SGLT21, GLP-1A and MRA
In Cardiorenal Protection:
an update

May 16, 2024

Monique E. Cho, MD
Division of Nephrology and Hypertension

University of Utah

SN ? HEALTH

UGDEN SURGICAL-MEDICAL SOTET UNIVERSITY OF UTAH

CME Excellence Since /9



Disclosure

» UpToDate

» Grant funding from NIDDK, NIH



ODbjectives
SGLT2i:

» Glomerular and tubular effects of SGLT2i

* Proposed mechanisms underlying benefits

= Summary of the kidney outcomes (emphasis on the DAPA-CKD & EMPA-KIDNEY trials)
= Summary of CV/HF/ASCVD outcomes

GLP-1 receptor agonists (GLP-1RA):

* Proposed mechanisms underlying clinical benefits
» Effects on CV risk factors
= Summary of clinical CV and renal outcomes (Emphasis on SELECT and FLOW trials)

Mineralocorticoid receptor antagonists (MRAS):

= Proposed mechanisms underlying clinical benefits
= Steroidal vs non-steroidal MRAS
= Summary of clinical CV and renal outcomes (FIDELIO & FIGARO)

Summary and recommendations



The top 10 global risk factors for death, 2019
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Severe mortality risk in pre-dialysis CKD

A large HMO-based observational study (N=14,000) with 5.5-yrs follow up
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The Captopril Study: 1993

409 insulin-dependent T1DM patients:

= Mean age: 35
= Duration of DM: 22 yrs
= Baseline proteinuria 2.5-3 g/g
= Alc 12%
= Mean CrCL.:
- 84 mL/min (captopril)
- 79 mL/min (placebo)

Lewis, NEJM 1993



Kidney outcomes with ARB in T2DM: 2001

Doubling of serum creatinine, ESKD, or death
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Timeline of the key current and future RCTs involving
SGLT21s/GLP-1RAs/ns-MRA for CV and renal outcomes
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Cardiovascular-kidney-metabolic (CKM) syndrome is a
systemic disorder that connects heart disease, kidney
disease, diabetes, and obesity

Cardiovascular-Kidney-Metabolic Health: A presidential advisory From the AHA
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Many do not receive optimal care for CKD
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7%-20% of people with CKD are aware
of their diagnosis globally.

Only 5% and 6.3% of eligible patients with

CKD and diabetes, respectively, continued
on SGLT2iI and GLP-1RA at 90 days.

Unaware of CKD
80% —93%

Luyckx VA et al., Kidney Int 2024

Proportion of people with CKD aware of their diagnosis Nicholas SB et al., Diabetes Obes Metab 2023



SGLT2 inhibitors: Kidney benefits



Glucose reabsorption in proximal nephron
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The effect of proximal sodium reabsorption on
tubuloglomerular feedback
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DAPA-CKD: The acute drop in eGFR with SGLT2i initiation
followed by slower eGFR decline
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Potential pathways involving kidney
protection with SGLT2 inhibition

Potential pathways that reduce renal ischemia with SGLT2 inhibition
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SGLT2i trials by baseline eGFR and albuminuria

UACR categories (mg/g)
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Adopted from Kluger et al., Cardiovasc Diabetology 2019



DAPA-CKD: Dapagliflozin is similarly beneficial for renal
endpoints in diabetic and non-diabetic patients

A Primary Composite Outcome
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Placebo 2152 1993 1936 1858 1791 1664 1232 774 270
Dapagliflozin 2152 2001 1955 1898 1841 1701 1288 831 309

Components of the primary outcome:
= Decline in eGFR of 250%  0.53 (0.42-0.67)

= ESKD 0.64 (0.50-0.82)
- eGFR <15 0.67 (0.51-0.88)
- Dialysis or kidney tx 0.66 (0.48-0.90)

= Death from renal/CVD 0.81 (0.58-1.12)

The HR for primary composite outcome
with dapagliflozin:
HR 0-64 (0-52-0-79)
HR 0-50 (0-35-0-72)
=0-24

= DM :
= No DM:

pinteraction

Heerspink et al., NEJM 2020;383:1436
Wheeler DC et al., Lancet Diabetes Endocrinol 2021:9:22



Dapagliflozin is similarly effective in CKD 4
compared to CKD 2/3 in DAPA-CKD

30 -
CKD 2/3 at baseline

B e W Chronic (2wks—EOS) slope:
S %71 Acute effects (0-2 wks): ===g=22---g-..Dapagliflozin =1.73
L . e ————— 5
L ] -2.56 mi/min/1.73 m3/yr
§ Placebo -3.68
E :
o % CKD 4 at baseline (N = 624)
£ 2 L
¢ (877 T T ESemman g e a Dapagliflozin =1.33

204 Acute effects (0-2 wks): = = F———f 7T

-1.42 ml/min/1.73 m2/yr
15 Placebo -3.68

Participantsat ¢ ' ,_', :1
each time point

Baseline stage 2/3 CKD
Dapagliflozin 1859 1762 1733
Placebo 1821 1723 1691
Baseline stage 4 CKD
Dapagliflozin 293 269 268

Placebo 331 306 290

1

8
1643
1594

253
272

T
12

T T T T T 1
16 20 24 28 32 36

Months Since Randomization

1594
1539

238
256

1558 1493 1302 864 450 148
1509 1449 1245 811 394 140
227 212 180 114 46

244 223 108 124 53 17
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LS mean change in eGFR over the
study: Total annual slopes (week 0-EOS)

CKD 2/3:

Dapagliflozin =2.98 ml/min/1.73 m2/yr
Placebo -3.87 ml/min/1.73 m2/yr

A 0.89

CKD 4:
Dapagliflozin =2.15 ml/min/1.73 m?/yr

Placebo -3.38 ml/min/1.73 m?/yr
A1.23



Dapagliflozin reduces the risk of renal
outcomes independently of baseline HF status:
analysis from DAPA-CKD

Effect of Dapagliflozin, Compared With Placebo, in DAPA-CKD

Overall and According to Baseline Heart Failure Status

Dapagliflozin Placebo Dapagliflozin Placebo HR P Value for
n/N Events/100 Patient-Years (95% CI) Interaction

Primary outcome: eGFR decline 250%, ESKD, or kidney or CV death

Overall 197/2,152 312/2,152 4.6 7.5 — — 0.61(0.51-0.72)
HF at baseline 31/235 51/233 6.5 11.0 I o 0.58 (0.37-0.91) 0.59
No HF at baseline 166/1,917 261/1,919 4.4 7.0 —_— 0.62 (0.51-0.75)

Secondary outcome: eGFR decline 250%, ESKD, or kidney death

Overall 142/2,152  243/2,152 3.3 5.8 — — 0.56 (0.45-0.68)
HF at baseline 13/235 27/233 2.7 5.8 1 @ 0.45 (0.23-0.87) 0.36
No HF at baseline  129/1,917  216/1,919 3.4 5.8 —o— 0.57 (0.46-0.71)




