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Background: In the Finerenone in Reducing Cardiovascular Mortality and Morbidity in Diabetic Kidney Disease
trial, finerenone reduced the risk of cardiovascular events in patients with chronic kidney disease (CKD) and type
2 diabetes, while in the Finerenone in Reducing Kidney Failure and Disease Progression in Diabetic Kidney
Disease trial, it improved renal and cardiovascular outcomes in patients with advanced CKD. However, no
previous studies have assessed patients with CKD and type 2 diabetes with an estimated glomerular filtration rate
(eGFR) below 25 mL/min/1.73 m?

Methods: Nine patients with CKD and type 2 diabetes who received finerenone 10 mg/day were analyzed
retrospectively. Changes in eGFR, urinary protein, and serum potassium levels were studied from 1 year before
administration of finerenone until 6 months after administration.

Results: The mean baseline eGFR slope was —7.63 + 9.84 (mL/min/1.73 mz/year). After finerenone treatment,
the mean eGFR slope significantly improved —1.44 + 3.17 (mL/min/1.73 m2/6 months, P=0.038). However,
finerenone treatment did not significantly reduce proteinuria. Furthermore, finerenone did not increase serum
potassium levels.

Conclusions: Patients treated with finerenone showed a significantly slower decline in eGFR. Furthermore, aside
from the present study, no reports have indicated the effectiveness of finerenone in patients with advanced CKD
with an eGFR below 25 mL/min/1.73 m2 As confirmed in our clinical trials, the finding that finerenone is
effective in a wide range of renal functions can be generalized to clinical practice. However, sample size in this
study was small. Thus, further large-scale investigations will be needed.

and dipeptidyl peptidase-4 (DPP-4) inhibitors are used in patients with
DKD [3-5]. Incretin-related drugs elicit vasotropic effects and decrease

1. Introduction

Diabetic kidney disease (DKD) is a major microvascular complication
of diabetes that increases the global disease burden and leads to chronic
kidney disease (CKD) and end-stage renal disease (ESRD) [1,2].

Good metabolic control is necessary to prevent the onset and pro-
gression of DKD. Treatment of DKD focuses on decreasing albuminuria
and improving renal function. In addition to strict glycemic control,
renin-angiotensin system (RAS) inhibitors, sodium-glucose cotrans-
porter-2 (SGLT2) inhibitors, glucagon-like peptide-1 receptor agonists,

diabetes-induced inflammation and oxidative stress, ameliorating DKD
[6,7]. Recent large-scale clinical trials have indicated that SGLT2 in-
hibitors delayed DKD progression [8]. Despite notable advances, there
has been limited headway in preventing and treating DKD, and residual
risk remains. Mineralocorticoid receptor antagonists (MRAs), alone or in
combination with angiotensin-converting enzyme inhibitors (ACEIs),
reduce albuminuria and delay renal function decline in patients with
DKD. Despite their renoprotective effects, MRAs have not garnered
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significant attention as a viable treatment option for DKD owing to the
potential risks of hyperkalemia and acute renal failure. Finerenone, a
potent selective non-steroidal MRA, has demonstrated efficacy in
decreasing albuminuria and preventing the progression from acute
kidney injury to CKD [9,10]. Furthermore, finerenone has been shown to
reduce albuminuria and delay the decline in estimated glomerular
filtration rate (eGFR); the Finerenone in Reducing Cardiovascular
Mortality and Morbidity in Diabetic Kidney Disease (FIGARO-DKD) trial
demonstrated that finerenone decreased the incidence of cardiovascular
events in patients with DKD, while in the Finerenone in Reducing Kidney
Failure and Disease Progression in Diabetic Kidney Disease (FIDEL-
10-DKD) trial, it improved renal and cardiovascular outcomes in patients
with advanced CKD [11,12]. Thus, we propose that the main therapeutic
agents for DKD are RAS inhibitors, SGLT2 inhibitors, incretin-based
therapies, and non-steroidal MRAs, in other words, the DKD “fantastic
four” [13,14].

However, the efficacy and safety of finerenone in CKD and type 2
diabetes with an eGFR below 25 mL/min/1.73 m? remain unclear. The
aim of this study was to determine whether the renoprotective effect of
finerenone was also observed in advanced DKD with eGFR below 25 mL/
min/1.73 m?. To the best of our knowledge, this study represents the
first investigation into the efficacy and safety of finerenone, specifically
in patients with DKD and eGFR below 25 mL/min/1.73 m?

