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Chronic kidney disease (CKD) is the most common cause of end-stage renal disease in patients with type 2 diabetes mellitus
(T2DM). CKD increases the risk of cardiovascular diseases; therefore, its prevention and treatment are important. The prevention of
diabetic kidney disease (DKD) can be achieved through intensive glycemic control and blood pressure management. Additionally,
DKD treatment aims to reduce albuminuria and improve kidney function. In patients with T2DM, renin-angiotensin-aldosterone
system inhibitors, sodium glucose cotransporter 2 inhibitors, and glucagon-like peptide-1 receptor agonists can delay the progression
of DKD. Hence, there is a need for novel treatments that can effectively suppress DKD progression. Finerenone is a first-in-class
nonsteroidal mineralocorticoid receptor antagonist with clinically proven efficacy in improving albuminuria, estimated glomerular
filtration rate, and risk of cardiovascular events in early and advanced DKD. Therefore, finerenone is a promising treatment option to
delay DKD progression. This article reviews the mechanism of renal effects and major clinical outcomes of finerenone in DKD.
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INTRODUCTION

Diabetic kidney disease (DKD) is a major microvascular com-
plication of diabetes that can progress to chronic kidney disease
(CKD) and accounts for approximately 50% of cases of end-
stage renal failure [1,2]. The incidence of DKD, including albu-
minuria or chronic renal disease (estimated glomerular filtration
rate [eGFR] <60 mL/min/1.73 m?), is approximately 40% in
patients with type 2 diabetes mellitus (T2DM) [3,4]. Currently,
several drugs, such as renin-angiotensin-aldosterone system
(RAAS) inhibitors and sodium glucose cotransporter 2 inhibi-

tors (SGLT21i), can help delay the progression of DKD to end-
stage renal disease [5,6]. However, as the number of patients
with diabetes and their life expectancy increases, the incidence
of DKD and end-stage renal disease is also on the increase.
End-stage renal disease can also increase the risk of cardiovas-
cular disease (CVD) and mortality [7,8]. Therefore, early diag-
nosis and prevention of DKD, in addition to preventing its pro-
gression to end-stage renal disease, are of utmost clinical impor-
tance.

DKD can be prevented through intensive glycemic control
[5,6]. Furthermore, DKD treatment aims to reduce albuminuria
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and improve kidney function. In addition to strict glycemic con-
trol, lipid management, RAAS inhibitors, SGLT2i, and gluca-
gon-like peptide-1 receptor agonists (GLP1-RA) are generally
used in patients with T2DM [9]. Recently, aldosterone- and al-
dosterone-induced mineralocorticoid receptor (MR) activation,
which is mechanistically independent of RAAS, have been re-
ported as key mechanisms in CKD progression [10-12]. MR
overactivation not only increases intraglomerular pressure, but
also causes inflammation and fibrosis, ultimately leading to the
progression of CKD [13].

The use of mineralocorticoid receptor antagonists (MRASs)
alone or in combination with angiotensin-converting enzyme
inhibitors (ACE:i) is effective in reducing albuminuria and de-
laying a decline in kidney function in patients with T2DM [14-
16]. However, despite these renoprotective effects, MRAs have
not received attention as suitable agents for the treatment of
DKD because of the risk of hyperkalemia and acute renal fail-
ure [17,18].

Finerenone is a potent, selective, nonsteroidal MRA (NS-
MRA) that is effective in reducing albuminuria and in prevent-
ing the progression of acute kidney injury to CKD [19,20]. In
addition, finerenone is effective in reducing albuminuria and
delaying the decline in eGFR in large-scale clinical trials of pa-
tients with DKD [21,22].

The number of patients with DKD is increasing; although
multiple drugs can delay the progression of DKD, there are in-
sufficient treatment options that can be used to halt the progres-
sion of DKD. It is of interest to determine whether treatment
with finerenone is effective in patients with DKD; therefore,
this article aimed to review the roles of finerenone in the treat-
ment of DKD.

THE ROLE OF ALDOSTERONE AND
MINERALOCORTICOID RECEPTORS IN
THE PATHOGENESIS OF DKD

Relative hyperaldosteronism is observed in patients with CKD,
regardless of volume expansion. In approximately half of pa-
tients on long-term ACEi/angiotensin receptor blocker (ARB)
therapy, high serum aldosterone levels, referred to as the “aldo-
sterone breakthrough,” is observed [23]. Hyperaldosteronism is
known to have proinflammatory effects. Activation of aldoste-
rone and MRs induces proinflammatory and profibrotic path-
ways, which are associated not only with CKD but also with
CVD, including atherosclerosis [10,24-29].