Overall kidney outcomes

SGLT2I therapy associated with renal benefit
regardless of history of ASCVD

Treatment Placebo
Rate/1000 Rate/1000 Hazard ratio
No./total No. patient-years  No./total No. patient-years (95% ClI)
EMPA-REG OUTCOME 81/4645 6.3 71/2323 11.5 0.54 (0.40-0.75)
CANVAS program NA/5795 5.5 NA/4347 9.0 0.60(0.47-0.77)
DECLARE-TIMI 58 127/8582 3.7 238/8578 7.0 0.53(0.43-0.66)
CREDENCE 153/2202 27.0 224/2199 40.4 0.66 (0.53-0.81)
VERTIS CV 175/5499 9.3 108/2747 11.5 0.81(0.64-1.03)
Fixed-effects model (Q=7.96; df=4; P=.09; I2=49.7%) 0.62 (0.56-0.70)
Kidney outcomes by ASCVD status
Treatment Placebo
Rate/1000 Rate/1000 Hazard ratio
No./total No. patient-years  No./total No. patient-years (95% ClI)
Patients with ASCVD
EMPA-REG OUTCOME  81/4645 6.3 71/2323 11.5 0.54 (0.40-0.75)
CANVAS program NA/3756 6.4 NA/2900 10.5 0.59 (0.44-0.79)
DECLARE-TIMI 58 65/3474 4.7 118/3500 8.6 0.55(0.41-0.75)
CREDENCE 69/1113 24.1 102/1107 36.5 0.64 (0.47-0.87)
VERTIS CV 175/5499 9.3 108/2747 11.5 0.81 (0.64-1.03)
Fixed-effects model (Q=6.09; df=4; P=.19; 12=34.4%) 0.64 (0.56-0.72)
Patients without ASCVD
CANVAS program NA/2039 4.1 NA/1447 6.6 0.63(0.39-1.02)
DECLARE-TIMI 58 62/5108 3.0 120/5078 5.9 0.51(0.37-0.69)
CREDENCE 84/1089 29.9 122/1092 443 0.68 (0.51-0.89)

Fixed-effects model (Q=1.86; df=2; P=.40; I2=0.0%)

0.60 (0.50-0.73)

~30-40% RRR

Favors
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Favors
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0.2
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e
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0.2

HR (95% ClI)

Weight, %
11.51
18.66
24.77
25.28
19.79

Meta-analysis of SGLT2i
trials on the composite of
renal worsening, ESRD, or
renal death stratified by the
presence of
established atherosclerotic
CV disease

Weight, %

16.67
19.23
18.06
17.37
28.66

15.72
37.41
46.87

McGuire DK et al.,
JAMA Cardiol. 2021:6:148


https://www-sciencedirect-com.ezproxy.lib.utah.edu/topics/medicine-and-dentistry/arteriosclerotic-heart-disease

Design, recruitment, and baseline characteristics

of the EMPA-KIDNEY trial

STOPPED EARLY IN 4/2022

Background

Streamlined design Baseline characteristics

3 RCT: e N

O @aias if. Mean age 64

Qﬁ‘g Empagliflozin 10 mg once daily g n= 6609 éﬂ é (SD 14] years
vs. matching placebo RS

Inclusion criteria:

Started in 1/2019

o, 33% - 8 countries:
E»z Europe, N. America
S 67% — and Asia

Primary renal diagnoses:

: -
%%é/ eGFR 2 20, <45 mL/min/1.73 m?; :AGe?:';;LS/(ngg‘{;)Js e - 31% diabetic nephropathy
o4  or245,<90 and uACR =200 mg/g o L 25% glomerular disease
78A)W|fh eGFR <45 W o/ . -
“ 34% with eGFR < 30 22% ischaemic/hypertensive
it i t : 9 o o
.oénvp:)’:'r;zlr:j";;? outcome (DAPA-CKD - 14% with eGFR <30) 12% other and 10% unknown
. Maintlenonce dialysis or kidney — | uACR, mg/g: Comorbidity:
‘ ! *g"”sl? O“CI e . Median 412 (IQR 94-1190) 46% diabetes
us’rom§ :> i m /;nln{ i [ 48% with uUACR < 300 27% cardiovascular disease
or sustained = 40% eGFR decline A e S i
The EMPA-KIDNEY trial has recruited a large, widely generalizable CKD population with high proportions
Conclusion of the types of people without diabetes and with low eGFR or uACR who have not been included in previous

trials of SGLT2i. Results are anticipated in 2022.

NEPHROLOGY
DIALYSIS
TRANSPLANTATION

The EMPA-KIDNEY Collaborative Group. NDT (2022)

@NDTSocial



EMPA-KIDNEY: Empagliflozin significantly lowers the
risk for kidney disease progression or CV death iIn
patients with CKD

407 HR and 95% CI: 0.72 (0.64-0.82)

P<0.001

30 L The primary outcome:
T chRseNieAl a composite of kidney
—— Placebo

disease progression

20 - (ESKD, eGFR <10,
sustained decline in
eGFR of 240%, or a renal

Participants with Event (%)

10 - death) or CV death.
28% RR
0 I ] ] I 1
0 0.5 1 1.5 2 2.5
No. at Risk Years of Follow-up
Empagliflozin 3304 3252 3163 2275 1538 624
Placebo 3305 3250 3129 2243 1496 592

Herrington WG et al., NEJM 2022



Impact of primary kidney disease on the effects of
empagliflozin in patients with CKD: secondary

analyses of the EMPA-KIDNEY trial

Events/participants

Hazard ratio (95% Cl)

pheterogeneity

Empagliflozin Placebo
Causes of kidney disease ; 0-62
Diabetic kidney disease 137/1032 189/1025 — 0-64 (0-52-0-80)
Hypertensive or renovascular disease 72/706 87/739 E = 0-79 (0-58-1-08)
Glomerular disease 115/853 139/816 : n 0-77 (0-60-0-99)
Other disease or unknown 60/713 89/725 B E 0-67 (0-48-0-92)
Types of glomerular diseases : 0-25
IgA nephropathy 51/413 67/404 m- 0-67 (0-46-0-97)
Focal segmental glomerulosclerosis 17/98 13/97 : - 1.35(0-65-2-81)
Other glomerulonephritis 471342 59/315 i = 0-78 (0-53-1-16)
All participants <> 0-71(0-62-0-81)
04 06 08 10 12 16
< >

Favours empagliflozin Favours placebo

The EMPA-KIDNEY Collaborative Group, Lancet Diabetes Endocrinol. 2024;12:51



EMPA-KIDNEY: The effect of empagliflozin on eGFR
40+
T 35
5 Empagliflozin
S 1":1\__; . .
E ~50% reduction in
£ Flacebo chronic (2 month to final
% follow up) eGFR decline
g s- slope with empagliflozin
= Difference
o Empagliflozin  Placebo (95% Cl)
Total -2.16+0.08 -2.92+0.08 0.75 (0.54-0.96)
202{ Long-Term -1.37+0.08 -2.75+0.08 1.37 (1.16-1.59)
0 | | | | | I I I
0 2 6 12 18 24 30 36
Months after First Dose of Empagliflozin or Placebo
Herrington WG et al., NEJM 2022




EMPA-KIDNEY: Effect of empagliflozin on
acute changes in eGFR, by key subgroups

Mean (SE) acuwbe dip
(mL'minute,73m)

Bagpling
wFFR  Empaglificzia Placebo

Diabetes

Yes 388 =323(0.08)  =0.57(0.18) —

No M6 -2ITWA5 -0650.14) e l—
eGFR

<30 248 -121 (047 03T (A7) —

230 <45 w8 -3.04 (0.15) =066 (0.15) _._._

>45 $93  -483(024)  -238(024) e e

Urinary albumin/Cr ratio (mg/qg)

<30 %1 =2 34 (0.24) 018 (0.23) —l—
>30 <300 383 -24G020)  0050.10) —nia
>300 T =312 (0. 15) =138 (0.15) -'—I—
All participanis ra =274 {0 41) =062 (0.10) -'-':'..-"h
a 4 4 w8 The EMPA-KIDNEY
Larger with Smaller with Collaborative Group,
empagliflozin empagliflozin Lancet Diabetes

Difference in acute eGFR dip Endocrinol. 2024:12: 39



https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371

The effect of empagliflozin on the primary outcome: consistent
across the prespecified subgroups but the proportional risk
reduction may be larger in those with higher urinary ACR

Subgroup

Diabetes mellitus
Present
Absent

Estimated GFR (mL/min/1.73m?)

