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Steroidal mineralocorticoid-receptor-antagonists (MRAs), such as spironolactone and eplerenone, are guideline-directed therapies
in patients with heart failure with reduced ejection fraction or resistant hypertension. However, the associated risk of hyperkalemia
and hormonal side effects limit their broad use and downstream cardiorenal protection in high-risk patients with type 2 diabetes
mellitus (T2DM) and moderate-to-advanced chronic kidney disease (CKD). The critical unmet need to improve long-term cardiorenal
outcomes in such patients with CKD has sparked considerable efforts to the discovery and development of a new class of compounds.
Finerenone is a novel, nonsteroidal MRA that has recently received regulatory approval with the indication of cardiorenal protection
in patients with CKD associated with T2DM. Two landmark phase 3 clinical trials, FIDELIO-DKD and FIGARO-DKD, demonstrated that
among patients with T2DM and a broad spectrum of CKD, finerenone reduced the risk of “hard” cardiovascular and kidney failure out-
comes as compared with placebo, with a minimal risk of hyperkalemia. Subgroup analyses of these trials also provided preliminary
evidence that the efficacy and safety profile of finerenone was similar and irrespective of background therapy with other guideline-di-
rected therapies, such as sodium-glucose co-transporter type 2 (SGLT-2) inhibitors and glucagone-like peptide 1 receptor agonists.
Whether the combination of finerenone with a SGLT-2 inhibitor is more beneficial in patients with T2DM and CKD as compared with
either therapy alone is a crucial research question that is currently under investigation in an ongoing clinical trial.
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STEROIDAL MINERALOCORTICOID- hypertension.* Accordingly, pharmacological inhibition of the MR
RECEPTOR-ANTAGONISTS—A BRIEF is for long been considered an attractive therapeutic opportunity
OVERVIEW to down-regulate proinflammatory and profibrotic pathways with

the aim to offer cardiorenal protection.*®

Over the past decades, 2 MR antagonists (MRAs) with steroidal
chemical structures were developed. The first one, spironolac-
tone, was discovered in 1957 and originally received regulatory
approval for use as a diuretic for the treatment of edematous
conditions, primary aldosteronism, and essential hyperten-
sion.! The second steroidal MRA, eplerenone, was developed in
1987 as a more selective version of spironolactone.! After a pro-
longed period of hiatus, landmark trials published in late 1990s
and thereafter demonstrated the efficacy of add-on therapy with
spironolactone and/or eplerenone in lowering the risk of cardi-
ovascular morbidity and mortality among patients with severe
heart failure with reduced ejection fraction (HFrEF).%” Based on
this firm clinical-trial evidence, steroidal MRAs have received the
strongest recommendation (Level 1A) in clinical guidelines for the
treatment of HFrEF.? However, these lifesaving therapies remain
underused in daily clinical practice, even in patients with an

The mineralocorticoid receptor (MR) belongs to the group of
nuclear hormone receptors and is broadly expressed in several
disease-relevant tissues, such as in the heart, kidneys, vascula-
ture, fibroblasts, and immune cells.’ Physiologically, the MR is
an important regulator of fluid, electrolyte, and hemodynamic
homeostasis. However, in cardiorenal disease states, such as in
patients with type 2 diabetes mellitus (T2DM) and chronic kidney
disease (CKD), there is pathophysiological overactivation of the
MR that is not directly related to plasma aldosterone levels.?* For
example, experimental studies have shown that Racl, a mem-
ber of the Rho family GTPases, acts as a potent activator of MR
signal transduction both in vitro and in vivo independently from
systemic aldosterone status.?® Overactivation of the MR promotes
inflammation and fibrosis, leading to progression of end-organ
damage.* These deleterious actions extend above and beyond the
well-documented retention of sodium and fluid and downstream
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Spironolactone Eplerenone Finerenone
Structure Flat (steroidal) Flat (steroidal) Bulky (non-steroidal)
Potency to MR +++ + +++
Selectivity to MR + ++ +++

Balanced kidney-

Tissue distribution Kidney > heart Kidney > heart heart
Active metabolites +++ - -
Half-life Long* 4-6 hours 2-3 hours
Sexual side-effects ++ + -

Figure 1. Key differences in the mechanism of action and pharmacological properties between steroidal mineralocorticoid-receptor-antagonists
(MRAs) and finerenone. * Spironolactone is a prodrug with several biologically active metabolites with long plasma half-lives that accumulate over
time, particularly in patients with moderate-to-advanced chronic kidney disease.

estimated-glomerular-filtration rate (eGFR) >45 ml/min/1.73 m?,
where their administration is not contraindicated.® Real-world
data from population-based studies indicate that the incidence
of hyperkalemia after initiation of spironolactone or eplerenone
is high; hyperkalemic events are frequently followed by transient
or permanent discontinuation of these therapies.’**? Therefore,
the associated risk of hyperkalemia is a factor that limits the
broad use of steroidal MRAs, particularly in high-risk patients
with moderate-to-advanced CKD.