Aldosterone acts through MRs, which are distributed in multi-
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ple organs. MR is an intracellular steroid hormone receptor and
ligand-induced transcription factor of the nuclear receptor super-
family. Aldosterone, the biological ligand, binds to MRs, and
promotes a conformational change and translocation from the cell
cytoplasm to the nucleus. The MR then binds to specific hormone
response elements, recruits transcriptional cofactors, and induces
the transcription or repression of target genes (Fig. 1) [30,31].
MRs can also be activated by non-MR hormones, such as corti-
sol and progesterone; however, the “aldosterone target cells” of
the distal nephron contain 11-B hydroxysteroid dehydrogenase
type 2 (11B-HSD2), which cleaves cortisol, allowing aldosterone
to preferentially act on MRs [32], and maintain blood pressure
and extracellular fluid volume. In addition to the distal nephrons,
MRs are distributed around various nonepithelial tissues (podo-
cytes, adipocytes, inflammatory cells, endothelial cells, vascular
smooth muscle cells, and cardiomyocytes). Such MRs in nonep-
ithelial tissues do not express 11B-HSD2 and are associated with
cardiorenal inflammation and fibrosis [10,13,29,33]. In other
words, cortisol-induced MR activation promotes proinflamma-
tory and profibrotic gene expression, and produces reactive oxy-
gen species, which lead to inflammation and fibrosis [34-37]. A
cell-specific MR-knockout mouse model identified the roles of
MR overactivation in podocytes, vascular cells, inflammatory
cells, and fibroblasts in kidney injury. /n vivo, spironolactone in-
creases autophagy in podocytes and helps to restore autophagy
under mechanical stress [38,39]. In vitro administration of aldo-
sterone to podocytes induces downregulation of nephrin, podo-
cin, podoplanin, and podocalyxin [40]. MR activation in renal
fibroblasts contributes to kidney remodeling; moreover, aldoste-
rone promotes fibronectin synthesis in renal fibroblasts [41], and
culturing fibroblasts with MRA causes a decrease in extracellu-
lar matrix component production [42]. In endothelial cells, aldo-
sterone enhances the expression of intercellular adhesion mole-
cule 1, vascular cell adhesion molecule 1, E-selectin, and mono-
cyte chemoattractant protein 1 [43-45]. Furthermore, aldosterone
increases the expression of nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase 2 (Nox2), p47phox, and p22phox,
which are NADPH oxidase subunits, and promotes oxidative in-
jury by activating the Ras-related C3 botulinum toxin substrate
(Rac) family of small guanosine triphosphatase 1 (Racl) [46,47].
Lastly, aldosterone impairs endothelial function by suppressing
endothelial nitric oxide synthase phosphorylation [48]. Increased
levels of inflammation and fibrosis can result in poor cardiorenal
outcomes [49-52]. Therefore, the potential anti-inflammatory
and antifibrotic effects of MRAs are expected to have therapeu-
tic effects in cardiorenal diseases.
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Fig. 1. Mechanism of steroidal mineralocorticoid receptor antagonists (MRAs) and nonsteroidal MRA finerenone. Aldosterone binds to
mineralocorticoid receptors (MRs) and promotes a conformational change after which it is translocated into the nucleus. The MR then binds
to specific hormone response elements, recruits transcriptional cofactors, and then initiates the transcription of target genes. MR overactiva-
tion promotes the expression of proinflammatory and profibrotic genes and the activation of signaling pathways implicated in the progres-
sion of renal disease. Both steroidal and nonsteroidal MR As bind to MRs, which causes a different conformational change that inhibits aldo-
sterone from binding to MRs. This prevents the downstream transcription of proinflammatory and profibrotic factors. Steroidal MRAs can
interact with cofactors that affect gene transcription; hence, they function as partial MR agonists. Finerenone inhibits cofactor recruitment to
the MR from the cytoplasm to the nucleus. Inhibition of MR cofactor binding can occur even in the absence of aldosterone. Additionally, the
gene regulation profile by finerenone differs from that for steroidal MRAs. The anti-inflammatory and antifibrotic activities of finerenone
are more potent than those of steroidal MRAs. HRE, hormone response element; NF-kB, nuclear factor kappa-light-chain-enhancer of acti-
vated B cell; AP-1, activator protein-1.
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MINERALOCORTICOID RECEPTOR
ANTAGONISTS

Steroidal mineralocorticoid receptor antagonists
Studies using animal models have shown that selective inhibi-
tion of aldosterone reduces proteinuria and nephrosclerosis re-
gardless of renin-angiotensin blockade, whereas aldosterone ad-
ministration causes such damage to reoccur [53,54].
Spironolactone and eplerenone are steroidal MRAs that have
shown therapeutic benefits in CVD (especially heart failure)
and improved proteinuria in patients with DKD in a clinical co-
hort study [14-16]. The effect of eplerenone on albuminuria in
patients with T2DM was first reported in 2006 [55]. A multi-
center, randomized, double-blind, placebo-controlled, parallel-
group trial that evaluated the effect of eplerenone (50 and 100
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mg) combined with an ACEi (enalapril) on albuminuria in 268
patients with albuminuric T2DM, showed that the combined
treatment significantly decreased albuminuria. Despite this find-
ing, the use of steroidal MRAs is limited in patients with ad-
vanced CKD owing to the risk of hyperkalemia [17,18,55-57].