<30
230 <45
245

Urinary albumin-to-creatinine ratio (mg/q)

<30
=230 <300
=300

All participants

Empagliflozin
no. of participants/total no.

218/1525
214/1779

247/1131
140/1467

323/1712
432/3304

Placebo

Hazard Ratio (95% ClI)

306/1515 —jiH+- 0.64 (0.54-0.77)

252/1790 i 0.82 (0.68-0.99)
|

3171151  —Ji}— 0.73 (0.62-0.86)

17511461  —Hill— 0.78 (0.62-0.97)

66/693 €<—m— 0.64 (0.44-0.93)
|

42/663 , ' 1.01 (0.66-1.55)

781937 — 0.91 (0.65-1.26)

438/1705 —Jik- 0.67 (0.58-0.78)

558/3305 <> 0.72 (0.64-0.82)

0.5 10 15 20

Empagliflozin Better

Placebo Better

EMPA-KIDNEY, NEJM 2022



The effect of empagliflozin on chronic slope by
diabetes, eGFR, and albuminuria subgroups

Mean annual rate of change in estimated GFR
(ml per minute per 1.73m? per year)

Absolute difference

Subgroup Empagliflozin Placebo (95% ClI)
LONG-TERM SLOPE

Diabetes :

Present -1.05(0.12) -2.73 (0.12) —I% 1.68 (1.36, 2.00)

Absent -1.66 (0.11) -2.75 (0.11) + 1.09 (0.79, 1.39)

Estimated GFR (ml per minute per 1.73m?) 5
<30 -1.84 (0.14) -2.85 (0.14) I 1.01 (0.63, 1.39)

230 <45 -1.18 (0.12) -2.50 (0.12) L 1.32 (0.99, 1.65)
245 -1.58 (0.17) -3.60 (0.17) . —> 2.01(1.53,2.49)

Urinary albumin-to-creatinine ratio (mg/qg) 5
<30 -0.11 (0.17) -0.89 (0.16) — - 0.78 (0.32, 1.23)

230 <300 -0.49 (0.14) -1.69 (0.14) — 1.20 (0.81, 1.59)
>300 -2.35(0.11) -4.11 (0.11) . —#> 1.76 (1.46, 2.05)
All participants -1.37 (0.08) -2.75 (0.08) = 1.37 (1.16,1.59) EMPA-KIDNEY Collaborative Group,
' - - , NEJM 2022:
4 05 0 05 1 15 2 - :
Placebo better Empagliflozin better Lancet Diabetes Endocrinl.

2024;12: 39



https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=38061371

Study

eGFR <60

EMPAREG
CANVAS
DECLARE TIMI
CREDENCE
DAPA-HF
DAPA-CKD
VERTIS-CV

EMPEROR-Reduced

SCORED
EMPA-KIDNEY

Participants

1819
2039
1265
2592
1926
4304
1807
1978
10584
6609

Cardiovascular death

SGLT-2

events

75
79
32
71
119
65
111
106
155
59

Subtotal (I-squared = 0.0%, p = 0.982)
with estimated predictive interval

eGFR 260

EMPAREG
CANVAS
DECLARE TIMI
CREDENCE
DAPA-HF
VERTIS-CV

EMPEROR-Reduced

5199
8101
15894
1809
2816
6439
1746

97
164
213
39
109
230
81

Subtotal (l-squared = 62.2%, p = 0.014)
with estimated predictive interval

Overall (I-squared = 12.7%, p = 0.305)
with estimated predictive interval

NOTE: Weights are from random effects analysis

Placebo

events

48
68
40
96
134
80
64
121
170
69

Patients with and without CKD

% 4-F--

=
—
-
—-
—_—
"

89
142
209
a4
139
120
79

L 4

14% RRR

RR (95% Cl)

0.78 (0.55, 1.11)
0.97 (0.71, 1.33)
0.87 (0.55, 1.37)
0.74 (0.55, 0.99)
0.89 (0.71, 1.12)
0.81 (0.59, 1.12)
0.88 (0.66, 1.18)
0.89 (0.70, 1.14)
0.91 (0.74, 1.13)
0.86 (0.61, 1.21)
0.87 (0.79, 0.95)

(0.78, 0.96)

0.54 (0.41, 0.72)
0.84 (0.68, 1.05)
1.01 (0.84, 1.22)
0.89 (0.58, 1.35)
0.78 (0.62, 0.99)
0.95 (0.77, 1.18)
1.01 (0.75, 1.36)
0.85 (0.73, 0.99)

(0.54, 1.35)

0.86 (0.81, 0.93)
(0.76, 0.99)

409

SGLT2 inhibitor

Placebo

2.45

Mavrakanas TA et al., 2023



No difference in adverse events between those with
eGFR <30 mI/min/1.73 m2and >30 ml/min/1.73 m?
(a subgroup analysis of CREDENCE)

Number of participants  Participants with an event
with an event per 1000 patient-years

P
Canagliflozin Placebo Canagliflozin Placebo HR (95% CI) interaction

Any AE i

eGFR <30 ml/min per 1.73 m? 77 81 435.0 421.6 I—:O—I 1.08 (0.79,1.47) 0.17
eGFR =30 ml/min per 1.73 m2 1706 1779 348.3 377.6 IOI: 0.87 (0.82, 0.93)

Any serious AE !

eGFR <30 ml/min per 1.73 m® 37 40 209.0 208.2 I—IO—I 1.03 (0.66, 1.61) 0.50
eGFR =30 ml/min per 1.73 m? 700 766 142.9 162.6 PO-III 0.87 (0.79, 0.97)
Hyperkalemia 1

eGFR <30 ml/min per .73 m2 13 13 73.4 67.7 : e | 1.20(0.55,2.63) 0.43
eGFR =30 ml/min per 1.73 m? 138 168 28.2 35.7 o 0.79 (0.63, 0.99)

Any kidney-related AE '

eGFR <30 ml/min per 1.73 m?> 29 33 175.1 177.0 —— 1.06 (0.64,1.75) 0.12
eGFR >30 ml/min per 1.73 m? 261 355 53.3 75.3 FoH 0.69 (0.59, 0.81)

AKI :

eGFR <30 mi/min per1.73m? 9 10 50.8 52.0 » | 1.04 (0.42,2.55) 0.70
eGFR >30 ml/min per 1.73m2 77 88 15.7 187 —o 0.84 (0.62, 1.14)

| | 1 | 1
025 0.5 1.0 2.0 4.0
< >
Favors Favors

Bakris et al., Clin J Am Soc Nephrol. 2020; 15: 1705 canagliflozin  placebo



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7769025/

Summary of CV outcomes with SGLT?2|



Summary of CV outcome, HF and renal trials published on SGLT2i drugs (shown as HR)
Renal endpoint: 50% decline in eGFR, ESKD, renal or CV death

