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Objectives
= SGLT2i:

» Glomerular and tubular effects of SGLT2i

» Proposed mechanisms underlying benefits

= Summary of renal outcomes (by baseline proteinuria, e GFR)
= Summary of HF outcomes

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

» Proposed mechanisms underlying clinical benefits
» Effects on CV risk factors
= Summary of clinical CV and renal outcomes

= 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
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The Captopril Study

409 insulin-dependent T1DM patients:

= Mean age: 35

= Duration of DM: 22 yrs

= Baseline proteinuria 2.5-3 g/g
= A1c 12%

= Mean CrCL.:

- 84 mL/min (captopril)
- 79 mL/min (placebo)

Lewis, NEJM 1993



Renal outcomes with ARB in T2DM

Doubling of serum creatinine, ESKD, or death

RENAAL

50 - Placebo ¢

a-'..

Risk reduction, 16%
P =0.02

Months of Study
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Glucose reabsorption in proximal nephron
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The effect of proximal sodium reabsorption on
tubuloglomerular feedback
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Cherney et al. Circulation 2014;129:587



The initial fall in eGFR with SGLT2i initiation,
followed by improved slope: DAPA-CKD

Dapagliflozin
2wk —EOS: -1.67 mL/min/1.73m2/yr

94 From 2 weeks to EOS (chronic) slope:

-1004 A between-group difference of 1.92
-119° mL/min/1.73m2/yr (95% Cl, 1.61 to 2.24)

Least-Squares Mean Change in
Estimated GFR (ml/min/1.73m?)

—g- 2wk-EOS: -3.59 mL/min/1.73mz2lyr

~144
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Months since Randomization

No. of Participants
Placebo 2152 2029 1981 1866 1795 1753 1672 1443 935 447 157
Dapagliflozin 2152 2031 2001 1896 1832 1785 1705 1482 978 496 157

Heerspink et al., NEJM 2020;383:1436



SGLT2i inhibits NHE3, reducing proximal Na reabsorption

= In proximal nephron, most Na+* is
reabsorbed by NHE3, whose activity is
increased by luminal glucose.

Lumen Renal proximal tubular cell Interstitium

» SGLT2 and NHE3 also are interlinked by
membrane associate protein 17 (MAP17)

. Na'lK* .
> N'a ATPase .
— @

that interacts via post synaptic density A A
protein 95/tight junction protein 1 (PDZK1). K+ K*
» SGLT2 increases activity of NHE3 as well as
the sodium-phosphate exchanger type lla,
the organic cation transporter, the chloride- o SGLT2 > @ @
Glu Glu Glu g2 G

formate exchanger, and the urate-anion
exchanger.

= These widespread effects on the
proximal tubule may explain why SGLT2i
maintain diuretic effect in CKD stage 3/4

despite little glycosuria. Am J Physiol Cell Physiol 2020 (318)328
Wilcox CS., Hypertension. 2020;75:894



Uricosuric effect of SGLT2i

Reduction of serum uric acid by -0.6-0.75 mg/dL

Lumen Proximal tubule

SGLT2i

Uric acid
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Glucose —@L@—)

Collecting duct

3> Glucose

GLUT9

Uric acid Isoform 2 4

Uric acid ----CD--->

Proposed mechanisms for the
uricosuric effect of SGLT2i:

» Glycosuria-induced uric acid secretion
via GLUT9 isoform 2 in the proximal
tubule

= Inhibition URAT1-mediated urate
reabsorption in the proximal tubule

= [nhibition of uric acid uptake via
GLUT9 isoform 2 at the collecting duct
of renal tubule

Chino et al., Biopharm Drug Dispos. 2014:35: 391



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4223977/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4223977/

Potential pathways that reduce renal
ischemia with SGLT2 inhibition

Potential pathways that reduce renal ischemia with SGLT2 inhibition
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Summary of renal benefits by SGLT2i
In clinical trials



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 CREDENCE DAPA-CKD EMPA-REG CANVAS Dﬁf“kf‘;'z' VERTISCV  DAPAHF i“é';i%%';‘ PEQMEZEEE?/EB
Drug Cana Dapa Empa Cana Dapa Ertugliflozin Dapa Empa Empa
N 4401 4304 7020 10142 17160 8238 4744 3730 5988
Age 63 62 63 63 64 64 66 67 72
% of DM 100 67 100 100 100 100 42 50 49
eGFR 56 43 74 77 85 76 66 62 61
% ASCVD 50 37 100 72 41 100 - - -
% HF 15 11 10 14 10 24 100 100 100
Mdediaf‘ B 2.6 yrs 2.4 yrs 3.1 yrs 2.4 yrs 4.2 yrs 3.0 yrs 18.2 mo 16 mo 26 mo
uration
% RAAS; 100 88 81 80 81 81 83 88 81
Hosp for HF 0.61 0.65 0.67 0.73 0.70 0.70 0.69 0.71
CV death 0.78 0.81 0.62 0.87 0.98 0.92 0.82 0.92 0.91
ﬂ'&ftz‘fif; 0.83 0.69 0.68 0.87 0.93 0.93 0.83 0.92 1.00
e 0.66 0.61 0.54 0.60 0.53 0.81 0.71 050 1204

ESRD 0.68 0.64 0.45 - - - - - -



Design, recruitment, and baseline characteristics
of the EMPA-KIDNEY trial Started in 1/2019

@ STOPPEDEARLY.IN'4/2022

Baseline characteristics

Background

Streamlined design

B ﬂ % " 8 tries:

& RCT: da Mean age 64 &{ié e £ s n:ISA :
“@ Empagliflozin10 mg once daily %Fq Ia’ W | n=6609 (SD 14) years -~ SIGRS, D aMENe
Q’ . (LY} O 67% — and Asia

vs. matching placebo

Primary renal diagnoses:
31% diabetic nephropathy
L] 25% glomerular disease
LI 1 999 ischaemic/hypertensive
12% other and 10% unknown

=~, Inclusion criteria:
eGFR 220, <45 mlL/min/1.73 m?%;
or 245, <90 and uACR 2 200 mg/g

Composite primary outcome:
* CV or renal death

eGFR, mL/min/1.73 m%
Mean 37.5 (SD 15)
78% with eGFR < 45

34% with eGFR < 30
(DAPA-CKD - 14% with e GFR <30)

. Maintlenonce dialysis or kidney l UAGRIma e Comathidity:
ke | | . Median 412 IQR 94-1190) 46% diabetes
* Sustelieal oUHE < W0l 1/ 6 i 48% with UACR < 300 27% cardiovascular disease

or sus’roined 2 40% eGFR decline 20% WlthOUt aIbuminuria

The EMPA-KIDNEY trial has recruited a large, widely generalizable CKD population with high proportions
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.

Conclusion

{ERA

NEPHROLOGY
DIALYSIS
TRANSPLANTATION

The EMPA-KIDNEY Collaborative Group. NDT (2022)

@NDTSocial



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

A Primary Composite Outcome
247 Hazard ratio, 0.61 (95% Cl, 0.51-0.72) 312 events Components of the primary outcome:
10+ 90 P<0:001 = Decline in eGFR of 250%  0.53 (0.42-0.67)
90 o Placeb
< ol ¥ 21?\1/; '_“39 acebo S 7 events | | = ESKD 0.64 (0.50-0.82)
= 12 - - eGFR <15 0.67 (0.51-0.88)
g - Dialysis or kidney tx 0.66 (0.48-0.90)
60 g
S - Dapagliflozin = Death from renal/CVD 0.81 (0.58-1.12)
‘g 40+ 0 I I I I T T | |
= 304 0 4 8 12 16 20 24 28 32 _ _
E oo Median flu = 2.4 yrs The HR for primary composite outcome
10-‘_#&% with dapagliflozin:
0 . . . . : : . = DM : HR 0-64 (0-52-0-79)
0 4 8 12 16 20 24 28 32 = No DM: HR 0-50 (035_072)
Months since Randomization . pinteraction=0'24
No. at Risk
Placebo 2152 1993 1936 1858 1791 1664 1232 774 270 Heerspink et al., NEJM 2020;383:1436
Dapaglifiozin 2152 2001 1955 1898 1841 1701 1283 831 309 Wheeler DC et al., Lancet Diabetes Endocrinol 2021;9:22




SGLT2i therapy associated with renal benefit
regardless of history of ASCVD

Overall kidney outcomes

Hazard ratio
(95% Cl)

0.54 (0.40-0.75)
0.60(0.47-0.77)
0.53(0.43-0.66)
0.66 (0.53-0.81)
0.81(0.64-1.03)
0.62 (0.56-0.70)

Hazard ratio
(95% Cl)