Despite the solid body of evidence in HFIEF, data from clinical
trials to prove the efficacy of steroidal MRAs in retarding the pro-
gression of CKD were sparse.“'* The efficacy and safety of spironol-
actone and/or eplerenone when added to background therapy with
an angiotensin-converting-enzyme-inhibitor or an angiotensin-re-
ceptor-blocker was explored in a 2020 Cochrane meta-analysis of
44 trials involving a total of 5,745 patients with albuminuric CKD.**
Compared with placebo or standard-of-care treatment, add-on
administration of steroidal MRAs was associated with potential
benefits on intermediate endpoints of cardiorenal diseases, such as
albuminuria, eGFR slope, and clinic systolic blood pressure (BP).*
However, these beneficial effects were accompanied by a 2.17-fold
increase in the risk of hyperkalemia, a 2.04-fold higher risk of acute
kidney injury (AKI), and a 5.14-fold higher incidence of gynecomas-
tia.” The risks of hyperkalemia and AKI accumulate over time, but
none of the trials included in this meta-analysis had a long-term
follow-up. Furthermore, none of these trials was adequately pow-
ered to detect benefits on clinical outcomes, such as kidney failure,
major adverse cardiovascular events, or all-cause death.' In the
absence of long-term clinical-trial data, the benefit/risk ratio of
add-on therapy with a steroidal MRA in patients with mild-to-mod-
erate CKD remains uncertain.

The critical unmet need to improve long-term clinical out-
comes in patients with cardiorenal diseases has recently led to
the discovery and development of a new class of compounds, the
nonsteroidal MRAs. These agents have been developed with the
rationale to improve the side-effect profile of spironolactone and
eplerenone, while maintaining potent and selective blockade of
the MR.> Esaxerenone is a novel, nonsteroidal MRA with a potent

BP-lowering action that has been approved for the treatment
of essential hypertension in Japan.'® Remission of albuminuria
to normal levels with esaxerenone relative to placebo over 52
weeks of treatment was observed in a single-country phase 3 trial
enrolling 455 patients with T2DM and high albuminuria.* The
incidence of hyperkalemia was higher with esaxerenone than
with placebo, but these events were asymptomatic and easily
reversible after dosage reduction or discontinuation of the trial
regimen.'® Finerenone is another non-steroidal MRA that has
been recently approved by the US Food and Drug Administration
(FDA) with the indication of cardiorenal protection in adults with
CKD associated with T2DM." Heterogeneity in clinical efficacy
across nonsteroidal MRAs possibly exists, but definitive conclu-
sions can not be made in the absence of trials to provide direct
head-to-head comparisons.

In the following sections of this article, we describe the mech-
anism of action of finerenone and we explore the safety and
efficacy of this agent, as demonstrated in a large phase 3 clin-
ical-trial program involving >13,000 patients with T2DM and a
broad spectrum of CKD.

THE MECHANISM OF ACTION OF
FINERENONE

Finerenone is a compound with a nonsteroidal structure that
exhibits higher selectivity for the MR over all other steroid hor-
mone receptors and high binding affinity.* Unlike spironolactone
and eplerenone, finerenone binds to the MR as a “bulky” antago-
nist to inhibit transcriptional cofactor recruitment implicated in
the expression of hypertrophic, proinflammatory, and profibrotic
genes.’® This unique mechanism of action results in MR inhibition
that is at least as potent as with spironolactone and more selec-
tive as compared with spironolactone or eplerenone (Figure 1).X
In preclinical models of kidney injury, the administration of
finerenone was associated with less kidney hypertrophy and pro-
tection against glomerular, tubulointerstitial, and vascular dam-
age.’?! These kidney protective effects were mediated through
downregulation of renal proinflammatory/profibrotic gene
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Table 1. Summary of phase 2 clinical trials evaluating the safety and efficacy of finerenone relative to placebo or active-treatment

with steroidal MRAs

Parameter ARTS* ARTS-HF?* ARTS-DN*
Year 2013 2016 2015
Study HFrEF and stage 2 CKD HFrEF and CKD and/or T2DM T2DM and high or very high albuminuria
population in Part A or stage 3 in patients already treated with an ACEI/
CKD in Part B ARB
N Part A: 65 patients 1,066 patients 823 patients
Part B: 392 patients
Active- Part A: finerenone 2.5, Finerenone 2.5, 5, 7.5, 10, or Finerenone 1.25,2.5,5,7.5, 10, 15, or
treatment 5, or 10 mg/day 15 mg/day (titrated up to 5, 10, 15, 20 mg once daily
Part B: finerenone 2.5, 20, or 20 mg/day, respectively on
5, or 10 mg/day or Day 30)
5 mg twice daily
Comparators Part B: placebo or Eplerenone (25 mg every other Placebo
active treatment with day, titrated up to 25/day on Day
spironolactone (25 or 30 and up to 50 mg/day on Day 60)
50 mg/day)
Follow-up 28 days 90 days 90 days
Primary Change in sK during Percentage of patients with >30% Change in UACR
outcome follow-up decline in NT-proBNP during follow-up

