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The overactivation of the mineralocorticoid receptor (MR) in animal models of chronic kidney disease

(CKD) increases sodium retention and hypertension and provokes inflammation and fibrosis in the kid-

neys, blood vessels, and the heart; these processes play an important role in the progression of car-

diorenal disease. Accordingly, blockade of the MR is an attractive therapeutic intervention to retard the

progression of CKD and improve cardiovascular morbidity and mortality. Finerenone is a novel, nonste-

roidal MR antagonist (MRA) with a unique mode of action that is distinct from currently available steroidal

MRAs. In animal models of CKD, finerenone has a more favorable benefit/risk ratio as compared with the

steroidal MRAs such as spironolactone and eplerenone. In patients with type 2 diabetes and heart and/or

kidney disease, phase II trials have revealed that compared with spironolactone, eplerenone, or placebo,

finerenone displays benefits that exceed the risks of MR antagonism. In patients with CKD and type 2

diabetes, a large phase III trial has shown that, compared with placebo, finerenone improved kidney failure

and cardiovascular outcomes. In the first part of this article, we explore the safety and efficacy of spi-

ronolactone and eplerenone in early- and late-stage CKD. In the second part, we describe the mechanism

of action of finerenone and discuss the promising role of this nonsteroidal MRA as a novel therapeutic

opportunity to improve clinical outcomes in patients with CKD.

Kidney Int Rep (2021) 6, 2281–2291; https://doi.org/10.1016/j.ekir.2021.05.027

KEYWORDS: chronic kidney disease; eplerenone; finerenone; mineralocorticoid receptor; spironolactone

ª 2021 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
T
he MR belongs to the subfamily of nuclear hor-
mone receptors and is expressed in several tissues/

cell types, such as in the kidney, heart, vasculature,
immune cells, and fibroblasts.1 Physiologically, the MR
plays a key role in regulating fluid, electrolytes, and
blood pressure (BP). However, MR is overactivated in
CKD and heart failure (HF). In addition to increased salt
and water retention, MR overactivation increases the
expression of target genes implicated in inflammatory
and fibrotic pathways; this culminates in organ injury.1

Therefore, MR blockade is an attractive pharmacolog-
ical target for preserving organ function. Preserving
organ function is of key importance, particularly in
patients with type 2 diabetes mellitus (T2DM). Kidney
injury and early-stage CKD in these patients associates
with a far greater likelihood of cardiovascular
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morbidity than progression to end-stage kidney disease
(ESRD). Therefore, MR blockade may abrogate the
progression of CKD and reduce cardiovascular
morbidity and mortality.2

Landmark randomized trials have shown that,
among patients who have HF with reduced ejection
fraction (HFrEF), the currently available steroidal
MRAs (spironolactone and eplerenone) reduce the risk
of hospitalization and cardiovascular death.3,4

Although steroidal MRAs have received the strongest
endorsement (class IA) in clinical guidelines for the
treatment of HFrEF,5 large-scale observational studies
have shown that these lifesaving therapies are under-
used in clinical practice.6 Notably, the underuse of
spironolactone and eplerenone occurs more commonly
in patients with impaired kidney function, most likely
due to the associated risk of both acute kidney injury
(AKI) and hyperkalemia.7 Furthermore, spironolactone
is recommended by guidelines as optimal fourth-line
therapy of resistant hypertension,8,9 but this indica-
tion is restricted only to patients with estimated
glomerular filtration rate (eGFR) >45 ml/min per 1.73
m2 and serum K # 4.5 mEq/l.9 Despite the fact that the
burden of resistant hypertension increases
2281
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progressively with the decline in eGFR,10,11 the risk of
hyperkalemia also increases as eGFR declines.12,13 Once
again, hyperkalemia acts as a barrier and limits the use
of spironolactone as add-on antihypertensive therapy
in advanced CKD.14 The inability to offer complete
blockade of the renin-angiotensin system (RAS) affects
clinical outcomes. Pharmacoepidemiologic studies have
shown that, compared with patients receiving RAS-
blockade on maximum doses, patients treated with
submaximum doses or those who permanently dis-
continued RAS-blocker therapy due to hyperkalemia
had higher long-term risk for adverse cardiorenal
events and mortality.15 Most importantly, unlike the
established cardioprotective benefit of steroidal MRAs
in patients with HFrEF, whether these agents are also
effective in slowing the progression of kidney injury
among patients with CKD remains uncertain given that
high-quality clinical trial evidence in this high-risk
population is limited.7

The critical unmet need to slow the progression of
cardiorenal disease with a more favorable side-effect
profile sparked considerable efforts towards the dis-
covery and development of nonsteroidal MRAs.
Finerenone is a novel MRA with nonsteroidal structure
and a unique binding mode that determines its high
potency and selectivity for the MR.1,2 Preclinical
studies provided preliminary evidence that finerenone
modifies tissue remodeling by exerting anti-
inflammatory, antifibrotic, and antiproliferative ac-
tions on both the heart and the kidney.16-18 Phase II
clinical trials have shown a dose-dependent reduction
in albuminuria with finerenone and side-effect profile
similar with placebo, as well as smaller treatment-
induced increases in serum potassium levels with
finerenone compared with spironolactone.19-21