Treatment Placebo
Rate/1000 Rate/1000
No./total No. patient-years No./total No. patient-years
EMPA-REG OUTCOME 81/4645 6.3 71/2323 11.5
CANVAS program NA/5795 5.5 NA/4347 9.0
DECLARE-TIMI 58 127/8582 3.7 238/8578 7.0
CREDENCE 153/2202 27.0 224/2199 40.4
VERTIS CV 175/5499 9.3 108/2747 11.5
Fixed-effects model (Q=7.96; df=4; P=.09; I2=49.7%)
Kidney outcomes by ASCVD status
Treatment Placebo
Rate/1000 Rate/1000
No./total No. patient-years  No./total No. patient-years
Patients with ASCVD
EMPA-REG OUTCOME  81/4645 6.3 71/2323 11.5
CANVAS program NA/3756 6.4 NA/2900 10.5
DECLARE-TIMI 58 65/3474 4.7 118/3500 8.6
CREDENCE 69/1113 24.1 102/1107 36.5
VERTIS CV 175/5499 9.3 108/2747 11.5
Fixed-effects model (Q=6.09; df=4; P=.19; I2=34.4%)
Patients without ASCVD
CANVAS program NA/2039 4.1 NA/1447 6.6
DECLARE-TIMI 58 62/5108 3.0 120/5078 5.9
CREDENCE 84/1089 29.9 122/1092 443

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

0.54 (0.40-0.75)
0.59 (0.44-0.79)
0.55(0.41-0.75)
0.64 (0.47-0.87)
0.81(0.64-1.03)
0.64 (0.56-0.72)

0.63 (0.39-1.02)
0.51(0.37-0.69)
0.68(0.51-0.89)
0.60 (0.50-0.73)

Favors | Favors

treatment : placebo

—e—
—eo—

—o—
—o—

<

0.2

1

HR (95% ClI)

Favors : Favors

treatment | placebo

With ASCVD |
—o—

—o—
H—eo—1 |

<>

Without ASCVD |

HR (95% ClI)

Weight, %
11.51
18.66
o Meta-analysis of SGLT2i
19.79 0 .
trials on the composite of
renal worsening, ESRD, or
renal death stratified by the
presence of
wire,s  @Stablished atherosclerotic
1667 CV disease
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
https://www-sciencedirect-com.ezproxy.lib.utah.edu/topics/medicine-and-dentistry/arteriosclerotic-heart-disease
https://www-sciencedirect-com.ezproxy.lib.utah.edu/topics/medicine-and-dentistry/arteriosclerotic-heart-disease

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 } ® 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 — — 0.57 (0.46-0.71)




The protective effect of canagliflozin on annual rate of eGFR
decline consistent in all levels of albuminuria but greatest in
participants with UACR >300 mg/g at baseline: CANVAS Program

Annual rate of change in eGFR from week 6 or 13 to
Last available measurement

|
n
1

UACR UACR UACR
e (5 oo Coso o CANVAS: 10,142 patients with T2DM
ml/min per 1.73 m* per ye?ri (0z85201.25) (0.61 to 1.36) (2.03 to 3.99) . 223% (2,266) Wlth UACR 30_300 mg/g
= 7.5% (760) with UACR >300 mg/g

0 __-I;J *

. e -0.15, =

P01 -1114 -
le(lh B Canadgliflozin

—1.76; » Placebo

|
w
1

A

eGFR slope (ml/min per 1.73 m? per year)

|
(6)]
P

—4.77
P <0.001

P heterogansily<0.001 Neuen BL et al., JASN 2019;30:2229
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DAPA-CKD: The drop in eGFR with SGLT2i initiation — the
concern over starting SGLT2i at low eGFR (<25 mL/min)

Dapagliflozin

|
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Months since Randomization

No. of Participants
Placebo 2152 2029 1981 1866 1795 1753 1672 1443 935 447 157
Dapagliflozin 2152 2031 2001 1896 1832 1785 1705 1482 978 496 157

Heerspink et al., NEJM 2020;383:1436



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

30 -+

45 4

eGFR, LS mean (SEM)

20 A

40 A

35 4

30 A

25

CKD 2/3 at baseline

Chronic (2wks—EOS) slope:
------------- Dapagliflozin =1.73

- e

Acute effects (0-2 wks):
-2.56 ml/min/1.73 m2/yr

Placebo -3.68

CKD 4 at baseline (N = 624)

Acute effects (0-2 wks):
-1.42 ml/min/1.73 m2/yr

-..__~

Dapagliflozin =1.33

-~

15 - Placebo -3.68

53 T T T T T T T T T T 1
Participantsat o 2 4 8 12 16 20 24 28 32 36
e tfme point Months Since Randomization
Baseline stage 2/3 CKD
Dapaglifiozin 1859 1762 1733 1643 1594 1558 1493 1302 864 450 148
Placebo 1821 1723 1691 1594 1539 1509 1449 1245 811 394 140
Baseline stage 4 CKD
Dapaglifiozin 293 269 268 253 238 227 212 180 114 46
Placebo 331 306 290 272 256 244 223 198 124 53 17

Chertow GM et al., JASN 2021, 32 :2352

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 m2/yr
Placebo -3.38 ml/min/1.73 m2/yr
A1.23



CREDENCE: Canagliflozin led to an acute drop in eGFR which was
mildest in those with eGFR 30-<45 ml/min/1.73 m? at screening, and then
to slower eGFR decline in every screening eGFR category

©
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o} 1 | i
£ H 1 1 .
3 201 P
2 ! i i
%] 1 1 1
= 10+ 1 1 1
e} 1 1 1
< 1 H H
0 1 ¥ T ¥ T T T T 1
0 6 12 18 24 30 36 42
Months since randomization
No. at risk
eGFR 60 to <90 Canagliflozin 899 833 803 758 710 490 288 98
Placebo 895 829 801 755 679 471 270 100
oGFR 45 to <60 Canagliflozin 635 589 563 531 490 333 202 80
Placebo 635 575 535 483 435 278 168 58
eGFR 30 to <45 Canagliflozin 645 583 553 493 448 293 162 63
Placebo 648 581 546 482 422 257 145 52

Jardine MG et al., J Am Soc Nephrol.2020;31:1128

2} 60 - <90 mL/min/1.73m?2

"""" 145 - <60 mL/min/1.73m2
} 30 - <45 mL/min/1.73m?2



No difference in adverse events between those with
eGFR <30 ml/min/1.73 m2and >30 mi/min/1.73 m2
(a subgroup analysis of CREDENCE)

Number of participants
with an event

Participants with an event
per 1000 patient-years

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

Any AE :

eGFR <30 ml/min per 1.73 m? 77 81 435.0 421.6 I—:0—| 1.08 (0.79, 1.47) 0.17
eGFR >30 ml/min per 1.73 m? 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—| 1.03 (0.66, 1.61) 0.50
eGFR >30 ml/min per 1.73m? 700 766 142.9 162.6 PO-I: 0.87 (0.79, 0.97)
Hyperkalemia !

eGFR <30 ml/min per 1.73 m?> 13 13 73.4 67.7 } I * | 1.20 (0.55, 2.63) 0.43
eGFR >30 ml/min per 1.73 m? 138 168 28.2 35.7 I—O—i 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 ml/minper 1.73 m? 9 10 50.8 52.0 | » i 1.04 (0.42,2.55) 0.70
eGFR >30 ml/min per 1.73m? 77 88 15.7 18.7 —o 0.84 (0.62, 1.14)

I 1 1 | 1
025 05 1.0 20 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/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7769025/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7769025/

Summary of HF outcomes with SGLT2i



The effect of empagliflozin on causes of death: EMPA-

REG
Mortality causes _ Placebo (N=2333) | EMPA (N=4687)| % RRR

All-cause mortality 194 (8.3) 269 (5.7)
CV death 137 (5.9) 172 (3.7) 38
Sudden death 38 (1.6) 53 (1.1) 31
Worsening HF 19 (0.8) 11 (0.2) 75

Acute M| 11 (0.5) 15 (0.3)

Stroke 11 (0.5) 16 (0.3)

Cardiogenic shock 3 (0.1) 3 (0.1)

Other 95 (2.4) 74 (1.6)

Not assessable 53 (2.3) 71 (1.5)

Non-CV death 57 (2.4) 97 (2.1)