2. Patients and methods
2.1. Study design and collection of medical data

This study retrospectively reviewed and analyzed the medical re-
cords of nine patients. The patients underwent outpatient care at the
Department of Nephrology, Osaka Medical and Pharmaceutical Uni-
versity (Osaka, Japan). Eligible participants were patients with CKD
aged 20 years or older who were clinically diagnosed with type 2 dia-
betes and had an eGFR <25 mL/min/1.73 m2 Potential participants
were required to have serum potassium levels <4.9 mEq/L at the
screening visit, preferably without adjustments for dose, drug selection,
or other antihypertensive or antidiabetic treatments. All procedures
involving human participants performed in this study were in accor-
dance with the ethical standards of the national research committee and
the 1964 Helsinki Declaration and its later amendments or comparable
ethical standards. The requirement for informed consent was waived,
and the institutional review board rules did not perform an ethical re-
view because the number of patients in this study was nine. Data were
collected and analyzed retrospectively using electronic medical records
maintained by Osaka Medical and Pharmaceutical University. Blood and
urine biochemical analyses were performed using a Labospect 008
autoanalyzer (Hitachi, Tokyo, Japan). Data on serum creatinine, serum
potassium, total cholesterol, high-density lipoprotein (HDL) cholesterol,
triglycerides, fasting blood glucose, urine protein-to-creatinine ratio
(UPCR), and patient characteristics (e.g., medication, age, sex, blood
pressure, and body mass index [BMI]) were obtained from electronic
medical records. UPCR was calculated by dividing the level of protein
(mg/dL) in a spot urine test by the creatine level (mg/dL). The eGFR of
each patient was calculated using the formula by isotope dilution mass
spectrometry (IDMS) traceable 4-variable MDRD (Modification of Diet
in Renal Disease) (IDMS-MDRD Study formula) with the 3-variable
Japanese equation: 194 x serum creatinine - 1.094 x age - 0.287 X
0.739 (if female) [15-18].

2.2. Data analysis

The eGFR declining slope, changes in proteinuria, and changes in
serum potassium were compared between the values 1 year before and
at the time of finerenone treatment and the values 6 months after
finerenone treatment. The statistical significance of the differences was
determined using Wilcoxon test. All analyses were performed using
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StatView (SAS Institute) and Excel. Statistical significance was set at
P<0.05.

3. Results

Table 1 shows the baseline characteristics of the nine patients (three
males and six females). The average age at onset was 71.3 + 11.9 years.
The median duration of diabetes was 12 years. The average baseline
systolic blood pressure and BMI were 130 + 17.7 mmHg and 26.0 + 4.8
kg/m?, respectively. Baseline glycosylated hemoglobin was 6.9 + 0.8%,
serum potassium was 4.3 + 0.4 mEq/L, total cholesterol was 194 + 33
mg/dL, median triglyceride was 169 mg/dL (range, 96-345 mg/dL), and
HDL cholesterol was 44 mg/dL (range, 73-75 mg/dL). The average
baseline of renal function was as follows; eGFR (18.6 + 3.2 mL/min/
1.73 m?) and UPCR (4.6 + 3.5).

All the patients were treated with finerenone (10 mg/day).
Concomitant medications were as follows: glinide (11.1%), DPP-4 in-
hibitors (27.3%), SGLT2 inhibitors (66.7%), statins (55.6%), eicosa-
pentaenoic acid (11.1%), angiotensin receptor blockers (ARBs) (11.1%),
angiotensin receptor neprilysin inhibitors (11.1%), calcium channel
blockers (44.4%), a-blockers (11.1%), ap-blockers (27.3%), thiazide
(27.3%), and loop diuretics (22.2%).

Compared with pretreatment value, eGFR declining slope was
significantly decreased after the administration of finerenone (—7.63 vs.
—1.44 mL/min/1.73 mz; P=0.038, Fig. 1). However, there was no
reduction in proteinuria with finerenone treatment (—0.23 vs. 1.30
UPCR; P=0.767, Fig. 2). Systolic blood pressure did not change with
finerenone administration (130 + 17.7 vs. 142 + 24.8 mmHg;
P=0.255). Lastly, no difference was observed in serum potassium before
and after finerenone administration from baseline (—0.09 vs. —0.13
mEq/L; P=0.097, Fig. 3).