Main results

e Significantly smaller
increases in sK levels
with finerenone than
with spironolactone

e Finerenone was at
least as effective as
spironolactone in
lowering NT-proBNP
levels and
albuminuria

¢ Finerenone was equally
effective with eplerenone in
causing >30% reduction in
NT-proBNP levels

¢ The prespecified exploratory
endpoint of all-cause death,
cardiovascular hospitalization,
or acute worsening HF was
numerically less common
with finerenone than with
eplerenone

Dose-dependent reduction in UACR.
Permanent drug discontinuation due
to hyperkalemia not seen with placebo
or finerenone 10 mg/day.

Incidence rates of hyperkalemia
leading to permanent drug
discontinuation: 2.1%, 3.2%, and 1.7%
in the finerenone 7.5-, 15-, and 20-mg/
day groups, respectively.

Abbreviations: ACEI, angiotensin-converting-enzyme-inhibitor; ARB, angiotensin-receptor-blocker; CKD, chronic kidney disease; HFTEF, heart failure with reduced

ejection fraction; MRAs, mineralocorticoid-receptor-antagonists; NT-proBNP,N-terminal pro-B-type natriuretic peptide; T2DM, diabetes mellitus type; 2UACR,

urinary albumin-to-creatinine ratio.

expression in response to kidney injury and were paralleled with a
dose-dependent improvement in albuminuria.**?! In animal mod-
els of cardiac fibrosis, finerenone therapy resulted in regression of
cardiac hypertrophy, a benefit that was accompanied by a paral-
lel reduction in albuminuria and other markers of inflammation
and fibrosis.?”?* These beneficial effects were observed even when
finerenone was administered at dosages not inducing significant
hemodynamic effects, suggesting that finerenone can possibly
protect the heart and the kidney in a BP-independent manner.’>
Notably, in different rodent models, the antiproliferative, antifi-
brotic, and anti-inflammatory actions of finerenone were more
potent as compared with equinatriuretic doses of eplerenone.*?>?°
The greater end-organ protection with finerenone than with ste-
roidal MRAs may be attributable to the unique binding mode
of finerenone to the MR, which leads to more selective cofactor
recruitment and distinct target gene regulation.'?>?°

Preclinical studies also provided preliminary evidence that
finerenone confers cardiorenal protection with a minimal impact
on serum potassium levels, suggesting a more favorable side-ef-
fect profile of this novel, nonsteroidal MRA.%* As an example, in an
animal model of rapidly progressive glomerulonephritis, BR-4628,
a precursor to finerenone, provided substantial suppression of
kidney injury mediated through antiinflammatory and antifi-
brotic actions, without affecting urinary sodium and potassium
excretion and without inducing hyperkalemia.” Several potential
mechanisms may contribute to the less hyperkalemic effect of
finerenone as compared to steroidal MRAs: (i) the unique mode
of action of finerenone and subsequent transcriptional cofac-
tor recruitment?; (i) its distinct pharmacokinetic properties,
such as its short plasma half-live and lack of biologically active

metabolites?2 and (iii) it is equal tissue distribution to the heart
and the kidney that contrasts with the predominant renal accu-
mulation of spironolactone and eplerenone.’3

PHASE 2 CLINICAL TRIALS

A phase 2 clinical trial program was designed to investigate the
safety and efficacy of finerenone in >2,000 patients with HFrEF,
CKD, and/or T2DM or in patients with CKD and T2DM (Table 1).32**

In the ARTS (MR Antagonist Tolerability Study) trial,** the
safety and tolerability of finerenone were compared with placebo
and active treatment with spironolactone in 392 patients with
HFrEF and moderate CKD. Over 28 days of follow-up, finerenone
was associated with significantly smaller mean elevations in
serum potassium levels as compared with spironolactone (0.04—
0.30 vs. 0.45 mmol/], respectively) and lower incidences of hyper-
kalemia (5.3% vs. 12.7%, respectively).* In addition, the adverse
events related to AKI occurred less commonly with finerenone
than with spironolactone. With respect to the efficacy, finerenone
and spironolactone provoked similar short-term improvement
in biomarkers of hemodynamic stress, such as reductions in the
levels of B-type natriuretic peptide (BNP), N-terminal proBNP
(NT-proBNP) and albuminuria.*

