-1.15)

30 5757 367/2920 (12.6)  431/2837 (15.2) o 0.82 (0.71-0.94)

Glycated hemoglobin ' 0.58
<8.3% 4768 289/2340 (12.4)  333/2428 (13.7) e 0.89 (0.76-1.05)
>8.3% 4572 319/2328 (13.7) 361/2244 (16.1) o 0.84 (0.72-0.98)

Duration of diabetes E 0.42
<llyr 4429 265/2216 (12.0)  316/2213 (14.3) o 0.82 (0.70-0.97)
>1lyr 4802 340/2441 (13.9)  376/2451 (15.3) o 0.90 (0.78-1.04)

Risk of CVD ; 0.04
=50 yr of age and established CVD 7598 5363831 (14.0)  629/3767 (16.7) o | 0.83 (0.74-0.93)
>60 yr of age and risk factors for CYD 1742  72/837 (8.6) 65/905 (7.2) ——— 1.20 (0.86-1.67)

Renal function ;

Severe or moderate disease E 0.01
<60 ml/min/1.73 m? 2158 172/1116 (15.4) 223/1042 (21.4) —o— | 0.69 (0.57-0.85)
260 ml/min/1.73 m? 7182 4363552 (12.3)  471/3630 (13.0) o 0.94 (0.83-1.07)
Severe disease i 0.93
<30 ml/min/1.73 m2 224 25/117 (21.4) 26/107 (24.3) [ > | 0.89 (0.51-1.54)
=30 ml/min/1.73 m?2 9116 583/4551 (12.8) 668/4565 (14.6) = ol 0.87 (0.77-0.97)
0.2 1.0 2.0
Liraglutide Better Placebo Better




PROactive Study

all-cause mortality, Ml, and stroke

Hazard ratio

1.2 1

1.1 1

1.0

0.9 ()

0.8

0.7

0.6 —

0.5

04 —

Primary Main secondary Primary Main secondary
endpoint endpoint endpoint endpoint

GFR <60 ml/min per 1.73m? GFR 260 ml/min per 1.73m?

597 (11.6%) of the 5154 patients

Schneider CA et al. J Am Soc Nephrol 19:182-187, 2008



Sotagliflozin in Patients with DKD

16+ Death from CV Causes, Nonfatal Ml, or Nonfatal Stroke
14—
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Hazard ratio, 0.84 (95% Cl, 0.72-0.99)
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Months since Randomization

No. at Risk
Placebo 5292 5090 3817 1985 421
Sotagliﬂozin 5292 5150 3892 2034 432

(median eGFR 44.4 ml/min/1.73 m?, UACR 74)

Bhatt DL et al. N Engl J Med Nov 16, 2020



Sotagliflozin in DM and Worsening Heart Failure

No. of
Subgroup Patients Sotagliflozin Placebo Hazard Ratio (95% ClI)
events per 100 patient-yr
Overall 1222 51.0 76.3 —— 0.67 (0.52-0.85)
LVEF |
<50% 966 56.9 799 —— 0.72 (0.56—-0.94)

‘ =50% 256 306 64.0 — 0.48 (0.27-0.86)
|

Geographic region

North America or Latin America 346 68.3 103.0 — 0.64 (0.43-0.95)

Europe 800 44.1 64.7 — 0.69 (0.50-0.95)

Rest of the world 76 48.4 78.3 = : 0.60 (0.23-1.58)
Timing of first dose :

Before discharge 596 52.1 76.6 —— 0.71 (0.51-0.99)

After discharge 626 50.0 76.1 —u— 0.64 (0.45-0.90)
Sex i

Female 412 41.9 52.0 — - 0.80 (0.51-1.25)

Male 810 55.7 89.3 —0— 0.62 (0.47-0.82)
Age i

<65 yr 364 57.1 71.1 ——— 0.79 (0.51-1.23)

=65 yr 858 48.0 78.5 —.— 0.62 (0.47-0.82)
Estimated GFR

<60 ml/min/1.73 m?2 854 50.1 85.8 —— 0.59 (0.44-0.79)

260 ml/min/1.73 m2 368 53.1 58.1 _ 0.90 (0.58-1.37)

0.I25 0.!‘30 1.0 2I.0
Sotagliflozin Better Placebo Better

Bhatt DL et al. N Engl J Med Nov 16, 2020



ON MY MIND

Heart Failure With Preserved Ejection Fraction z
A Kidney Disorder? il
Impaired Renal Function
Renal injury Diabetes Melitus,

Salt and
water retention

Hypertension,

Myocardial dysfunction Obesity,

Vascular stiffness

Oxidative stress Stiff or
Inflammation overfilled
Hypertension ventricle

Fang JC. Circulation 134:435-437, 2016



Renal Outcome Measures in DKD

Surrogate
markers

eGFR slope*
UACR -new onset

-worsening
-reversal

Biomarkers
Proteomics

;

Secondary outcomes

t

Intermediate
outcomes

Hard
endpoints

57%, 50%, 40% eGFR decline

Composite:
eGFR slope* and

UACR >30% reduction

MARE

Major Adverse
Renal Event

Parameters to
monitor a treatment

ESKD (initiation of RRT)
QOL measures

Other patient-centered
outcomes

Histology (kidney tissue)
Death of renal cause
MARE_& CV death

Primary outcomes

t

Parameters to
decide for a treatment

Prischl FC et al. Kidney Int Rep 3:1030-1038, 2018



Different eGFR decline thresholds and the
renal effects of canagliflozin: data from
the CANVAS Program

