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Renoprotection with ACEi
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Renoprotection with ARBs

§
RENAAL* IRMA2 T IDNT t DETAIL'r
Treatment 3.4 years 2.6 years 2 years years
duration Losartan Irbesartan Irbesartan Telmisartan
100'mg 300 mg 300 mg 80 mg

GFR decline
(mL/min/1.73m?2/year)

- 5.5

* Median; t Mean; § Completers

Barnett A.H., et al. N Engl J Med 2004;351:1952-1961 correction N Engl J Med
2005;352:1731; Barnett A.H., et al. Acta Diabetol 2005;42(Suppl 1):S42-S49



ACEI/ARB discontinuation following eGFR decrease is associated with poor
CV outcomes In patients with Declining Kidney Function

Objective: a retrospective, propensity score-matched cohort study investigated the association of ACEiI/ARB
discontinuation after eGFR decrease (<30 mL/min/1.73 m?2) and risk of mortality, MACE, and ESKD

ACEIi/ARB discontinuation was associated ACEIi/ARB discontinuation was associated
with a higher risk of mortality with a higher risk of MACE
1.0 = 1.0 =
0.9 = ACEIi/ARB continued E)J 0.9 = ACEi/ARB continued
z HR 1.39 g HR 1.37
3 08- 95% Cl 1.20-1.60 s 08- 95% Cl 1.20-1.56
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® ACEi/ARB discontinued o
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0.5 = 0.5 = ACEi/ARB discontinued
0.4 I I I I ] 0.4 I ] ] T 1
0 1 2 3 4 5 0 1 2 3 4 5
Time since baseline, years Time since baseline, years

* ACEi/ARB discontinuation was not significantly associated with ESKD risk (HR 1.19; 95% CI 0.86—1.65)

ACEi, angiotensin-converting-enzyme inhibitor; ARB, angiotensin Il receptor blocker; Cl, confidence interval; CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; HR, hazard ratio; MACE, major adverse
cardiovascular events.
Qiao Y, et al. JAMA Intern Med. 2020;180:718-26.



RISCHIO SIGNIFICATIVO

DI PROGRESSIONE DELLA MALATTIA

RENAAL: Risk of dSCr, ESKD, or death with placebo versus losartan in patients with T2D and nephropathy

Primary composite

endpoint (%)

Risk reduction: 16%
p=0.02

Placebo

Losartan
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Months of study
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residual risk



Mechanisms behind kidney disease progression
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SGLT2 inhibition requires reconsideration of fundamental

paradigms in chronic kidney disease, ‘diabetic nephropathy’,

IgA nephropathy and podocytopathies with FSGS lesions

Hans-Joachim Anders', Anna Julie Peired®” and Paola Romagnanil‘1
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Association between Albuminuria, Kidney Function, and Inflammatory
Biomarker Profile in CKD in CRIC

Gupta, Jayanta; Mitra, Nandita; Kanetsky, Peter A."; Devaney, Joe’; Wing, Maria R."; Reilly, Muredach’; Shah, vallabh 0.%; Balakrishnan,
Vaidyanathapura 5.%; Guzman, Nicolas J.%; Girndt, Matthias’: Periera, Brian G.% Feldman, Harold 1.": Kusek, John W.: Joffe, Marshall M."; Raj,
Dominic S.7 for the CRIC Study Investigators
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The CRIC study is a prospective observational Inflammation
P : score
cohort study of 3939 participants with 80%
established CKD .5
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Pathogenesis of Renal Disease Progression
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A Menu of Therapies Drives Personalized Kidney Protection
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The effect of aldosterone and aldosterone blockade on the progression of
chronic kidney disease: a randomized placebo-controlled clinical trial

Hitoshi Minakuchi, Shu Wakino, Hidenori Urai, Arata Kurokochi, Kazuhiro Hasegawa, Takeshi Kanda, Hirobumi Tokuyama & Hiroshi Itoh