Nonsteroidal MRAs

Owing to concerns regarding the safety profile of steroidal
MRAs, several novel NS-MRAs have been developed, includ-
ing esaxerenone, AZD9977, apararenone, KBP-5074, and fi-
nerenone, which are currently under development or have been
approved for clinical use [12]. This review focuses specifically
on finerenone, which has been recently approved by the U.S.
Food and Drug Administration (FDA) [58] and the European
Medicines Agency for adult patients with T2DM and CKD.
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Finerenone acts as a bulky, passive NS-MRA and suppresses
MR signaling at multiple levels [30,59]. When finerenone binds
to MRs which causes a conformational change that inhibits al-
dosterone or other mineralocorticoids from binding to MRs. It
also decreases the accumulation and turnover of MRs in the nu-
cleus and suppresses the recruitment of transcriptional cofactors
(Fig. 1) [30,31]. The renoprotective effects of finerenone in
DKD are mediated via its anti-inflammatory, antifibrotic, and
antioxidative actions that are associated with preservation of the
renal structure (Fig. 2) [26,60]. Clinical trials of the beneficial
renocardiovascular effects of finerenone are described in more
detail in later sections.

Finerenone vs. steroidal MRAs

Finerenone has pharmacological properties that are different
from those of steroidal MR As. Nuclear receptors, such as MRs,
bind to co-regulatory elements that determine cell-specific tran-
scriptional responses [27]. Steroidal MRAs act as partial ago-
nists in cofactor recruitment [13], and finerenone, a passive
MRA, suppresses cofactor binding even in the absence of aldo-
sterone (Fig. 1) [30]. In a study of the transcriptome of human
renal cell lines, compared with spironolactone, finerenone was
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found to be more effective in inhibiting aldosterone regulatory
genes [61]. Spironolactone, a first-generation MRA, is potent
yet nonselective, whereas eplerenone, a second-generation
MRA, is more selective but less potent. On the other hand, fi-
nerenone is potent and selective [13].

There are also differences in pharmacokinetic characteristics.
Spironolactone produces several active metabolites with long
half-lives that can accumulate in patients with impaired kidney
function, whereas finerenone has a short half-life (2 to 3 hours)
and produces no active metabolites. Spironolactone and eplere-
none appear to accumulate to higher levels in the kidneys than
in the heart. In contrast, finerenone has a more balanced heart-
kidney distribution, which reduces the risk of predominant renal
distribution and results in less hyperkalemia [62]. Table 1 pres-
ents key pharmacodynamic and pharmacokinetic characteristics
of steroidal and NS-MRAs.

MAJOR STUDY OUTCOMES OF
STEROIDAL MRAs AND FINERENONE

Research has shown that steroidal MRAs, spironolactone and
eplerenone, have clinical benefits for hypertension, heart failure,
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Fig. 2. Renoprotective effects of finerenone in diabetic kidney. In diabetic kidney, mineralocorticoid receptor (MR) activation induces dele-
terious glomerular alternation and tubulointerstitial fibrosis. Finerenone binds to MRs and prevents the transcription of proinflammatory and
profibrotic factors in renal cells including podocytes, mesangial cells, macrophage, endothelial cells, and fibroblasts. GBM, glomerular
basement membrane; ROS, reactive oxygen species; TNF-a, tumor necrosis factor-o; IL-1, interleukin-1p; CCL-2, C-C motifchemokine
ligand 2; MCP-1, monocyte chemoattractant protein-1; TGF-, transforming growth factor B; PAI-1, plasminogen activator inhibitor-1;

CTGEF, connective tissue growth factor.
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Table 1. Key Pharmacodynamic and Pharmacokinetic Characteristics of Mineralocorticoid Receptor Antagonists

1st generation

2nd generation 3rd generation

Spironolactone Eplerenone Finerenone

Structural properties Flat (steroidal) Flat (steroidal) Bulky (nonsteroidal)
Selectivity to MR 4 4HE +4+
Potency to MR ++ + +H+
Tissue distribution Kidney > Heart Kidney > Heart Kidney = Heart
Active metabolites ++ - -
Half-life >20 hr* 4-6 hr* 2-3hr
Effect on BP +H+ ++ +
Affinity for progesterone and androgen receptors + ++ Ak
Side effects

Gonadal axis-related* ++ ++

Hyperkalemia + ++

MR mineralocorticoid receptor; BP blood pressure.

