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ABSTRACT

Chronic kidney disease (CKD) in individuals with type 2 diabetes (T2D) represents a major public health issue; it develops
in about 30%-40% of patients with diabetes mellitus and is the most common cause of CKD worldwide. Patients with
CKD and T2D are at high risk of both developing kidney failure and of cardiovascular events. Renin-angiotensin system
(RAS) blockers were considered the cornerstone of treatment of albuminuric CKD in T2D for more than 20 years.
However, the residual risk of progression to more advanced CKD stages under RAS blockade remains high, while in
major studies with these agents in patients with CKD and T2D no significant reductions in cardiovascular events and
mortality were evident. Steroidal mineralocorticoid receptor antagonists (MRAs) are known to reduce albuminuria in
individuals on RAS monotherapy, but their wide clinical use has been curtailed by the significant risk of hyperkalemia
and absence of trials with hard renal outcomes. In recent years, non-steroidal MRAs have received increasing interest

Received: 20.4.2023; Editorial decision: 14.6.2023

© The Author(s) 2023. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution,
and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1

-GOUEApe/[)p/UJOO'an'O!uJepeoe//:SduLEl?-.ljl ‘ﬁpfﬂlﬂ‘?_a K IDNEY J OURNAL

OGQ}L'OL/!OP/GIO!UQ

€20z AInr 71 uo Jasn ole) a ojoed Bues 1SSY Aq 917202./6€ | Pels/B


https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfad139
https://orcid.org/0000-0002-9174-4018
https://orcid.org/0000-0001-8863-227X
https://orcid.org/0000-0003-0577-7081
https://orcid.org/0000-0003-4470-7932
https://orcid.org/0000-0001-9507-5301
https://orcid.org/0000-0002-8494-6252
https://orcid.org/0000-0002-9805-9523
mailto:psarafidis11@yahoo.gr
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com

2 | P Sarafidis et al.

due to their better pharmacologic profile. Finerenone, the first compound of this class, was shown to effectively reduce
the progression of kidney disease and of cardiovascular outcomes in participants with T2D in phase 3 trials. This clinical
practice document prepared from a task force of the European Renal Best Practice board summarizes current knowledge
on the role of MRAs in the treatment of CKD in T2D aiming to support clinicians in decision-making and everyday

management of patients with this condition.
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INTRODUCTION

Recent estimates suggest that around 850 million people world-
wide have chronic kidney disease (CKD), with 3.9 million receiv-
ing kidney replacement therapy [1]. Diabetes mellitus is another
silent epidemic, affecting 9.3% of the adult population in 2019
and accounting for 4 million deaths in 2017 [2]. CKD develops in
up to 40% of patients with diabetes mellitus. The progressive in-
crease in the prevalence of type 2 diabetes (T2D) has led to an
increase in patients diagnosed with CKD, and thus, diabetic kid-
ney disease (DKD) is currently the leading cause of kidney failure
worldwide [3]. In individuals with T2D without CKD the 10-year
standardized cumulative all-cause mortality was found to be ap-
proximately 11.5%, but in those with T2D and CKD it rises to 31%
[4]. Furthermore, for patients with CKD stage 3 the risk of cardio-
vascular death is at least 10 times higher than the risk of kidney
failure [5]. Overall, CKD is projected to become the fifth global
cause of death by 2040, mainly driven by CKD in T2D [6].

Following the publication of seminal clinical trials more than
two decades ago [7, 8] the use of angiotensin-converting enzyme
inhibitor (ACEi) or angiotensin receptor blocker (ARB) monother-
apy has been the cornerstone of treatment for albuminuric CKD,
along with lifestyle modifications, and blood pressure (BP) and
glycemic control [9]. Despite the indisputable kidney protective
effects of renin-angiotensin system (RAS) blockers, a high resid-
ual risk of CKD and cardiovascular disease progression remains
in these patients [3, 10]. Double RAS blockade either as combi-
nation of an ACEi with an ARB or of a renin inhibitor with any of
the aforementioned classes was completely abandoned, due to
increased risk of hyperkalemia, acute kidney injury and cardio-
vascular death, in major trials in CKD in T2D [11, 12]. In contrast
to this, sodium-glucose cotransporter-2 inhibitors (SGLT2i) are
associated with nephro- and cardioprotection in patients with
CKD with or without diabetes [13-15] and are now recommended
as first-line treatment, among others, in patients with T2D and
estimated glomerular filtration rate (eGFR) >20 mL/min/1.73 m?
[9, 16, 17].

Steroidal mineralocorticoid receptor antagonists (MRAS)
(Fig. 1) have been used in clinical practice for many years. The
non-selective MRA spironolactone is used for the treatment of
primary aldosteronism due to bilateral adrenal hyperplasia or
aldosterone-producing adenomas [18] and for resistant hyper-
tension [19], while both spironolactone and the selective MRA
eplerenone reduce mortality and cardiovascular events in pa-
tients with heart failure (HF) with reduced ejection fraction [20-
22], and have a Class 1A recommendation for this condition

[23]. However, one population-based analysis from Canada [24]
showed abrupt increases in the rate of prescriptions for spirono-
lactone and in hyperkalemia-associated morbidity and mortal-
ity after the publication of the Randomized Aldactone Eval-
uation Study (RALES) trial in heart failure. Furthermore, both
steroidal MRAs were shown to effectively reduce albuminuria
alone or on top of a RAS blocker in patients with diabetic and
non-diabetic CKD [25, 26] but their use was never expanded due
to lack of randomized trials with hard kidney and cardiovascu-
lar outcomes and the potential risks of hyperkalemia. In recent
years, novel non-steroidal MRAs have been developed. Among
these, finerenone was recently associated in two large-scale ran-
domized clinical trials (RCTs) with significant reductions in renal
and cardiovascular outcomes in patients with T2D and moder-
ately or severely increased albuminuria [27, 28].

This is a document prepared by a task force of the European
Renal Best Practice (ERBP) board of ERA that presents in a sys-
tematic way the current evidence on the effects of MRAs on in-
termediate and hard kidney outcomes, summarizes the poten-
tial mechanisms involved, and discusses their place in everyday
management of patients with CKD and T2D.

ALDOSTERONE-MEDIATED
MINERALOCORTICOID RECEPTOR
ACTIVATION IN HEALTH AND DISEASE

Aldosterone is a steroid hormone produced in the zona glomeru-
losa of the adrenal cortex and acts as ligand of the mineralo-
corticoid receptor (MR), a type of nuclear receptor, structurally
similar to glucocorticoid and sex hormone receptors. MRs are
expressed in epithelial and nonepithelial tissues, serving as
transcription factors of target genes that regulate cellular pro-
cesses [29]. In the epithelial cells of the distal nephron, al-
dosterone exerts its classical actions of potassium and proton
secretion, and sodium retention, by regulating sodium, chloride
and potassium handling, through transcription of the epithe-
lial sodium channel (ENaC), C1-/HCO3~ exchangers, and ROMK
channels [30, 31]. In addition to the above, activation of MR in
non-epithelial tissues, including cardiomyocytes, smooth mus-
cle cells, fibroblasts, and macrophages in heart [32, 33], mono-
cytes [34] and mesangial cells [35], induces expression of genes
that are involved in tissue repair and may also promote inflam-
mation and fibrosis [36, 37]. This is also the case for kidney ep-
ithelial cells such as glomerular podocytes [38] and kidney prox-
imal tubular cells [39, 40].

MR has multiple ligands with high affinity, including both
cortisol and aldosterone [29, 36]. Cortisol reaches up to 1000-fold
higher concentrations than aldosterone in several tissues. In
distal tubular epithelial cells, however, 11-beta-hydroxysteroid-
dehydrogenase-2 (118HSD2) is abundantly expressed and con-
verts cortisol to inactive cortisone, making aldosterone the pri-
mary physiological MR ligand in these cells [37,41]. However, the
concentrations of 118HSD2 are much less or absent in other cell
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Figure 1: Chemical structure of main steroidal hormones and non-steroidal and steroidal MRAs.

types, making cortisol the primary physiological ligand of MRs
in cardiomyocytes, podocytes and macrophages [37].

Aldosterone acts through genomic and nongenomic path-
ways. The genomic response includes all the classical steps of
cell-membrane diffusion of aldosterone, binding to the MR in
the cytoplasm, translocation to the nucleus of the aldosterone-
MR complex and activation of gene transcription [42, 43]. This
process results in an increase of ENaC concentration in ep-
ithelial cells (i.e. distal tubule, colon) within 30-60 min post-
aldosterone release [44]. The nongenomic response includes
rapid effects of aldosterone that cannot be explained by the
traditional pathway, or be blocked by inhibitors of gene tran-
scription such as actinomycin D or MRAs [45]. These rapid ef-
fects 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 [45]. Furthermore, in recent years, an
important role of cofactors that modulate the transcription fac-
tor activity of MRs to regulate gene transcription has emerged
[42]. Coactivator or corepressor proteins are recruited accord-
ing to distinct MR conformations induced by binding of differ-
ent agonist ligands, resulting in transcription of different sets
of genes [29, 42]. A few years ago, ligand-selective peptides act-
ing as potent antagonists of MR-mediated transcription were
identified [42].