Fitchett et al. JACC, 2016




COMORRBIDITIES IN HFrEF SGLT2i

RCTs

I T
Empagllﬂozin Placebo ‘ Dapaglifiozin
(n=1863) (n=1867) n=2373)
Age (yr) 672=10.8 86.5=112 | 662 + 1.0
Women (%) 437 (23.5) 456 (24.4) | 564 (23.8)
Diabetes melitus (%) 927 (49.8) 929 (49.8) | 943 (41.8)
Ischemic cardiomyopathy (%) 983 (52.8) 946 (50.7) | 1316 (55.5%)
NYHA functional ciass |1 (%) 1399 (75.1) 1401 (75.0) | 1606 (67.7%)
LV efection fraction (%) (2% S30%) (7% <30%) | 31.2:6.7
NT-proBNP (median, IQR), pg/mL ’8?;9(‘,1027{6%)29) 19(330 "g‘;’bggfs’ | 1428 (857-2655)
Hospitalzation for heart failure within 12 months 577 (31.0) 574 (30.7) | 847 (27.3)
Atrial fibrilation 664 (35.6) 705 (37.8) | 916 (38.6)
Glomenutar fitration rate (ml/min/1.73 m?) 8182217 622=215 | 86.0=196
Treatment for heart fallure |
RAS inhbitor without neprilysin inhibitor 1314 (70.5) 1286 (68.9) | 2007 (84.6)
RAS inhbitor with nepritysin inhibitor 340 (18.3) 387 (20.7) | 250 (10.5)
Mineralocorticold receptor antagonist 1306 (70.1) 1355 (72.6) | 1696 (71.5)
Beta blocker 1765 (94.7) 1768 (94.7) | 2278 (96.0)
Imptantable cardioverter-defibrillator 578 (31.0) 593 (31.8) | 622 (26.2%)
Cardlac resynchronization therapy 220(11.8) 222 (11.9) | 190 (8.0%)




DAPA-HF McMurray etal., NEJM 2019:381:1995

Placebo

Dapagliflozin

A Primary Outcome

B Hospitalization for Heart Failure

30+ (o] 30—
100- HR 0.74 (95% CI, 0.65-0.85 100-
(95% Cl, ) HR 0.70 (95% Cl, 0.59-0.83)
0+ 25 P<0.001 . 90 25
£ 804 20 A comp.os,lte of £ 80 201
g 704 worsening HF or g 704 .
5 - death from CV & 6o
B 104 B 10
2 504 CEERED 2 504
2 wd{ 7 2 w0 ]
= 0 = ) 0 T I T T T T T 1
z2 309 0 3 6 9 12 15 138 21 24 2 0 3 6 9 12 15 18 21 24
5 20 3 20
107 17 /"P—;
0 T T T T T T T 1 0 T T T T T T T 1
0 3 6 9 12 15 18 21 24 0 3 6 9 12 15 18 21 24
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Placebo 2371 2258 2163 2075 1917 1478 1096 593 210 Placebo 2371 2264 2168 2082 1924 1483 1101 596 212
Dapagliflozin 2373 2305 2221 2147 2002 1560 1146 612 210 Dapagliflozin 2373 2306 2223 2153 2007 1563 1147 613 210
C Death from Cardiovascular Causes D Death from Any Cause
30+ 30—
100+ -
00 HR 0.82 (95% ClI, 0.69-0.98) S HR 0.83 (95% ClI, 0.71-0.97)
90 25+ 90 - 25+
K 809 20 £ 804 201
(] ol -
g 70 - g 70 e
S 60+ g 60
3 10- 2 10-
£ 50+ £ 50+
2 404 7T £ a0 7
% 30 0 T T T T T T | % 30 0 T T T T T T 1
£ 0 3 6 9 12 15 18 21 24 £ 0o 3 6 9 12 15 18 21 24
S 204 3 20+
10+ 10
0 T T T T T T T 1 0 1 T T T T T 1
0 3 6 9 12 15 18 2 24 0 3 6 9 12 15 18 21 24
Months since Randomization Months since Randomization
No. at Risk No. at Risk
Placebo 2371 2330 2279 2230 2091 1636 1219 664 234 Placebo 2371 2330 2279 2231 2092 1638 1221 665 235
Dapagliflozin 2373 2339 2293 2248 2127 1664 1242 671 232 Dapagliflozin 2373 2342 2296 2251 2130 1666 1243 672 233




EMPEROR-REDUCED

3,730 participants with class II-1IV HF
and EF <40%

In a median follow up of 16 months, the
primary outcome occurred:

» 361/1863 (19.4%) in empagliflozin

» 462/1867 (24.7%) in placebo

Similar efficacy in diabetic and non-
diabetic participants

The annual rate of decline in the eGFR
was slower in the empagliflozin group
than in the placebo group (—0.55 vs. —
2.28 ml/min/1.73 m2, P<0.001)

Packer M et al., NEJM 2020;383:1413

A. Primary Outcome: a composite of CV death or HF hospitalization

1000 35 Placebo
a 30 . .
» _.-- Empagliflozin
< 801 7 ==
= 20 .
g 70+ "
§ 154 ’,—
2 oo -~ HR 0.75 (95% Cl, 0.65-0.86)
[
".E 50+ Ay A P<0.001
E /
O 404 0 T T T T T T T T T
E 0 90 180 270 360 450 540 630 720 810 Slicebis
E 307 . — — Empagliflozin
g
w 20_
104
0 - T T T T T T T T 1
0 90 180 270 360 450 540 630 720 810
Days since Randomization
No. at Risk
Placebo 1867 1715 1612 1345 1108 854 611 410 224 109
Empagliflozin 1863 1763 1677 1424 1172 909 645 423 231 101
B. First and recurrent hospitalizations for HF
0.6+
HR 0.70 (95% Cl, 0.58-0.85)
Placebo
_ o3| P<0.001
5
2
5 0.4+
Q.
2
s
g
@03
o
g _ -
£ -’ . .
3 o2 - Empagliflozin
=
0.1+
0.0 a T T T T T T T T 1
0 90 180 270 360 450 540 630 720 810

No. at Risk
Placebo 1867
Empagliflozin 1863

Days since Randomization

1820 1762 1526 1285 1017 732 497 275 135
1826 1768 1532 1283 1008 732 495 272 118




EMPEROR-PRESERVED

. . 1003 27 HRO0.79 (95% ClI, 0.69-0.90) Placebo
A RCT of 5988 patients with o] ] P<0.001
class II-IV HF and EF >40% 0l
: X 704 E liflozi
N-terminal proBNP >300 pg/ I mpegTeEn
mL or >900 pg/mL with Afib R
49% with diabetes at baseline e ° IS R VR R R W S
51% with baseline Afib 20-
. 10
Mean baseline eGFR 61 0,//
0 3 6 9 12 15 18 21 24 27 30 33 36
A median fO”OW'up periOd Of Months since Randomization
26-2 months :;ll:;:btoRISk 2991 2888 2786 2706 2627 2424 2066 1821 1534 1278 961 681 400
Empagliflozin 2997 2928 2843 2780 2708 2491 2134 1858 1578 1332 1005 709 402
Primary Outcome:
a composite of CV death or hospitalization for HF

Anker et al., N Engl J Med 2021; 385:1451



Summary: SGLT2i

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

» Renal 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: 34-39% RRR

» eGFR dip (up to 30% drop from baseline) in acute phase (first 4 weeks) does not alter benefit

» HF hospitalization RRR by ~30% in HF trials
» The benefits are regardless of baseline ASCVD/HF status.

» Greater renal benefit in those with greater degree of proteinuria and CKD.

» Safety similar in those with CKD 3 and 4.



Effects of SGLT2 Inhibition on SAEs

Adverse Events by Studies Events Patients Relative risk (95% CI) 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)

DECILARE-TIMI ® 6025 17160 0.91 (0.87, 0.96)

Increased risk with SGLT2i:

= DKA

= Mycotic genital infections (only in DM), not affected
by baseline eGFR

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

» Fracture (only in CANVAS)

CREDENCE © 135 4401 0.98 (0.70, 1.37)

Overall Subtotal (I-squared = 20.3%, Pineraction = 0-288) 1.08 (0.98, 1.18) 0.127
Amputation

EMPA-REG 8 131 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 1.11 (0.79, 1.56)

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

| N N N B N
1 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

 Avoid initiation of antihypertensives or diuretics or upward dose titration or
diuretics at the same time as starting SGLT2i.

« Monitor BP/weight

* |If 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 illness/perioperative period



Who may have higher risk with SGLT2i
therapy

« T2D with DKA

* frequent genital tract infection

» Patients with urinary catheterization
* dynamic volume status

* PKD + immunosuppression (until data
available)

* T1DM?7?



Cardiorenal 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
GLP-1 [7-36 amide]

Glucagon-like peptide-1 (GLP-1):

A peptide hormone produced in
the intestine in response to meal
intake

Enhances insulin secretion and
reduces glucagon secretion, thus
limiting hepatic glucose output

GLP-1 receptor (GLP-1R) is widely
expressed in a variety of tissues
(gut, pancreas, hypothalamus, CV
system, kidney)

Rapidly degraded by dipeptidyl
peptidase IV (DPP-1V)

GLP-1 receptor agonists prolong
the effects of GLP-1.