“In heart failure patients; *In healthy volunteers; ‘Gynecomastia, impotence, breast tenderness, menstrual irregularities.

and left ventricular dysfunction [15,16]. The beneficial effects
of MRAs on RAAS inhibitors in patients with albuminuria were
confirmed in a small-scale clinical study [60]. However, spi-
ronolactone and eplerenone also cause anti-adrenergic side ef-
fects, hyperkalemia, and impairment of kidney function in pa-
tients with CKD; therefore, their use is limited [15,16,63,64]. A
phase II Mineralocorticoid Receptor Antagonist Tolerability
Study (ARTS) program showed that finerenone is effective in
reducing albuminuria in patients with DKD and has a lower risk
of hyperkalemia compared with steroidal MRAs [19,20].

Finerenone in Reducing Kidney Failure and Disease Progres-
sion in Diabetic Kidney Disease (FIDELIO-DKD) and Finere-
none in Reducing Cardiovascular Mortality and Morbidity in
Diabetic Kidney Disease (FIGARO-DKD) are independent,
event-driven, randomized, double-blind, placebo-controlled,
phase 3 trials with reciprocal primary and secondary outcomes
[21,22]. FIDELIO-DKD assessed the efficacy of finerenone in
reducing CKD progression in patients with advanced CKD,
while FIGARO-DKD assessed the efficacy of finerenone in re-
ducing cardiovascular morbidity and mortality in early-stage
CKD. In 2021, The Finerenone in Chronic Kidney Disease and
Type 2 Diabetes: Combined FIDELIO-DKD and FIGARO-
DKD Trial Programme Analysis (FIDELITY), which analyzed
cardiovascular and renal endpoints in patients who received fi-
nerenone based on combined data from both studies, was pub-
lished (Table 2) [65].

FIDELIO-DKD was conducted in patients with T2DM who
met the CKD criteria: (1) urinary albumin-to-creatinine ratio

Copyright © 2023 Korean Endocrine Society

(UACR) =30 mg/g (but <300 mg/g) and eGFR 25 to <60 mL/
min/1.73 m” and a history of diabetic retinopathy; or (2) UACR
=300 mg/g (but =5,000 mg/g) and eGFR 25 to <75 mL/
min/1.73 m?. A total of 5,734 participants were randomly allocat-
ed to the finerenone and placebo groups [21]. Finerenone was
significantly more effective in reducing DKD progression over a
median follow-up period of 2.6 years; finerenone reduced the pri-
mary composite outcome (renal failure, a sustained decrease of at
least 40% in the eGFR from baseline, death from renal causes) by
18% (hazard ratio [HR], 0.82; 95% confidence interval [CI], 0.73
to 0.93; P=0.001). The key secondary composite outcomes, in-
cluding cardiovascular death, nonfatal myocardial infarction,
nonfatal stroke, and hospitalization for heart failure, also de-
creased by 14% (HR, 0.86; 95% CI, 0.75 to 0.99; P=0.03). These
effects were observed from 1-month after administration and
continued throughout the study period, indicating that finerenone
has protective effects against adverse cardiovascular outcomes in
patients with DKD. Finerenone also showed modest effects in re-
ducing systolic blood pressure but did not affect glycated hemo-
globin levels. Therefore, it can be assumed that the cardiorenal
protective effects of finerenone are not the result of blood pres-
sure- or blood glucose-mediated mechanisms.

Unlike FIDELIO-DKD, FIGARO-DKD assessed cardiovas-
cular death, nonfatal myocardial infarction, nonfatal stroke, and
hospitalization for heart failure as the primary cardiovascular
composite outcome, and renal failure, sustained eGFR decrease
=40%, and death from renal causes as key secondary outcomes.
Compared to FIDELIO-DKD, the FIGARO-DKD study in-
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Table 2. Dedicated Kidney Disease-Focused Outcome Trials

CREDENCE DAPA-CKD EMPA-KIDNEY FIDELIO-DKD FIDELITY

Study drug Canagliflozin vs. Dapagliflozin vs. Empagliflozin vs. Finerenone vs. Finerenone vs.

Placebo Placebo Placebo Placebo Placebo
Study population  Adults, T2DM and CKD  Adults, CKD Adults, CKD Adults, T2DM and CKD Adults, T2DM and CKD

Key inclusion e¢GFR 30-90 mL/min/  eGFR 25-75 mL/min/ 1) eGFR 20-45 mL/min/ 1) UACR 30-300 mg/g, 1) FIDELIO-DKD

criteria 1.73 m* and UACR 1.73 m* and UACR 1.73 m’ regardless of eGFR 25-60 mL/min/ 2) FIGARO-DKD: UACR
300-5,000 mg/g 200-5,000 mg/g albuminuria 1.73 m?, and diabetic 30-300 mg/g and eGFR
2) eGFR 45-90 mL/min/  retinopathy 25-90 mL/min/1.73 m?;
1.73 m? and UACR = 2)eGFR 25-75 mL/min/ UACR 300-5,000 mg/g
200 mg/g 1.73 m’ and UACR and eGFR =60 mL/min/
300-5,000 mg/g 1.73 m?
Patient number 4,401 4,304 6,609 5,734 13,026
Background RAAS Yes Yes Yes Yes Yes
inhibitor use
Mean baseline 56.2+18.2 43.1+£124 37.3£14.5 443+£12.6 57.6+21.7
eGFR, mL/min/
1.73 m?
Median baseline 927 949 329 852 515
UACR, mg/g
Median follow-up 2.62 24 2.0 2.6 3.0
duration, yr
Primary kidney Composite of ESKD, Composite of sustained Composite of Composite of kidney Composite of kidney
endpoint a doubling of serum decline inthe eGFR ~ progression of kidney ~ failure, a sustained failure, a sustained
creatinine, or renal or of =50%, ESKD, or  disease, or CV death decrease in the eGFR =57% decrease in eGFR