Patients. From April 2007 through July 2007, we recruited consecutive patients with CKD from the patients
referred to the renal division of our department. Enrollees were diagnosed with CKD according to either one of
the following criteria: (1) eGFR below 60 ml/min/1.73 m?, or (2) kidney damage evident from dipstick-detected
urinary protein excretion for more than 3 months. Patients undergoing hemo- or peritoneal dialysis were
excluded from this study. We prospectively observed the enrolled patients for 3 vears during the 2007 to 2011
period. The main objective of this observation was to evaluate the long-term effects of various biochemical or

Number 141 A o
1.5 7 *
Age, years (oldest, youngest) 66.8+ 1.6 (88, 16) 8 10 1
Gender, male/female 73/68 ;3%: 05 ]
25 0 7
Cause of CKD (%) g‘g ki d
Nephrosclerosis 79 (56.0%) T 64 +
Chronic glomerulonephritis 41 (29.1%) il
-2.0 7
Diabetic nephropathy 20 (14.2%) ot
Ql(n=28) |Q2(n=29)|Q3(n=27) |Q4(n=28) | Q5(n=29)
Other 1 (0.7%) Aldosterone, ng/dL |0.32-8.50 |8.60-11.9 |12.0-14.4 |14.5-19.9 |20.5-44.8
CKD stage (%) igleii o o |ote  |we | =
m?/year (max, min) |(8.7,-8.6) |(7.4,-3.8) |(6.7,-8.8) [(5.9,-9.9) |(9.6,-4.6)
Gl 3 (2.1%)
" b6 < P=0.0047
G2 68 (48.2%) W
28 g5 |l0sex o.4o+
G3a 34 (24.1%) T
Tg ',:; -0.25
G3b 27 (19.1%) E‘é’ g
G4 2 (1.4%) €T L } (122 + 0.39)
-1.50
- -1.75
GD 7 (50%) Aldosterone<14.5ng/dL Aldosterone 2 14.5 ng/dL

n=74 n=47

A. ng/dL Aldosterone B. % GA

50.0 . - .
40.0 ; . :
- ' P=0.0317 20 H . . P=0.0139
30.0 B *  R=0.184 e 0 ',.-.:: R =0.207
. -~
20.0 | O . il
100{*°* 5 *
) Feal, . 8 .
0 zl[) 40 60 80 100 1éo 0 20 40 60 80 100 120
eGFR, ml/min/1.73 m? eGFR, ml/min/1.73 m?
C. D.
. Urinary albumin
mg/g creatinine g/g creatinine  Urinary protein
1,000 o . 6.0
so004{ * . 5.0
P < 0.0001
4.0
600 - -
- R=0.367 3.0
. ol . 2.0
200 ot = 1.0
[ J R — 0
0 20 40 60 80 100 120 0 20 40 60 80 100 120
eGFR, ml/min/1.73 m? eGFR, ml/min/1.73 m?
E. ) F
Nili erantiidiin Urinary NAG Urinary B2-microglobulin
60 mg/g creatinine
50 . et B P < 0.0001
40 | :’ :-g;l 600 R=0.396
* =0.
ol 400
200 .y
0 M—
0 20 40 &0 B0 100 120 0 20 40 €0 80 100 120

GFR, ml/min/1.73 m?
eGFR, mi/min/1.78 m eGFR, ml/min/1.73 m?

Significant associations were
observed between eGFR and
the levels of plasma
aldosterone concentration.



Aldosterone in chronic kidney disease and renal outcomes

The CRIC study is a multicentre, prospective, observational cohort study designed to investigate the risk factors for death,
cardiovascular disease, and CKD progression in participants with known CKD.

From 8 April 2003, through 3 September 2008 (Phase 1), 3939 participants, 21-74 years old, were enrolled across seven clinical
centres in the USA, with an eGFR ranging from 20 to 70 mL/min/1.73 m2.

Chronic renal insufficiency cohort Baseline serum aldosterone (ng/dl)
- o588 GI"

In adjusted models, each doubling of serum aldosterone

Cox-proportional hazard models used to examine the
association of baseline serum aldosterone and kidney outcomes

Baseline serum aldosterone
Age: 21 to 74 years

» eGFR 20 to 70 ml/min per 1,73 m? A . Bie

» Common forms of CKD > ..