METHODS Effects of canagliflozin on the Required sample size
CANVAS / CANVAS-R trial composite renal outcomes Z 1000014
Risk ratio (95% ClI) o)
Canagliflozin eGFR reductions, ESKD or renal death » 8000 1) po= 3 >
< 1) E 3 6000 o
Placebo 57% eGFR reduction ——i ! = 2)
B 50% eGFR reduction —o— 2 4000 0\;‘
Random|zat|on 40% eGFR reduction 2 o E o 2000 - \\\
l—l‘_ee—H 30% eGFR reduction ! 2 &9
Week 0 6/13 364 2) ; i o —— t ,
57% eGFR reduction ==t L &L S
eGFR reductions were calculated 50% eGFR reduction o 3P b\"&&&b\’&b‘)@
1) from Week 0 40% eGFR reduction - @&Q-@ Q-@ Q~@ Q~@
30% eGFR reduction -~ & e K
@ » : ' R : L ELE
. 0.125 0.25 0.5 1.0 2.0 P00 S0 S° S®
2) from Week 6/13 or Week 0 in the Favors canagliflozin Favors placebo N
canagliflozin or placebo group
Canaglifiozin @ , CONCLUSION Declines in eGFR less than 57% may
Placebo @ » provide robust estimates of the effects of canagliflozin on

renal outcomes, if the acute effect is controlled for.

doi: 10.1681/ASN.2019121312 'Af ;N

E AMERICAN SOCIETY OF NEPHROLOGY



Renal Outcomes in CVOTs with SGLT2 Inhibitor

Patients Events Events per 1000 Weight HR HR (95% Cl)
patient-years (%)

Treatment (n/N) Placebo (n/N) Treatment Placebo
Patients with atherosclerotic cardiovascular disease
EMPA-REG OUTCOME 4645/6968 2323/6968 152 63 115 31.0 — 0-54 (0-40-0-75)
CANVAS Program 3756/6656 2900/6656 179 6-4 10-5 356 —a— 0-59 (0-44-0-79)
DECLARE-TIMI 58 347416974 3500/6974 183 47 86 334 —a— 0-55 (0-41-0-75)
Fixed effects model for atherosclerotic cardiovascular disease (p<0-0001) i 0-56 (0-47-0-67)
Patients with multiple risk factors
CANVAS Program 2039/3486 1447/3486 70 41 66 295 = 0-63(0:39-1-02)
DECLARE-TIMI 58 5108/10186 5078/10186 182 3-0 5-9 705 — 0-51 (0-37-0-69)
Fixed effects model for multiple risk factors (p<0-0001) —ce— 0-54 (0-42-0-71)

O-|35 0-|50 1-00 2-I50
4_
Favours treatment Favours placebo

Figure 4: Meta-analysis of SGLT2i trials on the composite of renal worsening, end-stage renal disease, or renal death stratified by the presence of established
atherosclerotic cardiovascular disease

Atherosclerotic cardiovascular disease: Q statistic=0-19, p=0-91, I’=0%; multiple risk factors: Q statistic=0-52, p=0-47, I’=0% The p value for subgroup differences
was 0-71. Tests for subgroup differences were based on F tests in a random effect meta-regression estimated using restricted maximum likelihood and Hartung
Knapp adjustment. HR=hazard ratio. SGLT2i=sodium-glucose cotransporter-2 inhibitors.

Zelniker TA et al. Lancet 393:31-39, 2019



Renal Outcomes in CVOTs with SGLT2 Inhibitor

Patients Events Events per 1000 Weight HR HR (95% Cl)
patient-years (%)
Treatment (n/N) Placebo (n/N) Treatment Placebo
eGFR <60 mL/min per m
EMPA-REG OUTCOME 1196/1801 605/1801 NA NA NA 335 —_—— 0-66 (0-41-1-07)
CANVAS Program NA/2039 NA/2039 83 114 151 39-6 —_— 0-74 (0-48-1-15)
DECLARE-TIMI 58 606/1265 659/1265 59 89 15-2 27-0 B 0-60 (0-35-1-02)
Fixed effects model for eGFR <60 (p=0-0054) T 0-67 (0-51-0-89)
eGFR 60 to <90 mL/min per m?
EMPA-REG OUTCOME 2406/3638 1232/3638 NA NA NA 16-8 . — 0-61(0-37-1-03)
CANVAS Program NA/5625 NA/5625 118 4.6 7-4 34-4 — 0-58 (0-41-0-84)
DECLARE-TIMISS  3838/7732  3894/7732 186 42 78 489 —a 0-54 (0-40-0-73)
Fixed effects model for eGFR 60 to <90 (p<0-0001) ~ 0-56 (0-46-0-70)
eGFR =90 mL/min per m?
EMPA-REG OUTCOME 1043/1529 486/1529 NA NA NA 117 <« = 0-21 (0-09-0-53)
CANVAS Program NA/2476 NA/2476 48 3.8 B 2F5 = 0-44 (0-25-0-78)
DECLARE-TIMIS8  4137/8162  4025/8162 120 25 49 608 — 050 (034-073)
Fixed effects model for eGFR =290 (p<0-0001) e 0-44 (0-32-0-59)
0-%[0 O-I25 O-le 1.00 2-I50
«— —_—
Favours treatment Favours placebo

