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Abstract

Inappropriate activation of the mineralocorticoid receptor (MR) plays a significant role in developing hypertension, the development
of cardiac pathological changes, and chronic kidney disease (CKD), where death related to cardiovascular (CV) causes is the primary
competing for the outcome to the progress to end-stage renal disease (ESRD) in patients with CKD.

Congestive heart failure (CHF) is a frequent comorbidity in patients with CKD. MR overactivation within the heart might cause
coronary endothelial dysfunction, myocardial apoptosis, and reactive myocardial fibrosis and thus contribute to cardiac remodeling
and its adverse consequences.

MR antagonists (MRAs) are evidence-based therapy in symptomatic patients with heart failure and reduced ejection fraction (HFrEF).

Finerenone, a novel, nonsteroidal, selective mineralocorticoid receptor antagonist (MRA) with anti-inflammatory and antifibrotic
effects, is a promising tool in treating heart failure in patients with T2DM and CKD.

It is felt to have higher potency and less hyperkalemia than steroidal MRAs such as spironolactone and eplerenone. It is unclear and
a matter of discussion if it could be first-line therapy in this group of patients.

Conclusion: Nonsteroidal MRAs are currently tested in clinical trials. Based on preclinical and first clinical data, these nonsteroidal
MRASs might overcome the limitations of today’s steroidal antagonists.
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Introduction

The story of more than half of century of mineralocorticoid
receptor antagonists (MRAs) began initially with
‘aldosterone antagonists (AAs)’ as the release of the first
AAs during the 1950s being encouraged by identifying
inhibitors aldosterone activity in animals and humans.

Two decades ago, the RALES study showed promising
results of significantly declining mortality among patients
in the spironolactone group, attributable to a lower risk
of sudden cardiac death and death from progressive heart
failure, the lower hospitalization rate for worsening heart
failure, and a vital improvement in the symptoms of heart
failure as assessed by the New York Heart Association
functional class [1].

The positive results of RALES with spironolactone
were followed by EPHESUS [2], and EMPHASIS-HF [3]
where eplerenone consistently showed reduced morbidity
and mortality in the investigated HF population.

Inappropriate activation of the mineralocorticoid
receptor (MR) plays a significant role in developing
hypertension, the development of cardiac pathological
changes, and chronic kidney disease (CKD), where death
related to cardiovascular (CV) causes is the primary
competing the outcome to the progress to end-stage renal
disease (ESRD) in patients with CKD [4].

Congestive heart failure (CHF) is a frequent
comorbidity in patients with CKD. MR overactivation within
the heart might cause coronary endothelial dysfunction,
myocardial apoptosis, and reactive myocardial fibrosis
and thus contribute to cardiac remodeling and its adverse
consequences [5] MRAs are evidence-based therapy in
symptomatic patients with heart failure and reduced ejection
fraction (HFrEF) [6].

However, most supporting trials have excluded
patients with renal dysfunction due to the high risk of
hyperkalemia, especially when they are co-used with
Angiotensin-converting enzyme inhibitors (ACE-i) and
angiotensin receptor blockers. The risk for hyperkalemia
was magnified several times in patients using both ACE-i
and spironolactone versus ACE-i alone [7].

Widespread benefits with minimal side effects from
using spironolactone in CKD patients have been repeatedly
demonstrated where the increasing age [8] and the attendant
decline in renal function [9] were independently associated
with spironolactone-associated hyperkalemia.

It is more evident in diabetes mellitus, perhaps from a
lack of insulin-driven intracellular transport of an acute K+
load (10). This finding gets paramount importance counting
the fact that diabetes is the leading cause of the end-stage
renal disease (ESRD) [11] and both CKD and T2D are
independently associated with HF [12].

This decline in GFR linked with inhibition of RAAS
might not indicate an event of acute kidney injury and
may be secondary to alterations in renal blood flow after
reductions in blood pressure. The lack of progressive renal
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function decline after an initial worsening has been shown
and holds this notion [13].

Nowadays, the third and fourth-generation MRAs
like finerenone and esaxerenone that share a nonsteroidal
structure is currently being evaluated in clinical trials
opening a new chapter in treating heart failure in CKD and
diabetic CKD patients.

Reports show higher potency and less hyperkalemia
in finerenone compared with steroidal MRAs such as
spironolactone and eplerenone due to the differential
presence of the drug in the heart and kidney [14]. Finerenone
overwhelms the inherent limitations of the steroidal MRAs.
It has a higher selectivity towards mineralocorticoid receptor
(MR) similar to spironolactone in one side and has a low
affinity for androgen, glucocorticoid, and progesterone
receptors eplerenone [15].

Apart from classical tissues, where MR activation
stimulates renal sodiumreabsorption and potassium excretion
binding to the MR and controls sodium reabsorption and
potassium secretion, MR expression has been specified in
non-classical tissues, such as cardiomyocytes, endothelial,
fibroblasts, vascular smooth muscle cells, adipocytes, and
macrophages. In the last two decades, reports demonstrated
a role for MR signaling in all-cause heart failure, disease
settings in which tissue injury, oxidative stress, and
inflammation were common factors [14].