_ CKD outcome trial

CV Outcome trials HF outcome trials

Trial KEII\DAI\PI'IAE\;( DAPA-CKD EMPA-REG CANVAS DE|C|\|/T|A5R;3E_ VERTISCV  DAPA HF i“é';i%%';‘ PER“EZ'EEigFéb
Drug Empa Dapa Empa Cana Dapa Ertugliflozin Dapa Empa Empa
N 6609 4304 7020 10142 17160 8238 4744 3730 5988
Age 64 62 63 63 64 64 66 67 72
% of DM 46 67 100 100 100 100 42 50 49
eGFR 37 43 74 77 85 76 66 62 61
% CVD 27 37 100 72 41 100 - - -
% HF - 11 10 14 10 24 100 100 100
Media'." i 2.0yrs 2.4 yrs 3.1yrs 2.4 yrs 4.2 yrs 3.0 yrs 18.2 mo 16 mo 26 mo
duration
% RAASI 85 88 81 80 81 81 83 88 81
Hosp for HF - - 0.65 0.67 0.73 0.70 0.70 0.69 0.71
CV death 0.84 0.81 0.62 0.87 0.98 0.92 0.82 0.92 0.91
f,\r']'o‘i;ﬁ; 0.87 0.69 0.68 0.87 0.93 0.93 0.83 0.92 1.00
efdep”;'n t 0.71 0.61 0.54 0.60 0.53 0.81 0.71 0.50 —2_.6:5L22r?1 e
ESRD 0.73 0.64 0.45 - - - - - -



Subgroup analyes: HHF + CV-MORTALITY

Risk Ratio

eGFR (ml/min/1.73m2) CV Outcome Iin Patients
Treated With SGLT?2

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% ClI

30-60

SOLOIST-WHF, 2020 -0.53 0.15 23.2% 0.59 [0.44, 0.79] —
DAPA-HF, 2019 -0.33 0.1 36.6% 0.72 [0.59, 0.87]

EMPEROR-Reduced, 2020 -0.19 0.09 40.2% 0.83 [0.69, 0.99]

Subtotal (95% CI) 100.0% 0.73 [0.61, 0.86] ‘

Heterogeneity: Tau? = 0.01; Chi’? = 3.93, df = 2 (P = 0.14); I> = 49%

Test for overall effect: Z = 3.60 (P = 0.0003)

=60

EMPEROR-Reduced, 2020 -0.4 0.1
DAPA-HF, 2019 -0.27 0.1
SOLOIST-WHF, 2020 -0.11 0.22

Subtotal (95% CI)

45.3%
45.3%

9.4%
100.0%

0.67 [0.55, 0.82]
0.76 [0.63, 0.93]
0.90 [0.58, 1.38]
0.73 [0.64, 0.83]

Heterogeneity: Tau? = 0.00; Chi? = 1.79, df = 2 (P = 0.41); I*> = 0%

Test for overall effect: Z = 4.66 (P < 0.00001)

Test for subgroup differences: Chi? = 0.00, df = 1 (P = 0.96), I° = 0%

Risk Ratio

=+| eGFR30-60 Inhibitors for Heart
Failure: A Meta-Analysis

—*~ | eGFR >60

-~
0.5 0.7 1.5 2
Favours SGLT2 inhibitor Favours Control

SGLT2i provides a consistent
CAUSE OF HF ~30% reduction in HF
i hospitalization regardless of

Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% Cl

ISCHEMIC .

SOLOIST-WHF, 2020 -0.6 0.15 24.6%  0.55[0.41,0.74] ———a—— b I G FR th f H F
DAPACHF. 2019 A% 005 9% Drrlnes oo —— . aseline e or tne cause O :
EMPEROR-Reduced, 2020 -0.2 0.09 37.7%  0.82[0.69, 0.98] — Isc h emic

Subtotal (95% CI) 100.0%  0.73 [0.60, 0.88] -

Heterogeneity: Tau? = 0.02; Chi? = 5.38, df = 2 (P = 0.07); I*> = 63%

Test for overall effect: Z = 3.19 (P = 0.001)

NON-ISCHEMIC . )

EMPEROR-Reduced, 2020 04 0.1 44.4%  0.671[0.55,0.82] — Non-ischemic

DAPA-HF, 2019 -0.34 0.1 44.4%  0.71[0.59, 0.87] ——

SOLOIST-WHF, 2020 -0.13 0.2 11.1%  0.88(0.59, 1.30]

Subtotal (95% Cl) 100.0%  0.71[0.62, 0.81] -

Heterogeneity: Tau? = 0.00; Chi? = 1.46, df = 2 (P = 0.48); I> = 0%

Test for overall effect: Z = 5.15 (P < 0.00001)

Test for subgroup differences: Chi® = 0.03, df = 1 (P = 0.85), I> = 0%

05 o7 s 3 Gager GM et al., Front. Cardiovasc. Med., 2021

Favours SGLT2 inhibitor Favours Control




Effects of SGLT2 inhibition on death and cause-specific CV
events for patients with and without CV disease at baseline

Outcome by groups Events Patients Hazard ratio (95% Cl) p value

MACE
Overall 3828 38723 — 0.88 (0.82, 0.94) <0.001
Primary prevention 907 15853 M AC E ——_Tr 0.94 (0.82, 1.07) 1 2 % R R
Secondary prevention 2921 22870 -_— 0.86 (0.80, 0.93)

Subgroup (I-squared = 23.7%, Pinteraction = 0-252)

Cardiovascular death

Overall 1506 38723 CV d eat h e 0.83 (0.75, 0.92) <0.001
Primary prevention 351 15853 e — 0.95(0.77,1.17) 17% R R
Secondary prevention 1155 22870 — 0.80 (0.71, 0.90)
Subgraupallesquaiondl i, el 1)
Myocardial infarction (fatal and non-fatal)
Overall 1782 38723 — 0.88 (0.80, 0.97) 0.01
Primary prevention 360 15853 Ml — 0.97 (0.78, 1.19) 12% RR
Secondary prevention 1422 22870 — 0.86 (0.78, 0.96)

Subgroup (I-squared = 0.0%, Pintorection = 0. 3%
Stroke (fatal and non-fatal) group (1-sq %, Pinteraction &)

Overall 1150 38723 0.96 (0.86, 1.09) 0.541
Primary prevention 310 15853 Stroke 0.99 (0.79, 1.25)
Secondary prevention 840 22870 0.96 (0.83, 1.10)
: : : Sub - d = 0.0%, Pinteraction = 0-785,
HF hospitalization B g 4
Overall s ——ca—— 0.68 (0.60, 0.76) <0.001 0
Primary prevention 279 15853 e 0.63 (0.50, 0.80) 32 /0 R R
Secondary prevention 913 22870 — 0.69 (0.61, 0.79)
Subgroup (I-squared = 0.0%, Pinteraction = 0.491)
CV death/HF hospitalization
Overall 2460 38723 — 0.76 (0.70, 0.82) <0.001
Primary prevention 594 15853 — 0.81 (0.69, 0.96)
Secondary prevention Ccv Death/ HF 1866 22870 —_— 0.74 (0.68, 0.81) 24% R R

Subgroup (I-squared = 0.0%, Pinteraction = 0-338)
All cause mortality

Overall 2612 38723 D h s 0.85 (0.79, 0.92) <0.001
Primary prevention 773 15853 ea’[ — 0.90 (0.78, 1.03) 0
Secondary prevention 1839 22870 i 0.83 (0.75, 0.91) 15% RR

Subgroup (I-squared = 0.0%, Pinteraction = 0-354)
| |

5 1 2 Arnott C et al., JAHA, 2020




Effect of SGLT-2 inhibitors on arrhythmia events: insight

from a secondary analysis of > 88,000 patients

Effect of SGLT2i on
Arrhythmias?
* To date no RCTs

» Studies reported inconsistent

results

O Baseline characteristics:
* Included studies: 33 RCTs

+ Sample size: 88098

* Age:64.9+94 yrs

* Male: 63.0%

* LVEF:39.2+14.6%

+ eGFR: 67.3+23.6 ml/min/1.73m?