Zelniker TA et al. Lancet 393:31-39, 2019



Prognosis of CKD by GFR and Albuminuria

eGFR  UACR  RRT Persistent albuminuria categories
Description and range
DECLARE 85 13 NA
CANVAS 76 12 18 Al A2 A3
EMPA-REG
74 18 ° <30 mg/g 30-300 mg/g >300 mg/g

DECLARE
G2 60-89 CANVAS
EMPA-REG

G3a 45-39 CREDENCE

G3b 3044 SCORED DAPA-CKD

G4 15-29

°
c
©
c
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o
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™
~
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T

IE
£
—
£
o Very high risk
[T
L)
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CREDENCE

Hazard ratio
(95% CI) P value

Primary composite outcome —— | 0.70 (0.59-0.82) 0.00001
Doubling of serum creatinine —— 0.60 (0.48-0.76) <0.001
ESKD —— 0.68 (0.54-0.86)  0.002

eGFR <15 mL/min/1.73 m? —e— 0.60 (0.45-0.80) -

Dialysis initiated or kidney transplantation —— 0.74 (0.55-1.00) -
Renal death — 0.39 (0.08-2.03) -
CV death —— 0.78 (0.61-1.00) 0.0502

ESKD, doubling of serum creatinine, or renal death —e— 0.66 (0.53-0.81) <0.001

0.72 (0.54-0.97) -

Dialysis, kidney transplantation, or renal death* ——

i | ! !
0.25 0.5 1.0 2.0 4.0

Favors Canagliflozin Favors Placebo

*Post hoc analysis (n=183)

Perkovic V et al. N Engl J Med 380:2295-2306, 2019



RENAAL

ESKD

30

Risk Reduction: 28%

= _
o p=0.002 P H 0
> 20 28%
= L
S SGLT2i
G 10

0

0 12 24 36 48
Months

P 762 715 610 347 42

L 751 714 625 375 69

Brenner BM et al. New Engl J Med 345:861-869, 2001



CREDENCE
—=— (Canagliflozin —eo— Placebo
Baseline 56.4 56.0

c~ 9% -0.55
~E "2-
% m -4 A -3.72
AN .6 -

i —_—
o= 8171 Acute eGFR slope (3 weeks) 1.85/year
& £ 10 1 Difference: -3.17 (95% CI, -3.87, -2.47)
S -12 -

d
cE -14 - B .
o > 16 - Chronic eGFR slope 4.59/yea.
Ew -18 - Difference: 2.74/year (95% CI, 2.37-3.11)
no
- O -20 . . . . . . .

0 6 12 18 24 30 36 42

Months since randomization

No. of Participants
Placebo 2178 2084 1985 1882 1720 1536 1006 583 210
Canagliflozin 2179 2074 2005 1919 1782 1648 1116 652 241

Perkovic V et al. N Engl J Med 380:2295-2306, 2019



EMPA-REG OUTCOME eGFR Slope Analysis

/8

—+—Placebo —e—Empadgliflozin
76 -

74

1

12

/70

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

68 A

66

412 28 50 66 80 94 108 122 136 150 164 178 192

Baseline

Week
Patients analyzed /
Placebo 23232295 2267 2205 2121 2064 1927 1981 1763 1479 1262 1123 977 731 448

Empagliflozin - 4644 4578 4533 4451 4318 4225 4018 4131 3710 3103 2654 2387 2087 1623 1037

Wanner C et al. JASN 29:2755-2769, 2018



DAPA-CKD

Multicentre ~ 400
Target n = 4300
Patients with and
without type 2 diabetes

= 18 years
25-75 ml/min/1.73 m?
uACR =200 mg/g

Polycystic kidney disease
Lupus nephritis
ANCA vasculitis
Type | diabetes

Interventions

o

Dapagliflozin
10 mg

1:1

&

Placebo

Follow-up

Event-driven
(681 events)

Primary outcome

Composite renal endpoint

2> 50% decline
in eGFR

End-stage
kidney disease

Renal or
cardiovascular
death

» NEPHROLOGY
DIALYSIS
@/ & TRANSPLANTATION

Heerspink HJL et al. NDT (2019)

@NDTSocial



Investigator-Reported Etiology of CKD (%)

DAPA-CKD

Etiology of CKD

u Diabetic Nephropathy u |schemic/HTN Nephropathy = Chronic Glomerulonephritis
H Chronic Pyleonephritis Chronic Interstital Nephritis Obstructive Nephropathy
m Renal Artery Stenosis = Unknown Other

Chronic glomerulonephritis
IgA nephropathy (1.3%)
Focal segmental glomerulosclerosis (0.8%)

100% - M_embranous nep_hropathy (0.3%)
Minimal change disease (0.1%)
Other (0.9%)
Chronic glomerulonephritis 7 A
1 IgA nephropathy (6.3%) i Ischemic/HTN nephropathy
Focal segmental glomerulosclerosis (3
80% A Membranous nephropathy (1.0%)
Minimal change disease (0.3%) -
J Other (5.9%)
Ischemic/HTN nephropathy Chronic glomerulonephritis
60% A |gA nephropathy (16.6%)
0 d Focal segmental glomerulosclerosis (6.7%)
Membranous nephropathy (2.4%)
Minimal change disease (0.6%)
Other (16.5%)
Diabetic
40% - nephropathy
Diabetic nephropathy
20% - Ischemic/HTN nephropathy
0% - =
Overall Population (N = 4304) T2D (N = 2906) No Diabetes (N = 1398)

