


The global burden of kidney failure

CKD, chronic kidney disease 

Estimates for 2017. Jager KJ, et al. NDT 2019;34:1803 
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7600 million – global population

844 million – global prevalence of CKD

3.9 million – patients on KRT

As many might die due to lack of KRT
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Inflammation and fibrosis is a potential treatment target to 
address the residual risk in CKD and T2D
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ACE inhibitors4

ARBs4

SGLT-2 inhibitors5–8

SGLT-2 inhibitors8,9

GLP-1RAs9

Other anti-hyperglycaemic

agents9

Drivers of CKD in T2D progression1–3

Inflammation

and fibrosis1–3

Haemodynamic1,2

(elevated blood pressure 
and/or intraglomerular 
pressure)

Metabolic1,2

(elevated blood sugar)

Non-steroidal 

MRAs: 

finerenone, 

esaxerenone



The history of nephroprotection
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No new CKD-specific therapy 

during 20 years

Beta blockers:

Metoprolol1

Propanolol1

Hydralazine2

Furosemide2

Thiazides2

Captopril3
IDNT4

Irbesartan 

RENAAL5

Losartan

2020

CREDENCE6

Canagliflozin

SONAR

Atrasentan

FIDELIO
Finerenone

DAPA-CKD

Dapagliflozin



41 RCT

6181 ασθενείς

1990-2006

Kunz et al, Ann Intern Med. 2008;148:30-48

Διπλός 

αποκλεισμός του 

άξονα και πρωτεϊνουρία



Fried et al, N Engl J Med. 2013;369:1892-903

Primary endpoint:

• eGFR decline≥30ml/min/1.73m2

• eGFR decline≥50%

• ESKD

• death

Διπλός αποκλεισμός ΣΡΑ

και δυσμενής έκβαση σε 

μελέτες νεφροπροστασίας



Ο ρόλος της αλδοστερόνης



Ρύθμιση της έκκρισης 
αλδοστερόνης



Λειτουργία υποδοχέων 
αλδοστερόνης στον 

άπω νεφρώνα

Alexandrou ME et al, Kidney Dial 2022;2(2):163-182



Rossier M, Front Endocrinol (Lausanne) 2021;12:694758. 

Έκφραση και λειτουργία 
των υποδοχέων των αλατοκορτικοειδών



• The nongenomic response includes rapid effects of aldosterone that cannot be explained by the traditional

pathway, nor be blocked by inhibitors of gene transcription such as actinomycin D or MRAs.

• These rapid effects are considered to be also mediated by MR and associated with enhanced activity of the

Na+-K+-2Cl- cotransporter and the Na+-K+-ATPase in the heart, and of the Na+-H+ antiporter, the ENaC

and Na+-K+-ATPase in the kidney, and are connected to subcellular trafficking.

• In recent years, an important role of cofactors that modulate the transcription factor activity of MRs to

regulate gene transcription has emerged.

• Coactivator or corepressor proteins are recruited according to distinct MR conformations induced by binding

of different agonist ligands, resulting in transcription of different sets of genes

• A few years ago, ligand-selective peptides acting as potent antagonists of MR-mediated transcription were

identified.

Δράσεις της αλδοστερόνης

Sarafidis et al., Clin Kidney J 2023



Good et al., Am J Physiol Renal Physiol. 2002;283(4):F699-706

Μη γενομικές δράσεις – αναστολή NHE3

1 nM aldosterone decreased HCO3
- absorption by 28%, 

from 15.8±0.5 to 11.4±0.5 pmol · min−1 · mm−1(p < 0.001)
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Μη γενομικές δράσεις – ERK1/2 phosphorylation

with DNA-binding domain

without DNA-binding domain



Rapid aldosterone signaling in VSMCs

Ruhs et al., J Endocrinol 2017;234(1):T107-T124. 