(equivalent to doubling
of serum creatinine), or
renal death

5.5%vs. 7.1%
(HR, 0.77; 95% CI
0.67-0.88; P=0.0002)

renal or CV death =40%, or renal death

CV death

17.8% vs.21.1%
(HR, 0.82; 95% CI
0.73-0.93; P=0.001)

9.2% vs. 14.5%
(HR, 0.61; 95% CI,
0.51-0.72; P<0.001)

13.1% vs. 16.9%
(HR, 0.72; 95% CI
0.64-0.82; P<0.001)

11.1% vs. 15.5%
(HR, 0.70; 95% CI
0.59-0.82; P=0.00001)

Primary outcome

Plus—minus values are mean+ standard deviation. For CREDENCE and DAPA-CKD, ESKD was defined as dialysis, transplantation, or a sustained eGFR
of <15 mL/min/1.73 m?*; In EMPA-KIDNEY, progression of kidney disease was defined as ESKD (the initiation of maintenance dialysis or receipt of a kid-
ney transplant), a sustained decrease in the eéGFR to <10 mL/min/1.73 n’, a sustained decrease from baseline in the eGFR of =40%, or death from renal
causes; In FIDELIO-DKD, kidney failure was defined as ESKD (defined as dialysis or kidney transplantation) or an eGFR <15 mL/min/1.73 m’.
CREDENCE, Evaluation of the Effects of Canagliflozin on Renal and Cardiovascular Outcomes in Participants With Diabetic Nephropathy; DAPA-
CKD, A Study to Evaluate the Effect of Dapagliflozin on Renal Outcomes and Cardiovascular Mortality in Patients With Chronic Kidney Disease; EMPA-
KIDNEY, The Study of Heart and Kidney Protection With Empagliflozin; FIDELIO-DKD, Efficacy and Safety of Finerenone in Subjects With Type 2
Diabetes Mellitus and Diabetic Kidney Disease; FIDELITY, The Finerenone in Chronic Kidney Disease and Type 2 Diabetes: Combined FIDELIO-DKD
and FIGARO-DKD Trial Programme Analysis; T2DM, type 2 diabetes mellitus; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate;
UACR, urinary albumin-to-creatinine ratio; FIGARO-DKD, Finerenone in Reducing Cardiovascular Mortality and Morbidity in Diabetic Kidney Dis-
ease; RAAS, renin-angiotensin-aldosterone system; ESKD, end-stage kidney disease; CV, cardiovascular; HR, hazard ratio; CI, confidence interval.

cluded patients with T2DM with a wide range of kidney func-
tion levels. The CKD criteria for eligible participants were as
follows: (1) UACR =30 mg/g (but <300 mg/g) and eGFR, 25
to 90 mL/min/1.73 m?; or (2) UACR =300 mg/g (but <5,000
mg/g) and eGFR =60 mL/min/1.73 m?. A total of 7,437 patients
were randomized. During the median follow-up period of 3.4
years, the primary cardiovascular composite outcome in the fi-
nerenone group decreased by 13% (HR, 0.87; 95% CI, 0.76 to
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0.98; P=0.03), mostly due to a reduction in hospitalization due
to heart failure. The secondary renal composite outcome did not
show a statistically significant difference, but was decreased by
13% in the finerenone group compared to that in the placebo
group (HR, 0.87; 95% CI, 0.76 to 1.01). Furthermore, UACR
showed a significant reduction in the first 4 months of finere-
none administration [22].

FIDELITY combined the outcomes from FIDELIO-DKD and

Copyright © 2023 Korean Endocrine Society
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FIGARO-DKD and analyzed the effects of finerenone on the
kidney and heart. In the FIDELITY pooled analysis, the com-
posite renal outcome (a sustained =57% decrease in eGFR from
baseline over =4 weeks or renal death) and composite cardio-
vascular outcome (cardiovascular death, nonfatal myocardial in-
farction, nonfatal stroke, or hospitalization for heart failure) of
13,026 participants during a median period of 3 years (interquar-
tile range, 2.3 to 3.8) were analyzed. Finerenone showed a sig-
nificant risk reduction compared with placebo in all composite
cardiovascular and renal outcomes. Composite cardiovascular
events showed a 14% risk reduction (HR, 0.86; 95% CI, 0.78 to
0.95; P=0.0018), and the composite renal outcome showed a
23% risk reduction (HR, 0.77; 95% CI, 0.67 to 0.88; P=0.0002).
In particular, the risk of end-stage renal disease, which requires
dialysis, showed a 20% reduction (HR, 0.80; 95% CI, 0.64 to
0.99; P=0.040). The blood pressure changes in the participants
in this study were modest, which indicates that the cardiovascu-
lar and renoprotective effects of finerenone cannot be fully ex-
plained by changes in blood pressure [65].