In ARTS-HF (ARTS-Heart Failure) trial,*® different oral doses
of finerenone were compared with eplerenone in 1,066 patients
with severe HFTEF, CKD, and/or T2DM. The proportion of patients
achieving >30% decline in plasma NT-proBNP levels from baseline
to day 90 was similar in all dosing regimens of finerenone as com-
pared with eplerenone. Although this phase 2 trial was not orig-
inally designed to explore between-group differences in clinical
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events, the exploratory composite endpoint of all-cause death,
cardiovascular hospitalization, or emergency hospital admission
due to worsening heart failure occurred less commonly in finer-
enone-treated patients than in eplerenone-treated patients.*
This was remarkable, given that the trial duration was only 90
days. With respect to safety, the overall incidence of hyperkalemia
(defined as serum potassium >5.6 mmol/l at any time point) was
4.3%, with a balanced distribution among all treatment arms.*

In ARTS-DN (ARTS-Diabetic Nephropathy) trial,* different oral
doses of finerenone were compared with a placebo in 823 patients
with T2DM and high or very high albuminuria, who were receiving
background therapy with an angiotensin-converting-enzyme-in-
hibitor or an angiotensin-receptor-blocker. A dose-dependent
reduction in urinary albumin-to-creatinine ratio (UACR) from
baseline to day 90 relative to placebo was evident with finerenone
(21%-38% in the finerenone 7.5-, 10-, 15-, and 20-mg/day groups
vs. placebo).*? The prespecified secondary endpoint of permanent
drug discontinuation due to hyperkalemia was not observed in
the placebo and finerenone 10-mg/day groups, whereas inci-
dences in the finerenone 7.5-, 15-, and 20-mg/day groups were
2.1%, 3.2%, and 1.7% respectively. In addition, the incidence of
prespecified secondary endpoint of >30% decline in eGFR as well
as incidences of other serious adverse events did not significantly
differ between the finerenone and placebo groups.* The favora-
ble benefit-risk profile of finerenone in ARTS-DN provided the
rationale for the design of a large phase 3 clinical-trial program
aiming to investigate whether finerenone is superior to placebo in
improving “hard” kidney failure and cardiovascular outcomes in
patients with T2DM and CKD.

PHASE 3 CLINICAL TRIALS

The phase 3 clinical trial program of finerenone consisted of 2
complementary in nature, double-blind, randomized, place-
bo-controlled studies: the FIDELIO-DKD (FInerenone in reduc-
ing kiDnEy failure and dlsease prOgression in Diabetic Kidney
Disease) and FIGARO-DKD (FInerenone in reducinG cArdiovascu-
lar moRtality and mOrbidity in Diabetic Kidney Disease) (Table
2).*>% FIDELIO-DKD was designed to investigate the effect of
finerenone on a primary composite kidney endpoint, defined as
the time to onset of kidney failure, sustained >40% decline in
eGFR from baseline or death from renal causes.*® FIGARO-DKD
aimed to investigate the effect of finerenone on a primary com-
posite cardiovascular endpoint, defined as the time to cardio-
vascular death, nonfatal myocardial infarction, nonfatal stroke,
or hospitalization for heart failure.*® To improve the ability to
explore the kidney protective effect of finerenone, FIDELIO-DKD
trial enrolled preferentially patients with T2DM and predom-
inantly advanced CKD with severely increased albuminuria. To
ensure a greater kidney failure-free period to explore the cardio-
protective effect of finerenone, patients with T2DM and a broader
spectrum of CKD with moderately elevated albuminuria were
preferentially selected for inclusion in the FIGARO-DKD trial.
Notably, the design of both trials prespecified the optimization
of background therapy. All the patients were being treated with a
renin-angiotensin-system (RAS)-blocker and these therapies had
been adjusted before randomization to the maximum tolerated
dose according to the manufacturer’s label that did not induce
unacceptable side effects.®*°

In the FIDELIO-DKD trial,* 5,734 patients with T2DM and more
advanced CKD (mean eGFR: 44.3 + 12.6 ml/min/1.73 m? median
UACR: 852 mg/g) were randomized to finerenone or placebo
over a median follow-up of 2.6 years. Compared with placebo,

finerenone reduced by 18% the occurrence of the primary com-
posite kidney endpoint [hazard ratio (HR): 0.82; 95% confidence
interval (CI): 0.73-0.93].*¢ A prespecified secondary endpoint
replicating the primary composite cardiovascular outcome of
FIGARO-DKD also occurred less commonly with finerenone
than with placebo (HR: 0.86; 95% CI: 0.75-0.99).% With respect to
safety, the overall incidence of adverse events was similar in both
groups. As expected, serious hyperkalemia leading to permanent
discontinuation of the trial regimen occurred more commonly
in finerenone-treated patients than in placebo-treated patients
(2.3% and 0.9%, respectively).>