Furthermore, in a large phase III trial involving pa-
tients with CKD and T2DM, finerenone improved long-
term kidney and cardiovascular outcomes as compared
with placebo.12

In the first part of this article, we explore the safety
and efficacy of steroidal MRAs in patients with early-
and late-stage CKD. In the second part, we discuss the
promising role of finerenone as a novel therapeutic
opportunity to slow the progression of kidney injury
and improve cardiovascular outcomes in patients with
CKD.
EFFICACY AND SAFETY OF STEROIDAL MRAS

Early-stage CKD

Pilot randomized trials have explored the hypothesis of
whether steroidal MRAs (spironolactone or eplerenone)
offer an additive kidney protective benefit in patients
who have CKD already treated with an RAS inhibitor
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(an angiotensin-converting enzyme inhibitor [ACEi] or
an angiotensin receptor blocker [ARB]).7,22 As shown in
Table 1, 2 Cochrane meta-analyses, published in 2009
and 2014 respectively, have suggested that add-on
therapy with steroidal MRAs is associated with sig-
nificant reductions in albuminuria and in-office BP, but
there was no clear benefit on the rate of eGFR
decline.23,24 In contrast, both meta-analyses showed
that the addition of spironolactone to an ACEi or an
ARB was associated with excess risk of side effects,
mainly with a two- to three-fold higher risk of
hyperkalemia.23,24 Limitations of the included trials
included small sample sizes, short follow-up durations,
and the absence of kidney failure endpoints; only in-
termediate endpoints such as albuminuria or BP re-
ductions were reported.

The earlier 2014 meta-analysis included 27 trials
with 1549 patients23; in comparison, an updated 2020
Cochrane meta-analysis in mild-to-moderate proteinu-
ric CKD expanded these observations to 44 trials
involving 5745 patients.25 Compared to placebo or
standard-of-care, add-on therapy with a steroidal MRA
was associated with improvement in albuminuria
(standardized mean difference: -0.51; 95% confidence
interval [CI]: -0.82 to -0.20), in office systolic BP
(weighted mean difference: -4.98 mm Hg; 95% CI: -8.22
to -1.75), and in eGFR (weighted mean difference: -3.00
ml/min per 1.73 m2; 95% CI: -5.51 to -0.49).25 With
respect to the side-effect profile, the addition of spi-
ronolactone to an RAS blocker was associated with
2.17-fold higher risk of hyperkalemia (relative risk
[RR]: 2.17; 95% CI: 1.47 to 3.22), 2.04-fold higher risk
of AKI (RR: 2.04; 95% CI: 1.05 to 3.97) and 5.14-fold
higher incidence of gynecomastia (RR: 5.14; 95% CI:
1.14 to 23.23).25 The risk of hyperkalemia and AKI
accumulates over time; none of the studies was long-
term. Therefore, the RR evaluated was over the short-
term. These trials did not include kidney failure end-
points (such as dialysis or kidney transplantation) or
major adverse cardiovascular events (such as myocar-
dial infarction or stroke). In comparison to MRAs
added to a RAS inhibitor, dual RAS blockade improves
albuminuria but fails to protect the heart or the kidney
in long-term trials.26-28 Similarly, in the absence of
long-term kidney failure and cardiovascular endpoints,
the benefit/risk ratio of steroidal MRAs remains
unclear.

Late-Stage CKD

In 2016, a meta-analysis of nine trials (N ¼ 829) aimed
to explore the safety and efficacy of steroidal MRAs in
ESRD patients with or without HF.29 Compared with
control group, add-on therapy with spironolactone or
eplerenone reduced by 66% the risk of cardiovascular
Kidney International Reports (2021) 6, 2281–2291



Table 1. Meta-Analyses of Randomized Controlled Trials Exploring the Safety and Efficacy of Steroidal MRAs Among Patients With CKD
Author Year Studies N Patient Characteristics Intervention Key Results

Early-stage CKD

Navaneethan et al.24 2009 10 845 Patients with CKD currently treated
with an ACEi and/or ARB

Add-on MRA therapy vs. placebo Reduction in 24-hour proteinuria (WMD: -0.80 g;
95% CI: -1.23 to -0.38; 7 studies, N ¼ 372).

No improvement in eGFR (WMD: -0.70 ml/min per
1.73 m2; 95% CI: -4.73 to 3.34; 5 studies,
N ¼ 306).

Increased risk of hyperkalemia (RR: 3.06; 95%
CI: 1.26 to 7.41; 8 studies; N ¼ 436).