Hes Ala Glu Gly The Pha The Ser A

AL Satietyt
2 »" Appetite]

Classical CV risk factors | I

Blood Blood Blood
glucose pressure lipids

Bo Ala Trp Leu Vel Lys Giy Arg Gy

Val

Ser

oy LY Nla Nia G Gy G e Ty S \
. é____________————"—__'m
A

GLP-1 -
\ |
GLP-1R rec(()eglg'l"s?

st

Endothelial function 1
Arterial stiffness |

Vascular inflammation |

Plaque stability 1

Angiogenesis 1

\ 4
Body
weight |
| \ .
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Diuresis 1 protection
Sodium i
excretion 1 ﬂ
/‘ — -
772 y PN
{4 | }/( ¢ ; \\/

£

l Platelet aggrega‘tioni/

A

N

iz Insulin 1
\..:/‘.,ﬂ Glucagon |

Myocardial contractility 1
Glucose uptake 1

Heart rate 1

Ischemia tolerance 1

Insulin
resistance |
Liver fat |

Peripheral
inflammation |

Inflammatory
cytokines|

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

\



GLP-1 Receptor Agonists

1 Short-Acting

FDA-approved drugs Exenatide (Byetta)

Long-Acting
Liraglutide (Victoza)

Lixisenatide (Adlyxin) Exenatide-LAR (Bydureon)

Albiglutide (Tanzeum)
Dulaglutide (Trulicity)

Half-life 2-5h 12 h—several days

Fasting BG Modest reduction Strong reduction

Al1C Modest reduction Strong reduction

Postprandial Strong reduction Modest reduction

hyperglycemia

|Gastric emptying rate Deceleration No effect |

Blood pressure Reduction Reduction

Weight reduction 1-5 kg 2-5 kg

Nausea 20%— 50%; slowly 20%—-40%; quickly attenuates

attenuates (weeks/months) (=4 —8 weeks)

Heart rate No/small increase (0-2 bpm) Moderate increase (2-5 bpm) 7

Meier JJ. Nat Rev Endocrinol. 2012;8(12):728-742.
Lund A, et al. Eur J Intern Med. 2014;25(5):407-414.




A HbA;.

m
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) agonists and DPP-4 inhibitors on
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GLP-1RA have moderate benefits on MACE and CV mortality

MACE

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

CV mortality

HR Weight HR Weight
Study Favours GLP-1RA with 95% CI (%) Study Favours GLP-1RA with 95% CI (%)
ELIXA *hf 1.02[ 0.89, 1.17] 1424  ELIXA —i— 0.98[ 0.78, 1.23] 12.30
LEADER —— 0.87[ 0.78, 0.97] 17.28  LEADER —B— 0.78 [ 0.66, 0.93] 19.08
SUSTAIN-6 —a0— 0.74[ 058, 0.95] 6.82  SUSTAIN-6 o 0.98[ 0.65, 1.48]  4.31
EXSCEL - - 0.91[ 0.83, 1.00] 19.20  EXSCEL e 0.88[ 0.76, 1.02] 23.57
HARMONY —— 0.78 0.68, 0.90] 13.90 HARMONY — 00— 0.93[ 0.73, 1.19] 10.95
REWIND —0— 0.88[ 0.79, 0.99] 16.83 = REWIND — = 0.91[ 0.78, 1.06] 22.30
PIONEER 6 o 0.79[ 0.57, 1.10] 4.21  PIONEER 6 0.49[ 0.27, 0.90]  2.01
AMPLITUDE-O —a— 0.73[ 0.58, 0.92] 7.53  AMPLITUDE-O = 0.72[ 0.50, 1.03] 5.48
Overall Overall RRR 14% e 0.86[ 0.79, 0.94] Overall Overall RRR 14% <= 0.87[ 0.78, 0.96]
Heterogeneity: 1° = 0.01, I = 50.09%, H” = 2.00 Heterogeneity: 1° = 0.00, I* = 18.69%, H’ = 1.23
Test of 6 = 6;: Q(7) = 12.62, p = 0.08 Test of 6= 6;: Q(7)=7.99, p =0.33

0.50 0.75

Random-effects empirical Bayes model
Knapp-Hartung standard errors

Giugliano D et al., Cardiovasc Diabetol. 2021;20:189

1.00

1.25 1.50

Random-effects empirical Bayes model
Knapp-Hartung standard errors

0.50

0.75

1.00

1.25 1.50


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/

The benefit of GLP-1RA on MACE limited to those with
history of CVD

MACE HR Weight

. Favours GLP-1RA with 95% CI (%)
History of CVD
LEADER B 0.83[ 0.74, 093] 2087
SUSTAIN-6 B 0.72[ 055, 0.94] 578
EXSCEL B 0.90[ 0.81, 0.99] 24.07
REWIND R = 0.87[ 0.74, 1.02] 13.34
PIONEER 6 — e 0.83[ 058, 1.18] 3.54
AMPLITUDE-O . 0.71[ 057, 0.89] 7.62
Heterogeneity: T° = 0.00, I = 6.12%, H’ = 1.07 ¢ 0.84[ 0.79, 0.90]
Test of 8 = 8;: Q(5) = 5.35, p = 0.37
No history of CVD
LEADER ——=—— 120 086, 1.67] 393
SUSTAIN-6 > 1.00[ 0.41, 2.44] 058
EXSCEL —a— 0.99[ 0.77, 1.28] 6.34
REWIND — 0.87[ 0.74, 1.02] 13.34
PIONEER 6 < 051[ 0.15, 1.71] 0.32
AMPLITUDE-O > 1.71[ 048, 6.08] 0.29
Heterogeneity: T° = 0.00, I = 0.00%, H’ = 1.00 < 094 0.83, 1.06]
Testof 8:=6;: Q(5)=4.99, p =042
Test of group differences: Qu(1) =2.33, p=0.13

0.25 050 075 1.00 1.50 2.00

Random-effects empirical Bayes model

Giugliano D et al., Cardiovasc Diabetol. 2021;20:189



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/

Renal composite endpoint:

GLP-1RA: Renal outcomes

time to new-onset macroalbuminuria
sustained decline in eGFR of 230%
from baseline

» doubling of serum creatinine
» ESRD/chronic renal replacement
therapy and/or renal death

In 6 CVOTs, GLP1-RA reduced the risk of the broad composite kidney outcome by 17% (HR =0.83),
which was driven by a reduction in macroalbuminuria only (HR =0.74)

Renal composite endpoints s Weight Macroalbuminuria s Welght
Study Favours GLP-1RA with 95% CI (%) Study Favours GLP-1RA with 95% CI (%)
ELIXA = 1.16[0.74, 1.82] 4.23 ELIXA — . 0.81[0.66, 0.99] 14.16
LEADER S om 0.78[0.67, 0.91] 21.32 LEADER . 0.74[0.60, 0.91] 13.48
SUSTAIN-6 . 0.64[0.46, 0.89] 7.55 SUSTAIN-7 S 0.54[0.37, 0.78] 4.64
EXSCEL —;— 0.88[0.76, 1.01] 24.02 EXSCEL R 0.79[0.64, 0.97] 13.52
REWIND N B 0.85[0.77, 0.93) 33.84 REWIND N = 0.77[0.68, 0.87] 32.90
AMPLITUDE-O B 0.77[0.58, 1.03] 9.05 AMPLITUDE-O = 0.68[0.58, 0.80] 21.29
Overall Overall RRR 17% <= 0.83[0.73, 0.94] Overall Overall RRR 16% e 0.74[0.67, 0.82]
Heterogeneity: 1° = 0.00, I* = 36.52%, H’ = 1.58 Heterogeneity: 1° = 0.00, I° = 11.05%, H’ = 1.12
Test of 6, = 6;: Q(5) = 6.30, p = 0.28 Test of 6, = 6;: Q(5) = 5.44, p = 0.37

0.50
Random-effects empirical Bayes model
Knapp-Hartung standard errors

0.75

1.00 1.25 1.50

0.50 0.75 1.00 1.25 1.50

Random-effects empirical Bayes model
Knapp-Hartung standard errors

Giugliano D et al., Cardiovasc Diabetol. 2021;20:189



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8442438/

Use of GLP-1 RA in CKD

= There is limited experience with most GLP-1 receptor agonists in patients with severe renal impairment
(eGFR 15 to 29 mL/min/1.73 m2).