In the FIGARO-DKD trial,*” 7,434 patients with T2DM and less
advanced CKD (mean eGFR: 67.8 + 21.7 ml/min/1.73 m? median
UACR: 308 mg/g) were randomly assigned to finerenone or pla-
cebo over a medial follow-up of 3.4 years. Compared with pla-
cebo, finerenone lowered by 13% the occurrence of the primary
composite cardiovascular outcome (HR: 0.87; 95% CI: 0.76-0.98).*’
Finerenone did not significantly reduce the occurrence of the pre-
specified secondary endpoint replicating the primary composite
kidney outcome of FIDELIO-DKD. However, finerenone provoked
a significant 23% reduction in a key secondary kidney-specific
composite endpoint that included a sustained >57% decline in
eGEFR from baseline (HR: 0.77; 95% CI: 0.60-0.99).” This composite
endpoint is more consistent with the definitions of kidney fail-
ure outcomes used across clinical trials of CKD in T2DM. Once
again, the incidence of hyperkalemia-related adverse events was
higher with finerenone than with placebo, but permanent discon-
tinuation of the trial regimen due to hyperkalemia occurred less
commonly (1.2% and 0.4% in the finerenone and placebo groups,
respectively), despite the longer median follow-up of the FIGARO-
DKD trial.*” This can be explained by a better-preserved eGFR in
these patients at baseline as compared to FIDELIO-DKD trial.

The FIDELITY (FInerenone in CKD and type 2 diabetes:
Combined FIDELIO-DKD and FIGARO-DKD Trial programme anal-
ysis) analysis combined data from 13,026 patients (mean eGFR:
57.6 + 21.7 ml/min/1.73 m? median UACR: 515 mg/g) enrolled in
these 2 complementary trials aiming to provide more robust esti-
mates of the efficacy and safety of finerenone.** Over a median fol-
low-up of 3.0 years, finerenone reduced by 14% the occurrence of
the composite cardiovascular outcome as compared with placebo
(HR: 0.86; 95% CI: 0.78-0.95). Although patients with severe HFTEF
were a priori excluded from this large phase 3 clinical-trial pro-
gram, the major driver of the cardiovascular protection afforded
by finerenone was a 22% relative risk reduction in the incidence of
hospitalization for heart failure (HR: 0.78; 95% CIL: 0.66-0.92).*° In
addition, finerenone provoked a placebo-subtracted reduction of
23% in the composite kidney outcome (HR: 0.77; 95% CI: 0.67-0.88).
Notably, with the exception of time to death from renal causes, all
other components of the composite kidney outcome were consist-
ently improved with finerenone as compared with a placebo. The
relative risk of a sustained >57% decrease in eGFR from baseline
was reduced by 30%, end-stage kidney disease by 20%, sustained
decrease in eGFR to levels <15 ml/min/1.73 m? by 19% and kidney
failure by 16%.* Therefore, with the highest power and precision,
the FIDELITY analysis demonstrated the efficacy of finerenone in
improving “hard” cardiovascular and kidney failure outcomes in a
broad spectrum of patients with T2DM and CKD.

On this scientific basis, the nonsteroidal MRA finerenone has
recently received regulatory approval for use in daily clinical prac-
tice with the indication to reduce the risk of sustained eGFR decline,
end-stage kidney disease, cardiovascular death, nonfatal myocar-
dial infarction and heart failure hospitalization in adult patients
with CKD associated with T2DM." A recent analysis applied the
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Table 2. Summary of phase 3 clinical trials evaluating the safety and efficacy of finerenone on kidney failure and cardiovascular

outcomes in patients with type 2 diabetes and chronic kidney disease

Parameter FIDELIO-DKD?¢ FIGARO-DKD?¥ FIDELITY®*
(pooled analysis)
Year 2020 2021 2022

Patient population
advanced CKD with
severely increased
albuminuria

N 5,674

Intervention
day) vs. placebo

Median follow-up (years) 2.6

65.6 9.1

Age (years)

Male gender (n, %) 3,983 (70.2%)
BMI (kg/m?) 311460
HbA1C (%) 7.7+13
Serum potassium (mEqg/1) 44+05
eGFR (ml/min/1.73 m?) 443 +12.6

eGFR categories (n, %)
>60 ml/min/1.73 m?
>45 to <60 ml/min/1.73 m?
225 to <45 ml/min/1.73 m?
<25 ml/min/1.73 m?
Median UACR (mg/g)

UACR categories (n, %)

656 (11.6%)
1,900 (33.5%)
2,981 (52.5%)
135 (2.4%)

852 (446-1,634)

<30 mg/g 23 (0.4%)
30-300 mg/g 685 (12.1%)
>300 mg/g 4,963 (87.5%)

ACEI/ARB use (n,%)