» Not using aldosterone 3 g -
antagonists ; % e

Imiml "o
Median follow up: 9.6 years T e s

European Heart Journal (2022) 43, 3781-3791



Podocyte as the Target for Aldosterone Eplerenone: Proteinuric effect in rat model.

Roles of Oxidative Stress and Sgkl Eplerenone protection
Shigeru Shibata, Miki Nagase, Shigetaka Yoshida, Hiroshi Kawachi, Toshiro Fujita

(Hypertension. 2007;49:355-364.)
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Local renal aldosterone production induces  Aldosterone Synthase inhibitor (FAD 286):
inflammation and matrix formationin  Hyperfiltration reduction in diabetic rat model
kidneys of diabetic rats

Helmy M. Siragy and Chun Xue

Exp Physiol. 2008 July ; 93(7): 817-824.
doi:10.1113/expphysiol.2008.042085
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Aldosterone: Mesangial proliferation
> J Am Soc Nephrol. 2005 Aug;16(8):2296-305. doi: 10.1681/ASN.2005020129. Epub 2005 Jun 23. in d ia betic rat mOdEI

Aldosterone stimulates proliferation of mesangial
cells by activating mitogen-activated protein kinase
1/2, cyclin D1, and cyclin A

B)
Yoshio Terada ', Takahiko Kobayashi, Hitoshi Kuwana, Hiroyuki Tanaka, Seiji Inoshita, B _r’\Ih}:m:lm_ C B _| . ]E . _“]_ | IE f;;"\.-“l_]n -:
Michio Kuwahara, Sei Sasaki : Spironelactone - " % + i I
Affiliations + expand L_ _RUu4 - - - -+ _!
PMID: 15975997 DOI: 10.1681/ASN.2005020129 [ qroqacml) ]
Ki-RasA | - ﬁ
In conclusion, aldosterone seems to cak
1 H Phosghoc-Baf ] :
exert mainly MR-induced effects that SR ol . oam =
Toam 0 a1 AR "J-(-g..ﬂ-..r-;--"

activities of CDK2 and CDK4, and the :
cell-cycle progression in mesangial cells. e g |
MR antagonists may serve as a potential S
therapeutic approach to mesangial

proliferative disease.
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The Mineralocorticoid Receptor Promotes Fibrotic

L ST Spironolactone:
Remodeling in Atrial Fibrillation® : : : _
Received for publication, September 16, 2013, and in revised form, January 17,2014 Fublished, JBC Papers in Press, January 27, 2014, DOI 10.1074/bcM113519256 P rOfI b rOt I c Effe Ct I n h u m a n ca rd I O m Iocytes

Daniel Lavall*', Christian Selzer', Pia Schuster’, Matthias Lenski’, Oliver Adam®, Hans-Joachim Schafers®,
Michael Bshm'*, and Ulrich Laufs’

Human Left Atrial Tissue—Tissue samples of the left atrial
appendage of patients undergoing mitral valve surgery were
analyzed in patients with sinus rhythm (SR) and with perma-
nent AF (documented by ECG for =3 months). The samples

A B

40

g

SR AF

CTGF/ Tubulin [%control]
— —
> & 8 8
Hydroxyproline!
total proteine [% control]
> 8 & B

*

AF

;
v

GAPDH

@
L2

10x 10x .

Collagen [% area]
~
3

_l

100x 100x \ SR

(@]
o

Wk W

2]
-
>
.