In summary, the FIDELIO-DKD and FIGARO-DKD studies
demonstrated the cardiovascular and renal benefits of finere-
none in patients with T2DM and albuminuria who were on stan-
dardized treatment (maximum tolerated dose of RAAS inhibi-
tor, glycemic control, and blood pressure management). How-
ever, as these studies only included patients with CKD with al-
buminuria, future studies on patients with CKD without albu-
minuria are necessary. In 2021, finerenone received FDA ap-
proval to reduce the risk of decreased renal function, renal fail-
ure, cardiovascular death, nonfatal heart attack, and hospitaliza-
tion for heart failure in patients with T2DM based on the FIDE-
LIO-DKD and FIGARO-DKD studies [58]. In addition, the
American Diabetes Association (ADA) and Kidney Disease:
Improving Global Outcomes (KDIGO) consensus report rec-
ommended finerenone administration in patients with T2DM
with persistent albuminuria, despite the maximum tolerated
dose of a RAAS inhibitor [5].

SAFETY OF FINERENONE

The use of MRAs is associated with the safety concerns of in-
creased serum potassium concentration, especially when used
in hyperkalemia-prone patients, such as patients with CKD.
Compared with steroidal MRAs, NS-MRAs, such as finere-
none, have been shown to have a more balanced heart-kidney
distribution and a lower risk of hyperkalemia [66]. However,
hyperkalemia remains an important issue that must be consid-
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ered when using either steroid MRAs or finerenone. Elevated
baseline serum potassium level, low baseline eGFR, and high
baseline UACR are known risk factors for hyperkalemia when
using finerenone [67].

The total incidence of adverse events in the placebo and fi-
nerenone groups during the FIDELIO-DKD and FIGARO-
DKD studies was similar. Hyperkalemia-related adverse events
were two-fold higher in the finerenone group than in the place-
bo group (FIDELIO-DKD 18.3% vs. 9.0%; FIGARO-DKD
10.8% vs. 5.3%) [21,22]. However, the finerenone dose during
FIDELIO-DKD was adjusted based on the serum potassium
level; thus, there was a limit in accurately predicting the effects
of the drug. In the FIDELITY pooled analysis, there were more
cases of treatment discontinuation due to hyperkalemia in the
finerenone group than in the placebo group (1.7% vs. 0.6%). In
addition to hyperkalemia, no clinically significant adverse
events, including gynecomastia, impotence, or menstrual irregu-
larities, which have been reported with steroidal MRAs, were
observed in the FIDELIO-DKD and FIGARO-DKD trials.

One study investigated the incidence of hyperkalemia in pa-
tients with CKD and heart failure who were administered finere-
none or a steroidal MRA (spironolactone); the mean potassium
increment (0.04—0.30 mmol/L vs. 0.45 mmol/L, P<0.01) and
rate of hyperkalemia (5.3% vs. 12.7%, P=0.048) in the finere-
none group were significantly lower than those in the spirono-
lactone group [68]. In the Mineralocorticoid Receptor Antago-
nist Tolerability Study, Heart Failure (ARTS-HF), eplerenone
increased the mean serum potassium by 0.262 mmol/L from
baseline, which was higher than the increase in potassium levels
shown in the five groups of different doses of finerenone (base-
line to up-titration based on the study protocol: 2.5—5, 5—10,
7.5—15, 10—20, and 15—20 mg) (0.119 to 0.202 mmol/L)
[20].

Recently, potassium binders, such as patiromer and sodium
zirconium cyclosilicate (SZC) have been reported to control hy-
perkalemia, and it is expected that when used in combination
with ACEi/ARBs and MRAs in patients with CKD, they could
reduce the risk of hyperkalemia and prevent discontinuation of
MRA and may delay the progression of renal function [69-74].
Patiromer resulted in reduced serum potassium levels and lower
risk of recurrence of hyperkalemia compared to placebo in pa-
tients with CKD and hyperkalemia who were prescribed RAAS
inhibitors [73]. In the Spironolactone with Patiromer in the
Treatment of Resistant Hypertension in Chronic Kidney Dis-
ease (AMBER) study conducted on 295 patients with resistant
hypertension and an eGFR of 25 to 45 mL/min/1.73 m?, pati-
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romer, a sodium-free potassium binder, showed a reduced risk
of hyperkalemia and improved drug compliance compared to
placebo. MRA treatment was continued in 86% of the patients
in the patiromer group (vs. 66% of the placebo group), and a
similar outcome was observed in a subgroup analysis of patients
with diabetes [70].