Μηχανισμοί πρόκλησης νεφρικής και μυοκαρδιακής
βλάβης
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Δεδομένα σε πειραματόζωα

Greene et al., J Clin Invest 1996 Aug 15;98(4):1063-8



Bomback et al, Nat Clin Pract Nephrol 2007; 3:486–492

• Σε ποσοστό 30-50% των ασθενών τα 

επίπεδα αλδοστερόνης ορού 

αυξάνονται εκ νέου 6-12 μήνες μετά 

την έναρξη ενός RAS blocker

• Με αυξημένα επίπεδα αγγειοτενσίνης ΙΙ

• Kίνδυνος εξέλιξης νεφρικής νόσου 

παρά τη χορήγηση standard-of-care

αγωγής

Φαινόμενο «διαφύγης» της αλδοστερόνης 



Δεδομένα σε βιοψίες νεφρού ασθενών με ΧΝΝ

Quinkler et al., Circulation. 2005 Sep 6;112(10):1435-43

mRNA expression on kidney tissue



Αγγειακή φλεγμονή και μυοκαρδιακή βλάβη

Rocha et al., Am J Physiol Heart Circ Physiol. 2002;283(5):H1802-10

mRNA expression on left ventricular tissue



Bauersachs et al, Hypertension 2015;65:257–263

Μηχανισμοί πρόκλησης 
ιστικής βλάβης μέσω 

ενεργοποίησης 
των MRs



Αποκλεισμός αλδοστερόνης και νεφρο- και 
καρδιοπροστασία



p<0.001 • 41 patients
• CKD, UPE>1,5 g/24h

Chrysostomou et al, Clin J Am Soc Nephrol 2006;1:256–262



• 268 patients
• Τype 2 DM
• UACR >50 mg/g
• Run in phase: enalapril

Epstein et al, Clin J Am Soc Nephrol 2006;1:940-51. 



Mehdi et al, J Am Soc Nephrol. 2009;20:2641-50

-34 %, p=0.007

-16,8 %, p=0.2

p=0.26

• 81 ασθενείς
• ΣΔ + ΑΥ 
• UACR >300 mg/g
• Lisinopril 80mg



Alexandrou M et al, J Hypertens 2019;37:2307–2324

Urine Albumin/ 
Creatinine ratio

31 RCTs
2767 patients



Eπίπτωση υπερΚ+
↑ 2,6 υψηλότερος
κίνδυνος
υπερκαλιαιμίας

Alexandrou MΕ et al, J Hypertens 2019;37:2307–2324



Alexandrou et al. J Hum Hypertens 2022 

Cardiovascular outcome studies with MRAs in patients with HF
Trial Year Treatment arms Study Population Primary and secondary 

endpoints
(MRAs versus control)

Subgroup analysis according to kidney 
function(MRAs versus control)

RALES50 2014 Spironolactone 25mg or 
placebo
(double blind, 1:1 ratio)

1,663 patients with 
severe with HF with 
LVEF<35%

All-cause death(RR 0.70, 95%CI
0.60-0.82) and HHF(RR 0.65, 95%CI 
0.54-0.77)

All cause death was significantly reduced with 
spironolactone in patients with either SCr<1.2 
mg/dL or SCr≥1.2 mg/dL

EPHESUS51 2003 Eplerenone 25-50mg or 
placebo
(double blind, 1:1 ratio)

6,632 
patientswithLVEF<40%, 
3-14 days post MI

All-causedeath (RR 0.85, 95%CI 
0.75-0.96),  cardiovascular deathor
hospitalization for cardiovascular 
events (RR 0.87, 95%CI 0.79-0.95)

Eplerenone significantly reduced the risk of death 
in patients with SCr<1.1 mg/dL but not in those 
with SCr≥1.1 mg/dL (P-for-interaction=0.03). The 
risk of cardiovascular death or hospitalization for 
cardiovascular events was consistently reduced in 
both groups (P-for-interaction=0.53)