SR AF

m

F

|
| GAPDH | — —
SR AF SR AF

g

(1}
Lox| s

Tubulin|

g

MRI/GAPDH [% SR]

Hydroxyproline [% SR]
- 8 & &8
MR/GAPDH [% SR]
LOXiTubulin [% control]
LOXIGAPDH [% control]

113-HSD2/GAPDH [% SR]

0
11B-HSD2 I e I
|

MR | S—

GAPDH|




Regression of Existing Glomerulosclerosis by Spironolactone:

Inhibition of Aldosterone : .
Jean Claude Aldigier, Talerngsak Kanjanbuch, Li-Jun Ma, Nancy J. G IO meru IOSC I €rosis regress ion

Brown, and Agnes B. Fogo in diabetic rat model

Departments of Pathology and Medicine, Vanderbilt University Medical Center,
Nashville, Tennessee
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M Endothelial dysfunction
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These effects may occur through binding of the
liganded MR to an MR responsive element to
initiate de novo gene transcription (genomic),
through MR-dependent activation of other
transcription  factors that regulate gene
transcription, or through activation of receptor-
mediated signaling pathways in the absence of
transcription (non genomic).



Contribution of aldosterone to cardiovascular and renal

inflammation and fibrosis

Nancy J. Brown
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Nat Rev Nephrol. 2013 August ; 9(8): 459—469. doi:10.1038/nrneph.2013.110

Key points

Aldosterone or mineralocorticoid-receptor activation trigger the formation of
reactive oxygen species by NADPH oxidase and mitochondria that, in turn,
induce a proinflammatory and profibrotic phenotype

Under conditions of high salt intake, Racl activates the mineralocorticoid
receptor and increases the formation of reactive oxygen species

Aldosterone exerts rapid, transcription-independent effects (nongenomic effects)
that may be mediated by G-protein-coupled receptor 30 and transactivation of
the epithelial growth factor receptor

Studies in mice in which the mineralocorticoid receptor has been selectively
deleted on specific cells indicate that systemic mineralocorticoid-receptor
activation is not necessary to induce local inflammation and fibrosis

Aldosterone-synthase inhibition or deficiency prevents inflammation and
fibrosis in many rodent models of cardiovascular or renal injury

In conclusion, aldosterone stimulates the
production of ROS, inflammation and fibrosis of
the heart, vasculature, and kidney through both
MR-dependent and MR-independent mechanisms.

Studies in mice treated with aldosterone synthase
inhibitors suggest that aldosterone is the primary
ligand involved in cardiac and vascular fibrosis, but
that MR antagonism may be necessary to prevent
renal injury.



Spironolactone, in addition to ACEi/ARB, may reduce proteinuria and retard renal progression in CKD patients

Long-term effects of spironolactone on proteinuria

and kidney function in patients with chronic kidney

disease

Bianchi S. et al Kidney International 2006; 70: 2116-2123

» 165 proteinuric CKD patients

» 1 year follow up

» Conventional therapy = ACEi or ARB
or both

» Spironolactone 25 mg/day
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All Conventional therapy Conventional therapy plus spironolactone

No. of patients 165 82 83
Age (years) 54.7+0.8 544+1.2 55.0+1.2
Sex (M/F) 106/59 50/32 56/27
BMI 24.9+0.2 24.84+0.2 249+0.2
Smokers (Y/N) 41/124 21/61 19/64
Basal SBP (mmHg) 1323405 131.6+0.6 1329408
Basal DBP (mmHg) 783103 78.1+0.4 785+0.5
eGFR (ml/min/1.73 m") 623+1.6 62.2+2.1 62.4+2.4
Uprotein (g/g creatinine) 2.14+0.05 2.0+0.07 2.1+0.08
Serum K* (mEg/l) 4.3+0.03 4.2+0.03 4.2+0.04
Basal aldosterone (pa/ml) 132.1+47 130.4+6.5 1347 +6.9
Antihypertensive drugs

ACEls 50 21 29

ARBs 35 18 17

Both ACEls and ARBs 80 43 37
Other antihypertensive drugs

Number (0/1/2/3) 20/69/60/16 8/36/34/4 12/33/26/12

Diuretics (Y/N) 116/49 56/26 60/23

Statins (Y/N) 146/19 72/10 74/9

Months of treatment
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Effects of mineralocorticoid receptor antagonists in proteinuric kidney disease: a systematic review
and meta-analysis of randomized controlled trials