Several lines of experimental evidence suggest that ex-
cess activation of MRs by aldosterone in podocytes, proximal
tubular cells, monocytes and mesangial cells, induces mono-
cyte and macrophage infiltration [46], collagen deposition, and
promotion of glomerulosclerosis and interstitial fibrosis [47].

Angiotensin-II, glucose and low-density lipoprotein were shown
to induce local production of aldosterone in mesangial cells,
which was also proposed to participate in the pathogenesis of
CKD in diabetes [48]. Additionally, Klotho deficiency, one of the
earliest consequences of CKD that may be driven by albumin-
uria, also promotes aldosterone synthesis resulting in MR ac-
tivation [49-51]. In the experimental model of streptozotocin-
induced diabetes, the kidney expression of MR, NADPH oxidase
and collagen I/IV mRNA results in glomerular and interstitial
collagen deposition [52]. Overactivation of MR in the heart pro-
motes, among other things, increased collagen synthesis and fi-
brosis along with cardiac hypertrophy and adverse remodelling
(44,53, 54]. An additional negative inotropic effect of aldosterone,
counteracting the positive inotropic effect of angiotensin-II, has
been also described [55].

ACEi and ARB block the RAS and decrease aldosterone syn-
thesis [56-58]. However, the phenomenon of ‘aldosterone break-
through’, which refers to the rise in plasma aldosterone levels,
is documented in 10%-53% of patients within 6-12 months of
ACEi/ARB treatment initiation [30, 59, 60]. Such an increase in al-
dosterone levels promotes the deleterious proinflammatory and
profibrotic effects of aldosterone in the kidneys, heart and ves-
sels. It is proposed that this phenomenon represents a major
cause of a limited antiproteinuric response to single RAS block-
ade, as well as of accelerated GFR decline in patients with CKD
despite RAS blocker use [37].

SYSTEMATIC SEARCH STRATEGY

A systematic literature search in PubMed/MEDLINE and
Cochrane/CENTRAL up to February 2023 was performed using a
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combination of various keywords related to DKD, albuminuria
and non-steroidal MRAs (including specific drug names) to iden-
tify RCTs in the field. Screening of reference lists was conducted
to identify additional publications. The systematic search strat-
egy used is presented in Supplementary data, Tables S1 and S2.
The ClinicalTrials.gov database (https://clinicaltrials.gov) was
also hand searched to identify ongoing or completed registered
trials regarding the effect of MRAs in diabetic CKD. Eligible
studies were RCTs assessing the effect of an MRA alone or on
top of an ACEI, or an ARB compared with placebo or any other
active treatment on renal outcomes in adults with DKD. Studies
in non-adult patients or patients with CKD stage 5, as defined
by the Kidney Disease Outcomes Quality Initiative (K-DOQI)
guidelines, or on renal replacement therapy were excluded.
Two investigators (FI. and M.-E.A.) independently examined
the records by title and abstract and then performed full text
assessment to identify eligible publications. After the screening
process was completed, 30 studies were found to be eligible
and are reported in this review. A flow diagram of the study
selection process is displayed in Supplementary data, Fig. S1. A
risk of bias assessment using the revised Cochrane risk of bias
tool [61] for parallel group trials and crossover trials is shown in
Supplementary data, Figs S2 and S3, respectively.

STUDIES OF STEROIDAL MRAS
IN CKD WITH T2D

During the previous decades, several clinical studies investi-
gated the effects of MRAs in patients with CKD with or without
diabetes mellitus. Early works evaluated the effects of steroidal
MRAs (spironolactone and eplerenone) on urinary albumin or
protein excretion (UAE/UPE) (Table 1) [30, 62]. UAE is the most
commonly used intermediate renal outcome, as reductions in
albuminuria are strongly associated with a lower risk for renal
clinical endpoints, such as kidney failure and fall of eGFR below
15 mL/min/1.73 m? [63, 64]. These classical steroidal MRAs an-
tagonize aldosterone binding to the MR ligand-binding pocket,
destabilizing the active conformation of the receptor [65]. In the
presence of aldosterone they inhibit recruitment of some tran-
scriptional co-activators, but in its absence they exhibit partially
agonistic co-activator recruitment effects [36] (Fig. 2). They both
lack tissue and ligand specificity, while spironolactone addition-
ally lacks receptor specificity [65]. Canrenone, an active metabo-
lite of spironolactone, was expected to present fewer side ef-
fects than spironolactone by averting the antiandrogenic and
progestational actions derived from the formation of interme-
diate products [66]. It was approved for clinical use in Europe,
but its use was restricted by hyperkalemia associated with lack
of receptor-specific selectivity, similar to older MRAs [67].

Spironolactone

The first study that examined the effects of aldosterone es-
cape and its inhibition in CKD with T2D, included 45 patients
with urine albumin-to-creatinine ratio (UACR) 30-300 mg/g
and creatinine clearance >60 mL/min who were followed for
40 weeks [68]. Increased aldosterone levels were detected in
40% of these patients, despite trandolapril treatment; among
them, 15 patients had UACR increase from baseline, indicat-
ing a progressive weakening of the antiproteinuric effect of
ACEI. Thirteen of these patients received additionally spirono-
lactone 25 mg for 24 weeks and had significant decreases in
albuminuria and left ventricular mass index. Another study

[69] evaluated 41 individuals with UPE >1.5 g/day (27 with
diabetes), who were randomized to ramipril/placebo/placebo,
ramipril/irbesartan/placebo, ramipril/placebo/spironolactone or
ramipril/irbesartan/spironolactone (Table 1). After 12 weeks of
treatment, UPE reduction was 1.4%, 15.7%, 42.0% and 48.2%, re-
spectively, in the four groups, indicating that addition of spirono-
lactone to ramipril offered greater reduction in albuminuria and
hence nephroprotection compared with addition of irbesartan,
while triple therapy offered practically no advantage over dual
therapy with ramipril/spironolactone. Several other clinical tri-
als in CKD with T2D showed meaningful reductions of albu-
minuria (around 30%-35%), along with reductions of BP of 6-
7/3-4 mmHg and small reversible early dips in eGFR at around
3 mL/min/1.73 m? with spironolactone 25-50 mg on top of back-
ground treatment with an ACEi or an ARB [70-73], as shown in
Table 1. Another detailed study with UACR as the primary end-
point [74] randomly allocated 81 diabetic patients with UACR
>300 mg/g, already under treatment with 80 mg of lisinopril, to
receive placebo, losartan 100 mg daily or spironolactone 25 mg
daily for 48 weeks. The study was designed to assure no differ-
ences between groups in ambulatory BP, sodium and protein in-
take during follow-up. A decrease in UACR by 34.0% for spirono-
lactone and by 16.8% for losartan compared with placebo was
noted, with no significant differences between the three groups
in change of creatinine clearance (—13.1% for spironolactone,
—16.8% for losartan and —16% for placebo, P = .8). Serum potas-
sium and incidence of hyperkalemia increased with the addi-
tion of either spironolactone or losartan. Subsequent studies
confirmed these observations of the significant antialbuminuric
effect of spironolactone when administered in addition to an
ACEi/ARB in patients with T1D or T2D and increased albumin-
uria [75-83] (Table 1).

The Proteomic Prediction and Renin Angiotensin Al-
dosterone System Inhibition Prevention Of Early Diabetic
nephRopathy In TYpe 2 Diabetic Patients With Normoalbumin-
uria (PRIORITY) trial used the urinary peptidomics biomarker
‘CKD273’ to identify persons with T2D and normoalbuminuria
at high risk of CKD progression [84]. The 209 participants at
high risk were randomized to spironolactone or placebo on top
of their baseline treatment. While CKD273 indeed identified
participants at higher risk of developing moderately increased
albuminuria, spironolactone did not significantly decrease the
risk of developing moderately increased albuminuria [33% in
the placebo group, 25% in the spironolactone group; hazard ratio
(HR) 0.81, 95% confidence interval (CI) 0.49-1.34] but increased
the risk of hyperkalemia and gynecomastia.