EMPHASIS-HF 
52,53

2011 Eplerenone 
(50mgifeGFR≥50 
mL/min/1.73m2or≤25mgif 
eGFR30-49mL/min/1.73m2) 
or placebo (double blind, 
1:1 ratio)

2,737 with 
HFΝΥΗΑΙΙand 
LVEF<35%

Composite of cardiovascular 
deathor HHF
(HR 0.63, 95%CI 0.54-0.74), all-
cause mortality (HR 0.76, 95%CI 
0.62-0.93)

The composite endpoint of cardiovascular deathor
HHF was significantly reduced in patients with 
either eGFR ≥50 mL/min/1.73m2 (HR 0.58, 95%CI 
0.45-0.74) or eGFR 30-49 mL/min/1.73m2 (HR 
0.62, 95%CI 0.49–0.78) (P-for-interaction=0.89)



Διαφορές στεροειδικών και μη στεροειδικών MRAs



Older and newer MRAs

Sarafidis P. et al. Clin Kidney J 2023



Finerenone is a novel, nonsteroidal and selective MR 
antagonist that is different from available steroidal drugs1–3

*Hyperkalaemia was moderately increased in the FIDELIO-DKD trial; CNS, central nervous system

1. Bärfacker L, et al. ChemMedChem 2012;7:1385–1403; 2. Pitt B, et al. Eur J Heart Fail 2012;14:668–675; 3. Kolkhof P, et al. J Cardiovasc Pharmacol 2014;64:69–78; 4. Sica DA. 

Heart Fail Rev 2005;10:23–29; 5. Amazit L, et al. J Biol Chem 2015;290:21876–21889; 6. Kolkhof P, et al. Curr Opin Nephrol Hypertens 2015;24:417–424; 7. Bakris GL, et al. N Engl J 

Med 2020; doi: 10.1056/NEJMoa2025845; 8. Kolkhof P, et al. Handb Exp Pharmacol. 2017;243:271-305

FinerenoneSpironolactone

Structural properties Flat (steroidal) Flat (steroidal) Bulky (nonsteroidal)1,5

Potency to MR High4,8 Moderate1,4,10 High1,2,8

Selectivity to MR Low4,8 Moderate4,10 High1,2,8

CNS penetration Yes Yes No, based on preclinical data3

Sexual side effects Yes (gynecomastia)4 Less than spironolactone4 No signal, based on phase III data7

Hyperkalaemia Yes4 Yes4 Moderately increased*,7

Tissue distribution Kidney > heart (at least 6-fold)6,8 Kidney > heart (~3-fold)6,8 Balanced kidney : heart (1:1)6,8

Finerenone

Eplerenone

Steroidal MR antagonists



Proposed mode of action of finerenone in the kidney

MRA, mineralocorticoid receptor antagonist

1. Fagart J, et al. J Biol Chem 2010;285:29932–29940; 2. Bärfacker L, et al. ChemMedChem 2012;7:1385–1403; 

3. Amazit L, et al. J Biol Chem 2015;290:21876–21889; 4. Grune J, et al. J Cardiovasc Pharmacol 2016;67:402–411; 5. Grune J, et al. Hypertension 2018;71:599–608; 

6. Kolkhof P, et al. J Cardiovasc Pharmacol 2014;64:69–78; 7. Lattenist L, et al. Hypertension 2017;69:870–878; 8. Barrera-Chimal J, et al. Kidney Int 2018;93:1344–1355

DNA

Urine with

reduced albumin 

and normalized 

Na+ concentration

Finerenone blocks the transcription 

of pro-inflammatory, pro-fibrotic 

genes in various cell types.3–5

Epithelial cell
Na+

K+

Mesangial cell

Podocyte

Macrophage

Finerenone Mineralocorticoid 

receptor

Nephron

Fibroblast

Macrophage

Finerenone induces a conformational change in 

the mineralocorticoid receptor that is different 

from the change observed with steroid 

hormones or steroidal MRAs. This blocks cell-

specific recruitment of cofactors.1–5



The proposed mode of action of finerenone in the heart and 
blood vessels

MRA, mineralocorticoid receptor antagonist

1. Fagart J, et al. J Biol Chem 2010;285:29932–29940; 2. Bärfacker L, et al. ChemMedChem 2012;7:1385–1403; 3. Amazit L, et al. J Biol Chem 2015;290:21876–21889; 4. Grune J, et al. J Cardiovasc Pharmacol 2016;67:402–