Heerspink HIL et al. N Engl J Med 383:1436-1446, 2020



DAPA-CKD

250% eGFR Decline, ESKD, Renal or CV Death

7 Placeb
HR (95% Cl) p-value acebo
312 events
0.61 (0.51-0.72) 0.000000028
20
®
3
Q16
]
©
[T
£
o 124
=
K DAPA 10 mg
E o 197 events
o
4_
0 | T T T T T T |
0 4 8 12 16 20 24 28 32
N at Risk Months from Randomization
DAPA10mg 2152 2001 1955 1898 1841 1701 1288 831 309
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270

Heerspink HIL et al. N Engl J Med 383:1436-1446, 2020



DAPA-CKD

Number of Events

DAPA 10 mg Placebo p-value
HR (95% CI) (N=2152) (N=2152) 95% CI Interaction

Composite of 250% eGFR Decline, ESKD, or Renal or CV Death

All Patients —a—
T2D at Baseline

Yes -

No —a—
UACR (mg/g) at Baseline

=1000 -  m

>1000 —a—
eGFR (mL/min/1.73m?) at Baseline

<45 —a—

=45 —a—

0 I13 0 ISO 1.00 1 !’25

DAPA 10 mg Better

-

197

152
45

44
153

152
45

Placebo Better

o

w

>

312 0.61 (0.51,0.72)
0.24
229 0.64 (0.52,0.79)
83 0.50 (0.35,0.72)
0.52
84 0.54 (0.37,0.77)
228 0.62 (0.50, 0.76)
0.22
217 0.63 (0.51,0.78)
95 0.49 (0.34, 0.69)
0} 36% Rrrrin 50% rrrin
© patients with T2D o patients without T2D
T HR, 0.64 (0.52-0.79) HR, 0.50 (0.35-0.72)

P for interaction=0.24 (NS)

Heerspink HIL et al. N Engl J Med 383:1436-1446, 2020



DAPA-CKD

Hazard Ratio P-value for

Dapagliflozin Placebo (95% CI) Interaction
No. of participants/total no.

Primary outcome

Overall 197/2152 312/2152 —— 0.61(0.51,0.72)

Withtype 2 diabetes 152/1455 229/1451 ——i 0.64 (0.52, 0.79)

Withouttype 2 diabetes 45/697 83/701 —— 0.50(0.35, 0.72) 0.24
Renal-specific outcome

Overall 142/2152 243/2152 —— 0.56 (0.45, 0.68)

Withtype 2 diabetes 103/1455 173/1451 —— 0.57 (0.45, 0.73)

Withouttype 2 diabetes 39/697 70/701 —l— 0.51(0.34, 0.75) 0.57
CV death or heart failure

Overall 100/2152 138/2152 —l—i 0.71(0.55, 0.92)

With type 2 diabetes 85/1455 119/1451 —l— 0.70(0.53, 0.92)

Withouttype 2 diabetes 15/697 19/701 O i 0.79(0.40, 1.55) 0.78
All-cause mortality

Overall 101/2152 146/2152 —l— 0.69 (0.53, 0.88)

Withtype 2 diabetes 84/1455 113/1451 1T 0.74 (0.56, 0.98)

Withouttype 2 diabetes 17/697 33/701 . 0.52(0.29, 0.93) 0.25

0?2 ! ! 0?5 P I1.0 2?0
E)apagliflozin Better Placebo Bett;r

Heerspink HIL et al. N Engl J Med 383:1436-1446, 2020



RENAAL

Primary composite 077 0.84
endpoint —

—@—

Doubling of serum
creatinine/ESRD
Doubling of
serum creatinine

ESRD

All-cause
mortality

I

1 1 |
0.1 04 0.7 1.0 1.4 0.1 04 0.7 1.0 1.4
Relative risk Relative risk

Irbesartan vs. placebo -—@— Placebo vs. losartan
Irbesartan vs. amlodipine

Parving HH et al. N Engl J Med 345:870-878, 2001
Brenner BM et al. N Engl J Med 345:861-869, 2001




DAPA-CKD

Primary outcome in participants
with IgA nephropathy

024 9 HazardRatio, 0.29 (95% Cl, 0.12-0.73)
Ho _ J
C
S 0.20 -
Q i Placebo
=
$ 016
O i
o
£ 0121
m -
=
S 0.08
5
g Dapagliflozi
apaqgluriozin
E 0.04 - I|| pag
O _
0.00 =k r
I | I I I | I | |
0 4 8 12 16 20 24 28 32
No at Risk
Dapaglifiozin 137 107 106 105 104 08 61 43 17
Placebo 133 113 108 101 96 92 51 32 19

Heerspink HIL et al. N Engl J Med 383:1436-1446, 2020



What are the effects of canagliflozin in patients with type 2 diabetes CJ AS N
and baseline eGFR <30 ml/min per 1.73 m? per yr? et sl o S

CREDENCE trial post hoc analysis

i B one

outcomes
n=174 26.5 1064 Kidney failure AKI Any adverse
ml/min per 1.73 m? mglg event
Mean 6OER Median UACR Hazard ratio (95% Cl)