Bolignano et al.23 2014 27 1549 Patients with proteinuric CKD
(nephrotic and non-nephrotic
range)

MRAs alone or in combination with
an ACEi or ARB vs. other
antihypertensive strategies or
placebo

Reduction in 24-hour proteinuria (SMD: -0.61;
95% CI: -1.08 to -0.13; 11 studies, N ¼ 596).

Imprecise effect on eGFR (WMD: -2.55 ml/min per
1.73 m2; 95% CI: -5.67 to 0.51; 9 studies,
N ¼ 528).

Increased risk of hyperkalemia (RR: 2.00; 95% CI:
1.25 to 3.20; 11 studies, N ¼ 632).

Increased risk of gynecomastia (RR: 5.14; 95%
CI: 1.14 to 23.23; 4 studies, N ¼ 281).

Chung et al.25 2020 44 5745 Patients with proteinuric CKD
(nephrotic and non-nephrotic
range)

MRAs in combination with an ACEi
or ARB vs. other antihypertensive
strategies or placebo

Reduction in 24-hour proteinuria (SMD: -0.51;
95% CI: -0.82 to -0.20; 14 studies, N ¼1193)
and in eGFR (WMD: -3.00 ml/min per 1.73 m2;
95% CI: -5.51 to -0.49; 13 studies, N ¼ 1165).

Increased risk of hyperkalemia (RR: 2.17; 95% CI:
1.47 to 3.22; 17 studies, N ¼ 3001) and
increased risk of gynecomastia (RR: 5.14; 95%
CI: 1.14 to 23.23; 4 studies, N ¼ 281).

Uncertain effects on kidney failure (RR: 3.00; 95%
CI: 0.33 to 27.65; 2 studies, N ¼ 84), all-cause
death (RR: 0.58; 95% CI: 0.10 to 3.50;
3 studies, N ¼ 421) and cardiovascular
events (RR: 0.95; 95% CI: 0.26 to 3.56;
3 studies, N ¼ 1067).

Late-stage CKD

Quach et al.29 2016 9 829 ESRD patients on hemodialysis or
peritoneal dialysis with or
without HF

Spironolactone or eplerenone vs.
placebo or standard-of-care

Reduction in the risk of cardiovascular mortality
(RR: 0.34; 95% CI: 0.15 to 0.75; 5 studies,
N ¼ 655) and all-cause mortality (RR: 0.40;
95% CI: 0.23 to 0.69; 6 studies, N ¼ 721).

Increased risk of hyperkalemia (RR: 3.05; 95%
CI: 1.21 to 7.70; 7 studies, N ¼ 755)

Uncertain benefit/risk ratio due to wide variability in
RRs in sensitivity analysis.

Hasegawa et al.32 2021 16 1446 Patients with CKD requiring
dialysis

Spironolactone or eplerenone vs.
placebo or standard care

Reduction in the risk of cardiovascular mortality
(RR: 0.37; 95% CI: 0.22 to 0.64; 6 studies,
N ¼ 908) and all-cause mortality (RR: 0.45;
95% CI: 0.30 to 0.67; 9 studies, N ¼ 1119).

Increased risk of gynecomastia (RR: 5.95; 95% CI:
1.93 to 18.3; 4 studies, N ¼ 768) and little to no
difference in the risk of hyperkalemia (RR: 1.41;
95% CI: 0.72 to 2.78; 9 studies, N ¼ 981).

Marginal effect of left ventricular mass (SMD: -0.42;
95% CI: -0.78 to 0.05; 8 studies, N ¼ 633).

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ESRD, end-
stage renal disease; HF, heart failure; MRA, mineralocorticoid receptor antagonist; RR, relative risk; SMD, standardized mean difference; WMD, weighted mean difference.
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death (RR: 0.34; 95% CI: 0.15 to 0.75) and by 60% the
risk of all-cause death (RR: 0.40; 95% CI: 0.23 to 0.69).
However, this cardioprotective benefit was accompa-
nied by a 3.05-fold higher incidence of hyperkalemia in
MRA-treated patients than in controls (RR: 3.05; 95%
CI: 1.21 to 7.70).29 These risk estimates should be
interpreted cautiously because five of the included
trials had less than 6 months of follow-up and four
trials had sample sizes of less than 30 patients each,
indicating lack of high-quality evidence. The benefit/
risk ratio of steroidal MRAs among ESRD patients was
investigated in two subsequent trials. The safety and
cardiovascular (CV) efficacy of spironolactone in
Kidney International Reports (2021) 6, 2281–2291
dialysis-dependent ESRD showed a dose-dependent
increase in the risk of hyperkalemia, particularly
when spironolactone was administered at a dosage of 50
mg/d.30 Similarly, in the Mineralocorticoid Receptor
Antagonists in End-Stage Renal Disease (MiREnDa)
trial,31 moderate hyperkalemia (defined as predialysis
serum potassium level of 6.0 to 6.5 mmol/l) occurred
more commonly in the spironolactone than in the pla-
cebo group. Furthermore, both spironolactone in
dialysis-dependent ESRD and MiREnDa failed to show
a benefit of spironolactone on left ventricular diastolic
function over 36 weeks30 or on left ventricular mass
over 40 weeks of follow-up,31 respectively.
2283
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In an updated 2021 Cochrane meta-analysis of 16
trials (N ¼ 1446),32 compared with placebo, treatment
with spironolactone or eplerenone was associated with
63% reduction in the risk of CV death (RR: 0.37; 95%
CI: 0.22 to 0.64) and with 55% reduction in the risk of
all-cause death (RR: 0.45; 95% CI: 0.30 to 0.67). Add-on
MRA therapy increased the risk of gynecomastia (RR:
5.95; 95% CI: 1.93 to 18.3), but there was little to no
difference in the risk of hyperkalemia between active-
treatment and control groups (RR: 1.41; 95% CI: 0.72 to
2.78).32 This seemingly more favorable benefit/risk
profile of spironolactone or eplerenone in late-stage
CKD should be carefully interpreted; most of the tri-
als included in this larger meta-analysis were once
again small, short-term, and potentially had a high risk
of bias.