411; 5. Grune J, et al. Hypertension 2018;71:599–608; 6. Kolkhof P, et al. J Cardiovasc Pharmacol 2014;64:69–78; 7. Martínez-Martínez E, et al. Hypertension 2017;70:1148–1156; 8. Dutzmann J, et al. PLoS ONE

2017;12:e0184888; 9. Lavall D, et al. Biochem Pharmacol 2019;168:173–183; 

10. Gil-Ortega M, et al. Am J Nephrol 2020;51:294–303; 11. Zannad F & Rossignol P. Circulation 2018;138:929–944

Finerenone blocks the transcription 

of pro-inflammatory, pro-fibrotic, 

and hypertrophic genes in 

various cell types.3–10

Heart

Blood 
vessel

Cardiomyocyte

Fibroblast Macrophage

Endothelial cell

Finerenone Mineralocorticoid 

receptor

Vascular smooth 
muscle cell

DNA

Finerenone induces a conformational change 

in the mineralocorticoid receptor that is 

different from the change observed with 

steroid hormones or steroidal MRAs. This 

blocks cell-specific recruitment of cofactors.1–5



Cofactor recruitment

Agarwal R, et al. Eur Heart J 2021;42:152-161



Δεδομένα από μελέτες με μη στεροειδικούς MRAs



Finerenone, a selective, nonsteroidal MRA, blocks MR 
overactivation, which slows kidney and CV disease progression1–3

Finerenone is indicated in the EU for the treatment of CKD (with albuminuria) associated with T2D in adults. CV prevention is not an approved indication for finerenone in the EU

MR, mineralocorticoid receptor;  MRA, mineralocorticoid receptor antagonist

1. Kintscher U, et al. Br J Pharmacol 2022;179:3220–3234; 2. Agarwal R, et al. Eur Heart J 2022;43:474–484; 3. Agarwal R, et al. Nephrol Dial Transplant 2022;37:1014–1023; 

4. Alicic RZ, et al. Clin J Am Soc Nephrol 2017;12:2032–2045; 5. Bauersachs J, et al. Hypertension 2015;65:257–263; 6. Mora-Fernández C, et al. J Physiol 2014;18:3997; 

7. Khan MS, et al. JACC Rev 2023;81:270–282; 8. Amazit L, et al. J Biol Chem 2015;290:21876–21889
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Drivers4–7

• Hyperglycaemia4

• High salt load5

• Oxidative stress5

Heart and kidney 

protection

Finerenone

MR overactivation 

blockade and 

homeostatic action

Inflammation 

and fibrosis

Haemodynamic 

factors

Proteinuria5,8

Albuminuria



Preclinical models comparing mRNA expression of inflammatory 
and fibrotic markers and SBP

Data are mean±SEM; there were 7–12 rats per group; drug doses are in mg/kg/day; *p<0.05 versus placebo; #p<0.05 versus eplerenone

BP, blood pressure; DOCA, deoxycorticosterone acetate; MMP-2, matrix metalloproteinase-2; mRNA, messenger ribonucleic acid; NaCl, sodium chloride; OPN, osteopontin; PAI-1, plasminogen activator inhibitor type 1;

SEM, standard error of the mean

Kolkhof P, et al. J Cardiovasc Pharm 2014;64:69–78

66

O
P

N
 (

d
C

t*
1
0
0
) MMP-2

Con PBO 0.1 1 10 30 100

Finerenone Eplerenone

600

450

300

150

0

DOCA

*
*

*

M
M

P
-2

 (
d

C
t)

P
A

I-
1
 (

d
C

t)