HR and 95% CI for key composite endpoints
Sustained >40% decrease in eGFR, kidney 0.82 (0.73-0.93)
failure, or death from renal causes
Sustained >57% decrease in eGFR, kidney 0.76 (0.65-0.90)
failure, or death from renal causes
Nonfatal MI, nonfatal stroke,
hospitalization for HF, or cardiovascular
death

5,667 (99.8%)

0.86 (0.75-0.99)

T2DM and predominantly T2DM and stage 2-4 CKD with

Finerenone (10-20 mg/

T2DM and a broad
moderately increased albuminuria spectrum of CKD
or stage 1-2 CKD with severely

increased albuminuria

7,352 13,026

Finerenone (10-20 mg/day) vs. Finerenone (10-20 mg/
placebo day) vs. placebo

34 3.0

64.1+9.8 64.8 £9.5

5,105 (69.4%) 9,088 (69.8%)

314 +6.0 31.3+6.0

7.7+14 7.7 +14

43+04 435+04

67.8 +21.7 57.6 +21.7

5,195 (39.9%)
3,434 (26.4%)
4,232 (32.5%)
162 (1.2%)

515 (198-1,147)

4,539 (61.7%)
1,534 (20.9%)
1,251 (17.0%)
27 (0.4%)

308 (108-740)

207 (2.8%)

3,414 (46.4%)
3729 (50.7%)
7,343 (99.9%)

230 (1.8%)
4,099 (31.5%)
8,692 (66.7%)
13,003 (99.8%)

0.87 (0.76-1.01) 0.85 (0.77-0.93)

0.77 (0.60-0.99) 0.77 (0.67-0.88)

0.87 (0.76-0.98) 0.86 (0.78-0.95)

Abbreviations: ACEI, angiotensin-converting-enzyme-inhibitor; ARB, angiotensin-receptor-blocker; BMI, body mass index; CI, confidence interval; CKD, chronic
kidney disease; eGFR, estimated-glomerular-filtration-rate; HbAlc, glycated hemoglobin Alc; HF, heart failure; HR, hazard ratio; MI, myocardial infarction; T2DM,

diabetes mellitus type 2; UACR, urinary albumin-to-creatinine ratio.

FIDELIO-DKD and FIGARO-DKD enrollment criteria to the publicly
available NHANES (National Health and Nutrition Examination
Survey) 2009-2018 datasets aiming to estimate the number of US
adults who are eligible for treatment with finerenone.* FIDELIO-
DKD criteria applied to approximately 1 million individuals and
FIGARO-DKD criteria applied to almost 2 million individuals.
Overall, a total of 2.2 million patients in the United States would
qualify for finerenone by at least 1 full trial criterion.*

In the FIDELITY analysis, 40% of patients with T2DM would
have missed the opportunity to be treated with finerenone, if
UACR had not been measured. Screening for microalbuminuria
by measuring the levels of UACR, a simple and cost-effective diag-
nostic test that is commonly omitted in daily clinical practice,*#
is a crucial step to identify at-risk patients with T2DM and ear-
ly-stage CKD who are likely to benefit from finerenone. In such
patients, treatment with finerenone facilitates the improvement
of both cardiovascular and kidney disease burdens.

With respect to safety and tolerability, hyperkalemia was the
most commonly reported side effect associated with the use of
finerenone.” Accordingly, the levels of serum potassium and eGFR
should be measured in all patients before the initiation of treat-
ment. Finerenone should not be initiated in patients with an eGFR
<25 ml/min/1.73 m? or when serum potassium is >5.0 mmol/l.
During treatment, the levels of serum potassium should be peri-
odically monitored and the dose of finerenone should be appro-
priately adjusted.? Clinical-trial experience indicates that the risk

of hyperkalemia with finerenone is real, but easily manageable. In
the FIDELITY analysis,* the incidence of the investigator-reported
hyperkalemia was 2-fold higher in finerenone-treated patients
than in placebo-treated patients (14.0% vs. 6.9%, respectively).
However, most of these hyperkalemic events were mild and
reversible with transient withdrawal of the trial regimen until the
normalization of serum potassium to levels <5.0 mmol/l. Serious
hyperkalemia-related adverse events with clinical impacts, such
as hospitalizations due to serious hyperkalemia, were rare (0.9%
and 0.2% in the finerenone and placebo groups, respectively).
Permanent discontinuation of the trial regimen due to hyper-
kalemia was observed in only 110 (1.7%) patients in the finer-
enone group and 38 (0.6%) patients in the placebo group over a
median follow-up of 3 years.* In addition, hypokalemia occurred
less commonly with finerenone than with placebo (1.1% vs. 2.3%,
respectively).® The reduced incidence of hypokalemia with finer-
enone is noteworthy, because hypokalemia is also associated with
an increased risk of adverse clinical outcomes.*