QO Strengths of our study:

* Large sample size
» Subgroup/regression/sensitivity
analyses, TSA

» Statistical power

Pooled analysis
14% RRR in AF

Atrial arrhythmias R

AF: RR: 0.88(0.78,1.00) P
AFL: RR: 0.78(0.60,1.03) S
AF/AFL: RR: 0.86(0.77,0.96) <@

Ventricular arrhythmias

VF: RR: 1.05(0.70,1.59)
VT: RR: 0.99(0.80,1.22)
VES: RR: 1.36(0.67,2.76) <<

Subgroup analyses for AF

[ Male<60% le

| Male260% =
HFrEF (EF:30.4£9.1%)
HFpEF (EF:54.2+8.8%)

- Canagliflozin x
Dapagliflozin =)
Empagliflozin
Ertugliflozin

L Sotagliflozin

[ FUs1year(0.39+0.18Y) ¢

L FU>1 year (2.01£0.93 Y) <ummmp

Favor SGLT2i | Favor Placebo

Sudden cardiac death

33% RRR|in HF
SCD: RR: 0.85(0.63,1.14) e

SCD
in HF only: RR: 0.67(0.44-1.01)

Favor SGLT2i | Favor Placebo

Meta-regression for AF: Gender & LVEF

Effect of SGLT2i on AF
Variables Z
Coef. P value Log RR 95%CI
value

-0.039 to -
-0.021 -2.34 0.019 0.0035
AV  0.024 262 0.009 0.006 to 0.04

Liao J et al., Cardiovasc Diabetology 2024




History, completed, and ongoing clinical trials of
the SGLT2Is

EMPA-ICD
| DECLARE-TIMI 58 | EMPEROR REDUCED _N=210 |
R ok e e  PRESERVED-HF
VERTIS-CV DAPA-CKD el I
DR o T SRERCL . RN EMPA-AF : DAPA-AF
e e ned00 i ne100
: DEFINE-HF :| CREDENCE EMPEROR PRESERVED e APAM ]
sy b A Rsdenn el f mesies :
EMPA-REG : DAPA-HF : EMMY - ERASE
Canagliflozin n= 7020 N n=a76 | mes02 |
....................... 1
:  DELWVER
........... CANVAS s n = 6100 :
................. n=10142 Serssessrsananasasnsnned
i, Dapaglifiozin  : Empagliflozin T EMPACT-MI
........................... 4 Ertuglifiozin \ n=3312
b PR AR
Arrhythmias?
Nephroprotective
Reduced mortolity and Standard post Myocardial
hospitalization for heart failure Infarction?

Antidiabetic MHeart Failure with Preserved
Ejection Froction?

. ' Meart Failure with Reduced ic Ki ;
Type-2 diabetes mellitus Chwonic Kigney Disesse

Ejection Froction

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Kolesnik E et al., Int J Mol Sci. 2022 Feb; 23(3): 1678



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8835896/

Summary: SGLT2i

»= Consistent kidney and HF benefits (both HFrEF and HFpEF) across all RCTs

» Kidney benefit (eGFR slope decline rate) takes ~12 months to become evident,
where as the HF benefit is seen almost immediately (1-3 months).

» Renal composite endpoint: 29-39% RRR
» eGFR dip (up to 30% drop from baseline) in acute phase (first 4-8 weeks) does not alter benefit
= Lack of proteinuria should NOT preclude SGLT2i therapy.

= Greater renal benefit in those with greater degree of proteinuria and CKD.
* HF hospitalization RRR by ~30% in HF trials
» SGLT2is confer 12% reduction in ASCVD/MACE and reduce sudden death.

* The benefits are regardless of baseline ASCVD/HF status.



Effects of SGLT2 Inhibition on SAES

Adverse Events by Studies

Events Patients

Relative risk (95% CIl) p value
Total Serious Adverse Events
EMPA-REG# 2777 7020 0.90 (0.83, 0.98)
CANVAS 3277 10142 0.93 (0.87, 1.00)
DECLARE-TIMI ® 6025 17160 0.91 (0.87, 0.96)
CREDENCE 1543 4401 0.87 i0.79, 0.97;
Overall Subtotal (I-squared = 0.0%, Piyteraction = 0.760) 0.91(0.88, 0.94 <0.001

Increased risk with SGLT2i:

= DKA (in diabetics)

= Mycotic genital infections, not affected by baseline eGFR

= Volume depletion — Likely a more concern in CKD (DAPA-
CKD and CREDENCE)

= Fracture (only in CANVAS)

RN ™ T

U.O0 (UL TU, T.IT)

Overall Subtotal (I-squared = 20.3%, Pieraction = 0.288) 1.08 (0.98, 1.18) 0.127
Amputation

EMPA-REG * 131 7020 1.01 (0.70, 1.44)

CANVAS ™ 187 10142 - 1.97 (1.41, 2.75)

DECLARE-TIMI?® 236 17160 1.09 (0.84, 1.40)

CREDENCE ™ 133 4401 1.1 %0.79, 1 56;

Overall  subtotal (I-squared = 70.0%, Peracton = 0.019) 1.23 (1.05, 1.44 0.01

N N I B N
A1 2551 2 4 10

Fixed effect models with inverse variance weighting. P values have not been adjusted for multiple comparisons. Arn ott et al J AH A 2020



General strategy for prescribing SGLT2i

= Strongly consider initiation in anyone with:
» CKD (eGFR <60), particularly if alouminuria >30 mg/g

= History of HF or risk for HF regardless of proteinuria amount (both HFrEF or HFpEF),
= Diabetics with or without proteinuria
* Prediabetics with any proteinuria

= Avoid initiation of antihypertensives or diuretics or upward dose titration
or diuretics at the same time as starting SGLT2I.

= |f Crincrease 225%, hold the drug and repeat Cr in 1 week and
rechallenge when stable.

= HOLD for:
Pregnancy
DKA — follow serum ketone levels
Fournier’'s gangrene
Acute iliness/perioperative period




Who may have higher risk with SGLT2I
therapy

= T2D with history of DKA

= Frequent genital tract infection

= Patients with history of Fournier’'s gangrene
= Patients with obstructive urinary physiology
= Polycystic kidney disease

= T1DM




CV and kidney effects of glucagon-like
peptide-1 receptor agonists (GLP-1RA)



Pleiotropic effects of GLP-1 or GLP-1R agonists

Potential mechanisms underlying benefits of GLP-1

Glucagon-like peptide-1 (GLP-1): GLP-1 [7-36 amide]
= A peptide hormone produced in I G a——
the intestine in response to meal N o P | T ccaoon
. ke ?‘ o Ata 15 Lou Vil Lys Gy Arg Gty - \_/ 9
Inta . (¥ e A2l Satietyt \ l
= Appetite|
= Enhances insulin secretion and GLP-1R | other
reduces glucagon secretion, thus 7 ){ieptors.
limiting hepatic glucose output. l
_ Classical CV risk factors | | Enccihelal tindlion T ocardial contracti
u GLP']_ I’eCeptOr (G LP'lR) IS Blood Blood Blood Crtenall s“ﬁ:esslt | Ch;zcos:u;taketT e
. . . lucose pressure lipids ascular ntammanon : o
widely expressed in a variety of T i Plague stabiiy v o vance
tissues (gut, pancreas, ¥ ARt 2
Body Platelet aggregation |
hypothalamus, CV system, weight | \ l /
kidney). | \ T L
. . . resistance |
» Rapidly degraded by dipeptidyl Diuresis 1 protection

. Sodium ’ Live.r fat |

peptidase IV (DPP-IY). et > ﬂ\ " E %\ nfammaton |

= GLP-1 receptor agonists prolong &0 »./ /\) Boir sl
the effects of GLP-1. 2 7

Adopted from Nauck et al., Circulation 2017, 136: 849




Summary of head-to-head trial data for
GLP-1 receptor agonists

Within class
comparability of Alc
lowering efficacy

Within class Within class
comparability on  comparability of Gl
weight adverse effects