3 0.70 0.84 0.87

eGFR 230 ; : 82,0,
mi/min per 1.73 m? 041000 (0.62, 1.14) (0.82, 0.93)

Canagliflozin Placebo

? m P interaction=0.80 P interaction=0.70 P interaction=0.17
Mean rate of
eGFR decline
0.67 1.04 1.08
eGFR <30 (0.35, 1.27) (0.42, 2.55) (0.79, 1.47)
Difference: —2.54 ml/min/1.73 m? per Flnic e SeEs s

[95% ClI: 0.90, 4.17)

George Bakris, Megumi Oshima, Kenneth W. Mahaffey, et al. Effects of
Canagliflozin in Patients with Baseline eGFR <30 ml/min per 1.73 n?:
Subgroup Analysis of the Randomized CREDENCE Trial. CJASN doi:
10.2215/CJIN.10140620. Visual Abstract by Divya Bajpai, MD, PhD



Natriuresis
Diuresis

Restoration of
tubuloglomerular
feedback

J Glomerular
hypertension

" Distal delivery
of sodium

Glucosuria

\\sl« Tubular workload

\

=
(

J LV wall stress
N Oxygen delivery

A B-hydroxybutyrate
oxidation

J NHE3 activity

-\ Oxidative stress

W Plasma volume

\J Sympathetic nervous
system activity

M Erythropoietin activity
¥ Glycemia
V' Body weight

| M Free fatty acids

//

/

W Blood pressure
M Red cell mass
M Ketones
J Insulin resistance

Glucagon

Scheen AJ et al. Circ Res 122:1439-1459, 2018




Volume Overload and CV Outcomes in CKD

100 +
B e e W
c\o 05_._‘% OOWDEDD -AD
“—.._
g - W&"m
2 8 %04
...E 70 1 DI AP A
2
O 60 4
—
Q.
= 50 A
S —— OH <7%, SBP <140 mmHg
S 404 —~— OH<7%, SBP >140 mmHg
= —o—- OH >7%, SBP <140 mmHg
0 304 —e— OH>7%, SBP >140 mmHg
/2 P<0.001 (Log-rank test)
0 | I I I I I 1
0 6 12 18 24 30 36
Follow-up (months)
No. at risk
OH <7%, SBP <140 mmHg: 105 103 96 92 80 45
OH <7%, SBP >140 mmHg: 58 51 49 47 41 22
OH >7%, SBP <140 mmHg: 76 69 63 55 43 16
OH >7%, SBP >140 mmHg: 99 83 74 63 53 24

Hung SC et al. J Am Heart Assoc 4:e001918, 2015



SGLT2 Inhibition in Combination With Loop Diuretics
in Patients With Type 2 Diabetes and Chronic Heart Failure

A p=0.005 p=0.005 B p=0.62 p=0.57

:
g $ 1 53
3 = 1000 35
SE >
£3 f g
28 / o
_sz kssssiifessessndB ..o Y i et lusisoasoocefossorssosoafosssss Vgusssssesaniguvssossosongfossese s

Osmotic diuresis through increased
glycosuria rather than natriuresis

200
E~
5%
K
E‘ 100
2
=&
=N
8
22 o
NJ
£
g
5;-100

-200

Placebo Week 6 EmpagliflozinDay 3 Empagliflozin Week 6 Placebo Week 6

Empagliflozin Day 3 Empaglifiozin Week 6

Mordi NA et al. Circulation 142:1713-1724, 2020



Tubuloglomerular Feedback

A normal TGF B _ C restored TGF
reeee————
‘ ] - elevated .' ‘ I
appropriate macula afferf_ent GFR decreas.ed afferenit 9 3 e
afferent densa arteriole Na* delivery to normalization

i Na* delivery
- normal S saaculs 0 arteriole of GFR
arteriole GFR/ vasodilation \)‘ Py constriction to macula

tone —_— \‘ densa
m increased

<€
Na*/glucose <
reabsorption t/\ \

Na'/glucose
reabsorption

SGLT-2 ? SGLT-2 ? SGLT-2
qj é inhibition
in proximal
F E tubule
| | i
glucosuria
Normal physiology Hyperfiltration in early SGLT-2 inhibition reduces
stages of diabetic nephropathy hyperfiltration via TGF

Cherney DZI et al. Circulation 129:587-597, 2014



EMPA-REG OUTCOME post hoc analysis

+ 6668 participants with type 2 diabetes Higher KDIGO risk category
(T2D) and cardiovascular (CV) disease and diuretic treatment

+ Categorized by percent eGFR change from at baseline were
baseline at Week 4 into: independently predictive for
‘eGFR dip’' >10% with

3B 'eGFR dipper’ (>10% decline) empaglifiozin versus placebo
- ‘eGFR intermediate’ (>0% to £10% decline)

- ‘eGFR non-dipper’ (no decline)

28% empagliflozin-treated participants
experienced an ‘eGFR dip’ >10%

eGFR over time per dipping category
with empagliflozin Placebo Empaglifiozin

BG

82

Adjusted mean (SE) eGFR
(mlVmie/1.73 m9)

e & O

T3 12 28 2 66 80 o4 108 122 136 150 * 'oGFR dipper’ ® 'eGFR dipper
Basedne
! 'eGFR intermediate’ * 'oGFR intermediate
: , 'oGFR non-dipper’ 'eGFR non-dipper’
e -'eGFR dipper' -+-'eGFR intermediate’ -#'eGFR non-dipper
(n = 2225) (n = 4443)