FINERENONE IN PATIENTS WITH HEART
FAILURE WITH PRESERVED EJECTION
FRACTION

As mentioned above, steroidal mineralocorticoid-receptor-antag-
onists (MRAs) are strongly recommended by guidelines to reduce
the risk of heart failure hospitalization and mortality in patients
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with HFrEE.® Although some mechanistic studies have suggested
that spironolactone or eplerenone may further exert a favora-
ble effect on left ventricular diastolic function,* large outcome
trials failed to prove a clear cardioprotective benefit of steroidal
MRAs in patients with heart failure with mildly reduced ejec-
tion fraction (HFmrEF) or preserved ejection fraction (HFpEF).*#
Accordingly, the clinical use of steroidal MRAs in this specific pop-
ulation is currently restricted to patients with more symptomatic
heart failure.

A prespecified subgroup analysis of the FIDELIO-DKD trial
provided preliminary data that the effect of finerenone on cardi-
orenal outcomes in patients with CKD and T2DM was not mod-
ified by a baseline history of heart failure.*’ Since symptomatic
HFrEF was an exclusion criterion, patients reporting a history of
heart failure in FIDELIO-DKD (7.7% of the overall population) had
either HFmrEF or HFpEF. Over a median follow-up of 2.6 years,
the placebo-subtracted reduction in the composite cardiovascu-
lar outcome did not differ between patients with vs. without a
history of heart failure (HR: 0.73, 95% CI: 0.50-1.06 and HR: 0.90,
95% CI: 0.77-1.04, respectively; P, . = 0.33).* Similarly, the
benefit of finerenone on the composite kidney failure outcome
was irrespective of a history of heart failure at baseline (HR: 0.79,
95% CI. 0.52-1.20 and HR: 0.83, 95% CI: 0.73-0.94, respectively;
P raciion = 0-83).# Owing to the post hoc nature and limited sta-
tistical power of these subgroup analyses, the results are only
hypothesis-generating.

More conclusive evidence on the safety and efficacy of finer-
enone in patients with HFpEF is anticipated from the ongoing
FINEARTS-HF (Finerenone Trial to Investigate Efficacy And Safety
Superior to Placebo in Patients With Heart Failure) trial.*® In
this phase 3 trial, 6,000 patients with heart failure and a docu-
mented left ventricular ejection fraction of 40% or greater will
be randomly assigned to finerenone (10-40 mg/day) or a match-
ing placebo. The primary composite outcome is defined as the
between-group difference in the incidence of cardiovascular
death and total heart failure events, including hospitalizations
or emergency department visits for decompensated heart failure.
The duration of follow-up will be up to 43 months and the com-
pletion of the trial is estimated on August 2024.%

EVIDENCE FOR A SYNERGISTIC EFFECT OF
FINERENONE WITH OTHER GUIDELINE-
DIRECTED THERAPIES

Sodium-glucose co-transporter type 2 (SGLT-2) inhibitors and
glucagone-like peptide 1-receptor agonists (GLP1-RAs) are thera-
peutic agents with cardiorenal protective benefits that are recom-
mended by guidelines for the management of T2DM in patients
with CKD.#**° These agents have a distinct mechanism of action
from that of the nonsteroidal MRA finerenone and the question
that arises is whether combining finerenone either with a SGLT-2
inhibitor or with a GLP1-RA offers a greater cardiorenal protec-
tion as compared with each therapy alone.

Preliminary evidence with respect to the efficacy of combi-
nation therapy with finerenone and a SGLT-2 inhibitor were pro-
vided by a preclinical model of hypertension-induced end-organ
damage.*! In rats, nonsteroidal MR antagonism with finerenone
alone and SGLT-2 inhibition with empagliflozin alone protected
the heart and the kidney. However, compared with either mono-
therapy, combination of these two distinct mechanisms of action
at low dosages was more effective in reducing the levels of albu-
minuria and BP as well as in causing regression of cardiac and

renal fibrotic lesions, as determined by histopathology.”* These
preclinical data suggest that a synergistic effect with the com-
bination of finerenone with a SGLT-2 inhibitor is biologically
plausible.

The currently available clinical-trial evidence on the efficacy
and safety of combination therapies are limited to prespecified
subgroup analyses that were stratified according to the use of
SGLT-2 inhibitors or GLP1-RAs at baseline (Table 3).°2 Overall, in
the FIDELITY pooled analysis,* 877 patients (6.7%) were being
treated with a SGLT-2 inhibitor and 944 patients (7.2%) with a
GLP1-RA at baseline. The placebo-subtracted relative risk reduc-
tion in the composite cardiovascular outcome provoked by
finerenone was similar in SGLT-2 inhibitor users and nonusers.
Similarly, the cardioprotective benefit of finerenone was at least
as large in GLP1-RA users as in nonusers.* Additional subgroup
analyses suggest that the albuminuria-lowering effect of finer-
enone over the course of the FIDELIO-DKD trial was similar and
irrespective of background therapy either with a SGLT-2 inhibitor
or with a GLP1-RA.**** The safety profile of finerenone over the
course of the FIDELIO-DKD trial also remained unmodified by
the use of SGLT-2 inhibitors or GLP1-RAs at baseline.**** Notably,
the incidence of hyperkalemic events appeared to be lower in
SGLT-2 inhibitor users than in nonusers, indirect evidence that
background therapy with a SGLT-2 inhibitor may mitigate the risk
of hyperkalemia associated with the use of finerenone.*