More conclusive evidence on the safety and efficacy
of steroidal MRAs in ESRD is anticipated by two large
ongoing phase III trials.33 In the Aldosterone Antago-
nist Chronic Hemodialysis Interventional Survival Trial
(ALCHEMIST), 825 patients on hemodialysis will be
randomized to spironolactone or placebo; the primary
outcome of this trial is defined as the time to first
occurrence of nonfatal myocardial infarction, acute
coronary syndrome, hospitalization for HF, nonfatal
stroke, or CV death.33 The even larger Aldosterone
Blockade for Health Improvement Evaluation in End-
Stage Renal Disease (ACHIEVE) trial is planning to re-
cruit 2750 patients receiving either hemodialysis or
peritoneal dialysis aiming to compare the effect of
spironolactone versus placebo on the composite
outcome of CV death or hospitalization for HF.33 Until
firm evidence from these two large ongoing trials be-
comes available, the use of spironolactone and epler-
enone for CV protection in ESRD patients remains
uncertain.
CARDIORENAL PROTECTION WITH THE

NONSTEROIDAL MRA FINERENONE

Mechanism of Action

Finerenone is a third-generation, nonsteroidal molecule
with a unique binding mode to the MR that determines
potency, selectivity, and nuclear cofactor recruitment.1

Some key differences in the molecular mode of action
between steroidal MRAs and finerenone exist and merit
attention. Finerenone has higher selectivity for the MR
than spironolactone and eplerenone and is at least
equally potent compared with spironolactone.34 Unlike
steroidal MRAs, molecular modeling studies have
shown that finerenone acts as a bulky and passive
antagonist to the MR.35,36 This distinct mechanism of
action modifies substantially the transcriptional
cascade mediated by the MR blockade in a cell-specific
2284
manner.18 In contrast to spironolactone and eplerenone
which both exert a partial agonistic effect on cofactor
recruitment, finerenone acts in vitro as an inverse
agonist to the MR.1,18,36,37 Therefore, finerenone sup-
presses downstream expression of proinflammatory and
profibrotic genes regardless of the presence or absence
of aldosterone.

Physicochemical and Pharmacokinetic

Properties

The duration of action may modify the pharmacody-
namic response to MRA therapy.1 For example, epler-
enone has a short plasma half-life of 4 to 6 hours and
clinical studies have shown that the BP-lowering effi-
cacy of eplerenone is greater when this short-acting
MRA is administered at twice-daily as compared with
once-daily dosing regimens.38 However, in large
outcome trials conducted with patients who have
HFrEF, eplerenone effectively reduced the risk of CV
mortality and hospitalization for HF even when
administered at doses of 25 to 50 mg once daily.4 This
differentiation generates the hypothesis that, although
the hemodynamic action or the effects on potassium
homeostasis may be determined by a prolonged MRA
exposure, the anti-inflammatory and antifibrotic ac-
tions that mediate end-organ protection may require a
shorter MRA exposure.1 Compared with steroidal
MRAs, finerenone is a molecule with greater polarity
and six- to 10-fold less lipophilicity1; these unique
physicochemical characteristics of finerenone deter-
mine its high tissue penetration and distribution. Spi-
ronolactone and eplerenone exhibit greater
accumulation in the kidney than in the heart1,39; in
contrast, finerenone has an equal kidney-heart distri-
bution.37 This differentiation may, at least partly,
explain the greater impact of steroidal MRAs on renal
handling of sodium and potassium balance. Most
importantly, the clearance of finerenone is predomi-
nantly mediated through nonkidney routes of elimi-
nation.40,41 Finerenone is also characterized by a short
plasma half-life (2 to 3 hours in patients with CKD) and
lack of biologically active metabolites.40,42,43 In sharp
contrast, spironolactone is a prodrug with multiple
metabolites that have prolonged duration of action.44