Kraus BJ et al. Kidney Int November 09, 2020



Early changes in albuminuria with
canagliflozin predict kidney and

cardiovascular outcomes

JOURNAL OF THE AMERICAN SOCIETY OF NEPHROLOGY

METHODS OUTCOME

Post-hoc analysis of the Effect of canagliflozin at week 26:
CREDENCE ftrial

N=3836
eGFR UACR
30-<90 300-5000
ml/min m r\l\ mg/g

31% reduction in albuminuria Regression in albuminuria stage
Effect of canagliflozin (95% CI 27-36) OR 1.85 (95% CI 1.55-2.22)
vs placebo 2 : : = : :
P l Each 30% reduction in albuminuria associated with:

Early change in UACR

O e

(week 26)
l Kidney outcome MACE HF or CV death
Kidney and CV HR 0.71 HR 0.92 HR 0.86
outcomes (95% CI 0.67-0.76) (95% CI 0.88-0.96) (95% Cl 0.81-0.90)

Conclusion doi: 10.1681/ASN.2020050723
In type 2 diabetes and CKD, canagliflozin results in early and

sustained reductions in albuminuria, which are independently
associated with long-term kidney and cardiovascular outcomes.




5 Lifestyle therapy Phy;ﬁ::i;‘::‘v'ty
Weight loss

l

Metformin SGLT2 inhibitor

R st e GFR GFR l’f" GFR =
Q e e ° A . . e A . .
& therapy % I % e o i Dialysis 4 % e Dialysis

Reduce dose Discontinue Discontinue

Do not initiate Discontinue
I

- Guided by patient preferences,
comorbidities, eGFR, and cost

« Includes patients with eGFR
< 30 ml/min per 1.73 m? or
treated with dialysis

Additional drug therapy as

~ Insulin
needed for glycemic control

/




SGLT2i With and Without Metformin: Meta-analysis

Events Patients HR (95% CI) P-heterogeneity
Worsening kidney function, ESKD or kidney death 0.62
Metformin
EMPA-REG OUTCOME 645 4632 :+ 0.68 (0.58-0.79)
CANVAS Program 173 7825 — 0.55 (0.40-0.74)
DECLARE-TIMI 58 297 14068 —.—;' 0.48 (0.38-0.61)
CREDENCE 160 2545 _!‘— 0.57 (0.41-0.78)
Subtotal (12=53%, P=0.10) <> 0.58 (0.48-0.69)
No metformin
EMPA-REG OUTCOME 268 1553 —— ' 0.47 (0.37-0.59)
CANVAS Program 76 2317 —:—'—— 0.73 (0.46-1.16)
DECLARE-TIMI 58 68 3092 —_— 0.76 (0.47-1.23)
CREDENCE 217 1856 —é—.— 0.72 (0.55-0.95)
Subtotal (12=60%, P=0.06) <= 0.63 (0.48-0.83)
All-cause mortality 0.57
Metformin
EMPA-REG OUTCOME 291 5193 + 0.78 (0.61-0.98)
CANVAS Program 424 7825 — 0.90 (0.74-1.10)
DECLARE-TIMI 58 810 14068 ':'.1— 0.93 (0.81-1.07)
CREDENCE 182 2545 —— 0.82 (0.61-1.10)
DAPA-HF N/A N/A —'—i' 0.61 (0.43-0.87)
Subtotal (1°=31%, P =0.21) <> 0.84 (0.75-0.95)
No metformin
EMPA-REG OUTCOME 172 1827 — . 0.54 (0.40-0.72)
CANVAS Program 257 2317 —i— 0.80 (0.62-1.03)
DECLARE-TIMI 58 289 3092 —E—l—— 0.90 (0.71-1.13)
CREDENCE 187 1856 — 0.83 (0.62-1.11)
DAPA-HF N/A N/A —i—.'— 0.91 (0.69-1.22)
Subtotal (12=54%, P = 0.07) <> 0.79 (0.66-0.94)
I T T T 1
0.25 05 075 1 15 2
Favours SGLT2 inhibitor Favours placebo

Neuen SD et al. Diabetes Obes Metab Oct 11, 2020



AKI and Severe Lactic Acidosis
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DECLARE: Key Safety Events

Table 2. Safety Events.*

Dapagliflozin Placebo Hazard Ratio
Event (N=8574) (N=8569) (95% CI) P Value
no. (%)
Serious adverse event 2925 (34.1) 3100 (36.2) 0.91 (0.87-0.96) <0.001
Adverse event leading to discontinuation 693 (8.1) 592 (6.9) 1.15 (1.03-1.28) 0.01
of trial regimen
Major hypoglycemic event 58 (0.7) 83 (1.0) 0.68 (0.49-0.95) 0.02
Diabetic ketoacidosis 27 (0.3) 2 (0.1) 2.18 (1.10-4.30) 0.02
Amputation 123 (1.4) 113 (1.3) 1.09 (0.84-1.40) 0.53
Fracture 457 (5.3) 440 (5.1) 1.04 (0.91-1.18) 0.59
Symptoms of volume depletion 213 (2.5) 207 (2.4) 1.00 (0.83-1.21) 0.99
Acute kidney injury 125 (1.5) 175 (2.0) 0.69 (0.55-0.87) 0.002
Genital infection 76 (0.9) 9 (0.1) 8.36 (4.19-16.68) <0.001
Urinary tract infection 127 (1.5) 133 (1.6) 0.93 (0.73-1.18) 0.54
Cancer 481 (5.6) 486 (5.7) 0.99 (0.87-1.12) 0.83
Bladder cancer 26 (0.3) 45 (0.5) 0.57 (0.35-0.93) 0.02
Breast cancer 36 (0.4) 35 (0.4) 1.02 (0.64-1.63) 0.92
Hypersensitivity 32 (0.4) 36 (0.4) 0.87 (0.54-1.40) 0.57
Hepatic event 82 (1.0) 87 (1.0) 0.92 (0.68-1.25) 0.60