ADDITIVE RENAL EFFECT OF
FINERENONE

ACEi/ARB

RAAS inhibitors ACEi/ARB, are recommended as first-line
drugs for the management of CKD, regardless of the presence
of diabetes. RAAS inhibitors are recommended for patients
with hypertension, proteinuric CKD, or reduced eGFR <60
mL/min/1.73 m? and UACR =300 mg/g. Combination therapy
with an MRA and RAAS inhibitor can reduce albuminuria and
CKD progression in patients with T2DM and CKD, indepen-
dent of blood pressure control. In the Mineralocorticoid Recep-
tor Antagonist Tolerability Study, the Diabetic Nephropathy trial
(ARTS-DN), when finerenone was added to RAAS inhibitor
treatment in patients with diabetes and proteinuric CKD, UACR
decreased in a dose-dependent manner with a low incidence of
hyperkalemia [19]. Furthermore, in the FIDELIO-DKD and FI-
GARO-DKD trials, finerenone reduced DKD progression in
patients with background of maximal RAAS blockade therapy
[21,22]. In case of hyperkalemia during combinatorial treatment
with an MRA and RAAS inhibitor, dietary potassium restric-
tions, acidosis correction, and the use of potassium binders,
such as patiromer or SZC, can be considered.

SGLT2i

SGLT2i are known to improve cardiorenal outcomes in patients
with and without diabetes [75] and are widely used as the stan-
dard of care for the management of DKD. A recently published
study on patients with CKD (the Study of Heart and Kidney
Protection With Empagliflozin [EMPA-KIDNEY]) reported
that empagliflozin reduced the risk of the primary composite
outcome (end-stage kidney disease, a sustained decrease in
eGFR <10 mL/min/1.73 m?, a sustained decrease in eGFR >
40% from baseline, death from renal causes, or death from car-
diovascular causes) by 28% (HR, 0.72; 95% CI, 0.64 to 0.82;
P<0.001) in patients with CKD; the results were consistent
among subgroups based on baseline diabetes and eGFR range
(Table 2) [76]. The major renal protection mechanism of
SGLT?2i is blocking glucose reabsorption, inducing glycosuria
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and natriuresis, which ultimately leads to the normalization of
altered tubuloglomerular feedback [77].

Co-administration of finerenone and empagliflozin in an ani-
mal model of hypertension-induced end-organ damage showed
improvements in proteinuria, plasma creatinine and uric acid
levels, blood pressure, renal and cardiac fibrotic lesions, and
mortality [78]. In a post hoc analysis conducted on similar pa-
tient groups from Canagliflozin and Renal Events in Diabetes
with Established Nephropathy Clinical Evaluation (CRE-
DENCE) and FIDELIO-DKD, canagliflozin and finerenone
showed similar results regarding the cardiorenal endpoint com-
pared to the placebo group (canagliflozin vs. placebo: HR, 0.70;
95% CI, 0.59 to 0.82; P<0.0001; finerenone vs. placebo: HR,
0.74; 95% CI, 0.63 to 0.87; P=0.0003) [79]. In addition, in the
FIDELITY analysis, 6.7% of the patients were already being
administered SGLT21i, and there was no difference in the out-
comes of these patients compared with those of participants
who were not treated with SGLT2i. This result implies that the
co-administration of finerenone and SGLT2i may have additive
renoprotective effects.

The occurrence of hyperkalemia during DKD treatment is a
common reason for discontinuation of specific medications.
SGLT2i are known to reduce the risk of hyperkalemia with a
modest potassium-lowering effect. The hypotheses for the mech-
anism of such effects are as follows: (1) SGLT2i induce osmotic
diuresis and natriuresis, which cause high urine flow and kali-
uresis; and (2) SGLT2i preserve renal function more than place-
bo. In the Dapagliflozin in Patients with Heart Failure trial (DA-
PA-HF), 70% of the participants were administered MRAs; post
hoc analysis of this subgroup showed that the risk of mild (po-
tassium level >5.5 mmol/L) and moderate-severe hyperkalemia
(potassium level >6.0 mmol/L) were reduced (HR, 0.86 and
0.5, respectively) [80]. According to the post hoc analysis of the
CREDENCE study, canagliflozin decreased the risk of hyperka-
lemia by 22% compared with placebo [81]. These findings sug-
gest that the risk of hyperkalemia associated with finerenone
can be reduced by the co-administration of SGLT2i. In fact, post
hoc analysis of FIDELIO-DKD found that the risk of hyperka-
lemia in the combined finerenone and SGLT2i group was re-
duced by 55% compared to that in the group without SGLT2i
(HR, 0.45; 95% CI, 0.66 to 0.87; P<0.0001). However, since
only 4.6% of the participants in this study were administered
SGLT?24i, the results should be interpreted cautiously [67]. In a
small-scale clinical study conducted on 20 patients with T2DM
and chronic, stable heart failure, there was no change in the
6-hour urine potassium excretion after 2 weeks of empagliflozin
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treatment, with no difference in the serum potassium level ob-
served compared to those of patients who received placebo [82].