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

Kidney and CV protective benefits as well as documented safety in patients with CKD 4 (eGFR
15-29 mL/min/1.73 m2) and thus preferred agents for CKD 4.

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 m2) or moderate
(eGFR 30 to 59 mL/min/1.73 m2) 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.



KDIGO 2020 guideline: KI (2020) 98:S1 _

Empagliflozin EMPA-REG OUTCOME eGFR >30 ml/min per 1.73 m? MACE ) N} Al Genital mycotic infections, DKA
Canagliflozin CANVAS trials eGFR =30 ml/min per 1.73 m? MACE ! N N Genital mycotic infections, DKA,
amputation
CREDENCE ACR >300 mg/g [30 mg/mmol] and Progression of CKDP W W U Genital mycotic infections, DKA
eGFR 30-90 ml/min per 1.73 m?
Dapagliflozin DECLARE-TIMI 58 CrCl =60 ml/min Dual primary outcomes: /] ! (N} Genital mycotic infections, DKA
MACE and the composite of

hospitalization for heart
failure or CV death¢

Lixisenatide ELIXA eGFR =30 ml/min per 1.73 m? MACE > | o None notable

Liraglutide || LEADER eGFR 215 ml/min per 1.73 m? wmace  MACE l l o d
Lon g- SUSTAIN-6 Patients treated with dialysis MACE I i NA Gl
Semaglutid excluded ~ Y
; 0
acti ng PIONEER 6 eGFR =30 ml/min per 1.73 m? MACE PN NA NA Gl
GLP-1 Exenatide EXSCEL eGFR =30 ml/min per 1.73 m? MACE R R R o o o None notable
RAs
Albiglutide HARMONY eGFR =30 ml/min per 1.73 m? MACE | > NA Injection site reactions
Dulaglutide J REWIND eGFR =15 ml/min per 1.73 m? Gl

Saxagliptin SAVOR-TIMI 53 eGFR =15 ml/min per 1.73 m? MACE A l N TH F, hypog|ycemic

events
Alogliptin EXAMINE Patients treated with dialysis MACE L NA NA None notable
excluded
Sitagliptin TECOS eGFR >30 ml/min per 1.73 m? MACE o NA NA None notable

Linagliptin CARMELINA eGFR =15 ml/min per 1.73 m? Progression of CKD® A U > None notable



Cardiorenal effects of mineralocorticoid
receptor antagonists (MRA)



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

Direct deleterious effects of aldosterone in
e Resistin * Q e the heart include development of:
sue TNFa

sensitivity _ ~__— Adipose tis oTRpa )
: ‘\Lepm:/ : et | = myocardial hypertrophy
Sympathetic // ; A . .
activation Anziotersinogen A\  Adiponectin )# = ventricular remodeling
e AN = proarrhythmogenic effects
L l = ,mm}nece..s » myocardial ischemia
—y FECruitment -~
Aldosterone & Inflammation » reduced coronary blood flow
Na* retention = myocardial injury

|

s
High B'OOf' Pressure The effects of aldosterone on the kidneys

Oxidative stress H .
Damage to DNA |nCIUde.
Vascular remodelling

= glomerular hypertrophy
glomerulosclerosis

Arterial stiffening = prOte| nuria
ek = reduced renal blood flow
= . , Fibrosi Tall
R:&atlefil:m:s Cerebrovg:::'::r disease Acg)li’s‘d::;n'\%s/':ZHF u renal Injury

Chronic renal function Atrial fibrillation

Rossi and Seccia, 2013 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
f = ED =8
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 24br unne 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

] G1 T  GA1. Ramipril only

“%-.— C— y

A-.“‘. __________ _ . _ U b

“ﬁ. = i T " - -
.-,._*._.“. G2 G2. Ramipril + irbesartan
) G3 42% reduction 1-
L L N L T G3. Ramipril + spironolactone
G4 G4. Ramipril + irbesartan +
_ spironolactone

Double-blind phase | Open-labelled phase

T n ”

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

0 1. All-cause mortalit 30% RRR
RALES SOV IS EF. S35./° ) (= 822  Spironolactone 4 . °
2.5, on ACEl/diuretics 2. HF hospitalization 1 35% RRR
EF <40% and HF following 1. All-cause mortality | 15% RRR
EPHESUS MI on optimal medical 6632 Eplerenone 2 Death from CV cause or 13% RRR
therapy CV hospitalization IS
EMPHASIS- Mild HF (NYHAII) and EF Composite of death from CV 0
HF <35% 2 EplEEmanE causes and HF hospitalization b NN
Composite of death from CV
TOPCAT Symptomatic HF and 3445 Spironolactone causgs, aborted cardiac | 1(;0_/"0R1T):{
EF 245% P arrest, and hospitalization for S

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
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Rate of in-hospital death from hyperkalemia

Juurlink DN et al., NEJM 2004; 351:543



Kintscher U et al.,
2021 British J Pharm

Spironolactone

Eplerenone

Finerenone

) ‘%

Structural properties

Flat (steroidal)

Flat (steroidal)

Bulky (non-steroidal)

>500-fold more selective
for the MR than steroid

(glucocorticoid, androgen,

Potency to MR +++ + A
Selectivity to MR + ++ §iide

: receptors within the
CNS penetration + + - same superfamily
Sexual side effects ++ (+) —  progesterone)
Half-life >20h** 4-6 h** 2-3h*
Active metabolites s - »
Effect on BP et 3 +



A kidney failure, 240% loss in eGFR, or renal death B Sustained decrease of 240% in eGFR
100~ 40— Hazard ratio, 0.82 (95% Cl, 0.73-0.93) 100~ 40— Hazard ratio, 0.81 (95% Cl, 0.72-0.92)
0 P=0.001 1
oy = 304 Placebo = 2 304 HR 081 Placebo
§ 80 HR 0.82 § 80—
8 709 201 = S 704 20
§ 80+ erenene § o8 Finerenone
£ 504 107 £ 50d 104
[ [
2 40 = 40+
ks 0 T T T T T T T 1 ks 0 T T T T T T T 1
E 304 0 6 12 18 24 30 36 42 4 g 30+ 0 6 12 18 24 30 36 42 48
6 20 6 204
10 10+
0 I I T I T T I 1 0 I I T I T T T 1
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Months to First Event Months to First Event
No. at Risk No. at Risk
Placebo 2841 2724 2586 2379 1758 1248 792 453 82 Placebo 2841 2722 2588 2379 1758 1249 793 453 82
Finerenone 2833 2705 2607 2397 1808 1274 787 441 83 Finerenone 2833 2703 2606 2396 1808 1275 788 442 83
C Renal failure D Secondary Composite Outcome secondary
1004 40 Hazard ratio, 0.87 (95% Cl, 0.72—1.05) 100 40— Hazard ratio, 0.76 (95% Cl, 0.65-0.90) composite
50 &t outcome: kidney
~ ®] 3% HR0.87 ~ *1x{ HRO0.76 failure, doubling of
R 80- X 80 Cr, or renal death
§ 704 204 g 704 204
S 60+ Placebo S 60
(¥ (%)
£ 50 107 £ 504 107
0 40 Finerenone 0 40 Finerenone
E 0 | I I I I I I 1 E 0_ I I I I I 1
g 30 0 6 12 18 24 30 36 42 48 g 30 0 6 12 18 24 30 36 42 48
S 204 s 20
O v}
10+ — 10 ///
e
0 I T T T T T T 1 O I T T T T T T 1
0 6 12 18 24 30 36 42 48 0 6 12 18 24 30 36 42 48
Months to First Event Months to First Event
No. at Risk No. at Risk
Placebo 2841 2741 2645 2508 1911 1390 &92 513 103 Placebo 2841 2740 2636 2490 1887 1364 873 499 98
Finerenone 2833 2733 2658 2506 1932 1393 897 510 104 Finerenone 2833 2732 2655 2492 1915 1377 883 501 101

Addition of finerenone, a
non-steroidal selective

MRA, further improves renal

outcomes: FIDELIO-DKD

FIDELIO-DKD (N=5674):

= T2DM with CKD on ACEI/
ARB,

» mean eGFR 44 (25 - <75),

= median albuminuria = 852
mg/g (300-5000)

= Mean f/lu 2.6 yrs

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



Least-Squares Mean Ratio to Baseline

No. of Patients
Finerenone
Placebo

Mean Change
from Baselin

1.4+

1.2

1.04

0.8

0.6+

0.4+

0.2+

0.0

Urinary albumin/Cr ratio

Placebo

Finerenone

Geometric mean albumin-to-creatinine ratio at baseline:
Finerenone, 798.79 (geometric SD, 2.65)
Placebo, 814.73 (geometric SD, 2.67)