Wiviott SD et al. N Engl J Med 380:347-357, 2019




CREDENCE

Renal Safety

Number of participants
with an event, n

Canagliflozin Placebo Hazard ratio
(N = 2200) (N = 2197) (95% CI)
All renal-related AEs 290 388 —— 0.71 (0.61-0.82)
Hyperkalemia 151 181 -—0—11 0.80 (0.65-1.00)
Acute kidney injury 86 98 - — 0.85 (0.64-1.13)
I II ]
0.5 1.0 2.0

Favors Canagliflozin Favors Placebo

Perkovic V et al. N Engl J Med 380:2295-2306, 2019



DAPA-CKD
With T2D Without T2D
Safety outcomes, %
Dapagliflozin Placebo Dapagliflozin Placebo
(n=1453) (n=1450) (n=696) (n=699)
Discontinuation due to AE 5.6 6.5 5.2 4.1
Any serious AE 33.2 38.8 21.6 23.9

AE of interest

Amputation 2.4 2.6 0 0.1
Diabetic ketoacidosis 0 0.1 0 0
Fracture 4.5 3.5 2.9 2.6
Renal related adverse event 8.3 10.2 4.9 5.7
Major hypoglycemia 1.0 1.9 0 0
Volume depletion 6.3 4.9 5.0 2.7

Heerspink HJL et al. N Engl J Med 383:1436-1446, 2020



AKI With SGLT2 Inhibitors Versus Other Glucose-Lowering Drugs

‘ Study Design

Retrospective Cohort

Manitoba, Canada

..." ] ] - -
{{')} Patients with type 2 diabetes mellitus

versus

%@6’ SGLT inhibitors

Other glucose-lowering drugs (oGLD)

Analysis: Survival analysis and logistic regression
Adjustment using propensity score matching

SGLT2i users oGLD users
N=4,778 N=4,778

Results
117 AKI events total
‘I |‘ G « 47 with SGLT2i use
e - 70 with oGLD use
Incident AKI HR 0.64

(95% CI 0.40 -1.03)

OR 0.70

AKI at 30 days (95% CI 0.27 - 1.84)

OR 0.36
AKI at 90 days (95% C1 0.36 - 1.16)

CONCLUSION: SGLT2 inhibitor use was not significantly associated with

Christie Rampersad, Eyal Kraut, Reid H. Whitlock, et al (2020)

@AJKDonline | DOI: 10.1053/j.ajkd.2020.03.019

higher risk of AKI compared to other glucose-lowering drugs.



FDA Drug Safety Communication: FDA strengthens
kidney warnings for diabetes medicines canagliflozin
(Invokana, Invokamet) and dapagliflozin (Farxiga, Xigduo
XR)

[ 06-14-2016 ]

Safety Announcement v

The U.S. Food and Drug Administration (FDA) has strengthened the
existing warning about the risk of acute kidney injury for the type 2
diabetes medicines canagliflozin (Invokana, Invokamet) and
dapagliflozin (Farxiga, Xigduo XR). Based on recent reports, we have
revised the warnings in the drug labels to include information about
acute kidney injury and added recommendations to minimize this
risk.




supplements

Treat all CKD patients 250 y/o

regardless of LDL levels
2 NEINEZINT \J
e

QE\!_‘,Q{‘O?

{0gpp OV

KDIGO Clinical Practice Guideline for Lipid Management in Chronic Kidney Disease




DAPA-CKD

* Mean 61.8 years old
| 3% ofemal sain Y
. 34% of Asian

635
. eGFR of 43 mL/min/1.73m?
. UACR of 949 mg/e 51%
. a7
T2D
: oree B
T

Heerspink HIL et al. N Engl J Med 383:1436-1446, 2020



Statin for CKD: Meta-analysis

P value for Variance
subgroup explained
No. of Statin Control Relative risk Relative risk difference by stage of
trials or Random effects Random effects (stage of kidney
Category subsets* n N n N (95% ClI) (95% ClI) CKD) disease
All cause mortality
CKD not on dialysis 11 1005 14063 1281 14213 0.81(0.74 t0 0.88) +
Dialysis 13 938 2352 988 2353 0.96 (0.88 to 1.04) -—.d— 0.009 89%
Transplant 6 152 1382 144 1378 1.05(0.84t0 1.31) —_—t
All trials 32 3280 22517 3575 22 637 0.89 (0.82 to 0.97) S >4
Heterogeneity across all trials: x2=43.412 P=0.07, 12=29%
Cardiovascular mortality
CKD not on dialysis 8 439 9480 574 9579 0.78 (0.68 to 0.89) ——V—
Dialysis 13 446 2311 1512 2312 0.94 (0.82to0 1.07) _t*/:"_ 0.08 100%
Transplant 4 38 1161 56 1161 0.68 (0.45t01.02) < *
All trials 27 1307 17 672 1512 17 745 0.86 (0.78 to 0.95) =
Heterogeneity across all trials: x2=18.33, P=0.86, 12=0%
Major cardiovascular events
CKD not on dialysis 14 2525 17912 3361 18121 0.76 (0.73 to 0.80) -‘Q*
Dialysis 4 852 3557 899 3527 0.95(0.87 to 1.03) ‘ — <0.0001 99%
Transplant 1 112 1050 134 1052 0.84 (0.66 to 1.06) —_——
All trials 20 3495 22589 4404 22773 0.78 (0.72 to 0.85) =
Heterogeneity across all trials: x>=41.28 P=0.002, 1>=54%
[ ]
0.5 h 2