Eplerenone

The effects of eplerenone in CKD with T2D was originally studied
in a 2006 RCT that randomized 268 patients with UACR >50 mg/g
already on enalapril to placebo, eplerenone 50 mg or eplerenone
100 mg for 12 weeks [85]. UACR reductions from baseline were
7.4%,41.0% and 48.4%, respectively (P < .001 for both eplerenone
groups) (Table 1). A significant decrease in systolic/diastolic BP
(SBP/DBP) was evident for all three treatment groups, without
significant differences in between-groups comparisons, indicat-
ing that the antialbuminuric effect of MR blockade was inde-
pendent of BP reduction. There was no difference in the in-
cidence of either sustained (>5.5 mmol/L on two consecutive
measurements) or severe (>6.0 mmol/L at any time-point) hy-
perkalemia among the three treatment groups. A more recent
trial randomized 75 patients with T2D and UACR 30-300 mg/g
in a 1:1:1 ratio to receive ramipril 10 mg, eplerenone 50 mg

€20z AInr ¢ uo Jasn ole) @ ojoed uUes 1SSV Aq 911202./6€ L Pels/Bo/E60 10 |/1op/alole-aoueApe/[30/Wwod dno-dlwapede//:sdjy woy papeojumoq


https://clinicaltrials.gov

5

MRA use in CKD with type 2 diabetes

Downloaded from https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfad139/7207416 by ASST Santi Paolo e Carlo user on 14 July 2023

ogaoerd ur syuanyed ¢ {(ogederd sa

600" = d) ueiresof ut Of ‘(ogaderd sa 100" > d) suoldejouorids
ut syuaned 1 :(T/[owut 0'9<) saposids J19dAH

0qade[d 10§ (%6°L~ ‘%E €T 1D %S6) %0'9T— ‘UBIIESO]

103 (%16~ ‘%6'€C— ID %S6) %8 91— ‘duoide[ouoids

10J (%6'€— ‘%ETT— ID %56) %I ET— DURIES]D

aurueaId ur 93ueyd % ‘(ogaderd sa z' = g) uepeso| 3w 001 3/8w 0og<
103 (%S°0T+ ‘%E LE— ID %S6) %8 91— ‘(0gaderd sa /00" = d) ue}Ieso| 3w 08 govn pue syusned 10y dnoid-[aqered
suolde[ouoItds 10J (%Z TT— ‘%TS— ID %S6) %be— YOVN T syeamgy  ‘oqadeld  suoldejouorids [udoursr] 18 NAZL 10 WALL purq sqnog [#£] 600z ‘10 12 TPUSIN
(1000" = g) auoloejouods
10] 8S°€C F ¥6'€S 01 #'€C F 16'19 WO ¥ID3 {(SE" = d) runuloid Jo [9A9]
0gaderd 103 €17 F ST 01 €T'T F $¢'T Woxj (300" = d) TV Kue yua syuaned 1DY 19A0SS01d [s]
auoloejouollds 10] 66°0 F 6£°0 03 8/°'T F 08'T WOl YDdN T So9m / ogode]d  auolde[ouoilds 10 14DV 0g NAZL 10 NATL ‘puriq a[qnoq 8007 ‘[v 12 uake[yes
8¢’ = 4 (urodawin Aue je J/owwt 0'9<) J1adAy 219A9s
‘67" = d (SIUSWISINSBIW SATINDIISUOD OM} UO T/[OUWIW §'G<)
S1adAy paureisns ur saduaIyjIp dnoid-usamisg
(304 103 0gadeld snsiaa 10O > J) 0gedeld 10f %% /— Sw 00T 3w oz 38w 05=< 10Y dnoi3-[arrered [s8]
auouaia[ds 10} %} 8y~ Bw 05 suouais(ds 10] %Iy~ YOVN T SYdM T 0gedRld suouarsrdy  [udereug 89 MOVN PUB NAZL ‘pur[q 2[qnoq 900z ‘v 12 utsdyg
suojoejouoitds ur Jy1adAy 03 anp papnidoxa syusned g
0qeoe[d 10§ (80— ‘6'8—) ;W €L T/UIW/TW 64—
‘auojdejouoids 103 (§'6— ‘9T —) (W £/ T/UTW/TW 67T~ 3/3w oz< ¥ovn
499 {(1— ‘9 1D %56) BHWW £— d4d Y-+T (¢~ ‘21— ID %S6) Y 1oy pg/Bwoog< 1Dy dnoid-aqrered [e£] 900z “Tv
SHWW /— d4S U-¥C (%Y €C— ‘%8 L5~ ID %S6) %90y— Ivn T 18K oqade[d  duopejouonds 10 1AV 65 avN pue NAZL ‘purq s[qnog 12 I9XDBIBIN USP UeA
(5'0+ “$00°0— ID %S6) /10wt 70+ 3 |
0T+ 0'9-) (W g/ T/utw/TW £~
¥d92 (2~ ‘9— 1D %S6) BHWW y— ddd U-¥ ‘(z— ‘0T~ ID v Ubz/8w 005Z< IVN 1DY 12A0SS01D [oz]
%S6) SHWW 9— d9S U-¥C (%TT— ‘%Ch— ID %56) %ce— AVN T syeom g ogadeld  duojefouornds 10 1DV oc pue NAz.L ¥0 WATL ‘putiq e[qnog 900€ [V 32 1pa0(U23
(Tudrurex
SA 100" > d) dnoi3 suojoejouorids/ueiresaqir/udrures
103 (%E'EE— ‘%E 09— ID %S6) 8w ST
%2 8v— pue ([udrwel sa $00° = 4) auojoejouoirds/[udrures UBMEBSSGIT 10y dnoi3-arered [69] 900z
103 (%S'ST— ‘%109~ ID %S6) %0Ch—ddN T sxy2amgl  ‘ogqade[d  suojpe[ouonds [udiuey 157 ybz/8 s1<13dn ‘putiq a[qnoq ‘Ib 32 nowo3sosAIyD
suojoefouoids ur y1adAy 03 anp papnoxa jusned T
suoloe[ouonds 10] (10 ‘6'9—) ;W £/ T/UIW/TW §'g—
£q 94199 (T0+ ‘£~ 1D %S6) SHWW g~ d9d Y-+ {(T+ ‘LT~ 1D Y Y ¥z/3w 00g < L1DY 19A0SSOID [e/]
%56) BHWW 8— ddS U-¥T (%L1~ ‘%Th— 1D %S6) %0~ IvN T siy2em g oqede[d  duopejouonds 10 1AV (14 avN pue NATL ‘purq s[qnog 5002 'Y 2 3p20[Yds
auojoe[ouoids 10§ (0'9+ ‘€'0— ID %S6) (W £ T/ull/TuL £—
Y499 (¢~ ‘9— 1D %S6) BHWW $— d4d Y-+t ‘(c— ‘01— ID Y Y b¢/Bw 00g< DY 19A0SS012 [1]
%56) BHWW 9— ddS U-¥C (%ST— ‘%I~ 1D %S6) %c€— IvN T sy2om g oqade[d  duopejouonds 10 1AV %4 avN pue NAzL ‘purq s[qnog 500 ‘v 12 ulssoy
S}NS3I Ure dn-mofog 1o0yeredwon jusuIRaI] jusuneary  syusned SOIISLI9IDBIBYD utsap Apnis Apnmis
SATIOY punoidspeg  jo 'ON jusaned

‘@Id Ym spusned Ul SSWO0DINO IB[NISBACIPIED PUE [BUSI ‘BLINUIWINJ[E Ul SUOUSIUED pue suouaid[ds ‘Duoldejouoiids Jo s109)39 ay) Sururwexs sy JO SONSLISIBIRYD UIRl T J[qeL



P. Sarafidis et al.

6

Downloaded from https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfad139/7207416 by ASST Santi Paolo e Carlo user on 14 July 2023