Tissue injury and inflammation responses follow MR
activation, resulting in diffuse interstitial and perivascular
collagen depots representing established cardiac fibrosis.
Aldosterone in the kidney and circulation enhanced
Plasminogen activator inhibitor-1 levels, increasing so
thrombosis and extracellular matrix accumulation. Besides,
enhanced aldosterone was associated with the increased
production of the profibrotic cytokine TGF-p.

On the other hand, aldosterone and TGF-B1 counted
together produced dramatic synergistic effects on PAI-
1 production and following ECM accumulation. Thus,
activating the elevated aldosterone induced by the renin-
angiotensin-aldosterone system may strengthen renin-
angiotensin-aldosterone ~ system  profibrotic  actions
[16]. Beyond organ fibrosis, some reports showed that
mineralocorticoid receptors significantly impact oxidative
stress and inflammation.

Due to genomic and non-genomic effects, it is
augmented reactive oxygen species (ROS) production
(expressly by the enzyme NADPH oxidase), inflammation,
and fibrosis, enabling tissue remodeling, vascular stiffening,
and endothelial dysfunction mechanisms involved in
hypertension and cardiac and kidney damage [17].

The expressed MR is present in macrophages and T
cells, acting as an essential transcriptional cellular phenotype
and function regulator. In pathological conditions, this is
started even with normal or low aldosterone levels [18, 19].
The anti-fibrotic effects of MR antagonists were evaluated in
preclinical studies. MR antagonism was shown to decrease
macrophage expression of the profibrotic genes tumor
growth factor-f1 and plasminogen activator inhibitor-1 and
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increase anti-fibrotic gene expression [20].

Due to its nonsteroidal structure, the new generation,
finerenone permits binding to the MR with higher affinity
and inhibits recruitment of transcriptional coactivators
involved in the expression of hypertrophic and profibrotic
genes more effectively in comparison to the steroidal
MRAs. Finerenone in models of cardiac fibrosis has shown
qualitatively different effects on profibrotic gene expression
and measures of inflammation and fibrosis compared with
eplerenone [21, 22].

Besides, the nonsteroidal structure permits binding to
the MR with high affinity and Inhibition of the recruitment
of transcriptional coactivators involved in the expression
of hypertrophic and profibrotic genes more effectively in
comparison to the steroidal MRAs.

Finerenone has been investigated in different
preclinical animal models of chronic hypertensive and
ischemic heart and kidney diseases, which showed improved
LV compliance and elastance when compared with infarcted
control mice and reduced interstitial fibrosis [23].

Mulder et al. very nicely had demonstrated that
finerenone improves diastolic function in a preclinical model
of type-2 diabetes mellitus [24]. Preclinical heart failure
animal models consistently have shown that finerenone
exhibited an improved the therapeutic index compared to
eplerenone in patients with HFrEF and concomitant T2DM
and CKD [25].

The ARTS-HF Study was a randomized, double-blind,
comparator-controlled, six parallel-group, multicenter
phase 2b dose-finding study in a high-risk population — at
increased risk of post-discharge mortality and morbidity, on
the one hand, and, on the other hand, prone to developing
hyperkalemia and worsening renal function.

We recently have data of two large crucial trials that
underline the impact of finerenone in CV among patients
with T2DM and CKD [26, 27].

The FIGARO-DKD trial showed that finerenone
has beneficial impacts on CV outcomes among patients
with T2DM and CKD, who were in a maximal RAS
blockade therapy setting, primarily due to a reduction in
hospitalization for HF.

Reports pointed that both new-onset HF among
patients without known HF was significantly declined with
finerenone versus placebo (1.9% vs. 2.8%; HR 0.68, 95%
CI 0.50-0.93; p = 0.0162). Moreover, at the same time, a
reduction of the time to hospitalization for HF or CV death
was seen: 7.9% vs.9.6% (p =0.011), [28].

In addition, the FIDELIO-DKD trial evaluated the
effect of the nonsteroidal, selective mineralocorticoid
receptor antagonist finerenone on kidney and cardiovascular
outcomes in patients with chronic kidney disease and typed 2
diabetes with optimized renin-angiotensin system blockade.

It is found that among patients with chronic kidney
disease and type 2 diabetes, finerenone reduced incidences
of the composite cardiovascular outcome, with no evidence
of differences in treatment effect based on preexisting CVD
status [29].
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Finerenone, a novel, nonsteroidal, selective
mineralocorticoid receptor antagonist (MRA) with anti-
inflammatory and antifibrotic effects, is a promising tool in
treating heart failure in patients with T2DM and CKD.

It is felt to have higher potency and less hyperkalemia
than steroidal MR As such as spironolactone and eplerenone.
It is unclear and a matter of discussion if it could be a first-
line therapy in this group of patients.

Conclusion: Nonsteroidal MRAs are currently tested
in clinical trials. Based on preclinical and first clinical data,
these nonsteroidal MRAs might overcome the limitations of
today’s steroidal antagonists.
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