This has been shown in a recent randomized trial, in
which spironolactone (25 to 50 mg/d) was administered
as add-on therapy in patients with resistant hyper-
tension and eGFR of 25 to 45 ml/min per 1.73 m2 for 12
weeks.45 In a prespecified post-trial follow-up visit,
75% of patients had detectable urinary excretion of
metabolites (i.e., canrenone and 7a-thiomethyl spi-
ronolactone) 2 weeks after the administration of the last
dose of spironolactone.45 More than half of the systolic
BP reduction provoked by spironolactone over the
Kidney International Reports (2021) 6, 2281–2291



Table 2. Phase II Randomized Controlled Trials Testing the Safety and Efficacy of Finerenone

Trial N Patient Characteristics Intervention Follow-Up, days Primary Outcome Key Results

ARTS21 Part A: 65
Part B: 392

HFrEF (NYHA functional class II-IV and
LVEF #40%) with eGFR of 60 to
<90 ml/min per 1.73 m2 in Part A and
eGFR of 30 to 60 ml/min per 1.73 m2

in Part B

Part A: finerenone (2.5, 5, or 10 mg
once daily) vs. placebo;

Part B: finerenone (2.5, 5, or 10 mg daily or
5 mg twice daily) compared with placebo
and open-label spironolactone (25 or
50 mg/d)

28 Change in serum potassium Significantly smaller treatment-induced
increases in serum potassium with
finerenone than with spironolactone
(0.04 to 0.30 vs. 0.45 mmol/l,
P < 0.0001 to 0.0107).

Lower incidence of hyperkalemia with
finerenone than with spironolactone
(5.3% vs. 12.7%, P ¼ 0.048).

Finerenone provoked at least similar
reductions in BNP, NT-proBNP, and
albuminuria compared with
spironolactone.

ARTS-HF20 1066 HFrEF requiring hospitalization and
intravenous diuretic therapy. Patients
also had type 2 DM and/or CKD
(eGFR of >30 ml/min/1.73m2

in diabetics and eGFR of 30-60 ml/min/
1.73m2 in non-diabetics)

Finerenone (2.5 to 15 mg daily titrated up to
5 to 20 mg daily) vs. eplerenone (25 mg
every other day that could be increased to
25 mg/d and then to 50 mg/d)

90 Proportion of patients with a decrease of
>30% in NT-proBNP from baseline
to study end

The proportion of patients with >30%
decrease in NT-proBNP did not differ
between the finerenone and eplerenone
groups.

The exploratory endpoint of all-cause
death, cardiovascular hospitalization, or
emergency visit due to worsening HF
occurred numerically less frequently in
finerenone-treated than in eplerenone-
treated patients.

The overall incidence of hyperkalemia was
4.3% and was equally balanced among
treatment groups.

ARTS-DN19 823 Type 2 DM with albuminuria (UACR
$30 mg/g) and eGFR of
>30 ml/min/1.73m2 under treatment
with at least the minimum recommended
of a RAS-blocker

Finerenone (1.25, 2.5, 5, 7.5, 10, 15,
or 20 mg daily) vs. placebo

90 Change in albuminuria Finerenone provoked a dose-dependent
reduction in UACR.

Drug discontinuation due to hyperkalemia
was not observed with placebo and
finerenone 10 mg/d, but occurred in
2.1%, 3.2%, and 1.7% of patients in
the finerenone 7.5-, 15- and 20-mg/
d groups.

ARTS, Mineralocorticoid Receptor Antagonist Tolerability Study; ARTS-DN, ARTS-Diabetic Nephropathy study; ARTS-HF, ARTS-Heart Failure study; BNP, B type natriuretic peptide; CKD, chronic kidney disease; DM, diabetes mellitus; eGFR, estimated
glomerular filtration rate; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; LVEF, left ventricular ejection fraction; NYHA; New York Heart Association; NT-proBNP, N-terminal-pro-B-type natriuretic peptide; RAS, renin-angiotensin
system; UACR, urinary albumin-to-creatinine ratio.
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course of this trial was sustained 2 weeks after drug
discontinuation.45 It is therefore likely that restoration
of normokalemia may not occur immediately after drug
discontinuation due to the accumulation of active me-
tabolites of spironolactone, particularly in patients
with moderate-to-advanced CKD.
Preclinical Studies

A growing body of evidence from preclinical studies
suggests that finerenone is effective in causing regres-
sion of end-organ damage in cardiorenal disease. In
animal models, the administration of finerenone pre-
vented the AKI inducible by ischemia/reperfusion as
well as the chronic and progressive deterioration in
kidney structure and function.16,17,37 These kidney
protective effects were mediated through down-
regulation of expression of proinflammatory and pro-
fibrotic markers, reduction in albuminuria, and
regression of tubulointerstitial fibrosis.16,17,37 These
beneficial actions were observed even when finerenone
was administered at dosages not significantly modi-
fying systemic BP,37 indicating a BP-independent
mechanism of action of finerenone. Furthermore, in
animal models of cardiac hypertrophy, compared with
equinatriuretic doses of eplerenone, finerenone reduced
more effectively cardiac fibrosis, plasma prohormone
levels of brain natriuretic peptide (BNP), and albu-
minuria.46-49