T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36

Months since Randomization

2831 2725 2582 1841 856
2840 2726 2598 1825 834

e

(percent)
Finerenone Ref. -34.7 -41.3 -39.9 -29.3
Placebo Ref. -4.7 -3.0 -2.0 4.1
B .
... Mean serum potassium
é 5.5 Finerenone
g
£ 5.04
£ 4o
S o454m 1
@
]
S 4.0+
a
£
2 357 Placebo
a Mean serum potassium at baseline:
S 3.0 Finerenone, 4.37+0.46
g Placebo, 4.38+0.46
0.0

No. of Patients
Finerenone
Placebo

Mean Change
from Baselin
(mmol/liter)

Finerenone

Placebo

T T T T T T T T T T 1
01 4 8 12 16 20 24 28 32 36 40 44

Months since Randomization

2827 2708 2600 1872 882 344
2831 2709 2596 1865 862 348

e

Ref. 0.25 0.24 0.21 0.21 0.20
Ref. 0.02 0.04 0.05 0.07 0.07

Effect of finerenone on proteinuria and

hyperkalemia in diabetic CKD treated with

ACEI/ARB

Overall hyperkalemia-related adverse events were twice as frequent
with finerenone as with placebo (18.3% and 9.0%, respectively)

a maximal K level difference of 0.23 mmol per liter was observed at
month 4.

The incidences of serum K levels of more than 5.5 mmol/L and more
than 6.0 mmol/L:

= Finerenone: 21.7% and 4.5%

= Placebo: 9.8% and 1.4%

Discontinuation of the trial regimen due to hyperkalemia was infrequent in
finerenone group (2.3%) and markedly lower than in trials of dual RAS
blockade (8% with spironolactone in RALES, 4.8% with combination
therapy with a direct renin inhibitor and an ACE inhibitor or ARB and 9.2%
with dual ACE inhibitor + ARB therapy).

Changes in mean SBP from baseline to month 1 and 12 were —-3.0
and -2.1 mm Hg.

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 (%)

No. at risk

Finerenone
Placebo

Finerenone Placebo FIGARO-DKD (N=7437)
| Hazard ratio, 0.68 (95% C1,0.50-0.93) = T2DM with albuminuria treated with
1 e _ ACEI/ARB
32% RRR in new-onset HHF = 571/7437 (8(%) with hx of HF

in those without history 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 finerenone, may

6 12 18 24 30 %6 42 48 54 prevent the development of HF in

Time to first event (months)

3396
3385

3367 3323 3274 3195 2710 2168 1705 1091 608 patientS Wlth CKD and T2DM

3351 3294 3236 3154 2694 2131 1674 1091 606

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



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.

= 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.
= Not been studied in non-DM populations for CV or renal outcomes.

= Finerenone: “prevent ESRD and HF with smaller effects on SBP and potassium”
» lower risk of severe hyperkalemia, decreased hypotensive effect (| SBP by 2-3 mm HgQ)
» significantly prevent incident HF in T2DM patients without symptomatic HF
» Reduce composite renal endpoints by 18% on top of ACEI/ARB



Decision algorithm for prescribing
SGLT2i and GLP-1 RA to optimize

cardiorenal protection in diabetic CKD

Both SGLT2i and GLP-1 RA prevent progression to
macroalbuminuria (by 20-30%) and reduce
albuminuria (30-40%) in those with albuminuria 2300

mg/g.
Addition of finerenone to ACEI/ARB provides further

31% reduction of proteinuria and renal survival
benefit.

Currently, there is no head-to-head study comparing
kidney failure protection between SGLT2i and

GLP-1 RA. The recommendation is on the basis of
the overall strength of the placebo-controlled trials of
SGLT2i and GLP-1 RA.

No data on the efficacy of GLP-1 RA or finerenone in
non-diabetic CKD

Li et al., CJASN 2020 (15) 1678

Diabetic

kidney disease :
dulaglutide,
ACEIIARB semaglutide,
liraglutide
Yes
SGLT?2i first. eGFR 220 eGFR <20
Add_on A LI W AV ] UOAOCH ~ o~ v GLP-1 RA
GLP-1 RA* 300 mg/g
flnerenone

or Finerenone
(less effect on K+ and BP)
Vs
spironolactone?

TIMI risk score for heart failure in diabetes Yes
SGLT2i
Points: A 7
« Prior heart failure 2 [I nerenone?
« Atrial fibrillation 1
» Coronary artery disease 1
«eGFR < 60 m/min/1.73m? ]
« UACR > 300 mg/g f
* UACR 30-300 mg/g
ASCVD or GLP-1 RA**
No
SGLT2iis Yes
preferred. | €GFR 220 UACR
GLP-1 RAas 30-299 mg/g GLP-1RA
a"ed’gati‘ﬁf’ finerenone?
aaac-on
Finerenone/ No
spironolactone
GLP-1 RAis
Metabolic preferred.
risks SGLT2i as
add-on
*Add-on GLP-1 RA for uncontrolled
metabolic risks No

**GLP-1 RA is preferred with coexisting

uncontrolled metabolic risks

**As an altemative if SGLT2i is SGLT2i and GLP-1 RA
contraindicated and as an add-on for not recommended
uncontrolled metabolic risks







SGLT2i trials by baseline eGFR and albuminuria

UACR categories (mg/g)

<30 Normal-mild
increase

30-300 Moderate
increase

>300 Severe
increase

eGFR categories (mL/min/1.73 m?)

290

Kidney failure

Normal Gl
60-89
Mild reduction G2
45-59
Mild-moderate | G3a
reduction
30-44
Moderate-severe | G3b
reduction
15-29
Severe reduction -
<
15 GS

Al

A2

A3

Increasing risk

EMPA-Kidney

CREDENCE: N = 4401
T2DM

eGFR 30 - 89

UACR > 300 mg/g

DAPA-CKD: N =4304
With or without T2DM
eGFR =225 -75 and
UACR = 200 mg/g

Increasing risk

|W|th or W|thout T2DM
-eGFR =220 -45 or
leGFR 2 45 — 89 and UACR 2200 mglg

Adopted from Kluger et al., Cardiovasc Diabetology 2019



Studies on SGLT2 inhibitors and LV function
 Author | Drug | Cohort | Imaging | Outcomes

Verma et al. Empa 10 pts with TTE beforeand 3 - Improved LV diastolic fx
2016 P T2DM and CVD months after . Reduced LV mass index
37 with T2DM : :
: : TTE beforeand 3 Improved LV diastolic fx
HESUEN SEl G W'thl_\?':\g Der months after . Reduced LV mass index
53 with T2DM & Improved LV diastolic fx
Soga et al. Dapa HFrEF or TTrE:rﬁfsreafa’:g? £ Reduced LV mass index, LA volume index
HFpEF . Improved LVEF
Sakai et al Empa/ 59/63/62 T2DM TTE beforeand 3 - Improved LV diastolic fx
' Luseo/Tofo with HFpEF months after according to the E/A and E/e’ ratios
: * Improved LV mass index
Empa vs. 97 T2DM and Cardiac MRI before : : :
Verma et al. placebo  CVD/48 placebo and 6 months after No difference in LVVEOII= and LV end-systolic
* Reduced LV end-diastolic volume
Cohen et al. Empa VS. 25 T2DM (8/25 Cardiac MRI before  No difference in LV mass, LV EF, atrial

placebo placebo) and 6 months after volumes, and markers of cardiac fibrosis



eGFR ml/min/1.73m?2

60

SGLT2is may delay ESKD by 15 years

CREDENCE:
= Atypical patient would loose 4.6 ml/min/
* nitial eGFR dip yr of eGFR if treated with RAASI only,
- (4 weeks) reaching ESKD in 10 years.