Statin better

Control better

Palmer SC et al. Ann Intern Med 157:263-275, 2012



Predictor

PAD

MACE

Mortality

Indoxyl sulfate (10 pg/mL increase)
BMI (kg/m?)

Systolic BP (10 mmHg increase)
TC (20 mg/dL increase)
HDL-C (20 mg/dL increase)
LDL-C (120 mg/dL increase)
Triglycerides (10 mg/dL increase)
TC:HDL-C
Calcium (mg/dL)
Phosphate (mg/dL)

Ln CRP (mg/L)

1.19 (1.05—1.35)?
1.04 (0.94—1.14)
1.08 (0.90—1.29)
1.04 (0.96—1.13)
0.94 (0.75-1.17)
1.08 (0.98-1.19)
1.00 (0.97-1.03)
1.05(0.93-1.18)
1.04 (0.68-1.61)
1.06 (0.86—1.31)

0.91 (0.67—1.24)

1.00 (0.90-1.12)
1.05 (0.97-1.14)
1.17 (1.00-1.36)
1.03 (0.96—1.11)

0.91 (0.76—1.11)

1.10 (1.00-1.21)P

1.00 (0.97-1.02)
1.01 (0.90-1.13)
1.61 (1.15—2.27)°
0.99 (0.81—1.22)

1.06 (0.82-1.37)

0.98 (0.90-1.07)
0.96 (0.90—1.02)
1.04 (0.93-1.17)
1.01 (0.95-1.07)
0.92 (0.79-1.07)
1.03 (0.96—1.11)
1.01 (0.99—1.03)
0.99 (0.90—1.10)
1.46 (1.12—1.89)?
0.93 (0.78-1.10)

1.31 (1.20-1.56)?

Lin TY et al. Toxins 12:696, 2020



JUPITER

eGFR <60 ml/min/1.73 m? eGFR 260 ml/min/1.73 m?

Rosuvastatin  Placebo Rosuvastatin  Placebo

n Rate n Rate HR (95% Cl) pValue n Rate n Rate  HR (95% CI) p Value

Primary end point 40 1.08 71 1.95 0.55(0.38-0.82) 0.002 102 0.69 180 1.21 0.57(0.45-0.72) <0.001
Myocardial infarction 8 0.21 20 0.54 0.40(0.17-0.90) 0.02 23 0.15 48 0.32 0.48(0.29-0.79) 0.003
Stroke 10 0.27 14 0.38 0.71(0.31-1.59) 0.40 23 0.15 50 0.33 0.46 (0.28-0.76) 0.002

Arterial revascularization 19 051 39 1.07 0.48(0.28-0.83) 0.006 52 035 92 0.62 0.57(0.40-0.80) 0.001

Myocardial infarction,
stroke, or confirmed 24 064 40 1.09 0.59 (0.36-0.99) 0.04 59 040 117 0.78 0.50(0.37-0.69) <0.001
cardiovascular death

Venous thromboembolism 6 0.16 17 0.46 0.34(0.14-0.88) 0.02 28 0.19 43 0.29 0.65(0.41-1.05) 0.08

All-cause mortality 34 085 61 1.53 0.56(0.37-0.85) 0.005 164 1.04 186 1.17 0.88(0.72-1.09) 0.25

Primary end point plus

64 172 114 3.13 0.55(0.41-0.75) 0.0001 231 156 327 2.20 0.71(0.60-0.84) <0.001
any death

Primary end point plus

VTE pldis any death 69 1.86 127 3.51 0.53(0.40-0.71) <0.0001 251 1.69 356 2.41 0.70 (0.60-0.83) <0.001

Ridker PM et al. 3 Am Coll Cardiol 55:1266-1273, 2010



Second Revolution in Cardiovascular Prevention

Prevention Treatment
Statins SGLT2i Statins SGLT2i
Coronary heart disease \' X \' \'
Myocardial infarction \' X \" \"
Stroke \' X \' \'
Peripheral artery disease \' X \' \'
Chronic kidney disease (1-4) X \' \' \'
End-stage kidney disease X \' X X
Heart failure X \' X \'

Chiang CE et al. J Chin Med Assoc 83:327-336, 2020



Summary and Take-home Messages

- The 2008 FDA mandate significantly changed how
patients with CKD are treated.

- SGLT2i can prevent/treat HF and prevent CKD/ESKD.

- CV and renal protection of SGLT2i is not through anti-
atherosclerotic effect.

- SGLT2i is complementary to statin in the management
of multiple risk factors in CKD.

- Earlier treatment is better for preventing event in CKD
patients with DM and hyperlipidemia.