Peptide base

Short-acting

Exenatide Exendin-4 Low Low Highest
. : : Low :
Lixisenatide Exendin-4 Low Intermediate
Long-acting
Exenatide XR Exendin-4 Intermediate Low Low
Liraglutide Human GLP-1 High High Intermediate
Dulaglutide Human GLP-1 High Intermediate Intermediate/high
Setrr.\agllutlde Human GLP-1 Highest Highest High
(injection)
Senggrgalgtlde Human GLP-1 High/Highest Highest Intermediate/high

Trujillo JM et al., Ther Adv Endocrinol Metab. 2021



ELIXA
EXSCEL
LEADER
SUSTAIN-6
HARMONY

REWIND
PIONEER-6

ELIXA el
EXSCEL —!
LEADER —.—

SUSTAIN-6 —— |

HARMONY |
rewino ~14% o

PIONEER-6 ——

IIIIIIIII

Favour Favour
treatment placebo

ALL-CAUSE MORTALITY

ELIXA —
EXSCEL -
LEADER -

SUSTAIN-6 ————

HARMONY 0 —o—
REWIND ~13% -

PIONEER-6 —— |

IIIIIIIII

Favour Favour
treatment placebo

‘ t‘\“\

02 06 10 14 18 02 06 10 14 18 02 06 10 14 18

Favour Favour Favour Favour Favour Favour
treatment placebo L treatment placebo ) treatment placebo
7

GLP-1RA have moderate
benefits on MACE and CV
mortality in T2DM

Primary outcome:

= 3-point MACE - CV death,
nonfatal Ml and nonfatal stroke

= 4-point MACE also included
hospitalization for unstable angina
for the ELIXA trial only

Varin EM et al., Can J Diabetes 2019, 44:68



GLP-1RA for CV protection in non-diabetic
patients?



A. Primary CV composite endpoint . B. Death from CV causes
1009 109 Hazard ratio, 0.80 (95% Cl, 0.72-0.90) 1009 49 Hazard ratio, 0.85 (95% Cl, 0.71-1.01) -
90 P<0.001 for superiority 90 P=0.07 r I a
— 8 — Placebo
X 804 X 804 37
== Placebo =
g 704 6 g 704 :
g 60 Semaglutide g 60 2 Semaglutide
o -1 © =
S o M g = ARCT of 17,604 non-
-— 0 ot | . .
2 w0 o 20% RRR 2 w0f ! diabetic pts
1] (1]
S 30 S 304
£ 0 E 0
6 20 6 é 1I2 118 214 3IO 3I6 412 4I8 6 20 0 é 112 118 214 310 316 4I2 418 u 245 yearS Of age
104 104 . . 0
0_ o | = preexisting CV disease
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48 = BMI| =27
Months since Randomization Months since Randomization . .
itk Kio, stk = randomly assigned ina 1:1
Placebo 8801 8652 8487 8326 8164 7101 5660 4015 1672 | Placebo 8801 8733 8634 8528 8430 7395 5938 4250 1793 . .
Semaglutide 8803 8695 8561 8427 8254 7229 5777 4126 1734 | Semaglutide 8803 8748 8673 8584 8465 7452 5988 4315 1832 ratio to receive Once—WGekly
C. HF composite endpoint (CV death or HHF) D. Death from any cause SQ Semaglu“de (2-4 mg) or
1009 69 Hazard ratio, 0.82 (95% Cl, 0.71-0.96) 1009 79" Hazard ratio, 0.81 (95% Cl, 0.71-0.93) p|aceb0.
904 5| 904 6
g s0f Placebo £ s0{ s . = A mean f/u pf 40 months
g 704 8 704 BicRets -
< < | | 0
5 ol > s, 5 el o e 17% of semaglutide group
v (%) . .
£ s0q 2 £ 509 discontinued the drug vs 8%
2
2 ol 18% RRR e 19% RRR . J
2 L In placebo
£ 0+ T T T T T T T 1 £ 0+ T T T T T T T 1
S 204 0 6 12 18 24 30 36 42 48 S 204 0 6 12 18 24 30 36 42 48
10 10
o, o ——————-—————— | ® The primary outcome: a
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48 -
Months since Randomization Months since Randomization COmpOSIte Of CV death,
No. at Risk No. at Risk
Placebo 8801 8711 8601 8485 8381 7341 5885 4198 1766 | Placebo 8801 8733 8634 8528 8430 7395 5938 4250 1793 nOnfatal ML or nonfatal StrOke'
Semaglutide 8803 8740 8654 8557 8425 7409 5944 4277 1816 | Semaglutide 8803 8748 8673 8584 8465 7452 5988 4315 1832

Lincoff AM et al., NEIJM 2023:389:2221



Proportion of patients (%)

SELECT trial: Change in BMI category between baseline

100

90

80

70

60

50

40

30

20

10

and week 104

M Healthy Overweight
B Class |l obesity M Class Il obesity

Class | obesity

BMI 240

Semaglutide  placebo

28.6 Mean body
BMI 30-<35 weight 94 +0.9
change (%)
40.9 ..
42.0 42.9 % achieving
normal weight 12 1.2
status
BMI 25-<30 Me.an Ch.ange
in waist -7.7 cm -1.3cm
29.0 281 circumference
0.0 0.0
Semaglutide Semaglutide Placebo Placebo
baseline week 104 baseline week 104

Ryan DH et al., Nature Medicine 2024



The rationale for FLOW trial |: Exploratory kidney

analyses from GLP-1RA CV outcomes trials: kidney benefit
driven by reduction of albuminuria

Trials with human GLP-1-based agents
1

Trials with exendin-4 based agents
|

" LEADER® REWIND®
(liraglutide (dulagiutide

Exploratory renal

composite endpoint ok 0.78 (0.67,0.92]" [ 0.85 [0.77:0.93]"

Macroalbuminuria HIHi074{060,091 @ :0.77 [0.68:0.87)"

Worsening eGFR! ~i3i-1089(067,1.19) T 0.89 [0.78,1.01)

Renal replacement e

1 0.87 [0.61;1.24] '—O—; 0 7? [0.39;1.44]
therapy :

 HR[95% CI) HR [95% CI]

Favours Favours Eavours Favour;
GLP-1RA placebo GLP-1RA placebo

SUSTAIN &°
(OW semaglutide

VS. plt'ncebo)

Hi- | 0.64 [0.46:0.88)"

HBH (054037077

1,28 [0.64:2.58]
-+ 8} e

: 0.91 [0.40:2.07)

HR [95% CI]

i:avours Favour:s
GLP-1RA placebo

EXSCEL"Y |
(exenatide ER
vs. placebo) |

e g

%4 0.88 [0.76:1.01]

H 0,87 [0.70:1.07]

| NR

| NR

ELIXAY
(Ixisenatide
vs. placebo)

‘NR

HEH0.81 [0.660.99]
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FLOW trial rationale |

Evidence has emerged of the potential kidney-protective effects of
glucagon-like peptide-1 receptor agonists (GLP-1RAS) in people with type
2 diabetes (T2D).

Data mostly derived from CV outcome or glycemic control trials, NOT
CKD outcome trials.

Reduction of CKD progression by GLP-1RAs is yet to be confirmed and
requires dedicated trials of kidney outcomes with GLP-1RAs.