50 » Addition of canagliflozin would lead to loss
, of 1.85 ml/min/yr of eGFR, delaying
2 Difference of -2.75 mL/min/Yr _ 1.85 /lyear = ESKD by 15 years.
30 A : s .
Crossover of 4.6 lvear:i . = Tmees
eGFR slopes 401y ) . T
20-~ (1 year) “ : Additional 15 years freedom from ESKD
10 =
. . 6GFR <10 mL/min/1.73 m? .
’ 5 1;) 15 20 25
Years
CREDENCE patient RAASI e o SGLT2i +
AGE =63 GE =73 MYV RAASI
eGFR = 56 GFR = * AGE=88

eGFR =10
Meraz-Munoz et al., Kidney360:2021, 2 (6) 1042



Nephroprotective effects of GLP-1 receptor agonists

Hyperglycemia

" Renal hypoxia '

1 al
hyperfiltration

Mosterd CM et al., J Nephrol 2020, 33:965



Finerenone associated with less increase in serum K+
compared to steroidal MRA eplerenone: ARTS-HF study

Change in serum potassium concentration

Mean change in serum [K*] from baseline to Day 90 in patients with worsening chronic HFrEF

from baseline to day 90 (mmol/L)

0-40 ~

0-35

0-30 -

0-25-

0-20-

0-154

0:10-

0-054

0-00-

+0.26 mmol/L

Finerenone
+0.12-0.20 mmol/L
®
@
® D
Eplerenone Finerenone Finerenone Finerenone Finerenone
2.5-5mg 5—-10 mg 7.5-15mg 10—20 mg
Treatment group
N 143 116 17 120 128

Eur Heart J. 2016 Jul 14; 37(27): 2105

Finerenone
15—20 mg

118

» Aphase 2b, RCT of 1066
patients with worsening HFrEF
(EF < 40%) requiring
hospitalization with IV diuretics

= [2DM with eGFR >30 or no
DM with eGFR 30-60

= Mean change from baseline to
Day 90 in serum potassium
concentration was greater in
the eplerenone group (+0.26
mmol/L) than in each of the
finerenone dose groups
(+0.12-0.20 mmol/L)


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946749/
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GLP-1 RAin T2DM:
Review of CV Outcome
Trials

- |
_‘I_
ot Renal composite endpoint:
R I I v typically composed of the following:
02 06 10 14 18 02 06 10 14 18 02 06 10 14 18 .
Favour Favour Favour Favour Favour Favour " tlme to new-onset
g treatment placebo JL treatment placebo JL treatment placebo ) macroalbuminuria
from baseline
%\ = doubling of serum creatinine
= ESRD/chronic renal replacement
~
. . . therapy and/or renal death
—r— — |
- —— <
——- —— ! —o—
—l—— —_—— ! ————
——, ——+ —ob
—o— —o— | —0—
o Z -
0f2 I 0?6 | 1.|0 | 1.I4 I 1.|8 014 | 016 | O!8I 1.|0 | 1.I2 0!4 | 1.|2 I 2!0 | 2{8
«— —> «— —> «— —>
Favour Favour Favour Favour Favour Favour
treatment placebo \ treatment pIaceboJ Ltreatment placebo

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




NHE-dependent pathways that may underlie the interplay of the
pathogenesis of HF and diabetes

Progression of heart failure

7N

Cardiac hypertrophy, Renal sodium
injury, fibrosis retention

Norepinephrine | \(
Angiotensin

Aldosterone b —

Neprilysin H _
Adipokines  _ /‘_ NHES in kidney

" 4 [ NHE1 in heart
and vasculature

Impaired insulin Microvascular and
sensivity macrovascular
complications

Worsening glycemia

\ / Packer,

Progression of diabetes Circulation 2017



Meta-analysis of SGLT2i trials on HF hospitalization and
CV death stratified by history of HF

The reduction in the composite of CV death or hospitalization for HF was not statistically different in
patients with (HR 0-71 [95% CI 0-61-0-84]) or without (0-79 [0-71-0-88]) a history of HF at baseline.

Patients Events

Treatment (n)  Placebo (n)

Patients with history of heart failure

EMPA-REG OUTCOME 462 244 124
CANVAS Program 803 658 203
DECLARE-TIMI 58 852 872 314

Fixed effects model for history of heart failure (p<0-0001)

Patients with no history of heart failure

EMPA-REG OUTCOME 4225 2089 339
CANVAS Program 4992 3689 449
DECLARE-TIMI 58 7730 7706 599

Fixed effects model for no history of heart failure (p<0-0001)

Events per 1000 Weight HR HR (95% CI)
patient-years (%)
Treatment Placebo
636 855 23:6 = 0-72 (0-50-1.04)
354 568 341 L 0-61(0-46-0-80)
451 555 42-4 —a— 0-79 (0-63-0-99)
i | 0-71(0-61-0-84)|
155 24.9 300 —— 0-63(0:51-0-78)
136 15-2 324 —u— 0-87 (0-72-1.06)
89 105 37:6 —— 0-84 (0-72-0-99)
- | 0-79 (0-71-0-88)|
035 050 1.00 2.50
4+—— —>
Favours treatment Favours placebo

Zelniker et al. Lancet 2019 (393):31=39



HF THERAPEUTICS RE-ORGANIZED

Fast/rapid sequencing of HF therapies as an alternative
to conventional sequencing?

Conventional sequencing Proposed new sequencing
Step 1 ACEi/ARB SU3W  B-blocker g4  SGLT2i
¥ 4
| Step 2 B-blocker Step 2 ARNI
3
Step 3 Step 3 MRA
} Step 4
| Step 5
1 Uptitration to target doses at each step All 3 steps achieved within 4 weeks
’L Typically requires 6 months or more Uptitration to target doses thereafter

John J.V. McMurray and Milton Packer. Circulation. How Should We Sequence the Treatments for Heart Failure and a Reduced Ejection Fraction?
Circulation 2021;143: 875-877, DOI: (10.1161/CIRCULATIONAHA.120.052926)




Cardiovascular outcomes from the key CV outcome trials with
SGLT2i and GLP-1R agonists versus placebo

SGLT2i

GLP-1R agonists

Incidence per 1000 patient-years

Incidence per 1000 patient-years

Hospitalization for HF
~30+% RRR (95% CI

HR 0-65
(95% CI
0-50-0-85)

HR0-73
(95%Cl
0-61-0-88)

HR0-67
(95% CI
0.52-0-87)

HR 0-61

0-40-0-80)

HR 070
(95%ClI
0-54-0-90)

A
MACE:¢ HR 0-80
HR 0-86 (95% Cl
oo 0% ~12% RRR  Hrog7 067095
0-74-0-99) (95%Cl ]
(] HR 0-86 0-85-1-11)
40 (95% CI =
HRO93  075-097) 5ol
0-84-1.03)
20
104
10
EMPA-REG DECLARE-TIMI CANVAS  VERTIS = CREDENCE
B
0o HR1:02 ~12% RRR
5 (95%Cl HR 0-78
0-89-1-17) (95% Cl
404 — — HR 0-74 0-68-0-90)
HRO-87 (95%C1 HROOL HR 079
(95%Cl 0.58-0.95) (95%Cl :
304 S 22.1. HR0-88 (95%C
ez 0'?7) il 08_3 el (95%C1  057-111)
20+ 0.79-0-99)
0

] T | I 1 1
ELIXA = LEADER SUSTAIN-6 EXSCEL HARMONY REWIND PIONEER-6

L o [l

EMPA-REG  DECLARE-TIMI

Placebo:

CANVAS

i

VERTIS CREDENCE

Brown et al., Lancet 2021, 398:262
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*—’—*'_._z ~12% RRR
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_%— DPP4i
+
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ALL CAUSE DEATH
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——
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Lixisenatide
Liraglutide
Semglutide s.c.
Exenatide q.w.
Albiglutide
Dulaglutide

Semaglutide p.o.

Empagliflozin
Canagliflozin
Dapatlozin

Saxagliptin
Alogliptin
Sitagliptin
Linagliptin

Lixisenatide
Liraglutide
Semglutide s.c.
Exenatide q.w.
Albiglutide
Dulaglutide

Semaglutide p.o.

Empaglifiozin
Canagliflozin
Dapatlozin
Saxagliptin
Alog?i%t&
Sitagliptin
Linagliptin

Lixisenatide
Liraglutide
Semglutide s.c.
Exenatide q.w.
Albiglutide
Dulaglutide

Semaglutide p.o.