Preclinical studies also provided preliminary evi-
dence that inhibition of inflammation and fibrosis in
response to therapy with nonsteroidal MRAs may not
be counteracted by excess risk of hyperkalemia, sug-
gesting a more favorable benefit/risk ratio of this novel
drug class.1 In a rat model of CKD, a nonsteroidal MRA
(PF-03882845) was compared with eplerenone and a
therapeutic index was determined as the ratio of drug
concentration that induced hyperkalemia to the corre-
sponding drug concentration that induced a significant
albuminuria-lowering effect.50 The therapeutic index
of PF-03882845 against hyperkalemia was 57-fold
higher than that of eplerenone.50 In a mouse model of
rapidly progressive glomerulonephritis, BR-4628, a
precursor to finerenone, was shown to effectively
suppress glomerular damage via anti-inflammatory and
antifibrotic actions without modifying urinary sodium/
potassium excretion and without inducing
hyperkalemia.51
Phase II Clinical Trials

The safety and efficacy of finerenone was explored in a
large phase II clinical trial program that included
>2000 patients with HFrEF, CKD, and/or T2DM or
with CKD and T2DM (Table 2).19-21
2286
The Mineralocorticoid Receptor Antagonist Tolera-
bility Study (ARTS) was a phase IIb trial that was
conducted in two parts.21 In part A, the safety and
tolerability of finerenone (2.5, 5, or 10 mg once daily)
relative to placebo was investigated in 65 patients with
HFrEF and mild CKD (eGFR: 60 to <90 ml/min per 1.73
m2). In part B, the effect of finerenone (2.5, 5, or 10 mg
once daily, or 5 mg twice daily) on serum potassium
levels was compared with that of placebo or active
treatment with spironolactone (25 to 50 mg once daily)
in 392 patients with HFrEF and moderate CKD (eGFR:
30 to 60 ml/min per 1.73 m2). The mean increase in
serum potassium levels over 28 days was significantly
smaller in all four finerenone dose groups than in the
spironolactone group (0.04 to 0.30 vs. 0.45 mmol/l,
respectively).21 The adverse events of hyperkalemia
and worsening of kidney function occurred less
commonly in patients treated with finerenone than in
patients randomly assigned to spironolactone. With
respect to the efficacy outcomes, finerenone appeared
to be at least equally effective with spironolactone in
lowering the levels of BNP, N-terminal proBNP, and
albuminuria over the course of this randomized trial.21

The ARTS-Heart Failure (ARTS-HF)20 stukdy
included 1066 patients with a recent hospitalization
due to worsening HFrEF requiring treatment with
intravenous diuretics. According to the inclusion
criteria, patients enrolled in ARTS-HF had also T2DM
and/or CKD (eGFR of >30 ml/min per 1.73 m2 in those
with concomitant T2DM and 30 to 60 ml/min per 1.73
m2 in those without T2DM).20 This phase IIb trial
aimed to compare the safety and efficacy of finerenone
(2.5 to 15 mg/d titrated up to 5 to 20 mg/d) versus
eplerenone (25 mg every other day that could be
increased to 25 mg/d on day 30 and then to 50 mg/d on
day 60) over 90 days. The proportion of patients with
>30% decline in the levels of N-terminal proBNP
during follow-up, the primary efficacy outcome, did
not significantly differ between treatment groups.20

However, a signal of benefit with finerenone was
evident in the composite clinical outcome of all-cause
death, CV hospitalization, or emergency presentation
due to worsening HF. This key exploratory clinical
endpoint occurred less commonly in finerenone-treated
than in eplerenone-treated patients; the between-drug
difference reached nominal significance in those ran-
domized to the eplerenone 10/20–mg/d group (hazard
ratio: 0.56; 95% CI: 0.35 to 0.90; P ¼ 0.02),20 despite
the fact that this trial was not originally designed to
detect significant differences in this composite clinical
outcome. Hyperkalemia (defined as serum potassium
elevation >5.6 mmol/l) occurred in 4.3% of the pa-
tients, but the incidence of hyperkalemic events was
similar in the finerenone and eplerenone groups.20
Kidney International Reports (2021) 6, 2281–2291