FLOW (NCT03819153) is a dedicated kidney outcomes trial to assess
semaglutide, a once-weekly GLP-1RA, in diabetic patients with CKD at
high risk of kidney disease progression.



https://clinicaltrials.gov/ct2/show/NCT03819153

FLOW trial design

Participants recruited from 28 countries with T2DM, A1c <10%, & CKD
CKD defined by: eGFR =250-<75 AND UACR >300 -<5000 OR eGFR 225 and <50 with UACR >100-<5000

mg/g
Primary outcome: time to a composite endtpoint of kidney failure (dialysis/tx or eGFR <15), renal/CV death,

>50% ' ' GFR - i I ]
=o0% reductionn €5FR 5496 RRR of primary endpoint with semaglutide vs placebo

Randomisation 1:1*

"”” 1— 1.0 mg semaglutide s.c. OW +
T2D and CKD standard-of-care

S 1.0 mg placebo s.c.OW
L | _ .0 mg placebo s.c. +
0.25mg| (O-Hmg T2D and CKD standard-of-care
W-=3 WO W4 W8 EOT
| T Il‘. - o I 'l.l I |
Screening Treatment period Follow-up
(up to 3 weeks) (5 weeks)

v

L 3

Event-driven trial with expected duration
of approximately 5 years

Rossing P et al.,, NDT 2023



Use of GLP-1 RA Iin CKD

= Growing evidence suggest that GLP-1 receptor agonists can be safe in advanced CKD, including
ESKD.

LONG-ACTING AGENTS
= Liraglutide (Victoza), dulaglutide (Trulicity), and semaglutide (Ozempic):

Kidney and CV protective benefits as well as documented safety in patients with CKD 4 (eGFR 15-
29 mL/min/1.73 m?) and thus preferred agents for CKD 4.

Limited safety data in dialysis patients

Use in CKD 4 - need to monitor for signs and symptoms of dehydration due to nausea or satiety to
reduce the risk of pre-renal AKI

Not excreted by the kidneys - dose reductions not necessary in CKD

= Exenatide once weekly — AVOID in patients with eGFR <45 mL/min/1.73 m?2.

SHORT-ACTING AGENTS - avoid in eGFR <30
= Lixisenatide:

The clinical outcomes are not affected by mild (eGFR 60 to 89 mL/min/1.73 m?2) or moderate
(eGFR 30 to 59 mL/min/1.73 m?) CKD.

Paucity of data in patients with eGFR 15 to 29 mL/min/1.73 mZ2,

Lixisenatide is presumed to be eliminated by the kidneys with increased exposure in CKD.
Need to monitor closely for gastrointestinal adverse effects, which may increase risk of AKI.



Cardiorenal effects of mineralocorticoid
receptor antagonists (MRA)



The deleterious effects of aldosterone/MR activation in heart and kidneys

Insulin ... Res‘sﬁn - Q \
it __ Adipose tissue

sensitivi
Sympathetic . ///\ ,
activation Angiotensinogen = Adiponectin
Angll ¢ Y\
l lmmune cells

recruitment =
& Inflammation

Aldosterone ——

Na* retention
{

v
High Bloos Pressure

Oxidative stress
Damage to DNA
Vascular remodelling

Arterial stiffening
Atherosclerosis

LVH, Fibrosis
ACS/ischemia/CHF
Atrial fibrillation

Renal fibrosis Cerebrovascular disease
Proteinuria Stroke
Chronic renal function

Rossi and Seccia, 2013

Direct deleterious effects of aldosterone in
the heart include development of:

= myocardial hypertrophy

= ventricular remodeling

= proarrhythmogenic effects

= myocardial ischemia

= reduced coronary blood flow

= myocardial injury

The effects of aldosterone on the kidneys

include:

= glomerular hypertrophy
glomerulosclerosis
proteinuria

reduced renal blood flow
renal injury

Bauersachs J et al., Hypertension 2015;65:257



Milestones in the development of MRA for
treatment of HF and diabetic kidney disease

1960 1999 2002 2003 2011 2015 2020-2021
r I .
Spironolactone RALES EPHESUS EMPHASIS ARTS-DM FIDELIO
launched trial trial trial trial trial
Eplerenone
approved by FDA

Spironolactone Eplerenone Finerenone

D’Marco L et al., 2021




Percentchange n 24hr urin2 protein excration

A double-blind RCT on the Effect of Spironolactone in DM and non-DM

50

-50

-100

patients with persistent proteinuria

41 participants with Cr <2.26 mg/dL and ~ mean of 2.5 g/d of
proteinuria: greatest reduction of proteinuria in groups with spironolactone

I G1 T  G1. Ramipril only
¢ —, T )
*'h-.‘_._.: T e _ _ _ _ e & s A

e N G2 G2. Ramipril + irbesartan

.@'-':2,-.. G3 42% reduction £
CettiaT e iree e T T A T T G3. Ramipril + spironolactone
G4 G4. Ramipril + irbesartan +

. spironolactone

Double-blind phase | Open-labelled phase

3 6

Time (months)
Chrysostomou A et al., CJASN 2006, 1:256



https://pubmed.ncbi.nlm.nih.gov/?term=Chrysostomou+A&cauthor_id=17699214

CV outcomes In clinical trials with MRA

Severe HF, EF <35%, Cr < 1. All-cause mortality 1 30% RRR
RALES 822  Spironolactone
2.5, on ACEl/diuretics 2. HF hospitalization | 35% RRR
EF <40% and HF following 1. All-cause mortality 1 15% RRR
EPHESUS MI on optimal medical 6632 Eplerenone 2 Death from CV cause or
h . 1 13% RRR
therapy CV hospitalization
EMPHASIS Mild HF (NYHA 1) and EF Composite of death from CV o
-HF <35% ey EplerEnEnE causes and HF hospitalization b IRINIR
Symptomatic HF and gsgggsgebc?rftgc? ?:g]rci;rigzzn = B LD IR
TOPCAT ymp 3445 Spironolactone ’ (P=0.14)

EF 245% arrest, and hospitalization for

HF



The publication of RALES associated with abrupt increases in the
rate of prescriptions for spironolactone and in hyperkalemia-
associated morbidity and mortality

2.5

Online release
of RALES

2.0+ —_ e

|
_ T
i

I il il I Il I I I I
153594 153595 1995 1957 1558 1999 2000 2001

Study Year

-
n
1

(per 1000 patients)

Rate of in-hospital death from hyperkalemia

Juurlink DN et al., NEJM 2004:; 351:543
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0 o
0]
Characteristics Spironolactone Eplerenone Finerenone
MR antagonist class Steroidal Non-steroidal
Structural prop.s Flat Flat Bulky
Potency ; . 3
Selectivity Dy // | }
MR IC (nM) 24 990 17.8
GR IC%0 (nM) 2,410 > 21,980 > 10,000
AR rec. IC50 (nM) 77 > 21,240 > 10,000
PR EC (nM) 740 >31,210 > 10,000
OR a & B IC5° (nM) 5,970 & 4,940 >30,000 & > 30,000 > 10,000 & > 10,000
Metabolites Multiple, active No active No active
Half-lfe >eC0H 4-6:0H 2-3UH
Tissue distribution Ve ,
in rodents /1 >6 71 - 11 1
CNS penetration + + -
Effect on BP ++ ++ +
Excretion (unchanged) <1% <3% <1%

>500-fold more selective for the
MR than steroid receptors within
the same superfamily
(glucocorticoid, androgen,
progesterone)

Di Lullo L et al.,
J Clin Med 2023;12:3992




A kidney failure, 240% loss in eGFR, or renal death

100~ 40— Hazard ratio, 0.82 (95% Cl, 0.73-0.93)
904 P=0.001
— 30
] 80 HR 0.82
g 704 20 -
§ 60 Finerenone
£ s 107
()]
2 404 0
ﬂ T T T T T T T 1
E 30+ 0 6 12 18 24 30 36 42 4
6 20
10-
0 I T T I I T I 1
0 6 12 18 24 30 36 42 48
Months to First Event
No. at Risk
Placebo 2841 2724 2586 2379 1758 1248 792 453 82