Empaglifiozin
Canagliflozin
Dapaflozin

* Saxagliptin

Alogliptin
Sitagliptin
Linagliptin

CV outcomes trials of
GLP-1RA, SGLT2i, and DPP4i

Nauck and Meier, Eur J Endocrinol (2019) 181:R21
Brown et al., Lancet 2021, 398:262



GLP-1 RA in T2DM: Review of CV Outcome Trials

\

ELIXA
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1
T 1T T T 1T 1T 1

04 06 08 10 12

«— —
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treatment placebo

A .
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ARV R (el 3 \NIR AN ~12% RRR -

02 06 10 14 18

— —>
Favour Favour
treatment placebo

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



Exploratory renal outcomes and their
individual components in GLP-1RA trials

Liraglutide Semaglutide Exenatide
Exploratory renal composite —a— %RG‘;- 5892) ——i . zR4g'-%488) —s—t s
Adjusted for renal 990/ BRR , . : HRO.78 36% RRR : * HRO0.85
risk factors 0 . (0.66-0.93) : TV (0.73-0.98)
Without macroalbuminuria . i b—t—d NS
Adjusted for renal » .
risk factors . 46% RRR EE — —w:1 ns
) . HRO.74 ' HRO0.54 .
Macroalbuminuria ZARCHNEEY —=— © /%0001 - (0.37-0.77) $
Doubling of serum creatinine —8a8-— ns ' i = ns
Renal replacement therapy b l { ns b & i ns
Renal death ' = ns
! ; 1 | ; I I : 1
0.5 1 2 0.5 1 2 0.5 1 2

HR (95% Cl) HR (95% Cl) HR (95% Cl)
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g8 ¢ Major CV event
g S
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3
£ 14
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8
g 2
g —— SGLT2 inhibitors
o 1 DPP4 inhibitors
0
No at risk
SGLT2 inhibitors
20983 11407 5350 1206
DPP4 inhibitors
20983 14625 8660 3553
g 6
© Hazard ratio (95% CI) = 0.99 (0.85t0 1.17)
e s
o
h-]
g 4
S
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3
(5}
1
0
No at risk
SGLT2 inhibitors
20983 11470 5411 1222
DPP4 inhibitors
20983 14708 8751 3610
CV Death
g ¢
© Hazard ratio (95% ClI) = 0.84 (0.65 to 1.08)
g 5
L)
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£ 4
S
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L]
3
E 2
3
[}
1 ///A,_’_,r
0
0 1 2 3
Years since start of treatment
No at risk
SGLT2 inhibitors
20983 11571 5494 1243
DPP4 inhibitors
20983 14824 8883 3688

Heart Failure

HR (95% Cl) = 0.66
(0.53 t0 0.81)

//

20983 11524 5449 1226
20983 14738 8773 3638
Stroke

Hazard ratio (95% CI)=0.94 (0.77 to 1.15)

E—

20983 11 505 5430 1227
20983 14739 8787 3628
Any cause death

HR (95% ClI) = 0.80
(0.69 to 0.92)

0 1 2 3

Years since start of treatment

20983 1157 5494 1243

20983 14824 8883 3688

Cumulative incidence of CV events
associated with SGLT2i compared
with DPP4i

» A Scandinavian cohort study from 2013 to 2016.
» 20,983 new users of SGLT2i and 20,983 new
users of dipeptidyl peptidase 4 (DPP4) inhibitors.
» 19% with prior CVD, 6% with prior HF, §% with
prior CKD
» Ages 35-84, matched by age, sex, history of
major CVD and propensity score.
= SGLT2i arm:
» 83% - dapagliflozin,
» 16% - empagliflozin,
» 1% - canagliflozin.
= SGLT2i, compared to DPP4i, associated with a
34% reduced risk of HF and a 20% reduced
risk of the secondary outcome any cause
death.

BMJ. 2019; 366: 14772


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6713906/

CV outcomes in clinical trials with MRA

CENTRAL ILLUSTRATION: MRA Treatment Effect on the Overall HF
Population =75 Years of Age (Primary Outcome of CV Death or HF

Hospitalization)
%
Study HR (95% CI) Weight
EMPHASIS = : 0.66 (0.49, 0.88) 30.73
RALES - 0.71(0.54,094) 3350
TOPCAT-Americas — 0.83(0.63,1.08) 35.77
Overall (I1-squared = 0.0%) ‘ 0.73(0.63,0.86) 100.00
5 1 2

Ferreira, J.P. et al. J Am Coll Cardiol HF. 2019;7(12):1012-21.




Severe mortality risk in pre-dialysis CKD

A large HMO-based observational study (N=14,000)

- 50 with 5.5-yrs follow up
5
28 9 HRRT
2 e
oQ
=
o o 20
g 107
L
0-

2 GFR 60-89 3 GFR 30-59 4 GFR 15-29
N=1741 N=11278 N=777

CKD stage kqith et al. Arch Intern Med 2004



A summary of possible mechanisms of cardiorenal protection
associated with SGLT2i

Transport work

Albuminuria

Kidney protection

l

Renal O, consumption

Albuminuria

Kidney growth l
Inflammation

Blood l
glucose

™1

(GFR D-(F_’Bow D)

SBKI?2 —| NHE3

D"

Insulin need/levels$
Glucagon %

Lipolysis and hepatic
gluconeogenesis

v
—»(Mild ketosis)ﬁb

( H|FT) Glucosuria Natriuresis
Osmotic diuresis Uricosuria
3
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Table 2 | Glucose-independent effects of incretin-based therapies on renal risk factors in type 2 diabetes mellitus

Renal risk
factor

Obesity

Blood
pressure

Dyslipidaemia

Inflammation
and fibrosis

Glomerular
hyperfiltration

GLP-1RA

Decrease

Decrease

Decrease

Decrease

Decrease
or neutral
effect

DPP-4
inhibitor

Neutral
effect

Decrease
or neutral
effect

Neutral
effect

Decrease

Neutral
effect

Putative GLP-1-mediated mechanisms

| Appetite (direct effect on CNS or via vagal afferents, | GEE*

and T nausea)

T Energy expenditure®*?

T Natriuresis and/or diuresis?

1 Body weight

T Endothelial independent vasodilation?-2?
T Natriuresis?

1 Intestinalsodium reabsorption®*?

J Sodium intake (direct effect on CNS)?
L RAAS activity®’127?

T ANP30?

4 Body weight

d Intestinal lipid uptake (partly by I GEE*)

4 Hepatic lipoprotein synthesis and secretion
T Insulin sensitivity (partly by L bodyweight)
T Insulinand { glucagon

1T Triglyceride uptake in white adipose tissue
T Brown adipose tissue activation'®

4 Renal ROS production (cAMP and PKA)!02172

| AGE-RAGE-mediated renal ROS production (cAMP)!81.265266

J Angiotensin ll-induced renal ROS production (PKC)!#21%3

T Adiponectin (reduces podocyte inflammation; PKA in adipocytes)®®’
T Tubuloglomerular feedback (by L NHE3 activity)

1 Postprandial glucagon {particularly short-acting GLP-1RA)77%507

! Body weight®®?
1 GEE* (postprandial hyperfiltration)**?
4 RAAS activity®’12?

Putative GLP-1-independent
mechanisms of DPP-4
inhibitors

Effect possibly counteracted
by T PYY (1-36) and
L PYY (3-36)2°7258%

T Natriuresis (T SDF1a!!¢,
1 DPP-4/NHE3 complex???,
T BNPZ3)

T Vasodilation (T BNP2?,
T bradykinin)

Effects possibly counteracted
by T substance P (T SNS activity)
and T NPY (potentiates SNS
activity) during concomitant ACE
inhibition!?’l

Effects possibly counteracted
by factors related to steroid
metabolism?®*

1 SDF1q112.268.269

{ Profibrotic endothelial-to-
mesenchymal transition?!®#18¢9

TSDF1a!?

ACE, angiotensin-converting enzyme; AGE, advanced glycation end products; BNP, brain natriuretic peptide; CNS, central nervous system; DPP-4, dipeptidyl
peptidase 4; GEE, gastric emptying rate; GLP-1, glucagon-like peptide 1; GLP-1RA, GLP-1 receptor agonist; NHE3, sodium—hydrogen exchanger isoform 3; PKA,
proteinkinase A; PKC, proteinkinase C; PYY, peptide YY; RAAS, renin-angiotensin—aldosterone system; RAGE, receptor for AGE; ROS, reactive oxygen species,
SDF1a, stromal cell-derived factor 1a. *GEE reduction is subject to tachyphylaxis after prolonged treatment withlong-acting GLP-1RA; however, loss of body weig ht
continues® " *DPP-4 inhibition could blunt GLP-1-mediated effects on central regulation of satiation by concomitantly increasing levels of PYY (1-36), which

116,117,

increase appetite, and decreasing level of PYY (3—-36), which decrease appetite. f Natriuresis seems to only be sustained with short-acting GLP-1RAs ;s initial
natriuresis with long-acting GLP-1RA may result in a new steady state with lower extracellular volume and/or lower sodium stores in the glycocalyx. |An ongoing trial
is investigating this hypothesis in detail??®. 'This effect could be drug-specific as linagliptin, but not sitagliptin, reduces endothelial-to-mesenchymal transition?’".



Glucagon-like peptide-1 receptor (GLP-1R) activation and renal
autoregulatory pathways in the healthy and diabetic kidney

A Acute effect of GLP-1R activation on B Acute effect of GLP-1R activation on C Chronic effect of GLP-1R activation on renal
renal autoregulation in healthy kidney renal autoregulation in diabetic kidney autoregulation in diabetic kidney with reduced
function
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CENTRAL ILLUSTRATION: Treatment Effect of Sacubitril/Valsartan Rela-
tive to Valsartan According to Background MRA Therapy
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