(zzg = d) auore ap1zoIo[y201pAYy

10} Y ¥¢/3W Z°21Z F ¥'65€ 03 T°0TT F ¢'95€
woj (100" > d) SPIZBIYI0I0[Y20IPAY

snyd suojoejouontds 10} Y z/BW ¢/T F 9'%2C

01012 F ¢'z€h woxy (100" > d) KepBur 05T= 104
auoloeouoilds 10] Y $z/8w £ /9T F ¢'89T 03 9PIZBII0I0[YD0IPAY eunurajoid dnoui3-arered [eg] sTOZ
¥0S¢ F €'££€ woyy ujo1d suLn U g UBSN T SY92M T ‘oqadeld suojoefouoids T4V 10 130V 09 pue WAzl purq a[qnog 10 32 TUSWON
LDY
(10" > d) aprzenypoIo[ydoIpAY 8/8w 00€-09 dnoi3-[aqrered [99] ¥10T
10J %E 0C— ‘QUOUDIURD I0] %L SH— YDV T Sy99m $¢ 9PIZBII0IO[YDOIPAH QUOUaIURD uelMEeS[eA 0zl DOV pPue INdz.L ‘19qe1 uado ‘v 32 Lre3o0g
(100 > 4 dnox3-usamiaq) ogaoed 103
(0T°0+ ‘£0°0+ ID %S6) 20’0+ ‘ouoidejouoirds
103 (50+ ‘T°0+ ID %S6) T/IoWW 9Z°0+ 3 4
(t1-‘T9-1D
%G6) SHWW 6°€— d9d Y-Hg pa1da110d-0gaderd
97— ‘TET— ID %S6) SHWW 6'8— ddS
U-¥g pajoariod-ogaderd (100" = d) 0gaderd 103 104
(£ 9%1+ £+ 1D %S6) 3/3w o+ ‘suojoejouoirds uotsuaadAy dnoui3-arered [18] €102
10§ (2'TT+ ‘€60T— ID %S6) 3/8w €'/~ ¥ovn 1 S¥oem 91 0Q9o®'[d auojoeouoildg YV 10 TIDV 611 juelsisal pue NACL ‘purq s[qnoa ‘Ib Jo punixp
(#£9" = d) 0qeoerd 10§ (OT'C— ‘90°9T—) (W €L'T
Jutul/TW 80'6— ‘@uojdefouoirds 10y (9/°€—
‘69°9T— ID %S6) LW gL T/utia/ T €2°0T—
399 ‘(100" = d) 0qaverd 10§ (e T+ ‘90'L~)
98'z— ‘auojoejouoirds 105 (6/°0- ‘0T°8— ID
%S6) SHWW ¥ 4— d9d (100" > d) 0qade(d 103
(£5 T+ ‘T£91—) SHWW 80'9— ‘ouoloeuoionds
10§ (68'T— ‘88'ST— ID %S6) SHWW 68'8—
dgs ‘(£10" = q) 0gave[d 10§ (6°80T+ 1DV
‘01T~ ID %S6) 3w 0°gz+ ‘ouoldoejouoiids syjuow Kep/Bw o< dnoui3-[arered [og] €T0Z "I 32
105 (79T~ ‘8'8%1— ID %S6) Swi 09— Ivn 1 8T [dereug suojoejouorids UBMESOT 9eT dvN pue Ndc.L ‘[2qer usdo newey3ansy
(9" = g) suoloejouonds
10J ;W g/ T/uta/TuI €91 F 9'G/ 01 8T F 8'6/
woy Y199 (100" > d) duoldejouoiids BLINUIWINA[ROIDTWL 1DY lo/] €10T
10J T'8% F €65 01 €69 F 97T WOl YOvN T s329m T ogade[d auoloe[ouoids [udereug 09 pue WAzl dnoi3-[arrered ‘v 32 99€1Z
SPIZEIYISWIOTYDLI} 1Y
10§ (100" > d) %1 LT F ¥'8%— ‘duoioejouonds 8/8w 00T < ¥DOVN dnoi3-feqrered [e8] €10z
103 (100" > d) %ETC F9L5— VN T syeombg  SPIZBIYISWLIO[UDLLL  duojidejouoids 4V 10 110V 9 pue syusned NAZ.L ‘[9qer uado Ib 12 9s_H
dnoi3 suojoejouoirds
ut syuaned g :(T/jowu £'g<) saposids J1adAH
(€00" = d)
LU g/ T/uti/Tu 9 F ¢/ 019 F g/ woyy Kep/Bu og< L1DY 19A0SSOId [6] zt0T
¥I99 {(%Tz— 03 %08— 28uer) %09— ¥OVN T skep 09 ogaderd auojoe[ouoids qyv 10 190V 12 IVN pPue WATL ‘puriq sqnod ‘[D 32 USS[IIN
S}[NsSaI ure dn-morjoJ 103eredwon jusUIIeSn) jusUIIeL} syuaned SO1ISLI9IDBIBYD udisap Apnis Apmis
ATV punoidspdeg Jo 'ON jusaned

panunuo) :1 J[qeL



MRA use in CKD with type 2 diabetes

Downloaded from https://academic.oup.com/ckj/advance-article/doi/10.1093/ckj/sfad139/7207416 by ASST Santi Paolo e Carlo user on 14 July 2023

'9)BI UOTIAIDXd urwnqre Areutin Yy ‘SnRu sa1aqerp ¢ adA} ‘WAzl ‘snifaw sajaqerp T adA) ‘AT, ‘wnissejod ‘3 ‘erwraresradAy SradAy

(50" > g) s1930 sa udrurer/auouaraids 10]
S119dAY JO 90USPIdUL | LW €/ T/UTW/TUI 09>
¥ID9 10 {(9° = 4 suouaiards sa [udrurer

‘5’0 = d s19130 sa [udiurer/auouaiarda

10j) auouaia[ds 10] %¥ ‘(udiwiel 10} %y
‘[udrurer/auouaiafds 10] %g :(SyuswaInseauwt

Z uo T/[oww §'G<) saposide yj1adLH UOnRUIqUIOD
(s19y30 Y30q SA UOTIRUIQUIOD 10] [udrwrer/auouaiaida uotsual1adAy T 93e3rs 10¥
1000" > d) suouaia[ds 10] %8¢~ ‘[LdIures 10} ‘Aderayrouowr jusuIIea1} pue 3/3w 00£-0E dnoi3-[arrered [98] 0zoZ 10 12
%L€— ‘Tudiurer/suousaialds 10§ %0/~ ¥OVN T sHoam T [udruey suousia[dl aasusypdAynuy SL YDV pue NACL ‘pur[q-s[Surs wapesoN
auouaia[ds 10j T/[owwt 9Z°0+ £q 3
(922 = d) (1/10ww §'6<) erwareyadAy
Jo saposida ur seouaiayyrp dnoid-usamiag LW € T/ut/ T 09> [£8] (et
suouarards REGT 10¥ AvaIn) 12T
10} JW g/ T/UtW/TW §'¢— Y39 (500" = d) jusuIean) pey %zl ‘88w /1 dnoid-jerrered v 12 ussqooE(
ogaoerd sa sauouaiards 10] %HE— £q YDVN 1 SY99m 9z ogade[d suouaisd3 aarsuspadAynuy 0%T OV UBIPAW ‘NAZ.L ‘puriq syqnog -}pueig
(0" > g) auouarued 105 Y199 | Juedyruds
(to > d)
SPIZBIYI0I0[Y20IPAY 10§ YIDS 1 JuedyIusis 1D¥
UOUSIUED 10§ }29JJ3 [e1INAU (50" > d) syjuowt uotsuaadAy dnoi3-[arrered [88] 8107
SpIZery30I0[Yd0IpAY 10§ ATuo 3 1 yuedyrudis 43 Sp1ZEeIY30I0[Yd0IpAH suouaIue) v z81 pue NAzL ‘purg-aiqnoq ‘v 32 BSOIS(
(100" > 4 dnoi3-usamiaq) Sur OST UBIIESIIT
10J (TT— ‘p2— ID %S6) utw/37 ST— ‘3w 00€
uel1BSaqIl 10] (T~ ‘SE— ID %S6) utw/Br gz—
8w 05T uelIRSaqII/QUOIdR[OUOIdS
10§ (z1— ‘T§— ID %S6) urw/37 og— (@gv/1aDV uewy 1Dd
‘Bw opg ueMESaqIl/AUOIdRIOUOIIdS 3w 00g I9130) JusWlear} urw/31 66102 dnoui3-[arered [8/] s10Z
10§ (ST— ‘S~ ID %GS6) urw/37 og— yavn 1 syeemg/ 10 3w ST ueMesaql  duoydejouonds  asasusiediynuy 81¢ YAV Pue NAZL ‘[eqef-usdo v 32 USYD
1Dd
(250" = d) (W g4 T/uTW/TW £'6 F '€~ 3/8u1 000Z-00T dnoi3-jarrered [z£] st0T
MDD (%TT— ‘WbS— ID %S6) %eE—MOVN T sxyeam g oqadeld suoloeouoilds 4V 10 110V s YOVN pue NAZL oqe[-uado b 12 0B
S}[NsaI1 ure dn-morjo 103eredWon jusUIIeSn) jusUIIeSL} syuanred SOIISLI9IDBIBYD udisap Apnis Apmis
ATV punoidpeg Jo 'oN Jusned

panunuo) :1 J[qeL



8 | P. Sarafidis et al.

(1) (2)

A) Aldosterone

(3)

MR

B) Steroidal MRAs

Spironolactone Eplerenone

\
Cofactors

(4)

0

Finerenone

Androgen
receptor

Cofactors

ul n

L_ Cofactors

MR

Figure 2: Conceptual representation of MRA structure and impact on MR activation and recruitment of cofactors. (A) Aldosterone is an almost planar steroidal molecule
that upon binding to the MR promotes its nuclear migration and recruitment of coactivators such as steroid receptor coactivator-1 (SRC-1). (B) Spironolactone and
eplerenone are quasi-planar MRAs that still retain the capacity to activate the MR and recruit cofactors such as SRC-1, although to a lower extent than aldosterone,
hence their inhibition of aldosterone binding and action. Spironolactone can additionally bind to sex hormone receptors. (C) Finerenone is a non-steroidal bulky MRA
that cannot activate the MR or induce conformational changes required to allow the recruitment of cofactors such as SRC-1. Each panel presents the ligand (1), the MR
(2) and the interaction between ligand and MR (3). Panel (C) also shows the interaction between spironolactone and sex hormone receptors (4).

or combination therapy of eplerenone/ramipril 50/10 mg for
24 weeks [86]. A significantly greater reduction in UACR by 70%
was observed in the combination group compared with ramipril
(37%) or eplerenone (38%) monotherapy groups (P < .001 for
combination group compared with both monotherapy groups).
Overall, no significant differences were noted in the incidence
of sustained hyperkalemia (>5.5 mmol/L on two consecutive
occasions) between the three treatment groups. However, pa-
tients with eGFR <60 mL/min/1.73 m? showed a higher incidence
of sustained hyperkalemia in the eplerenone/ramipril combina-
tion group. A pre-specified analysis of the Mineralocorticoid Re-
ceptor Antagonist in Type 2 Diabetes (MIRAD) trial [87] exam-
ined effects of either a high dose of eplerenone (100-200 mg)
or placebo on top of background antihypertensive treatment for
26 weeks on UACR and changes in 24-h ambulatory BP from
baseline in 140 patients with T2D with established or at high
risk of cardiovascular disease. A decrease of UACR by 34% was
observed for eplerenone compared with placebo (P = .005), an
effect that was consistent across several subgroups after post

hoc analysis. The incidence of mild hyperkalemia (>5.5 mmol/L)
did not differ between the two groups (P = .276); however,
eplerenone was associated with an increase in serum potassium
by 0.26 mmol/L and a decrease in eGFR of 3.5 mL/min/1.73 m?
compared with placebo.