Table 1

Clinical baseline characteristics of the patients.
Variables
Number of patients, n 9
Men/women, n 3/6
Age, years 71.3 (11.9)
BMI, kg/m? 26.0 (4.8)
Duration of diabetes, years 12 [8-41]
HbAlc, % 6.9 (0.8)
Serum potassium, mEq/L 4.3 (0.4)
eGFR, mL/min/1.73m? 18.6 (3.2)
UPCR, g/gCr 4.6 (3.5)
Systolic BP, mmHg 130 (17.7)
TC, mg/dL 194 (33.0)
TG, mg/dL 165 [96-345]
HDL-C, mg/dL 44 [73-75]
Medications
Glinide, n (%) 1(11.1)
DPP4 inhibitor, n (%) 3(27.3)
SGLT2 inhibitor, n (%) 6 (66.7)
Statin, n (%) 1 (55.6)
EPA, n (%) 1(11.1)
ARB, n (%) 1(11.1)
ARNL n (%) 1(11.1)
Ca-blocker, n (%) 4 (44.4)
a-blocker, n (%) 1(11.1)
ap-blocker, n (%) 3(27.3)
Thiazide, n (%) 3 (27.3)
Loop diuretics, n (%) 2 (22.2)

BMI, body mass index; HbAlc, glycated hemoglobin; eGFR, estimated glomer-
ular filtration rate; UPCR, urine protein-creatinine ratio; BP, blood pressure; TC,
total cholesterol; TG, triglyceride, HDL-C, high-density lipoprotein cholesterol;
DPP4, dipeptidyl peptidase 4; SGLT2, sodium-glucose cotransporter 2; EPA,
eicosapentaenoic acid; ARB, angiotensin receptor blocker; ARNI, angiotensin
receptor neprilysin inhibitor; Ca, calcium.

Age, BMI, HbAlc, serum potassium, eGFR, UPCR, systolic BP, TC were expressed
as meanz+tstandard deviation. Duration of diabetes, TG, HDL-C were expressed as
median.
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Fig. 1. Slopes of eGFR before and after administration of finerenone. The same
color in the left and right panels shows the same patients and the black dashed
line shows the mean value for all patients. (For interpretation of the references
to color in this figure legend, the reader is referred to the Web version of
this article.)
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Fig. 2. Change in urine protein/creatinine ratio before and after administration
of finerenone. The same color in the left and right panels shows the same pa-
tients, and the black dashed line shows the mean value for all patients. (For
interpretation of the references to color in this figure legend, the reader is
referred to the Web version of this article.)

4. Discussion

This study shows for the first time the renal effects of finerenone in
patients with CKD and type 2 diabetes with an eGFR below 25 mL/min/
1.73 m? our results showed that administration of finerenone signifi-
cantly decreased the declining slope in patients with advanced DKD. The
objective of the FIDELIO-DKD trial was to evaluate whether finerenone
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Fig. 3. Change in serum potassium before and after administration of finer-
enone. The same color in the left and right panels shows the same patients, and
the black dashed line shows the mean value for all patients. (For interpretation
of the references to color in this figure legend, the reader is referred to the Web
version of this article.)

could decelerate the progression of CKD or lower the incidence of car-
diovascular complications and mortality among patients with type 2
diabetes receiving the highest recommended dosage of ACEIs or ARBs.
The main objectives of the study were to assess renal failure, which was
defined as ESRD or eGFR below 15 mL/min/1.73 mz, a decrease in eGFR
greater than 40% from the baseline, and death resulting from renal
causes. The primary outcome was a statistically significant decrease in
the finerenone group [11]. In the FIGARO-DKD trial, the effectiveness
and safety of finerenone in improving cardiovascular and renal out-
comes were examined in patients with CKD and type 2 diabetes. Par-
ticipants in this study were divided into two groups: those with a urinary
albumin-to-creatinine ratio greater than 30-300 mg/g creatinine and an
eGFR greater than 60 mL/min/1.73 m2 This indicates that the
FIGARO-DKD trial included a larger number of patients with early-stage
DKD compared to the FIDELIO-DKD trial, which was 9.5% in the
finerenone group and 10.8% in the placebo group (hazard ratio [HR]:
0.87; 95% confidence interval [CI]: 0.76-1.01) [12]. These findings
demonstrate that finerenone exerts protective effects on the kidneys of
patients with DKD. However, both trials included patients with DKD
who had relatively preserved renal function. Thus, it is highly significant
that our study is the first to demonstrate that finerenone has renopro-
tective effects in patients with DKD and progressive renal impairment.