PAI-1

500

1250

1000

750

0

250

Con PBO 0.1 1 10 30 100

Finerenone Eplerenone

DOCA

*
*

*

*

OPN

*

Con PBO 0.1 1 10 30 100

Finerenone Eplerenone

600

450

300

150

0

DOCA

*
*

*

Finerenone reduced mRNA expression of pro-inflammatory and pro-fibrotic 

markers in kidney tissue to a greater extent than equinatriuretic doses of 

eplerenone in a rat DOCA–salt model of kidney injury
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Effect on mRNA expression of inflammatory and fibrotic markers in rat kidney tissue

Effect on SBP

Finerenone 1 mg/kg/day inhibited inflammation and fibrosis without 

significantly affecting BP; however, eplerenone doses tested inhibited 

inflammation and fibrosis and significantly reduced BP



FN1, fibronectin1; IL-17, interleukin 17; NPY, neuropeptide Y; WNT9a, wingless related integration site family member 9a

1. Berger M, et al. ASN Kidney Week 2023; oral presentation (abstract TH-OR53); 2. Luo C, et al. J Am Soc Nephrol 2018;29:1238–1256; 3. Renshaw D, et al. Endocrinology 2000;141:169–173;

4. Lay AC, et al. Proc Natl Acad Sci USA 2000;117:15862–15873
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FIGARO-DKD biomarker substudy

Finerenone also downregulated NPY,1 a marker of aldosterone secretion that may play a role in 

albuminuric kidney disease3,4

In a longitudinal analysis using plasma samples from the FIGARO-DKD trial, finerenone significantly 

modulated 373 biomarkers

These included markers of inflammation and fibrosis such as IL-17 family members, FN1 and WNT9a

WNT9a and eGFR1

WNT plasma level (Olink)

e
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 (
4
 m

o
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s
)

Finerenone downregulated WNT9a,1 a biomarker that is 

implicated in kidney fibrosis2

WNT9a negatively correlated with eGFR, which may 

reflect anti-fibrotic activity1



aldosterone synthase 
inhibition with and without 

empagliflozin

• 586 patients
• eGFR 30 to 90 ml/min/1,73m2

• UACR 200 to <5000 mg/g
• ACEi/ARB
• empagliflozin or placebo run-in
• BI 690517 3 mg, 10 mg, or 20 mg, or placebo

Tuttle K. et al., Lancet. 2024 Jan 27;403(10424):379-390



Phase III trial of aldosterone synthase inhibition with 
empagliflozin



Συμπεράσματα

• Η ενεργοποίηση των MR ενεργοποιεί μέσω γενομικών ή μη-γενομικών ταχέων δράσεων σηματοδοτικά

μονοπάτια που οδηγούν σε φλεγμονή και ίνωση συμβάλλοντας στην πρόκληση νεφρικής και 

καρδιαγγειακής βλάβης. 

• Το φαινόμενο της διαφυγής της αλδοστερόνης αποτελεί σημαντικό αίτιο της παρουσίας υψηλού 

υπολειπόμενου καρδιαγγειακού κινδύνου και κινδύνου εξέλιξης της ΧΝΝ υπό θεραπεία με μονό 

αποκλεισμό του ΣΡΑ, ιδίως στους ασθενείς με ΔΝΝ.

• Οι νεότεροι εκλεκτικοί μη στεροειδικοί MRAs επιδεικνύουν μεγαλύτερη εκλεκτικότητα και υψηλότερη 

συγγένεια, καθώς και διαφορετικούς μηχανισμούς πρόσδεσης συμπαραγόντων και κατανομή στους 

ιστούς συγκριτικά με παλαιότερους παράγοντες. 

• Τα αποτελέσματα προ-κλινικών και κλινικών μελετών φάσης III έδειξαν ότι η προσθήκη της 

φινερενόνης οδήγησε σε μείωση δεικτών φλεγμονής και ίνωσης, καθυστέρηση της εξέλιξης της ΧΝΝ 

και βελτίωση στην καρδιαγγειακή έκβαση σε ασθενείς με ΔΝΝ.



Σας ευχαριστώ!