Finerenone 2833 2705 2607 2397 1808 1274 787 441 &3

B Sustained decrease of 240% in eGFR
100~ 40— Hazard ratio, 0.81 (95% Cl, 0.72-0.92)

90
= 304 HR 081 Placebo
X 80+
g 704 204
% 601 Finerenone
£ 504 107
(]
b 40+
E 0 T T T T T T T 1
g 30 0 6 12 18 24 30 36 42 48
6 20
10—
O I I I T T I T 1
0 6 12 18 24 30 36 42 48
Months to First Event
No. at Risk

Placebo 2841 2722 2588 2379 1758 1249 793 453 82
Finerenone 2833 2703 2606 2396 1808 1275 788 442 &3

C Renal failure

100 40-Hazard ratio, 0.87 (95% Cl, 0.72-1.05)
90
—_ 304
2 ] *{ HR0.87
§ 704 204
§ 60 Placebo
£ 504 107
g o Finerenone
E o J I I I I I I 1
g 30 0 6 12 18 24 30 36 42 48
5 20
105 ‘ﬁ
0 I T T T T T T 1
0 6 12 18 24 30 36 42 48
Months to First Event
No. at Risk
Placebo 2841 2741 2645 2508 1911 1390 892 513 103

Finerenone 2833 2733 2658 2506 1932 1393 897 510 104

Addition of finerenone,
a hon-steroidal
selective MRA, further
Improves renal
outcomes: FIDELIO-DKD

FIDELIO-DKD (N=5674).
= T2DM with CKD on

D Secondary Composite Outcome secondary

100 40— Hazard ratio, 0.76 (95% Cl, 0.65-0.90) composite ACEUARB

90 outcome: kidney !
g sl ] HRO.76 failure, doubling  w  mean eGFR 44 (25 - <75)
e of Cr, or renal ] ) ) !
ool death = median albuminuria = 852
g ig: = Finerenone mg/g (300_5000)
Lg N P EETEEETY = Mean f/u 2.6 YIs
6 20 /

10 A/fr—’—’_/_—'

O I T T T T T T 1

0 6 12 18 24 30 36 42 48
Months to First Event

No. at Risk
Placebo 2841 2740 2636 2490 1887 1364 873 499 98
Finerenone 2833 2732 2655 2492 1915 1377 883 501 101

Bakris GL et al., NEJM 2020;383:2219



14— Urinary albumin/Cr ratio

Effect of finerenone on proteinuria and
hyperkalemia in diabetic CKD treated with
N ACEI/ARB

“’ | R S = Overall hyperkalemia-related adverse events were twice as frequent
T with finerenone as with placebo (18.3% and 9.0%, respectively)

0 4 8 12 16 20 24 28 32 36

Months since Randomization

No.ofpatiens = a maximal K level difference of 0.23 mmol per liter was observed at
Placebo 2840 2726 2598 1825 834 month 4.

Mean Change
from Baseline

T iis S = The incidences of serum K levels of more than 5.5 mmol/L and more

Placebo Ref. -4. -3. -2. 4.
- i : 1 than 6.0 mmol/L:

_ s, Mean serum potassium = Finerenone: 21.7% and 4.5%
g = Placebo: 9.8% and 1.4%
E sl = Discontinuation of the trial regimen due to hyperkalemia was infrequent in
g o finerenone group (2.3%) and markedly lower than in trials of dual RAS
5 > Mean seum potasium atbasline: filita blockade (8% with spironolactone in RALES, 4.8% with combination
N A therapy with a direct renin inhibitor and an ACE inhibitor or ARB and 9.2%
A Em e W oa B with dual ACE inhibitor + ARB therapy).
E:Pt o 7 o = Changes in mean SBP from baseline to month 1 and 12 were -3.0
WeanChings | and —2.1 mm Hg.
Firfzr:engLlelaiter) Ref. 0.25 0.24 0.21 0.21 0.20

Placebo Ref. 002  0.04 0.05 007 007 Bakris GL et al., NEJM 2020:383:2219




Finerenone reduces risk of incident HF in patients
with CKD and T2DM: the FIGARO-DKD Trial

Cumulative incidence (%)

Finerenone Placebo

Hazard ratio, 0.68 (95% CI, 0.50-0.93)
P=0.016

41 32% RRR in new-onset HHF
In those without history of HF

0 6 12 18 24 30 36 42 48 54

Time to first event (months)
3396 3367 3323 3274 3195 2710 2168 1705 1091 608
3385 3351 3294 3236 3154 2694 2131 1674 1091 606

Filippatos G et all, Circulation. 2022, 145: 437

FIGARO-DKD (N=7437):

T2DM with albuminuria treated with
ACEI/ARB

571/7437 (8%) with hx of HF

Mean eGFR -67

mean albuminuria -300 mg/g

FIGARO-DKD is the first study to
show that a MRA, specifically the
selective, nonsteroidal MRA

flnerenone, may prevent the
development of HF in patients with
CKD and T2DM




Summary: MRAS

» Steroidal MRAS (spironolactone, eplerenone) have less selectivity to
mineralocorticoid receptor and also have more renal distribution and are
thus associated with greater risk for side effects (i.e. gynecomastia,
amenorrhea, hyperkalemia).

= Non-steroidal MRA (finerenone) is >500 times more selective for MR, also
have equal distribution in heart and kidney, with less risk for hyperkalemia.

* Finerenone has much less BP-lowering effect (2-3 mm Hg vs 10-20 mm
Hg by spironolactone)

* Finerenone significantly lowers composite renal endpoint by 18%
compared to standard therapy and prevents incident HF.



Overall summary

= SGLT2i - “most potent overall protection for CKD and HF in DM and non-DM”
= ~12% risk reduction in MACE
= ~30% risk reduction in HF hospitalization (within 1-3 months)
» 30-40% risk reduction in composite renal endpoints

= The renal benefits of SGLT2i are greatest in those with lower eGFR and greater proteinuria,
regardless of DM status, BUT SGLT2i slows eGFR decline rate even in those without
proteinuria.

= GLP-1RA (Long-acting formulations) — “weight and MACE reduction in T2DM”
= Significant weight reduction
= Modest benefit on reduction of MACE, CV mortality, and proteinuria. GLP-1RA have not shown significant
benefit on HF hospitalization or hard renal endpoints (i.e. progression to ESRD or doubling of Cr).
» Liraglutide, semaglutide, and dulaglutide may be cautiously used in CKD 4/CKD 5.
= Semaglutide lowers MACE in non-diabetic patients by 20% (the SELECT trial) and renal events by 24%
in T2DM .

= Finerenone: “prevent ESRD and HF with smaller effects on SBP”
= Highly selective MRA, equal distribution in the kidney/heart, decreased hypotensive effect (| SBP by 2-3
mm HQ)
= Significantly prevents incident HF in T2DM patients without symptomatic HF
» Reduce composite renal endpoints by 18% on top of ACEI/ARB



Decision algorithm for prescribing SGLT2I, GLP-1 RA,
and MRA to optimize kidney and heart protection in
patients at risk

Patients at kidney and CV risk:
CKD, proteinuria, obesity, CVD
I

| |

» eGFR <20 = eGFR 220 - <60 eGFR 260
= Obesity = albuminuria >30 mg/g
= ASCVD risk without any HF risk > ASCVD risk —  2ndjine. ns-MRA
= Other CV risk proteinuria)
| | §
' vgg lstline, GLP-
1st line, GLP-1RA 1st line, SGLT2i Obesity/ASCVD or CVA 1RA

2nd|ine, ns-MRA 2nd|ine, GLP-1RA or ns-MRA > HF risk 2nd |ine, SGLT2i