Use of MRAs alone or on top of RAS blockade confers important antiproteinuric effects in
patients with CKD, with a slight Increase in mean potassium levels

(a) MRAs placebo Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ando 2014 -173 1046673 158 103 1046673 146 58% -0.26 }0.49,-0.04] -

Bakris 2015 -36.3537 444285 337 -62 717784 94 58% -0.58 |-0.82,-0.35) =
Bianchl 2010 -83 19235651 B4 527 1221403 64 57% -0.190.,53,0.16) ——r:
Boesby 2011 -284 136905 40 -6.4 136905 40 54% -1.58+2.10,-1.09] ==
Chrysostomou 2006 -42 230654 10 -14 213879 10 42% -1.75}+2.81,-068) St
Eguchi 2016 -23 1158637 33 -292 668431 19 53% 0.2510,32,0827 -T—
Kallzki 2017 -333 1743092 25 0 00024 % 53% -0.27 -0,82,0.28) -
Katayama 2017 -2315 432977 24 62 483183 12 50% -0.64 [-1.35,0.07) o |
Lindhardt 2018 -56 7167387 57 14 OGN787 &4 57% -0.08 -0.45,0.29) . i
Mehd: 2009 516 763423 27 -246 12786584 27 54% -0.25+0.79,0.28] -T
Nielsen 2012 60 330856 21 0 330656 21 50% 1.78}2.51,-1.06] —
Oxdund 2013 -2866 600406 61 -0.0001 0038 58 57% -0.61 0.98,-0.25] —

PR 2013 -21.2456 73737 114 4 266 5 53% -3.98 |4.53,-3.43) —

Rossing 2005 318 129075 20 1.2 128075 20 47% -2.51 |3.35,-1.66] P—
Saklayen 2008 -57 B87.3241 24 24 1232438 24 53% -0.75 1.33,-0.16] S——
Schjoed 2005 -297 177478 20 03 177478 20 50% -1.66 2.39,-0.93) P —
Schjoed! 2006 -32 161344 0 0 161344 0 49% -1.94 }2.71,-1.18] —

Van der Meiracker 2008 -408 407328 24 136 7486622 9 53% -0.86 }1.43,-0.30) ca—
Ziaee 2013 -529 235 29 -384 16 31 54% 0.7211.24,-019] —
Total (95% C1) 1108 766 100.0% 102 [-1.42, 0.63) L3
Heterogeneily. Tau®= 069, Chi*= 247.70, df= 18 (P < 0.00001), F= 83% _i :5 3 3 i

Testfor overall effect Z= 5.07 (P < 0.00001) Favours SRAS  Fovois Giacebo

Alexandrou ME, Papagianni A, Tsapas A, Loutradis C, Boutou A, Piperidou A, Papadopoulou D, Ruilope L, Bakris G, Sarafidis P. Effects of mineralocorticoid receptorantagonists in proteinuric kidney disease: a systematic

review and metaanalysisof randomized controlled trials. J Hypertens 2019;37:2307-2324.
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Rates of Hyperkalemia after Publication
of the Randomized Aldactone Evaluation Study

David N. Juurlink, M.D., Ph.D., Muhammad M. Mamdani, Pharm.D., M.P.H.,
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CONCLUSIONS
The publication of RALES was associated with abrupt increases in the rate of prescrip-
tions for spironolactone and in hyperkalemia-associated morbidity and mortality. Clos-



Spironolactone is a non-selective steroidal MRA RALES:

All-Cause Mortality

Risk Reduction 30%

Limitations of Spironolactone RALES:
Adverse Events

Gynecomastia or

Spironolactone
Breast Pain (Males)

+ standard therapy

50 p<0.001
1
40 10% Standard therapy
o (ACE inhibitor + loop

diuretic + digoxin)

30

20

Incidence of
gynecomastia (%)

10

0 3 6 9 12 15 18 21 24 27 30 33 36

Months
1]

25-50mg 75-100 mg 150-300 mg
Spironolactone dosages .
. . Placebo Spironolactone
Jeunemaitre et al. Am. J. Cardiol 1987; 60: 820

menstrual irregularities
impotence A

CHS/x/

<+ spironolactone >

Significant increase in the risk of hyperkalemia with the addition of spironolactone to ACEi and/or ARB (relative risk
3.06, 95% Cl 1.26, 7.41).