Canrenone

The effects of canrenone on albuminuria, BP levels and kidney-
related outcomes were examined in 120 patients with T2D, un-
controlled BP and UACR 60-300 mg/g [66]. After a 2-week placebo
period and a 4-week period of combination therapy with val-
sartan 160 mg plus amlodipine 5 mg, patients were random-
ized to canrenone or hydrochlorothiazide for a total of 24 weeks.
A similar decrease in 24-h SBP/DBP was observed in the two
groups, while UAE decreased by 45.3% from baseline in the can-
renone group and by 20.3% in the hydrochlorothiazide group
(P < .01). No significant changes in serum levels of creatinine and
potassium were noted. In another study from the same group in
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182 patients with T2D and hypertension [88], a slight decrease in
eGFR was observed with hydrochlorothiazide but not with can-
renone, and canrenone had a neutral effect on serum potassium
levels.

STUDIES OF NOVEL MRAS IN CKD WITH T2D

Finerenone is a third-generation, non-steroidal MRA with tissue
and ligand specificity, and equal distribution between heart and
kidneys. It inhibits binding of coregulatory molecules to the MR
independently of the presence or absence of aldosterone in vitro
[30]. Finerenone displays distinct effects from steroidal MRAs
on cofactor recruitment following MR binding, a fact that was
proposed to result in the more potent inhibition of inflamma-
tory and fibrotic pathways, with less potent disruption of the
genomic MR effects, resulting in milder BP reduction and potas-
sium retention [36]. Esaxerenone and apararenone are other
highly selective non-steroidal MRAs [89, 90]. Finerenone is li-
censed in Europe, the USA and other countries for nephropro-
tection and cardioprotection in CKD with T2D, following results
of phase 3 RCTs discussed below. Esaxerenone is licensed for
hypertension treatment in Japan, following evidence of a dose-
dependent BP reduction that is at least equivalent to eplerenone
[91]. Both esaxerenone and apararenone have been tested in
phase 2 RCTs on CKD with T2D.

Finerenone

The first randomized, double-blind, placebo-controlled study
that tested the safety and efficacy of finerenone was the Min-
eralocorticoid Receptor Antagonist Tolerability Study-Diabetic
Nephropathy (ARTS-DN) Study (Table 2) [92]. In this, 821 patients
with T2D and moderately or severely increased albuminuria on
ACEi or ARB treatment were randomized to placebo and differ-
ent finerenone doses. Finerenone displayed dose-dependent re-
ductions in placebo-corrected mean ratio of UACR at 3 months
relative to baseline (0.79, 0.76, 0.67 and 0.62 for the finerenone
7.5, 10, 15 and 20 mg/day dose groups, respectively); the inci-
dence of hyperkalemia leading to study discontinuation was
2.1%, 0%, 3.2% and 1.7%, respectively. ARTS-DN Japan [93] in-
cluded 96 patients with T2D and albuminuria and had similar
results.

Two large, phase 3 RCTs, Finerenone in reducing kidney
failure and disease progression in DKD (FIDELIO-DKD) [27] and
Finerenone in reducing cardiovascular mortality and morbidity
in DKD (FIGARO-DKD) [28] examined the effects of finerenone
on hard renal and cardiovascular outcomes in CKD with T2D.
FIDELIO-DKD included 5734 patients with T2D treated with
maximum tolerated doses of an ACEi or ARB with either UACR
30-<300 mg/g, eGFR 25-<60 ml/min/1.73 m? and diabetic
retinopathy, or UACR 300-5000 mg/g and eGFR 25-<75 mL/min/
1.73 m? [27]. All patients were required to have serum potas-
sium <4.8 mmol/L at screening. Participants were randomized
to finerenone 10-20 mg or placebo. At baseline, 12.1% of the
participants had moderately (KDIGO A2 albuminuria) and 87.5%
severely increased albuminuria (KDIGO A3 albuminuria), while
the mean eGFR was 44.3 £+ 12.6 mL/min/1.73 m?. During a
median of 2.6 years follow-up finerenone significantly reduced
the primary outcome [kidney failure, i.e. dialysis for >90 days or
kidney transplantation or eGFR <15 mL/min/1.73 m?, sustained
(>4 weeks) decrease in the eGFR >40% from baseline or death
from renal causes] compared with placebo (HR 0.82, 95% CI
0.73-0.93). This was also the case for the main secondary renal
outcome (kidney failure, sustained eGFR decrease of >57%
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from baseline or renal death; HR 0.76, 95% CI 0.65-0.90) and the
secondary cardiovascular outcome [time to first occurrence of
cardiovascular death, nonfatal myocardial infraction (MI), non-
fatal stroke or hospitalization for heart failure (HHF); HR 0.86,
95% CI 0.75-0.99]. Patients in the finerenone group had a higher
mean serum potassium level (maximal difference 0.23 mmol/L)
than those on placebo. Hyperkalemia episodes leading to drug
discontinuation were more frequent with finerenone compared
with placebo but were uncommon (2.3% vs 0.9%).

In the FIGARO-DKD study, 7437 patients with T2D and
either UACR >30-<300 mg/g and eGFR >25-90 mL/min/1.73
m?, or UACR >300-<5000 mg/g and eGFR >60 mL/min/1.73 m?,
who had serum potassium <4.8 mmol/L at screening, were
randomized to receive finerenone 10-20 mg or placebo on
top of a maximum tolerated RAS blocker monotherapy [28].
During a median follow-up of 3.4 years, the primary outcome
(cardiovascular death, nonfatal MI, nonfatal stroke or HHF)
was reduced with finerenone (HR 0.87, 95% CI 0.76-0.98). The
greatest benefit was observed in reduction of risk for HHF (HR
0.71, 95% CI 0.56-0.90). Finerenone was also associated with a
marginally significant lower risk for the key secondary renal
outcome (kidney failure, sustained decrease in the eGFR >40%
from baseline, or renal death; HR 0.87, 95% CI 0.76-1.01) and a
significant reduction in incidence of end-stage kidney disease
(HR 0.64, 95% CI 0.41-0.995). Hyperkalemia leading to drug
discontinuation was less common than in the FIDELIO-DKD
study (1.2% vs 0.4%, respectively).

It is worth noting that these reductions in the risk of hard
renal outcomes with finerenone were originally seen as nu-
merically smaller than those observed with SGLT2i in rele-
vant major trials [13-15]. However, this appears to be largely
related to the actual population under study, as exempli-
fied by a post hoc analysis of the FIDELIO-DKD [94] includ-
ing only patients who met the CKD inclusion criteria of the
Canagliflozin and Renal Events in Diabetes with Established
Nephropathy Clinical Evaluation (CREDENCE) study (UACR
>300-5000 mg/g and eGFR 30-<90 mL/min/1.73 m?) and show-
ing reductions of similar magnitude in cardiorenal endpoints
examined.

The FIDELITY analysis was a pre-specified pooled analysis
of both FIDELIO-DKD and FIGARO-DKD [95] including a total of
13 171 patients, with mean eGFR 57.6 mL/min/1.73 m? and me-
dian UACR 515 mg/g. Patients receiving finerenone had lower
risk for the composite cardiovascular outcome of time to car-
diovascular death, nonfatal MI, nonfatal stroke or HHF (HR 0.86,
95% CI 0.78-0.95) and the composite kidney outcome of time to
first onset of kidney failure, sustained eGFR decrease >57% or
renal death (HR 0.77, 95% CI 0.67-0.88). Among the components
of the renal outcome, a 20% reduction in the risk for end-stage
kidney disease (HR 0.80, 95% CI 0.64-0.99) was noted. Higher
rates of hyperkalemia leading to drug discontinuation were re-
ported with finerenone (1.7%) compared with placebo (0.6%) but
no hyperkalemia-related deaths occurred. In a more recent FI-
DELITY on-treatment analysis [96], finerenone was shown to re-
duce the incidence of all-cause (HR 0.82, 95% CI 0.70-0.96) and
cardiovascular mortality (HR 0.82, 95% CI 0.67-0.99) compared
with placebo.

Another FIDELITY analysis, examined the influence of con-
comitant SGLT2i use on the study outcomes [97]. About 6.7% of
patients were on SGLT?2i at baseline and 8.5% initiated one dur-
ing the trials. The HRs with finerenone versus placebo for the
kidney composite outcome were 0.80 (95% CI 0.69-0.92) with-
out and 0.42 (95% CI 0.16-1.08) with SGLT2i. For the cardiovascu-
lar composite, the HRs were 0.87 (95% CI 0.79-0.96) without and
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0.67 (95% CI 0.42-1.07) with SGLT2i. As such, baseline SGLT2i
use or SGLT2i at any time did not affect risk reduction with
finerenone for the main outcomes. Patients receiving an SGLT2i
at baseline had lower incidence of hyperkalemia in both the
placebo and finerenone groups. These findings may suggest that
MRA and SGLT2i may be complementary to each other in im-
proving efficacy, as assessed by the reduction in the risk of kid-
ney events and cardiovascular events while improving safety by
reducing the risk of hyperkalemia [98].