GLP1-RA

GLP1-RA exhibit a renoprotective effect by suppressing pro-
teinuria in patients with T2DM with cardiovascular risk factors
and albuminuria [83,84]. Currently, no clinical study has inves-
tigated the co-administration of GLP1-RA and finerenone as a
study protocol. However, the effects of the co-administration of
these two drugs can be predicted indirectly by examining previ-
ous studies with GLP1-RA as a subgroup. Among the 5,674 pa-
tients included in the FIDELIO-DKD study, 394 (6.9%) re-
ceived GLP1-RA as the baseline treatment. Reduced albumin-
uria was observed in the finerenone group independent of
GLP1-RA treatment (P for interaction=0.20). In addition, the
primary kidney outcome and key secondary cardiovascular out-
comes did not show significant differences from those of the
placebo group regardless of GLP1-RA treatment (P for interac-
tion=0.15 and 0.51, respectively) [85]. This suggests that the
combined use of these two drugs may have an additive or syner-
gistic effect in delaying DKD progression.

CONCLUSIONS

Many studies have been conducted on the prevention and treat-
ment of DKD. The KDIGO guidelines recommend blockade of
the RAAS and SGLT?2i in patients with DKD [5]. Aldosterone
overactivation causes inflammation and fibrosis, which play a

notable role in the progression of DKD, and suppression of al-
dosterone can reduce proteinuria and the risk of CVD [10,29].
However, MRA has received little attention as a treatment op-
tion because of the risk of hyperkalemia in patients with de-
creased renal function. Finerenone is an NS-MRA that selec-
tively binds to MR and can effectively inhibit aldosterone activ-
ity, with a lower risk of hyperkalemia [66]. In clinical trials, fi-
nerenone reduced eGFR decline and the incidence of end-stage
renal disease and cardiac death in patients with DKD with ad-
vanced renal disease [21,22]. Accordingly, the ADA recom-
mends the use of finerenone to reduce the progression of renal
disease in patients with CKD associated with T2DM, and per-
sistent albuminuria despite standard of care treatment [5]. In ad-
dition, co-administration of finerenone and SLGT?2i in patients
with DKD may be considered with the expectation of additive
effects [79]. In particular, SGLT2i have both renoprotective and
potassium-lowering effects; therefore, a reduced risk of hyper-
kalemia may also be expected. Moreover, if finerenone is ad-
ministered with new potassium binders, the incidence of treat-
ment discontinuation owing to hyperkalemia can be lowered,
thereby delaying the progression of DKD.

An ongoing study is investigating whether the co-administra-
tion of finerenone, RAAS inhibitors, and SGLT2i could reduce
the progression of CKD in patients with T2DM (Table 3). In ad-
dition, we believe that future studies on the renoprotective ef-
fects of combination therapy with GLP1-RA and finerenone,
and triple therapy consisting of GLP1-RA, finerenone, and
SGLT2i are required in patients with DKD.

Table 3. Currently Ongoing Dedicated Kidney Disease-Focused Outcome Trials with Finerenone

CONFIDENCE

FIND-CKD FIONA

ClinicalTrials.gov identifier NCT05254002

Relative change from baseline in
UACR at 180 days

Primary endpoint

NCT05047263

Finerenone vs. Placebo

Adults, nondiabetic CKD

Study drug Finerenone+Empagliflozin vs.
Finerenone vs. Empagliflozin

Study population Adults, T2DM and CKD

Background RAAS inhibitor use Yes Yes

Mean rate of change as measured
by the total slope of eGFR from
baseline to month 32

NCT05196035

Finerenone vs. Placebo

Children, CKD and proteinuria
Yes

UPCR reduction of =30% from baseline to
day 180+ 7; Proportion of participants at
day 18047 with a =30% reduction in
UPCR compared to baseline

CONFIDENCE, A 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 (Chronic Kidney Disease) and Type 2 Diabetes; FIND-CKD, A Trial to Learn
How Well Finerenone Works and How Safe it is in Adult Participants With Non-diabetic Chronic Kidney Disease; FIONA, A Study to Learn More
About How Well the Study Treatment Finerenone Works, How Safe it is, How it Moves Into, Through, and Out of the Body, and the Effects it Has on the
Body When Taken With an ACE Inhibitor or Angiotensin Receptor Blocker in Children With Chronic Kidney Disease and Proteinuria; T2DM, type 2 di-
abetes mellitus; CKD, chronic kidney disease; RAAS, renin-angiotensin-aldosterone system; UACR, urinary albumin-to-creatinine ratio; eGFR, esti-
mated glomerular filtration rate; UPCR, urinary protein-to-creatinine ratio.
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