These preliminary data provided the rationale for the design
of the CONFIDENCE (COmbinatioN effect of FInerenone anD
EmpaglifloziN in participants with CKD and type 2 diabetes using
an UACR Endpoint study),*® a double-blind, randomized, 3-armed,
parallel-group, phase 2 trial that will explore the superiority of
dual therapy with finerenone and a SGLT-2 inhibitor as compared
to either therapy alone. In this trial, 807 patients with T2DM,
stage 2-3 CKD and a UACR ranging from >300 to <5,000 mg/g
will be randomly assigned to receive the combination of finer-
enone (10-20 mg/day) plus empagliflozin (10 mg/day), or empag-
liflozin (10 mg/day) alone or finerenone (10-20 mg/day) alone
for 6 months.>® The primary efficacy endpoint is defined as the
between-group differences in the change from baseline in UACR.
Secondary endpoints, such as between-group differences in the
change of eGFR and incidences of hyperkalemia, will further elu-
cidate the safety of combination therapy.°® A short-term treat-
ment-induced reduction in albuminuria is shown to be closely
associated with a long-term improvement in kidney failure and
cardiovascular outcomes.” Therefore, if CONFIDENCE trial proves
that combination therapy results in an additive albuminuria-low-
ering effect, this evidence will provide a strong scientific basis to
use finerenone together with a SGLT-2 inhibitor with the aim to
offer the greatest cardiorenal protection in patients with CKD
associated with T2DM.

FUNDING

R.A. is supported by the National Heart Lung and Blood Institute
(grant RO1 HL126903).

CONFLICTS OF INTEREST

R.A. reports personal fees and nonfinancial support from Bayer
Healthcare Pharmaceuticals, Akebia Therapeutics, Boehringer
Ingelheim, Eli Lilly, Relypsa, Vifor Pharma, Lexicon, and Reata; is
a member of data safety monitoring committees for Vertex and
Chinook and a member of steering committees of randomized



The Non-steroidal MRA Finerenone in Cardiorenal Medicine |

141

Table 3. Effect of finerenone on the composite cardiovascular outcome according to use of SGLT-2 inhibitors or GLP1-RAs as

background therapy
(A) Subgroup analyses stratified by the SGLT-2 inhibitor use at baseline
Finerenone Placebo
Trial Subgroup Events (n/N) Per 100 patient-yrs  Events (n/N) Per 100 patient-yrs HR, (95% CI)
FIDELIO-DKD*  yithout a SGLT-2 inhibitor  352/2,709  5.12 405/2,706 5.9 0.85, (0.74-0.98)
With a SGLT-2 inhibitor 15/124 4.9 15/135 4.44 1.12, (0.55-2.30)
FIGARO-DKD*  Without a SGLT-2 inhibitor = 434/3,372 4.01 482/3,362 4.50 0.89, (0.78-1.01)
With a SGLT-2 inhibitor 24/314 2.37 37/304 3.95 0.49, (0.28-0.86)
FIDELITY?® Without a SGLT-2 inhibitor  786/6,081 4.44 887/6,068 5.08 0.87, (0.77-0.96)
With a SGLT-2 inhibitor 39/438 2.95 52/439 4.08 0.63. (0.40-<1.00)
(B) Subgroup analyses stratified by the GLP1-RA use at baseline
FIDELIO-DKD*  Without a GLP1-RA 340/2,644 5.07 392/2,636 5.98 0.85, (0.73-0.98)
With a GLP1-RA 27/189 5.54 28/205 5.20 1.02, (0.60-1.74)
FIGARO-DKD*¥  Without a GLP1-RA 427/3,378 3.96 483/3,424 4.44 0.89, (0.78-1.01)
With a GLP1-RA 31/308 2.97 36/242 4.69 0.62, (0.38-1.03)
FIDELITY?>® Without a GLP1-RA 767/6,062 4.38 875/6,060 5.02 0.87, (0.79-0.96)
With a GLP1-RA 58/497 3.79 64/447 4.90 0.79, (0.52-1.11)

Abbreviations: CI, confidence interval; GLP1-RA, glucagone-like peptide type 1 receptor agonist; HR, hazard ratio; SGLT-2, sodium-glucose co-transporter type 2.
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