The Finerenone in chronic kidney disease and type 2 diabetes (FI-
DELITY) conducted a pooled analysis of the FIDELIO-DKD and FIGARO-
DKD trials and combined them to assess the impact of finerenone on the
kidneys and heart. The analysis included 13,026 participants with a
median duration of 3 years. In this study, finerenone exhibited a sig-
nificant risk reduction compared to the placebo for all composite car-
diovascular and renal outcomes. The composite cardiovascular event
showed a 14% risk reduction (HR: 0.86; 95% CI: 0.78-0.95), while the
composite renal outcome showed a 23% risk reduction (HR: 0.77; 95%
CI: 0.67-0.88). Notably, ESRD risk requiring dialysis decreased by 20%
(HR: 0.80; 95% CI: 0.64-0.99) [19]. The changes in blood pressure
observed among the study participants were modest, suggesting that the
cardiovascular and renal protective effects of finerenone may not be
attributable to changes in blood pressure.
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In DKD, hyperglycemia and insulin resistance activate protein kinase
C (PKC), which modifies cell signaling in glomerular endothelial cells,
mesangial cells, and podocytes [20-22]. This activation affects inflam-
matory cytokines such as nuclear factor kB, interleukin-6, tumor
necrosis-a, and plasminogen activator-1 [23]. Furthermore, the activa-
tion of PKC in glomeruli is associated with transforming growth factor-p
signaling, which regulates extracellular matrix, such as type 4 collagen
and alpha-smooth muscle cell, resulting in mesangial expansion [24,25].

Our previous reports indicated that insulin/insulin substrate 1
signaling regulates endothelial nitric oxide synthase, inhibited by
diabetes-induced PKC activation. Furthermore, this inhibited signaling
is partially reversed by exogenous incretin-related drugs [3,6,7]. Inter-
estingly, finerenone reduces albuminuria and positively affects endo-
thelial function and arterial elasticity by increasing nitric oxide
bioavailability [26]. Inflammation and oxidative stress play essential
roles in DKD initiation, development, and progression [27]. In addition,
they can promote renal fibrosis [17,28]. Finerenone has stronger
anti-fibrotic activity than eplerenone. It has been proposed that
finerenone-specific improvement of the mineralocorticoid receptor
(MR) target gene tenascin X, an important regulator of fibrosis, is related
to the differential regulation of MR cofactors [29]. The
anti-inflammatory effects of incretin-based drugs or hypoxia-inducible
factor-prolyl hydroxylase domain inhibitors have been shown to be
insufficient for the complete remission of DKD [30]. Therefore, the re-
sidual risk of DKD remains problematic. Finerenone also inhibits the
progression of acute kidney injury to CKD by exerting anti-inflammatory
and antioxidant effects.

Thus, Kidney Disease Improving Global Outcomes (KDIGO) 2022
clinical practice guideline for management in DKD states that the use of
non-steroidal MRA should be considered if the urine albumin creatinine
ratio is more than 30 and serum potassium is normal [31]. American
Diabetes Association (ADA) clinical guideline 2023 recommends
administration of finerenone in patients with DKD presenting with
albuminuria who are being treated with a maximum dose of ACEIs or
ARBs to improve cardiovascular outcomes and reduce the risk of DKD
progression [32].

In summary, our study showed that finerenone caused a significantly
slower decline in the eGFR in patients with advanced DKD. However,
this study had several limitations. We retrospectively analyzed a cohort
from a single center. This study included only a small number of pa-
tients. Furthermore, short follow-up period of this study and the fact that
it is not a randomized controlled trial are also limitations of our study.
Although our study has many limitations, this is the first report on the
effect of finerenone in advanced CKD with an eGFR below 25 mL/min/
1.73 m? in the real world. Thus, finerenone is effective against a wide
range of renal disorders, as confirmed in this study.
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