Esaxerenone

Three studies evaluated the effects of esaxerenone on albumin-
uria in patients with CKD with T2D (Table 3). In a phase 2b
trial, 365 patients with T2D, UACR >45-<300 mg/g and eGFR
>30 mL/min/1.73 m? treated with a RAS blocker were ran-
domly assigned to receive 0.625, 1.25, 2.5 or 5 mg/day of esax-
erenone or placebo for 12 weeks [99]. A dose-dependent re-
duction of albuminuria was evident with esaxerenone (21%
for 0.625 mg, 38% for 1.25 mg, 50% for 2.5 mg and 56% for
5 mg/day) versus placebo that was significantly different from
placebo for all esaxerenone dose groups except for the low-
est one. In the phase 3 Esaxerenone in Patients with Type 2
Diabetes and Microalbuminuria (ESAX-DN) study, 455 patients
with T2D and UACR >45-<300 mg/g were randomized to re-
ceive esaxerenone 1.25 mg/day, up-titrated to 2.5 mg/day based
on serum potassium levels, or placebo on top of a RAS blocker
for 52 weeks [100]. Esaxerenone-treated patients had a mean
reduction of UACR by 58% versus an 8% increase for placebo-
treated patients (P < .001), while remission of albuminuria
occurred in 22% versus 4% of participants (P < .001) in the
two groups. More patients in the esaxerenone group had a
serum potassium of >6.0 or >5.5 mmol/L on two consecu-
tive occasions (9% versus 2%, P = .002), and 4% versus 1%
of patients, in exaserenone and placebo groups, respectively,
discontinued treatment due to hyperkalemia. A significantly
higher eGFR decline at study-end with esaxerenone (11% vs
1%, respectively) was noted. Finally, in a single-arm, open-label
phase 3 study including 56 patients with T2D, UACR >300 mg/g
and eGFR >30 mL/min/1.73 m?, administration of esaxerenone
on top of RAS blockade was associated with UACR reduction
by 54.6% and eGFR decline by 8.3 mL/min/1.73 m? compared
with baseline [101]. Serum potassium levels >6.0 mmol/L or
>5.5 mmol/L on two consecutive occasions occurred in 5.4% of
participants.

Apararenone

A phase 2 RCT randomized 293 Japanese patients with T2D
and UACR 50-300 mg/g to apararenone 2.5, 5 or 10 mg or
placebo [90]. Only around 64% of study patients were treated
with a RAS blocker at randomization. After 24 weeks of treat-
ment, a significantly higher dose-dependent UACR decrease by
46.5%-62.9% was observed with apararenone compared with
placebo (P < .001 for all comparisons). Apararenone was as-
sociated with higher rates of UACR remission to <30 mg/g
and a decrease in UACR of >30% from baseline (7.8%, 29.0%
and 28.1%) for the three apararenone doses, respectively.
These results were consistent during an open-label exten-
sion up to 52 weeks. A dose-dependent increase in serum
potassium between 0.14-0.25 mmol/L was observed with
apararenone.
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POTENTIAL MECHANISMS FOR THE
NEPHROPROTECTIVE ACTIONS OF MRAS

As discussed above, previous trials in CKD with T2D investi-
gating dual RAS blockade [i.e. the Aliskiren Trial in Type 2 Dia-
betes Using Cardiorenal Endpoints (ALTITUDE) and Veterans Af-
fairs Nephropathy in Diabetes (VA NEPHRON-D) trials] [11, 12]
were prematurely terminated due to increased risk for adverse
effects, without strong signals of efficacy. Exploring the poten-
tial kidney protective mechanisms of action of MRAs and, more
specifically, of finerenone, on top of RAS monotherapy should
answer the question of why this combination could increase kid-
ney protection when dual conventional RAS blockade does not.

Two main mechanisms have been proposed for the kidney
protective effects of MRAs: a haemodynamic impact and a di-
rect action on tissue inflammation and fibrosis. In the FIDELIO-
CKD study, finerenone led to an early reduction in UACR by 40%
which persisted over time, along with an early eGFR decline, fol-
lowed by a lower rate of eGFR loss [27], thus supporting that a
beneficial act may be driven by a haemodynamic effect. This pat-
tern suggests a decreased intraglomerular pressure which limits
podocyte injury and albuminuria, a response similar to conven-
tional RAS blockers and SGLT2i [102, 103]. Albuminuria reduc-
tion averts activation of inflammatory and fibrogenic mediators,
which contribute to renal scarring, prevents loss of Klotho and
even decreases the metabolic load of proximal tubular cells [49,
104, 105]. Studies with SGLT2i have already demonstrated that
in patients receiving RAS blockers further reduction of intra-
glomerular pressure may be of benefit [16, 106, 107]. In previous
trials evaluating dual conventional RAS blockade that did not
show kidney protection, there was an overlap in the eGFR val-
ues early post-initiation of the intervention or placebo, as com-
pared with a clear early dip in eGFR in the finerenone arm of
FIDELIO-DKD (Fig. 3). Furthermore, in dual RAS blockade trials
the difference in the decrease in albuminuria between the inter-
vention and placebo groups ranged from 11% to 20%, i.e. it was
2- to 4-fold lower than the difference observed in FIDELIO-DKD
[11, 12] (Fig. 3). These data are compatible with a contribution
of a mild early hemodynamic effect of combining RAS blockade
and MRA which was not as evident in dual conventional RAS
blockade and which might contribute to finerenone-associated
nephroprotection.

The decrease in renal hyperfiltration cannot be the only
mechanism of action of MRAs, as there is a limit on the bene-
fits of glomerular pressure reduction and the associated albu-
minuria decrease. This is partly supported by the analyses of
patients who were receiving or started an SGLT2i during the
trial, suggesting similar benefits of finerenone in those with or
without SGLT2i treatment [97]. As such, a second mechanism
related to the nephroprotective action of MRAs has been sug-
gested, involving inhibition of proinflammatory and profibrotic
effects originated by transcription factor activity of MR on proin-
flammatory and profibrotic genes [36, 37]. In previous studies in
animal models of diabetes, spironolactone or eplerenone were
shown to block MR overexpression [52], reduce collagen depo-
sition [108] and macrophage infiltration [39], prevent podocyte
injury [109], and ameliorate glomerulosclerosis. Other benefits
of MR antagonism may include preserving Klotho expression
and limiting the aldosterone-dependent but RAS-independent
adverse effects of Klotho deficiency on cardiorenal injury
[51, 110].

Finerenone delays aldosterone-induced nuclear accumula-
tion of MR more efficiently than spironolactone. In contrast
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Figure 3: Haemodynamic impact of dual conventional RAS blockade vs MRA plus RAS blockade according to selected large outcomes clinical trials. (A) ALTITUDE.
Aliskiren + RAS blockade vs placebo + RAS blockade [11]. Note the overlapping SE bars for early eGFR changes and milder early impact on albuminuria than in
FIDELIO-DKD. (B) VA NEPHRON-D. Losartan + lisinopril vs losartan + placebo [12]. Note overlapping 95% CI bars for early eGFR changes and milder early impact on
albuminuria than in FIDELIO-DKD. (C) FIDELIO-DKD. Note the non-overlapping 95% CI for the early decrease in eGFR as well as the large decrease in albuminuria.
Finerenone + RAS blockade vs RAS blockade + placebo [27]. Note different scales for different graphs (reproduced with permission from Ortiz et al. [151]).

to spironolactone, finerenone inhibits MR, steroid receptor
coactivator-1 and RNA polymerase II recruitment to MR tar-
get genes, thus differentially regulating gene expression [111].
Moreover, both eplerenone and spironolactone behave as acti-
vators of the S810L mutant MR responsible for a severe form
of early onset hypertension, while finerenone is an antago-
nist. Finerenone demonstrated stronger anti-inflammatory and
anti-fibrotic properties compared with natriuretic-related equiv-
alent doses of eplerenone [112]. Preclinical studies support a
benefit of non-steroidal MR antagonism in acute kidney injury

(AKI) induced by ischaemia/reperfusion, related to reduced ox-
idative stress in smooth muscle cells, thus leading to ineffi-
cient endothelin-B receptor signalling and defective endothe-
lial nitric oxide synthase (eNOS) activation [113]. In addition,
MR antagonism prevented the AKI-to-CKD transition, decreas-
ing pro-inflammatory macrophage infiltration and promoting
macrophage polarization to an M2-repair phenotype (over in-
flammatory M1 macrophage) in the acute phase after the is-
chaemic injury, through an increased macrophage interleukin-4
receptor expression and activation [114].
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KEY ONGOING STUDIES WITH MRAS OF
NEPHROLOGICAL INTEREST

The recently completed Aldosterone Antagonist Chronic
HEModialysis Interventional Survival Trial (ALCHEMIST) [115]
and the ongoing Aldosterone bloCkade for Health Improvement
Evaluation in End-stage Renal Disease (ACHIEVE; NCT03020303)
are two trials aiming to examine the effect of spironolactone on
cardiovascular outcomes and mortality in the dialysis popula-
tion [116]. Spironolactone is also being retested in patients with
heart failure with preserved ejection fraction in the Spirono-
lactone Initiation Registry Randomized Interventional Trial
(SPIRRIT; NCT02901184) and the SPIRolactone In the Treatment
of Heart Failure (SPIRIT-HF; EudraCT 2017-000697-11).