Figure 1. The design and main results of the Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic Kidney Disease trial.
CV, cardiovascular; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; HF, heart failure; MI, myocardial infarction; RAS,
renin-angiotensin system; UACR, urinary albumin-to-creatinine ratio.
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In the ARTS-Diabetic Nephropathy (ARTS-DN)19

phase IIb trial, 823 patients with T2DM, urinary
albumin-to-creatinine ratio (UACR) $30 mg/g and
eGFR >30 ml/min per 1.73 m2 receiving background
treatment with a RAS blocker were randomized to add-
on finerenone at progressively increasing doses (1.25
up to 20 mg/d) or matching placebo for 90 days.
Compared with placebo, finerenone provoked a dose-
dependent reduction in albuminuria; the primary effi-
cacy outcome, the placebo-subtracted mean ratio of the
UACR at day 90 versus baseline, was reduced by 21%,
24%, 33%, and 38% in the finerenone 7.5-, 10-, 15-
and 20-mg/d groups, respectively.19 Permanent drug
discontinuation due to hyperkalemia was not observed
in the placebo and finerenone 10-mg/d groups, but
occurred in 2.1%, 3.2%, and 1.7% of patients
randomly assigned to the finerenone 7.5-, 15-, and 20-
mg/d groups, respectively.19 The secondary safety
outcome of $30% decline in eGFR as well as the
incidence of other serious adverse events did not
significantly differ between groups.19

Taken together, these phase II trials showed that
finerenone exerted beneficial short-term actions on in-
termediate cardiorenal endpoints (i.e., albuminuria and
N-terminal proBNP levels), whereas hyperkalemia or
AKI were not acting as barriers against its use.19-21
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These promising results provided the rationale for the
design of a large phase III clinical trial program aiming
to fully elucidate the benefit/risk ratio of finerenone in
patients with CKD and T2DM.

Phase III Clinical Trials

The Finerenone in Reducing Kidney Failure and Disease
Progression in Diabetic Kidney Disease (FIDELIO-
DKD)12 trial randomized 5734 patients with CKD and
T2DM to double-blind therapy with finerenone or
placebo over a median follow-up of 2.6 years
(Figure 1).12 According to the eligibility criteria,
FIDELIO-DKD enrolled patients with high albuminuria
(UACR of 30 to <300 mg/g), eGFR of 25 to <60 ml/min
per 1.73 m2 and diabetic retinopathy, or patients with
very high albuminuria (UACR of 300 to <5000 mg/g)
and eGFR of 25 to <75 ml/min per 1.73 m2. The design
of the trial prespecified the optimization of background
therapy; the administration of an ACEi or an ARB had
been adjusted to the maximum tolerated dose in the
overall study population before randomization.12 This
means that the trial screened patients who still had
high or very high albuminuria despite optimized RAS
inhibition.

Compared with placebo, finerenone reduced by 18%
the primary composite outcome of kidney failure and
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sustained >40% decline in eGFR or death from renal
causes (hazard ratio: 0.82; 95% CI: 0.73 to 0.93).12 A
key secondary outcome was a composite outcome of
kidney failure and sustained >57% decline in eGFR or
death from renal causes; this is more in line with kid-
ney failure outcomes used in clinical trials of CKD in
T2DM. The hazard ratio of this outcome was 0.76 (95%
CI: 0.65 to 0.90). This translates to 24% RR reduction in
kidney failure outcome; one-third more than the pri-
mary outcome. Furthermore, finerenone provoked a
placebo-subtracted reduction of 14% in the key sec-
ondary composite outcome of CV death, nonfatal
myocardial infarction, nonfatal stroke, or hospitaliza-
tion for HF (hazard ratio: 0.86; 95% CI: 0.75 to 0.99).12

With respect to side-effect profile, finerenone treatment
was well tolerated and the distribution of adverse
events was similar in the finerenone and placebo arms.
However, the expected adverse effect of hyperkalemia
was more with finerenone, as discussed in detail below.

The underlying mechanisms mediating the car-
diorenal protection afforded by finerenone in the
FIDELIO-DKD trial require a closer examination. The
change in systolic BP from baseline to month 12 of
follow-up was -2.1 mm Hg with finerenone and 0.9
mm Hg with placebo, respectively. Over the first 4
months, finerenone was associated with a 31% higher
reduction in the UACR as compared with placebo. The
separation of Kaplan-Meier curves for the secondary
composite CV outcome was observed within weeks of
starting therapy.12 Accordingly, the modest BP-
lowering effect as well as the early benefit on albu-
minuria and CV events suggests that part of the car-
diorenal benefit of finerenone might be mediated
through natriuretic or hemodynamic mechanisms. The
separation of Kaplan-Meier curves for the primary
composite kidney failure outcome occurred after 12
months of follow-up; this benefit was persistent until
the completion of the trial.12 Therefore, it is likely that
long-term tissue remodeling through anti-
inflammatory, antifibrotic, and antiproliferative ac-
tions, as suggested by several preclinical studies,16,18,37

might be an additional mediator of the sustained car-
diorenal protection afforded by finerenone over the
course of the FIDELIO-DKD trial.12 The relative
contribution of hemodynamic and inflammation/
fibrosis may differ by organ, stage of CKD, environ-
mental (such as dietary sodium intake), and genetic
factors among patients.