Finerenone

Finerenone is a third-generation dihydropyridine-derived nonsteroidal MR antagonist. The
compound has higher affinity to MR than spironolactone (EC 50 = 18 nM) and lacks affinity
for the other steroid receptors. Binding of finerenone to the MR generates a highly unstable
complex, unable to bind to coregulators.

Spironolactone Eplerenone Finerenone
Chemistry Steroidal Non — steroidal, Dihydropyridine
Distribution Higher concentrations in renal tissue in comparison to Distributed relatively equally between the

cardiac tissue. heart and the kidney.

Mineralocorticoid receptor 24 990 18
Glucocorticoid receptor 2400 22,000 >10,000
Androgen receptor 77 21,200 >10,000
Progesterone receptor 740 31,200 >10,000




Finerenone 1 mg/kg/die reduces mRNA expression of inflammation
and fibrosis markers without significant effect on SBP

Effect on mRNA expression of inflammatory and fibrotic markers

. . Effect on systolic BP
in kidney tissue
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4507
300

MMP-2 (dCt)

1501 ; ‘_-_i Fibrosis Biomarkers:
0 - - Osteopontine
Con PBO 041 1 10 30 100

Finerenone Eplerenone - Kidney plasminogen activator inhibitor-1
DOCA

- Matrix metalloproteinase-2

Finerenone dosed at equinatriuretic doses of eplerenone in a rat DOCA—salt model of kidney injury
*p<0.05 versus placebo; #p<0.05 versus eplerenone
Kolkhof P, et al. J Cardiovasc Pharm 2014;64:69-78



Finerenone reduces accumulation of collagen and macrophage
infiltration in in preclinical models of cardiac injury
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Finerenone compared with eplerenone in a mouse model of
iIsoproterenol-induced cardiac fibrosis and inflammation.

*p<0.001; #p<0.0001 vs VEH/VEH group; * p<0.05; § p<0.01 vs ISO/VEH group; 9 p<0.05; **p<0.01 vs ISO/EPL group

Grune J, et al. Hypertension 2018;71:599-608



CKD in T2D progression, associated with increased CV risk, is driven by the
combined effects of metabolic, haemodynamic, inflammatory and fibrotic
factors

Drivers of CKD in T2D progression'-3

Current therapies for patients
with CKD and T2D primarily
target haemodynamic and

ACE inhibitors and ARBs45
Thiazide-like diuretics and
dihydropyridine Ca%*

Haemodynamic

(elevated BP and/or metabolic factors ....

intraglomerular pressure)

channel blockers4°
SGLT-2 inhibitors®-?

SGLT-2 inhibitors?10

GLP-1RAs'® o || Metabolic FINERENONE
Metformin'® A (poor glycaemic
Other anti-hyperglycaemic [~ control)

agents1?

Primary MoA of therapies shown

1. Alicic RZ, et al. Clin J Am Soc Nephrol 2017;12:2032-2045; 2. Mora-Fernandez C, et al. J Physiol 2014;18:3997; 3. Bauersachs J, et al. Hypertension 2015;65:257-263;

4. American Diabetes Association. Diabetes Care 2022;45:S175-184; 5. American Diabetes Association. Diabetes Care 2022;45:S144—174; 6. Kidokoro K, et al. Circulation 2019:140;303-315; 7. Zelniker TA &
Braunwald E. J Am Coll Cardiol 2018;72:1845-1855; 8. Heerspink HJ, et al. Circulation 2016;134:752-772; 9. Zelniker TA & Braunwald E. J Am Coll Cardiol 2020;75:422-434; 10. American Diabetes Association.
Diabetes Care 2022;45:S125-S143; 11. Alicic RZ, et al. Adv Chronic Kidney Dis 2018;25:181-191
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