The phase 3 Trial to Learn How Well Finerenone Works and
How Safe it is in Adult Participants With Non diabetic Chronic
Kidney Disease (FIND-CKD; NCT05047263) is examining the ef-
fect of finerenone versus placebo on top of a RAS blocker in
1580 patients with non-diabetic albuminuric CKD (Table 4). The
primary endpoint is mean rate of change in eGFR and the es-
timated completion date is February 2026. The combination of
finerenone and empagliflozin compared with monotherapy with
either drug is tested in the phase 2 Study to Learn How Well the
Treatment Combination of Finerenone and Empagliflozin Works
and How Safe it is Compared to Each Treatment Alone in Adult
Participants With Long term Kidney Disease and Type 2 Diabetes
(CONFIDENCE; NCT05254002) [117]; the primary endpoint is the
relative change from baseline in UACR at 180 days in the com-
bination therapy group versus the empagliflozin monotherapy
or the finerenone monotherapy groups. The FINerenone trial to
investigate Efficacy and sAfety superioR to placebo in paTientS
with Heart Failure (FINEARTS-HF; NCT04435626) is evaluating
the effects of finerenone on patients with heart failure [New
York Heart Association (NYHA) 2-4] and left ventricular ejection
fraction (LVEF) >40% with a primary endpoint of cardiovascular
mortality and HHF. A composite renal endpoint is being tested
among the secondary outcomes.

Among other novel non-steroidal MRAs, balcinrenone (AZD-
9977) recently completed phase 1 studies in healthy volunteers
[118] and patients with heart failure with preserved or mid-
range LVEF in comparison with spironolactone [119], while an-
other study has enrolled patients with various degrees of re-
nal impairment (NCT04469907). A phase 2 study (NCT04595370)
is comparing the antiproteinuric effect of balcinrenone at as-
cending doses in combination with dapagliflozin versus da-
pagliflozin alone in patients with heart failure (NYHA 2-3) with
an LVEF <60%, CKD stage 3 and albuminuria. BI690517 com-
pleted a phase 1 study in patients with diabetic nephropa-
thy (NCT03165240) and will be evaluated in a phase 2 study
(NCT05182840) for its antialbuminuric impact compared with
either placebo or empagliflozin monotherapy or combination
therapy. KBP-5074 has been tested for BP lowering in a phase 2
trial in patients with uncontrolled hypertension and CKD stage
3b—4 [mean eGFR of 34 mL/min/1.73 m? (NCT03574363)] [120],
showing placebo-subtracted SBP changes of —7.0 mmHg and
—10.2 mmHg with KBP-5074 0.25 and 0.5 mg respectively, and
no hyperkalemia-related serious adverse events or hospitaliza-
tions. A phase 3 study is currently recruiting patients to as-
sess changes in SBP/DBP, and UACR compared with placebo
(NCT04968184). Among other non-steroidal MRAs, LY2623091
[121] was examined in a phase 2 trial including 42 patients with
CKD compared with eplerenone (NCT01427972) and PF03882845
[122,123] in phase 1 studies, but clinical development has been
discontinued for both.

MRAS VERSUS ALDOSTERONE SYNTHASE
INHIBITORS

Aldosterone synthase (CYP11B2) inhibitors are also being tested
in clinical trials [124, 125]. Aldosterone synthase inhibitors may
decrease all genomic and non-genomic actions of aldosterone,
including non-genomic actions not mediated by the MR [126].
To what extent they may have advantages and improve out-
comes over available MRAs remains unclear [127]. In the phase
2 BrigHTN trial, 248 participants with treatment-resistant hy-
pertension (BP >130/80 mmHg and receiving a diuretic and at
least two other antihypertensive drugs) were randomized to
the aldosterone synthase inhibitor baxdrostat (0.5-2.0 mg/day)
or placebo. After 12 weeks, systolic BP was reduced by 12.1-
20.3mmHg with baxdrostat and 9.4 mmHg with placebo [128].
A phase 2 RCT is testing different doses of the aldosterone
synthase inhibitor BI690517 alone or in combination with em-
pagliflozin to improve kidney function in people with CKD
(NCT05182840).

SAFETY OF MRAS IN CKD WITH T2D

Spironolactone and eplerenone have class 1A recommendation
for patients with HF with reduced ejection fraction (HFrEF) [23],
approximately 30% of whom will also have CKD [129, 130]. Ac-
cording to registry data, however, only 70% of eligible patients
are treated with these agents and 70% of these are underdosed
[131, 132]. A main reason for physician inertia in this area is the
fear of hyperkalemia and impaired kidney function. Spironolac-
tone also induces breast pain and gynecomastia, erectile dys-
function in men, and menstrual irregularities in premenopausal
women [130]. Despite not being life-threatening, these adverse
effects often influence treatment adherence. These hormonal-
type side effects are much less common with eplerenone and
no different with finerenone than with placebo in recent trials
[27,28], due to the high selectivity of these drugs. Furthermore, in
FIDELIO-DKD and FIGARO-DKD, the incidence of AKI and related
discontinuation of drug treatment was low and similar between
groups.

The issue of hyperkalemia with MRAs in CKD with T2D
should be discussed within the broad concept of hyperkalemia
in CKD. Low renal function per se is a factor associated with
increased serum potassium [133], but development of hyper-
kalemia in these patients is most commonly multifactorial [134,
135]. Use of ACEi or ARB monotherapy is a usual cause of hy-
perkalemia and, on the other hand, hyperkalemia is the most
common reason for reducing the dose or stopping these agents
in the real-word setting [134, 136, 137]. Among patients with
CKD, hyperkalemia is more common in those with diabetes
mellitus [138]. In the RENAAL trial, an episode of serum potas-
sium >5 mmol/L was noted in 22.8% and 38.4% of placebo- and
losartan-treated patients, and of >5.5 mmol/L in 5.1% and 10.8%,
respectively [7, 139]. In ALTITUDE, serum potassium >5.5 and
<6 mmol/L was noted in 16.9% and 21.2% in RAS monotherapy
and combination groups, and >6 mmol/L in 7.2% and 11.2% of
participants, respectively (Fig. 3) [11]. Finally, in the NEPHRON-D
trial, hyperkalemia defined as potassium >6.0 mmol/L or emer-
gency visit, hospitalization or dialysis was noted in 4.4% and
9.9% of participants on ACEi monotherapy or the ACEi/ARB com-
bination, respectively [12].

Combining a RAS blocker with an MRA is expected to re-
sult in even higher rates of hyperkalemia than dual RAS block-
ade. Indeed, in a meta-analysis of studies evaluating MRAs for
albuminuria, addition of an MRA to placebo/active drug was
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* Follow lifestyle recommendations (weight loss, physical exercise, reduction of dietary sodium

smoking cessation, etc)
* Treat co-morbid conditions
recommendations

!

(hypertension,

diabetes, dyslipidemia) according to

* Include an ACEi or an ARB as first-line treatment for BP control in all patients with CKD.
* In addition to BP control, titrate an ACEi or an ARB to maximum tolerated approved doses in
patients with CKD and UACR>30 mg/g, (equivalent to urine albumin excretion>30 mg/24h) to

achieve optimal nephroprotection.

Use an SGLT-2 inhibitor in patients with
CKD and type-2 DM with an eGFR >20 gnd
ml/min/1.73 m2 (a)(b)

Use a nsMRA (finerenone) in patients with
CKD and type 2 DM with UACR>30 mg/g,
eGFR >25 ml/min/1.73 m? and serum K+
<4.8 mmol/L (b)

In patients with hyperkalemia use current treatment practices, potentially including a novel potassium binder to
maintain serum K+ <5.5 mmol/L to ensure optimal treatment with an ACEI/ARB and/or a nsMRA

(a) The recommendation includes patients with glomerulonephritis without immunosuppression but not patients receiving or in need of immunossupression and patients
with polycystic kidney disease or after kidney transplantation due to lack of data ; (b) Consult prescribing and licensing indications for SGLT-2 inhibitors and finerenone

Figure 4: Clinical practice algorithm for treatment of DKD.

associated with 2.6-fold higher hyperkalemia risk. This rose
to 4.4-fold if only studies using MRA on top of RAS blockers
were considered [26]. The Spironolactone With Patiromer in the
Treatment of Resistant Hypertension in Chronic Kidney Disease
(AMBER) phase 2 trial randomized 295 patients with resistant hy-
pertension and advanced CKD [i.e. eGFR 25-45 mL/min/1.73 m?
(mean 36 mL/min/1.73 m?)] to the potassium binder patiromer or
placebo to evaluate the rate of hyperkalemia. Two-thirds of pa-
tients in the placebo group developed hyperkalemia over the 12-
week follow-up, and this risk was halved in the patiromer group
[140]. This renin-angiotensin-aldosterone system inhibitor en-
abling effect of patiromer was also demonstrated in studies in
CKD (57% with T2D) [141] and in HFrEF [142, 143].