The benefits of finerenone on kidney failure and CV
outcomes should be placed in context against the risk
of treatment-induced hyperkalemia. In the FIDELIO-
DKD study, the incidence of hyperkalemia-related
adverse events was two-fold higher in finerenone-
treated than in placebo-treated patients (18.3% and
2288
9.0%, respectively).12 However, serious hyperkalemia-
related adverse events requiring hospitalization
occurred rarely (1.4% and 0.3%, respectively),
whereas there was no report of any mortal event
directly attributable to hyperkalemia. Permanent drug
discontinuation was observed in 64 (2.3%) patients in
the finerenone group and 25 (0.9%) patients in the
placebo group.12 However, on a closer examination, the
tolerability of finerenone over the course of the
FIDELIO-DKD trial was substantially higher than that
previously reported with spironolactone in the Spi-
ronolactone With Patiromer in the Treatment of
Resistant Hypertension in Chronic Kidney Disease
(AMBER) trial.45 In AMBER, 295 patients with resistant
hypertension and advanced CKD (eGFR of 25-45 ml/min
per 1.73 m2) were randomized to receive either placebo
or the potassium-binder patiromer in addition to open-
label spironolactone and their baseline BP-lowering
medications. Permanent discontinuation of spi-
ronolactone due to hyperkalemia occurred in 23.0% of
patients in the placebo group.45 This contrasts with the
2.3% discontinuation rate seen with finerenone.
Furthermore, the AMBER trial was 12 weeks in dura-
tion; the median follow-up in the FIDELIO-DKD trial
was 2.6 years. Even in those randomized to the
patiromer group, the discontinuation rate of spi-
ronolactone due to hyperkalemia was 6.8%.45 There-
fore, although the risk of hyperkalemia with finerenone
— in contrast to the preclinical studies — is real, this
risk is small and manageable. Baseline serum potassium
categories did not impair the heart and the kidney
protection offered by finerenone. Thus, hyperkalemia
is not a factor that limits its kidney and heart protec-
tion efficacy in patients T2DM and advanced CKD.
PERSPECTIVES

The FIDELIO-DKD study showed that finerenone is
effective in retarding the progression of kidney injury
and in improving CV outcomes among patients with
T2DM and moderate-to-advanced CKD. The 2020
Cochrane meta-analysis of 44 trials of steroidal MRAs
included 5745 patients25; the FIDELIO-DKD trial alone
included 5734 patients.12 The meta-analysis did not
include kidney failure or CV outcomes unlike the
FIDELIO-DKD trial. The mean eGFR of patients enrolled
in this landmark trial was 44.3�12.6 ml/min per 1.73
m2; more than half of these patients had CKD stage 3b
or higher.12 Patients with T2DM with an earlier stage
of CKD may benefit even more. Further insight will be
provided by the ongoing Finerenone in Reducing CV
Mortality and Morbidity in Diabetic Kidney Disease
(FIGARO-DKD) trial.52 This sister study was initiated in
September 2015 and randomized 7437 patients with
Kidney International Reports (2021) 6, 2281–2291
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T2DM and less advanced CKD (62% of patients with
stage 1 or 2 CKD and a mean eGFR of 67.8�21.7 ml/min
per 1.73 m2) aiming to compare the effect of finerenone
relative to placebo on a primary composite outcome
defined as time to first occurrence of CV death, nonfatal
myocardial infarction, nonfatal stroke, or hospitaliza-
tion for HF.52 Thus, the ongoing FIGARO-DKD is
anticipated to answer the question whether MR
blockade with finerenone at an earlier stage of diabetic
kidney disease confers primarily CV protection in pa-
tients with T2DM and CKD. In such patients, the risk
of CV morbidity and mortality is much higher than the
risk of kidney injury progression to ESRD.53 The re-
sults of the FIGARO-DKD trial will be announced in
2021. Future trials are needed to explore whether MR
antagonism with finerenone is an effective strategy to
mitigate the diabetic kidney disease risk specifically in
patients with type 1 diabetes mellitus.

Finerenone is an investigational drug and its
approval for use in clinical practice is still pending.
The unique mechanism of action and the distinct
pharmacodynamic properties of finerenone indicate
that this novel agent is not anticipated to replace some
established clinical indications of the currently
available steroidal MRAs. For example, spironolactone
is recommended by guidelines as fourth-line therapy
for the management of resistant hypertension,9 but
the barrier of hyperkalemia limits its use in patients
with eGFR <45 ml/min per 1.73 m2.14 Despite the fact
that the risk of hyperkalemia is much less with
finerenone than with spironolactone, add-on therapy
with spironolactone is probably more effective to
control BP in patients with resistant hypertension and
moderate-to-advanced CKD. In the FIDELIO-DKD
trial,12 the mean difference between the finerenone
and placebo groups in office systolic BP was less than
3 mm Hg. This modest BP-lowering effect contrasts
with the persistent reduction of 11 to 12 mm Hg in
unattended automated office systolic BP that was
provoked by spironolactone over the course of the
AMBER trial.45 Therefore, enablement of spi-
ronolactone use with newer therapies that bind po-
tassium in the gut is another therapeutic opportunity
to improve clinical outcomes in patients with
moderate-to-advanced CKD that warrants further
investigation in future clinical trials.
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