In the FIDELIO-DKD trial, requiring a serum potassium
<4.8 mmol/L at study entry, mean serum potassium was about
0.23 mmol/L higher with finerenone than placebo and around
4.6 mmol/L throughout the trial. Incidences of hyperkalemia, de-
fined as serum potassium >5.5 mmol/L occurred in 4.5% and
21.7% of participants and >6.0 mmol/L in 1.4% and 9.8% of par-
ticipants on placebo and finerenone, respectively [27]. However,
the rates of hyperkalemia leading to discontinuation of the trial
regimen were rather acceptable (2.3% vs 0.9%), while no fatal
hyperkalemia adverse events were reported. Although no head-
to-head comparisons in phase 3 trials are available, a previous
phase 2 trial directly comparing finerenone with spironolactone
in HFEF [144] and an indirect comparison using AMBER and FI-
DELITY data in patients with CKD and resistant hypertension
[145] support that the rates of hyperkalemia are considerably
lower with finerenone than with other steroidal MRAs. As these

rates are non-negligible, however, it is strongly recommended
to follow the summaries of product characteristics (SPC) rec-
ommendations on the use of finerenone, as well as to institute
available treatment practices to reduce hyperkalemia risk, po-
tentially including the use of new potassium-binding agents to
enable maintenance of RAS blockers and/or non-steroidal MRA,
as described in detail elsewhere [135, 146].

CONCLUSIONS ON MRAS USE
IN CKD WITH T2D

A multifactorial intervention in patients with T2D, including
proper glycaemic and BP control, treatment with an ACEi or ARB,
using statins, and implementing lifestyle interventions such as
weight loss and physical exercise slows CKD progression and
lowers cardiovascular risk. However, such multifactorial inter-
ventions have been recommended for decades with implemen-
tation rates that are not optimal, while several disappointing
RCTs have been performed in patients with CKD and T2D, with
agents such as bardoxolone [147], aliskiren [11, 148] and darbe-
poetin [149]. In the last few years, major trials in patients with
T2D, as well as in patients with diabetic and non-diabetic CKD
have provided undisputable evidence on the beneficial effects
of SGLT2i on renal and cardiovascular outcomes, changing the
landscape of the treatment of CKD [13-16]. As such, current rec-
ommendations advocate the preferred use of SGLT2i in patients
with CKD and T2D on top of single RAS blockade, within their
licensed indications [17, 150].
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Following the results from the FIDELIO-DKD [27] and FIGARO-
DKD [28] trials, finerenone is currently licensed in several coun-
tries for prevention of both kidney and cardiovascular events in
patients with CKD and T2D (Fig. 4). A key point is the relative po-
sition of SGLT2i and finerenone or other novel MRAs in kidney
and cardiovascular protection in CKD with T2D. In this regard,
as previously pointed out, SGLT2i were allowed in FIDELIO-DKD
and FIGARO-DKD [27, 28], whereas patients treated with MRAs
were either excluded or very uncommon in the major SGLT2i tri-
als [13-15]. Preclinical evidence and subgroup analyses of clini-
cal trials currently suggest that the actions of these drug classes
may be complementary, but details on whether combination of
both would offer additional protection are expected from ongo-
ing RCTs, as discussed above. In addition, the residual risk in
these patients is considerable even after SGLT2i use and further
justify an SGLT2i and finerenone combination strategy. Similarly,
whether finerenone would offer benefits in non-diabetic CKD is
expected to be known when the results of the FIND-CKD study
are available.

Until further evidence is available, finerenone should be used
for nephroprotection and cardioprotection on top of an ACEi
or an ARB in maximum tolerated doses and independently of
the use of an SGLT2i in patients with CKD with T2D with eGFR
>25 mL/min/1.73 m?, moderately or severely increased albu-
minuria and serum potassium <4.8 mmol/L. As such, treatment
for such individuals should be based on three pillars: ACE or
ARB, SGLT2i and finerenone. Whether an SGLT2i and finerenone
should be started simultaneously or not, or which one should be
used first is not known from RCTs currently available, but a per-
sonalized approach and regular clinical judgment would rather
enable the use of both agents in most patients with a relevant
indication, perhaps with a few (i.e. 4-6) weeks interval between
the initiation of each of them to allow for repeat checking of
BP, eGFR and serum potassium. It should be emphasized that,
although currently available steroidal MRAs (i.e. spironolactone
and eplerenone) have shown similar benefits in the intermediate
outcomes of albuminuria and proteinuria in CKD, none of them
has been tested on hard outcomes in CKD. Therefore, the results
of FIDELIO-DKD and FIGARO-DKD, in terms of both efficacy on
hard kidney and cardiovascular outcomes and safety, cannot be
extended to them due to the lack of relevant evidence. The re-
sults of currently ongoing and future trials with finerenone and
other non-steroidal MRAs and aldosterone synthase inhibitors
in CKD with or without T2D are awaited to shed more light on
this field.
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NephroCan

Rethinking
Hemoe®ialysis

NephroCan is @ Canadian, fully integrated product and service
provider for patients affected by chronic kidney failure and needing
hemodialysis (HD) therapy. Our company offers a broad range of HD
products including machinery: hemodialysis machine, central and
portable reverse osmosis (RO) systems, patient chairs, and disposables:
dialyzers, bloodlines, fistula needles, and bicarbonate cartridges and

bags.

NephroCan’s dialyzers (NephroFilters) are made with high-quality
materials and pass rigorous testing to ensure safety, effectiveness,
and efficacy. We offer a variety of NephroFilters to assist nephrologists
and other healthcare providers in administering personalized care for
their patients. NephroFilters are low flux or high-flux permeability and
adaptable to different hemodialysis machines, designed for ease of

use by healthcare professionals.

0ur HD machine (NephroHDM) features technology that enables
precise and customized treatment for each patient. Our goal is to
improve clinical outcomes and patient safety. The NephroHDM offers
various therapeutic options that allow healthcare providers to tailor
hemodialysis sessions based on each patient’s specific needs. The
machine is practical, with an intuitive interface for a fast, easy set up,

and safe monitoring of HD treatments.

NephroCan's CE-certified products are trusted by healthcare
professionals around the world. Our commmitment to quality and safety
is reflected in our operations and processes, which ensure our products
provide patients with the best hemodialysis treatment throughout

their ESRD journey.

0ur distribution partners and end users agree on several

reasons why NephroCan presents a unique offering:

1. Extensive product portfolio

NephroCan offers a wide range of products and services that cover
the “A to Z" of the hemodialysis spectrum. This broad portfolio
provides integrated solutions and comprehensive treatments for

dialysis patients with various medical needs.

2. Commitment to innovation

NephroCan is committed to innovation and invests heavily in
research and development to create new products that can
improve patient outcomes. Our focus is to develop products and
technologies that will better serve the healthcare industry in the

coming years.

3. Global perspective

With an existing presence in the EU, Africa, Asia, and the Middle
East, NephroCan's goal is to expand our reach and serve patients
in diverse geographical areas. This global vision allows us to share
best practices and leverage expertise across regions to improve

patient care.

4. Patient and family-centred care approach
NephroCan places a strong emphasis on putting patients and
their families first. We tailor our products and services to meet
the uniqueness of the communities we serve. This philosophy
is reflected in our commitment to quality and safety, ensuring

NephroCan is a trusted provider of hemodialysis products.

You can learn more about how our products are driving positive
change in the industry and improving patient outcomes

worldwide by visiting our website: www.NephroCan.com.

We invite you to see our product portfolio
in person at the upcoming ERA 2023 congress:

dh Q

June MiCo - Milano
15th - 17th

Booth number
Convention Center c.100



	INTRODUCTION
	ALDOSTERONE-MEDIATED MINERALOCORTICOID RECEPTOR ACTIVATION IN HEALTH AND DISEASE
	SYSTEMATIC SEARCH STRATEGY
	STUDIES OF STEROIDAL MRAs IN CKD WITH T2D
	Spironolactone
	Eplerenone
	Canrenone
	STUDIES OF NOVEL MRAs IN CKD WITH T2D
	Finerenone
	Esaxerenone
	Apararenone
	POTENTIAL MECHANISMS FOR THE NEPHROPROTECTIVE ACTIONS OF MRAs
	KEY ONGOING STUDIES WITH MRAs OF NEPHROLOGICAL INTEREST
	MRAs VERSUS ALDOSTERONE SYNTHASE INHIBITORS
	SAFETY OF MRAs IN CKD WITH T2D
	CONCLUSIONS ON MRAs USE IN CKD WITH T2D
	SUPPLEMENTARY DATA
	ACKNOWLEDGEMENTS
	FUNDING
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	REFERENCES

